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 The 2011 Institute of Medicine (IOM) report—“Relieving Pain in America: A Blueprint for 
Transforming Prevention, Care, Education, and Research”—highlights a sobering statistic: 
Chronic pain affects approximately 100 million American adults, more than heart disease, 
cancer, and diabetes combined. Pain is a major reason for visits to healthcare professionals, 
and most people with chronic pain seek help outside the healthcare system whether or not they 
obtain medical care. Very few patients with pain ever see a physician with subspecialty training 
in pain management or palliative care. Most patients with chronic pain are older and have one 
or more chronic medical disorders. Numerous studies have linked pain with the use of multiple 
medications and other treatments, and many have demonstrated the association between pain 
and impaired work and role functioning, disturbed mood and sleep, stress on the family, and 
relatively poor quality of life. The combined pain-related cost of treatment and loss of work-
force productivity may reach as much as $635 billion annually. 

 These observations underscore the reality that chronic pain is both a profound clinical issue 
and a public health challenge. From the public health perspective, the IOM has called for a 
strategy that embraces population-level changes that can raise consciousness among profes-
sionals and the public and improve pain assessment and management in the diverse systems 
that deliver health care. In so doing, government will certainly seek to apply those precepts 
that are at the heart of healthcare reform. These include a focus on quality, safety, and patient 
satisfaction and the elimination of disparities in access to care. They also focus on cost con-
tainment through incentives for attainable outcomes and, most important, a shift from a fee-
for-service system to one that shares risk for managing populations in varied models. Hopefully, 
the public health imperative in unrelieved chronic pain can be simply incorporated within the 
broad changes now emerging in health care, and ultimately, the efforts made to improve the 
public health will favorably affect the clinical work necessary to help the individual with 
chronic pain. 

 From the clinical perspective, the observations highlighted in the IOM report support the 
view that pain is best understood as a serious illness in its own right. Although clinical man-
agement always should include a search for an underlying pathology that can explain the per-
sistence of pain, neither the association between pain and chronic disease nor the hopeful fact 
that disease management can sometimes relieve pain diminishes the distinct importance of the 
pain phenomenon itself. Patients always deserve access to competent assessment and manage-
ment of pain, even if there are likely to be effective treatments for its cause. 

 Those with pain commonly engage in self-management strategies, often with the input of 
those who promote and sell products and services that purport to help. If this refl ects self- effi cacy, 
it may be salutary; if indicative of impeded access to medical care, it is part of the problem in 
need of redress. Patients who do access medical care for pain may do so through primary care or 
specialty care, or in pain subspecialty practices. The array of potentially useful treatments avail-
able to providers in all these settings is impressive: dozens of drug therapies, interventions such 
as injections and implants, rehabilitative approaches, psychoeducational and behavioral tech-
niques, neurostimulation approaches, and complementary and alternative therapies. 

 In accessing care for pain, patients rely on the knowledge, skills, and judgment of 
 healthcare professionals. Many pain therapies, such as long-term administration of opioids or 
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NSAIDs, spinal injections or neural blockade, and implanted generators or pumps, may or 
may not benefi t the individual and carry substantial risks over time, and patients must trust 
that the professionals they see are knowledgeable and competent as they navigate the com-
plex arena of pain management. 

 The IOM emphasizes the need for an educated professional force. Education about pain is 
essential for physicians and nonphysicians and for generalists and specialists alike. There 
should be content about the complex biological and psychosocial aspects to pain, pain syn-
dromes, and the best practices supporting the use of both self-help and therapeutic approaches 
to ameliorate pain and aid in adaptation to the pain that remains. Undergraduate and graduate 
programs should offer information about pain, and continuing education that is current and 
readily accessible is needed for primary care providers and specialists alike. Professionals 
need to understand the evidence base, and as research slowly expands what is known, educated 
clinicians can ensure that treatments based on the best available evidence and expert experi-
ence are undertaken with increasing safety and effi cacy. 

 Clinical materials are essential tools in broadening access to education, and there is a never- 
ending need for materials in varied formats. There is great value in books, such as Sackheim’s 
 Pain Management and Palliative Care :  A Clinical Guide , that offer clinically relevant infor-
mation for a medical audience about an array of topics relevant in both generalist and specialist 
practice. This volume emphasizes common syndromes and treatments, with particular atten-
tion to pharmacotherapy and interventions. It is useful information for those who manage 
chronic pain and a piece of a broader foundation in pain assessment and management essential 
in addressing the public health and clinical imperatives of poorly controlled pain.  

    New York ,  NY ,  USA        Russell     K.     Portenoy, M.D.     
   Director

MJHS Institute for Innovation in Palliative Care
Chief Medical Offi cer 

 MJHS Hospice and Palliative Care
Professor of Neurology

Albert Einstein College of Medicine 
  New York ,  NY     
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This book is a comprehensive yet concise guide to interventional and medical pain manage-
ment and palliative care. It can be used as an invaluable daily companion for physicians in all 
specialities as a quick reference and guide to the diagnosis and treatment of these patients and 
conditions. Whether being treated for an infection, fracture, or chronic medical condition, all 
patients experience pain which should be properly managed.  

  New York, NY, USA     Dr. Kimberly A.     Sackheim     
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      Abbreviations 

   ACC    Anterior cingulate cortex   
  CNS    Central nervous system   
  CRPS    Complex regional pain syndrome   
  GABA    Gamma-aminobutyric acid   
  NDMA     N -Methyl- D -aspartate   
  PAG    Periaqueductal gray   
  RVM    Rostral ventromedial medulla   
  TRPV    Vanilloid receptor   
  VPL    Ventroposteriolateral   
  WDR    Wide dynamic range   

          Defi nitions 

     Pain : a conscious experience that is affected by the periph-
eral nervous system, central somatosensory processing, 
and psychosocial/emotional processes [ 1 ]  

   Nociception : the physiologic activation of neural pathway 
by stimuli (noxious, thermal, mechanical, or chemical) 
that are potential or currently damaging [ 2 ]  

   Afferent nerve : a sensory or receptor neuron; carries impulse 
from organ to CNS  

   Efferent nerve : a motor neuron; carries impulse away from 
CNS to muscle     

    Pathway of Pain (Fig.  1.1 ) 

        1.     Transduction —peripheral (primary) afferent nerves con-
vert noxious stimuli to a unique frequency of electrical 
impulses (action potentials) that travel down the nerve 

toward the dorsal horn of the spinal cord where it syn-
apses with second-order neurons.
   •     Three types of peripheral afferent nerves;  Aß ,  Aδ , and 

 C-fi bers  (see Table  1.1 ).
      •     C-fi bers  can be further broken down into different 

fi ber nociceptors, for example [ 3 – 5 ]
 –     Temperature-sensitive nociceptors 

 ◼    C-mechanoheat, C-mechanocold, C-mechano-
heatcold     

 –    Mechanical-sensitive nociceptors 
 ◼    C-mechanonociceptors, C-fi ber low-threshold 

mechanoreceptors     
 –    C - mechanoinsensitive 

 ◼    Not excitable by physiologic heat or mechanical 
nociception  

 ◼   Thought to be activated by infl ammation and 
involved in complex regional pain syndrome 
(CRPS) [ 6 ]         

  •    Both large fi ber (Aß) and small fi ber (Aδ, C) neuropa-
thies can produce pain
 –     Small fi ber (Aδ, C) neuropathic pain  is asso-

ciated with reduced sensation to both pinprick 
and temperature; autonomic symptoms (changes 
in local vasoregulation, dry skin, decreased sweat-
ing, discoloration of skin, impaired vasomotor con-
trol) [ 7 ]  

 –    Large fi ber (Aß) neuropathic pain  is associated 
with reduced proprioception, numbness, loss of 
muscle- stretch refl exes, and muscle weakness [ 7 ,  8 ]      

  •    Noxious stimuli are converted to  action potentials , a 
series of electrical impulses. This is mediated by ion 
channels:
 –     Sodium channels  are responsible for depolarization 

of the nerve. When current passively spreads, volt-
age gated sodium channels are opened causing an 
infl ux of sodium causing a change in voltage and 
allows for further propagation of the action poten-
tial. This mechanism can be blocked with sodium 
channel antagonists such as lidocaine [ 9 ].  
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 –    Potassium channels  play a role in repolarization. 
The outfl ux of potassium ions correct the positive 
charge caused by the rapid infl ux of sodium. If 
blocked, there is a prolonged action potential. 
Continued blockage prevents repolarization and 
failure of the cell to generate another action 
potential.  

 –    Calcium channels  are essential for the release 
of neurotransmitters at nerve endings after synaptic 
depolarization. These can be blocked with  calcium 
channel blockers such as gabapentin (Table  1.2 ).

              2.     Transmission —Aδ and C-fi bers synapse at  Rexed 
 laminae  [ 10 ,  11 ] (located at the dorsal horn of the spinal 
cord) to second-order neurons.
   •     The dorsal horn is anatomical separated into layers 

called  lamina  [ 3 ]. The layers of lamina were fi rst 
described by Rexed 1952 in his study of the spinal cord 
of a cat (Fig.  1.2 ). 

 –    Aß fi bers terminate at lamina III–V  
 –   Aδ fi bers terminate at lamina I, V  
 –   C-fi bers terminate at the superfi cial lamina I, II      

  •     Two major types of second-order neurons —spinal 
neurons that receive input from primary afferent 
fi bers
 –     Wide dynamic range  ( WDR )—receives input from 

both Aδ and C-fi bers. Consistently active, but has 
increased responsiveness to painful stimuli.  

 –    Nociceptive Specifi c —receives input from C-fi bers, 
normally inactive but responds to painful stimuli      

  •     Second-order neurons  receive both excitatory stimuli 
from the peripheral afferents and inhibitory stimuli 
from descending nerves and interneurons via neu-
rotransmitters (see Table  1.2 ).   

  •     Second-order neurons  ascend rostrally toward the 
 supraspinal  structures

 –     Spinothalamic tract : crosses the midline near the 
level of the cell body to the contralateral anterolat-
eral spinal region and ascends rostrally to syn-
apses at the  ventroposteriolateral  ( VPL )  thalamus , 
 ventroposteriormedial thalamus  ( VPM )  thalamus  
[ 1 ]. This is the primary perception pathway  

 –    Spinoreticular tract : synapses to the brainstem 
(periaqueductal  gray matter ,  hypothalamus ,  reticu-
lar system ) en route to the  intralaminar nucleus of 
the thalamus . This tract ascends ipsalaterally and 
contralaterally. This controls the autonomic 
response to pain.  

 –    Spinomesencephalic tract : synapses to the mid-
brain tectum and periaqueductal gray where it inte-
grates somatic sensation with visual and auditory 
information      

  •     Third-order neurons  distribute to the cerebral cortex to 
areas known as the “pain matrix.”
 –    The “pain matrix” consists of the  somatosensory 

cortex ,  insula cortex ,  anterior cingulate cortex  
( ACC ) [ 12 ]       

      3.     Modulation —Pain is heavily modulated both centrally 
via descending pathways and peripherally via interneu-
rons. The main mechanisms behind modulation are:
   •    Descending inhibition—The limbic system of the 

brain (responsible for emotions) project to the  periaq-
ueductal gray  ( PAG ) and  rostral ventromedial 
medulla  ( RVM ) before descending down to synapse 
at the dorsal horn.
 –     PAG —projects to RVM, then descends down to 

Rexed lamina where it releases serotonin and 
norepinephrine.  

 –    Serotonin  plays an important role in anti- 
nociception; however, given the many subtypes of 
serotonin receptors has made it diffi cult to develop 
effective medication to target specifi c serotonin 
receptors in the dorsal horn. It is synthesized at the 
 nucleus raphe magnus .  

(4) Perception
(5) Plasticity

(3) Descending Modulation

(2) Transmission

RVM

PAG

Thalamus

Cortex

(1) Transduction

  Fig. 1.1    Pathway of pain       
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 –    Norepinephrine  activates postsynaptic alpha 
2-adrenergic receptors for modulation. It is synthe-
sized at  locus coeruleus .      

  •    Local Modulation—Interneuron in the dorsal horn can 
also provide local modulation of pain transmission. 
The frequency of nociception or its persistence can 
elevate pain transmission.
 –    Excitation

 ◼     Vanilloid receptor  ( TRPV )—activated by 
infl ammatory mediators ( bradykinin ) resulting 
in a lower threshold for excitation and increased 
proportion of nerves that respond to nociception 
[ 2 ].  

 ◼    NMDA receptors —recruited only by an intense/
prolong somatosensory stimulus that is suffi -
cient to relieve the tonic Magnesium/Zinc cation 
blockade. Persistent activation leads to sensiti-
zation of dorsal horn neurons, decreased activa-
tion threshold, and prolong depolarization [ 2 ]. 
NMDA antagonist includes methadone and 
ketamine.     

 –   Inhibition
 ◼    Mediated by interneurons that synapse at the 

dorsal horn. The neurotransmitters  GABA  and 
 glycine  are the best established (see Table  1.2 ).         

  •    Endogenous opioids— enkephalins ,  dynorphins ,  beta -
 endorphins . Opioid receptors mainly found in laminae 
I, II of the dorsal horn, and PAG in the brain.    

      4.     Perception —This is the subjective sensation of pain. It is 
the summation of the ascending signals from the periph-
eral nervous system, a psychosocial/emotional process, 
and central somatosensory processing.
   •    Facial emotions of others have been shown to change 

one’s perception of pain [ 13 ].    
      5.     Neural plasticity —Both the peripheral and central ner-

vous system undergo changes in response to pain.
   •    “ Wind Up ”—Repeated activation of C-fi ber nocicep-

tors at 0.5–1 Hz can sensitize the peripheral afferent 
nerve and increase the duration of the excitatory 
response by dorsal horn neurons. WDR becomes 
increasingly excitable.   

   Table 1.1    Peripheral nerves   

 Speed (slowest)      (fastest) 

 C-fi ber  B  Aδ  Aß  Aα 
 Sensory afferent  Preganglionic sympathetic  Sensory afferent  Motor efferent 
 Thin,  un myelinated  Thin, myelinated  Thin, myelinated  large, myelinated  large, myelinated 
 “Slow” pain burning, 
tingling, dull, achy 

 Autonomic function  “Fast” pain sharp, intense 
pain 

 Light touch, proprioception, 
pressure 

 Motor 

  Modifi ed from [ 1 ,  3 ,  4 ]  

     Table 1.2    Neurochemistry of pain   

 Inhibitory  Excitatory 
 Gamma-aminobutyric acid glycine 
(GABA) 

 Substance P, K 

 Glycine  Neurokinin A 
 Serotonin  Glutamate 
 Dopamine  Aspartate 
 Norepinephrine  Calcitonin gene-related peptide 
 Endogenous opioids ( enkephalins , 
 dynorphins ,  beta - endorphins ) 

 Cholecystokinin 

 Cannabinoids 
 Somatostatin 

  Adapted from [ 2 – 4 ]  

  Fig. 1.2    Laminar organization of dorsal horn at the level of L1.  From 
top to bottom :  red —laminae I,  yellow —laminae II,  green —laminae III, 
 blue —laminae IV,  pink —laminae V.  Right center :  orange —laminae X 
[ 10 ,  11 ]       
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  •    Changes to “pain matrix”—In subjects with chronic 
pain (low back pain [ 14 ], fi bromyalgia [ 15 ]), func-
tional MRI and diffusion tensor imaging have shown 
the reorganization of the “pain matrix,” as well as, 
changes in pattern of activation of the brain.    
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      Abbreviations 

   ADL    Activities of daily living   
  COMM    Current Opioid Misuse Measure   
  DAST-10    Drug Abuse Screening Test   
  DN     Douleur Neuropathique    
  GED    General educational development   
  IADL    Instrumental activities of daily living   
  MMTP    Methadone Maintenance Treatment Program   
  ORT    Opioid Risk Tool   
  PMQ    Pain Medication Questionnaire   
  SISAP    Screening Instrument for Substance Abuse 

Potential   
  SOAPP    Screener and Opioid Assessment for Patients 

with Pain   
  VAS    Visual analog scale   

          Obtaining a Pain History 

     1.     Chief complaint 
   •    Patient’s self-reported symptoms or areas of pain 

leading them to seek care    

      2.     History of present illness 
   •    Approach to questioning

 –    Build upon the chief complaint in a detailed and 
comprehensive manner through the use of open-
ended questions (e.g. Tell me about your pain?)  

 –   How/when did it start? Were you doing a certain 
activity when pain started? Have you had this 
same issue previously?  

 –   Assess for new issues or changes in chronic 
conditions  

 –   Rule out acute medical issues that may require 
immediate referral for emergency care such as 
new or worsening neurological symptoms etc. 
bowel or bladder incontinence.  

 –   Obtain and review previous work up done to 
assess condition  

 –   Obtain most recent labs to assess other medical 
conditions that may effect your treatment      

  •     Characterizing pain  [ 1 ]
 –     Location : ex back vs. leg vs. both, neck vs. shoul-

der vs. arm/hand  
 –    Radiation : Where to? How far down extremity? 

What digits specifi cally?  
 –    Intensity : Severe enough to take medications or 

seeking other treatment options?  
 –    Quality of pain : Sharp, dull, electrical, shooting, etc.  
 –    Frequency : pain only at times or all day long?  
 –    Temporal aspects : Onset, duration, and changes 

since onset  
 –   Setting and time of day in which pain occurs  
 –   Characteristics of any breakthrough pain, how 

often  
 –    Mitigating and exacerbating factors : position 

change, bending forwards/backwards, sitting/
walking, lifting, stairs, sneezing/coughing, etc.  

 –    Associated symptomology 
 ◼    Restriction of range of motion, stiffness, or 

swelling  
 ◼   Muscle aches, cramps, or spasms  
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 ◼   Weakness  
 ◼   Sensory disturbances (e.g., dysesthesias, itch-

ing, numbness, tingling)  
 ◼   Bowel or bladder changes  
 ◼   Color or temperature changes in effected body 

part  
 ◼   Changes in sweating, skin, hair, or nail growth     

 –   Mnemonics
 ◼    “ SOCRATES ” ( S —site,  O —onset,  C —char-

acter,  R —radiation,  A —associations,  T —tim-
ing,  E —exacerbating & relieving factors, 
 S —severity)  

 ◼   “ OPQRST ” ( O —onset,  P —provocation,  Q —
quality,  R —radiation,  S —severity,  T —time)         

  •    Patient’s thoughts and feelings about his/her pain
 –    Subjective changes of pain throughout its devel-

opment alongside corresponding objective pain 
scale values (see  Pain Scales  section)      

  •    Subjective changes of pain throughout its develop-
ment alongside corresponding objective pain scale 
values (see  Pain Scales  section)   

  •    Previous treatments and effectiveness
 –     Pharmaceutical 

 ◼    Obtain full details of previous use of topical, 
oral, intravenous, and pump therapy with dos-
age and frequency
   Know which medications and doses caused 

side effects and which were tolerated, did 
they help manage the pain and to what 
extent?     

 ◼   Previous pain physicians or other physicians 
who have written opiates or administered treat-
ment—contact recent prescribers to confi rm 
patient is no longer seeing them and to confi rm 
compliance
   Ask if patient was ever discharged from a pain 

practice and why prior to making these 
calls, can help to establish trusting relation-
ship if honest     

 ◼   History and reason of recent dose escalations  
 ◼   Any aberrant behavior (doctor shopping, mul-

tiple pharmacies, etc.)
   Check state database program prior to every 

visit to assure compliance        
 –    Physical or occupational therapy 

 ◼    How long was treatment? How often? Did this 
help?  

 ◼   Type of program e.g., specifi c to body part and 
exercises learned  

 ◼   Compliance with a home exercise program  

 ◼   Modalities
   Use of TENs with or without success?  
  Relief/exacerbation with heat or ice?        

 –    Osteopathic manipulations or chiropractic 
treatments —helpful?  

 –    Complementary and alternative therapies 
 ◼    Herbs, acupuncture +/− moxibustion, cupping  
 ◼   Naturopathy or traditional Chinese medicine  
 ◼   Mind–body therapies, cognitive behavioral 

therapy, mediations, aromatherapy, expression 
or art-based therapies  

 ◼   Comprehensive interdisciplinary pain clinic 
enrollment     

 –    Peripheral joint injections 
 ◼    Injectable therapies may include anesthetics, 

anti- infl ammatory medications, viscosupple-
mentation, and platelet-rich plasma  

 ◼   Which were given? How many times? Did they 
help? For how long?     

 –    Spinal Interventions 
 ◼    Various procedures/injections which may 

include nerve blocks, spinal injections, intra-
spinal opioids, spinal cord stimulators, periph-
eral nerve stimulators, or implantable drug 
delivery systems  

 ◼   Which injections were done? Did they decrease 
pain? How much of a decrease and for how 
long?     

 –    Surgeries to affected region 
 ◼    Did this initially help? Is pain same as prior to 

surgery? What changes?         
  •    Include pertinent positive or negative fi ndings from 

other sections of the history    
      3.     Past medical history 

   •    General history of childhood and adult illnesses
 –    History or cardiac, gastric, liver, or renal pathol-

ogy that may interfere with medications or cause 
worsening of pathology  

 –   History of psychiatric illnesses
 ◼    Prior hospitalizations  
 ◼   Suicidal or homicidal ideations or attempts  
 ◼   Review psychiatric medications for possible 

interactions  
 ◼   Contact treating psychiatrist or psychologist for 

complete history and permission to use opiates          
      4.     Past surgical history 

   •    Dates of all surgeries    
      5.     Social history 

   •    Provides a more detailed assessment of the patient 
which can reveal suspicions or inconsistencies in the 
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reported history as well as risk factors for substance 
abuse and addiction   

  •    Educational Level (e.g., High School, GED, College)   
  •    Home environment and living circumstances   
  •    Patient’s support system including family and friends

 –    Ask patient if there are young children in their 
home and if/how medication is kept secure      

  •    Substance use/abuse history (details below)   
  •    Sexual history/history of abuse   
  •    Criminal history   
  •    Involvement in a problematic subculture or contact 

with high-risk individuals   
  •    Past Substance abuse history

 –    Higher risk of abusing/misusing opiates if history 
of previous abuse  

 –   Some physicians choose not to give opiates to 
patients with history of alcohol or illicit substance 
abuse      

  •    Prior/current participation in a Methadone 
Maintenance Treatment Program (MMTP)
 –    Determine compliance with this program

 ◼    Ask how often methadone is administered
   Patients who have to pick this up daily are not 

as reliable     
 ◼   Ask how often urine toxicology is checked  
 ◼   Get contact information of the MMTP 

counselor
   Counselor can help you determine if patient is 

reliable enough to have added opiates for 
pain control  

  Many physicians choose not to treat patients on 
MMTP with additional opiates             

      6.     Family history 
   •    Any family history of substance or prescription drug 

use/misuse or abuse   
  •    Family history of alcoholism   
  •    Family history of psychiatric disorders   
  •    Serious medical issues in family   
  •    History of family abuse   
  •    Documents risk factors for aberrant behavior such as 

a family history of prescription drug or alcohol abuse    
      7.     Allergies : specifi cally ask about medications used dur-

ing injections such as anesthetics, steroid, shellfi sh, 
iodine, or contrast   

   8.     Medications 
   •    General medications

    (i)    Important for side effects, cross-reactivity, and 
metabolism       

  •    Pain-related medications
    (i)    Ask patient to bring in bottles for pill counts and 

to assess information off the prescription bottle 
(pharmacy used, previous physician, date pre-
scription fi lled, etc.)   

   (ii)    Confi rm all pain medications tried in past, if they 
helped and if any side effects   

  (iii)    Opioid medication history
 –    Inquire about the patient’s current medication 

regimen used to control pain
 ◼    Name of medications, dosage, and 

frequency  
 ◼   Patient satisfaction with current regimen  
 ◼   Associated side effects  
 ◼   How long have they been on these 

medications?  
 ◼   Name of prescribing physician  
 ◼   How long has this physician been pre-

scribing these medications?     
 –   Obtain a list of pharmacies used to fi ll 

prescriptions
 ◼    All pharmacies should be contacted on ini-

tial visit to verify compliance and assure 
no doctor shopping  

 ◼   Patients should be encouraged or man-
dated to use same pharmacy each month to 
fi ll controlled substances     

 –   Ask patient about prior care under other pain 
management physicians
 ◼    Previous opioid prescribing physician(s) 

should be contacted on initial visit  
 ◼   Ask why the patient is seeking a new pain 

management physician  
 ◼   Ask patient about prior/recent discharge 

from a physician’s care for noncompliance, 
abusive behavior, or any other reason
 •    Be cautious when accepting patients 

who have been discharged previously 
for appropriate reasons     

 ◼   Ask patient when last prescription was 
received
 •    How many pills remaining?  
 •   Do they have enough medication to last 

for at least 2 weeks or until next follow-
up appointment after urine results are 
recorded?                 

      9.     Functional evaluation 
   •    Normal activity level prior to pain initiation   
  •    Current independence measures including bed mobil-

ity, transfers, mode of locomotion, and use of assis-
tive devices   

  •    Activities of Daily Living (ADLs) and Instrumental 
Activities of Daily Living (IADLs) [ 1 ]

 –    ADL—walking, bathing, dressing, toileting, 
brushing teeth, eating  

 –   IADL—cooking, driving, using the telephone or 
computer, shopping, keeping track of fi nances, 
managing medication      

2 Obtaining a Pain History
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  •    Changes in function with pain onset
 –    Attempt to document with objective measures 

e.g., number of blocks the patient is able to walk  
 –   Assess improvement or deterioration of function 

in temporal relation to use of medications or 
injections       

      10.     Review of systems 
   •    Assess for expected side effects of opiate use e.g., 

constipation, dry mouth   
  •    Assess for signs and symptoms of opiate withdrawal/

overuse   
  •    Assess for reasons to avoid opioids or other medica-

tions such as dizziness, imbalance, and history of falls    
      11.     Confi rming patient ’ s history 

   •    Collateral information from other sources relating to 
the patient can provide useful information and help 
unveil potential inconsistencies in the history
 –    Family member or caregiver with patient 

permission  
 –   Primary care physician or previous opiate- 

prescribing provider
 ◼    Prescription and illicit drug history  
 ◼   History of noncompliance  
 ◼   Patient’s reason for leaving the provider’s 

offi ce ex discharge  
 ◼   History of a urine toxicology test results         

  •    Pharmacy
 –    Use of multiple pharmacies by the patient  
 –   Names of all previously prescribed pain 

medications  
 –   Names and numbers of all previous providers—

this can help recognize doctor      
  •    Shopping

 –    Last fi lled prescription to give rough estimate of 
remaining pill count      

  •    Assess for signs and symptoms of aberrant behavior, 
dependence, abuse, addiction
 –    Identify possible signs of drug-seeking behavior  
 –   Are they demanding certain medications only, not 

willing to try all options  
 –   Unusual appearance (e.g., untidiness, sleepy during 

history, not answering questions appropriately)  
 –   Unusual knowledge of controlled substances and/

or gives medical history with textbook symptoms; 
or gives evasive or vague answers to questions 
regarding medical history  

 –   Reluctant or unwilling to provide reference 
information      

  •    Imaging
 –    Verify all imaging reports. Many patients seeking 

opioids have falsifi ed reports. Confi rm with imag-
ing location that report is valid or examine imag-
ing CD directly       

      12.     Supplemental assessment tools 
   •    Pain scales

    (i)     Unidimensional 
 –    Visual Analog Scale (VAS) [ 2 ,  3 ]

 ◼    Measures a characteristic across a contin-
uum of values  

 ◼   Horizontal line, 100 mm in length  
 ◼   The patient marks on the line the point that 

they feel represents their perception of 
their current state  

 ◼   Score is determined by measuring in mil-
limeters from the left hand end of the line 
to the point that the patient marks     

 –   Numerical rating scale [ 3 ,  4 ]
 ◼    The patient is asked, “What number would 

you give your pain right now?”  
 ◼   0 = No pain  
 ◼   1–3 = Mild pain (nagging, annoying, inter-

fering little with ADLs)  
 ◼   4–6 = Moderate pain (interferes signifi -

cantly with ADLs)  
 ◼   7–10 = Severe pain (disabling; unable to 

perform ADLs)     
 –   Verbal descriptor scale [ 3 ,  5 ]

 ◼    Used more for articulate patients, who can 
use verbal terms to express the level of 
their pain  

 ◼   Six levels of intensity ranging from “no pain” 
to “the most intense pain imaginable”  

 ◼   Have patients place a check mark next to 
the phrase that best describes the current 
intensity of their pain
   Score the mark, “no pain” = 0 and “the 

most intense pain imaginable” = 6        
 –   Wong-Baker FACES pain rating scale [ 3 ,  6 ]

 ◼    Explain to the person that each face is for 
a person who feels happy because he has 
no pain or sadness because he has some or 
a lot of pain  

 ◼   Ask the person to choose the face that best 
describes how he or she is feeling  

 ◼   Rating scale is recommended for patients 
aged 3 years and older (Fig.  2.1 )          
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  Fig. 2.1    Wong-Baker FACES 
pain scale. Hockenberry MJ, 
Wilson D:  Wong ’ s essentials of 
pediatric nursing , ed. 8, St. 
Louis, 2009, Mosby. Used with 
permission. Copyright Mosby       

    (ii)     Multidimensional  [ 7 ]
 –    Brief pain inventory  
 –   McGill pain questionnaire      

  (iii)     Neuropathic pain  [ 8 ]
 –    Neuropathic pain scale  
 –   Leeds assessment of neuropathic symptoms 

and signs  
 –   DN ( Douleur Neuropathique ) [ 4 ]  
 –   Risk assessments for aberrant behaviors, mis-

use, dependence, abuse, and addiction [ 9 ]
 ◼    Screener and Opioid Assessment for 

Patients with Pain (SOAPP)  
 ◼   Opioid Risk Tool (ORT)  
 ◼   Pain Medication Questionnaire (PMQ)  
 ◼   Current Opioid Misuse Measure (COMM)  
 ◼   Drug Abuse Screening Test (DAST-10)  
 ◼   Screening Instrument for Substance Abuse 

Potential (SISAP)              
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      Abbreviations 

   AC    Acromioclavicular   
  ASIS    Anterior superior iliac spine   
  ATFL    Anterior talofi bular ligament   
  DIP    Distal interphalangeal   
  DTR    Deep tendon refl ex   
  EOMI    Extraocular muscles intact   
  FADIR    Flexion adduction internal rotation   
  MCP    Metacarpophalangeal   
  PERRLA    Pupils equal round reactive light   
  PIP    Proximal interphalangeal   
  PROM    Passive range of motion   
  PSIS    Posterior superior iliac spine   
  ROM    Range of motion   
  SI    Sacroiliac   
  SLR    Straight leg test   
  TMJ    Temporomandibular joint   

         Introduction 

 Physical examination is important as it helps to rule out seri-
ous pathology and can lead to a more focused treatment once 
etiology is established. Below is a basic approach to the 
physical examination for the pain management physician.  

    Muscle Strength Scale [ 1 ] (the Same Scale 
Is Used for each Section of the Physical 
Examination) 

•     0 = No contraction  
•   1 = Visible muscle twitch but no movement of the joint  
•   2 = Weak contraction insuffi cient to overcome gravity  
•   3 = Weak contraction  able to overcome gravity   
•   4 = Contraction able to overcome some resistance but not 

full resistance  
•   5 = Normal; able to overcome full resistance     

    Deep Tendon Refl ex (DTR) Grading Scale [ 1 ] 

•     0 = No observable refl ex  
•   1 = Trace refl ex  
•    2   =   Normal refl ex   
•   3 = Very brisk increased refl ex  
•   4 = Clonus     

    Head/Facial Exam 

•      Inspection :
 –    Head/Face: Lesions/masses/swelling/bruising  
 –   Eyes: PERRLA, EOMI  
 –   TMJ: Swelling/erythema [ 2 ]     

•    Palpation :
 –    Note any tenderness, tightness, restricted motion, or 

warmth [ 1 ]  
 –   Note areas of hyperalgesia, hypoalgesia, allodynia, 

and/or decreased sensation  
 –   TMJ: Place fi ngers just anterior to the ears and ask 

patient to open and close mouth, this will allow your 
fi ngertips to drop into joint space. Examine for swell-
ing, tenderness, clicking, and snapping [ 2 ].  

 –   Palpate muscles of mastication:

      Physical Examination: Approach 
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   Locate the masseters at the angle of the mandible, 
examine for local tenderness and possible repro-
duction of pain  

  Locate the temporal and pterygoid and examine them 
during clenching and relaxation [ 2 ], note any 
tenderness        

•   Range of motion:
 –    TMJ: Have the patient open, close, protrude, retract, 

and perform lateral motion/deviation (moving side to 
side) with their jaw. 
 Mouth should open wide enough to put three fi ngers 

between teeth. 
 Jaw should protrude enough to allow the bottom teeth 

to be in front of the upper teeth [ 2 ].        

    Upper Extremity 

    Shoulder Exam 

•      Inspection : Examine for muscle atrophy, erythema, bruis-
ing, asymmetry of shoulder heights, deformity [ 3 ]  

•    Palpation :
 –     Bony landmarks and joints : (Figs.  3.1 ) 

   Sternoclavicular joint (medial), Acromioclavicular 
(AC) joint, Coracoid process of scapula (inferior 
and medial from AC joint) [ 2 ]     

 –    Biceps tendon : This can be located at the divot of the 
intertubercular groove at the anterior shoulder [ 2 ].  

 –    Bursas and rotator cuff muscles : Passively extend the 
humerus in order to allow these structures to move 
anterior to the acromion [ 2 ].
   Subacromial bursa  
  Subdeltoid bursa  
  Supraspinatus (under acromion), Infraspinatus (poste-

rior to supraspinatus), Teres Minor (posterior and 
inferior to supraspinatus) [ 2 ]        

•    Range of motion  ( ROM ): Perform passively and actively. 
ROM can be restricted in rotator cuff tears, capsulitis, 
sprains, tendonitis, bursitis, dislocations [ 2 ,  4 ]
 –    Feel for Crepitus when evaluating ROM  
 –    Decreased active ROM AND passive ROM is indica-

tive of adhesive capsulitis. If active ROM is limited ,  but 
the examiner is able to perform full passive PROM on 
patient than this is not adhesive capsulitis   

 –   Decreased abduction can indicate supraspinatus 
 muscle pathology     

•    Muscle strength testing : Extension, Flexion, External 
rotation, Internal rotation, Abduction, and Adduction 
against resistance [ 2 ,  3 ,  5 ]  

  Fig. 3.1    Anterior view of the 
bony processes of the scapula. 
 With permission from :  The 
Shoulder, by Wiesel ,  Brent B .; 
 Carroll ,  Raymond M. Book : 
 Essentials of Orthopedic Surgery 
Book DOI :   10.1007/978-1-4419- 
1389-0      Chapter :  8 Chapter DOI : 
  10.1007/978-1-4419-1389-0_8     
 Published :  2011 - 01 - 01. Springer        

Table 3.1 Range of motion of the shoulder

Action Normal range
Flexion 180°
Extension 45°
Abduction 180°
Adduction 40°
External rotation 90°
Internal rotation 80°

 

J.J. Robbins et al.
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•   Provocative maneuvers for stability   
 –     Anterior stability—Apprehension test : Abduct and 

externally rotate the arm while putting pressure on the 
posterior humeral head. Pain or apprehension is posi-
tive for anterior instability or dislocation [ 3 ].  

 –    Posterior stability—Jerk test : Internally rotate the 
patient’s arm and fl ex both the arm and forearm to 90°. 
While monitoring the shoulder joint, adduct the 

patient’s elbow. A jerk is felt when the humeral head 
glides of the glenoid fossa [ 3 ].  

 –    Inferior stability—Sulcus sign : With patient’s arm in a 
neutral position apply inferior traction at the patient’s 
upper arm/shoulder (not forearm). A gapping between 
humerus and acromion is positive for inferior shoulder 
laxity [ 3 ].        

Table 3.2 Provocative maneuvers for testing the shoulder

Diagnosis Muscles being tested Test Method Positive test
Impingement/
rotator cuff 
pathology

Supraspinatus, 
infraspinatus, teres 
minor, subscapularis

Neer’s While stabilizing the scapula from 
behind, internally rotate the patient’s arm 
and passively fl ex the shoulder past 90°

Pain at the shoulder
Fig. 3.2

Impingement/
rotator cuff 
pathology

Supraspinatus, 
infraspinatus, teres 
minor, subscapularis

Hawkins Flex patient’s shoulder to 90’, fl ex elbow 
to 90’ while forearm in neutral. This test 
can be done at varying degrees of internal 
rotation of the shoulder

Pain at the shoulder

Bicipital 
tendonitis

Speed’s Flex patient’s shoulder to 90°, supinate 
the hand, extend elbow. Resist the 
patient’s upward (fl exion) motion of the 
shoulder by pushing downward on their 
forearm and palpating the intertubercular 
groove of the biceps tendon

Pain at the intertubercular 
groove overlying the biceps 
tendon
Weakness (may indicate 
superior labral tear) Fig. 3.3

Bicipital 
tendonitis

Yergason’s Flex patient’s elbow to 90° and fully 
pronate the forearm. Place your hand in 
the patients palm and ask them to resist 
you by having them move supinate the 
wrist and fl ex the elbow

“Snapping” or pain at 
intertubercular groove 
overlying the biceps tendon
Fig. 3.4

Rotator cuff tear Supraspinatus, 
Infraspinatus, Teres 
Minor, Subscapularis

Empty can Flex the shoulder to 90° with the elbow 
fully extended and fully internally rotate 
the arm. Have the patient resist as you 
push downward on their arm

Weakness in resistance 
or patient “giveway” to 
resistance can indicate 
pathology with the 
supraspinatus muscle
Fig. 3.5

Rotator cuff tear Supraspinatus, 
Infraspinatus, Teres 
Minor, Subscapularis

Drop arm Patient fully abducts arms to shoulder 
height with elbow extended and then 
slowly lowers them

Arm falls down abruptly 
instead of being slowly 
lowered down

Rotator cuff tear Supraspinatus, 
Infraspinatus, Teres 
Minor, Subscapularis

Apley scratch Patient touches the opposite scapula by 
abducting and external rotating arm and 
then adducting and internally rotating arm

Pain

AC joint arthritis SCARF sign/cross 
arm adduction test

Flex shoulder to 90’, adduct arm across 
the body

This will elicit pain in AC 
joint if there is arthritic joint

Labral tear O’Brian’s test Forward fl ex shoulder to 90° with elbow 
extended. Apply downward resistance 
with arm fully internally rotated and then 
externally rotated

Pain in the internally rotated 
position that is then relieved 
in the externally rotated 
position

    Elbow Examination 

•      Inspection : Examine for erythema, swelling, ecchymosis, 
and bony arthritic changes. Note carrying angle (the angle 
formed by the humerus and the forearm) 5–8° is normal [ 6 ].  

•    Palpation :  3.6   

 –     Lateral/medial epicondyle : Tenderness at or slightly 
distal to the medial or lateral epicondyles suggest 
epicondylitis.  

 –    Olecranon : Palpate for tenderness, bursa swelling 
[ 6 ].     

•    Range of motion : Perform passively and actively [ 4 ,  7 ]  

3 Physical Examination: Approach to the Pain Patient
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•    Muscle strength testing : Flexion, extension, supination, 
pronation against resistance [ 4 ].  

•    Provocative maneuvers  : 
 –     Varus stress test : Apply varus stress to the medial 

side of the elbow while the forearm is in pronated 
position. This will test for stability of the lateral col-
lateral ligament [ 6 ].  

  Fig. 3.5    Lateral view of the ligaments of the elbow: Anatomical prepara-
tion of the elbow joint with schematically presented ligaments on the lateral 
side of the joint ( AL  annular ligament;  a-AL  accessory annular ligament; 
 LUCL  lateral ulnar collateral ligament;  RCL  radial collateral ligament)       

  Fig. 3.2    Speed’s test—Resist the patient’s forward fl exed and supi-
nated hand       

  Fig. 3.3    Yergason’s test—Have the patient supinate forearm against 
resistance with the elbow fl exed 90°       

  Fig. 3.4    Empty can—Patient pronates arm and abducts shoulder 
against resistance       

Table 3.3 Range of motion of the elbow

Action Normal range
Flexion 150°
Extension 0–10°
Supination 80°
Pronation 80°

 

 

 

 

J.J. Robbins et al.
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 –    Valgus stress test : Apply valgus stress to the lateral 
side of the elbow while forearm is stabilized in a 
supinated position. This will test for stability of the 
ulnar collateral ligament.  

 –    Mills : Pain at the lateral epicondylitis while passively 
extending the elbow, pronating the forearm and fl exing 
the wrist. Indicates lateral epicondylitis.  

 –    Cozen’s : Pain with resisted wrist extension indicates 
lateral epicondylitis.  

 –   Pain with resisted wrist fl exion indicates medial epi-
condylitis [ 6 ].        

    Wrist Examination 

•      Inspection : Examine for bony arthritic changes/promi-
nences, swelling of joints, atrophy over the thenar or 
hypothenar or intrinsic muscles [ 6 ].  

•    Palpation : Note any bony arthritic changes, swelling, 
 tenderness at the following locations: Figs.  3.6  and  3.7   

 –    Distal radius and ulna bones, ulnar groove (medial 
elbow) [ 2 ]  

 –   Anatomical snuff box—pain here could indicate 
scaphoid pathology [ 2 ]  

 –   Carpal bones, metacarpals, and phalanges  
 –   MCP joints—tenderness could indicate arthritis [ 2 ]. 

Most commonly noted at the thumb  
 –   PIP and DIP [ 2 ]  
 –   Carpal tunnel, de Quervains tendons—abductor pollicis 

longus and the extensor pollicis brevis  
 –   Prominences at dorsal and palmar regions, which 

could be ganglion cysts [ 6 ]     
•   Range of motion: Actively and passively [ 4 ,  7 ]  

•    Muscle strength testing : Flexion, extension, adduction, 
and abduction against resistance. Test hand grip strength, 
by asking patient to squeeze your fi rst two  fi ngers [ 2 ].  

•   Sensory testing:
 –    Test all cervical dermatomes (see dermatome fi gure) 

and all upper extremity peripheral nerves     

•    Provocative maneuvers for de Quervain’s Tenosynovitis  :      
 –     Finkelstein’s test : Have the patient make a fi st with the 

thumb inside the fi ngers and place the fi st into ulnar 
deviation. If this elicits pain over the dorsal radial 
compartment of the wrist, this indicates de Quervain’s 
tenosynovitis [ 6 ].     

•    Provocative maneuvers for Carpal Tunnel Syndrome: 
 –     Tinel sign : Tap over the carpal tunnel at the palmar 

wrist—paresthesias indicate positive entrapment of 
the median nerve [ 6 ]  

  Fig. 3.6    Medial view of the elbow: Medial view of the elbow joint, 
demonstrating the orientation of the ulnar (medial) collateral ligament       

  Fig. 3.7    Reverse phalens/prayer test: patient extends wrists against 
each other       

Table 3.4 Muscle actions of the upper extremity

Muscles Action
Biceps and brachioradialis Flexion
Triceps Extension
Pronator teres Pronation
Supinator Supination

Table 3.5 Range of motion of the wrist

Action Normal range
Flexion 80°
Extension 70°
Abduction (ulnar deviation) 20°
Adduction (radial deviation) 35°
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 –    Phalen’s maneuver : Flex the patient’s wrists to 90° and 
keep them in this position for 60 s. Numbness or tin-
gling is indicative for Carpal Tunnel Syndrome [ 6 ] 
Fig.  3.8   

 –    Reverse Phalen’s test : Extend the patient’s wrist to 90° 
against each other (palms against palms). Keep them 
there for 60 s. Numbness or tingling is indicative of 
Carpal Tunnel syndrome (Fig.  3.9 ) [ 11 ].      

•    Provocative maneuvers for MCP Arthritis: 
 –    MCP grinding: Extend the patient’s fi nger and while 

holding the distal phalanx, apply compression along 
the axis of the fi nger, pain at the MCP joint indicates 
probable arthritis [ 8 ]            

    Lower Extremity 

    Hip Examination 

•         Inspection :
 –       Observe the patients gait as they enter the room. 

Observe the width of the base, shift of the pelvis, and 
fl exion of the knee [ 2 ].
 n     Gait    

  Observe/Test for: 
•    Instability : Patient looks prone to fall and/or 

grabs on to rails for assistance [ 3 ]  
•    Toe walking : Diffi culty could indicate weakness 

in plantar fl exors (S1)  
•    Heel walking : Diffi culty could indicate weak-

ness in dorsifl exors (L4, L5)  
•    Tandem gait : Diffi culty could indicate balance 

issues and/or weakness  
•    Wide-based gait : Can indicate unsteadiness in 

numerous neurological disorders  
•    Favoring of extremity/antalgic gait : May indi-

cate pain of favored extremity [ 6 ]  
•    Trendelenberg gait :  Patient’s contralateral 

hip will drop when standing on one foot due 
to weakness of the ipsilateral hip abductors 
(Gluteus medius and minimus). Can indicate 
superior gluteal nerve injury  [ 3 ].      

 –      With the patient supine, assess for leg length discrep-
ancy [ 2 ]   

 –      Inspect for any bruising or muscle atrophy in the lower 
limb [ 2 ]    

•          Palpation :
 – Bony anatomy: Iliac crest, ASIS, PSIS, pubic symphy-

sis, SI joint Fig.  3.9 
 –       Bursas: Psoas bursa (below the inguinal ligament), 

Trochanteric bursa (over greater trochanter), ischio-
gluteal bursa (over ischial tuberosity)    

•          Range of motion : Actively and passively   

•       Muscle strength testing : Against resistance. Flexion, 
extension, abduction, adduction, external rotation, internal 
rotation [ 4 ,  7 ,  9 ]   

  Fig. 3.8    Phalen’s test: patient fl exes wrists against each other       

  Fig. 3.9    Dorsal view of the ligments and sheath of the hand       

Table 3.6 Range of motion of the hip

Action Normal range
Flexion 100°
Extension 30°
Abduction 40°
Adduction 20°
Internal rotation 45°
External rotation 45°
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•       Provocative maneuvers SI joint pain :
 –        FABER test : (fl exion abduction—external rotation)—

while the patient is supine, place hip into fl exion, 
abduction, and external rotation. Then apply down-
ward pressure on the knee. If pain is elicited, the hip or 
SI joint may be affected [ 6 ].   

 –       Gaenslen ’ s test : Patient is supine with thighs draped 
off of table. Maximally fl ex the hip on one side while 
extending the other hip joint simultaneously. Pain in 
either joint is a positive fi nding for SI joint dysfunc-
tion [ 3 ].   

 –       Fortin ’ s fi nger test : Apply pressure with one fi nger 
over SI joint. If patient has reproducible pain, this is 
suggestive of SI joint pathology [ 6 ].    

•          Provocative maneuvers hip joint pain :
 –        FADIR test : (Flexion Adduction Internal Rotation)—

while the patient is supine, place hip into fl exion, 
adduction, and internal rotation. Pain in the groin sug-
gests hip osteoarthritis or pathology [ 6 ].    

•          Provocative maneuvers for gluteus medius weakness :
 –        Trendelenburg test : Tests for gluteus medius weakness

 n    Patient stands on one leg. If gluteus medius strength 
is normal, the contralateral iliac crest will not drop 
and thus the pelvis remains level.       

 n       A positive fi nding for gluteus medius weakness 
occurs when the contralateral iliac crest drops (i.e., 
a lower iliac crest on the right side indicates left 
gluteus medius weakness) [ 3 ].  

    Knee Examination 

•      Inspection : Observe gait and examine for valgus (knock 
knees) or varus (bowleg) deformities. Examine for quad-
riceps atrophy, hamstring or calf atrophy. Inspect for knee 
effusion [ 6 ].  

•    Palpation :        
 –    Medial and lateral epicondyles of femur and tibia and 

medial and lateral collateral ligaments  
 –   Patella  
 –   Suprapatellar pouch (along margins of patella), 

 prepatellar bursa and anserine bursa (both on the pos-
terior medial side) [ 2 ]  

 –   Palpate for knee effusion  
 –   Palpate the calves and Achilles tendon     

•    Range of motion : Passively and Actively. Test knee fl ex-
ion, knee extension, internal rotation (sit and swing lower 
leg medially) and external rotation (sit and swing lower 
leg laterally) [ 2 ,  4 ,  7 ]  

•   Muscle strength testing: Test extension and fl exion against 
resistance from your hand  

•    Provocative maneuvers :     

Table 3.7 Range of motion of the knee

Action Normal range
Flexion 150°
Extension 0–10°

Table 3.8 Provocative maneuvers for testing the knee

Structure Provocative maneuver Positive test
Patella Patellar apprehension sign: With the patient supine, fl ex the patient’s 

knee to 30°. Using both your thumbs on the medial edge of the patella, 
displace it laterally

Pain with displacement is a positive 
result of patella dislocation [3]

Patella Patellar grind test: With the patient supine, place your hand on the 
patient’s leg with the webbing between your thumb and index fi nger 
along the superior curvature of the patella. Have the patient contract the 
quadriceps

Pain upon contraction is positive for 
patellofemoral syndrome [3]. 
Figure 3.13

Meniscus/
ligament

Apley’s test: With patient prone and knee fl exed 90°, stabilize the 
patient’s thigh with your knee. Apply a superior distraction force 
while rotating the leg both internally and externally

Pain or restricted motion may indicate a 
ligament lesion. Conversely, repeating 
the test while applying compression 
may indicate a meniscus lesion [2]. 
Figure 3.14

MCL/LCL McMurray’s Test: With patient supine, fl ex both the thigh and knee to 
90°. While stabilizing the medial and lateral aspects of the knee, 
externally rotate the leg and apply a valgus force while extending 
the knee

Pain or a click is a positive result for a 
MCL tear. Conversely, to test for a LCL 
tear, internally rotate the leg and apply a 
varus force [3]. Figures 3.15 and 3.16

MCL Valgus stress test: With patient supine, drape the leg over the exam 
table, fl ex the knee to 30°, and slightly abduct the leg. Use one hand to 
stabilize the lateral aspect of the knee and then apply an abducting stress 
on the ankle

If the knee seems to open up on the 
medial side it is a positive fi nding for an 
MCL tear [3]

LCL Varus stress test: With patient supine, drape the leg over the exam table, 
fl ex the knee to 30°, and slightly abduct the leg. While holding the ankle 
with one hand, place the other hand on the medial aspect of the knee and 
apply an adducting stress to the knee

If the knee seems to open up on the 
lateral side it is a positive fi nding for a 
LCL tear [3]

(continued)
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Structure Provocative maneuver Positive test

ACL Anterior drawer test: With patient supine, fl ex the hip to 45° and the 
knee 15°. Stabilize the leg by sitting on the foot. With your thumbs on 
the tibial plateau and fi ngers behind the tibia, apply anterior force

Excessive forward displacement is 
positive for ACL tear [3]. Figure 3.17

Lachman test: Same as Anterior Drawer Test but the knee is only fl exed 
30°. Excessive forward displacement is positive for ACL tear [3]

PCL Posterior Drawer Test: With patient supine, fl ex the hip to 45° and the 
knee 15°. Stabilize the leg by sitting on the foot. With your thumbs on 
the tibial plateau and fi ngers behind the tibia, apply posterior force

Excessive posterior displacement is 
positive for PCL tear [3]. Figure 3.18

Illiotibial 
band

Ober’s sign: Patient lies on unaffected side with that side of the hip 
fl exed. While stabilizing the hip, fl ex the patient’s leg to 90°. Proceed to 
abduct and extend the hip. Then lower/adduct the patient’s leg

If the patient’s leg will not adduct then it 
is a positive fi nding for iliotibial band 
tightness [3]

Knee effusion Bulge sign: With knee extended, apply pressure above the knee and on the 
medial aspect of the knee in order for pushing fl uid downward and laterally. 
Tap the knee behind the lateral margin to evaluate for fl uid wave [2]

Fluid wave present

Table 3.8 (continued)

  Fig. 3.10    The anterior and posterior views of the bony structures in the 
knee.  With Permission from :    The Knee       by Evans ,  Brian G .;  Zawadsky , 
 Mark W. Book :  Essentials of Orthopedic Surgery Book DOI : 

  10.1007/978-1-4419-1389-0      Chapter :  12 Chapter DOI :   10.1007/978-
1-4419-1389-0_12      Published :  2011 - 01 - 01        

    Ankle Examination 

•      Inspection : Examine for high arch (pes cavus), fl at foot 
(pes planus), callus, nodules, deformities, swelling and 
increased pronation of the ankle while standing.  

•    Palpation :
 –    With thumbs, palpate the anterior aspect of each ankle 

joint [ 2 ].  
 –   Palpate the heel, achilles tendon, calcaneal bursa, and 

length of plantar fascia  

 –   Palpate the lateral and medial malleolus  
 –   Palpate the metatarsophalangeal joints, by com-

pressing the forefoot between thumb and fi ngers. 
Evaluate for pain, which could present in rheuma-
toid arthritis [ 2 ]     

•    Range of motion : Inversion and eversion, dorsifl exion 
(ankle extension) (point foot to the ceiling) and plantar 
fl exion (ankle fl exion) (point foot to the fl oor) [ 2 ]

 –    Pain/limitation in dorsifl exion can be seen in Achilles 
tendonitis [ 4 ].     
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  Fig. 3.13    McMurray’s—Valgus stress being applied to test for an 
MCL tear       

  Fig. 3.14    McMurray’s—Varus stress being applied to test for an LCL 
tear       

Table 3.9 Range of motion of the ankle

Action Normal range
Plantar fl exion 40°
Dorsifl exion 20°
Inversion 30°
Eversion 20°

  Fig. 3.11    Patellar grind—Grasp caudad to the kneecap and apply 
cephaled pressure       

  Fig. 3.12    Apley’s distraction/compression—Applying pressure into 
the joint should illicit pain while tractioning the joint (distracting) 
should relieve pain       

•    Muscle strength testing : Inversion, eversion, dorsifl exion, 
and plantar fl exion against resistance
 –    Extensor hallucis longus, anterior tibialis, peroneal 

longus and brevis, posterior tibialis [ 6 ]     
•    Provocative maneuvers :

 –     Anterior drawer test : With the ankle in a relaxed 
position, grasp the distal end of the tibia with one 
hand. With the other hand grasp the heel and apply 
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  Fig. 3.17    Spurling’s maneuver—Compress the cervical spine during 
side bending and extension with slight downward force to reproduce 
radicular pain       

  Fig. 3.15    Anterior drawer—Apply anterior force to assess any laxity       

  Fig. 3.16    Posterior drawer—Apply posterior force to assess any laxity       

an anterior force. Excessive forward displacement is 
a positive fi nding for lateral ankle ligaments or 
ATFL [ 3 ].  

 –    Talar tilt test : Stabilizing the distal tibia with one hand, 
invert the talus. Excessive inversion is a positive fi nd-
ing for a calcaneofi bular ligament sprain or tear [ 3 ].  

 –    Morton’s neuromas : Squeeze in between the metatar-
sals to palpate any neuromas. “Mulder’s click” can 

also be heard with squeezing the metatarsals while 
applying a superior/inferior translator motion [ 3 ].  

 –    Thompson test : While patient is prone, squeeze their 
calf. If Achilles tendon is ruptured, the calf will not 
plantar fl ex as it should [ 10 ].         

    Spine 

    Cervical Spine Examination 

•      Inspection  [ 6 ]:
 –    Posture: Examine for increased kyphosis, scoliosis, 

asymmetry  
 –   Loss of lordosis  
 –   Rash         

•    Palpation :
 –    Occipital protuberances [ 6 ]      
 –   Paraspinal muscles  
 –   Spinous processes, transverse processes  
 –   Facets joints (lie about 1 in. laterally to spinal process 

at each vertebral level) [ 2 ]     
•    Range of motion : Passively and actively

 –     Flexion : Limited range or increased pain can indicate 
radiculopathy  

 –    Extension : Limited range or increased pain can indi-
cate facet arthropathy  

 –   Torticollis (Sternocleidomastoid muscle spasm) can be 
seen with neck rotation and side-bending.     

Table 3.10 Range of motion of the cervical spine

Action Normal range
Flexion 60°
Extension 50°
Rotation 80°
Sidebending 45°
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•    Neurological testing : Including muscle strength testing, 
refl exes, and sensation of all cervical dermatomes. See 
appropriate fi gures and tables.     

•    Provocative maneuvers for cervical radiculopathy :
 –     Spurling’s maneuver : Extend neck and sidebend head 

towards affected side while placing axial pressure 

Table 3.11 Cervical dermatomes/muscles/refl exes

Nerve root Innervated muscles Action Sensory Refl ex
C5 Deltoid, SITS, biceps Shoulder abduction 

and External rotation
Upper lateral arm Biceps (C5/6)

C6 Biceps, brachioradialis, 
supinator, extensor carpi 
radialis longus, scalene muscles

Elbow fl exion and 
wrist extension

Lateral forearm to 
digits 1, 2

Brachioradialis (C5/6)

C7 Triceps, pronator teres, fl exor 
carpi radialis

Elbow extension and 
wrist fl exion

Middle of forearm 
into digit 3

Triceps

C8 Triceps, fl exor digitorum 
superfi cialis, fl exor digitorum 
profundus, fl exor carpi ulnaris, 
abductor pollicis longus, extensor 
pollicis longus, opponens pollicis

Thumb extension 
and ulnar deviation

Medial forearm to 
digits 4, 5

None

Finger fl exion

T1 intrinsic muscles of the hand Finger abduction Upper medial arm 
and axilla

None

(applying pressure on the top of the head). Reproducible 
radicular arm pain is positive for a cervical radiculopa-
thy Fig.  3.17  [ 1 ].   

 –    Bakody’s sign : Externally rotate and abduct the ipsilateral 
arm/shoulder above the patient’s head. Relief of pain 
indicates a positive fi nding for cervical radiculopathy [ 3 ].  

 –    Valsalva maneuver : Radicular pain is a positive result and 
can indicate presence of a space occupying lesion [ 3 ].  

 –    Manual neck distraction test : Vertical upward traction is 
applied under the jaw and at the occiput. If pain is relieved 

by this maneuver, this is indicative of cervical radicu-
lopathy due to relief of the pressure on the nerves [ 1 ].     

•    Upper motor neuron signs :
 –     Hoffman refl ex : Flick the tip of middle fi ngernail. A 

positive result is thumb fl exion which indicates spinal 
cord lesion/pathology in the neck region [ 3 ].  

 –    Babinski refl ex : Tracing along the curvature of the 
sole, sweep the foot from heel to toe. A positive result 
is hallux extension, which indicates spinal cord  lesion/
pathology in the cervical region [ 3 ].        

Table 3.12 Cervical spine pathology

Diagnosis Pain distribution Onset of pain Levels typically affected Flexion
Cervical spondylosis Unilateral or bilateral Gradual C5-C7 May decrease pain (pain can 

increase with extension)
Cervical stenosis Unilateral or bilateral Gradual Varies May decrease pain

Cervical disk herniation Unilateral more commonly Sudden C5-6 May increase pain

    Thoracic Spine Examination 

•      Inspection : Observe for scoliosis, kyphosis, asymmetry  
•    Palpation :

 –    Muscles: Paraspinals, rhomboids, supraspinatus, infra-
spinatus mucles  

 –   Bony Anatomy: Vertebral bodies, Spinous Processes, 
Facet joints, Ribs         

•    Range of motion : Passively and actively [ 11 ]  
•    Sensation :  See Fig .  3.18       

Table 3.13 Range of motion of the thoracic spine

Action Normal range
Flexion 20–45°
Extension 25–45°
Sidebending 20–40°
Rotation 35–50°

3 Physical Examination: Approach to the Pain Patient
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    Lumbar Spine Examination 

•      Inspection :
 –    Posture: Loss/increased lordosis, scoliosis  

•      Pain in certain positions: 
 – Sitting (indicative of disc pathology)
 – Standing
 – Bending forwards (indicative of disc pathology)
 – Bending backwards (indicative of facet diseas)     
 –   Frequent changes in position (which indicates 

increased severity of pain)  
 –   Use of assistive device (cane, rolling walker, etc.)     

•    Palpation :
 –    Muscles: Parapspinals, gluteals, piriformis  
 –   Facet joints
 – Spinous processes
 – SI Joint
 – PSIS
 – Coccyx
 – Greater trochanteric bursa
 – Iliotibial band  
 –   Palpate for vertical step offs to check if one spinous 

process is more prominent than another, which could 
indicate spondylolisthesis [ 2 ]     

•    Range of motion : Other details under inspection
 –     Flexion : Limited range or increased pain with this 

motion can indicate radiculopathy or disc pathology.  
 –    Extension : Limited range or increased pain with this 

motion can indicate facet arthropathy or spondylolis-
thesis Table 3.14 [ 3 ,  11 ].     

•    Muscle strength testing : Hip fl exors (L1-2) and extensors, 
knee extensors (L3–4) and fl exors, ankle dorsifl exors 
(L4), Toe extensors (extensor hallucis longus) (L5) and 
ankle plantar fl exors against resistance  

2

The dermatomes: the segmental cutaneous
supply of the skin
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  Fig. 3.18    Posterior and anterior dermatomes       

Table 3.14 Range of motion of the lumbar spine

Action Normal range
Flexion 90°
Extension 30°
Rotation 40°
Sidebending 30°

Table 3.15 Lumbosacral dermatomes/muscles/refl exes

Nerve root Innervated muscles Action of muscle Paresthesia Refl ex
L1 Iliopsoas, adductors Hip fl exion Groin None
L2 (Same as L1) Hip fl exion Front of thigh None
L3 Quadriceps Knee extension Inner knee, anterior 

lower leg
None

L4 Tibialis anterior Foot dorsifl exion Medial calf and ankle Patellar refl ex
L5 Extensor hallucis longus, gluteus 

medius and minimus
Toe extension Lateral leg, toes 1–3 None

S1 Gastrocnemius, gluteus maximus Ankle plantarfl exion Toes 4 and 5, lateral 
leg, plantar side of foot

Achilles refl ex
Ankle eversion
Hip extension
Knee fl exion
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•    Sensation : Refer to dermatome fi gure  
•    Refl exes :

 –    L4: Patellar refl ex  
 –   S1: Achilles refl ex     

•    Upper motor neuron signs :
 –     Ankle clonus : Rapidly dorsifl ex the foot upward and hold. 

Several “beats” of the foot is positive for ankle clonus [ 3 ].  
 –    Lower extremity spasticity : Tightness of in muscles. 

Evaluate gait. Gait abnormalities greatly vary in each 
patient [ 3 ].  

 –    Babinski sign : Stroke lightly on plantar surface of the 
foot and look for great toe extension, which is a sign of 
spinal cord involvement [ 3 ].     

•    Provocative maneuvers for lumbar radiculopathy  : 
 –     Straight leg test (SLR) : Patient lays supine, examiner 

elevates affected leg while keeping knee extended.
   + SLR is noted if patient has pain radiating down 

examined leg at 30–70° [ 3 ]     
 –    Crossed straight leg raise : Positive test can be elicited 

with lifting asymptomatic side and causing pain on 
symptomatic side [ 6 ].  

 –    Slump test : Patient sits on the side of the table and 
fl exes forward (in a slumping position). Gently fl ex the 
cervical spine. Then extend the patient’s knee. If no 
pain is reproduced, continue by dorsifl exing the 
patient’s foot. A positive fi nding is reproducible pain, 
which indicates possible dura, spinal cord, or nerve 
root impingement [ 11 ].  

 –    Seated straight leg raise : Distraction technique to dis-
cern between amplifi cation of pain. Extend patient’s 
knee while talking. If patient does not extend back, no 
radicular pain is elicited [ 6 ]. Used to assess if patient is 
malingering.  

 –    Reverse straight leg test : While the patient is prone, lift 
the hip into extension with the knee straight. This test 
will be positive with upper lumbar nerve root involve-
ment ( This is for upper lumbar radiculopathy as 
opposed to the other maneuvers which are for lower 
lumbar radiculopathy diagnosis ) [ 6 ].         

    Signs of Malingering 

     (a)     Waddell ’ s Signs :
•     Distraction : Repeat any positive tests while the 

patient is distracted. Malingering patients may not 
respond in pain while distracted.  

•    Overreaction : Disproportionate noises or visual 
expressions of pain. Malingering patients may over-
exaggerate pain to ensure they get their desired 
result.  

•    Regional disturbances : Affected regions not to follow 
dermatome/anatomical patterns. However, patients 
may have researched such features of the pain they 
are faking.  

•    Simulation tests : Pretend to perform a test that the 
patient thinks may elicit pain. Malingering patients 
will voice pain despite it being a test that does not 
cause any pain.  

•    Tenderness : Real pain is usually localized to one par-
ticular neuromuscular structure. Malingering patients 
may display one of the following:

 –     Superfi cial : Skin is tender to light touch or pinch  
 –    Nonanatomic : Deep tenderness that is not local-

ized to one structure [ 3 ]           

    Pelvic and Abdomen Examination (See More 
Details in Pelvic and Abdominal Pain Chapter) 

•                   Percuss: Note any dull areas that could be due to an 
underlying mass or tympany due to excess gas.  

•    Palpation : Palpate lightly and deeply. Note any tender-
ness, tightness, restricted motion, rigidity, guarding, 
masses, or warmth. Palpate the liver borders.         
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      Abbreviations 

   AP    Anterioposterior   
  CPP    Chronic pelvic pain   
  CRPS    Complex regional pain syndrome   
  CT    Computed tomography   
  MRI    Magnetic resonance imaging   
  STIR    Short-tau inversion recovery   
  TVUS    Transvaginal ultrasound   
  US    Ultrasound   

          Introduction [ 1 ] 

 Diagnostic radiology traces its origins to 1895 when Wilhelm 
Roentgen produced the fi rst X-ray image.

  Different modes of diagnostic radiology include: 
•   Plain X-ray, computed radiography  
•   Computed axial tomography (CT)  
•   Magnetic resonance imaging (MRI)  
•   Ultrasound (US)  
•   Fluoroscopy   

  Two types of risk with radiation: 
•   Stochastic:

 –    Affects probability of a condition  
 –   Severity will be dose independent  
 –   Examples are: fetal abnormalities, cancer and genetic 

effects     
•   Non-stochastic (deterministic):

 –    Effect has known threshold radiation dose: erythema, 
cataracts        

    Plain X-Ray 

•      Physics 
 –    An X-ray beam is passed through the body onto a fi lm 

cassette.     
•    Contrast agents :

 –    Not generally used for plain X-rays     
•    Indications :

 –    X-rays: used to detect bony lesions such as fractures or 
tumors  

 –   Spine fl exion/extension fi lms: used to evaluate for 
spondylolisthesis and dynamic instability  

 –   Joint pain: to look for arthritis, loose bodies, fractures     
•    Contraindication :

 –    Pregnancy     
•    Risks :

 –    Radiation exposure        

    Magnetic Resonance Imaging [ 1 ] 

•      Physics :
 –    Uses very powerful static magnetic fi eld and radiofre-

quency gradients that alters the alignment of protons  
 –   Energy given off by protons is detected and a computer 

is used to create an image.  

      Diagnostic Imaging 
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 –   Tissues are differentiated by differences in T1 and T2 
relaxation times.
   T1 measures how quickly a tissue becomes  magnetized 

and T2 measures of how quickly a tissue loses 
magnetization.  

  T1-weighted scans are good at differentiating fat from 
water, with water appearing darker, and are good 
for providing anatomic detail.  

  T2 images are useful for imaging edema and patho-
logic conditions, with fat appearing darker and 
water lighter.        

•    Contrast agents :
 –    Gadolinium chelates are used as contrast agents to 

detect blood–brain barrier disruptions and to accentu-
ate other pathology such  as infections and tumors .
   Contrast is also recommended when imaging a patient 

who has undergone prior spine surgery.        
•    Indications :

 –    MRI is superior to CT scans in detecting soft tissue 
lesions such as tumors and infection. MRIs are com-
monly used to evaluate muscular/tendon/ligament and 
vertebral disc pathology.  

 –   MRI can be safely used in pregnancy, if necessary, as 
it produces no ionizing radiation.  

 –   MR neurograms are used to evaluate the course periph-
eral nerves such as the sciatic nerve.  

 –   MR angiograms are used to evaluate vasculature.     
•    Contraindications :

 –    Implants that are electrically, magnetically, or mechan-
ically activated are generally contraindicated.
   Most spinal cord stimulators  
  Intrathecal pumps  
  Pacemakers  
  Cochlear implants are variable  
  Pacing wires  
  Swan–Ganz catheters  
  Ferromagnetic implants  
  Any metal in body such as—bullets and shrapnel  
  Note that generally titanium joint replacements are 

considered safe. With any of these implants it is rec-
ommended to check with the manufacturer to deter-
mine compatibility prior to ordering an MRI.           

    Computed Tomography (CT) [ 1 ] 

•      Physics :
 –    CT is accomplished by rotating an X-ray tube 360° 

around a patient.  
 –   Detectors opposite the X-ray tubes collecting the 

X-ray beams  
 –   A computer reconstructs the cross-sectional images of 

the patient’s body.     

•    Contrast agents :
 –    Water-soluble molecules containing iodine atoms  
 –   Iodinated contrasts are ionic, high-osmolality or non-

ionic, low-osmolality.  
 –    Low osmolality agents associated are with a lower 

incidence of adverse reactions.   
 –   Contrast is used to enhance density differences 

between normal tissue and lesions such as infections 
and tumors. It is also used to defi ne vascular anatomy 
and patency.     

•    Indications :
 –    CT scans are superior to MRI in detecting bony lesions 

and fractures.  
 –   CT scans without contrast are used to detect acute 

intracranial hemorrhage.  
 –   CT can be used safely in patients with implanted 

devices.     
•    Contraindications :

 –    Relative contraindications:
   Pregnant women should avoid the ionizing radiation 

unless absolutely necessary for emergency care. If 
possible, US and MRI are preferred in this situation 
when absolutely required.  

  Contrast use should be avoided unless absolutely nec-
essary in patients with renal dysfunction or iodin-
ated contrast allergy. Premedication can be given 
when needed to avoid allergic reaction.           

    Ultrasound [ 1 ] 

•      Physics :
 –    A transducer emits a high frequency sound wave that is 

transmitted into tissues.  
 –   Sound waves are refl ected where there are density 

changes between layers of tissues.  
 –   A receiver collects these refl ected sound waves to cre-

ate an image.     
•    Indications :

 –    Used for diagnosis of musculoskeletal pathology, 
abdominal and pelvic pain syndromes  

 –   Use is gaining popularity among physicians for pain 
image-guided treatment/injection
   It is quickly becoming the imaging modality of choice 

for performing peripheral nerve blocks by many 
anesthesiologists.  

  A few examples of injections that can be done with 
ultrasound guidance include stellate ganglion blocks, 
facet injections, sacroiliac joint injections, ilio-
inguinal, and transversus abdominis plane blocks.     

 –   Safe in pregnancy     
•    Contraindications :

 –    None        

P. Weyker et al.
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   Imaging Recommendations for Specifi c 
Pain Conditions 

   Chronic Headache [ 2 ] 

•     New imaging is not required for history of chronic 
 headache with no new features, as long as prior imaging 
was previously completed.  

•   MRI head/brain without and with contrast when history/ 
physical positive for new features (worst headache, 
change in headache, new headache, acute worsening of 
symptoms, seizures, advancing age, visual changes, mass 
effect, focal defi cits, slurred speech)  

•   Please see more details in Chap.   16         

    New/Change Headache in Non- 
immunocompromised [ 2 ] 

•      Sudden onset of severe or “worst headache of life” or 
headache associated with neurologic defi cits : head CT 
without contrast to rule of acute brain hemorrhage  

•    If suspect stroke : head CT without contrast and/or MRI 
without contrast, MRI may not show evidence of stroke 
initially, this may take time to show on MRI  

•    Trauma : head CT without contrast to rule out fracture     

    New Headache in Immune Compromised [ 2 ] 

•      New onset headache in HIV/cancer/infections/ 
immunotherapy : MRI brain with and without contrast to 
rule out infection     

    Temporal Arteritis [ 2 ] 

•     MRI brain without contrast with diffusion-weighted 
sequences     

    Nontraumatic Painful Myelopathy [ 3 ] 

•     MRI spine without contrast  
•   CT spine without contrast     

    Brachial Plexopathy [ 4 ] 

•      Brachial plexus MRI : depicts subtle changes in signal 
intensity of the nerves or enhancement and aid in refi ning 
the differential diagnosis.

 –    MRI sequences such as fat-saturated T2-weighted spin 
echo  

 –   Short-tau inversion recovery (STIR)  
 –   Gadolinium-enhanced T1-weighted spin-echo 

sequences: lumbosacral → MRI pelvis without and 
with contrast        

    Lumbar Spine [ 4 – 6 ] 

•     Suspected herniated disc or spinal stenosis
 –    MRI lumbar spine without contrast     

•   Risk factors for cancer (advanced age/history of cancer/
presence of primary tumor)
 –    Lumbosacral plain radiography AP and Lateral to rule 

out bony lesion  
 –   MRI lumbar spine with and without contrast if initial 

imaging is negative but high degree of suspicion remains     
•   Suspected instability (elderly, prior instrumentation, pain 

with fl exion and extension, trauma, osteoporosis)
 –    Plain X-rays with fl exion and extension     

•   Neurologic defi cits
 –    MRI lumbar spine without contrast     

•   Risk factors for spinal infection (fever/sweats/chills/
increasing low back pain, spinal instrumentation/epidural 
or spinal interventions)
 –    MRI lumbar spine with and without contrast     

•   Suspected vertebral compression fracture (elderly, 
patient on chronic steroids, multiple myeloma, cancer)
 –    Lumbosacral plain radiography     

•   Risk factors for/signs of Cauda Equina syndrome (pro-
gressive or new onset sensory and motor defi cit with or 
without bowel and bladder incontinence)
 –    MRI lumbar spine without contrast     

•   Suspected ankylosing spondylitis
 –    Lumbosacral plain radiography  
 –   Anterior–posterior pelvis plain radiography        

    Cervical Spine 

•     X-ray C-spine: AP, lateral, open mouth, oblique views
 –    Open mouth view is to capture the odontoid for possible 

pathology  
•   MRI cervical spine without contrast: if X-rays are  normal 

and neurologic signs/symptoms present        

    Facial Pain [ 7 – 10 ] 

•      Trigeminal neuralgia and atypical facial pain :
 –    MRI face and brain with and without contrast: focus 

on trigeminal nerve        

4 Diagnostic Imaging

http://dx.doi.org/10.1007/978-1-4939-2462-2_16


30

    Complex Regional Pain Syndrome (CRPS) 
[ 11 , 12 ]  

•     X-ray, MRI, or CT scan to rule out other differential 
diagnosis  

•   Triple phase bone scan: may be done to identify osteope-
nia but is not essential since CRPS is a clinical diagnosis     

    Abdominal/Pelvic Pain [ 13 ,  14 ] 

•     Chronic pelvic pain (CPP):
 –    Transvaginal ultrasound (TVUS): modality of fi rst 

choice  
 –   MRI of the abdomen or pelvis: if TVUS is equivocal or 

nondiagnostic  
 –   See Chap.   22     for more details        

    Joint Pain 

•     Plain X-ray  
•   MRI without contrast: if X-ray nondiagnostic or displays 

effusion [ 15 ]  
•   X-ray arthrography of hip, knee, and shoulder: using 

 contrast, local anesthetic ± corticosteroid, if X-ray is non-
diagnostic/equivocal  

•   MR arthrogram: detects tears in ligaments or labrum, 
 cartilaginous defects, intra-articular bodies, surgical 
planning         
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      Abbreviations 

   AAA    Abdominal aortic aneurysm   
  AIDS    Acquired immunodefi ciency syndrome   
  AP    Anteroposterior   
  CSF    Cerebral spinal fl uid   
  CT    Computed tomography   
  FEV    Forced expiratory volume   
  FVC    Forced vital capacity   
  IV    Intravenous   
  MRI    Magnetic resonance imaging   
  PFTs    Pulmonary function tests   

          Introduction 

 It is important to differentiate a pain complaint that does not 
require surgery from one that requires routine surgery and 
even more important to recognize a surgical emergency. 
Taking a comprehensive history, physical exam, and obtain-
ing appropriate imaging can help to distinguish between 
these circumstances.

•    Time of symptomatic onset and the mechanism of injury 
provide a sense of the acuity of the patient’s condition as 
well as the extent of injury that may have been sustained.
 –    Sudden onset of intense pain following an event is 

often indicative of signifi cant tissue trauma (i.e., a 
fracture) or of rapidly progressive pathology (i.e., an 
epidural hematoma).  

 –   Insidious onset of pain, on the other hand, occurs 
mostly in situations where the surrounding tissue 
and the body at large have time to accommodate/ 
compensate (i.e., tumor and osteoarthritis) [ 1 ,  2 ].     

•   Mechanism of injury provides the practitioner with an 
idea of the extent of possible tissue damage—motor vehi-
cle accident versus impact with a bicycle [ 2 ,  3 ].  

•    Red fl ags —ominous signs and symptoms that may clue 
you into a specifi c diagnosis. These fl ags are discussed 
along with each diagnosis in this chapter.  

•    When should a diagnostic test be ordered and how should 
it guide your decision? 
 –     X - ray —delineates the bony anatomy, not as reliable as 

a CT scan 
 To optimize benefi t, it is important to get dynamic 
imaging—fl exion, extension fi lms, particularly when 
worried about dynamic pathology in a patient with 
positional pain. X-rays can help with the diagnosis of 
micro- fracture, misalignment, scoliosis, aberrant bone 
growth, and any calcifi ed lesion that may be missed by 
non-X-ray imaging such as MRI.  

 –    Computed tomography  ( CT )—used to assess the 
degree of bony involvement, better resolution than 
X-ray, with thin cut cross-sectional areas of the 
body that can also be reconstructed to provide a 
3-dimensional image. Greater risk of radiation. Can 
evaluate for herniated disc or spinal stenosis. Of note, 
metallic implant may generate artifacts. Used in 
patients with metal implants such as non-mri compati-
bles spinal cord stimulators, etc.  

 –    MRI —best modality currently for visualization of soft 
tissue structures such as nerve, muscles and discs. 
Safer method of imaging [3, 4].  

 –    Ultrasound —provides the benefi t of real-time image. 
No risk of radiation. Safe for pregnancy. It also pro-
vides good delineation of tissue relationship, but its 
poor bone penetration, high operator dependence, and 
limited fi eld of view at any given time makes it  not  the 
imaging modality of choice for spinal pathology. 
When utilized by a trained ultrasonographer, it is very 
effective for extraspinal examination (i.e., joints, 
peripheral nerves, bursas, ligaments, and such periph-
eral tissues that are not encased in bone).       

      Painful Surgical Spine Referrals 
and Emergencies 

           Anthony     Isenalumhe     Jr.      

 5

        A.   Isenalumhe   Jr. ,  M.D.      (*) 
  Pain Management/Anesthesiology ,  Stanford Medical Center , 
  2275 Latham Street, Apt 52 ,  Mountain View ,  CA   94040 ,  USA   
 e-mail: isenalumhe@gmail.com  

mailto:isenalumhe@gmail.com


32

  Consider non  -  spine-related causes of neck and back pain 
which may require surgical intervention or specialty 
evaluation.  

  Examples listed below   (  these do not represent complete 
differential diagnoses  ) : [ 4 – 6 ]
•     Neck pain :

 –    Thoracic outlet syndrome  
 –   Esophagitis  
 –   Angina  
 –   Vascular dissection         

•    Back pain :
 –    AAA  
 –   Aortic dissection  
 –   Retroperitoneal pathology (pancreatitis, renal pathol-

ogy—i.e., stones)  
 –   Gallbladder disease  
 –   Retroperitoneal hematoma        

   Reasons For Spinal Surgical Referral 

     1.     Severe Scoliosis —abnormal lateral curvature of the spine
 –       Type is mostly defi ned by etiology: idiopathic 

(unknown cause—the most common), congenital 
(birth defect), neuromuscular (consequence of muscu-
lar disease such as cerebral palsy, polio, and muscular 
dystrophy), and osteopathic (bony abnormality) [ 6 ,  7 ].   

 –      Diagnosis of scoliosis can be made with  Adams for-
ward bend test —patient bends forward, feet together 
and knees straight, and the provider can evaluate the 
symmetry of either side of the spine and its curvature. 
If positive, an AP X-ray is indicated to examine the 
spine. From the X-ray a “Cobb’s angle” can be 
measured.
•     Cobb’s angle —a measurement used for evaluation 

of curves in scoliosis on an AP radiographic projec-
tion of the spine. Cobb’s angle of 10° is minimum 
angulation to defi ne scoliosis.      

 –      Surgery is indicated with Cobb’s angle >45–50°, as an 
angle >50° progress even after skeletal maturity [ 7 ].   

 –      Scoliosis in the thoracic region progress more rapidly 
than other areas of the spine; therefore, surgery should 
be considered sooner.   

 –      Concerns with progression of scoliosis in the thoracic 
region are not for aesthetic reasons primarily but rather 
signifi cant morbidity and mortality from compression 
of intrathoracic organs
•     Respiratory —causing loss of pulmonary function as 

well as predisposing the patient to pneumonia, even 
resulting in respiratory failure at larger curvatures 
(Cobb’s angles >60° by 40–50 years of age). The 
associated decreased chest wall compliance and con-
sequent progressive atelectasis increase the work of 

breathing. The increased work of breathing progres-
sively weakens respiratory muscles. Pulmonary 
function test can provide an easy and reliable means 
for evaluation and follow-up. 

 Patients with Cobb’s angle ranging between 
100° and 150° and poor PFTs with FVC ratio ≤ 65 %, 
FEV1 ratio ≤ 65 %, and PEF ratio ≤ 65 % are at sig-
nifi cantly higher risk for postoperative pulmonary 
complications, and therefore poor surgical candi-
dates [ 7 ,  8 ]. 

 Key: postoperative pulmonary complications are 
thought to be associated with the surgical approach, 
preoperative PFTs (primarily FVC ratio ≤ 65 %), and 
concomitant thoracoplasty [ 7 – 9 ].  

•    Cardiac —restrictive cardiomyopathy can occur 
with scoliosis as spinal rotation deform the thoracic 
cage, decreasing the chest wall compliance and 
accordingly compromises the ventilatory volume of 
lung and respiratory capacity. The poor ventilation 
and increased pulmonary resistance progressively 
increases the afterload of the right heart leading to 
cor pulmonale over time. 

 However, they do tolerate surgery well, but are at 
risk of decompensating in the perioperative period 
and accordingly, perioperative monitoring with 
transthoracic echocardiogram should be highly 
considered [ 9 – 11 ].       

      2.     Spondylolisthesis —an anterior or posterior displace-
ment of a vertebra in relation to the vertebra below [ 3 ,  6 ]
 –       Etiologies—classifi ed as congenital (dysplastic), spon-

dylolytic (isthmic), degenerative, traumatic, patho-
logic, or iatrogenic   

 –      Percentage of slippage in comparison to the vertebra 
below determines the grade of spondylolisthesis
•    Grade 1—0–25 %  
•   Grade 2—25–50 %  
•   Grade 3—50–75 %  
•   Grade 4—75–100 %      

 –      Grade 1 and 2 may present with pain in the lower back 
and buttock with tightness and spasm in the ham-
strings.   Treated mostly with conservative methods: 
exercise, back brace   

 –      Grade 3 and 4 may shift the intra-abdominal content 
presenting as a protruding abdomen, diffi culty walk-
ing, and radiating pain indicative of nerve compres-
sion, as these high grades do cause narrowing of the 
neural foramina. 
 Grades 3 or higher may require surgical  intervention if 
conservative methods fail to relieve the symptoms.    

      3.     Spinal stenosis —narrowing of the spinal canal with 
compression of the neural structures
 –       Lumbar spine—most common region for spinal 

stenosis   
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 –      Spinal stenosis is the most common reason for lumbar 
spine surgery in adults >65 years of age.   

 –      Lumbar spinal stenosis often presents with radicular 
leg pain or neurogenic claudication (progressive pain 
with walking or prolonged standing, which is relieved 
by sitting down or lumbar fl exion).   

 –      In comparing surgical vs. nonsurgical therapy for lum-
bar spinal stenosis, patient with imaging- confi rmed 
spinal stenosis without spondylolisthesis and leg 
symptoms prolonged for at least 12 weeks did better 
with surgery compared to the nonsurgical group with 
relief of symptoms and improving function for at least 
2 years [ 3 ,  6 ,  12 ].    

      4.     Disc herniation  [ 1 ,  2 ,  12 ]
 –       Most patients do well with conservative treatment (i.e., 

physical therapy, medications, epidural injections), 
which provides symptomatic relief and obviates 
unnecessary surgery.   

 –      50 % of patients with herniated discs recover in 
1 month   

 –      96 % recover by 6 months 
  When should surgery be considered ?
•    Severe weakness  
•   Disabling pain, despite exhausted conservative 

efforts  
•   Unremitting or severe neurological symptoms— 

e.g., loss of control of bowel or bladder  
•   Persistent radicular pain with progressive weakness 

and numbness despite conservative treatment  
•   Importantly, clear delineation of a surgically ame-

nable disc herniation on imaging (MRI, CT scan, or 
myologram) that correlate to a likely site of nerve 
compression which explains the patient’s dermato-
mal and myotomal presentation.       

      5.     Neoplasm —spinal tumors include a wide range of abnor-
mal growth of cells of various origins 
 Type of cell/tissue from which they originate classifi es 
spinal tumors [ 13 ].

 –        Intramedullary tumor —tumors arising from within 
the spinal cord itself. Normally benign, however, based 
on their location, they can cause signifi cant neural 
compromise as they grow.
•    Astrocytomas—originate from glial cells (the sup-

porter cell of neurons of the central nervous system).  
•   Ependymomas—originate from the epithelial-like 

cells that line the CSF-fi lled ventricles in the brain 
and the central canal of the spinal cord.  

•   Hemangioblastomas—arise from the vascular 
system      

 –       Intradural - extramedullary tumor —as the name 
 suggests, originates from the protective layers of the 
spinal cord but are outside the spinal cord.
•    Meningiomas—arise from the meninges  

•   Schwannomas and neurofi bromas—arise from 
Schwann cell      

 –       Extradural tumors —most common spinal tumors, also 
known as vertebral column tumors—include meta-
static tumors and tumors that originate from surround-
ing bone and cartilage.
•    Common primary tumors that metastasize to the 

spine are lung, breast, prostate, and kidney.
 –    Initial presentation of these tumors can be local-

ized pain in the neck or back. However, progres-
sion of symptoms occurs as the tumor grows 
and is mostly the result of compression of neural 
tissue based on the location of occurrence— 
cervical, thoracic, lumbar, or sacral.  

 –   Depending on the severity and acuity of presen-
tation, the patient may benefi t from a regimen 
of steroids and/or localized radiation to decrease 
the associated infl ammation and tumor size, 
respectively, allowing time for a schedule surgi-
cal intervention.  

 –   Emergent surgical intervention is necessary 
whenever there is progressive threat with neu-
rological symptoms, which can occur with spi-
nal tumors based on type (poorly defi ned, 
rapidly growing) or location (proximity to 
vital spinal tissue). This can present as pro-
gressive loss of sensory and motor function in 
the legs based on compression of the lumbro-
sacral nerve fi bers, or arrhythmia based on 
local compression or infi ltration of the cardiac 
accelerators (the upper thoracic neural fi bers 
T1-T4). An understanding of spinal innerva-
tion is necessary for proper correlation of 
the presenting symptoms to the location of 
pathology [ 13 ].          

      6.     Spinal hemangiomas  [ 1 ,  2 ,  13 ]
 –       Hemangiomas are benign tumors formed due to abnor-

mal proliferation of blood vessels; such lesions can 
also form in the skin and other organs. The vertebrae 
and skull are the most common sites of formation in 
the skeletal system.   

 –      Most common location in the spine: Thoracic > 
Lumbar > Cervical;   Commonly between 50 and 
70 years of age; females twice likely to be affected 
than males.   

 –      Majority are asymptomatic, incidental fi nding on 
imaging—no treatment required   

 –      About 1 % are symptomatic: presenting as axial back 
pain or with neurological symptoms (sensory and/or 
motor defi cit). Symptoms are either due to pathologi-
cal/compression fractures (due to structural destabili-
zation from the replacement of bony tissue with blood 
vessel intrinsic to hemangioma formation) or cord 
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compression (which can occur when the hemangioma 
lesions extend out of the vertebral body or bleed).   

 –      Diagnosis: MRI with contrast is helpful in discerning 
tissue relationship; however, CT with contrast is a rea-
sonable alternative.   

 –      Surgical treatment if indicated:
•     Nonemergent  (no cord compression)

 –    Vertebroplasty/kyphoplasty  
 –   Radiation therapy  
 –   Emolization     

•    Emergent  (cord compression)
 –    Intralesion alcohol injection  
 –   Embolization with subsequent surgical removal 

of tumor and bracing with bone grafts and metal-
lic prosthesis          

      7.     Spinal cysts: ganglionic and synovial  [ 14 ,  15 ]
 –       The difference between a ganglionic cyst and a syno-

vial cyst is the existence of a synovial lining in a syno-
vial cyst. Otherwise, both share the same clinical 
presentation, treatment, and prognosis.   

 –       Epidemiology : occur in patients primarily in the sixth 
decade of life; slightly higher incidence in females   

 –       Symptoms : based on the progressive mass effect of the 
cyst as it grow and is therefore based on location and 
the tissue being compressed (neural versus nonneural 
tissue, i.e., bony component of the spine). Most com-
mon symptoms: #1 Radiculopathy, #2 Neurogenic 
claudication   

 –      Most common location for a spinal cyst to occur is in 
the lumbar region, primarily L4-5, but it can affect 
multiple levels and can be bilateral.   

 –      The formation of spinal cysts is mostly associated with 
spinal instability i.e., facet joint arthropathy, and 
degenerative spondylolisthesis, and therefore a con-
comitant fusion procedure may be performed if a sur-
gical approach is elected.   

 –       Diagnosis : MRI is the image of choice; a noncontrast 
MRI is suffi cient as the variation of the different 
sequences (T1, T1, Stir) helps differentiate it from 
other possible pathologies and delineate the relation-
ship of the adjacent tissue.   

 –      Spinal cyst are rarely emergencies but can be if they 
hemorrhage and bleed into the surrounding soft tissue 
or spinal canal causing acute compression of the spinal 
cord.   

 –       Treatment :
•    Conservative: oral analgesics, physical therapy  
•   Interventions: needle aspiration, intra-articular or 

epidural steroid injection  
•   Invasive: surgery  
•   Regardless of which modality is chosen. Note that 

the cyst can recur.       

      8.     Spinal infections  [ 1 ,  2 ,  4 ]— primarily the result of vas-
cular spread or direct introduction via instrumentation of 
the spinal column and its contents leading to:
 –        Meningitis or encephalitis —present with headache, 

neck stiffness, loss of neurologic functions, or CSF 
fi nding   

 –       Epidural abscess —most commonly bacterial in origin 
but can be caused by a virus or fungus   

 –       Osteomyelitis 
•    Patients susceptible to osteomyelitis include:

 –    Elderly patients  
 –   Intravenous drug users  
 –   Immunocompromised individuals         

 –       Pott’s disease —Tuberculosis of the spine; should be 
evaluated with a CT with contrast; also well visualized 
on an MRI   

 –       Discitis —infl ammation of the vertebral disc space, 
usually associated with infection via hematologic spread
•    Most common location—Lumbar > Cervical >

Thoracic spine  
•    Risk factors : IV drug user and immunosuppressive 

states, i.e., AIDS and diabetes, may also occur after 
surgery involving the disc space  

•    Clinical presentation : insidious onset of pain and 
localized tenderness of the affected spinal level. 
Pain is worse with movement. May be associated 
with fever; of note, neurological defi cits may 
occur, primarily when the infection is at the cervi-
cal level.  

•   X-ray (show narrow disc space, end plate irregular-
ity, and calcifi cation of the annulus); however, it 
may be normal—especially in the beginning.  

•   MRI is the most sensitive and specifi c study with 
contrast (always better to use contrast to evaluate 
vascular lesions—infection, tumors, etc.).  

•   Initial treatment is via parenteral antibiotics for 
6–8 weeks. Surgical treatment may be needed if 
there are neurological defi cits, or no response with 
antibiotic therapy.       

      Treatment for each type of spinal infection is initially 
conservative and is based on the type of pathogen: 
bacterial, viral, fungal, parasitic, with treatment with 
antibiotics,  antivirals, antifungals, supportive therapy 
(i.e., steroids), respectively. 

  Surgery is required for :
 –    Urgent for: debridement (drainage of abscess and removal 

of necrotic tissue) and infections that are intractable 
despite optimization of drug delivery (including intrave-
nous and intrathecal)  

 –   Emergent for: decompression, when there is development 
of mass effect by an abscess with compression of neural 
tissue (brain, spinal cord, or nerves)     
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    Conditions Requiring Emergent Surgical 
Intervention 

 Sudden severe or progressive nerve/cord compression 
 (a concern also in unstable spinal fractures, ex. vertebral 
compression fracture, burst fractures, and “jumped  facets”, 
which are not discussed in this chapter as these are due to 
major trauma and present to the ER and not the out-patient 
clinic). Any evidence of spinal cord injury may require emer-
gent surgical intervention as well. 

    Cauda Equina Syndrome [ 16 ,  17 ] 

•     A constellation of symptoms brought on by compression/
damage of the cauda equina—nerve roots of L2-S5. 
Causes of cauda equina syndrome include central or cen-
terolateral disk prolapse and other space-occupying 
lesions; infections such as meningitis; rare causes such as 
abdominal aortic dissection; and complications after sur-
gery, spinal manipulation, or epidural injections.  

•   One of the following symptoms must be present for the 
diagnosis of Cauda equina syndrome:
 –    Bladder and/or bowel dysfunction (check anal tone on 

exam)  
 –   Reduced sensation in the saddle area (check sensation 

including perianal region)  
 –   Sexual dysfunction with possible neurologic defi cits in 

the lower extremities, which may include loss of 
motor, sensory, or refl ex function.  

 –    Treatment : mostly involves urgent surgical decompres-
sion, primarily if the clinical signs and symptoms are 
sudden. As the innate pathology is a condition (tumor 
burden, disc protrusion, trauma, hemorrhage, etc.) caus-
ing mass effect on the lumbrosacral nerve root with threat 
to nerve survival. The chance of avoiding long-term neu-
rological damage is dependent on time to decompres-
sion. Surgery is the fastest means of decompression. 
Other forms of decompression include radiation for 
tumor burden and steroids for associated infl ammation.       

  Vascular / hematologic pathology  [ 18 ,  19 ] 

 Epidural hematoma
•     Etiology : rupture of the Batson vertebral venous plexus  
•   Can occur spontaneously or secondary to minor trauma—

i.e., lumbar puncture or epidural anesthesia  
•    Risk factors : include spinal instrumentation, blood dys-

crasia, and coagulopathy (please review the ASA guide-
lines for each anticoagulation therapy and recommended 
timing for spinal interventions).  

•    Presentation :
 –    Neck, back, or abdominal pain, depending on the loca-

tion of the hematoma; accordingly, there may be a 
radicular pain component into the extremities, chest, 
abdomen.  

 –   Diffi culty with urinating and bowel movement  
 –   Numbness and/or weakness of extremities     

•    Imaging : MRI or CT with contrast is preferred  
•    Treatment :  

 –   No time to waste with onset of clinical signs of nerve 
compression:  

 –   Best outcomes are with surgical decompression ≤8 h  
 –   Poor outcome are when decompression does not occur 

in ≤48 h.     

    Infection [ 19 ,  20 ] 

 Epidural abscess—can occur via hemato ge nous spread, con-
tinuous spread from infected neighboring structures, or non-
sterile instrumentation
•    Most common organism is staphylococcus aureus  
•    Risk factors : Intravenous drug abuse, diabetes mellitus, 

existing infection, alcoholism, as well as other forms of 
immunosuppressive states, including AIDS  

•    Clinical presentation : similar to the presentation an epi-
dural hematoma but presents days later; may be preceded 
by an epidural hematoma which creates a conducive envi-
ronment for bacterial growth. Presentation for abscess 
includes fever and malaise.  

•    Labs/imaging : blood culture (not always positive); MRI 
or CT with contrast   

•    Treatment:   
 –   Decompression: when there is development of mass 

effect by an abscess with compression of neural tissue 
(brain, spinal cord, or nerves).         
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      Abbreviations 

   AED    Antiepileptic drug   
  CLIA    Clinical Laboratory Improvement Amendments   
  EPPD    2-Ethylidene-1,5-Dimethyl-3,3-Diphenylpyr-

rolidine      
  ER    Emergency Room   
  EtOH    Ethanol   
  GM    Gas chromatography   
  HPLC    High performance liquid chromatography   
  IA    Immunoassay   
  LC/MS/MS    Liquid chromatography tandem mass spectro -

metry   
  LSD    Lysergic Acid Diethylamide   
  MDMA    3,4-Methylenedioxy- N -methylamphetamine   
  MDPV    Methylenedioxypyrovalerone   
  MMTP    Methadone Maintenance Treatment Program   
  MS    Mass spectrometry   
  PCP    Phencyclidine   
  POC    Point of care   
  RDS    Random drug screen   
  TCA    Tricyclic   
  THC    Tetrahydrocannabinol   
  UDS    Urine drug screen   
  UTOX    Urine toxicology   

          Reasons to Order Urine Toxicology Screen [ 1 ] 

•     Assure prescribed medications taken as directed, i.e., 
establish compliance  

•   Detect possible diversion of medications  
•   Detect the presence of non-prescribed drugs and/or illicit 

substances     

    When to Order Urine Toxicology Screen [ 2 ] 

•     Prior to initiation of an opioid: Assess for the presence of 
illegal and possible prescribed/non-prescribed drugs  

•   Change of opioid prescriber: Assess for the presence of 
illegal drugs and currently prescribed opiate  

•   Suspect substance misuse/abuse  
•   Routine random testing    

    Appropriate Frequency 

•        No specifi c rule in terms of frequency of drug testing but 
risk stratifi cation appears to be the best way to determine 
frequency
 –     Low risk 

   Randomly, approximately every 6 months     
 –    Intermediate risk 

   3 to 4 times a year     
 –    High risk 

   As often as once a month         
•      May be subject to state and local statutes and regulations   
•       Documentation:  Reasoning behind the frequency of test-

ing as well as the need for confi rmatory testing is required, 
including evidence of risk assessment       

    Helpful History for Identifying Higher 
Risk Individuals 

•     Inconsistent history  
•   Comorbid psychiatric disorder such as depression, 

 anxiety, bipolar disorder, and/or personality disorder  
•   Current or history of alcohol or psychoactive drug use  
•   Past inconsistent drug screen  
•   History of substance abuse (including EtOH, and or illicit 

drugs, dependence/addiction including history of enroll-
ment in treatment program such as MMTP) [ 3 ]  

      Urine Toxicology Screen 
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•   Patient or family considers patient to be addicted  
•   Patient’s care previously terminated by a provider  
•   Patient changes providers frequently  
•   Unstable and/or dysfunctional social situations  
•   Decreased functioning  
•   History of buying medications “on the street”  
•   History of sharing medications with a friend or family 

member or taking their medications     

    Physical Examination for Identifying Higher 
Risk Individuals 

•     Observed intoxication (walking “funny,” slurred speech, 
drowsy, EtOH breath)  

•   Strange affect (liable emotion, not reactive, disinterested, 
agitated)  

•   Needle track marks  
•    Drug-seeking behaviors 

 –    Focusing (excessively) on opiate issues  
 –   Self-increasing dosage/frequency  
 –   Persistently asking the prescriber to escalate dosage/

frequency  
 –   Frequently requesting early refi lls  
 –   Reporting lost/spilled/stolen medications/prescriptions  
 –   Showing up unscheduled  
 –   Failing to keep regular appointments or persistent late 

arrivals  
 –   Failing to improve in function or decrease in pain  
 –   Going to other providers including ER for more medications  
 –   Using medications for symptoms other than pain 

(insomnia, anxiety, depression)  
 –   Failing to bring in unused medications upon request 

for pill counting  
 –   Asking for specifi c medications (particularly the case 

if this drug has high abuse potential)  
 –   Refusing other drug treatment(s) and/or changes in 

scheduled drug(s)  
 –   Refusing generic drug substitution or demanding short 

acting medications only  
 –   Stating a preference for the route of administration  
 –   Not accepting or following other non-opioid treatments        

    Collecting the Urine Sample 

•     Document all current medications so you can properly 
interpret the urine results. If a medication is taken on an as 
needed basis only, document this, it may/may not be in 
the urine depending on the last time it was taken.
 –    Specifi cally ask about benzodiazepines and headache 

medications (patients may forget to mention prn 
medications)  

 –   Document the last time the patient took their pre-
scribed opiate and/or benzodiazepine for accurate 
interpretation of results     

•   Have a dedicated bathroom for sample collection
 –    Should be in a location where the staff can monitor the 

activity  
 –   Patient should enter bathroom alone with no bags/

drinks or coat/sweater which may be used to conceal 
urine they may have brought with them  

 –   Monitor for excessive time spent in restroom  
 –   Can use a blue dye in the toilet to prevent patient from 

diluting sample with toilet water     
•   If  patient is “unable to provide a urine sample” 

 –    Advise patient not to leave the premise before giving 
sample  

 –   Provide drinking water and wait or consider oral swab 
for testing instead        

    Types of Urine Toxicology Testing [ 4 ] 

     1.     Immunoassay (IA) 
    (a)     Point of care testing (Immunoassay in offi ce) 

•    Commonly referred to as “dip-stick” or “urine 
cup” testing  

•    Qualitative : Reported as  present or absent  of the 
substance at a predetermined cutoff threshold  

•    Immediate results   
•   CLIA waiver required for performing in offi ce

 –    See website   http://www.cms.gov/Regulations-
and- Guidance/Legislation/CLIA/How_to_
Apply_for_a_CLIA_Certificate_International_
Laboratories.html     for details     

•    Limited testing capability 
 –     Most cups are 12 panel testing including 

THC, Cocaine, Opiate (general screen), 
Amphetamine, Methamphetamine, PCP, 
MDMA, Barbiturates, Benzodiazepines, 
Methadone, TCAs, Oxycodone   

 –   Important to know which opioid is covered in 
the opiate class because not all POC IA (manu-
facture dependent) detect semisynthetic or syn-
thetic  opioid [ 1 ]     

•   Less costly  
•   Cannot be used as confi rmatory test  
•   Sensitivity only 75 % for benzodiazepines [ 5 ]      

   (b)     Immunoassay in laboratory 
•    Also qualitative  
•   Benzodiazepine detection especially unreliable  
•   Standard benzodiazepine screen does not test for 

alprazolam, lorazepam, or clonazepam  
•   Sensitivity of 90–95 % and specifi city of 85–90 % 

for standard screen       
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      2.     Confi rmatory testing in laboratory 
•       Laboratories perform a confi rmatory quantitative test 

if the IA is positive   
•      Specifi c drug (rather than class) can be identifi ed   
•      Allow for identifi cation and quantifi cation of specifi c 

drug substances   
•      False positives/negatives still possible (sensitivity and 

specifi city of around 99 %)   
•      Common methods

 –     Gas chromatography/mass spectrometry (GC/MS)  
considered “gold standard” (i.e., use GC/MS result 
for fi nal interpretation) [ 6 ]  

 –    Liquid chromatography tandem mass spectrometry 
(LC/MS/MS)  or  high performance liquid chroma-
tography (HPLC)  may also be used       

          Problems with Either Testing 

•     No way to tell from a urine drug test the exact amount of 
drug taken, when the last dose was taken, or the source of 
the drug  

•   Recent systematic review of the use of drug treatment 
agreements and urine drug testing to discourage misuse 
when opioids are prescribed for chronic non-cancer pain 
only found weak, heterogeneous evidence that these 
 strategies were associated with less misuse [ 7 ]  

•   Processing errors (storage at extreme temperatures, low 
volume for testing due to bottle leakage, specimen 
contamination)  

•   Improper screens (especially for IAs)
 –    Must know difference among natural, semisynthetic and 

synthetic opioid, as well as their metabolites (Fig.  6.1 )    
 –   Must know expected metabolites for benzodiazepines 

(Fig.  6.2 )      

•     False negatives 
 –    Taking less drug than prescribed (could be due to 

reduced need)  
 –   Taking medication on an irregular schedule (prn 

 obviously ok but watch out for binging)  
 –   Adulterating or substituting urine sample to hide 

illicit use  
 –   Diverting the medication  
 –   Different rate of absorption (including route), distribu-

tion (body habitus/adipose tissue ratio), metabolism 
(either genetically or by concomitant exposure to 
enzyme inducers or inhibitors), and elimination (kidney 
function) of opioids/benzodiazepines [ 8 ]  

 –   Cross-reactivity     
•    False positives  (Table  6.1 )

 –     The presence of small amounts of “process impurities,” 
that is, other opioids that are created in acceptable 
amounts when manufacturing a different semisynthetic 
opioid  
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  Fig. 6.1    Opioid metabolites. Computer design by Halland Chen © Kimberly Sackheim 2015. All Rights Reserved       
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 –   Different rate of absorption, distribution, metabolism, 
and elimination of opioids/benzodiazepines (see false 
negatives)  

 –   Topical EtOH use  
 –   Cross-reactivity       

    Some Examples of Cross-Reactivity [ 2 ] 

•     Multiple substances (including some diet pills, prometh-
azine, and substances found in over-the-counter nasal 
inhalers such as Vicks ®  inhalers) cross-react with 
amphetamines  

•   A stereospecifi c chromatography test is recommended 
sometimes because standard laboratory GC/MS test 
will not differentiate the d-isomer (the stimulant) from 
the l-isomer (typically therapeutic) metabolites of 
methamphetamine  

•   Quinolone antibiotics can be misidentifi ed as opiates  
•   Trazodone use can result in a false-negative test for 

fentanyl  
•   Venlafaxine use can produce a false-negative test for PCP  
•   Quetiapine can produce a false-negative test for methadone  

•   Proton-pump inhibitors may result in a false-negative test 
for THC  

•   Sertraline and oxaprozin can cause a false-negative ben-
zodiazepine test      

    Interpreting Urine Toxicology Screen 

•        Ensure legitimate urine sample [ 6 ]
 –    May need to visually monitor patient during specimen 

collection  
 –   Check temperature within 4 min of collection (should 

be 32–38 °C)  
 –   Check color and odor  
 –   Check pH (should be between 4.5 and 8.0)

   Infl uenced by diet, disease state, medication(s) [ 9 ]  
  May affect results  
  <3 or >11 inconsistent with human urine     

 –   Shake for bubbles (excessive bubbles created by addi-
tives such as detergents)  

 –   Check specifi c gravity (should be between 1.002 and 
1.020)  

 –   Check creatinine

  Fig. 6.2    Benzodiazepine metabolites. Computer design by Halland Chen © Kimberly Sackheim 2015. All Rights Reserved       
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   Should be > 20 mg/dL  
  <20 mg/dL: diluted, possibly by water loading  
  2.0 mg/dL: not consistent with human urine         

•      Check for medications prescribed and their metabolites   
•      Check for medications not prescribed and illicit 

substances   
•      Cross-reference with possible false positives and false 

negatives      

    Metabolism of Substances 

    Metabolism of Opiates [ 4 ,  10 – 13 ] (Fig.  6.1 ) 

•     Most metabolites stay in the system for 2–3 days except 
for much longer for methadone  

•    If no metabolite(s), parent drug taken recently (not 
enough time for metabolism)   

   Table 6.1    Summary of agents contributing to positive results by immunoassay a    

 Substance tested 
via immunoassay 

 Potential agents causing 
false-positive result 

 Substance tested 
via immunoassay  Potential agents causing false-positive result 

 Alcohol  Short-chain alcohols  Cannabinoids  Dronabinol 
 (e.g., isopropyl alcohol)  Efavirenz 

 Amphetamines  Amantadine  Hemp-containing foods 
 Benzphetamine  NSAIDs 
 Bupropion  Proton pump inhibitors 
 Chlorpromazine  Tolmetin 
 Clobenzorex b   Cocaine  Coca leaf tea 
  l- Deprenyl c   Topical anesthetics containing cocaine 
 Desipramine  Opioids, Opiates, 

and Heroin 
 Dextromethorphan 

 Dextroamphetamine  Diphenhydramine e  
 Ephedrine b   Heroin 
 Fenproporex b   Opiates (codeine, hydromorphone, hydrocodone, morphine) 

 Isometheptene  Poppy seeds 
 Isoxsuprine  Quinine 
 Labetalol  Quinolones 
 MDMA  Rifampin 
 Methamphetamine  Verapamil and metabolites e  
  l -Methamphetamine (Vick’s inhaler) d   Phencyclidine  Dextromethorphan 
 Methylphenidate  Diphenhydramine e  
 Phentermine  Doxylamine 
 Phenylephrine  Ibuprofen 
 Phenylpropanolamine  Imipramine 
 Promethazine  Ketadine 
 Pseudoephedrine  Meperidine 
 Ranitidine  Mesoridazine 
 Ritodrine  Thioridazine 
 Selegiline  Tramadol 
 Thioridazine  Venlafaxine, O-desmethylvenlafaxine 
 Trazodone  Tricyclic 

antidepressants 
 Carbamazepine f  

 Trimethobenazmide  Cyclobenazprine 
 Trimipramine  Cyproheptadine f  

 Benzodiazepines  Oxaprozin  Diphenhydramine f  
 Sertaline  Hydroxyzine f  

 Quetiapine 

   a MDMA-methylenedioxymethylamphetamine; NSAIDs = nonsteroidal anti-infl ammatory drugs 
  b Approved in Mexico, not approved in the United States 
  c Converts to  l- methamphetamine and  l -amphetamine 
  d Newer immunoassays have corrected the false-positive result for Vick’s inhaler 
  e Diphenhydramine and verapamil (including metabolites) have been shown to cause positive results in methadone assays only 
  f Reports of false-positive results occurred with serum only 
  Reprinted from Mayo Clinic Proceedings, 83/1, Karen E. Moeller, Kelly C. Lee, Julie C. Kissack, Urine Drug Screening: Practical Guide for 
Clinicians, 66–76, © 2013, with permission from Elsevier   
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•    If only metabolite(s), parent drug   not   taken “recently” 
(half-life dependent)   

•    See  Table  6.2 

          Metabolism of Benzodiazepines [ 14 ,  15 ] (Fig.  6.2 ) 

•     Not equally detectable on IAs due to different metabolic 
pathways  

•   May be insensitive even on GC/MS (particularly for 
lorazepam and clonazepam)  

•   Many degrade rapidly  
•   Oxazepam a common fi nal metabolite that lingers (see 

Table  6.3 )

          Metabolism of Other Substances with 
Strong Addictive Potential 
[ 11 ,  12 ,  16 – 18 ] 

•      See  Table  6.4 

          Other Commonly Tested Medications 
in UDS [ 11 ,  12 ] 

•     Gabapentin, pregabalin, amitriptyline (as amitriptyline + 
nortriptyline), nortriptyline, imipramine, and desipramine 
also commonly tested to establish compliant of the less 
addictive medications     

   Table 6.3    Substances and typical detection time in urine after benzodiazepine use   

 Benzodiazepine  Substance(s) detected  Typical detection time 
 Alprazolam  Alprazolam + Alpha Hydroxy Alprazolam  24–72 h 
 Clonazepam  Clonazepam + 7-Amino Clonazepam  24–72 h 
 Lorazepam  Lorazepam  1–5 days 
 Diazepam  Diazepam + Nordiazepam + Temazepam +  Oxazepam   1–7 days 
 Nordiazepam  Nordiazepam +  Oxazepam   1–7 days 
 Temazepam  Temazepam +  Oxazepam   1–7 days 
 Chlordiazepoxide  Chlordiazepoxide + Nordiazepam +  Oxazepam   1–7 days 
 Clorazepate  Clorazepate + Nordiazepam +  Oxazepam   1–7 days 
 Flurazepam  Hydroxyethyl-fl urazepam + Desalkyl-fl urazepam  24–72 h 
 Midazolam  Midazolam + Alpha Hydroxy Midazolam + 4 Hydroxy Midazolam  24–72 h 

   Table 6.2    Major and minor substances and typical detection time in urine after opioid consumption   

 Opioid  Major substance(s) detected  Minor substance(s) detected  Typical detection time 
 Morphine  Morphine  Hydromorphone  3–4 days 
 Codeine  Codeine + Morphine  Hydrocodone + Hydromorphone  1–3 days 
 Hydrocodone  Hydrocodone + Norhydrocodone + 

Hydromorphone 
 1–2 days 

 Oxycodone  Oxycodone + Oxymorphone + 
Noroxycodone 

 1–3 days 

 Oxymorphine  Oxymorphone  2–3 days 
 Fentanyl  Fentanyl + metabolites with Fentanyl affi x  1–3 days 
 Methadone  Methadone + EDDP  Up to 14 days 
 Buprenorphine  Buprenorphine + metabolites 

with Buprenorphine affi x 
 2–4 days 

 Tramadol  Tramadol + metabolites with Tramadol affi x  2–4 days 
 Tapentadol  Tapentadol + metabolites with Tapentadol affi x  1–2 days 
 Meperidine  Meperidine + Normeperidine  2–3 days 
 Propoxyphene (no longer in 
US market) 

 Propoxyphene + Norpoxyphene  2–4 days 

 Heroin (not prescribed)  6-acetayl-morphine + Morphine  1–3 days 
 Poppy Seeds (not prescribed)  Morphine  1–3 days 

  EPPD = 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine  

J. Ho
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    Other Important Points of UDS 

•     Repeat UDS needed whenever results inconsistent  
•   Also useful in checking for the presence of other prescribed 

medications with no or less addictive potential (i.e., AED, 
TCA) to confi rm general compliance in treatment  

•   Must have a plan for inconsistent UDS, especially on a 
repeat study  

•   Other ways of drug testing exist (blood, oral fl uid, hair)      

    Recommendations 

   Low-risk individuals 
•   Such as an individual who takes only one short-acting 

opioid (especially one with lower addictive potential and/
or street price) on as needed basis for fl ares (especially 
when the number taken is less than the maximum 
prescribed)  

•   A regular dipstick may be adequate but both qualitative 
and quantitative testing may be benefi cial at least on fi rst 
visit may be adequate  

•   Make sure the dipstick tests for the medication prescribed 
(confi rmed with manufacture if in doubt)   

  Intermediate-risk individuals 
•   Everyone in between (i.e., an individual on long-acting 

opioid(s) or uses short-acting opioid(s) relatively fre-
quently, an individual who may have associated depres-
sion but symptoms reasonably well managed)  

•   Qualitative and quantitative testing is recommended 
including medications prescribed every 3–4 months likely 
adequate performed  

•   A plan should be in place when there are questionable 
results for (repeated) testing(s)   

  High-risk individuals 
•   Qualitative and quantitative testing is recommended 

including medications prescribed and past medications/
drugs misused may be adequate  

•   May expand on the panel if there are suspicions for 
misuse  

•   May need to perform on every visit or very frequently if 
needed      

   Table 6.4    Substances detected and detection time in urine of other substances with strong addictive potential   

 Other Substance(s) with strong addictive potential  Substance(s) detected  Typical detection time 
 Amphetamine  Amphetamine  Up to 9 days 
 Methamphetamine (Speed, Crank, Crystal, Meth, Ice)  Methamphetamine + amphetamine  87 +/−51 h 
 Methylenedioxymethamphetamine (MDMA-Ecstasy)  MDMA  48 h 
 Methylenedioxyethylamphetamine (MDEA-Eve)  MDEA  ~1.4–2.6 days 
 Modafi nil  Modafi nil + Modafi nil acid  Up to 4 days 
 Armodafi nil  Modafi nil + Modafi nil acid  Up to 4 days 
 Alcohol  Alcohol + ethyl glucoronide  7–12 h [Mayo] 
 Heroin  6-Acetayl- morphine + morphine + hydromorphone (if 

contained with codeine) 
 11–54 h 

 Cocaine  Cocaine + Benzolecgonine + Ecogonine methyl ester  22 days 
 PCP  PCP  2–7 days for casual use 

 UP to 30 days [Christo] 
 Bath salts  Various, may include MDPV, Methylone and Mephedrone  Varies 
 Cannabis (Marijuana)  THC + 9-carboxy-THC  20–57 h in occasional users 

 3–13 days in regular users 
 Up to 95 days 

 LSD  LSD + 2-Oxo-3-hydroxy-LSD  36–96 h 
 Amobarbital  Amobarbital  1–5 days 
 Pentobarbital  Pentobarbital  4–6 days 
 Butalbital  Butalbital  3–10 days 
 Secobarbital  Secobarbital  4–6 days 
 Phenobarbital  Phenobarbital  Up to 30 days 
 Carisoprodol  Carisoprodol + Meprobamate  2–4 days 
 Meprobamate  Meprobamate  2–4 days 
 Cyclobenzaprine  Cyclobenzaprine 
 Methylphenidate  Ritalinic acid  2–4 days 
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      Abbreviations 

   ABG    Arterial blood gases   
  BMP    Basic metabolic panel   
  CBC    Complete blood count   
  CNS    Central nervous system   
  CVA    Cerebrovascular accident   
  CXR    Chest X-ray   
  Cx    Culture   
  EKG    Electrocardiogram   
  GI    Gastrointestinal   
  HEENT    Head, eyes, ears, neck, throat   
  IM    Intramuscular   
  IV    Intravenous   
  O 2     Oxygen   
  PCP    Phencyclidine   
  prn    As needed   
  UA    Urinalysis   
  UTOX    Urine toxicology   

          Opioid Overdose 

    Epidemiology 

•     The rate of exposure to analgesics including opioids and 
sedatives continues to rise each year [ 1 ].  

•   Rates of opioid abuse and deaths due to overdose are 
highest among non-Hispanic whites males, between 20 
and 64 years old, from low socioeconomic and rural 
 populations [ 2 ].     

    History 

•     Know type of opioid used (if possible), route of exposure, 
amount taken, time ingested, possible co-ingestion of 
other substances, and prior history of opioid abuse. If the 
patient is not able to provide this information, it should be 
ascertained from family members/friends. Empty pre-
scription bottles will also provide important information.     

    Serum Half-Life ( t  1/2 ) of Commonly 
Prescribed Opioids (Table  7.1 ) 

    Serum half-life ( t  1/2 ) of the drug ingested is an important fac-
tor in the length of duration and dosing of naloxone. 
Naloxone’s  t  1/2  and duration is shorter than most opioids; 
therefore, overdose of long acting or extended release opi-
oids may require multiple IV boluses of naloxone or continu-
ous infusion (see treatment).  

    Physical Exam Found in Opioid Overdose 

•      Vitals : Examine for hypothermia, bradycardia  
•    Psych : Possible euphoria  
•    Neuro : Depressed mental status, somnolence, decreased 

arousal, coma (e.g., especially with Tramadol/Meperidine) 
[ 3 ] can have restlessness, agitation, confusion, jerking, 
and/or seizures [ 4 ]  

•    HEENT : Miosis  
•    Cardio : Evaluate for hypovolemia  
•    Resp : Decreased respiratory rate (remember normal may 

be 8–12 breaths/min particularly at night), decreased tidal 
volume

    Pulmonary edema: Rales/hypoxia/frothy sputum seen 
in patients with overdose of heroin and other opioids [ 5 ]     

•    GI : Decreased bowel sounds  
•    Skin : Track/needle marks commonly found in the fore-

arms and sometimes in feet     

      Opioid Overdose and Withdrawal 
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    Differential Diagnosis 

•     Ethanol/Benzo/Clonidine intoxication  
•   Hypoglycemia  
•   CVA (altered mental status)  
•   Pontine hemorrhage (presents with miosis)  
•   Ketamine overdose (CNS and respiratory depression)  
•   PCP overdose (CNS depression and miosis)  
•   Sepsis (hypovolemia/altered mental status)     

    Workup 

•      Labs 
 –    Blood glucose level: Rule out hypoglycemia  
 –   UTOX: Rule out ingestion of another toxic substance 

and know what substance they ingested  
 –   CBC, Blood Cx, UA, rule out infection  
 –   ABG: Assess respiratory status  
 –   BMP: Detect electrolyte abnormalities     

•    EKG : Methadone causes QTc prolongation/Torsades de 
Pointes [ 6 ]  

•    Imaging 
 –    CXR: Reserved for patient with hypoxia or abnormal 

lung sounds. May reveal opioid-induced pulmonary 
edema.  

 –   CT Head without contrast: Rule out CVA/mass effect/
herniation        

    Treatment 

 If no respiratory depression and patient is arousable, with 
holding opioid along with IVF hydration and monitored vital 
signs may be adequate

  In Severe Cases Consider 
•    Naloxone : μ-opioid receptor competitive antagonist

 –     Pharmacology :
   Onset: IV: 2–3 min  

  Duration: 10–15 min as it quickly redistributes in adi-
pose tissues [ 4 ]  

  Half-life: 45–100 min          
 *The effective dosing and length of naloxone  administration 
will depend on the type of ingested opioid and its affi nity to 
the mu receptor, amount of ingested opioid, patient’s weight, 
and the degree of penetration into CNS. Most of the time this 
information is unattainable and dosing should be started 
empirically [ 7 ]. 

  IV/IM naloxone is used to maintain adequate ventilation 
•     If respiratory rate  > 12 and O   2   Sat  > 90 on RA  → closely 

monitor the patient’s vital signs. Naloxone can be held, 
and opioid will be cleared by normal metabolism.  

•    Signifi cant hypoxemia ,  signifi cant hypotension, or 
respiratory rate  <  6 – 8  can treat with naloxone [ 4 ].
 –    Ensure adequate respiration with bag-valve mask 

prior to naloxone administration. Because of its pos-
sible side effects, naloxone use should be avoided if 
possible and only used when absolutely necessary.     

•    IV bolus :
 –    Initial dose of naloxone should be 0.4–1 mg can be 

diluted with 10 ml saline and 0.1–0.2 mg IV bolus can 
be given every 1–2 min if required [ 4 ]. If patient respi-
ratory status (O 2  saturation and respiratory rate) does 
not improve, consider increasing frequency to every 
2 min until improvement is seen or a maximum dose of 
15 mg is given [ 7 ]. Bolus dose increase should only be 
given if 0.1–0.2 mg is not effective after multiple doses 
to avoid side effects of naloxone [ 4 ].  

 –   If no improvement is seen after a few doses, especially 
after 15 mg total it is unlikely that the underlying etiol-
ogy is opioid overdose. A total of 15 mg should be 
avoided if necessary as naloxone can cause serious 
complications.  

 –   If patient continues to have recurrent respiratory 
depression after IV bolus, then IV continuous infusion 
of naloxone should be considered.     

•    IV continuous infusion :
 –    If patient overdosed on long acting or extended release 

opioid (i.e., Methadone, fentanyl patch), patient should 
be monitored in ICU setting and started on continuous 
naloxone infusion. Orotracheal intubation can be an 
alternate option especially if patient is found to have 
pulmonary edema [ 7 ].  

 –   Initial bolus dose of IV naloxone is given followed by 
continuous infusion of naloxone 4 mg diluted in 1 L of 
0.45 % saline. The rate of infusion can be started at 
100 cm 3 /h (0.4 mg/h). The infusion rate, length of 
duration, and concentration can be adjusted depending 
on the resolution of patient’s clinical symptoms [ 8 ]. 
Stop infusion when patient’s saturation has improved 

   Table 7.1    Serum half-life ( t  1/2 ) of commonly prescribed opioids   

 Opioid  Half-life (h) 
 Morphine  1.5–4.5 
 Codeine  3–4 
 Hydromorphone  2–3 
 Oxycodone  2–4 
 Hydrocodone  3–4.5 
 Methadone  8–59 
 Tramadol  5–7 
 Fentanyl  2–4 
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or if patient is having acute withdrawal symptoms. 
Observe for another 4–6 h.     

•   Stop naloxone administration if signs of opioid with-
drawal are seen (see below)    
   Goal of treatment with naloxone  → maintain adequate 
ventilation  

    Caution: Naloxone Use/Overdose Can Cause 

•      Acute pain crisis  [ 4 ]  
•    Acute withdrawal symptoms : Seizures, cardiac arrhyth-

mias, severe hypertension, nausea, vomiting, piloerec-
tion, diarrhea, yawning, lacrimation, rhinorrhea  

•    Severe abdominal pain, psychosis, myocardial 
infarction  [ 4 ]  

•    Pulmonary edema : Most likely due to increased afterload 
secondary to catecholamine surge in the setting of iatro-
genic reversal (naloxone) of opioid toxicity. This can 
cause interstitial edema [ 5 ,  9 ].      

    Opioid Withdrawal 

    Etiology 

     Natural : Chronic users of opioids develop physical dependence 
and are predisposed to withdrawal once they stop taking the 
drug, run out of medications or rapidly decrease their dose  

   Iatrogenic : High-dose or rapidly infused naloxone adminis-
tered to a patient who is overdosed with an opioid may 
precipitate excess catecholamine release and conse-
quently pulmonary edema and cardiac arrhythmias    

  History 

Most patients experiencing withdrawal symptoms will have 
been on the opiates for at least several weeks but this can 
start earlier. Withdrawal symptoms can begin even with 
slight decreases in opioid doses in some patients [ 4 ]. 
Symptoms may present 6–12 h after last dose of short- acting 
opioid and 24–48 h after last methadone dose. Common 
symptoms/complaints are listed in Table  7.2 .

       Physical Exam 

•      Vitals : Tachycardia/arrhythmias (rare), hypertension, 
tachypneic  

•    GI : Hyperactive bowel sounds  
•    Neuro / Psych : Agitated, anxiousness, tremors  
•    HEENT : Mydriasis, lacrimation, rhinorrhea  
•    Skin : Piloerection, diaphoretic     

    Differential Diagnosis 

•     Ethanol/Benzo withdrawal  
•   Sympathomimetic intoxication  
•   Cholinergic agent toxicity     

    Treatment 

•     Opioid withdrawal is usually not life threatening but 
patients especially those with comorbidities can be placed 
at heightened risk of increased intracranial pressure and 
unstable angina due to the sympathetic tone [ 4 ]  

•   Even to healthy patients, opioid withdrawal is very 
uncomfortable to experience [ 4 ]  

•   Outpatient management may be suffi cient for most with-
drawal symptoms  

•   In severe case—Continuous monitoring of vital signs and 
possible telemetry  

•   If patient is hypovolemic due to excessive vomiting/ 
diarrhea, treat with IVF, and consider inpatient 
treatment  

•   If withdrawal accompanied by serious cardiopulmo-
nary disease (i.e., cardiac arrhythmias, hypertension, 
 pulmonary edema) or suicidal ideation or psychotic 
symptoms, then patient should be monitored in acute 
 setting [ 10 ].    
  Opioid agonist therapy  (not given in cases of iatrogenic 

produced withdrawal, should be treated by a trained 
specialist)
•    Restart opiates in patients where this is appropriate, can 

consider IV or IM dose in severe cases  
•   Opiate taper can be initiated if goal is for patient to be off 

the opiates
 –     For example : If a patient is chronically on Percocet 

10/325 fi ve times a day, instead of just stopping this 
medications abruptly, you can decrease the dose by 
5–10 mg each week as tolerated  

   Table 7.2    Symptoms seen in opioid overdose vs. opioid withdrawal   

 Opioid overdose  Opioid withdrawal 
 • Euphoria  • Dysphoria, restlessness, anxiety, 

hyperactivity, tachycardia, 
fl ushing, palpitations 

 • Depressed mental status 
(i.e., somnolence, decreased 
arousal, coma) 

 • Rhinorrhea 

 • Hypothermia  • Lacrimation 
 • Bradycardia  • Headache, myalgias 
 • Miosis  • Arthralgias 
 • Decreased respiratory rate, 

respiratory depression 
 • Diarrhea, nausea, vomiting 

 • Decreased bowel sounds  • Insomnia 
 • Abdominal cramping 

7 Opioid Overdose and Withdrawal
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 –   Opiate tapers are usually only given to compliant 
patients who are not at risk of suicide attempt, not 
using concurrent illicit substances, and not getting opi-
ates from other doctors     

•   Other options to consider:
 –    Switch to long half-life pure opioid agonist such as 

methadone, sustained release morphine or oxycodone, 
and transdermal fentanyl patches [ 4 ]  

 –   Methadone (can be dosed once daily): Long-acting 
synthetic opioid agonist; taper dose weekly by 3 % of 
the initial dose  

 –   Use of partial agonist/antagonist opioids: Buprenorphine 
(4–16 mg PO daily) is another option. Taper over 
 several weeks [ 10 ].      

  Non-opioid Adjunctive Medications 
•   Clonidine shown to reduce opioid withdrawal 

symptoms [ 11 ] (caution of hypotension)
 –    0.1–0.2 mg every 4 h prn, taper after day 3 with total 

treatment lasting about 10 days [ 10 ].       
 *Acute withdrawal symptoms due to naloxone treatment 
should be managed symptomatically. Naloxone should be 
stopped immediately if withdrawal symptoms are seen.  

    Symptomatic Treatment 

 Symptomatic treatment may not be necessary for mild 
symptoms in patients who will be restarted on opiates 
(Table  7.3 )

       Benzodiazepine Withdrawal 

 Many features of benzo withdrawal are similar to that of opi-
oid withdrawal. Some signs of benzo withdrawal include 
hyperarousal, tremors, seizures, delirium, delusions, halluci-
nations, nausea, vomiting, tachycardia, and diaphoresis. 
Unlike opioid withdrawal, benzo withdrawal can be very 
dangerous, life threatening, and can cause seizures; these 
patients should be sent to an expert or managed in an inpa-
tient setting [ 4 ].      
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      Abbreviations 

   AAOD    Anesthesia-assisted opiate detoxifi cation   
  CES    Cranial electrostimulation   
  DEA    Drug enforcement agency   
  HBV    Hepatitis B   
  HCV    Hepatitis C   
  HIV    Human immunodefi ciency virus   
  NSAIDs    Non-steroidal anti-infl ammatory drugs   
  UROD    Ultra rapid opiate detoxifi cation   

          Introduction 

 Drug abuse is in epidemic proportions throughout the United 
States, with an estimated total economic cost of nearly 100 
billion dollars [ 1 ]:
    1.    The illegal use of opiates, i.e., heroin and prescription 

drugs, is on the rise in the United States. In recent years, 
opiate-induced deaths have increased in particular 
because of more potent drugs and accessibility. Emergency 
rooms have reported an increase of 35 % in opiate-related 
morbidities and mortalities compared to 1995 [ 2 ].   

   2.    The continuing rise in abuse of opiates has placed greater 
emphasis on treatment modalities.    

     Defi nitions 

 It is important to carefully document addiction and to dif-
ferentiate these behaviors from dependence:

    Detoxifi cation : clearance of the intoxicating drug from the 
body  

   Dependence : a physical or psychologic state in which a per-
son displays withdrawal symptoms if drug use is halted 
suddenly
•     Withdrawal syndrome for opiates : symptoms of rest-

lessness, rhinorrhea, lacrimation, diaphoresis, myosis, 
piloerection, and cardiovascular changes associated 
with increased catecholamine levels (tachycardia, 
hypertension). See previous chapter for more details  

•    Withdrawal syndrome for benzodiazepines : symp-
toms of insomnia, irritability, increased tension and 
anxiety, panic attacks, hand tremor, sweating, diffi -
culty in concentration, nausea, palpitations, headache, 
muscular pain and stiffness, perceptual changes and 
may progress to seizures and psychosis.     

   Withdrawal syndrome : refers to symptoms including rest-
lessness, rhinorrhea, lacrimation, diaphoresis, myosis, 
piloerection, and cardiovascular changes associated with 
an increase in catecholamine levels [ 3 – 5 ].
•    Catecholamine surge caused by induction of the with-

drawal syndrome in UROD has life-threatening 
implications.  

•   Clonidine, an α-2 receptor agonist is used to reduce 
these catecholamine levels [ 6 ,  7 ].     

   Addiction : characterized by a pattern of behaviors which 
include an inability to consistently abstain from a drug, 
impairment in behavioral control, craving, diminished 
recognition of signifi cant problems with one’s behaviors 
and interpersonal relationships, and a dysfunctional emo-
tional response.  

   Pseudoaddiction : a drug-seeking behavior that simulates 
true addiction, which occurs in patients with pain who are 
receiving inadequate pain medication.    
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  **It is important to realize that a patient that is on chronic 
opiates but following medical direction is dependent but 
not addicted. In contrast, a patient that does not follow 
directions and self-escalates drug dosages is demonstrat-
ing addictive behavior.   

    Opioid Detoxifi cation 

  Detoxifi cation is the appropriate next step when a patient :
 –    Fails to achieve meaningful pain relief from opiates  
 –   Fails to follow directions while on opiates  
 –   Has illicit substances in their toxicology screens    

  Detoxifi cation may be achieved by :
 –    Using a slow taper of the current opiate  
 –   Conversion to methadone or buprenorphine and then 

tapering that medication  
 –   Anesthesia-assisted detoxifi cation   

•     Conventional treatments  for opiate abuse include a 
variety of treatment models, all of which have low suc-
cess rates.  

•    Methadone and Buprenorphine  treatment involves 
substituting long-acting agents for the opiate of abuse; 
in effect substituting one opiate for another [ 3 ].  

•    Rapid opiate detoxifi cation  is a 3-day process involv-
ing large amounts of an opiate antagonist, such as nal-
oxone or naltrexone. However, there are problems 
associated with both of these treatments. Methadone 
and Buprenorphine treatment have high initial relapse 
rates, and rapid opiate detoxifi cation elicits severe 
withdrawal symptoms [ 4 ].  

•    Ultra rapid opiate detoxifi cation (UROD)  entails 
anesthetizing a patient and precipitating withdrawal 
while unconscious [ 3 ]. This procedure shortens the 
withdrawal period opiate addicts experience upon ces-
sation, and allows the patient to avoid much of the sub-
jective discomfort associated with withdrawal [ 5 ,  6 ]. 
One advantage of UROD is that the withdrawal period 
is markedly shortened to about 4–6 h versus up to sev-
eral months for conventional treatments. The patient is 
anesthetized during the acute withdrawal period and 
thus does not experience the unpleasant consequences 
of acute detoxifi cation.    

 When used regularly, opioids result in physical depen-
dence and neural adaptation by their interaction with central 
nervous system and systemic opioid receptors. 

  Paradoxically, the treatment of opioid dependence can be 
carried out with :

•    Opioid receptor agonists  
•   Partial agonists  
•   Antagonists    
  Methadone  is an opioid agonist that meets the needs of 

neurons dependent on opioids. This compound has a long 

half-life and thus, occupies receptors longer than agents with 
short half-lives. 

  Buprenorphine , a partial agonists, may treat opioid depen-
dency by not inducing a full clinical effect when binding to 
the opioid receptor. 

  Naltrexone , an orally administered opioid antagonist, 
blocks the opioid receptor and thus blunts opioid cravings 
and euphoria. Neural adaptation of the central nervous sys-
tem due to exogenous opioids may be reversed with naltrex-
one or other antagonists [ 7 ,  8 ]. 

 Traditional medical approach to detoxifi cation from opi-
ates: either gradual tapering of the current opiate or substi-
tution with a long-acting opioid (e.g., methadone or 
buprenorphine) [ 9 ] and subsequent tapering, along with the 
use of non-opioids, such as clonidine along with NSAIDs, 
analgesics, hypnotics, and benzodiazepines.   

    Gradual Taper 

•     Success requires patient motivation and full awareness 
that the process is long and diffi cult.  

•   Most common cause of taper failure: dropping the dose 
too quickly  

•   Best success is obtained by dropping the dose by  no more 
than 5 % per week, which means a taper of over 20 
weeks  .   

•   While most patients can reduce their intake by 40–50 % 
of their daily dose, there is often a plateau below which 
the patient has great diffi culty. Getting the patient 
through this plateau is the most challenging part and 
requires both intense pharmacologic and psychological 
support.     

    Substitution with Long-Acting Opioid 

     1.    Opiate rotation onto methadone or buprenorphine is actu-
ally a very challenging method with many reports of 
overdosage appearing in the literature [ 10 ] due to the use 
of conversion tables that were based on single dose  testing 
and not chronic administration.
•     Methadone :

 –    Start with 10 mg total daily dosage (typically 5 mg 
PO BID)  

 –   Slowly increase dosage by no more than 5 mg every 
3 days, using additional short duration opiates to 
prevent withdrawal.  

 –   Once an equivalent level of methadone to the base-
line medication is reached, a slow taper of 2 mg 
every 3 days is started.  

 –   The patient must be warned that this will be a long 
protracted course.     
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•    Buprenorphine :
 –    Actually easier to rotate onto, but in order to use it 

for detoxifi cation, special training and a special 
DEA license must be obtained.  

 –   The National Alliance of Advocates for 
Buprenorphine Treatment (  www.naabt.org    ) has a 
matching service that can locate appropriated 
trained and licensed physicians.  

 –   The basic process is to allow the patient to go into a 
moderate degree of withdrawal and incrementally 
administer buprenorphine which is a partial opiate 
agonist.
   Start with 4 mg increments administered SL until 

the objective and subjective signs of withdrawal 
abate.  

  Typically, a patient on 100 mg of daily morphine 
equivalent will need 24 mg per day of buprenor-
phine to feel comfortable.  

  Dosage is tapered slowly in 2 mg weekly 
increments.            

   2.    In general, when a patient is fully detoxifi ed, the gradual 
introduction [ 11 ] of oral mu-receptor antagonist such as 
naltrexone is recommended to maintain sobriety (50 mg 
PO daily for 2–5 months).   

   3.    Substitution therapy with methadone has a high initial 
dropout rate (30–90 %) and an early relapse rate [ 12 – 14 ]. 
Alternative pharmacological detoxifi cation programs 
include the use of clonidine with or without methadone, 
midazolam, trazodone, or buprenorphine [ 15 ]. 
Nonpharmacological programs, such as cranial electro-
stimulation (CES), have reported varied success rates 
[ 16 ,  17 ].      

    Indications, Contraindications, 
and Prerequisites 
for Anesthesia-Assisted Opiate 
Detoxifi cation (AAOD) 

 When patients fail multiple attempts at detoxifi cation or are 
phobia about detoxifi cation, then anesthesia-assisted opiate 
detoxifi cation may be considered.  

    Indications 

  Patient-related factors :
•    Only a highly selected subgroup of patients may benefi t 

from this procedure. It is specifi cally NOT appropriate for 
all patients.  

•   Many patients who are seeking a “quick fi x” to their 
 problem are NOT appropriate candidates.    

    Appropriate Candidates Include 

•     Those who have been unable to abstain using opiates even 
with methadone substitution despite adequate motivation  

•   Those who are unable to completely stop methadone and 
who continue along with 10–20 mg/day  

•   Patients who are socially and occupationally active and 
cannot go through the usual long detoxifi cation proce-
dures without jeopardizing their jobs.  

•   Sports stars and celebrities, who need to achieve sobriety by 
a particular date, in order to continue their careers, may also 
be appropriate candidates if they are committed to long-term 
sobriety and not just a quick solution to their problems.  

•   Pain patients who have become physically dependent on 
opiates but are not receiving a signifi cant amount of pain 
relief from them.  

•   Patient’s preferences are an important variable to consider 
as some patients may have tried various approaches to 
detoxifi cation multiple times.  

•   Its use should be restricted to patients with only opioid 
dependence as simultaneous dependence on other sub-
stances can complicate the procedure [ 18 ].      

    Contraindications 

 Contraindications include: [ 18 ]
•    Pregnancy  
•   History of signifi cant cardiac disease or evidence of the 

same on clinical examination  
•   End stage renal disease  
•   End stage liver disease  
•   Concurrent co-dependence on benzodiazepines, alcohol, 

or cocaine  
•   Current suicidal or homicidal ideation     

    Organizational Requirements 

•      The procedure of anesthesia-assisted opiate detoxifi ca-
tion (AAOD) requires :
 –    A setting where intensive care procedures are per-

formed or an operating room (for administration of 
anesthesia/deep sedation and monitoring)  

 –   Ongoing care with a psychiatry or detoxifi cation unit 
to facilitate continuity of care  

 –   Team should have an anesthesiologist and/or a special-
ist in intensive medicine, a psychiatrist, nursing staff, 
and a psychotherapist/counselor
   This would ensure attention to the procedure, the 

immediate post-procedure complications as well as 
later abstinence-oriented programs [ 19 ].     
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 –   Anesthesia-assisted opiate detoxifi cation should not be 
performed in a store front or in a hotel room, where 
there is inadequate backup should diffi culty be 
encountered.       

 There are a myriad of recipes for conducting AAOD, 
which differ in the exact procedure employed. 

    Essential Components for AAOD Regime 

     1.    Initial assessment involves obtaining a detailed 
history regarding the drug-intake and general medical 
and psychiatric illness. A detailed history of past 
attempts at detoxifi cation and the reason for failure. 
An assessment of the need for AAOD as opposed to 
methadone maintenance, buprenorphine maintenance, or 
tapering.   

   2.    Formulating a treatment plan which addresses and effec-
tively treats each element of the opiate withdrawal syn-
drome and the post-procedure follow-up, i.e., ongoing 
psychiatric care must be in place prior to starting 
detoxifi cation.   

   3.    Obtaining a detailed written informed consent. The 
patient should be clearly and adequately informed of the 
available treatment options, the comparative costs 
incurred for each and the relative risks/advantages inher-
ent in them.       

    Methodology 

  Pre-anesthetic testing : key issue is to identify the damage 
that the substance abuse may have already caused
•    Detailed physical examination  
•   Electrocardiogram  
•   Serum chemistry  
•   Liver function test  
•   Complete Blood Count  
•   Tests for HIV, HBV, and HCV  
•   Chest X-ray    

  Premedication :  Suppository, Vitamin C to enhance opioid 
elimination by acidifying the urine, and a sleeping aide are 
typical the night prior. 
•    High-dose α 2 -2 agonist is introduced incrementally [ 20 ] 

to reduce the sympathetically mediated effects of 
withdrawal.
 –    Clonidine may be administered orally, transdermally, 

or intravenously.  
 –   Total dose used prior to induction is usually >0.5 mg 

and is determined by the patient’s hemodynamic abil-
ity to tolerate the dosage. (It is important to understand 

that trying to save a few dollars in costs by minimizing 
dosages leads directly to uncontrolled symptomatol-
ogy including hypertensive crisis and elevations in the 
objective and subjective clinical withdrawal scales 
post-procedure).  

 –   Dexmedetomidine IV may be used as it is more selec-
tive, has a shorter duration of action, and is easier to 
titrate than clonidine.     

•   Antiemetic medications (droperidol or ondansetron) are 
given simultaneously in dosages usually used to treat 
chemotherapy- induced vomiting.  

•   Another approach uses prior induction onto buprenor-
phine for 1 week prior to AAOD which is believed to 
mitigate the intensity of the withdrawal syndrome [ 21 ].    

  Monitoring : Thorough anesthetic monitoring of the vital 
functions is needed. Hensel and Kox [ 22 ] used BIS monitor-
ing to regulate the depth of anesthesia with the advantage of 
being able to signifi cantly reduce the total dose of propofol 
required, time to recovery from anesthesia, and objective 
withdrawal symptoms. 

  Induction and maintenance :
•    Anesthesia is induced with propofol or a barbiturate and 

succinylcholine or rocuronium can be used as the muscle 
relaxant in a rapid sequence induction and intubation.  

•   Intubation is needed since opiates decrease gastric empty-
ing and vomiting can be a prominent component of the 
withdrawal syndrome if adequate antiemetic medications 
are not administered.  

•   Maintenance anesthesia is done with an infusion contain-
ing a combination of midazolam and propofol or any 
inhalational agent.  

•   A test dose of the opioid antagonist is used to gauge the 
adequacy of the α-2-mediated blockade and is followed 
by a high-dose intravenous infusion of naloxone [ 18 – 20 ], 
or nalmefene in normal saline or naltrexone via an oro-
gastric tube into the stomach.  

•   Because a volume shift into the intestines is expected after 
administration of opiate antagonists, a liberal amount of lac-
tated Ringer’s solution is infused to maintain fl uid balance 
[ 20 ]. Thereafter, patients are monitored for withdrawal signs.
 –     Major signs of withdrawal under anesthesia are : pilo-

erection and myoclonic jerking as the other signs are 
masked by the use of the α-2 agonist.     

•   Anesthesia is maintained until the patients respond 
 negatively to another test dose of opioid antagonist. This 
is usually after 6–8 h but may be longer in cases of 
methadone- maintained patients [ 22 ].    

  Pearl : One technique involves substituting methadone with a 
short-acting agent such as hydromorphone (Dilaudid) over a 
5–7-day period allowing washout of the methadone. UROD 
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would require a shorter interval given the quicker washout 
period of hydromorphone, e.g., 24–36 h versus approxi-
mately 5 days for methadone. 

    Role of Clonidine in Mitigating Withdrawal 

•     Symptoms associated with the withdrawal syndrome, 
such as restlessness, rhinorrhea, lacrimation, diaphoresis, 
myosis, piloerection, and cardiovascular changes, are 
mediated through increased sympathetic activity.  

•   Thirtyfold increase in the levels of epinephrine and lesser 
increases in norepinephrine can be observed during with-
drawal from opioids [ 23 ].  

•   During opioid withdrawal, neural activity in the locus 
ceruleus, the major noradrenergic nucleus in the brain, is 
greatly increased.

 –    This surge is responsible for many of the symptoms 
seen during withdrawal [ 24 ,  25 ].     

•   Clonidine, an α 2 -agonist, has been shown effective in sup-
pressing noradrenergic hyperactivity, relieving with-
drawal symptoms [ 26 – 29 ].  

•   Without clonidine or an equivalent α 2 -agonist agent, 
UROD would result in large increases in both total and 
fractionated catecholamine levels.  

•   These increases would be associated with unacceptable 
morbidity and mortality.     

    Another Method for Determining 
Completion of the Procedure 

•     Measure spontaneous minute ventilation immediately 
after administration of the narcotic antagonist (obviously 
after the muscle relaxant effects have resolved).  

•   It has been observed to more than double from the normal 
volume.  

•   When the minute ventilation falls to 75 % of the peak 
value, the detoxifi cation is usually complete.     

    Post-procedure Monitoring and Discharge 

•     Usual policy is to discharge the patient within 24 h  
•   Some patients who keep on complaining of persistent 

withdrawal symptoms may need to be kept for a few addi-
tional days and managed symptomatically.
 –    Major complaints are usually insomnia, muscle aches, 

and abdominal discomfort.  
 –   Use of sedatives to treat insomnia must be tempered 

with the risk of starting a different dependency.  

 –   Muscle aches or bone pain are usually treated with an 
NSAIDs  

 –   Abdominal cramping is treated with Bentyl and with 
octreotide     

•   Number one reason for failure in the fi rst few days 
 post- detoxifi cation is the inability to sleep and some 
short-term measures need to be taken to restore the circa-
dian rhythm.  

•   A thorough physical examination for any anesthetic com-
plications, persistent withdrawal symptoms, and psychi-
atric symptoms is needed before discharge to prevent 
“bounce-backs” to the emergency room.  

•   Patients who are transferred directly to an inpatient psy-
chiatric facility to initiate aftercare abstinence-oriented 
program often have better success in maintaining 
abstinence.      

    Management of Complications 

•      Emesis :
 –    Prominent feature of the withdrawal syndrome  
 –   Antacids and antiemetics, in high doses are used 

prophylactically  
 –   Ranitidine should be avoided as it may cause tachycar-

dia, vomiting, insomnia, and elevation of liver enzymes 
in higher doses     

•    Diarrhea :
 –    Another prominent feature of the withdrawal 

syndrome  
 –   Prophylactically treated with octreotide, a synthetic 

polypeptide
   It inhibits the anterior pituitary, suppressing the pan-

creatic secretions and thus inhibiting gastric acid, 
serotonin, and VIP secretion which, in turn, 
decreases gastrointestinal motility.     

 –   Loperamide should be avoided as it is absorbed into 
systemic circulation and may increase the signs of 
withdrawal post-procedure.     

•    Sepsis : Some centers also advocate the use of a single 
dose of an antibiotic, e.g., cephalozin to prevent 
infection.  

•    Gastric ulcer : Cushing’s ulcer which can be prevented 
with H-2 Blocking agents.  

•    Cardiovascular complications  [ 24 ]: These include car-
diovascular stimulation, QT prolongation, bradycardia, 
bigeminy, and cardiac arrhythmia  

•    Thyroid : Suppression of hormones  
•    Psychiatric complications : include dysphoria and acute 

psychotic episode requiring haloperidol, suicide attempts 
on Day 3 and Day 5 post-procedure  
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•    Deaths :
 –    Deaths have been reported 16–40 h following the 

procedure.  
 –   In most of the cases, the cause has been found to be:

   Pulmonary edema, upper gastrointestinal ulceration, 
and aspiration  

  One patient suffered from an intracerebral hemor-
rhage, presumably due to poor control of blood 
pressure.     

 –   It was also seen that in these cases, the use of clonidine 
was a very limited and it was not continued after the 
procedure. In most of these cases, the ASA basic moni-
toring standards were not followed.     

•    Prolonged withdrawal symptoms :
 –    Many patients continue to experience moderate with-

drawal symptoms hours after the anesthesia or seda-
tion ended, including nausea, vomiting, diarrhea, and 
sleep disturbances.  

 –   Others report only mild to moderate symptoms only 
for the next 3–4 days.  

 –   In addition, the severity of withdrawal may also be 
related to the anesthetic used. It must be emphasized 
that aggressive control of these symptoms is necessary 
or the patient will immediately relapse. This means 
large doses of antiemetics, anti-spasmodics, and seda-
tives for sleep.     

•    Induction onto an antagonist : Both during the procedure 
and immediately following long-acting opiate antagonists 
are administered. Naltrexone pellets (vide infra) have been 
inserted subcutaneously and can last up to 6 months. Use 
of injectable nalmefene in large doses intramuscularly 
administered will provide mu receptor blockade for a 
week. A new preparation of intramuscular depot naltrex-
one, which was originally developed for to help in alcohol 
abstinence, has been demonstrated to last a month. The 
later three methods insure “enforced abstinence” as the mu 
receptor blockade is exceedingly diffi cult to overcome.    

    Benzodiazepine Detoxifi cation 

•     Benzodiazepine use by the drug-abusing population con-
sists of the combined use of benzodiazepines with other 
psychoactive drugs.  

•   They are used to enhance cocaine toxicity, as a secondary 
or tertiary drug to boost the effects of alcohol or heroin, 
and by those who have developed tolerance and depen-
dence to sedative-hypnotic drugs.  

•   The presence of an anxiety disorder, a family history of 
addiction, or benzodiazepine polydrug use will signifi -
cantly affect the type of withdrawal a patient will experi-
ence and its treatment course.  

•   Medical procedures accepted for benzodiazepine 
 discontinuation include:
 –    Gradual taper  
 –   Substitution of a long-acting benzodiazepine 

(diazepam)  
 –   Phenobarbital substitution     

•   The best clinical evidence suggests that the patient be 
switched to a long-lasting benzodiazepine and the dose 
then tapered by 5 % of the initial dose each week. 
Diazepam is the drug most often used in the framework.  

•   In opiate users, diazepam may raise special problems of 
misuse, as suggested by clinical and epidemiologic 
studies.  

•   Nonetheless, diazepam is the only benzodiazepine found 
to be effective for this withdrawal in controlled studies 
and some studies indicate that unprescribed diazepam use 
in heroin users is sometimes motivated by the desire to 
alleviate withdrawal symptoms and discomfort.  

•   More recently, Oxcarbazepine has been utilized [ 30 ] to 
ameliorate many of symptoms of benzodiazepine 
withdrawal.  

•   Typical and critical features specifi c to tapering of 
chronic benzodiazepines include a fractional decrease 
of no more than 10–20 % per week with constant focus 
on withdrawal features. These can include anxiety, 
 insomnia, increase in heart rate and blood pressure, and 
seizures.         
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      Abbreviation 

   GC/MS    Gas chromatography/mass spectroscopy   

          Introduction 

 This chapter will focus on how to address a patient who is 
non-compliant with the practice guidelines for safe opioid 
analgesic use and how to properly discharge them from the 
practice if necessary. Please keep in mind that practice guide-
lines cannot anticipate each individual patient’s situation and 
must be adapted to the individual situation using the clini-
cian’s judgment.  

    Defi nitions 

•      Physical dependence : a physiologic state initiated by a 
sudden dose decrease or termination of opioid treatment 
which causes the patient to experience withdrawal symp-
toms, dependence does not necessarily mean a person is 
addicted [ 1 ,  2 ]  

•    Tolerance : a physiologic state created when a patient is 
treated with chronic opioids in which a higher dose may be 
needed to achieve the equivalent analgesic effect [ 1 ,  2 ]  

•    Addiction : a “neurobiological disease” [ 1 ] with psycho-
logical, social, genetic, and environmental factors in 
which the patient may exhibit drug seeking behaviors, 
diminished control over their drug use, cravings, compul-
sive behaviors, and repeated use despite negative conse-
quences [ 1 ,  2 ].  

•    Pseudoaddiction : an iatrogenic condition of abnormal 
patient behavior, often exhibited as exaggerated pain 
behavior, which develops as a direct result of inadequate 
pain management     

    Patient Compliance 

 All clinicians must abide by a large spectrum of guidelines 
in healthcare in order to assure that they are practicing the 
safest medicine for their patients. Thus, it is essential that 
the clinician review their practice guidelines with every new 
patient so that they understand the practice philosophy and 
what is expected of both parties. The informed consent 
should be verbally discussed with the patient and all ques-
tions answered. In this way, you have clear communication 
from the beginning of your relationship with a new patient, 
and thus have increased patient compliance. Most facilities 
do this informed consent with the use of an opioid contract 
(see Appendix  1 ). 

  General guidelines of an opioid contract :  Each practice 
must take into account their individual patient population 
and the needs of this population when establishing their own 
practice guidelines .
    1.    Explain opioid medications, possible side effects, toler-

ance, dependence, and withdrawal symptoms so patients 
understand what they will be taking.   

   2.    Explain that they are not to drive, operate heavy machinery, 
or use a weapon on the job (in the case of a policeman) 
while taking these medications.   

   3.    If a female patient becomes pregnant, she should inform 
her physician as soon as this is known in order to avoid 
medications that could be harmful to the fetus.    

   Patient must agree to the following :
   4.    I agree to show up for my follow-up appointments so I 

can be properly monitored while on opioid medications.   
   5.    I agree not to increase my medication dose without dis-

cussing it with my pain physician   

      Discharging the Non-compliant 
Pain Patient 
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   6.    I agree to fi ll all prescribed opioid analgesics at one 
pharmacy. If I need to change to another pharmacy, 
I agree to notify my pain physician.   

   7.    I agree not to refi ll my opioid analgesics early.   
   8.    I agree not to alter my prescription or medication in any 

way.   
   9.    I agree not to use any illicit substances such as mari-

juana, cocaine, and heroin.   
   10.    I agree not to use alcohol with my medications.   
   11.    I agree to do psychological testing, random urine/saliva 

drug screens, or blood tests if needed during my pain 
management treatment.   

   12.    I agree to provide my pill bottle for random pill counts 
at any time during my pain management treatment at 
your offi ce.   

   13.    I agree not to share, trade, or sell any of my prescribed 
opioid analgesics.   

   14.    I agree to bring any unused medications or patches into 
my pain physician’s offi ce or pharmacy to be properly 
discarded. This scenario may occur in the event that my 
medications are adjusted or discontinued by my pain 
physician or when a patient has previous left over medi-
cations at home.   

   15.    I agree to only obtain my opioid analgesics from your 
pain practice. If I require treatment in an emergency 
department or hospital, I will notify the emergency 
department physician of my treatment at your pain prac-
tice and I will ask that they call your offi ce before dis-
charging me on any opioid analgesics.   

   16.    I agree to keep my opioid medications locked away and 
out of reach from children or animals.    

      Monitoring Compliance 

     1.     Random urine drug immunoassays to screen for :
•    Presence of the prescribed medications  
•   Presence of non-prescribed medications  
•   Presence of illicit drugs/alcohol

 –    If a patient with no renal disease is unable to 
 provide urine, have them sit in the waiting room 
and drink water until they can provide a sample. 
Consider oral swab if patient is unable to urinate.   

 –   If the patient refuses to provide a urine sample, do 
not prescribe opioids.         

   2.     Random pill counts 
•    Random pill counts provide the clinician with an assess-

ment of whether the patient is taking their medications as 
prescribed. The patient is randomly selected via phone 
call, and instructed to bring in their opioid analgesics 
into the offi ce at their next visit or sooner. If the patient 
is unable to bring these medications into the offi ce within 

this time frame, then caution should be taken when 
prescribing future opioids to this patient should be taken 
and possible taper/discharge should be considered.  

•   Some exceptions to presenting for the random pill 
count may include an emergency situation, or if the 
patient is hospitalized.      

   3.     Using only one pharmacy 
•    By requiring the patient to adhere to one pharmacy, the 

clinician provides a safeguard from the use of multiple 
pharmacies for fi lling medications.  

•   Pharmacist will become accustomed to the signatures 
of your practice, and the usual prescribed opioid 
regimens
 –    Maintain an open line of communication with the 

patient’s pharmacy as well as the patient’s other 
practitioners.         

   4.     Bring in all unused medications 
•    Have patients bring in all unused medication bottles or 

patches to be properly discarded so they are not laying 
around at the home. By doing so, the patient can avoid 
accidental or intentional use of these medications in 
the future.        

  Identifying the addict / practice guideline violations : 
important to look for the following behaviors [ 1 ]
•    Appearing “drugged” or intoxicated, unsteady gait, 

slowed speech, etc.  
•   Unkempt appearance  
•   Obtaining medications on the “street”  
•   Using medications from friends/family  
•   Forging prescriptions  
•   Discharge from previous pain offi ces  
•   Criminal history (drug related)  
•   History of selling drugs/prescription medications  
•   History of drug use/abuse, injecting medications, 

 evidence of track marks on physical exam  
•   Lost/stolen prescriptions  
•   Multiple self-dose increases  
•   Frequent requests for early refi lls  
•   Uses opioids to treat non-painful conditions (such as 

 anxiety, depression, insomnia)  
•   Obtaining opioids from multiple prescribers  
•   Obtaining medications from multiple pharmacies  
•   Non-compliant with offi ce visits  
•   Demanding only one certain opioids  
•   Demanding only immediate release opioids  
•   Unwilling to try adjuvant medications or other opioid 

options  
•   Inconsistent or negative urine drug screens

 –    Inconsistent urine drug screens would be those that are 
positive for non-prescribed substances including medi-
cations and/or illicit drugs  
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 –   Urine drug screens that are negative for prescribed 
opioids shoulder be further investigated by the physi-
cian to determine if the patient is sharing or selling 
their medications, or not taking them as prescribed [ 5 ]        

    How to Manage the Non-compliant 
Pain Patient 

 After discussing the particular violation with the patient, it is 
necessary to explain to the patient how their action is a viola-
tion of the practice guidelines, which they signed on their 
opioid contract. The clinician should then decide how they 
would like to address this violation. 

  Below are   some   options on how to deal with this patient : 
 each situation is unique and should be approached appropri-
ately for that specifi c patient 
    1.     Discharge the patient with   no   opioid taper 

•     Consider no opioid taper if :
 –    Patient is at risk of overdose with medications given  
 –   Patient is careless with medications (e.g., loses 

them or leaves them near children)  
 –   Patient has no opioid medications in urine  
 –   Patient has multiple opioids in urine and/or multi-

ple prescribers  
 –   Patient has illicit drugs in urine  
 –   There is evidence of medication diversion/selling  
 –   Patient has forged or stolen a prescription  
 –   Patient threatens the physician/staff or is verbally 

abusive          
    2.     Discharge the patient   with   opioid taper 

•    Giving a taper is up to the clinician. Safety is always 
the primary concern. In trustworthy patients, who are 
not at risk to themselves or at risk of medication diver-
sion, it is best to give a taper in order to avoid with-
drawal symptoms/patient abandonment. Unfortunately, 
when discharging the patient, non-compliance is usually 
the reason for discharge and opioid taper may not be 
appropriate.  

•   The decision to provide a taper is often based on the 
patient’s current dose, and how this can be safely 
decreased without having signifi cant withdrawal. If the 
patient’s violation was noted on a urine drug immunoas-
say or GC/MS confi rmatory test, the clinician can use 
these results to determine how to proceed.
 –     No opioids in the urine? 

   Taper may not be necessary as the patient is not 
taking not taking the opioids     

 –    Presence of multiple unprescribed medications or 
illicit drugs? 
   Taper may not be necessary as the patient is 
extremely non-complaint and most likely getting 
medications from multiple prescribers     

 –    Patient exhibits signs of self-harm behavior? 
   Taper not necessary as this can actually place the 
patient at risk of harming themself with the medica-
tion. Psychiatry/psychology should be involved     

 –    Patient has severe comorbidities and health may be 
threatened by withdrawal 
   Taper may be needed to avoid harmful effects in 
these patients            

   3.    Taper the patient’s opioid medications but continue to 
treat with non-opioid adjuvants and interventional 
procedures   

   4.    Some clinicians allow one minor violation if the patient is 
well established and has a long history of compliance.
•    Major violations such as selling medications, abusing 

medications (multiple non-prescribed opioids in 
urine), or using heroin or cocaine are not acceptable in 
any offi ce       

    5.    By following the above recommendations, the clinician 
reduces the risk of abandonment felt by the patient. If a 
patient is offi cially discharged, a letter should be sent to 
the patient. This letter should clearly state the reason the 
patient is being discharged. This letter should also include 
a list of alternative pain practices the patient can contact. 
A sample of such a discharge letter can be seen at the end 
of the chapter (see Appendix  2 ).    
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           Appendix 1: Sample opioid contract. 
© Kimberly Sackheim 2015. All Rights Reserved 
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         Appendix 2: Sample discharge letter. 
© Kimberly Sackheim 2015. All Rights Reserved 

      

9 Discharging the Non-compliant Pain Patient



62

        References 

       1.    Webster L, Dove B. Avoiding opioid abuse: while managing pain. 
North Branch: Sunrise River Press; 2007. p. 21–50.  

     2.    Manchikanti L, Trescot AM, Christo PJ, Falco FJE. Pain medicine & 
interventional pan management clinical aspects: pain relief in sub-
stance abusers. Paducah: American Society of Interventional Pain 
Physicians; 2011.  

  3.    Owen GT, Burton AW, Schade CM, Passik S. Urine drug testing: 
current recommendations and best practices. Pain Physician. 2012;
15:ES119–33.  

  4.    Katz N, Fanciullo GJ. Role of urine toxicology testing in the 
management of chronic opioid therapy. Clin J Pain. 2002;18:
S76–82.  

   5.    Foltz RL, Fentiman AF, Foltz RB. GC/MS assays for abused drugs 
in body fl uids. NIDA Res Monogr. 1980;32:1–198.    

A. Desai



   Part II 

   Medication Management for the Pain Patient        



65K.A. Sackheim, Pain Management and Palliative Care: A Comprehensive Guide,
DOI 10.1007/978-1-4939-2462-2_10, © Springer Science+Business Media New York 2015

      Abbreviations 

   CNS    Central nervous system   
  COX    Cyclooxygenase   
  FDA    Federal Drug Administration   
  NSAID    Nonsteroidal anti-infl ammatory drug   
  PDR    Physician’s desk reference   
  PGE 2     Protglandin E 2    
  PGI 2     Prostaglandin I 2    
  TXA 2     Thromboxane A 2    

         Introduction 

•     NSAIDs are a chemically heterogeneous group of 
 compounds commonly used for the following properties:
 –     Anti-infl ammatory   
 –    Analgesic   
 –    Antipyretic      

•   Aspirin and acetaminophen, while used in certain cases 
for similar purposes, act differently.  

•   Unlike opioids, NSAID use does not result in tolerance 
and in certain cases can be more effective in terms of pain 
relief than opioids in certain circumstances [ 1 ].    

•  The information provided here is for educational pur-
poses and is abridged. Please refer to product inserts/PDR 
for more detailed information.  

    NSAID Categories 

 NSAIDs can be broadly categorized based on their site of 
action and molecular composition. 
     1.     Nonselective cyclooxygenase (COX) inhibitors 

•    NSAIDs that target both COX-1 and COX-2  
•   Structural subclasses are listed in Table  10.1 

          2.     Selective cycloxygenase inhibitors 
•    NSAIDs that selectively target COX-2  
•   Decreased risk of GI side effects as they do not affect 

COX-1      
   3.     Salicylates 

•    For the purposes of this chapter, we will discuss 
aspirin.      

      Acetaminophen 
•    Known for its antipyretic and analgesic properties, it is 

mostly devoid of anti-infl ammatory activity.  
•   In certain cases it may be preferred due to its lack of 

platelet, gastric, bone, and renal effects [ 2 ].  
•   Caution with liver pathology        
  Generic Names by Class (Table    10.1   )   

    Mechanism of Action 

•     NSAIDs inhibit COX enzymes  
•   Evidence shows that they inhibit the release of infl amma-

tory mediators from neutrophils and macrophages as well 
as act at the level of the CNS [ 3 ].  

•   COX enzymes function to transform arachadonic acid to 
prostaglandins, prostacyclins, and thromboxanes.    

  Two isoforms of cycloogenase: 
    1.    COX-1

•    COX-1 inhibition mainly, though not entirely, results 
in the gastrointestinal adverse side effects of NSAIDs.  

•   Primarily constitutive, meaning it is found in most 
 tissues and normal cells      

      Nonsteroidal Anti-inflammatory 
Drugs (NSAIDs) 
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   2.    COX-2
•    COX-2 inhibition is thought to mediate, to a large 

extent, the antipyretic, analgesic, and anti- infl ammatory 
effects of NSAIDs.  

•   COX-2 is both constitutively expressed (i.e., CNS and 
kidney) and inducible via infl ammatory mediators and 
cytokines [ 4 ,  5 ].  

•   Aspirin inhibits COX enzymes in a molecularly dis-
tinct manner from the competitive, reversible, active 
site inhibition of NSAIDs [ 6 ].
 –    It acts by irreversibly acetylating COX  
 –   Therefore, the duration of aspirin’s effects is corre-

lated with the turnover rate of COX in different tar-
get tissues.          

      Side Effects/Adverse Effects 

•      Caution in elderly : 
 – Age is usually associated with an increased probability 

of developing serious adverse reactions to NSAIDs, so 
caution should be exercised in the elderly population 
as well as consideration for a lower starting dose.  

•    Gastrointestinal toxicity 
 –    Abdominal pain, nausea, dyspepsia, anorexia, diar-

rhea, and hepatotoxicity  
 –   Inhibition of COX-1 results in decreased production of 

gastric mucosal cyto-protective prostaglandins (includ-
ing PGI 2  and PGE 2 ).
•    These prostaglandins usually act to produce intesti-

nal mucous, inhibit gastric acid production, and 
enhance mucosal blood fl ow.  

•   Decreased production can thus increase the risk of 
ulceration [ 6 ].     

 –   Local irritation via oral consumption can contribute to 
ulceration.  

 –   GI ulcers can occur in 15–30 % of regular users.
•    Ulceration may be associated with blood loss result-

ing in anemia.  
•   This has led to the Federal Drug Administration 

(FDA) issuing a warning for the general class of 
NSAIDs.  

•   Associated risk factors include infection with 
 Helicobacter pylori , heavy alcohol consumption, 
and the concurrent use of glucocorticoids [ 6 ].     

 –   Studies suggest that combining low-dose aspirin (for 
cardioprotection) with other NSAIDs synergistically 
increases the risk of gastrointestinal side effects [ 6 ].  

 –   Selective COX-2 inhibitors are less prone to induce 
endoscopically visualized gastric ulcers [ 7 ].  

 –   Transaminitis is considered by many to be a class 
effect of NSAIDs. The mechanism of toxicity 
appears to be metabolic or immunologic with dose-
related toxicity associated with aspirin and acet-
aminophen. Most NSAIDs cause hepatocellular 
injury with only a few causing cholestatic or mixed 
injury [ 8 ].     

•    Nephrotoxicity 
 –    NSAIDs, including COX-2 inhibitors, can increase the 

risk of renovascular adverse events.  
 –   At-risk populations include those with congestive 

heart failure, hepatic cirrhosis, chronic kidney disease, 
hypovolemia, and other states of sympathoadrenal or 
renin-angiotensin system activation.  

 –   Within the kidneys, prostaglandins are associated 
with the inhibition of chloride reabsorption and 
 antidiuretic hormone actions. Therefore, the inhibition of 
prostaglandin synthesis can result in salt and water 
 retention [ 9 ].  

 –   NSAIDs may also increase the risk of hypertension 
resulting from the decreased production of vasodila-
tory prostaglandins (PGE 2  and PGI 2 ) [ 10 ].  

 –   Analgesic nephropathy is a condition of slowly pro-
gressive renal failure, decreased concentrating capac-
ity of the renal tubule, and sterile pyuria.
•    Risk factors are the chronic use of high doses of 

combinations of NSAIDs and frequent urinary tract 
infections.  

•   Early recognition and discontinuation of NSAIDs 
may permit recovery of renal tubules [ 6 ].        

•    Hematologic toxicity 
 –    Arachadonic acid is converted to prostaglandin endo-

peroxides by COX.  
 –   These endoperoxides are further converted to throm-

boxane A 2  (TXA 2 ) in platelets and prostaglandin I 2  
(PGI 2 ) in vascular endothelium.  

    Table 10.1    Select generic NSAID names by class [ 2 ,  6 ]   

  Salicylates    Proprionic acid derivative  
 Aspirin  Ibuprofen 
  Para-aminophenol derivative   Naproxen 
 Acetaminophen  Fenoprofen 
  Acetic acid derivative   Ketoprofen 
 Indomethacin  Flurbiprofen 
 Sulindac  Oxaprozin 
 Etodolac   Enolic acid derivatives  
  Femanates   Piroxicam 
 Mefenamic acid  Meloxicam 
 Meclofenamate  Nabumetone 
 Tolmetin   COX-2 selective inhibitor  
 Diclofenac  Celecoxib 
 Ketorolac  Valdecoxib 
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 –   TXA 2  functions as a platelet activator and 
 vasoconstrictor, whereas PGI 2  functions as a platelet 
inhibitor and vasodilator.  

 –   Platelet activity is thus dependent upon the homeosta-
sis of these agents [ 2 ].  

 –   NSAIDs increase the risk of bleeding at the platelet 
level by inhibiting platelet activation (via inhibiting 
TXA 2  formation). In the case of aspirin, the action on 
platelet COX is irreversible.  

 –   The paucity of COX-2 within platelets gives COX-2 
inhibitors an advantage in terms of decreasing bleed-
ing risk when compared to nonselective NSAIDs 
[ 11 ,  12 ].     

•    Cardiotoxicity 
 –    NSAIDs, unlike aspirin, do not provide cardio- 

protection [ 13 ].  
 –   Patients at risk for cardiovascular disease and throm-

botic events are at increased risk when taking COX-2 
selective inhibitors.
•    One proposed reason is that selective inhibition of 

COX-2 depresses PGI 2  formation in endothelial 
cells without concomitant inhibition of platelet 
thromboxane.  

•   Experiments in mice suggest that PGI 2  blunts the 
cardiovascular effects of TXA 2 . This may cause an 
increased risk of thrombosis [ 6 ].     

 –   The FDA has issued a warning on NSAIDs as a class.
•    Based on the review of long-term placebo and 

active controlled clinical trials, the FDA has con-
cluded that a serious risk of adverse cardiovascular 
events may be a class effect of NSAIDs (excluding 
aspirin).  

•   Furthermore, the FDA has issued a contraindication 
for NSAID use immediately post-operatively fol-
lowing coronary artery bypass graft surgery.  

•   They have recommended careful consideration of 
the potential risks and benefi ts before a decision is 
made to use an NSAID [ 14 ].        

•    Asthma 
 –    Termed aspirin-induced asthma, nonselective NSAIDs 

may produce bronchospasms, typically in diagnosed 
asthmatics.
•    The mechanism appears to stem from the NSAID- 

induced inhibition of COX.  

•   This allows for increased arachadonic acid sub-
strate conversion to leukotrienes via the lipooxy-
genase pathway.  

•   The increased leukotrienes trigger bronchospasm 
[ 15 ,  16 ].        

•    Bone healing 
 –    COX-1 and COX-2 have been shown to play a role in 

bone healing following fracture [ 17 ].  
 –   In the setting of NSAID use, an important subgroup 

(those having undergone lumbar fusions) may be at 
risk for unsuccessful fusions [ 18 ].  

 –   It appears that in the setting of lumbar fusions, it may 
be best to minimize NSAIDs, perhaps even COX-2 
inhibitors, due to concerns for bone healing [ 2 ].  

 –   It remains unclear whether other subgroups are at sim-
ilar risks [ 2 ].        

    Select Precautions/Contraindications 

•     Allergy to specifi c medication or class of medications  
•   Pregnancy: (especially close to term) is a relative contra-

indication for the use of NSAIDs
 –    Use must be weighed against potential fetal risk [ 6 ].     

•   Some individuals present with hypersensitivity to aspirin 
and NSAIDs.
 –     Hypersensitivity reaction  may manifest as rhinitis, 

angioedema, urticaria, bronchial asthma, laryngeal 
edema, bronchoconstriction, fl ushing, hypotension, 
and shock.  

 –   In cases of hypersensitivity, aspirin intolerance is a 
contraindication to therapy with any other NSAID 
because cross-sensitivity can provoke a life- threatening 
reaction reminiscent of shock [ 6 ].     

•   Celecoxib and valdecoxib are contraindicated in patients 
with known sulfa allergy.  

•   Caution should be used in patients on oral 
anticoagulants.  

•   Most NSAIDs potentiate the effects of warfarin either by 
displacing the protein-bound drug or by inhibiting the 
metabolism [ 19 ,  20 ].  

•   Contraindicated for use immediately post-operatively fol-
lowing coronary artery bypass graft surgery.    
  Example Medications/Doses (Table    10.2   ) 
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      Abbreviations 

   CBC    Complete blood count   
  CNS    Central nervous system   
  COOMBs    Indirect and Direct Antiglobulin testing   
  GABA    Gamma-aminobutyric acid   
  IV    Intravenous   
  LFT    Liver function tests   
  MAOI    Monoamine oxidase inhibitors   
  NMDA     N -Methyl- d -aspartate   
  TCAs    Tricyclic antidepressants   

         Introduction 

  Muscle relaxants:  drugs that alleviate painful stimuli gener-
ated from a muscle spasm or spasticity. 

 Muscle relaxant medications are chosen based upon their 
symptomatic need, side effect profi le, and tolerability. Often 
patients with a primary pain issue may experience secondary 
muscle spasm; therefore, practitioners sometimes use mus-
cle relaxants concurrently with other medications to ade-
quately treat their patient’s pain.
•     Muscle spasm:  an abrupt, involuntary contraction of a 

muscle fi ber, or group of muscle fi bers that is often asso-
ciated with pain  

•    Spasticity:  a sustained muscle fi ber contraction that is also 
characterized by resistance to passive motion of an extremity    

 Most muscle relaxant agents act primarily as CNS depres-
sants and often cause nonspecifi c side effects such as seda-
tion and drowsiness. There is no clear evidence that one 
skeletal muscle relaxant is superior to another for musculo-
skeletal spasms. Tailor choice of medication based on 
 specifi c patient situation.

  Centrally Acting Skeletal Muscle Relaxants 
 –   Effective in the treatment of muscle spasms/spasticity  
 –    Somnolence  is a common side effect [ 1 ]  
 –   May largely produce effects by causing sedation, which 

reduces the fi ring of painful nerve stimuli without actu-
ally causing direct skeletal muscle relaxation [ 1 ,  2 ] 

 –    Some of these agents, including metabolites, can be 
 addictive  (e.g., meprobamate) and carry a high risk for 
abuse potential [ 1 ]     

    Muscle Relaxant Medications 

    Chlorzoxazone (Parafon Forte, Lorzone) 

•     Treatment of muscle spasms
 –    Little effi cacy in treatment of spasticity [ 3 ]     

•    Clinical:  May cause less side effects and food/drug inter-
actions then other medication options.  

•    Mechanism of action:  Unknown; believed to predomi-
nantly block polysynaptic refl ex conduits in the spinal 
cord implicated in muscle contraction [ 2 ,  3 ]  

•    Side effects:  Some patients may experience less side 
effects with the lower doses of this medication vs the other 
muscle relaxant choices. Uncommonly results in dizzi-
ness, stomach upset, lethargy, and hepatotoxicity [ 3 ]  

•    Dosage:  250–750 mg po tid prn, up to 3,000 mg/day     

      Muscle Relaxants and Antispasticity 
Medications 
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    Carisoprodol (Soma) 

•     Acute treatment of muscle spasms in severe cases
 –    Little effi cacy in treatment of spasticity [ 3 ]     

•    Clinical:  Avoid in patients with possible addiction/misuse 
issues, ensure no concurrent use of alcohol and CNS 
depressants to prevent worsening of sedative effects  

•    Mechanism of action:  Unknown; may interrupt the inter-
neuronal communication in the spinal cord and descend-
ing reticular formation [ 2 ]
 –    Produces  meprobamate , a metabolite which interacts 

with GABA-A receptors and displays similarities to 
barbiturates [ 2 ]     

•    Side effects:  Drowsiness, ataxia, tremor, irritability, 
insomnia, confusion, disorientation, tachycardia, and pos-
tural hypotension [ 3 ]  

•    Potential for abuse 
 –    Meprobamate is highly  addictive ; carisoprodol is not 

indicated for long-term use  
 –   Carisoprodol is never to be stopped suddenly follow-

ing prolonged use, a taper should be used.
   Important to recognize  withdrawal symptoms , such as 

restlessness, insomnia, anorexia, upset stomach, 
anxiety, seizures, and even death. If any withdrawal 
symptoms are experienced, taper should be done at 
a slower pace.     

 –   Taper examples are listed below, but this should be 
done according to your patient’s needs/medical con-
ditions to prevent the precipitation of withdrawal 
symptoms.
   Short taper (4 days): 350 mg tid × 1 day → 350 mg 

bid × 2 days → 350 mg qday × 1 day  
  Long taper (9 days): 350 mg tid × 3 days → 350 mg 

bid × 3 days → 350 mg qday × 3 days  
  If any issues with patient taper, can consider transition-

ing to the 250 mg dose prior to discontinuing        
•    Dosage:  250–350 mg po qday-tid (depending on patient’s 

needs), up to 1,400 mg/day, no longer than 2–3 weeks, as 
cases of abuse, dependence, and withdrawal have been 
associated with prolonged use     

    Cyclobenzaprine (Flexeril, Amrix) 

•     Treatment of muscle spasms
 –    Little effi cacy in treatment of spasticity [ 3 ]     

•    Clinical:  Has a role in acute or chronic pain states with 
muscle spasm or strain. This agent has a multitude of dif-
ferent roles related to its structure and effi cacy. It is indi-
cated as an adjunct for muscle spasm associated with any 
acute painful musculoskeletal state that limits motion, 
tenderness, pain, or limits activities of daily living.  

•    Mechanism of action:  Blocks serotonergic receptors in 
the descending pathways of the brainstem and ventral 

spinal cord, thus interfering with signals that travel to 
alpha- motorneurons and interact directly with skeletal 
muscles [ 2 ]  

•    Side effects: Anticholinergic  symptoms such as sedation, dry 
mouth, blurred vision, elevated intraocular pressure, urinary 
retention, constipation, dizziness, increased heart rate, and 
arrhythmias [ 1 ,  3 ]
 –    May lead to worsening of benign prostatic hyperplasia, 

angle-closure glaucoma, cardiac conduction abnor-
malities, and congestive heart failure [ 1 ]  

 –   Structurally similar to tricyclic antidepressants 
(TCAs) [ 2 ]  

 –   Should not be used in conjunction with monoamine 
oxidase inhibitors (MAOI)     

•    Dosage:  10 mg po qhs-tid prn (depending on patient’s 
needs), up to 40 mg/day, if given once daily—usually 
dosed at night as drowsiness and somnolence are com-
monly experienced side effects     

    Metaxalone (Skelaxin) 

•     Treatment of muscle spasms  
•    Clinical:  Metaxalone is less commonly associated with 

side effects such as sedation and somnolence. May be 
considered “weaker” by some patients, may be good in 
elderly patients with no liver pathology or patients who 
are very sensitive to other medications.  

•    Mechanism of action:  CNS depression [ 2 ]  
•    Side effects:  Possible hepatotoxicity, hemolytic anemia [ 1 ]

 –    Avoid in patients with liver failure  
 –   Patients should be followed with LFTs and monitoring 

for side effects such as jaundice, dark urine, nausea/
vomiting, and abdominal pain. Patients taking long-
term metaxalone need an established baseline LFT and 
serial testing at least once a year and more frequently 
with preexisting liver pathology.  

 –   Regularly monitor CBCs and obtain a COOMBs test if 
a hemolytic process occurs     

•    Dosage:  400–800 mg po qday-qid prn up to 3.2 g/day     

    Methocarbamol (Robaxin) 

•     Acute and chronic treatment of muscle spasms or strain [ 2 ]  
•    Clinical: Consider in patients who are sensitive to medica-

tions where skelaxin and/or lorzone have been unhelpful but 
did not cause side effects.   

•    Mechanism of action:  Uncertain; indirect CNS 
depression [ 3 ]
 –    Blocks acetylcholinesterase inhibition by pyridostigmine     

•    Side effects:  Drowsiness, dizziness, nausea, anaphylactic 
reactions, thrombophlebitis, dyspepsia, jaundice, leuco-
penia, blurred vision, metallic taste, and vertigo [ 2 ,  3 ]
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•      Dosage:  500 or 750 mg po tid-qid (depending on symp-
toms) × 2–3 days (up to 8 g/day may be given in severe 
conditions), then decrease to 4–4.5 g/day in 3–6 divided 
doses  

•    Lower/less frequent dosing can be used in other conditions      

    Orphenadrine Citrate (Norfl ex) 

•     Improves and serves as an adjuvant for joint pain, muscle 
spasms/myofascial pain, neuropathic pain, and certain 
forms of muscular attributed headaches; also possesses 
antimuscarinic activity and local anesthetic effects  

•    Clinical: utilized for muscle spasm  associated with acute 
painful musculoskeletal conditions  

•    Mechanism of action:  Postulated to work similarly to 
diphenhidramine by blocking histaminic and cholinergic 
receptors; may also cause some NMDA antagonism and 
sodium channel interference [ 1 ,  2 ]  

•    Side effects  [ 1 ] : Anticholinergic  symptoms such as; dry 
mouth, blurred vision, and urinary retention; rarely, may 
result in aplastic anemia

•      Dosage:  100 mg q12 h, up to 400 mg/day     

    Tizanidine (Zanafl ex) 

•     Treatment of muscle spasticity with various pain syn-
dromes and as an adjuvant hypnotic for insomnia  

•    Clinical:  Initially dosed at night as this is likely to cause 
sedation but can be dosed q6–8 h if needed, do not use 
in patients with hepatic impairment or history of 
hypotension  

•    Mechanism of action:  Stimulation of alpha-2 adrenergic 
receptors → reduction of excitatory neurotransmitter 
release by pre-synaptic neurons → interference in trans-
mission of polysynaptic and monosynaptic refl exes in the 
dorsal horn of spinal cord [ 1 – 5 ]
 –    Also reduces unprompted CNS activity and blocks the 

action of the cerulospinal pathway by inhibition of the 
locus ceruleus (which normally enhances synaptic 
transmission in the spinal cord) [ 3 ]     

•    Side effects  [ 1 ,  3 ] :  Hypotension (avoid other alpha-2 ago-
nists), asthenia, headache, weakness, sedation, dry mouth, 
hallucination, upset stomach, and liver injury (may cause 
elevated LFTs >3 × upper limit of normal)
 –    Avoid in patients with impaired hepatic function  
 –   Monitoring of LFTs is recommended during fi rst 6 

months (Baseline, then at fi rst, third, and sixth month 
of use, then yearly). Monitor for side effects such as 
jaundice, dark urine, or nausea and vomiting.      

•    Dosage:  2–6 mg po every qday-qid prn hrs, up to 
36 mg/day      

    Other Drugs 

    Baclofen (Lioresal) 

•     Treatment of spasticity secondary to CNS pathology 
(e.g., multiple sclerosis or spinal cord injuries); also reduces 
incidence of fl exor spasms and associated pain [ 1 ,  3 ]  

•    Clinical: May help patients experiencing increased tone 
and/or leg cramping.   

•    Mechanism of action:  Binds to and activates GABA-B 
receptors, which inhibits the release of excitatory neu-
rotransmitters [ 3 ,  4 ]; interferes with synaptic communica-
tion in the spinal cord [ 1 ]  

•    Side effects:  Somnolence, dizziness, weakness, confu-
sion, upset stomach, and hypotension [ 1 ]  

•   If on high doses, requires taper if discontinued to avoid  
serious withdrawal effects  

•   Intrathecal pumps allow direct delivery of the drug and 
decrease risk of unwanted systemic effects [ 3 ]  

•    Dosage:  Start at 5 mg po qhs or tid and increase by 5 mg 
q3 days, up to 80 mg/day as needed.     

    Dantrolene Sodium (Dantrium) 

•     Peripherally acting skeletal muscle relaxant  
•   Treatment of spasticity associated with spinal cord injuries, 

multiple sclerosis, cerebral palsy, and stroke [ 3 ]; treatment of 
malignant hyperthermia; to reduce muscle rigidity second-
ary to neuroleptic malignant syndrome, preventing muscle 
deterioration and the release of creatine phosphokinase [ 3 ]  

•    Clinical:  Not Recommended secondary to possible 
hepatotoxicity  

•    Mechanism of action:  Blocks the release of calcium from 
the sarcoplasmic reticulum within muscle cells, which 
prevents the formation of the actin–myosin bridge and 
thus inhibits muscle contraction [ 3 ]  

•    Side effects:  Drowsiness, dizziness, muscle weakness, 
malaise, and diarrhea [ 2 ,  3 ]; fulminant hepatotoxicity has 
been reported (females >35 years old)
 –    Can cause a large decrease in muscle tone which may 

be detrimental to an ambulatory patient     
•    Dosage:  25 mg po BID, up to 400 mg/day × 3 weeks     

    Benzodiazepines (e.g., Diazepam) 

•     Treatment of muscle spasms and spasticity related to 
CNS pathology (e.g., cerebral palsy or cord injury) [ 1 ]  

•    Clinical: This agent can be utilized for any muscle spasm  
associated with acute painful musculoskeletal conditions 
but should be considered only in refractory states.  

11 Muscle Relaxants and Antispasticity Medications
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•    Mechanism of action:  Enhances the release of GABA and 
it’s subsequent binding to GABA-A receptors → activa-
tion of chloride channels presynaptically, inhibiting the 
release of excitatory neurotransmitters [ 3 ]
 –    Sedation may play a role in relief of muscle spasms     

•    Potential for addiction and abuse  [ 1 ]
 –    Benzodiazepines should  never be stopped abruptly ; it 

is important to implement a slow tapering dose over 
time [ 1 ]  

 –    Withdrawal symptoms : anxiety, dysphoria, insomnia, 
diaphoresis, vomiting, diarrhea, tremor, seizure, and 
possibly death [ 1 ]     

•    Side effects:  Sedation, cognitive dysfunction, confusion, 
dizziness, behavioral changes, respiratory depression, 
hypoventilation, and hypotension [ 1 ,  2 ]
 –    Flumazenil 0.1–1 mg IV may be used to help rapidly 

reverse effects of any benzodiazepine [ 2 ]  
 –    Geriatric patients are at increased risk of becoming 

disoriented with longer acting benzodiazepines      
•    Dosage:  2–10 mg po qday-qid prn, up to 40 mg/day   

  Clinical Pearls When Prescribing Muscle Relaxers 
 –   If an elderly patient requires a muscle relaxer to control 

their pain, consider starting with skelaxin or lorzone as 
this may cause less side effects. 

 –    In normal healthy adults, can consider starting with tiza-
nidine if no hypotension or liver pathology. If pain is 
refractory, consider fl exeril, norfl ex, or robaxin.  

 –   More often, patients on fl exeril can experience extreme 
sleepiness and a sensation of feeling “drugged.” The editor 
fi nds that most patients will tolerate tizanidine more easily 
with less side effects.  

 –   Patients experiencing spasticity along with spasm may do 
better on baclofen.  

 –   Soma should be avoided or reserved for severe refractory 
cases as this medication is addictive.  

 –   Benzodiazepines are best used in acute circumstances 
and not for long-term treatment as they are associated 
with severe life-threatening withdrawal effects.  

 –   Dantrolene should be avoided secondary to severe liver 
consequences.  

 –   When prescribing any muscle relaxant the physician 
should always dicuss all possible side effects with the 
patient: sleepiness, dizziness, etc. Patients should always 
fi rst try these medications at night, as they may be sedat-
ing, and alert the physician of any untoward side effects.

 – Patients should not drive or drink alcohol while on 
these medications.         
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      Abbreviations 

   ARDS    Acute respiratory distress syndrome   
  ASA    Aspirin   
  CNS    Central nervous system   
  EKG    Electrocardiogram   
  FM    Fibromyalgia   
  GABA    Gamma-aminobutyric acid   
  GI    Gastrointestinal   
  5-HT    5-Hydroxytryptamine   
  HTN    Hypertension   
  INR    International normalized ratio   
  MAOIs    Monoamine oxidase inhibitors   
  NMDA     N -Methyl- D -aspartate   
  NSAIDs    Non-steroidal anti-infl ammatory drugs   
  SNRI    Serotonin–norepinephrine reuptake inhibitor   
  SSRIs    Selective serotonin reuptake inhibitors   
  TCA    Tricyclic antidepressants   

         Introduction 

•     Psychiatric medications are primarily used to treat major 
depression and anxiety disorders but also have uses in 
chronic pain disorders  

•   The below medications are not effective in the manage-
ment of chronic muscular aches and pains   

•  Chronic pain uses are primarily related to neuropathic 
pain conditions   

•     Neuropathic pain states include :
 –    Diabetic peripheral neuropathy  
 –   Post-herpetic neuralgia  

 –   Central post-stroke pain  
 –   Phantom limb pain  
 –   Peripheral neuropathy  
 –   Other neuralgias     

•    Antidepressants may also treat :
 –    Fibromyalgia (FM)  
 –   Chronic tension headaches  
 –   Migraines     

•   Tricyclic antidepressants (TCAs) are the most commonly 
used antidepressants to treat pain  

•   SSRI, SNRI, and other atypical antidepressants have also 
been used in painful conditions  

•   Patients have varying responses and effectiveness to the 
medication, thus often times different classes will have to 
be trialed for good relief of pain.  

•    Depression : caused by the under activity of certain neu-
rotransmitters in the brain
 –    Neurotransmitters are generally monoamines, such as 

dopamine, serotonin, and norepinephrine [ 1 ].     
•   Mechanism of action of antidepressants in pain manage-

ment is not entirely known, and multiple mechanisms are 
believed to be involved.
 –    Most common theory is their effects upon serotonin 

and norepinephrine along the descending spinal 
pathways.  

 –   Antidepressants may be effective via their ability to 
modulate the sodium pathways involved in nerve 
 conduction as well as histamine receptors [ 2 ].        

    Antidepressant Drug Categories (Table  12.1 ) 

•        Tricyclic antidepressants (TCAs)  
•   Selective serotonin reuptake inhibitors (SSRIs)  
•   Selective serotonin–norepinephrine reuptake inhibitors 

(SNRIs)  
•   Atypical antidepressants  
•   Monoamine oxidase inhibitors (MAOIs)    

      Neuropathic Antidepressant 
Medications 
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    Tricyclic Antidepressants 

    Amitriptyline (Elavil), Desipramine (Norpramin), 
Imipramine (Tofranil), Nortriptyline (Pamelor) 
•      Indications  

 TCAs are  second-line treatment for chronic pain : 
 Neuralgia or neuropathic pain, FM, chronic headache  

•    Research :
 –    An evidence-based guideline sponsored by the 

International Association for the Study of Pain recom-
mends nortriptyline as a fi rst-line medication for neu-
ropathic pain [ 3 ].  

 –   TCAs are the most studied antidepressants for the 
treatment of neuropathic pain and are a mainstay in the 
treatment for neuropathic pain [ 4 ].  

 –   Pain relief is independent of the antidepressant effects 
of these drugs and may be achieved at doses lower than 
those used in the treatment of depression [ 5 ].     

•    Mechanism of action : TCA affects many receptors: beta-
adrenergic receptors, muscarinic acetylcholine receptors, 
peripheral alpha-adrenergic receptors, histamine receptors, 
central gamma-aminobutyric acid (GABA),  N -methyl- D -
aspartate (NMDA), and dopamine receptors [ 6 – 10 ].

 –    Inhibit the presynaptic reuptake of biogenic amines, 
primarily serotonin and norepinephrine [ 6 ]  

 –   TCAs act to block the serotonin transporter and the 
norepinephrine transporter [ 7 ,  8 ]       

    Structurally divided into secondary and tertiary 
amines (Table  12.2 ):
Secondary amines 
 –   More selective reuptake of norepinephrine inhibitors  
 –   Desipiramine and nortriptyline have least orva inter   

  Tertiary amines 
 –   More selective on the serotonin  
 –   Cause more side effects having increased anticholinergic 

side effects  
 –   Highly sedating because of their central effects on hista-

mine [ 6 ]   

•     Pharmacokinetics TCA :
 –    Large side effect profi le  
 –   Highly metabolized by the cytochrome P450 hepatic 

enzymes  
 –   Highly plasma bound up to 95 % and lipophilic with 

large volume of distribution including the brain and 
has many drug to drug interactions with other highly 
protein-bound structures  

 –   Renal impairment will substantially affect clearance of 
TCA metabolites with an increase in plasma concen-
trations [ 9 ,  11 ,  12 ]     

•    Drug interactions contraindications 
 –    TCAs inhibit sodium and L-type calcium channels 

which lead to  cardiotoxicity  [ 13 ,  14 ]. Combining 
TCAs with drugs that also affect the heart’s conduction 
system: disopyramide (Norpace), procainamide 
(Pronestyl, Procan SR, Procanbid) may increase the 
frequency and severity of an abnormal heart rate and 
rhythm.  

 –   Drugs that inhibit cytochrome P450 decrease TCA 
metabolism and increase blood concentrations and 
thus lead to toxicity: e.g., cimetidine, methylpheni-
date, fl uoxetine, antipsychotics, and calcium channel 
blockers  

 –   TCAs may inhibit the antihypertensive effect of cloni-
dine (Catapres). Therefore, combining TCAs with 
clonidine may lead to dangerous elevations in blood 
pressure.  

 –   Combining TCAs with carbamazepine (Tegretol) may 
result in lower TCA blood levels because carbamaze-
pine increases the breakdown of TCAs, potentially 
reducing the effect of TCAs.  

 –   Drugs that prolong the QT interval: quinidine, astem-
izole, terfenadine, and some antipsychotics may 
increase the chance of ventricular dysrhythmias.  

 –   Avoid use with alcohol and barbiturates and other CNS 
depressants.  

 –   Avoid drugs with anti-muscarinic properties as this 
may potentiate the effects. TCAs should be avoided by 
individuals with prostatic hypertrophy, cognitive 
impairment, or narrow-angle glaucoma because of the 
anticholinergic side effects [ 15 ]     

•    Dosing : Lower doses may be used in treatment of pain 
conditions
 –     Nortriptyline  ( Pamelor ): start with 25 mg qhs, titrate 

to desired effect as long as tolerated; doses above 
150 mg/day are not recommended.  

 –    Amitriptyline  ( Elavil ): start with 25–75 mg of 
amitriptyline qhs. Titrate to desired effect as long as 
tolerated. If necessary, this may be increased to a total 
of 150 mg per day.  

 –    Imipramine  ( Tofranil ): start with 75 mg/day 
increased to 150 mg/day. Dosages over 200 mg/day 
are not recommended.  

   Table 12.2    Tertiary and secondary amines   

 Tertiary amines  Secondary amines 
 Amitriptyline (Elavil, Endep, Vanatrip)  Desipramine 

(Norpramin, Pertofrane) 
 Imipramine (Tofranil)  Nortriptyline (Aventyl, 

Nortrilen, Pamelor) 
 Clomipramine (Anafranil)  Protriptyline (Vivactil) 

[ 11 ]  Doxepin (Adapin) 
 Butriptyline (Evadene, Evadyne) 
 Dosulepin (Prothiade) 
 Lofepramine (Feprapax, Gamanil, Lomont) 
 Trimipramine (Surmontil) 
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 –   Desipramine ( Norpramin ): Usual adult dose is 
 100–200 mg per day. Dosages above 300 mg/day are 
not recommended.     

•    Side effects 
 –    Cardiovascular toxicity is the most common cause of 

morbidity and mortality—can lead to severe hypoten-
sion, dysrhythmias, and conduction delays.  Avoid in 
patients with preexisting conditions.   

 –   TCAs affect sodium conduction, therefore affecting 
cardiac conduction with delaying ventricular depolar-
ization. EKG can present with prolonged QT C  and may 
lead to torsade de pointes and sinus tachycardia. Most 
common cause of death is refractory hypotension with 
bradycardia from the inhibition of alpha1-adrenergic 
receptors.  

 –   Anticholinergic effects: Dry mouth, altered mental 
 status, psychotic behavior,  agitation, hallucinations, 
generalized seizures, urinary retention, hyperthermia, 
decreased gastric motility/ileus  

 –   Severe side effects: Acute lung injury—(ARDS), 
hypoventilation related to ARDS, aspiration pneumo-
nitis, tachycardia, hypothermia [ 15 – 19 ]  

 –   Best dose at night as somnolence is common         

    Selective Serotonin Reuptake Inhibitors 

    Fluoxetine (Prozac), Paroxetine (Paxil), Sertraline 
(Zoloft), and Citalopram (Celexa) 
•      Indications : SSRIs are most useful and fi rst-line treat-

ment of depression and other psychiatric illnesses; they 
are second-line treatment for chronic pain [ 20 ]  

•    Mechanism of action :
 –    Inhibit the reuptake of the serotonin (5- hydroxy- 

tryptamine or 5-HT) into the presynaptic cell → increas-
ing levels of 5-HT within the synaptic cleft [ 20 ,  21 ]     

•    Research :
 –     Paroxetine  and  citalopram  to demonstrate modest effi -

cacy in the management of neuropathic pain  
 –   Fluoxetine has not demonstrated any effi cacy at all for 

pain management [ 4 ].  
 –   As a category, SSRI are less effective than other types 

of antidepressants in treatment of neuropathic pain 
treatment [ 22 – 24 ].     

•    Pharmacokinetics :
 –    Metabolized by liver [ 25 ]  
 –   Minimal affi nity for histaminic, dopaminergic, alpha- 

adrenergic, and cholinergic receptors thus mild side 
effect profi le, and relative safety in overdose  

 –   Paroxetine (most potent inhibitor of serotonin reup-
take) > fl uoxetine > sertraline > citalopram [ 25 ]  

 –   Antidepressant effect takes approximately 3 – 6 weeks 
after initial treatment [ 21 ]  

 –   Renal disease and age → affects elimination of citalo-
pram, paroxetine, but has no effect on fl uoxetine or 
sertraline [ 25 ].     

•    Side effects 
 –    Sexual dysfunction [ 22 ], increased suicidal ideation, 

weight gain, GI abnormalities, dyspepsia, nausea, 
vomiting, diarrhea, initial anxiety, tremors, nervous-
ness, dizziness, and headache [ 23 ]     

•    Drug interactions / contraindications : 
  Certain drugs may increase toxicities of SSRIs :

 –    Avoid use with drugs that affect the serotonergic 
 neurotransmitter systems (e.g., triptans, linezolid, 
 tramadol, or St. John’s Wort); these may lead to 
serotonin syndrome.  

 –   Contraindicated with MAOIs, lead to fatal sero-
tonin syndrome  

 –   Avoid alcohol, tryptophan, other SNRIs, SSRIs, 
TCAs, pimozide  

 –   May potentiate drugs metabolized by CYP2D6 
(e.g., TCAs, Type 1C antiarrhythmics)  

 –   May induce metabolism of cisapride  
 –   May shift concentrations with plasma-bound drugs 

(e.g., warfarin, digitoxin)  
 –   Increased risk of bleeding with NSAIDs, ASA, 

 warfarin [ 11 ,  24 ,  25 ]         

    Selective Serotonin–Norepinephrine 
Reuptake Inhibitors 

    Duloxetine (Cymbalta), Milnacipran (Savella), 
Venlafaxine (Effexor XR, Effexor), 
Desvenlafaxine (Pristiq) 
•      Indications:  

 Venlafaxine (Effexor, Effexor XR) is indicated for the 
treatment of certain psychiatric disorders
 –    Case reports [ 4 ,  26 ,  27 ] and empirical studies 

[ 28 ,  29 ] have indicated that venlafaxine is effective 
for the management of neuropathic pain at doses of 
150 mg per day or higher (typical antidepressant doses).  

 –   In the treatment of neuropathic pain, venlafaxine is 
comparable to imipramine [ 27 ], suggesting that it may 
be comparable to other TCAs as well.  

 –   Despite a milder side effect profi le than the TCAs, 
venlafaxine may elevate blood pressure and has a dis-
continuation syndrome with abrupt cessation [ 5 ].    

 Duloxetine (Cymbalta) is indicated for the treatment of:
 –    Certain psychiatric disorders, Diabetic Peripheral 

Neuropathic Pain, FM  
 –   Duloxetine has been confi rmed in several studies as an 

effective agent in the treatment of neuropathic pain [ 27 ].  
 –   Doses for the treatment of neuropathic pain as well as 

depression are between 60 and 120 mg per day.     
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•    Pharmacodynamics 
   Second-generation SNRIs (Cymbalta and Effexor) have a 

mixed action on both major neuroamines of depres-
sion: norepinephrine and serotonin. They have limited 
adverse effects because they do not affect muscarinic, 
histaminic, α1-adrenergic receptors, and monoamine 
oxidase. They are better tolerated in comparison to the 
TCAs and MAOIs [ 30 ]. Neuropathic pain is thought to 
be related to increased levels of norepinephrine [ 31 ].     

•    Pharmacokinetics 
 –    Venlafaxine (Effexor, Effexor XR): at low dose (75 mg/

day) it acts only on serotonin, at higher doses (150–225 mg/
day) acts as SNRI. At very high doses (above 350 mg/
day), may also weakly block the reuptake of dopamine.  

 –   Duloxetine (Cymbalta) is a strong, balanced inhibitor 
of both norepinephrine and serotonin reuptake.  

 –   Cymbalta is more noradrenergic than Effexor, with 
Effexor has almost 30 x higher higher affi nity for the 
serotonin inhibition verses norepinephrine [ 32 ].  

 –   Venlafaxine—Metabolism: Hepatic via CYP2D6
   Elimination: Urine (5 % unchanged),  T  1/2  = 5 h     

 –   Duloxetine—Metabolism: Hepatic via CYP1A2, 2D6;
   Elimination: Urine (70 %), feces (20 %);  T  1/2  = 12 h        

•    Side effects : Nausea, dizziness, fatigue or sleepiness, 
insomnia, anticholinergic effects, loss of appetite, ner-
vousness, sweating, sexual side effects, constipation, 
increased blood pressure  

•    Drug interactions / contraindications 
 –    Avoid alcohol and tryptophan  
 –   Increased risk of bleeding with anti-coagulants  
 –   Caution with cimetidine in elderly, HTN, hepatic 

dysfunction  
 –   Decreases clearance of haloperidol  
 –   Caution with CNS-active drugs and serotonergic drugs  
 –   Effexor: Inhibitors of CYP3A4 and CYP2D6, 

Coadministration with tryptophan supplements and 
weight-loss agents are not recommended.  

 –   Cymbalta: Avoid CYP1A2 inhibitors (e.g., fl uvox-
amine, cimetidine, some quinolone antibiotics). 
Caution with drugs metabolized by CYP2D6 having a 
narrow therapeutic index (e.g., TCAs, phenothiazines, 
type 1C antiarrhythmics)  

 –   Venlafaxine (Effexor) is less likely than duloxetine 
(Cymbalta) to interact with co-administered medica-
tions [ 33 ].     

•    Contraindications : Do not use in patients taking concurrent 
MAOIs, and uncontrolled narrow angle glaucoma       

    Atypical Antidepressants 

  Not commonly used to treat pain conditions but these pain 
patients may be taking concurrent medications so practitio-
ners should be familiar with them  

    Bupoprion (Wellbutrin), Trazodone (Desyrel) 

•      Indications :
 –    Bupropion is less likely to cause sexual side effects. 

Prescribed for patients with fatigue and poor concen-
tration, it is mildly stimulating. It also has been used 
with some success in the treatment of attention defi cit 
hyperactivity disorder [ 34 ]. It is not an anxiolytic as it 
lacks serotonergic properties.  

 –   Mirtazapine may be useful if patient is experiencing 
insomnia or agitation.  

 –   Trazodone in small dosages is often used along with an 
SSRI to help with sleep disturbances.        

    Bupropion (Wellbutrin) 

•      Mechanism of action :      Suspected to inhibit neuronal uptake 
of norepinephrine and dopamine. Bupropion SR was simi-
lar in effi cacy to TCAs in a double-blind crossover study 
of patients with various forms of neuropathic pain at doses 
of 300 mg per day [ 35 ].

•     Pharmacokinetics : Absorption:  T  max  = 3 h. Metabolism: 
liver, extensive, via CYP2B6 metabolite;  

•    Contraindications :  Absolute contraindications —Seizure 
disorders, eating disorders [ 36 ]
 –    MAOIs concomitantly  
 –   Patients undergoing abrupt d/c of alcohol  
 –   Sedatives (including benzodiazepines)  
 –   Patients with bulimia or anorexic nervosa     

•   Adverse effects: Dry mouth, excessive sweating, headache/
migraine, insomnia, tremor, agitation, weight loss, nausea/
vomiting, constipation, dizziness, sedation, blurred vision, 
decreased libido, anorexia, neuropsychiatric events.  

•    Interactions :
 –    Extreme caution with drugs that lower seizure thresh-

old (e.g., antidepressants, antipsychotics, theophylline, 
systemic steroids)  

 –   Increased seizure risk with opioids, cocaine, OTC 
stimulants, oral hypoglycemics, insulin  

 –   Inhibits CYP2D6; caution with drugs that are metabo-
lized by CYP2D6 (e.g., SSRIs, TCAs, antipsychotics, 
β-blockers, type 1C antiarrhythmics        

    Trazodone (Desyrel) 

•      Mechanism of action : suspected to selectively inhibit 
serotonin uptake by brain synaptosomes and potentiate 
behavioral changes induced by the serotonin precursor, 
5-hydroxytryptophan  

•    Pharmacokinetics : Absorption: Well absorbed;  T  max  = 1–2 h. 
Metabolism: liver via CYP3A4 to m- chlorophenylpiperazine 
(active metabolite)  
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•    Adverse reaction : Dry mouth, edema, constipation, 
blurred vision, fatigue, nervousness, drowsiness, dizzi-
ness, headache, insomnia, N/V, musculoskeletal pain, 
hypotension, confusion, priapism.  

•    Drug interactions : CYP3A4 inhibitors (e.g., ritonavir, 
ketoconazole, indinavir, itraconazole, nefazodone) may 
increase levels; carbamazepine decreases levels
 –    Increases digoxin and phenytoin serum levels  
 –   Caution with MAOIs  
 –   May enhance response to alcohol, barbiturates, and 

other CNS depressants  
 –   May affect PT in patients on warfarin  
 –   Avoid in concomitant use with antihypertensive therapy  
 –   Avoid electroshock therapy  
 –   May interact with general anesthetics  
 –   Increased INR with warfarin        

    Monamine Oxidase Inhibitors 

  These medications are associated with severe adverse reac-
tions ,  dangerous drug – drug interactions, and are not used to 
treat pain disorders .
•     Drug interactions / contraindications 

 –    Tyramine-containing foods: aged cheeses, yeast 
extract foods, beer, wine, smoked meats  

 –   Potential drug interactions
   Any drug that releases catecholamines may precipitate 

life-threatening events in individuals also using 
MAOIs ex. Dextromethorphan  

  Tramadol and Meperidine produce a release of serotonin 
precipitating a potentially fatal outcome [ 37 ,  38 ].  

  All serotonergic agents, SSRIs—fl uoxetine, parox-
etine can lead to serotonin syndrome [ 39 ]            

     Antidepressants are used to treat many psychological dis-
eases; however, they also are useful to chronic pain manage-
ment. Not only do they help stabilize any mood disorders, 
which can play an important role in the psychological basis 
of pain, but the direct affects they have on the neurotransmit-
ters and hormones in the body may have a direct correlation 
to the decrease in the symptomatic management of the 
patients’ painful condition.     
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      Abbreviations 

   AEDs    Anti-epileptic drugs   
  AMPA    2-(Aminomethyl)phenylacetic acid   
  AV    Atrioventricular block   
  CBC    Complete blood count   
  GABA    Gamma-aminobutyric acid   
  HIV    Human immunodefi ciency virus   
  HTN    Hypertension   
  IV    Intravenous   
  LV    Liver   
  MAOI    Monamine oxidase inhibitor   
  NMDA     N -Methyl- D -aspartate   
  PO BID    Per os  bis in die  (Latin), twice a day   
  PO TID    Per os  ter in die  (Latin), three times a day   
  TCAs    Tricyclic antidepressant/s   

         Introduction 

  Neuropathic pain : pain arising as a direct consequence of a 
lesion or disease affecting the somatosensory system [ 1 ]

 –    May have positive and/or negative symptoms
    Positive symptoms : pain, paresthesia, dysesthesia, 

hyperalgesia, allodynia [ 2 ]  
   Negative symptoms : weakness, hypoesthesia, hypoalge-

sia, refl ex changes [ 2 ]     
 –   Common causes: nerve root/disc pathology causing 

radiculopathy, diabetes, trigeminal neuralgia, post- 
herpetic neuralgia, post-stroke syndrome, multiples scle-
rosis, spinal cord injury, cancer, HIV [ 1 ]   

•    Diverse group of drugs used to treat neuropathic pain
 –    Anticonvulsants  

 –   Antidepressants  
 –   Membrane-stabilizing agents  
 –   Alpha 2 agonists  
 –   Opioids and Tramadol  
 –   NMDA receptor antagonists (Ketamine)  
 –   Topical treatments (such as Capsaicin)        

    Anticonvulsants (Anti-epileptic Drugs) 

•      Three generations of AEDs 
 –     First generation : Carbamazepine, Phenytoin, Pheno-

barbital, Valproic acid [ 3 ]  
 –    Second generation : Gabapentin, Pregabalin, 

Topiramate, Felbamate, Lamotrigine, Levitiracetam, 
Oxcarbamezapine, Vigabatrin [ 4 ]  

 –    Third generation : Lacosamide, Eslicabazepine [ 5 ]     
•   The newer generations (second and third) have a better 

safety profi le     

    Phenytoin (Dilantin) 

•      Mechanism of action : stabilizes neuronal membranes and 
blocks sodium channels [ 3 ]   

•    Pharmacokinetics 
 –    Structurally related to the barbiturates but with a fi ve- 

membered ring  
 –   High bioavailability after oral dose but peak serum 

levels reached 3–12 h after fi rst dose [ 6 ]  
 –   Induces hepatic enzymes [ 7 ]  
 –   90 % bound to albumin [ 8 ]     

•    Metabolism 
 –    Hepatic metabolism and glucuronidation followed by 

excretion in urine [ 8 ]  
 –   Hypoalbuminemia (pregnancy, nephrotic syndrome, 

chronic illness) and uremia increase the free fraction 
and increase potential for toxicity [ 9 ]  

 –   Serum  T  1/2  is variable: 12–36 h [ 6 ]     

      Neuropathic Anticonvulsant 
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•    Dosing 
 –    Start with 100 mg po tid  
 –   Check phenytoin blood levels 3 weeks after initia-

tion [ 9 ]  
 –   Dosage should be individualized to provide maximum 

benefi t  
 –   Serum blood level determinations may be necessary 

for optimal dosage adjustments— clinically effective 
serum level is usually 10 – 20 mcg / mL  [ 6 ]  

 –   Steady-state blood levels achieved with 7–10 days [ 6 ]  
 –   Changes in dosage should not be carried out at intervals 

< 7–10 days [ 9 ]  
 –   IV infusion of 15 mg/kg phenytoin has an analgesic 

effect in acute fl are-ups of neuropathic pain and that 
this relief outlives both the infusion time and plasma 
 T  1/2  of phenytoin [ 6 ]  

 –   Toxic levels: 20 mcg/mL [ 10 ]     
•    Side effects 

   If mild-moderate side effects occur, decrease dose for 
several days and then gradually increase
 –     Hirsutism : excessive hair growth mostly on trunk, 

face, and extensor surfaces of extremities [ 11 ]  
 –    Vestibular dysfunction : resulting in ataxia [ 6 ], nausea, 

vomiting, gastritis [ 12 ], rash [ 11 ], hepatotoxicity 
[ 12 ], folic acid defi ciency [ 11 ]  

 –    Gingival hyperplasia : due to fi brocyte stimulation 
(avoided by careful monitoring and aggressively 
good oral hygiene); reported in up to 50 % of 
patients on long-term therapy [ 11 ]  

 –    Hyperglycemia  due to inhibition of insulin secretion, 
improves with decreasing dose of phenytoin [ 13 ]  

 –   Horizontal gaze nystagmus: occurs at therapeutic doses 
[ 6 ], paradoxical seizures [ 12 ], teratogenicity [ 11 ]  

 –    Cerebellar atrophy : (chronic high dose Phenytoin 
accumulation in the cerebral cortex over long periods 
of time causing atrophy of the cerebellum) [ 12 ]  

 –    Osteomalacia : due to phenytoin’s interference with 
vitamin D metabolism [ 11 ]           

    Points to Remember About Phenytoin 

•     Intravenous phenytoin may be considered in patients 
experiencing acute fl are-ups or crescendo pattern of neu-
ropathic pain  

•   IV infusion must be done slowly to avoid adverse reac-
tions including sudden precipitous hypotension, which 
can result from an IV bolus [ 6 ]  

•   Phenytoin can be teratogenic  
•   Check for toxic levels because the therapeutic window is 

narrow (10–20 mcg/mL)   

  Carbamazepine (Tegretol) 

•   Analgesic of choice in trigeminal neuralgia  
•   May have benefi t in other cranial nerve neuralgias  
•    Mechanism of action : blocks voltage-dependent sodium 

channels, also has some calcium channel blocking 
action [ 3 ] 

•     Pharmacokinetics 
 –    Structurally similar to imipramine and other TCAs [ 14 ]  
 –   Slowly and unpredictably absorbed after oral 

admin istration  
 –   Peak concentrations are reached after 2–8 h  
 –    T  1/2  = 10–25 h [ 3 ]     

•    Metabolism 
 –    Can cause auto-induction of its own metabolism [ 8 ]  
 –   75 % of the absorbed drug is protein-bound to albumin 

and alpha-1 acid glycoprotein  
 –   Main route of elimination is oxidation [ 7 ]     

•    Dosing 
 –    Start at 100 mg po bid  
 –   Increased by 200 mg/day until pain is relieved to a max 

dose of 1,200 mg/day [ 15 ]  
 –   Serum concentrations should be checked at 3, 6, 9 

weeks with goal 4–12 mcg/mL [ 15 ]     
•    Side effects 

 –    Nausea, gastric irritation, vomiting [ 16 ], HTN, acute 
LV failure [ 15 ], sedation, diplopia, vertigo [ 16 ], aplas-
tic anemia, agranulocytosis [ 16 ] oliguria [ 15 ]  

 –   Hepatic dysfunction, jaundice [ 15 ]
   Obtain CBC and liver function panel—baseline, q 2 

weeks × 1 month and q month × 3 months and q 6 
months × 1 year and then yearly        

•    Contraindications 
 –    AV block  
 –   Hepatic disease  
 –   Bone marrow depression  
 –   Acute intermittent porphyria or serious blood 

disorders  
 –   Hypersensitivity to carbamazepine or tricyclic anti-

depressants  
 –   Not to be given with, or within 14 days of starting or 

stopping MAOI therapy     
•    Precautions 

 –    Pregnancy, lactation  
 –   Elderly patients: increased risk of urinary retention, 

increased intraocular pressure, cardiovascular disorders, 
activation of behavioral disorders, and exacerbation of 
seizures [ 15 ]
   Perform periodic ophthalmic examinations, evaluations 

of renal, hepatic, and bone marrow function     
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 –   Abrupt cessation of carbamazepine may precipitate 
seizures  

 –   Cross-hypersensitivity with phenytoin and oxcarbaze-
pine [ 15 ]        

    Points to Remember About Carbamazepine 

•     Drug of choice in trigeminal neuralgia  
•   Aplastic anemia and agranulocytosis are the most devas-

tating side effects  
•   Monitor CBC and liver function panel during ongoing 

therapy [ 15 ]   

  Valproic Acid (Depakote) 

•   Predominantly used in the treatment of seizure disorder 
and as a mood-stabilizing drug  

•   Treatment of neuropathic pain, chronic headaches, and 
migraine  

•   Mechanism of action:    GABA transaminase inhibitor 
(indirect GABA agonist) [ 16 ]  
  Blocks voltage-gated sodium and calcium channels [ 16 ]      

•   Pharmacokinetics 
 –    Nearly complete bioavailability [ 3 ]  
 –   Peak serum levels achieved in 1–4 h [ 3 ]  
 –   Protein bound (90–95 %), mainly to albumin [ 15 ]     

•    Metabolism 
 –    Undergoes oxidation and glucuronidation in liver [ 7 ]  
 –    T  1/2  = 10–20 h [ 3 ]     

•    Dosing 
 –    Adult dose is 15 mg/kg/day in divided doses [ 1 ]  
 –   Increased by 5–10 mg/kg/day Q week to a maximum 

of 60 mg/kg/day [ 15 ]  
 –   Check serum level 1–2 weeks after start of therapy, 

therapeutic drug levels 50–150 mcg/mL [ 15 ]     
•    Side effects 

 –    Nausea, vomiting, anorexia, liver failure [ 15 ], sedation, 
tremor, ataxia [ 15 ], skin rash, alopecia [ 15 ], weight gain [ 15 ]        

    Points to Remember About Valproic Acid 

•     Good choice in chronic headache and migraine prophy laxis  
•   Check baseline and periodic liver function tests, since 

liver failure is a rare complication of Valproic acid   

  Gabapentin (Neurontin) 

•   Second-generation AED  
•   Widely used as fi rst line in neuropathic pain states and as 

an adjuvant agent  

•    Mechanism of action : Binds to the alpha 2 delta subunit 
of the calcium channel [ 14 ]   

•   Pharmacokinetics 
 –    Structural relationship to GABA but its actions are not 

GABA-mediated [ 14 ]     
•    Metabolism 

 –    No appreciable metabolism [ 1 ]  
 –   Less than 60 % bioavailability [ 17 ]  
 –   Peak serum levels 2–3 h after fi rst dose [ 18 ]  
 –   Circulates largely free since it’s only 3 % protein- 

bound [ 17 ]  
 –   Gabapentin is eliminated from the systemic circulation 

by renal clearance as an unchanged drug [ 7 ]  
 –   Elimination half-life is 5–7 h and is not altered by mul-

tiple doses [ 18 ]  
 –   In patients with impaired renal function, gabapentin 

plasma clearance is reduced [ 17 ], please see renal 
chapter for specifi cs on dosing  

 –   No known drug interactions except for decreased absorp-
tion with aluminum and magnesium antacids [ 18 ]     

•    Dosing 
 –    Consider starting at 100–300 mg and titrated from 

qday - tid dosing [ 16 ]  
 –   Weekly dose escalation can be contemplated in the 

absence of side effects to a max of 1,800 mg/day in 
divided doses [ 15 ]  

 –   Analgesic effects are expected at 900 mg total daily 
dose [ 14 ]     

•    Side effects 
 –    Nausea, vomiting, GI irritation [ 15 ], confusion, seda-

tion, dizziness (resolves and tolerance develops), trem-
ors (no tolerance—must discontinue) [ 15 ], peripheral 
edema [ 15 ]        

    Points to Remember About Gabapentin 

•     Gabapentin can be removed from plasma by hemo di alysis  
•   Gabapentin is secreted into human milk following oral admin-

istration [ 15 ]. Gabapentin should be used in women who are 
nursing only if the benefi ts clearly outweigh the risks.   

  Pregabalin (Lyrica) 

•   An AED designed to be a potent successor to Gabapentin  
•   Adjunct therapy for partial seizures and in generalized 

anxiety disorder  
•   Pregabalin is effective at treating chronic pain disorders 

such as fi bromyalgia and neuropathic pain.  
•  Mechanism of action :    Binds to the alpha2‐delta  subunit [ 16 ]  

 –   Reduces the calcium-dependent release of several 
 neurotransmitters by modulating calcium channel 
function [ 16 ]     
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•    Pharmacokinetics 
 –    Structurally related to GABA but does not bind directly 

to any of the receptors and does not augment GABA 
response [ 16 ]  

 –   Pregabalin is well absorbed after oral administration     
•    Metabolism 

 –    Hepatic metabolism is negligible [ 1 ]  
 –   Renal excretion [ 7 ]  
 –   Elimination  T  1/2  = 6–7 h [ 17 ,  18 ]  
 –   Steady state levels reached within 24–48 h [ 18 ]  
 –   Peak serum levels reached within 1–2 h [ 17 ]     

•    Dosing :
 –    Start at 25–50 mg PO BID-TID depending on patient 

specifi cs with slow titration upwards to desired 
effect [ 15 ]  

 –   Escalate if tolerated  
 –   Maximum dose of 150 mg PO TID over 3–4 weeks     

•    Side effects :
 –    Dizziness, somnolence, nausea, blurred vision [ 16 ], 

weight gain, peripheral edema [ 16 ], thrombocyto-
 penia        

    Points to Remember About Pregabalin 

•     Pregabalin is effectively removed by hemodialysis; plasma 
pregabalin concentrations are reduced by approximately 
50 % and the dosing has to adjusted  

•   Can cause angioedema  
•   There are no known drug interactions [ 15 ]   

  Clonazepam (Klonopin) 

•   Falls into the benzodiazepine group  
•   Popularly used as an anticonvulsant and anxiolytic 

agent  
•    Mechanism of action : Binds to the benzodiazepine site 

of the GABA receptor [ 16 ] 
 –    Increased infl ux of chloride ions into the neurons causing 

an inhibition of synaptic transmission [ 16 ] 
•     Pharmacokinetics 

 –    Good oral absorption [ 19 ]  
 –   Peak serum levels are attained in 1–4 h [ 19 ]  
 –   Moderately protein-bound drug [ 19 ]     

•    Metabolism 
 –    Hepatic metabolism [ 19 ]  
 –   No active metabolites [ 19 ]  
 –   Renal excretion  
 –    T  1/2  is 12–24 h [ 19 ]     

•    Dosing 
 –    Start 0.5 mg po qd to tid  
 –   Increase by 0.5 mg/day every 5 days  
 –   Max dose: 6 mg/day     

•    Side effects 
   Sedation, fatigue, ataxia, dependence, and withdrawal [ 19 ]        

    Points to Remember About Clonazepam 

•     Associated with withdrawal  
•   Must be tapered and titrated down cautiously  
•   Dependence develops rapidly  
•   Avoid in nursing mothers, pregnant women, and in 

patients with liver and renal dysfunction  
•   Caution in elderly   

  Lamotrigine (Lamictal) 

•   Structurally unrelated to the current AEDs  
•   Predominantly used as an antiepileptic agent and mainte-

nance therapy of bipolar disorder  
•    Mechanism of action : Stabilizes neuronal membranes by 

inhibiting voltage- sensitive sodium channels [ 14 ] 
 –    Modulates presynaptic transmitter release of excitatory 

amino acids such as glutamate [ 14 ]   
•   Pharmacokinetics 

 –    Rapidly and completely absorption orally [ 17 ]  
 –   High bioavailability [ 15 ]  
 –   Peak plasma levels in 1–3 h [ 17 ]  
 –    T  1/2  = 15–25 h [ 17 ]     

•    Metabolism 
 –    Metabolized by hepatic glucuronidation [ 7 ]  
 –   Inactive metabolites     

•    Dosing 
 –    Start at 25 mg/day and titrate over 2 weeks to 25 mg po 

bid × 2 weeks 14  
 –   Increase by 25 mg/2 weeks to 100 mg po bid  
 –   Maximum: 200 mg po bid [ 14 ]     

•    Side effects 
 –    Dizziness, somnolence, ataxia, headache [ 14 ], diplopia, 

blurred vision [ 14 ], nausea, and vomiting [ 14 ]  
 –   Toxic epidermal necrolysis, Stevens–Johnson syn-

drome [ 15 ]
   Nearly all cases appear in the fi rst 2–8 weeks of 

therapy or if medication is suddenly stopped 
then resumed at the normal dosage  

  Patients should be advised to seek immediate medical 
attention in the setting of an unexpected skin rash.           
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    Points to Remember About Lamotrigine 

•     Lamotrigine has a black box warning regarding Stevens–
Johnson syndrome and Toxic Epidermal Necrolysis   

  Topiramate (Topamax) 

•   Primarily used in the treatment of seizure disorder, 
depression as well in the pediatric population for the 
management of Lenox Gastaut syndrome  

•   Indicated in pain medicine for the management of chronic 
migraine prophylaxis  

•   Anecdotal benefi t in treatment of neuropathic pain of dia-
betic neuropathy, migraines, and cluster headache therapy  

•    Mechanism of action : 
 –    Blocks sodium channels [ 16 ]  
 –   Potentiates the inhibitory effects of GABA [ 16 ]  
 –   Antagonizes the ability of kainate to activate the 

kainate/AMPA [ 16 ]    
•     Pharmacokinetics 

 –    Structurally unrelated to all the antiepileptic agents.  
 –   Time to peak serum concentration is 2–4 h [ 17 ]     

•    Metabolism 
 –    It is minimally bound to serum proteins and is primarily 

excreted in urine with some hepatic oxidation [ 7 ]  
 –   Adult  T  1/2  = 20–30 h [ 17 ]     

•    Dosing 
 –    Start at 25–50 mg/day [ 15 ]  
 –   Increase by 50 mg every 7 days to 400 mg BID dosing [ 15 ]     

•    Side effects  
   The presence and severity of many of these adverse 

effects appear to be dose-related
 –    Somnolence, anxiety, ataxia, dizziness, memory loss, 

confusion [ 15 ], nausea, vomiting, constipation, 
anorexia, weight loss [ 15 ], personality changes, insom-
nia [ 15 ], metabolic acidosis due to bicarbonate wasting 
[ 15 ], fatigue        

    Points to Remember About Topiramate 

•     Few drug interactions  
•   Anorexia causing weight loss is a serious side effect and 

care must be taken in patients with eating disorders 
(Table  13.1 )

   Table 13.1    Summary of anticonvulsants used in the treatment of neuropathic pain   

 Drug  Dosing 
 Time to peak 
effect (h) 

 Serum  T  1/2  
life (h)  Adverse effects 

 Phenytoin 
(Dilantin) 

 Start at 100 mg PO TID and check blood levels in 
3 weeks (therapeutic level 10–20 mcg/mL), dose 
changes no more frequently than every week 

 3–12  12–36  Hirsutism, ataxia, nausea, vomiting, gastritis, 
rash, hepatotoxicity, folic acid defi ciency, 
gingival hyperplasia, nystagmus, 
teratogenicity, cerebellar atrophy, osteomalacia 

 Carbamazepine 
(Tegretol) 

 Start at 100 mg PO BID and increase 200 mg/day 
until pain is relieved to a maximum of 1,200 mg/day 

 2–8  10–25  Nausea, vomiting, gastric irritation, HTN, 
acute LV failure, sedation, diplopia, vertigo, 
aplastic anemia, agranulocytosis, liver 
dysfunction, jaundice, oliguria 

 Valproic acid 
(Depakote) 

 Start at 15 mg/kg daily in divided doses then 
increase by 5–10 mg/kg/day every week to a 
maximum of 60 mg/kg/day 

 1–4  10–20  Nausea, vomiting, anorexia, liver failure, 
sedation, tremor, ataxia, skin rash, alopecia, 
weight gain 

 Gabapentin 
(Neurontin) 

 Start at 100–300 mg PO daily and titrate to TID 
dosing, weekly escalation if tolerated to a 
maximum of 1,800 mg/day 

 2–3  5–7  Nausea, vomiting, GI irritation, confusion, 
sedation, dizziness, tremors, peripheral edema 

 Clonazepam 
(Klonopin) 

 Start at 0.5 mg PO daily or TID and increase by 
0.5 mg/day every 5 days to a maximum of 6 mg/day 

 1–4  12–24  Sedation, fatigue, dependence, ataxia, 
withdrawal 

 Lamotrigine 
(Lamictal) 

 Start at 25 mg PO daily and titrate over 2 weeks to 
25 mg PO BID and increase by 25 mg daily every 
2 weeks to a maximum of 200 mg POBID 

 1–3  15–25  Dizziness, somnolence, ataxia, headache, 
diplopia, blurred vision, nausea, vomiting, 
Toxic epidermal necrolysis, Stevens-Johnson 
Syndrome 

 Topiramate 
(Topamax) 

 Start 25–50 mg PO daily; increase by 50 mg every 
7 days to a maximum of 400 mg PO BID dosing 

 2–4  20–30  Anorexia, weight loss, nausea, vomiting, 
constipation, somnolence, anxiety, ataxia, 
dizziness, memory loss, personality changes, 
insomnia, metabolic acidosis 

 Pregabalin 
(Lyrica) 

 Start at 25 mg PO Qday to BID and increase if 
tolerated to a maximum of 150 mg PO TID over 
3–4 weeks 

 1–2  6–7  Dizziness, somnolence, nausea, blurred vision, 
weight gain, peripheral edema, 
thrombocytopenia, angioedema 
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      Abbreviations 

   CNCP    Chronic non-cancerous pain   
  COT    Chronic opioid therapy   
  ECGs    Electrocardiograms   
  ER    Extended release   
  GABA    Gamma-aminobutyric acid   
  IR    Immediate release   
  MHRA    Medicines and Healthcare products Regulatory 

Agency   
  QTc    Rate corrected QT   
  SL    Sublingual   

         Introduction 

 Opioid use for pain relief can be found in ancient Egyptian 
papyrus records [ 1 ]. Historically, opium was derived from 
the poppy seed. Morphine was fi rst isolated by Freidrich 
Serturner, a German pharmacist, in 1804 [ 2 ].  

    Defi nitions 

     Opioids : group of compounds that interact at the opioid 
receptors 
 This includes natural occurring opioids derived from 

opium poppy seed, semisynthetic opioids (e.g., hydro-
codone), and synthetic opioids (e.g., fentanyl) [ 2 ,  3 ]  

   Opiates : derivatives of the nature alkaloids found in 
opium poppy that include morphine, codeine, and 
thebaine  

   Narcotics : a term used for all drugs that have psychoactive 
properties with a potential for abuse    

  Mechanism of action : Morphine-like opioid agonists act at 
several specifi c opioid receptor-binding sites in the CNS and 
other tissues, involving several neurotransmitter systems to 
produce analgesia. Opioids principally act on the presynaptic 
receptors of neurons that in turn inhibit the release of gamma-
aminobutyric acid (GABA) [ 4 ]. 

  Receptors : Three principle opioid receptors located in the 
central and peripheral nervous system.
    1.     Mu —analgesia at supraspinal levels, related to respira-

tory depression and to physical dependence with 
chronic use   

   2.     Kappa —analgesia at spinal level, related to the sedative 
effects of opioid drugs   

   3.     Delta —analgesia at supraspinal levels, related to respira-
tory depression and to psychomimetic and dysphoric 
effects    
    Most of the clinically used opioids have their principal 
effect at the Mu receptor  [ 5 – 7 ]. 

  Opioid usage : Used in acute and chronic pain, with chronic 
pain defi ned as “pain that persists beyond normal tissue 
healing time, which is assumed to be 3 months” by the 
International Association for the Study of Pain.

  Opioid Chemical Classifi cation [ 2 ] 
   1.    Phenanthrenes—morphine, codeine, oxycodone, hydro-

codone, hydromorphone   
   2.    Benzomorphans—pentazocine   
   3.    Phenylpiperidines—meperidine, fentanyl   
   4.    Diphenylheptanes—methadone, propoxyphene   
   5.    Tramadol—does not fi t into any of the four above chemi-

cal classes    

      Opioid Medications 
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  Opioid Activity Classifi cation 
   1.    Agonists—most of the common opioids, e.g., codeine, 

hydrocodone   
   2.    Partial agonists—buprenorphine   
   3.    Agonists–antagonists—pentazocine   
   4.    Antagonists—naloxone   
   5.    Tramadol—an atypical opioid    

  The Controlled Substance Act

This act is a federal law as part of the federal US drug policy. 
This act classifi es controlled drugs into fi ve schedules over-
seen by the Drug Enforcement Administration (DEA) [ 8 ].  

    Schedule of Drugs 

     I —No medical use, high potential for abuse, e.g., heroin, LSD  
   II —Accepted medical use with high potential for abuse, 

e.g., hydrocodone, morphine, methylphenidate, oxycodone, 
fentanyl, hydromorphone  

   III —Accepted medical use with potential for abuse less than 
drugs in schedule I and II  

  Tylenol #3 (with codeine)  
   IV —Accepted medical use with potential for abuse less than 

drugs in schedule III, e.g., benzodiazepines  
   V —Accepted medical use with potential for abuse less than 

drugs in schedule IV, tramadol, carisoprodol, e.g., prega-
balin and codeine-containing cough suppressants    

 Opioid Duration of Action

Opioids have varying half- lives and corresponding durations 
of action. Long  T  1/2  agents are more benefi cial in chronic 
pain conditions requiring around the clock medications.
•     Short duration of action  ( up to 4 – 6 h ): Immediate 

release—tramadol, codeine, morphine, hydromorphone, 
hydrocodone, oxycodone, oxymorphone, and tapentadol  

•    Long duration of action  ( approximately 8 – 12 h ): Extended 
release—tramadol (Conzip), morphine (MSContin, Avinza, 
Kadian), oxycodone (OxyContin), oxymorphone (Opana 
ER), tapentadol (Nucynta ER), fentanyl patch (48–72 h), 
buprenorphine (Butrans, Suboxone  24 – 48 h ), methadone    

  Opioids in managing pain:  The analgesic ladder was fi rst 
presented by the World Health Association. This ladder 
attempts to match the severity of pain with the strength of 
analgesics that can be prescribed. Multimodal approach to 
pain treatment is emphasized 
•      Mild pain —treated with non-opioid mediations and adju-

vants, with progressive use of milder, and then stronger 

opioids up the ladder as pain becomes more severe initiate 
treatment with NSAIDs and acetaminophen  

•   Moderate pain—consider tramadol, codeine, and 
hydrocodone  

•   Severe pain—consider morphine, methadone, hydromor-
phone, fentanyl, oxycodone, oxymorphone, tapentadol, 
and levorphanol    

  Patient selection  [ 9 ]: Before initiating chronic opioid therapy 
(COT), physicians should assess the patient with a complete 
history, physical examination, and appropriate testing, 
including an evaluation of the risk of substance abuse, misuse, 
or addiction. Full details can be found in the chapter on 
obtaining a history for the pain patient.
•    Trial of COT is an option to consider when alternative 

treatments fail to control moderate or severe pain that 
adversely affects a patient’s function or quality of life and 
benefi ts outweigh risks  

•   Goal of opioid therapy for chronic non-cancerous pain 
(CNCP) is rarely the elimination of pain, but rather an 
improvement in function or a reduction of pain intensity 
by at least 30 % [ 10 ]    

  Initiation and titration of COT  [ 11 ]: Opioid therapy for 
CNCP should be started at low dose and titrated slowly.
•    Immediate release (IR) medications can be used to start to 

make sure they are well tolerated  
•   IR medications are also best when patients do not have 

pain everyday  
•   If a patient requires an IR medication >3–4 times everyday, 

consider treating the patient with a long- acting or extended 
release (ER) medication  

•   Some patients require both IR and ER medications to 
properly control their pain  

•   When possible, use the same class of opioid analgesic for 
long-acting (i.e., 24-h scheduled doses) and short-acting 
(i.e., PRN doses for breakthrough pain) pain relief  

•   For severe pain, fi rst-line therapy may start with hydroco-
done, oxycodone, oxymorphone, hydromorphone, tapent-
adol, or morphine, with second-line therapy leading to 
fentanyl and if absolutely necessary, the third-line therapy 
for severe pain with methadone or buprenorphine  

•   There is a correlation between increasing mortality with 
increasing doses    

  Adverse effects of opioids : Anticipation and treatment of 
adverse effects reduce the likelihood that patients will discon-
tinue opioid due to intolerable adverse effects, and may allow 
use of higher opioid doses if needed for uncontrolled pain.
•     Constipation : one of the most common side effects

 –    Constipation secondary to opioids does  not  improve 
with time; stool softeners, laxatives, and increased fi ber 
intake are commonly needed. 
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 –  Medications to consider for treatment : Colace 100 mg 
bid-tid, Senna 1–2 po qhs prn, Dulcolax 5–10 mg PO 
or PR prn. If conservative measures fail, methylnal-
trexone (Relistor) 0.15 mg/kg SC every other day can 
also consider Amitiza.  

 –   In the elderly, controlled release oxycodone is 7× more 
likely to cause constipation than transdermal fentanyl 
[ 12 ]. Elderly patients should preemptively be placed 
on a bowel regimen when starting opioid medications 
to avoid constipation complications.     

•    Urinary retention:  Elderly are at higher risk for develop-
ing opioid-induced urinary retention. Treatment is with 
catheterization and a reduction or discontinuation of the 
opioid [ 13 ].  

•    Pruritis:  Mechanism of opioid-induced pruritis is unclear. 
It is more common with IV and intrathecal administration of 
opioids. Treatment with antihistamines is not very effective. 
Treatment is generally a change in opioid such as fentanyl 
or hydromorphone that have less histamine releasing issues, 
or with the use of naloxone. Naloxone may however, 
decrease the effectiveness of opioid analgesia [ 14 ].  

•    Nausea and vomiting:  A common opioid-associated 
adverse effect that tends to diminish over days or weeks 
of continued opioid exposure. Available treatments 
include antiemetics, metoclopramide (Reglan), serotonin 
antagonists, antihistamines, and corticosteroids. It can be 
used alone or in combinations [ 15 ]. Commonly used anti-
emetics are Zofran 4–8 mg PO/IV q6 hours prn and/or 
Phenergan 12.5–25 mg PO/IM/IV q8 hours prn.  

•    Sedation or impaired cognition:  This tends to wane over 
time. If severe, sedation can be treated with dextroamphet-
amine (Dexedrine) 2.5–5 mg PO BID or methylphenidate 
(Ritalin) 2.5–5 mg PO BID. Caution with these medica-
tions in patients with cardiac pathology, increased BP or 
increase HR. Delirium or reduced cognition can be treated 
with haloperidol (Haldol) 0.5–2 mg PO BID or other 
antipsychotic drugs at lose dose.  

•    Respiratory depression:  Risk is highest in opioid-naïve 
patients and may occur when initial opioid doses are too 
high, opioids are titrated too rapidly, or opioids are com-
bined with other drugs that are associated with respiratory 
depression or that may potentiate opioid-induced respira-
tory depression (such as benzodiazepines) [ 9 ]. Naloxone 
(Narcan) 0.4–2 mg IV every 2–3 min up to 10 mg total 
can be used to reverse the opioid effects of respiratory 
depression. Some patients may need intubation for 
mechanical respiration. More details on this subject can 
be seen in the dedicated chapter.  

•    Opioid-induced hyperalgesia (OIH):  OIH is a less rec-
ognized side effect of chronic opioid treatment where 
paradoxically there is increased sensitivity to certain 
painful stimuli. The incidence or prevalence is not known. 

The mechanism is not understood but there appears to be 
increased sensitization of the nociceptive pathway. There 
is no defi nitive treatment. Tapering of opioids for opioid 
free trial may help in the treatment of these symptoms. 
Methadone, as an NMDA receptor agonist, may prevent 
or reduce OIH [ 16 ].    

  Opioid rotation : Opioid rotation should be considered if there 
are excessive side effects, insuffi cient pain relief when using one 
opioid during dose titration, or extreme tolerance develops [ 17 ]. 

  Overdose : Opioid overdoses can be reversed with an opioid 
antagonist, naloxone. More details on this subject can be 
seen in Chap.   7    .

  Changes in Therapy [ 9 ] 
•   Opioid therapy is continued if appropriate analgesia and 

functional status is achieved either with opioid therapy 
alone or in conjunction with other modalities.  

•   Patients who are unable to obtain adequate analgesia with 
high dosages and with other issues may be converted to 
SL buprenorphine.  

•   If opioids are to be discontinued for reasons not associ-
ated with non-compliance, then tapering should be a slow 
decrease of 10 % of the original dose per week. This regi-
men is generally well tolerated with minimal adverse 
physiological effects.  

•   Symptoms of mild opioid withdrawal may occasionally 
persist for 6 months after opioids have been discontinued.  

•   Benefi t may be obtained from adjuvant agents such as 
antidepressants to manage irritability and sleep distur-
bances, or antiepileptics for neuropathic pain.  

•   The majority of treatment recommendations are based on 
evidence consensus and practice patterns, rather than 
high-quality evidence alone.    

  Therapy for the opioid-naïve patient:  refer to initiation 
and titration of COT above and opioid equianalgesic doses 
table for potency comparison.  

    Therapy for Opioid-Tolerant Patients 

 With below doses around the clock ≥1 week, patient is 
considered “opioid tolerant”:
•    60 mg PO morphine daily  
•   25 mcg TD fentanyl/h  
•   30 mg oxycodone daily  
•   8 mg PO hydromorphone daily  
•   Equianalgesic of another opioid    

  Opioid Equianalgesic Doses (Table    14.1   )  [ 17 ,  18 ]:
    Opiate Conversion Chart (Fig.    14.1   )   
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  Opioid metabolism:   Most opioid metabolism occurs in the 
liver and not in the kidney. This is primarily through the 
cytochrome P450 or glucuronidation system [  2  ] .

  Strong Full Agonists [ 19 ] 
•   Fentanyl (Duragesic)

 –    Available as transdermal patch; approximately 80–100 
times as potent as morphine  

 –   Considered good option in patients with renal insuffi -
ciency or patients who cannot tolerate PO medication 
options  

 –   Helpful when treating patient with abdominal issues as 
absorption bypasses the GI tract  

 –   Patients should be educated never to leave the patches 
in a garbage can, where children can fi nd them as this 
could be very dangerous.     

•   Hydromorphone (Dilaudid)
 –    More soluble than morphine  
 –   Nausea, vomiting, and constipation may be less 

marked with hydromorphone than with morphine  
 –   High potential for abuse, use extra caution when 

prescribing     
•   Levorphanol (Levo-Dromoran)

 –    Useful for patients who are unable to tolerate morphine 
and methadone  

 –   Do to its long half-life it can be useful in chronic pain 
and palliative care     

•   Meperidine (Demerol)
 –    Causes little or no constipation and has antitussive 

activity only in analgesic doses  
 –   Not recommended in chronic pain settings or  long- term 

use due to adverse neurological events resulting in 
confusion and seizures secondary to accumulation of 
toxic metabolite normeperidine     

   Table 14.1    Opioid equianalgesic doses [ 17 ,  18 ]   

 Opioid 
 Oral 
(mg) 

 IM/IV 
(mg) 

 Transdermal 
(μg/h)  Duration (h) 

 Morphine  30  10  2–4 
 Tramadol  450  4–6 
 Codeine  300  130  2.5–4 
 Meperidine  150  50  2.5–4 
 Hydrocodone  30  3–4 
 Oxycodone  20  3–4 
 Methadone  20  10  8–12 
 Oxymorphone  10  3–4 
 Hydromorphone  7.5  1.5  2.3–2.5 
 Levorphanol  4  4–8 
 Fentanyl  0.1  12.5  3–20 

  *There are variations in metabolization for intermediate release (2–6 h) 
and long-acting (8–12 h) forms 
 It is important to note that dosing may require TID instead of BID dosing  

  Fig. 14.1    Opioid conversion chart. © Kimberly Sackheim 2015. All Rights Reserved       
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•   Methadone
 –    Careful titration is necessary to avoid delayed adverse 

events, such as overdose, since methadone has a very 
long and highly variable half-life  

 –   Should not be used to treat breakthrough pain or as an 
as-needed medication  

 –   Good option in patients with renal insuffi ciency  
 –   Associated with multiple adverse consequences 

including prolonged QT interval; Avoid or use with 
caution and careful monitoring in patients who are at 
risk for development of prolonged QT syndrome
   ◾ The Medicines and products Regulatory Agency 

(MHRA) advise electrocardiograms (ECGs) for 
patients on methadone with heart/liver disease, 
electrolyte abnormalities, concomitant QT prolong-
ing medications/CYP3A4 inhibitors or prescribed 
methadone >100 mg daily [ 20 ]  

  ◾ Rate corrected QT (QTc) prolongation refers to the 
QTc interval extending beyond normal limits, 
>450 ms in men, and >470 ms in women [ 21 ]  

  ◾ A mechanism for methadone-related QTc prolon-
gation has been proposed whereby methadone 
may block potassium channels, leading to pro-
longed repolarization and consequent QTc prolon-
gation [ 22 ]  

  ◾ Clinically signifi cant QTc prolongation and torsade 
de pointes are rare, and further research is required 
to determine the number of ECGs needed to prevent 
harm and the management of QTc prolongation if 
observed [ 23 ]        

•   Morphine (MSContin, Avinza, Kadian)
 –    Can be administered in oral or suppository form  
 –   Prototype and standard of comparison for opioid 

analgesics  
 –   Morphine-6-glucuronide: active metabolite that 

appears to contribute to analgesic activity of morphine 
is eliminated by the kidney and will accumulate in 
patients with renal insuffi ciency     

•   Oxycodone (OxyContin, Percocet)
 –    Second-line therapy for mild to moderate pain     

•   Oxymorphone (Opana)
 –    Available in suppository form, as well as immediate 

and sustained release oral forms.      

  Weak Full Agonists [ 19 ] 
•   Codeine (Tylenol #3, Tylenol #4)

 –    First-line therapy for mild to moderate pain  
 –   Can be administered in fi xed combination with aspirin 

or acetaminophen     
•   Hydrocodone (Lorcet, Lortab, Vicodin)

 –    First- and second-line therapy for mild to moderate 
pain  

 –   Administered in fi xed combination with acetaminophen     

•   Propoxyphene (Darvocet)
 –    Withdrawn from the market in the United States due to 

increased risk of serious cardiac toxicity even at thera-
peutic doses      

  Dual Mode of Action 
•   Tramadol (Ultram) [ 24 ]

 –    First-line therapy for mild to moderate pain  
 –   Can be administered orally alone or in combination 

with acetaminophen  
 –   Also blocks reuptake of serotonin and norepinephrine; 

enhances neuronal serotonin release  
 –   Increases risk of seizures in patients taking SSRIs, 

TCAs, or other tricyclic compounds(e.g., cyclobenza-
prine, promethazine), or other opiate agonists     

•   Tapentadol (Nucynta)
 –    Tapentadol is a relatively new analgesic agent. It has a 

dual mode of action - mu receptor agonist as well as a 
norepinephrine reuptake inhibitor. This dual mode of 
action allows for analgesic effects with a lower side 
effect profi le [ 25 ,  26 ]  

 –   Potentially life-threatening serotonin syndrome with 
SNRIs, including tapentadol, particularly with concur-
rent use of other serotonergic drugs (e.g., 5-HT1receptor 
agonists [“triptans”], SSRIs, tricyclic antidepressants) 
or drugs that impair serotonin metabolism (e.g., MAO 
inhibitors) [ 27 ]      

  Partial Agonists and Mixed Agonist/Antagonists 
•   Buprenorphine (Butrans, Suboxone, Subutex) [ 25 ]

 –    Administered transdermally for management of 
chronic pain only and administered sublingually as a 
single agent or in fi xed combination with naloxone for 
management of opiate dependence  

 –   Acts as a partial agonist at μ-opiate receptors in the 
CNS and peripheral tissues, an antagonist at κ-opiate 
receptors, and an agonist at δ-opiate receptors  

 –   Certifi cation required for its use in addiction medi-
cine, but not if it is purely for pain control. To use 
buprenorphine in the treatment of opioid addiction, 
a special waiver is required for offi ce-based treat-
ment. This requires 8 h of specifi c training and noti-
fying the Center for Substance Abuse Treatment. A 
special identifi cation number is assigned to each 
certifi ed physician from the Drug Enforcement 
Administration.     

•   Butorphanol (Stadol) [ 19 ]
 –    Can be administered by nasal inhalation

   Most commonly used as an intranasal spray in the 
treatment of migraines     

 –   Opiate antagonistic effect may result from competitive 
inhibition at the opiate receptor and it exerts antagonistic 
effects at μ opiate receptor sites  
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 –   The manufacturer has discontinued production, but it 
is still available as a generic      

  Opioid Use with Renal or Hepatic Dysfunction 
•   Active agent or their metabolites may accumulate if renal 

or hepatic function is present  
•   Meperidine should be avoided with renal dysfunction  
•   In addition, the active metabolite of morphine, morphine-

6- glucuronide may accumulate with around the clock use  
•   Combination products of opioids with acetaminophen are 

best avoided in hepatic dysfunction    
  Opioid use in the elderly:  Opioids can be considered in the 

elderly. However, there are increased risks with an 
increased incidence of falls and fractures [ 28 ].

  Route of Administration 
•   Oral route of administration is the most common and 

preferred  
•   Patients who are unable to swallow pills, other routes are 

available
 –     Transdermally —Fentanyl, Butrans  
 –    Rectal suppository —morphine sulfate suppositories  
 –    Buccal / transmucosal routes —Ryzolt, Actiq, Subutex, 

Suboxone, Stadol, Sufenta     
•   The intramuscular route does not produce reliable absorp-

tion and is generally not recommended  
•   Intravenous or subcutaneous routes can produce a very 

rapid onset of analgesia [ 29 ]   

  Clinical Pearls 
•   Patients who are on a methadone maintenance program 

requiring opioid analgesics should continue their metha-
done maintenance dose and use short-acting opioid anal-
gesics only if severe pain [ 30 ]. Caution is always used 
when prescribing opioids to these patients as they have 
history of drug abuse.
 –    To decrease the total amount of opioid provided to 

these patients, multimodal analgesia (e.g., nonsteroi-
dal anti-infl ammatory drugs and acetaminophen) [ 31 ] 
and adjuvant analgesics that enhance opioid effects 
(e.g., tricyclic antidepressants) [ 32 ] may be coadmin-
istered [ 33 ].     

•    Caution with combination medications 
 –    In adults without liver or kidney disease who are tak-

ing opiates that are combined with other products
   Do not exceed total daily dosage of 4 g of acetaminophen  
  Do not exceed total daily dosage of 400 mg/kg of 

ibuprofen  
  Do not exceed total daily dosage of 150 mg/kg of 

aspirin  
  Patients should be educated to not take additional over the 

counter medications that contain the combination 
medication in their opiate therapy        

•   Opiate-naïve patients
 –    It is common to start with tramadol and progress with 

stronger medication to achieve adequate pain control. 
The next step in the progression can be a schedule III 
medication. Longer acting medication may be consid-
ered depending on patient requirements.           
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      Abbreviations 

   Ca ++     Calcium   
  CRPS    Complex regional pain syndrome   
  DMSO    Dimethyl sulfoxide   
  DPN    Diabetic peripheral neuropathy   
  EMLA    Eutectic mixture of local anesthetics   
  FDA    Food & Drug Administration   
  G6PD    Glucose-6-phosphate dehydrogenase   
  GABA    Gamma amino butyric acid   
  Na +     Sodium   
  NMDA     N -methyl  d -aspartate   
  NSAID    Nonsteroidal anti-infl ammatory drug   
  PHN    Post-herpetic neuralgia   
  TCA    Tricyclic antidepressant   
  TRP    Transient receptor potential   

         Introduction 

•      Topical Analgesics : describes analgesics applied locally 
and directly to painful areas and whose site of action is 
local to the site of application [ 1 ]
 –    This is in contrast to transdermal medication formula-

tions which require systemic levels for their desired 
effects such as fentanyl [ 1 ]     

•    Some chronic pain conditions with a discreet region or 
localized area of pain include :

 –    Muscle strain/sprain  
 –   Arthritic conditions  
 –   Complex regional pain syndrome  
 –   Neuropathic pain conditions (radiculopathy, neuropathy, 

etc.)  
 –   Peripheral nerve pathology     

•   Oral medications can result in signifi cant unwanted 
side effects; therefore, topical medications are consid-
ered to avoid these untoward effects as they typically 
exert their effects locally with minimal systemic 
absorption.  

•   For patients with localized symptoms who do not tolerate 
oral formulations of these medications, topical agents can 
be both effective and much more tolerable, resulting in 
signifi cant improvement in quality of life.  

•   In some cases, topical application of these medications 
can lead to detectable blood levels of the drug.
 –    When this occurs, systemic effects of the drug can be 

seen Ex. Doxepin cream may cause drowsiness     
•    Drug dosage and pharmacokinetics in topical analgesics 

can vary widely depending on :
 –    Area of treatment  
 –   Blood fl ow to the affected area  
 –   Skin temperature  
 –   Quantity of formulation applied  
 –   Type of dressing applied over the area (occlusive 

dressings increase the absorption of most topical 
drugs)       

•      Topical medications desired effects :
 –    Anesthesia  
 –   Analgesia  
 –   Alteration of systemic blood fl ow  
 –   Decreased infl ammation  
 –   Relief of distressful symptoms ex. pruritus       

 The available topical agents include over-the-counter prepa-
rations, Food & Drug Administration (FDA)-approved for-
mulations, and a seemingly endless number of compounded 
formulations of drugs or drug combinations.
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  Drug Classes Include the Following: 
•    Menthol / Camphor —Creams/balms containing menthol 

or camphor can cause the skin to feel warm or cold. 
Mechanism of action for pain relief is most likely coun-
terirritant distraction mediated by the Transient Receptor 
Potential (TRP) channel. These agents may also modulate 
blood fl ow to the affected area and may provide tempo-
rary relief, but should not be applied more than 3–4 times 
a day.
 –     Ingestion or absorption of camphor through overuse or 

use on non - intact skin can lead to severe skin irritation , 
 neurologic symptoms such as seizures ,  hepatotoxicity , 
 or even death  [ 2 ].     

•    Capsaicin— Topical preparations derived from hot peppers 
that work by activation of TRP channels and by depleting 
substance P

 –    Regarded as an adjunct to be used in combination with 
other agents [ 3 ].  

 –   Can give moderate relief of musculoskeletal-related 
pain.  

 –   Has been shown to provide modest pain relief, but no 
long-term benefi t in neuropathic pain conditions such 
as PHN, DPN, and post-mastectomy pain syndrome 
[ 3 ,  4 ].  

 –   Severe burning of the skin may occur in as much as 
80 % of patients and can lead to treatment failures [ 1 ].
   ▪ Pretreatment with EMLA cream fails to reliably 

decrease the burning pain associated with applica-
tion [ 5 ].  

  ▪ Patients must be educated to apply the cream with 
nitrile gloves (latex gloves provide inadequate 
protection), avoiding contact with other regions of 
the body, especially the eyes        

•    Local Anesthetic— Block voltage-gated sodium 
channels
 –     Lidocaine 5  %  patch —FDA approved for treatment 

of post-herpetic neuralgia
   ▪ Mechanism thought to involve a decrease in ectopic 

discharges from peripheral sensory afferents, since 
pain relief occurs in the absence of anesthetic 
effects [ 5 ].  

  ▪ Patients typically get adequate amounts of absorp-
tion to provide analgesia, but not enough to provide 
complete sensory blockade [ 6 ].  

  ▪ May also have anti-infl ammatory effects [ 7 ].  
  ▪ Excellent safety profi le with little systemic effect 

[ 8 ].  
  ▪ Patients should be educated that the skin underlying 

the patch will become numb.     
  ▪ Limited studies have shown encouraging results in 

the use of EMLA cream in the treatment of neuro-
pathic pain such as PHN and CRPS [ 1 ]     

•    Nonsteroidal Anti - infl ammatory Drugs —Inhibition of 
cyclooxygenase activity with a resultant decrease in the 
conversion of arachidonic acid into prostaglandins and 
thromboxane [ 9 ]
 –     Methylsalicylate —Readily available over the counter 

and has an anti-infl ammatory mechanism
   ▪ At least one death attributed to extreme overuse by 

a teen athlete with resulting salicylate toxicity [ 10 ].     
 –    Trolomine Salicylate —Over-the-counter topical NSAID  
 –    Diclofenac —Topical preparations of this NSAID are 

available for the treatment of arthritis-related musculo-
skeletal pain with moderate results when used short 
term.
   ▪ Diclofenac solution 1.5 %(Pennsaid) contains 

DMSO 45.5 % as a carrier for the drug and is 
applied in drop form onto the affected joint  

  ▪ Also available in 1 % gel (Voltaren) or a 1.3 % 
patch (Flector).  

  ▪ A 3 % gel (Solaraze) is also available, but is indi-
cated for treatment of actinic keratosis  

  ▪ Less effi cacy than oral NSAIDs but with fewer sys-
temic side effects [ 11 ]     

 –    Piroxicam and Ketoprofen— Topical NSAID prepa-
rations that are not yet FDA-approved in the United 
States, but may be available through compounding 
pharmacies     

•    Tricyclic Antidepressants —Primarily block reuptake of 
norepinephrine and serotonin, they also affect adenosine 
A receptors and sodium channels
 –     Doxepin 5  %  Cream  ( Zonalon )—Approved to treat 

pruritus associated with painful neuropathy [ 12 ]
•    Signifi cant systemic absorption with drowsiness 

has been shown to occur in up to 20 % of patients 
treated, especially when >10 % of the body surface 
area is involved [ 12 ].  

•   Combination with capsaicin may speed onset of 
relief [ 13 ].     

 –    Amitriptyline Cream —In animal studies, shown to 
have local anesthetic properties when applied periph-
erally in high doses [ 14 ,  15 ].
   ▪ Frequently compounded as a single agent (2–10 %) 

or in combination with other agents        
•     Opioids 

 –   Topical application of morphine has been reported to 
alleviate burn pain, pain from epidermolysis bullosa, 
and morphine oral rinse has been shown to be helpful 
when applied topically for radiation- induced oral 
mucositis, suggesting a possible role for effi cacy in 
topical application for peripheral analgesia [ 16 – 18 ].  
  ▪ The role of systemic opioids in pain medicine is 

discussed further in the opioid medication 
chapter.     
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•    Dimethyl Sulfoxide  ( DMSO )—A free radical scaveng-
ing anti-infl ammatory agent which is absorbed rapidly 
across the skin and greatly enhances percutaneous pene-
tration when used in combination with other agents [ 19 ]

 –    Has been used as a liniment for athletes and in veteri-
nary medicine  

 –   It is excreted as a distinctive garlic taste in the breath 
when applied topically [ 19 ]  

 –   Care must be taken, since any impurities in the DMSO 
formulation can be carried across the skin and rapidly 
absorbed systemically.  

 –   FDA approved only for intravesicular bladder infusion 
for symptomatic treatment of interstitial cystitis.       

 There is insuffi cient evidence available on its effectiveness as 
a single agent in treating arthritis or any other pain syndrome, 
though it has been shown to have moderate effi cacy in treating 
arthritis as a carrier agent for diclofenac [ 11 ]  

    Compounded Products 

•     Compounding pharmacies are now capable of making 
topical cream or gel formulations of numerous classes of 
drugs.

 –     It must be remembered that these preparations have 
not been studied extensively for pharmacokinetics or 
effi cacy. In addition ,  there is no proof of quality control 
or consistency from one batch to another and there have 
been many documented compounding pharmacy errors 
leading to signifi cant morbidity and mortality related to 
drug dosing errors or contaminations  [ 1 ,  20 ].  

 –   One survey of pain physicians revealed that 27 % had 
prescribed a compounded topical agent and 47 % felt 
that their patient had responded favorably [ 21 ].  

 –   One study of an organogel preparation of combined 
baclofen, amitriptyline, and ketamine showed good 
relief of chemotherapy-induced peripheral neuropathy 
painful symptoms without systemic toxicity [ 22 ].  

 –   The combination of topical amitriptyline 2 % and topi-
cal ketamine 1 % was found to have mixed results in 
treatment of neuropathic pain in two studies. One 
showed no benefi t while another showed pain reduc-
tion of 34 % [ 23 ,  24 ]. Compounded ketamine was sug-
gested to be an effective topical analgesic in a study in 
the treatment of PHN [ 25 ]. 

 Compounding pharmacies are able to make topical 
formulations of a wide variety of medication classes. 

 Examples of drugs available from large national 
compounding pharmacies can vary but may include:
   Membrane stabilizers (gabapentin 2 %, carbamaze-

pine 2 %)  
  Local anesthetics (lidocaine 5 %, tetracaine 5 %)  

  Muscle relaxants (baclofen 2 %, cyclobenzaprine 2 %)  
  NSAID’s (piroxicam 2 %, ketoprofen 10–20 %, 

diclofenac 2 %)  
  Corticosteroid anti-infl ammatories (dexamethasone 2 %)  
  Tricyclic antidepressants (amitriptyline 5 %),  
  Alpha-2 agonists (clonidine 0.3 %)  
  Antivirals (acyclovir 3 %)  
  NMDA receptor antagonists (ketamine 50 mg/mL)        

•   These topical compounded formulations can be single 
drug or multiple drug formulations used to treat a wide 
variety of painful conditions including arthritis and neu-
ropathic pain. These compounded formulations are poorly 
studied and effi cacy is mostly anecdotal at the current 
time (Table  15.1 ).
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      Abbreviations 

   5-HT    Serotonin   
  ANA    Antinuclear antibody   
  CAD    Coronary artery disease   
  CBC    Complete blood count   
  CGRP    Calcitonin gene-related peptide   
  CH    Cluster headache   
  CM    Chronic migraine   
  CNS    Central nervous system   
  CRP    C-reactive protein   
  CT    Computerized tomography   
  D2    D2 dopamine   
  DHE    Dihydroergotamine   
  DM    Diabetes mellitus   
  ECG    Electrocardiogram   
  ESR    Erythrocyte sedimentation rate   
  HA    Headache   
  HC    Hemicrania continua   
  HIV    Human immunodefi ciency virus   
  HoTN    Hypotension   
  HTN    Hypertension   
  ICHD-2    International classifi cation of headache disorders, 

second edition   
  ICP    Intracranial pressure   
  IM    Intramuscular   
  INR    International normalized ratio   
  IVF    Intravenous fl uid   

  LP    Lumbar puncture   
  MA    Migraine with aura   
  MI    Myocardial infarction   
  MO    Migraine without aura   
  MOH    Medication overuse headache   
  MRI    Magnetic resonance imaging   
  MTC    Metoclopromide   
  NDPH    New daily persistent headache   
  NS    Nasal spray   
  NSAID    Nonsteroidal anti-infl ammatory   
  PAD    Peripheral artery disease   
  PCZ    Prochlorperazine   
  PH    Paroxysmal hemicranias   
  PLT    Platelet count   
  PRES    Posterior reversible encephalopathy syndrome   
  PVD    Peripheral vascular disease   
  QTc    Corrected QT interval   
  RPR    Rapid plasma reagin   
  SAH    Subarachnoid hemorrhage   
  SUNA    Short-lasting unilateral neuralgiform headache 

attacks with autonomic features   
  SUNCT    Short-lasting unilateral neuralgiform headache 

attacks with conjunctival injection and tearing   
  TAC    Trigeminal autonomic cephalalgia   
  TTH    Tension-type headache   
  VDRL    Venereal disease research library   

         Introduction 

 Headache is the most common reason for medical consulta-
tion and the fourth most common reason for emergency 
room visits in the United States [ 1 ]. Migraine is a major 
cause of disability and remains a challenge for practitioners 
and affl icted patients alike [ 2 ]. Headache disorders, in gen-
eral, can be subdivided into primary headache disorders and 
secondary headache disorders based on underlying cause or 
lack thereof.  

      Headache 
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    Evaluation of a Patient with Headache 

 The American Headache Society has created a mnemonic 
SNOOP for worrisome headache features or red fl ags, which 
should prompt further evaluation with various tests 
(Table  16.1 ).

       History and Examination 

 Initial evaluation of a headache patient is based on history 
and examination and should include the following:
•    Headache onset: sudden onset or thunderclap (less than 

1 min)  
•   Provoking factors: maneuvers that increase intracranial 

pressure (Valsalva, sexual activity, exercise, coughing, 
sneezing, etc.), trauma, illness  

•   Location of pain:
 –    Unilateral (side-locked) versus bilateral headache  
 –   V1-distribution pain: consider carotid dissection     

•   Pain severity and course including duration and fre-
quency of attacks  

•   Associated symptoms:

 –    Abnormal neurologic signs including but not limited 
to level of arousal, visual changes, vertigo, speech dif-
fi culty, dysarthria, dysphagia, paresthesias, and/or 
motor weakness are red fl ags     

•   Systemic signs/symptoms: fever/chills, weight loss, etc. 
are red fl ags 

•  Exacerbating Factors: (position change) Headache worse 
upon standing might point to low ICP. Headache worse when 
lying down or upon awakening might point to increased ICP  

•   Medical history: consider vascular risk factors, systemic 
illness, malignancy, HIV, pregnancy, etc.  

•   Medications: previous headache treatments (both pre-
scription and over the counter). CNS stimulants can exac-
erbate headache    

    Examination to Assess Headache Patient 

•     General appearance  
•   Head

 –    Palpate for areas of tenderness  
 –   Listen for bruits  
 –   Temporal area tenderness  
 –   Temporal artery bruits can be consistent with temporal 

arteritis  
 –   Supraorbital or occipital area tenderness     

•   Eye examination/fundoscopic examination  
•   Temporomandibular joints: tenderness, range of motion, 

clicking, locking  
•   Neck and shoulders—range of motion, trigger points  
•   Neurologic exam

 –    Cognition and level of arousal  
 –   Cranial nerve testing  
 –   Motor exam  
 –   Sensory Exam  
 –   Assess coordination and gait         

    Diagnostic Tests 

     1.    Neuroimaging
•        Computerized tomography  ( CT )  best to evaluate for :

 –    Blood—95 % sensitive for SAH on day of presen-
tation [ 3 ]  

 –   Bone (fracture)  
 –   Quick and readily available  
 –   When MRI is contraindicated (e.g., implantable 

devices such as pacemaker)      
•       MRI  ( Magnetic Resonance Imaging )  to examine for :

 –    Vascular etiologies  
 –   Neoplasm  
 –   Posterior fossa pathology  
 –   Infectious etiologies          

   Table 16.1    Use SNOOP to help identify patients with likely secondary 
headache   

 Mnemonic 
letter 

 Mnemonic 
words  Description 

 S  Systemic  Fever, weight loss, or decreased appetite 
often suggest systemic illness, including 
infection and malignancy 

 N  Neurological 
symptoms 

 Mental status changes, seizures, focal 
neurological signs or symptoms suggest 
possible brain pathology, e.g., CO 
poisoning, CVA, primary/secondary 
malignancy 

 O  Onset  New onset headaches that quickly reach 
peak intensity (thunderclap headaches) 
may occur in patients with subarachnoid 
hemorrhage or other secondary 
headaches, as well as cough or sex-
related headaches 

 O  Older age  Headaches are more likely to be 
secondary in older patients. Any new 
headache in patients >50 years old will 
need an evaluation for secondary 
headaches, including giant cell arteritis, 
acute glaucoma, and primary/secondary 
malignancy 

 P  Progressive 
course 

 Headache progression may signify a 
worsening underlying illness, such as 
space occupying lesions 

   CO  Carbon monoxide,  CVA  Cerebrovascular accident 
 With permission from: Marcus DA, Philip A. Bain PA. Getting Started. 
In: Marcus DA, Bain PA. Practical Assessment and Treatment of the 
Patient with Headaches in the Emergency Department and Urgent Care 
Clinic. Springer, 2011:21–52   [ 32 ]  
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   2.    Laboratory testing
•       ESR and CRP to exclude temporal arteritis in patients 

>50 y/o
 –    Elevated levels require prompt treatment and pos-

sible biopsy  
 –   Temporal arteritis can lead to permanent visual loss 

and stroke if not identifi ed and treated early      
•      Comprehensive metabolic profi le, CBC, thyroid func-

tion tests, screen for autoimmune disease (ANA, RF), 
infl ammatory markers (ESR, CRP), Lyme titers, HIV 
test, VDRL/RPR, drug screen       

   3.    Lumbar Puncture (LP)
•       Indications:

 –    Sudden onset, worst HA of patient’s life  
 –   Headache with fever  
 –   HIV-infected patient  
 –   Cancer patient with subacute or progressive HA  
 –   Atypical chronic headache, HA not responsive to 

treatment      
•      Diagnostic for:

 –    SAH  
 –   Meningitis, encephalitis  
 –   Meningeal carcinomatosis  
 –   Low- or high-cerebrospinal fl uid pressure (e.g., 

intracranial HTN, HoTN)      
•      Contraindications:

 –    Order CT head prior to exclude space occupying/
obstructive lesion(s), if increased intracranial pres-
sure or space occupying lesion, LP should not be 
done to avoid herniation  

 –   Coagulopathy
 n    INR ≥ 1.3  
 n   PLT ≤ 100     

 –   Skin outbreak/infection at LP site  
 –   When in doubt, ask a neuroradiologist            

 In the evaluation of the headache patient, it is important to 
exclude all secondary causes. Secondary headaches are those 
attributed to underlying structural or systemic disease [ 4 ]. 
The patient’s presentation, clinical history, and exam will 
guide further evaluation. An algorithm for headache diagnosis 
is presented in Fig.  16.1 .   

    Secondary Headaches 

     Medication Overuse Headache  (MOH): a secondary head-
ache disorder formerly known as rebound headache brought 
on by the overuse of acute medications, namely triptans, 
simple analgesics, NSAIDs, butalbital- containing com-
pounds and opioids [ 5 ]. In general, acute treatments should 
not be used more than two days per week.
•     Diagnostic criteria for MOH :

 –    Headache be present >15 days/month  

•   Patient who regularly overuses acute medications for 
>3 months  

•   Resolves within 2 months of overused medication(s) dis-
continuation [ 4 ]        
 –   Other examples of secondary headache disorders:

 n    Headache attributed to head and/or neck trauma  
 n   Cerebral venous thrombosis and other vascular 

disorders  
 n   Primary and other brain neoplasms  
 n   Headache attributed to infectious and noninfectious 

infl ammatory disease [ 4 ]        

    Primary Headaches 

 Once secondary causes have effectively been excluded, focus 
on the accurate diagnosis and treatment of the primary head-
ache disorder. According to the International Classifi cation of 
Headache Disorders (ICHD-2), there are four major categories 
of primary headache disorders: migraine, TTH, cluster head-
ache, and other trigeminal autonomic cephalalgias, and other 
primary headaches [ 4 ]. 

    Migraine 

•     Chronic condition with episodic manifestations  
•   Familial disorder with a genetic component  

•   Environmental and lifestyle triggers (stress, weather changes, 
menses, inconsistent sleep, alcohol, dehydration, etc.)  

•   Monogenic forms are rare and include hemiplegic 
migraine and other complicated migraine disorders  

•   Most important categories are migraine with and 
without aura

  Fig. 16.1    Algorithm for headache diagnosis: fl ow assessment for patients 
with headache disorders.  Modifi ed from Evans R, Purdy A. Identifi cation 
or exclusion of secondary headaches. In: Lipton RB, Bigal ME, editors. 
Migraine and other headache disorders. New York: Informa Healthcare; 
2006;p131–144.    [ 34 ]       
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 –     Migraine without aura : defi ned by the ICHD-2 as 
outlined in Table  16.2 .

 –       Migraine with aura :
   Aura is a transient focal neurologic symptom. A new or 

different focal neurologic symptom should prompt 
further investigation to exclude secondary causes.  

  Migraine with aura is seen in 20 % of patients with 
migraine and is attributed to the phenomenon of 
cortical spreading depression [ 5 ].  

  Aura may occur in the absence of headache. See 
Table  16.2  for the diagnostic criteria for typical aura          

  Prevalence : 18 % of women and 6 % of men, 12 % overall [ 2 ] 

  Migraine  is divided into two groups determined by attack 
frequency:
    1.     Episodic migraine  (<15 days of headache/month)   
   2.     Chronic migraine  (CM) (≥15 days of headache/month 

for at least 3 months) [ 6 ]    

   Pathophysiology : One proposed theory of migraine patho-
physiology involves that activation of trigeminal nociceptive 
sensory fi bers (i.e., fi rst-order neurons) that convey pain sig-
nals from intracranial and extracranial blood vessels [ 7 ]. 

Once activated these trigeminal afferent fi bers release proin-
fl ammatory and pronociceptive vasoactive neuropeptides 
including substance P, neurokinin A, and calcitonin gene- 
related peptide (CGRP) leading to peripheral sensitization 
[ 8 ,  9 ]. Activation of second- and third-order neurons, trigem-
inothalamic and thalamocortical neurons respectively, leads 
to central sensitization. Cutaneous allodynia is a marker of 
central sensitization, which plays an important role in the 
pathophysiology of chronic migraine [ 10 ,  11 ]. A second pro-
posed theory of migraine pathophysiology suggests brain 
stem nuclei as the migraine initiation center [ 12 ,  13 ]. 

    Migraine-Specifi c Treatment 
•     Triptans (e.g., sumatriptan, rizatriptan, almotriptan) 

are fi rst-line treatments for moderate-to-severe attacks 
(See Table  16.3 ).

 –     Specifi c 5-HT1 (serotonin) agonists at the neurovascu-
lar junction  

 –   Available subcutaneous (SC), PO, nasal spray (NS)
 –    SC is most rapidly effective followed by NS followed 

by PO     
 –   Early treatment (at onset of headache) is believed to 

be key  
 –   Contraindicated in vascular disease (CAD, history of 

MI, PVD/PAD, history of stroke, DM, uncontrolled 
hypertension, uncontrolled hyperlipidemia), hemiple-
gic/basilar migraine, and pregnancy  

 –   Generic sumatriptan and rizatriptan are available     
•   Ergots (e.g., dihydroergotamine or DHE)

 –    Nonspecifi c 5-HT1 agonist at the neurovascular junction  
 –   Available IV, IM, SC, NS  
 –   DHE nasal spray (0.5 mg/spray)—maximum dose 

6 sprays/day, 8 sprays/week  
 –   Ergotamine/caffeine (1 mg/100 mg) tablets are also 

available (max dose ergotamine 6 mg/day, 10 mg/week)  
 –   Contraindicated in vascular disease, uncontrolled hyper-

tension, hemiplegic/basilar migraine, and pregnancy  
 –   Do not use within 24 h of a triptan       

   Nonspecifi c Analgesics 
•     Aspirin 900–1000 mg (max 4 g/day)  
•   Acetaminophen 1000 mg (max 4 g/day)  
•   Ibuprofen 400–800 mg (2400 mg/day)  
•   Naproxen 500 mg (max 1 g/day)  
•   Diclofenac 50, 75, 100 mg (max 200 mg/day)  
•   Ketoprofen 100 mg (max 300 mg/day)      

    Treatment for Refractory Migraine/Status 
Migrainosus 
•     SC Sumatriptan 6 mg  
•   IV/IM antiemetic dopamine (D2) antagonists such as meto-

clopromide (MTC) 10–20 mg, prochlorperazine (PCZ) 
5–10 mg chlorpromazine (0.1 mg/kg) 12.5–37.5 mg

    Table 16.2    International Headache Society (IHS) criteria for migraine 
without aura (MO) and migraine with aura (MA) [Headache 
Classifi cation Subcommittee of the International Headache Society 
(HCC) 2004]   

  Migraine without aura  
  A. At least fi ve attacks fulfi lling criteria B–D 
  B. Headache attacks lasting 4–72 h (untreated or unsuccessfully treated) 
  C. Headache has at least two of the following characteristics: 

 1. Unilateral location 
 2. Pulsating quality 
 3. Moderate or severe pain intensity 
 4. Aggravation by or causing avoidance of routine physical 

activity (e.g., walking or climbing stairs) 
 D. During headache at least one of the following; 

 1. Nausea and/or vomiting 
 2. Photophobia and phonophobia 

 E. Not attributed to another disorder 
  Migraine with aura  
 A. At least two attacks fulfi lling criteria B–E 
 B. Fully reversible visual and/or sensory and/or speech symptoms 

but no motor weakness 
 C. At least two of the following 

 1. Visual symptoms including positive features (e.g., fl ickering 
lights, spots, or lines) and/or negative features (i.e., loss of 
vision) and/or sensory symptoms including positive features 
(i.e., pins and needles) and/or negative features (i.e., numbness) 

 2. At least one symptom develops gradually over ≥5 min 
 3. Each symptom lasts ≥5 min and ≤60 min 

 D. Headache fulfi lling criteria B–D for migraine without aura 
begins during the aura or follows aura within 60 min 

 E. Not attributed to another disorder 

  With permission from de Vries B, Frants RR, Ferrari MD, van den 
Maagdenberg AMJM. Molecular genetics of migraine.  Hum Genet 
2009;126:115-132. (35) [ 4 ]  
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 –    Drowsiness is the most common adverse effect [ 14 ]  
 –   Risk of extrapyramidal effects including akathisia and 

dystonia is minimized by preadministration of IV or 
IM diphenhydramine 25 mg or IV or IM benztropine 
1 mg  

 –   250–500 mL IVF bolus prior to administration of 
chlorpromazine to avoid postural hypotension  

 –   Get an ECG fi rst
   D2 antagonists, especially droperidol, can cause life- 

threatening QTc prolongation  
  QTc must be <450 ms [ 15 ]        

•   IV DHE (0.5–1.0 mg up to every 8 h)
 –    Maximum dose in a 24-h period is 2 mg  
 –   Preadministration of IV MTC 10 mg or IV PCZ 10 mg 

minimizes nausea/vomiting  
 –   Do not give within 24 h of a triptan  
 –   Other contraindications include severe hypertension, 

current use of macrolide antibiotics, and/or current use 
of retroviral therapy     

•   IV Valproic acid (500 mg up to every 8 h)  
•   Magnesium 1–2 g IV for migraine with aura

 –    Caution in renal impairment     
•   IV/IM NSAIDs—ketorolac 30–60 mg

 –    Monitor for renal toxicity  
 –   Caution with history of hepatic or renal impairment     

or history of GI bleed or PUD     
•   IV Corticosteroids (dexamethasone 4–10 mg) may help 

prevent headache recurrence [ 16 ]  
•   Nerve block with local anesthetic

 –    Greater and lesser occipital nerve(s) (from upper 
 cervical nerve roots)  

 –   Supraorbital nerve(s) and supratrochlear nerve(s) 
(branches of V1)  

 –   Auriculotemporal nerve(s) (branch of V3)     
•   Opioids are best avoided as they can sensitize the CNS to 

pain (hyperalgesia) [ 16 ]    

 Consider migraine prevention in patients with frequent 
and/or disabling headache attacks.  

    Migraine Preventive Drugs [ 17 ,  18 ] 
  Start at a low dose and titrate slowly. May take 2 or 3 months 
for clinical effect. Some refractory patients might require 
more than one preventive treatment .
•    Beta-adrenergic blockers

 –    Metoprolol (50–150 mg daily)  
 –   Propranolol (80–240 mg daily)  
 –   Timolol (10–20 mg daily)  
 –   Avoid in patients with high BMI, DM, and migraine 

with aura  
 –   Contraindicated in hemiplegic and basilar migraine  
 –   Monitor BP and HR     

•   Antiepileptic drugs
 –    Divalproex sodium (250–1500 mg daily)

   Common side effects include weight gain, tremor, and 
hair loss  

  Monitor for potential liver and blood abnormalities  
  Avoid in women likely to become pregnant     

 –   Topiramate (25–150 mg/day total, divided BID)
   Limb paresthesias may occur early  
  Cognitive side effects are dose dependent  
  Avoid in women likely to become pregnant  
  Higher dosages can decrease effectiveness of oral 

contraceptive  
  Contraindicated in glaucoma and caution in patients 

with kidney stones        
•   Antidepressants

 –    Venlafaxine (37.5–150 mg daily)  
 –   Amitriptyline (10–150 mg qhs)

   Generally effective at 5–25 mg at bedtime as this may 
cause sedation  

  Anticholinergic side effects are dose limiting.        
•   OnabotulinumtoxinA (155U IM every 3 months)

 Strength, mg  Max mg/24 h  Half-life, h  Tmax, h  Effi cacy, % a  

  First-generation triptans  
 Sumatriptan PO  25, 50, 100  200  2.5  2  62/33 
 Sumatriptan NS  5, 20  40  2  64/31 
   Sumatriptan SC  6  12  2  12  80/40 
  Second-generation triptans  
   Naratriptan  1, 2.5  5  6  1.5–3  58/27 
   Zolmitriptan  2.5, 5  10  3  2.3  67/33 
   Rizatriptan  5, 10  30  3  1.5  72/41 
   Frovatriptan  2.5  5  26  3  46/27 
   Almotriptan  6.25, 12.5  25  4  2  64/33 
   Eletriptan  20, 40  80  4  2  63/31 

  With permission from Lenaerts ME.  Headache.  Atlas of Clinical Neurology.  Springer 2009; 
565–597. [ 36 ] 
  Note : When multiple doses are listed, the highest dose is generally preferred except in the 
case of rizatriptan if patients also on a beta-adrenergic blocker 
  a Meta-analysis of patients at 2 h; fi rst number = improvement from moderate or severe 
headache to mild or none; second number = pain free  

   Table 16.3    Triptans for 
treatment of migraine   
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 –    Only chronic migraine treatment approved by the FDA  
 –   A second set of injections might be required for clinical 

benefi t         

    Tension-Type Headache 

•      Tension - type headache  ( TTH ) is a long-duration primary 
headache disorder with episodic (infrequent and frequent) 
and chronic (≥15 days of headache/month) forms. See 
Table  16.4  for the diagnostic criteria of episodic TTH.

•      Most common of all primary headache disorders with life-
time prevalence estimated between 30 and 78 % [ 19 ,  20 ]  

•   Pathophysiology is poorly understood [ 20 ]. Pericranial 
myofascial mechanisms are likely as is central sensitization 
in the chronic form [ 21 ,  22 ].  

•   Genetic and environmental factors may also play a role [ 22 ]    

    TTH Acute or Attack Treatment 
•     Acute treatment with simple analgesics is generally 

effective
 –    Acetaminophen 500–1000 mg  
 –   Aspirin 500–1000 mg     

•   NSAIDs are considered the acute treatment drug of 
choice [ 23 ]

 –    Ibuprofen 200–800 mg, no more than every 6 h  
 –   Naproxen 375–550 mg, no more than every 12 h  
 –   Ketoprofen 25–50 mg, no more than every 8 h        

    TTH Prophylactic/Preventive Treatment 
  Consider headache prevention in patients with chronic TTH  
(≥ 15 days / month )
•    Amitriptyline, a nonselective serotonin reuptake inhibi-

tor, has consistently shown clinical effi cacy for TTH 
prevention [ 24 ,  25 ]. Usual dose of amitriptyline is from 
10 to 75 mg/day.  

•   Mirtazapine [ 26 ] and venlafaxine are other options for 
prevention [ 23 ].
 –    Mirtazapine up to 30 mg/day at bedtime  
 –   Venlafaxine up to 150 mg/day         

    Cluster Headache 

•     Cluster Headache is a trigeminal autonomic cephalalgia 
(TAC), a group of primary headache disorders character-
ized by unilateral head pain and ipsilateral autonomic 
features.    
 See Table  16.5  for the ICHD-2 diagnostic criteria for 
cluster headache (Table  16.5 ). Like migraine and TTH, 
there are both episodic and chronic cluster headache 
forms. Chronic cluster headache satisfi es the condition 
that attacks occur for more than 1 year with remission 
periods of less than 1 month [ 4 ].

     Cluster Headache (CH) 
•     One of the most painful conditions  
•   Rare with a population frequency of 0.1 % [ 23 ]  
•   As opposed to migraine, CH is more common in men 

with an approximate 3:1 male-to-female ratio [ 27 ].  
•   Circadian periodicity is a hallmark of the disorder with 

functional neuroimaging revealing activation of the 
posterior hypothalamus known to control circadian 
cycles [ 28 ].  

•   Alcohol is a well-established trigger for cluster headache 
attacks.    
 Treatment of cluster headache can be divided into acute 

and preventive (short-term and long-term) treatment. 
Because of the relatively short-duration and severity of 
attacks, acute treatment for this condition must be rapid in 
onset and effective.  

   Table 16.4    International Headache Society Criteria for tension-type 
headache   

 A. Headache lasting from 30 min to 7 days 
 B. Headache has at least two of the following characteristics 

 (a) Bilateral location 
 (b) Pressing/tightening quality 
 (c) Mild/moderate intensity 
 (d) No aggravation by physical activity 

 C. Both of the following 
 1. No nausea or vomiting 
 2. Photophobia and phonophobia are absent, or at least not 

present together 
 D. Not attributable to another disorder 

   With permission from Tepper J. Acute treatment of migraine. 
CONTINUUM :  Lifelong Learning in Neurology :    December 2006  - 
 Volume 12  -  Issue 6 ,  Headache  -  pp 87 – 105      [ 33 ]  

    Table 16.5    Diagnostic criteria for cluster headache, ICHD-2   

 A. At least fi ve attacks fulfi lling criteria B–D 
 B.  Severe or very severe unilateral orbital, supraorbital, or temporal 

pain lasting 15–180 min if untreated 
 C.  The headache is accompanied by at least one of the following, 

ipsilateral to the pain: 
   1. Conjunctival injection and/or lacrimation 
   2. Nasal congestion or rhinorrhea 
   3. Eyelid edema 
   4. Forehead and facial sweating 
   5. Miosis and/or ptosis 
   6. A sense of restlessness and agitation 
 D.  The attacks have a frequency from one every other day to three 

times per day 
 E. Not attributable to another disorder 

  Modifi ed from:  ICHD - 2 :  Headache Classifi cation Subcommittee of the 
International Headache Society. The International Classifi cation of 
Headache Disorders :  2nd edition. Cephalalgia 2004 ; 24 ( suppl 1 ): 9 – 160  [ 4 ]  
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   Acute CH Treatment 
•     100 % oxygen administered at 12–15 L/min via a 100 % 

non-rebreather mask for 15–20 min [ 27 ]  
•   SC Sumatriptan (6 mg)  or  zolmitriptan NS (5 mg)  or  

sumatriptan NS (20 mg)  
•   Short-term prevention of CH can be accomplished with 

occipital nerve block with local anesthetic plus/minus ste-
roid or a short tapering course of oral steroids     

   CH Preventive Treatment 
•     Verapamil is the mainstay of long-term CH prevention

 –    120–960 mg daily, divided  
 –   Monitor ECG for PR interval with dose change and 

10–14 days after dose change     
•   Other long-term preventive options include

 –    Melatonin 3–9 mg at bedtime  
 –   Topiramate 25–250 mg daily, divided  
 –   Gabapentin [ 27 ] 100–900 mg daily, divided  
 –   Lithium 600–1200 mg daily, divided         

    Other Primary Headache Disorders 

  Primary stabbing headache  is characterized by brief parox-
ysms of head pain occurring as a single “stab” or a series of 
“stabs” [ 29 ]. This primary headache disorder often coexists 
with other primary headaches, especially migraine [ 30 ]. 
 Triggered headaches are always a diagnosis of exclusion as a 
triggered headache is a red fl ag that possibly correlates with 
increased intracranial pressure. The following primary head-
aches are not attributable to another etiology:
•     Primary cough headache   
•    Primary exertional headache   
•    Primary headache associated with sexual activity     

   Hypnic Headache 
•     Awakens patient from sleep  
•   Also known as the alarm clock headache  
•   Usual onset is after age 50 [ 29 ]     

   Primary Thunderclap Headache 
•     Sudden onset with maximum intensity reached in less 

than 1 min [ 4 ]  
•   Differential diagnosis of secondary thunderclap headache 

includes SAH and other intracranial bleeds, ischemic 
stroke, cerebral venous sinus thrombosis, arterial dissec-
tion, reversible cerebral vasoconstriction syndrome, pos-
terior reversible encephalopathy syndrome (PRES), 
pituitary apoplexy, etc. [ 29 ,  31 ]    

  Hemicrania continua  (HC) is characterized by constant 
unilateral head pain with superimposed exacerbations of 
pain and (often less prominent) ipsilateral autonomic fea-

tures. The headache must be present for at least 3 months 
[ 4 ,  29 ]. Like paroxysmal hemicrania, by definition, this 
headache is responsive to therapeutic doses of indometh-
acin [ 4 ]. 

  New Daily Persistent Headache  ( NDPH ) is a daily head-
ache persistent for at least 3 months. This primary headache 
is remarkable in that it is daily from onset or within 3 days of 
onset [ 29 ]. Other clinical features are consistent with chronic 
TTH (bilateral, nonpulsating quality, mild-to- moderate 
intensity, lack of associated features, and not aggravated by 
routine physical activity) [ 4 ]. 

 Cervicogenic Headache is pain coming from an identifi -
able source in the neck and referred to the head and/or face 
generally in the distribution of the trigeminal nerve and/or 
upper cervical (C2, C3 nerves). Clinical or radiologic evi-
dence (e.g., MRI cervical spine) of a lesion generally 
accepted as a cause of headache must be present. Treatment 
of the causative lesion results in relief of pain.       
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      Abbreviations 

   AKA    Also known as   
  CBC    Complete blood count   
  CT    Computed tomography   
  DIC    Disseminated intravascular coagulation   
  GN    Glossopharyngeal neuralgia   
  HFS    Hemifacial spasm   
  ICHD    International Classifi cation of Headache Disorders   
  LFT    Liver function test   
  MC    Myoclonus   
  MSK    Musculoskeletal   
  MRI    Magnetic resonance imaging   
  PHN    Post-herpetic neuralgia   
  SIADH    Syndrome of inappropriate antidiuretic hormone   
  ST    Spasmodic torticollis   

  TENS    Transcutaneous electrical nerve stimulation   
  TN    Trigeminal neuralgia   
  W    With   
  W/O    Without   

          Overview of Facial Pain [ 1 ,  2 ] 

 Despite a broad array of training backgrounds and clinical 
approaches to the evaluation of a patient with facial pain, all 
clinicians should have a fi rm knowledge base of the overlap-
ping anatomical structures of the face to aid in clinical diagno-
sis and management. Most commonly, anatomic localization 
of facial pain is oftentimes not obvious. Therefore, having a 
strong basic clinical evaluation will help in narrowing the 
differential diagnosis. 

 This chapter will briefl y cover the following etiologies of 
facial pain:
    1.    Central causes of facial pain   
   2.    Peripheral causes of facial pain   
   3.    Musculoskeletal causes of facial pain   
   4.    Other causes of facial pain     

    Central Causes of Facial Pain 
( Also Referred As : Craniofacial Pain) [ 2 ] 

    Classifi cations (Four Major Clinical Syndromes) 
     1.    Anesthesia dolorosa   
   2.    Central post-stroke pain   
   3.    Persistent idiopathic facial pain   
   4.    Facial pain attributed to multiple sclerosis ( see  section 

“Musculoskeletal Causes of Facial Pain”)    

  Common Features 
•    Defi nition :

 –    Lesion or dysfunction in the central nervous system that 
leads to a central neuropathy causing facial pain [ 3 ]     

      Facial Pain 
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•    Etiology :
 –    Central neuropathic pain ( most common cause post - 

stroke    ) [ 4 ]  
 –   Post stroke pain     

•    Pathophysiology :
 –    Cortically mediated somatosensory dysfunction or spi-

nothalamic tract dysfunction leading to a sensitized 
state causing persistent pain without progressive tis-
sue injury [ 5 ].     

•    Symptoms :
 –    Allodynia (increased pain response to non-painful 

stimuli) or hyperpathia (heightened response to pain 
stimuli)  

 –   Most common quality is burning, pricking, pins/nee-
dles/sting, sensation, shooting/lancinating, pressing, 
and muscle cramping or crushing  

 –   Intermittent or constant  
 –   Evoked pain (secondary to central stimuli) with parox-

ysm (brief attack) or steady pain (suggestion of brain 
lesion) [ 6 ]  

 –   Often variable pain character; with bizarre and 
vague [ 3 ]  

 –   Usually appears in association with abnormal neuro-
logical symptoms  

 –   Delayed onset from days to months, in some cases 
years  

 –   Exacerbating factors: mood change, temperature 
change (especially cold), light touch, and movement  

 –   Regional distribution, rather than corresponding to 
individual nerves     

•    Work up  [ 3 ]
 –    Diagnosis based on supporting clinical evidence of 

underlying central nervous system lesion or dysfunction 
with secondary facial pain [ 3 ]  

 –   Imaging (CT or MRI with and without contrast) of 
the brain may be necessary to identify location of the 
lesion  

 –   Some facial pain conditions are unclassifi able using 
strict diagnostic criteria of ICHD [ 7 ,  8 ]      

  1. Anesthesia Dolorosa 
•       Description: 

 –        AKA  constant severe deafferentation pain   
 –      Uncommon complication of gasserian ganglion 

destruction (a treatment for trigeminal neuralgia) char-
acterized by constant burning pain in facial area ren-
dered insensate [ 9 ].    

•          Pathophysiology :
 –       Transsynaptic degeneration resulting in deafferenta-

tion hypersensitivity of central trigeminal neurons or 
their connections.    

•          Epidemiology: 
 –       Incidence 0.3–2 %    

•          Symptoms :
 –       Allodynia (increase pain response to non-painful stim-

uli) and/or hyperpathia (heightened response to pain 
stimuli) in trigeminal nerve distribution    

•          Physical Exam :
 –       History of trauma or prior surgery   
 –      May encounter wounds or scars from prior surgery or 

trauma; may see facial paralysis on the ipsilateral side    
•          Work Up :

 –       MRI with contrast to rule out a tumor as the cause of 
the pain    

•          Treatment: 
   –     Pharmacologic (  see  Table  17.1  ) 

 n     Opioids, antidepressants, and anticonvulsants have 
not shown to be successful treatment  

 n   May have mild benefi t with gabapentin 1,200 mg 
daily in divided doses [ 10 ]      

  –     Non-pharmacologic 
 n    TENS

 –    Chronic electrical stimulation of the gasserian 
ganglion  

 –   In refractory cases, trial of TENS, before con-
sidering invasive management [ 3 ]         

  –     Surgical 
 n    Deep brain stimulation

 –    Implantation of an electrode to a specifi c part of 
the brain that is attached to a brain pacemaker, 
which sends electrical impulses to the brain in 
response to a brain signal.     

 n   Mesencephalotomy
 –    Obliteration of the trigeminal tract and the peri-

aqueductal gray junction     
 n   Dorsal root entry zone lesioning

 –    Destruction of the sensory  nerve  fi bers enters 
the dorsal root     

 n   Medial thalamotomy       

      2. Central Post-stroke Pain (previously known as, 
Thalamic Pain) 

•    Description :
 –    Neuropathic pain syndrome, characterized by pain and 

sensory abnormalities in body regions that correspond 
to the brain territory injured by a cerebrovascular 
lesion [ 11 ,  12 ].     

•    Pathophysiology :
 –    May be a combination of deafferentation and the sub-

sequent development of neuronal hyperexcitability     
•    Epidemiology :

 –    Prevalence between 1 and 12 % among stroke patients     
•    Symptoms :

 –    Sensory loss  
 –   Hypersensitivity (e.g., Allodynia)  
 –   Pain can be spontaneous or evoked  
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 –   Spontaneous dysaesthesia is common (up to 85 % of 
patients)     

•    Physical exam :
 –    Presence of sensory loss and signs of neuronal hyper-

sensitivity in the painful area are common     
•    Work up :

 –    Diagnosis of exclusion, no pathognomonic features of 
this syndrome  

 –   History of stroke should be confi rmed by imaging (either 
CT or MRI) to visualize the lesion (type, location, and 
size) and to exclude other central causes of pain     

•    Treatment :
 –     Pharmacologic :

   TCA (amitriptyline) as fi rst line  
  Lamotrigine and gabapentin as second line [ 13 ,  14 ]         

  3. Persistent Idiopathic Facial Pain [ 15 ,  16 ] 
•    Description :

 –     AKA  continuous neuropathic orofacial pain, atypical 
odontalgia, atypical facial pain, or phantom tooth pain  

 –   Constant, unremitting oral, or peri-orial pain (perceived 
to be within deep tissues) with variable and fl uctuating 
intensity     

•    Pathophysiology :
 –    Unknown; abnormal sensitization of trigeminal noci-

ceptive system     
•    Epidemiology :

 –    In the general population: 0.03–1 %  
 –   In patients who have undergone endodontic proce-

dures: 3–12 %  
 –   More frequently reported by females in their 40s 

and 50s     
•    Symptoms :

 –    Usually presents unilaterally  
 –   Heightened or reduced sensitivity, or a combination 

of both  
 –   Constant pain disproportionate to various stimuli  
 –   Pain may have started spontaneously (idiopathic) or 

due to an event, such as a traumatic injury, minor or 
major surgical procedure, or dental intervention.     

•    Physical Exam :
 –    Common sites of onset are the nasolabial fold or the 

ipsilateral chin     
•    Work Up :

 –    Imaging (CT and MRI) required to rule out central ner-
vous system and hard/soft tissue pathology  

 –   Patients usually have seen multiple medical and dental 
practitioners without identifi ed source and unsuccess-
ful attempts at multiple interventions.     

•    Diagnosis :
 –    Diagnosis of exclusion     

•    Treatment :
 –     Pharmacologic 

   First-line tricyclic antidepressants (preferred) [ 17 ]  

  SSRI or SNRIs  
  Some benefi t reported with topiramate [ 18 ]     

 –    Nonpharmacologic :
   Cognitive behavioral therapy            

    Peripheral Causes of Facial Pain [ 2 ] 

   Classifi cations (Four Major Clinical Syndromes) 
   1.    Trigeminal neuralgia   
   2.    Glossopharyngeal Neuralgia   
   3.    Nervus intermedius/geniculate ganglion neuralgia   
   4.    Post-herpetic neuralgia (PHN)*    

  Common Features 
•    Defi nition :

 –    Lesion or dysfunction in the peripheral nervous system that 
leads to a peripheral neuropathy and causing facial pain.     

•    Etiology :
 –    Peripheral neuropathy (most common is trigeminal 

neuralgia)     
•    Pathophysiology :

 –    Neurovascular compression or irritation of the involved 
peripheral nerve      

  1. Trigeminal Neuralgia (TN) [ 19 – 29 ] 
•    Pathophysiology :

 –    Thought to be caused by neurovascular compression 
where an aberrant vessel (normally an artery) compresses 
the trigeminal nerve causing focal demyelination [ 29 ].     

•    Classifi cation :
 –     Typical TN : Lancinating sudden pain  
 –    Atypical TN : Burning constant pain  
 –    Mixed TN : Components of typical and atypical TN  
 –    Secondary : Factors which may increase risk for TN     

•    Epidemiology : [ 29 ,  30 ]
 –    Female to male distribution, 2:1  
 –   Age distribution, after 40 years old (>90 % of cases)     

•    Symptoms : [ 2 ]
 –    Severe paroxysmal pain in the distribution of one or 

more division of the trigeminal nerve  
 –   Usually unilateral  
 –   Abrupt in onset and termination that typically last 

from one to a few seconds  
 –   Sharp and electric in quality     

•    Physical exam : [ 29 ,  31 ]
 –    Physical exam fi ndings may be negative 

• Diagnosis primarily made by history  
 –   Asymmetric jaw movements  
 –   Corneal refl ex  
 –   Mild sensory changes with prolonged cases  
 –   Symptoms may be triggered by lightly stroking the 

affected TN nerve distribution  
 –   No tenderness, swelling, or erythema     
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•    Imaging : [ 32 ]
 –    High resolution MRI w/wo contrast to look for a neu-

rovascular or other structural lesion at the root entry or 
exit zone from the brainstem causing compression

 – Potential causes of compression:
 n    60–90 % of neurovascular compression occur due 

to superior cerebellar artery  
 n   The remaining neurovascular lesions result from 

anterio- inferior cerebellar and basilar artery.     
 –   Must rule out multiple sclerosis as it can present simi-

larly to TN     
•    Diagnosis : [ 30 ]

 –    Clinical impression based upon the patient’s age and his-
tory and physical exam, along with radiographic fi nd-
ings. Patients may complain of unilateral facial pain. 
This may present in association with multiple sclerosis.     

•    Treatment :
 –     Pharmacologic : [ 30 ]
 n    First-line oral therapy includes oxcarbazepine over 

carbamazepine secondary to safety profi le.  Must 
obtain baseline CBC and LFTs and monitor per-
diodically thereafter .  

 n   Second-line oral therapy includes lamotrigine, 
baclofen, and/or pregabalin     

 –    Nonpharmacologic : [ 29 ,  30 ,  33 – 35 ]
 n    Peripheral nerve injection of the desired trigeminal 

nerve distribution can be targeted blind or with 
ultrasound.  

 n   The supraorbital, infraorbital, or mental nerve is 
found by palpating or scanning the relative foramen.   

 n   An anesthetic, steroid, or alcohol can be injected.   
 n   Typical injections provide mild to moderate relief 

lasting a few weeks to a few months.     
 –    Surgical : [ 36 ]
 n    Microvascular decompression has shown to have 

the greatest pain relief. Neurosurgeons are able to 
perform this skull-based surgery by placing a peace 
of Tefl on between the abutting vascular structure 
and nerve.  

 n   Surgical referral can be made when conservative 
treatments are not effective, not tolerated, or MRI 
shows a clear neurovascular compression that can 
be decompressed.  

 n   Gamma knife directs a focused beam of radiation at 
the trigeminal root  

 n   Gasserian ganglion percutaneous radiofrequency 
thermocoagulation         

  2. Glossopharyngeal Neuralgia (GN) 
•    Description :

 –    Can occur from compression by masses or vascular 
structures     

•    Pathophysiology :
 –    Unclear etiology [ 37 ]     

•    Epidemiology :
 –    May have higher incidence in men     

•    Symptoms : [ 38 ,  39 ]
 –    Same clinical characteristics as Trigeminal Neuralgia 

except for preferential unilateral left-sided pain and 
distribution in cranial IX territory  

 –   Severe paroxysmal unilateral pain located in the poste-
rior tongue, throat, ear, or angle of the mandible  

 –   Swallowing, chewing, talking, and sneezing are the 
most common triggers  

 –   Associated with anxiety and depression  
 –   Abrupt in onset and termination  
 –   Sharp and electric in quality     

•    Physical exam :
 –    Assess location of pain in the glossopharyngeal nerve 

territory  
 –   Swallowing may trigger the pain     

•    Imaging :
 –    MRI brainstem with further angiography may delineate 

the offending vessel, most commonly the posterior 
inferior cerebellar artery. It may also identify a cause 
such as tumor or other neurovascular compression.   

 –   CT vertebral angiography may help identify a primary 
cause such as an infarction or vertebral artery 
dissection.     

•    Diagnosis :
 –    Clinical impression based upon the patient’s age and 

history and physical exam  
 –   The patient should be seen by ENT to rule out other 

causes.   
 –   Stimulation of the nerve during surgery may help to 

confi rm the diagnosis     
•    Treatment : [ 40 ]

 –     Pharmacologic : [ 41 ]
 n    Similar medical management to TN, although local 

anesthetic can be applied to the oropharynx with 
both therapeutic and diagnostic implications.  

 n   First-line oral therapy includes oxcarbazepine over 
carbamazipine, secondary to safety profi le.  

 n   Second-line oral therapy includes lamotrigine, 
baclofen, and pregabalin.     

 –    Surgical : [ 42 ]
 n    Neurosurgical treatment is usually indicated sooner 

than for TN  
 n   Craniotomy with rhizotomy or neurotomy or percu-

taneous surgery with radiofrequency rhizotomy, tri-
geminal tractotomy, or nucleotomy.         

  3. Nervus Intermedius/Geniculate Ganglion Neuralgia 
[ 43 ] 

•    Description :
 –    Can occur from compression at its central-peripheral 

myelin junction by masses or vascular structures.     
•    Pathophysiology :

K. Aligene et al.



119

 –    Etiology unknown [ 44 ]  
•    Epidemiology : >50 years old     
•    Symptoms : [ 45 ]

 –    Similar to that of TN, however, in the distribution of 
the nervus intermedius     

•    Physical exam :
 –    Severe episodic lancinating pain in the posterior pharynx 

or ear canal  
 –   Unilateral  
 –   No motor or sensory fi ndings     

•    Imaging :
 –    High resolution MRI with and without contrast to look 

for a structural lesion or vascular compression     
•    Diagnosis :

 –    Clinical impression based upon the patient’s age and 
history and physical exam     

•    Treatment : [ 43 ]
 –     Pharmacologic 

   Same oral management as TN     
 –    Surgical 
 n    Microvascular decompression can provide long-

term pain relief when impingement is identifi ed and 
surgery is obtainable         

  4. PHN (Post Herpetic Neuralgia) 
•    Description :

 –    Pain caused by the reactivation of the varicella-zoster 
virus in the affected nerves     

•    Pathophysiology : [ 46 ]
 –    Current pathophysiologic mechanisms focus on sensi-

tization and deafferentation as the primary mecha-
nisms contributing to PHN  

 –   Injury to peripheral and central neurons via immune 
and infl ammatory responses  

 –   Damaged peripheral nociceptors lead to central sensi-
tization process in dorsal horn neurons  

 –   Abnormal reorganization to deafferentated spinal cord 
neurons and damaged peripheral neurons may lead to 
persistent pain     

•    Epidemiology : [ 47 ]
 –    Main risk factor includes increasing age, >60 years old     

•    Prevention : [ 48 ]
 –    Strategies include the varicella vaccine to decrease 

incidence of acute herpes zoster infection  
 –   Treating acute herpetic infection with antiviral medi-

cations and amitriptyline     
•    Symptoms :

 –    Dermatomal burning pain following distribution of 
original infection or itching     

•    Physical Exam : [ 48 ]
 –    Sensory defi cits may include light touch, pinprick, and 

vibration  
 –   Myofascial pain can occur secondary to guarding  

 –   Facial paralysis with facial nerve involvement     
•    Diagnosis : [ 49 ]

 –    Clinical impression based upon the patient’s age, his-
tory, and physical exam  

 –   Typically pain lasting >3 months following acute her-
petic episode is considered PHN  

 –   More commonly occurs in the thoracic (T4–6), ophthal-
mic division of the trigeminal nerves and cervical levels.  

 –   Punch biopsy of affected skin shows loss of epidermal 
innervations (not routinely performed)     

•    Treatment : [ 48 ]
 –     Pharmacologic 
 n    Multiple sites potentially causing PHN along the pain 

pathway, more than two therapies with  complementary 
mechanisms of actions are often employed.  

 n   Lidocaine 5 % patch  
 n   Capsaicin 0.075 % cream  
 n   Pregabalin (dose-related risk of somnolence, dizzi-

ness, and peripheral edema)  
 n   First (Amitriptyline) or second generation TCAs 

(Nortriptyline) (less anticholinergic side effect 
profi le)  

 n   Opioids (Oxycodone or Morphine) (adverse side 
effects include constipation and nausea)     

 –    Invasive 
 n    Sympathetic blocks may, provide temporary relief  
 n   Peripheral nerve blocks  
 n   Spinal cord stimulation           

    Musculoskeletal Causes of Facial Pain 

   Classifi cations (Three Major Clinical Syndromes): [ 2 ] 
   1.    Temporomandibular disorders   
   2.    Myofascial pain   
   3.    Facial spasms:

•     Hemifacial spasm   
•    Torticollis   
•    Myoclonus   
•    Blepherospasm  (not discussed here)       

  1. Temporomandibular Disorders [ 50 ] 
•    Description :

 –    Pain related to temporomandibular joint and muscles 
of mastication (masseter, temporalis, digastric, medial 
pterygoid, lateral pterygoid) or other muscles of the 
head and neck region.     

•    Classifi cation 
 –    Classifi ed by cause and symptoms; traumatic or 

idiopathic     
•    Pathophysiology : [ 51 ]

 –    Muscular hyperactivity and dysfunction due to 
malocclusion  
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 –   Risk factors
   Predisposing factors: genetic, hormonal, and anatomical  
  Precipitating factors: trauma, occlusal changes, para-

function (e.g., Bruxism)  
  Prolonging factors: stress and parafunction     

 –   TMD of articular origin, disc displacement is the most 
common cause and muscle spasm is secondary in nature.  

 –   Other causes of TMD are: degenerative joint disease, 
rheumatoid arthritis, ankylosis, dislocations, infec-
tions, and neoplasia.     

•    Epidemiology :
 –    5–10 % of Americans  
 –   Highest incidence in young adults age 20–40;  highest 

in females   
 –   About one third of patients have a history of psychiatric 

problems and patients with a chronic eating disorder 
have a higher prevalence.  

 –   Association with female smokers <30 years; and 
other factors (e.g., stress levels)     

•    Symptoms :
 –    May also have neck and/or shoulder pain  
 –   Should inquire about daytime or nighttime clenching 

(daytime clenching has a stronger association with 
TMD than night time bruxism)  

 –   Pain usually periauricular, associated with chewing; 
“clicking, popping, and snapping” sounds  

 –   Described as a variable, deep ache with intermittent 
sharp pain with jaw movement  

 –   Unilateral, in TMD with articular origin  
 –   Bilateral, in TMD associated with myofascial pain or 

with rheumatoid arthritis     
•    Physical exam :

 –    Comprehensive, focused  facial MSK examination can 
usually elicit whether pain is related to the joint, mus-
cles, or a combination of both
   Muscular or joint pain reproducible upon palpation 

or resistance against active muscle movement or 
passive movement.        

•    Work up :
 –    Imaging: CT or MRI; fMRI can visualize anatomic 

structures during joint movement  
 –   If systemic illness is suspected:

   CBC to rule out infection  
  Rheumatoid factor (RF), ESR, antinuclear antibody 

(ANA), and other specifi c antibodies are checked if 
rheumatoid arthritis, temporal arteritis, or a connec-
tive tissue disorder.  

  Uric acid should be checked for gout  
  Arthrocentesis is required to demonstrate specifi c 

crystals for gout or pseudogout        
•    Treatment :

 –     Pharmacologic :
   NSAIDs, muscle relaxants, and tricyclic antidepres-

sants (most common)  

  Botulinum toxin in conjunction with arthrocentesis     
 –    Nonpharmacologic :

   Occlusional splints (used at bedtime)  
  Arthrocentesis.         

  2. Myofascial Pain [ 52 ] 
•    Description :

 –    Pain that originates from myofascial trigger points 
(MTrPs) in skeletal muscle, either alone or in combi-
nation with other pain generators causing spasms and 
limited motion.     

•    Pathophysiology :
 –    Continuous input from peripheral muscle nociceptors 

leads to changes in function and connectivity of sen-
sory dorsal horn neurons and result in central 
sensitization.     

•    Epidemiology :
 –    High prevalence among individuals with regional pain 

complaints  
 –   21 % of patients seen in a general orthopedic clinic  
 –   30 % of general medical clinic patients with regional 

pain  
 –   85–90 % of patients presenting to specialty pain man-

agement centers     
•    Symptoms :

 –    Local or regional deep aching sensations varying in 
intensity  

 –   Frequently, associated autonomic dysfunction may 
occur, including abnormal sweating, lacrimation, der-
mal fl ushing, and vasomotor–temperature changes  

 –   Cervical myofascial pain may be associated with neuro-
otologic symptoms including impaired balance, dizzi-
ness, and tinnitus  

 –   Functional complaints include decreased work toler-
ance, impaired muscle coordination, stiff joints, 
fatigue, and weakness     

•    Physical exam :
 –    Emphasis on posture, biomechanics, and joint function 

to identify underlying factors  
 –   Active MTrPs typically associated with a painful 

restricted range of motion  
 –   Trigger points should be identifi ed by gentle palpation 

across the direction of muscle fi bers  
 –   May appreciate “ropelike” nodularity within a taut 

band of muscle; palpation of area is painful and may 
reproduce the local and referred pain pattern     

•    Diagnosis :
 –    Thyroid function tests to exclude thyroid dysfunction 

in patients with muscle pain  
 –   Imaging (radiographs, CT scan, MRI) to rule out 

osteoarthrosis or diskogenic changes     
•    Treatment :

 –     Pharmacologic :
   NSAIDs  
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  Botulinum toxin     
 –    Nonpharmacologic :

   Postural, mechanical, and ergonomic modifi cations         

  3. Facial Spasms (Collectively):  Hemifacial Spasm , 
 Spasmodic Torticollis ,  and Myoclonus  

•    Description : Sudden muscle contraction on one side of 
the face, muscle contraction that causes the neck to twist 
unnaturally, muscle twitching, or twitching of the eyelid 
(respectively).  

•    Pathophysiology :
 –    Primary Hemifacial Spasm (HFS)

   Most frequently caused by a blood vessel of the poste-
rior circulation compressing the facial nerve as it 
exits the brainstem.     

 –   Spasmodic Torticollis (ST)
   Primary ST: genetics, associated with DYT7 locus on 

chromosome 18p and DYT13 locus on chromosome 
1p36 studied in German and Italian: Autosomal 
dominant with reduced penetrance, for both loci.  

  Secondary ST: perinatal cerebral injury, kernicterus, 
cerebrovascular diseases, drug-induced, central 
nervous system tumor, peripheral or central trauma, 
infectious or post-infectious encephalopathies, tox-
ins, metabolic, paraneoplastic syndromes, central 
pontine myelinolysis.  

  Common pathway for both Primary and Secondary 
ST: associated with abnormalities of the basal gan-
glia and hyper-activation of the cortical area leading 
to over-activity of the medial and prefrontal cortical 
areas and hypo-activity of the primary motor cortex 
during movement.     

 –   Myoclonus (MC)
   Typically one of several signs in Multiple Sclerosis, 

Parkinson’s disease, Alzheimer’s disease, Subacute 
Sclerosing Panencephalitis and Creutzfeldt–Jakob 
disease (CJD), serotonin toxicity, Huntington’s dis-
ease, epilepsy, and intracranial hypotension.  

  Most cases are due to dysfunction in brain areas 
involved with startle refl ex.  

  Involvement of GABA and Serotonin neurotransmitter 
systems.        

•    Epidemiology :
 –    HFS (extremely rare)

   More commonly seen in Asians     
 –   ST (congenital)

   Incidence in newborn infants: 0.3–2 %     
 –   MC

   Secondary to underlying condition (72 %); Epileptic 
myoclonus (17 %); and Essential myoclonus (11 %).  

  Lifetime prevalence in 1990: 8.6 per 100,000 population.        
•    Symptoms :

 –    HFS:
   Pain can vary in intensity  

  Typically brief, irregular movements  
  Presents unilaterally; in severe cases, bilaterally.  
  Begins with intermittent twitching of the eyelid lead-

ing to forced closure of eye, gradually spreading to 
the muscles of the lower part of the face.  

  All the muscles on the affected side are involved.      
 –   ST:

   The head may turn or tilt in jerky movements or sustain 
a prolonged involuntary position.  

  Involuntary spasm of the neck muscles will increase in 
frequency and strength until it plateaus.  

  Symptoms can worsen while walking or during 
 psychological stress.  

  May also present with muscle hypertrophy, neck pain, 
dysarthria, and tremor.     

 –   MC:
   Rapid, alternating, contraction and relaxation of 

muscles        
•    Physical exam :

 –    Complete neurological examination with focus on the 
cranial nerves, sensory and motor exam of the face, 
and musculoskeletal exam in the head and neck.     

•    Diagnosis :
 –    may require Electromyography, MRI, CT, and 

Angiography to make or support the diagnosis  
 –   HFS:    MRI is best option to visualize vascular anomaly.     
 –   ST (congenital):    Toronto Western Spasmodic 

Torticollis Rating Scale (TWSTRS) is commonly used 
scale to rate the severity of spasmodic torticollis     

 –   MC:    Physical exam fi ndings c/w myoclonic jerking 
with or without evidence of associated illness        

•    Treatment :
 –     Pharmacologic :

   HFS: Carbamazepine or Botulinum toxin  
  ST:  Botulinum toxin, anticholinergic agents (e.g., 

cyclobenzaprine), clonazepam, baclofen  
  MC:  Clonazepam, sodium valproate, piracetam, and 

primidone alone or in combination with each 
other     

 –    Nonpharmacologic :
   ST: Physical therapy     

 –    Surgical :
   Primary HFS: Microvascular decompression, relieves 

pressure on the facial nerve, which is the cause of 
most hemifacial spasm cases  

  ST: Deep brain stimulation           

    Other Causes of Facial Pain 

   Causes of Facial Pain that Should be Considered in the 
Differential (Briefl y listed, not discussed in this chapter) 
•   Facial paralysis

 –    Bells palsy     
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•   Neoplastic
 –    Primary tumors  
 –   Metastatic disease  
 –   Distant, non-metastasized cancer  
 –   Hematologic cancer     

•   Systemic conditions
 –    Sjogren’s syndrome  
 –   Systemic lupus erythmatosis  
 –   Rheumatoid arthritis  
 –   Mixed connective tissue disease     

•   Vascular conditions
 –    Giant cell/temporal arteritis  
 –   Carotid artery dissection     

•   Dental/oral causes
 –    Dental caries  
 –   Tooth fracture  
 –   Dentin hypersensitivity     

•   Primary headaches (other than TN)
 –    Migraine headaches  
 –   Tension headaches  
 –   Hemicrania continua  
 –   Cluster headaches            
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      Abbreviations 

   DNA    Deoxyribonucleic acid   
  GABA    Gamma-Aminobutyric Acid   
  HZ    Herpes Zoster   
  PHN    Post-herpetic neuralgia   
  PO    Per os (by mouth)   
  TCA    Tricyclic antidepressant   
  TID    Three in a day   
  VZV    Varicella zoster virus   

         Defi nitions 
•    Varicella - zoster virus  ( VZV )  infection : [ 1 ]

 –     Primary infection : chicken pox—vesicular lesions in 
different stages typically on face, trunk, and extremities  

 –    Herpes zoster  ( HZ ): shingles—reactivation of latent 
varicella-zoster virus within the sensory ganglia causes 
painful vesicular eruption usually restricted to a unilat-
eral dermatomal distribution     

•    Post-herpetic neuralgia  ( PHN ): previously described as 
persistence of pain after 30 days from disappearance of 
rash, but a newer classifi cation has since been devised [ 2 ]
 –     Acute herpetic neuralgia : pain accompanying rash that 

persists up to 30 days  
 –    Subacute herpetic neuralgia : pain persisting after rash 

from 30 to 120 days  
 –    PHN : pain persisting after rash for > 120 days      

  Epidemiology and Risk Factors 
•   A Harvard study in 2008 found the annual incidence for 

herpes zoster to be 0.47 cases per 1,000 patients [ 3 ].
 –    17.6 % of those patients progressed to developing 

PHN [ 3 ]     
•    Risk factors 

 –    Age: Older age is the most consistent risk factor in 
most studies [ 4 ]  

 –   Greater acute pain: Severe pain with HZ is a strong 
predictor for PHN [ 4 ]  

 –   Severity of rash: Positive correlation with the number 
of lesions present initially [ 5 ]  

 –   Association with presence and duration of symptoms: 
Includes pain, dysesthesia, and allodynia [ 5 ]  

 –   Other risk factors—not strongly supported in the 
 literature [ 2 ]:
 n    Ophthalmic and thoracic zoster  
 n   Smoking  
 n   Psychosocial factors         

  Etiology 
•   Pathophysiology of HZ: Hemorrhagic infl ammation of 

the peripheral nerve, dorsal root, and dorsal root ganglion 
with occasional extension into the spinal cord [ 6 ].  

•   Pathophysiology behind the development of PHN is still 
under debate:
 –    Fibrosis is noted in the dorsal root ganglion, nerve 

root, and peripheral nerve upon resolution of the acute 
process [ 7 ].  

 –   Potential strengthening of synaptic connections between 
central pain pathways and peripheral fi bers [ 8 ].  

 –   No consistent link between neurotransmitters and 
PHN has been found [ 9 ]  

 –   Suspected ongoing VZV viral replication [ 10 ]     
•    An individual who has not been exposed to VZV may be 

able to contract the virus from an individual with cutane-
ous lesions via direct cutaneous contact or by aerosolized 
droplet  [ 1 ].   

      Post-Herpetic Neuralgia 

           Phong     Kieu       and     SriKrishna     Chandran     

 18

        P.   Kieu ,  M.D.      
  John Peter Smith, Orthopedics and Sports Medicine , 
  11 White Ave. ,  Worcester ,  MA ,  USA   
 e-mail: pkieu@rocketmail.com   

    S.   Chandran ,  M.D.      (*) 
  Department of Physical Medicine and Rehabilitation ,  Johns 
Hopkins Hospital , 
  817 Lakewood Drive ,  Rochester Hills ,  MI   48309 ,  USA   
 e-mail: krishchan79@gmail.com  

mailto:pkieu@rocketmail.com
mailto:krishchan79@gmail.com


126

  Clinical Presentation 
•   PHN is often described as a continuation of the initial 

pain from HZ infection [ 2 ].
 –    Rarely will recurrence occur after months to years of 

complete resolution of initial pain with the HZ 
 infection [ 11 ].
 n    If this occurs, it is usually triggered by a traumatic 

event to the area.     
 –   Can last months to years     

•   Typically follows a dermatomal pattern (Fig.  18.1 )   
•   Most commonly affected dermatomes are [ 12 ]:

 –    Thoracic (T4–T6)  
 –   Cervical  
 –   Trigeminal nerves     

•    Symptoms :
 –    Pain is usually described as a “burning” sensation [ 13 ]  
 –   May be described as numbness, itching, or tingling  
 –   Most patients will develop other neurologic changes [ 14 ]:
 n    Hyperaesthesia  

 n   Allodynia  
 n   Anesthesia: defi cits in thermal, tactile, pinprick, 

and vibration sensation        
•    Associated symptoms : fatigue, impaired sleep, anorexia, 

and decreased libido [ 11 ]    

 Ocular Shingles can present with:
•   Symptoms 

 –   Visual defects  
 –   May lead to glaucoma, scarring, and blindness  
 –   Pain  
 –   Sensitivity to light  
 –   Changes in vision  
 –   Foreign body sensation    

•    Physical Exam  
 –     Tenderness, vesicular distribution around the eye or 

eyelid, swelling, redness, blisters at the nose  
 –   If blisters at the nose are present, patient should see an 

ophthalmologist promptly    
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    Treatment 

   Acute herpes zoster 
   1.    Pain relief modalities:

•       Cold packs, cold water baths, cool wet cloths   
•      Cover rash with loose nonsterile bandages   
•      Loose fi tting cotton clothing   
•      Lotions containing Calamine may be used on blisters 

or open wounds to decrease pain and pruritis   
•      Anesthetic ointments such as capsaicin and lidocaine 

patches may be used after lesions have crusted over       
   2.    Oral medications: (see more details in medication 

chapters)
    (a)     Antivirals :

•    DNA polymerase inhibitors  
•   Studies show that during acute onset,  treatment 

started within 72 h of onset  may shorten duration 
of disease [ 1 ]:
 –    Acyclovir (Zovirax) 800 mg PO 5 ×/day × 7 

days
 n    May use 5 % ointment up to 6 ×/day × 7 days 

for lesions, but avoid use in eyes     
 –   Famciclovir (Famvir) 500 mg PO TID × 7 days  
 –   Valacyclovir (Valtrex) 1,000 mg PO q8 h × 7 days         

   (b)     Tricyclic antidepressants (TCA) :
•    Inhibit the reuptake of norepinephrine and sero-

tonin in the central nervous system and increase 
the inhibition of nociceptive signals from the 
periphery [ 15 ,  16 ].  

•   It may take up to 3 weeks before TCAs begin to 
reduce pain.  

•   Commonly used as a treatment PHN, but may be 
started during the acute process.      

   (c)     Corticosteroids :
•    Orally administered corticosteroids, such as pred-

nisone, has been commonly used in conjunction 
with an antiviral if administered as early as possi-
ble in the disease process.
 –    Prednisone 40–60 mg PO daily × 7 days and 

then a rapid taper over 1–2 weeks (or an equiv-
alent dose of another corticosteroid)     

•   Studies have shown that they decrease pain at 3 
and 12 months, but others also have shown no 
benefi t.  

•   Due to theoretical risk of immunosuppression and 
progression of disease, it has fallen out of favor 
except in cases with signifi cant swelling.      

   (d)     Opiates :
•    Considered a part of the comprehensive treatment 

of acute herpes zoster infection.  
•   Pain can range from mild to excruciating  

•   Regular dosing schedules are recommended over 
“as needed” dosing during this phase.      

   (e)     Special cases, ocular herpes zoster :
•    Due to risk of glaucoma, scarring, and blindness, 

prompt ophthalmology referral is strongly 
recommended      

   (f)    Prevention (see below in prevention section)        

  PHN Treatment 
   1.    Aspirin and NSAID medications have limited value.   
   2.     Tricyclic antidepressants (TCA) :

•       Its effi cacy for the treatment in PHN has been demon-
strated in several studies [ 17 ,  18 ].   

•      Several systematic reviews have proven that they are 
superior to SSRIs [ 19 ,  20 ].   

•      Side effects are typically anticholinergic, sedation and 
dry mouth, which reduce patient compliance.   

•      Side effects such as QT prolongation, blurred vision, 
and weight gain should be taken into consideration 
when prescribing TCAs.   

•      In one study, nortriptyline was shown to be better 
 tolerated than amitriptyline [ 21 ].       

   3.     Anticonvulsants :
      Useful in treatment of PHN, has been noted to reduce the 
lancinating component of pain.   
   (a)     Gabapentin :

•    Immediate release gabapentin has been shown to 
be effective in treatment of PHN [ 22 ,  23 ].  

•   Extended release gabapentin has had inconsistent 
data [ 24 ].  

•   Divided doses of 1,800–3,600 mg daily given for 
1–2 weeks have been effective in reducing pain, 
improving sleep, and quality of life [ 24 ].  

•   Side effects are drowsiness, dizziness, ataxia, mild 
peripheral edema, and worsening cognitive 
impairment in the elderly population.  

•   Side effects can be reduced with careful 
titration [ 25 ]      

   (b)     Pregabalin :
•    Structural analog of Gamma-aminobutyric acid 

(GABA) and similar mechanism to gabapentin.  
•   Randomized controlled trials vs. placebo for PHN 

demonstrated a decrease in pain and improvement 
in sleep [ 26 – 28 ].  

•   Recommended dosage is 150–600 mg daily in 
divided doses  

•   Side effects are drowsiness, dizziness, dry mouth, 
peripheral edema, and weight gain.      

   (c)     Divalproex sodium 
•    Not commonly used, but few studies have shown 

some effectiveness in treating PHN compared to 
placebo at dosages of 1,000 mg daily [ 29 ].          
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   4.     Opioids 
•       Considered part of the comprehensive treatment 

for PHN
 –    For moderate-to-severe pain, signifi cantly impacted 

quality of life, and ineffective treatment with fi rst-
line agents [ 2 ,  30 ].      

•      Opioids improve pain as well as TCAs, and are pre-
ferred by patients [ 31 ].   

•      Other factors including development of tolerance, fear 
of addiction, and differences in governmental health 
policies may reduce the prescribing of opioids for 
PHN [ 32 ].   

•      Investigated formulations include oxycodone, mor-
phine, fentanyl, buprenorphine, methadone, dihydro-
codeine, and tramadol.   

•      Treatment should be started with a short-acting opioid 
and replaced after 1–2 weeks with a long-acting for-
mulation [ 30 ].

 –    Constipation, nausea, and sedation are common 
side effects.           

    5.     Topical agents 
•    Capsaicin:

 –    Pungent ingredient in chilli peppers causes excita-
tion of nociceptive afferents when applied topically.
 n    Repeated application results in desensitization 

of unmyelinated epidermal nerve fi bers and 
results in hypoalgesia [ 33 ].     

 –   Few studies have shown that low-concentration 
capsaicin cream (0.25–0.75 %) provide signifi cant 
pain relief for PHN [ 33 ].  

 –   Recent studies have shown that a high-concentra-
tion capsaicin dermal patch (8 %) may provide 
rapid and long lasting relief [ 34 ].     

•   Local analgesics
 –    Local analgesics such as topical lidocaine patches 

(5 %) have been used for the treatment of PHN.  
 –   However, there is limited data support its use [ 35 ].         

   6.    Interventional techniques
•    Sympathetic blocks:

 –    Selective sympathetic nerve blocks are commonly 
used [ 36 ].
 n    Complications are low, but may include pneu-

mothorax, intraspinal/neuraxial injection, or 
neurologic injury [ 37 ].     

 –   Evidence is limited, but there are several small 
studies which have shown that sympathetic blocks 
are effective for treating PHN and preventing PHN 
[ 37 – 39 ].  

 –   After local administration of adrenergic agonists, 
there appears to be increased levels of pain and 
worsening of allodynia [ 40 ].     

•   Intrathecal medications:
 –    Intrathecal methylprednisolone has been shown to 

be effective in recalcitrant cases of PHN in several 
small studies [ 41 ,  43 ].  

 –   Other intrathecal medications have also been tried 
with varying success including morphine, lido-
caine, and midazolam [ 44 ].     

•   Spinal cord stimulator:
 –    In extreme cases, spinal cord stimulators may be 

effective [ 41 ,  42 ,  45 ].         
   7.    Other:

•    Pulsed radiofrequency, cryoanalgesia,  N -methyl- D - 
ASPARTATE  receptor antagonists, topical nonsteroidal 
anti-infl ammatory drugs, topical TCAs, vincristine 
iontophoresis, botulinum toxin, minocycline, trans-
cutaneous nerve stimulations have all been used but 
not established [ 2 ].      

   8.    Surgery:
•    Electrical stimulation of the thalamus, anterolateral 

cordotomy, and electrocoagulation of the dorsal root, 
dorsal root entry zone lesions, mesencephalotomy, 
trigeminal neurectomy have all been described, but 
there is no consistent benefi t and substantial risks [ 2 ].       

  Prevention 
•   Vaccination:

 –    Vaccination for the HZ virus has been shown in mul-
tiple studies that it not only reduces the incidence of 
HZ infection but the incidence of PHN as well [ 2 ,  46 ].
 n    It also reduces the pain, severity, and duration.  
 n   Currently recommended to everyone over the age 

of 50     
 –   Antivirals
 n    Treatment of an acute HZ infection with antivirals 

has been described in the literature to reduce the 
incidence of PHN [ 47 ].  

 n   However, more recent studies have shown that anti-
virals reduce the severity and duration of PHN, but 
not its incidence [ 48 ,  49 ].     

 –   Corticosteroids and antidepressants have been shown 
to be ineffective in preventing PHN [ 2 ].  

 –   Interventional procedures including epidural steroid 
injections and sympathetic blocks have been described, 
but data is limited [ 2 ,  39 ].           
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      Abbreviations 

   AAROM    Active assisted range of motion   
  AC    Acromioclavicular   
  ACL    Anterior cruciate ligament   
  ACR    American College of Rheumatology   
  AP    Anteroposterior   
  AROM    Active range of motion   
  BMP    Basic metabolic panel   
  CBC    Complete blood count   
  ESR    Erythrocyte sedimentation rate   
  FABER    Flexion, abduction, external rotation   
  FADIR    Flexion, adduction, internal rotation   
  FAI    Femoroacetabular impingement   
  GTN    Glyceryl trinitrate   
  ITB    Iliotibial band syndrome   
  LCL    Lateral collateral ligament   
  MCL    Medial collateral ligament   
  MRI    Magnetic resonance imaging   
  NSAID    Non-steroidal anti-infl ammatory drug   
  OA    Osteoarthritis   
  OT    Occupational therapy   
  PCL    Posterior cruciate ligament   
  PFPS    Patellofemoral pain syndrome   
  PRICE    Protect, rest, ice, compression, elevation   
  PROM    Passive range of motion   
  PRP    Platelet-rich plasma   

  PT    Physical therapy   
  ROM    Range of motion   
  SLAP    Lesion superior labrum anterior to posterior lesion   
  TENS    Transcutaneous electric nerve stimulation   
  UCL    Ulnar collateral Ligament   
  US    Ultrasound   

          Joint Structure, Anatomy, Physiology [ 1 – 3 ] 

 This chapter will focus on the larger diarthroses (synovial 
joints). Synovial joints are composed of the joint capsule 
(the outer layer stratum fi brosum and the inner layer stra-
tum synovium), the joint cavity, a synovial membrane that 
lines the joint capsule, synovial fl uid that lubricates the 
joint, hyaline cartilage that covers the bony surfaces, and 
accessory structures adjacent to the joint capsule. Accessory 
structures include fi brocartilaginous discs, menisci and 
labrums, ligaments, tendons, fat pads, and bursae. Joints 
are richly innervated, particularly in the stratum fi brosum. 
Slow-conducting, unmyelinated C fi bers transmit diffuse 
pain sensation. Nociceptors are located throughout the 
joint, having been identifi ed via histopathology in the cap-
sule, ligaments, menisci, periosteum, and subchondral bone 
(Fig.  19.1 ).  .   

    Shoulder (Fig.  19.2 ) [ 2 ,  5 – 9 ] 

      Intra-articular Pathology 
  1.     Acromioclavicular  ( AC )  joint sprain : classifi ed by 

Rockwood using types I–VI, type I being mild and VI 
being completely displaced inferiorly.
•       History

 –    Often caused by a fall onto shoulder or outstretched 
arm      

•      Examination
 –    Step-off deformity if severe  

      Joint Pain 
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 –   Tenderness to palpation locally over AC joint  
 –   Possible coexisting subacromial impingement and 

rotator cuff pathology      
•      Workup

 –    X-ray
 n    AP view with shoulder in neutral, internal, and 

external rotation  
 n   Transcapular Y view  
 n   Axillary view  
 n   15° cephalic tilt view of the AC joint         

•      Treatment
 –    Generally, types I–III are managed conservatively 

while types IV–VI (and type III that fails conserva-
tive management) require surgical repair  

 –   Types I–III: initially ice and immobilization in 
splint, then progressive ROM exercises, isometric 
strength training in PT when pain permits  

 –   Pain control with NSAIDs and topicals or stronger 
agents if required          

  2.     Glenohumeral subluxation ,  dislocation : usually trau-
matic with anterior dislocation being most common, 
where arm is forced into excessive abduction and external 
rotation.

      Anterior dislocations can result in an osseous defect in 
the posterolateral head of the humerus, known as a Hill–
Sachs lesion. Often concomitant avulsion of the anterior 
glenoid rim (Bankart lesion).   

     Posterior dislocations are often associated with 
 seizures. Recurrent subluxations without dislocation 
are often misdiagnosed as rotator cuff tendonitis.   

     Chronic atraumatic multidirectional instability of 
the shoulder can occur secondary to biomechanical fac-
tors such as shallow socket, lax ligaments, or weak mus-
cles. Subluxation can be seen in stroke patients on the 
hemiparetic side.   
•      History

 –    Often acute trauma  
 –   Sensation of arm “popping out”  
 –   Pain described as “dead arm”      

•      Examination
 –    Obvious deformity if dislocated  
 –   Sulcus sign in subluxation  
 –   Examine for possible damage to axillary, radial, 

and/or musculocutaneous nerve causing weakness 
and paresthesias  

 –   May have concomitant supraspinatus tear      
•      Workup

 –    X-ray prior to reduction, if not already done in the 
fi eld, to rule out fracture  

 –   X-ray is usually normal in subluxation  
 –   MRI for investigation of damage to labrum and 

 rotator cuff muscles      

  Fig. 19.1    Typical synovial joint anatomy       

  Fig. 19.2    Shoulder joint anatomy (anterior and posterior)       
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•       Treatment
 –    If dislocation exists, reduction as soon as possible 

as this procedure becomes more diffi cult to  perform 
as time passes  

 –   After reduction, immobilization with sling, then PT 
focusing rotator cuff and scapular strengthening 
with gradual restoration of ROM  

 –   Surgical consultation for stabilization after reduc-
tion in young athletes might be considered as re-
injury and disability is higher in this population  

 –   For stroke patients with a subluxed and painful 
shoulder, slings, arm troughs, lap boards, PT/OT, 
and electric stimulation can be used          

  3.     Labral tears : labrum is a ring of fi brocartilaginous tissue 
attached to the glenoid fossa creating a deeper socket and 
therefore more stability for the glenohumeral joint. Plays 
a role in proprioception and load distribution. The joint 
capsule, glenohumeral ligaments, and the long head of 
the biceps tendon attach to the labrum. SLAP lesions 
(superior labrum anterior to posterior) are the most 
common labral tears and are graded from type I to IV.
•       History

 –    Caused by sudden downward force on the long 
head of the biceps pulling on the labrum, for exam-
ple, when catching a heavy object or falling on out-
stretched arm when shoulder is in abduction and 
slight forward fl exion  

 –   Pain usually localized to the posterior–superior 
joint line, worse in abduction and overhead 
activities  

 –   Patient may report grinding, catching, and popping 
sensation with movement      

•      Examination
 –    Tenderness along posterior joint line  
 –   Decreased ROM in abduction and fl exion secondary 

to pain  
 –   Joint laxity  
 –   Special maneuvers include dynamic labral shear test 

and O’Brien test (AKA active compression test)      
•      Workup

 –    If diagnosis is unclear after history and physical, 
MRI can confi rm  

 –   MRI arthrogram in certain settings is considered to 
be more sensitive      

•      Treatment
 –    If patient is physically active and has an unstable 

tear (SLAP type II–IV), surgical repair should be 
considered  

 –   For type I tears and with older, less active patients, 
conservative treatment with NSAIDs, and PT 
focusing on scapular stabilization followed by 

rotator cuff strengthening exercises should be 
pursued fi rst          

  4.     Adhesive capsulitis  ( frozen shoulder ): characterized by 
limited ROM with pain at end range. Typically, diffuse pain 
in the shoulder becomes progressively worse, followed by 
decreased ROM. Exact etiology is unclear but risk factors 
include diabetes, parkinsonism, thyroid disease, neoplasm 
near the shoulder, and CAD. It is often initiated by mild 
trauma. This trauma causes diffuse infl ammation of the 
synovium and adherence to the joint capsule. 
  Described in three stages : 
 Stage 1: painful/freezing stage lasting weeks to several 

months 
 Stage 2: adhesive/stiffening phase where pain decreases 

and lasts 4–12 months 
 Stage 3: thawing stage lasting 2–26 months. This process is 

generally self-limiting, on average lasting 1.5 years.
•       History

 –    Most common in females in their 40s and 50s  
 –   Pain described as dull ache around entire shoulder  
 –   Loss of motion over a few months  
 –   Discomfort when sleeping      

•      Examination
 –    Limited passive and active ROM particularly with 

passive external rotation with arm placed in 90° of 
abduction or while elbow is placed at the side      

•      Workup
 –    If minimal to no trauma, obtain CBC, ESR, BMP, 

thyroid function test to screen for metabolic and 
systemic risk factors  

 –   X-ray in AP, axillary and scapular Y view  
 –   Bone scan if there is suspicion of neoplasm      

•      Treatment
 –    Limit immobilization while also avoiding aggres-

sive PROM in PT  
 –   Gentle A/AA/PROM, heat, TENS (transcutaneous 

electrical nerve stimulation), NSAIDs, and cortico-
steroid/lidocaine injections during stage I  

 –   Usually self-limiting, if detected early, strongly 
consider intra-articular corticosteroid injection 
performed with image guidance; if no improve-
ment with conservative management in 6 months, 
consider manipulation under general anesthesia or 
surgical management especially if other pathology 
such as calcifi c tendonitis or impingement 
coexists          

  5.     Osteoarthritis  ( OA ): not the most common site for OA, 
but when present in the shoulder, there is often a history 
of activities that cause repeated microtrauma, or any con-
dition that can alter the articular cartilage to properly bear 
weight
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•       History
 –    Insidious, dull ache  
 –   Pain with movement especially external rotation      

•      Examination
 –    Pain with movement or limited ROM  
 –   Possible crepitus      

•      Workup
 –    Radiographs may show joint space narrowing, 

osteophytes, sclerosis, or subchondral cysts  
 –   CT will be necessary if considering arthroplasty      

•      Treatment
 –    Often responds well to conservative treatment  
 –   Acetaminophen is the fi rst-line pharmacological 

treatment, followed by NSAIDs  
 –   PT to improve ROM and strengthening for joint 

stability  
 –   Can consider intra-articular anesthetic/corticoste-

roid injection and the authors recommend using 
image guidance (ultrasound or fl uoroscopy)  

 –   Some clinicians are using off-label treatment with 
viscosupplementation to treat this condition; this 
has not yet been supported by the literature  

 –   If severe, arthroplasty       

      Extra-articular 
   1. Rotator cuff impingement and tears : very common 

cause of nontraumatic shoulder pain. Impingement is an 
overuse injury in the setting of encroachment on the rota-
tor cuff muscles (supraspinatus, infraspinatus, subscapu-
laris, and teres minor) by the acromion, coracoacromial 
ligament, coracoid process, and/or AC joint. Impingement 
can be external (subacromial) and internal (posterior–
superior glenoid). Commonly, in primary external 
impingement, the supraspinatus outlet narrows due to 
acromion bone spur formation and degenerative changes 
in the AC joint. Impingement can lead to tearing of the 
rotator cuff muscles. Tears rarely occur nontraumatically 
in healthy patients; there is either history of acute trauma 
such as falling on an outstretched arm or underlying 
pathology such as RA, SLE, or frequent corticosteroid 
injections.
•    History

 –    Usually insidious dull ache located in posterior and 
lateral shoulder  

 –   Worse with overhead activity  
 –   Discomfort while sleeping on affected side  
 –   History of repetitive shoulder motion or overuse 

injury  
 –   Tears can happen traumatically in an otherwise 

healthy shoulder     
•   Examination

 –    Pain with elevation between 70 and 110° described 
as a “painful arc”  

 –   Pain/weakness in abduction and external rotation  

 –   Limited internal rotation  
 –   Tenderness in supraspinatus outlet or at the greater 

tuberosity of the humerus  
 –   Special maneuvers include Neer’s, Hawkin’s, and 

empty can tests     
•   Workup

 –    X-ray may reveal hooked acromion, and in later 
stages narrowing of the of the acromiohumeral gap, 
superior subluxation of the humeral head, and are 
also useful in acute traumatic cases to rule out dis-
location and fracture  

 –   US and MRI can evaluate rotator cuff muscles for tears     
•   Treatment

 –    Short period of rest (prolonged immobilization can 
predispose to adhesive capsulitis)  

 –   Then progressive rehabilitation effort to restore 
ROM, fl exibility, especially of the posterior cap-
sule, scapular mechanics, and strengthening  

 –   Ice  
 –   NSAIDs  
 –   Judicious use of subacromial corticosteroid/anes-

thetic injections can aid in pain relief and tolerance 
to PT  

 –   Consider OT ergonomic evaluation if overuse 
injury at work is suspected  

 –   Recent studies found topical glyceryl trinitrate 
(GTN) can improve pain, increase range of motion, 
and decrease shoulder impingement  

 –   For severe impingement, full-thickness tears, fail-
ure of 3–6 months of conservative management or 
symptomatic calcifi ed tendonitis, surgical evalua-
tion is warranted        

   2. Biceps tendonitis : often occurs where the long head of 
the biceps tendon passes through the bicipital groove 
while traversing to the superior glenoid
•    History

 –    Pain in anterior shoulder  
 –   Often an overuse injury     

•   Examination
 –    Tenderness at bicipital groove which will move lat-

erally as the arm is externally rotated in an adducted 
position  

 –   Special maneuvers include Yergason’s and Speed’s 
tests     

•   Workup
 –    Rule out concomitant injuries such as rotator cuff 

tear and/or labral tear  
 –   Can use US to examine the tendon in bicipital groove     

•   Treatment
 –    Acutely use ice, NSAIDs, topical patches, or creams  
 –   PT for decreasing pain and to restore ROM, 

strength, and function  
 –   Severe cases may warrant corticosteroid injection 

at the tendon sheath           
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    Elbow [ 2 ,  5 ,  10 – 12 ] 

   Intra-articular 
   1. Osteoarthritis  ( OA ): the elbow is a rare site for OA, 

usually caused by trauma, crystal arthropathies, or 
repeated vibration exposure. See shoulder OA section for 
history, exam, workup, and treatment  

   2. Ulnar collateral ligament  ( UCL )  sprain : commonly 
seen in overhead athletes, particularly baseball pitchers. 
The ligament can become infl amed, develop calcifi cation 
and if severe, can rupture.
•    History

 –    Usually occurs chronically when repetitive valgus 
stress is placed on the elbow (e.g., in the overhead 
throwing athlete), but on rare occasions may occur 
acutely or can have an acute-on-chronic 
presentation     

•   Examination
 –    Tenderness at medial elbow  
 –   Laxity/pain when valgus stress is placed on elbow     

•   Workup
 –    MRI may help confi rm and determine severity of 

sprain, but visualization and stress tests at the time 
of arthroscopy are considered the gold standard to 
assess for UCL insuffi ciency     

•   Treatment
 –    Acutely use rest, ice, and NSAIDs  
 –   Then strengthening of forearm fl exors and 

pronators  
 –   Some athletes undergo reconstruction         

  Extra-articular 
   1. Lateral epicondylitis  ( tennis elbow ): caused by forearm 

extensor tendinosis, most commonly the extensor carpi 
radialis brevis. These muscles stabilize the wrist while 
gripping and can become injured when a force pushes the 
wrist into fl exion against resistance, as in hitting a tennis 
ball with the backhand technique (by far not the most 
common mechanism of injury). This is a common over-
use injury that can be caused from a wide range of activi-
ties, from racquet sports to typing on a computer.
•    History

 –    Usually occurs insidiously over several hours or 
days of repetitive manual activity, but can also hap-
pen acutely, i.e., after one single force is loaded on 
the extensor tendons  

 –   Pain is localized to the lateral elbow  
 –   Made worse with fl exion/extension of the wrist and 

elbow  
 –   Patient may report pain while carrying heavy objects     

•   Examination
 –    Tenderness over the lateral epicondyle  
 –   Pain with resisted wrist extension especially when 

the elbow is fully extended  

 –   Pain with passive full fl exion of the wrist  
 –   Special maneuvers include Cozen’s and Mill’s test     

•   Workup
 –    Typically a clinical diagnosis, but X-rays can be 

taken to rule out fractures, osteochondritis disse-
cans, degenerative joint disease, and heterotopic 
ossifi cation  

 –   US can be used to confi rm tendinosis     
•   Treatment

 –    Acutely use rest, ice, counterforce bracing; the role 
of NSAIDs has been questioned and corticosteroid 
injections may actually make the condition worse 
long term  

 –   Correction of ergonomics (or technique if incurred 
during sports)  

 –   PT focusing on pain-free ROM, and concentric fol-
lowed by eccentric strengthening of wrist extensors  

 –   Some studies show platelet-rich plasma (PRP) 
injections are superior to corticosteroid injections 
for pain reduction in patients with chronic lateral 
epicondylosis        

   2. Medial epicondylitis  ( golfer ’ s elbow ): similar to lateral 
epicondylitis, but the fl exors tendons of the forearm are 
affected and is much less common. The pronator teres is 
most commonly implicated.
•    History/examination/workup/treatment

 –    Similar to lateral epicondylitis, although obvi-
ously the medial epicondyle will have tenderness to 
palpation  

 –   Pain is elicited by having the patient fl ex the wrist 
and/or pronate against resistance  

 –   The ulnar nerve passes close to the medial epicon-
dyle and can therefore be compressed by surround-
ing infl ammation so neurovascular exam of the 
elbow, forearm, and hand should be performed  

 –   If instability is present or suspected, ulnar collateral 
ligament insuffi ciency should be considered in the 
differential        

   3. Olecranon bursitis : trauma can lead to infl ammation of 
this subcutaneous bursa, which may then fi ll with sero-
sanguinous fl uid. Infection can occur via normal skin 
fl ora entering the bursa through breaks in the skin.
•    History

 –    Acute trauma (i.e., falling onto posterior elbow)  
 –   Chronic repetitive trauma (i.e., prolonged weight 

bearing on elbows)     
•   Examination

 –    Visible swollen bursa may be noted  
 –   Tenderness, bogginess at posterior elbow  
 –   Excessive warmth, erythema, and pain suggest 

infection     
•   Workup

 –    US can confi rm excess fl uid in the bursa  
 –   If infection or crystal arthropathy is suspected, per-

form fl uid aspiration with Gram stain and culture     
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•   Treatment
 –    Rest, ice, NSAIDs, compression  
 –   If conservative treatment fails, aspiration, then 

injection of local anesthetic and corticosteroid as 
long as infection is not suspected           

    Hip (Fig.  19.3 ) [ 2 ,  5 ,  13 – 16 ] 

      Intra-articular 
  1.     Osteoarthritis  ( OA ): this is the most prevalent pathology 

of the hip and a common site for OA largely because the 
hip bears a signifi cant amount of body weight, which usu-
ally presents as unilateral, but can have a bilateral presen-
tation in up to 42 % of cases. This is a degenerative 
process primarily affecting the articular cartilage. Hip OA 
can be primary/idiopathic, once considered to be the most 
common form, resulting from wear and tear, or secondary 
where the etiology such as history of major trauma, intra- 
articular infection, dysplasia, and femoroacetabular 
impingement (FAI) can be identifi ed. With better under-
standing of FAI, secondary hip OA might be more common 
than primary (Tables  19.1  and  19.2 ).
•         History

 –    Pain localized to the groin  
 –   Stiffness  
 –   Increased pain with weight bearing       

•       Examination
 –    Antalgic gait  
 –   Painful/loss of ROM especially internal rotation  
 –   Special maneuvers include Stinchfi eld, FABER, 

and FADIR tests       
•       Workup

 –    X-ray, preferably taken while weight bearing

 n    Changes in usual order of appearance: joint 
space narrowing, subchondral sclerosis, osteo-
phytes, subchondral cysts         

•      Treatment
 –    Start patient on exercise program as guided by a 

physical therapist  
 –   If overweight, add goal of weight reduction  
 –   For analgesia, start with acetaminophen, followed 

by NSAIDs, and then tramadol if pain is not 
controlled  

 –   Opioids can be cautiously considered if pain is still 
poorly controlled, or if patient is not a surgical can-
didate in severe cases  

 –   Fluoroscopically or US-guided corticosteroid and 
anesthetic injections delivered intra-articularly 
have been shown to improve pain and ROM  

 –   Hip resurfacing or total hip arthroplasty is neces-
sary in severe cases       

     2.     Labral tears : the acetabular labrum is a ring of fi brocar-
tilagenous tissue that deepens the hip socket, providing 
more stabilization. Only the outer one-third is 

  Fig. 19.3    Hip joint anatomy       

    Table 19.1    American College of Rheumatology (ACR) non-pharmaco-
logic recommendations for the management of hip osteoarthritis (OA)   

 ACR strongly recommends: 
 Participation in cardiovascular and/or resistance land-based or 

aquatic exercise 
 Weight loss (for persons who are overweight) 

 ACR conditionally recommends: 
 Participation in self-management programs 
 Receiving manual therapy in combination with supervised exercise 
 Receiving psychosocial interventions 
 Instruction in the use of thermal agents 
 Walking aids, as needed 

 ACR has no recommendations regarding the following: 
 Participation in balance exercises, either alone or in combination 

with strengthening exercises 
 Participation in tai chi 
 Receiving manual therapy alone 

    Table 19.2    American College of Rheumatology’s (ACR) pharmaco-
logic recommendations for the initial management of hip OA   

 ACR conditionally recommends: 
  Acetaminophen 
 Oral NSAIDs 
 Tramadol 
 Intra-articular corticosteroid injections 

 ACR conditionally recommends against the following: 
 Chondroitin sulfate 
 Glucosamine 

 ACR has no recommendations regarding the following: 
 Topical NSAIDs 
 Intra-articular hyaluronate injections 
 Duloxetine 
 Opioid analgesics 
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vascularized , but nociceptive fi bers are found throughout 
the structure. It is thinnest anteriorly, and this is where 
most tears occur. FAI and developmental dysplasia of the 
hip are risk factors. There are type I tears (labrum is 
detached from the articular cartilage) and type II (cleav-
age tears).
•       History

 –    Hip pain and/or bothersome clicking, catching, or 
popping sensations with movement  

 –   Often seen in athletic/active populations       
•       Examination

 –    Pain and/or clicking with PROM  
 –   Special maneuvers include FADIR and FABER tests       

•       Workup
 –    Properly sequenced MRI or MR arthrogram is the 

best noninvasive imaging study to confi rm a labral 
tear  

 –   Arthroscopy is the gold standard for diagnosis       
•       Treatment

 –    Activity modifi cation, such as avoiding activities that 
require excessive fl exion with internal rotation  

 –   PT focusing on neuromuscular control and strength-
ening of deep stabilizing muscles  

 –   If conservative measures fail, active patients might 
require hip arthroscopy for repair or debridement 
and to address possible causative factors (e.g., FAI)       

      Extra-articular 
   1. Greater trochanteric bursitis : AKA Greater 

Trochanteric Pain Syndrome because gluteus medius 
tendinosis may be more common than bursitis; it is a 
common cause of lateral hip pain. The trochanteric bursa, 
the gluteus medius bursa, or the tendinous insertions at 
the greater trochanter can become painful and possibly 
infl amed secondary to direct trauma, prolonged weight 
bearing on one leg, overuse, and sporting injuries. Also 
consider proximal hamstring tendinosis when pain is near 
the ischial tuberosity, or iliopsoas tendinosis/bursitis when 
pain is located more anteriorly.
•    History

 –    Pain at the lateral hip  
 –   Worse with activity  
 –   Pain at night when side-lying  
 –   History of vigorous activity or recent activity 

patient is not accustomed to     
•   Examination

 –    Pinpoint and severe tenderness over the greater 
trochanter  

 –   +/− Trendelenburg gait  
 –   FABER test is often positive     

•   Workup
 –    US can show enlarged bursa or tendinosis  
 –   MRI can determine if there is accompanying tendi-

nopathy, tear, or intra-articular pathology     

•   Treatment
 –    Minimize compression of area  
 –   Activity modifi cation  
 –   Ice and NSAIDs  
 –   PT focusing on strengthening the gluteal muscles 

and restoration of muscle balance at the pelvis  
 –   Some studies show that corticosteroid injections 

reduce pain and increased tolerance to PT, while 
others show no long-term benefi ts; alternative 
injection-based treatments, such as PRP, are cur-
rently being investigated           

    Knee (Fig.  19.4 ) [ 2 ,  4 ,  5 ,  13 ,  17 – 19 ] 

      Intra-articular 
  1.     Osteoarthritis  ( OA ): a progressive, degenerative disorder 

that initially affects cartilage, then later bone, resulting 
from idiopathic and mechanical factors. 10 % of people 

  Fig. 19.4    Knee joint anatomy       
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older than 65 have symptomatic knee OA. Male to female 
ratio is equal from ages 45–55, after 55 more common in 
women. Risk factors for knee OA include obesity, 
malalignment, previous injury, and high-impact vigorous 
sports. Knee OA can occur in the medial compartment 
(most common), lateral compartment, the patellofemoral 
joint (10 % of knee OA), and can progress to tricompart-
mental involvement.
•       History

 –    Insidious, dull achy pain, increasing with weight- 
bearing activity  

 –   When severe, pain at rest  
 –   Joint stiffness <30 min, usually after periods of 

immobility, i.e., upon waking  
 –   Crepitus, catching, locking, knee giving way      

•      Examination
 –    Possible biomechanical factors such as leg length 

discrepancy, genu-varum (could indicate medial 
compartment OA), genu-valgum (could indicate 
lateral compartment OA)  

 –   Antalgic gait  
 –   Swelling/effusion  
 –   Decreased ROM, crepitus with motion  
 –   On palpation, joint-line tenderness, warmth      

•      Workup
 –    X-ray is imaging modality of choice, preferably 

taken while weight bearing; obtain AP, lateral, and 
merchant views
 n    Changes in usual order of appearance: joint 

space narrowing, subchondral sclerosis, osteo-
phytes, subchondral cysts         

•      Treatment (Tables  19.1  and  19.2 )
 –    Initially PRICE (protect, rest, ice, compression, 

elevation)  
 –   Tylenol, NSAIDs, Topicals  
 –   Assistive device to off load weight  
 –   In PT, aerobic conditioning for long-term improve-

ment, strengthening (with focus on the quadriceps) 
for short-term pain control  

 –   Lateral wedge orthotics can be given for medial 
compartment OA  

 –   Flexible knee sleeves for mild OA  
 –   Corrective hinged bracing, also known as 

unloader braces, for moderate to severe unicom-
partmental OA  

 –   Consider aspiration if effusion is affecting ROM 
and causing pain  

 –   Trial acetaminophen fi rst, then NSAIDs, tramadol 
if necessary for pain relief  

 –   Corticosteroid vs. viscosupplementation injections 
can be considered to reduce pain  

 –   Severe cases both clinically and radiologically that 
are refractory to conservative care require knee 
arthroplasty       

     2.     Ligament sprains / tears  ( ACL ,  PCL ,  MCL ,  LCL ): 
these four ligaments, along with the musculature of the 
knee, stabilize the joint.
•       History

 –    Often an acute injury, although can be from overuse      
•      Examination

 –    Local swelling  
 –   Point tenderness  
 –   Ecchymosis  
 –   Joint laxity  
 –   Special maneuvers include anterior/posterior 

drawer, Lachman’s test, varus/valgus stress tests      
•      Workup

 –    MRI is the imaging modality of choice      
•      Treatment

 –    NSAIDs, topical medications, ice  
 –   PT (early progressive ROM, strengthening)  
 –   Hinged bracing  
 –   Can consider corticosteroid injection at the liga-

ment in severe cases but this can compromise the 
integrity of the ligament       

     3.     Patellofemoral pain syndrome  ( PFPS ): umbrella term 
to describe peripatellar and retropatellar pain, this is an 
overuse injury from repetitive overload at the patellofem-
oral joint causing maltracking of patella over femoral 
trochlear groove.
•       History

 –    Anterior knee pain  
 –   Diffuse, vague ache  
 –   Insidious onset  
 –   Pain after prolonged sitting or “theater sign”  
 –   Pain with ascending/descending stairs, downhill 

running      
•      Examination

 –    Tenderness to palpation at medial and lateral patel-
lar retinaculum  

 –   Clicks/crepitus during ROM  
 –   Restricted movement of patella  
 –   Special maneuvers include patellar tilt test, patellar 

mobility test, patellar apprehension test      
•      Workup

 –    PFPS is a clinical diagnosis  
 –   Imaging is generally not needed, but can obtain 

X-rays to better evaluate Q-angle, patella alta/baja, 
maltracking      

•      Treatment
 –    Natural history of PFPS is to resolve, but if untreated 

and does not resolve, chronic symptoms, or even 
patellofemoral OA can develop  

 –   Initially, activity modifi cation, icing, NSAIDs  
 –   Strengthening, taping, and bracing to maintain 

medial glide       
     4.     Meniscal tears : the meniscus is a fi brocartilaginous 

structure in the knee that helps evenly spread force 
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between the tibial plateau and the femoral condyles and 
also provides joint stability and lubrication. The outer third 
is vascularized while the inner two thirds are not, making 
central tears less likely to heal. Types of tears include fl ap, 
radial, degenerative, longitudinal, and bucket handle tears.
•       History

 –    Can occur with trauma, often during sudden twisting 
or cutting motions, but can also occur without inciting 
injury, particularly in patients with knee OA  

 –   Pain is often intermittent (the result of an unstable 
meniscus fragment)  

 –   Pain localized to the joint line  
 –   Sensation of clicking, catching, locking, knee giv-

ing way      
•      Examination

 –    Joint line tenderness in up to 86 % of cases  
 –   Effusion  
 –   Special maneuvers include McMurray’s, Apley’s, 

and Thessaly’s tests      
•      Workup

 –    Can confi rm with MRI, although arthroscopy is the 
gold standard for diagnosis      

•      Treatment
 –    Initially PRICE (protect, rest, ice, compression, 

elevation) and crutches/cane to offl oad weight  
 –   Acetaminophen, NSAIDs for analgesia  
 –   PT to strengthen surrounding muscles  
 –   Partial-thickness longitudinal tears, <5 mm full- 

thickness tears in the outer third, and minor degenera-
tive tears often do not require surgical intervention       

      Extra-articular 
   1. Iliotibial band  ( ITB )  syndrome : an overuse injury sec-

ondary to impingement or friction of the distal ITB over 
the lateral femoral epicondyle. It is the most common 
cause of lateral knee pain in runners.
•    History

 –    Pain is usually localized to the lateral epicondyle or 
Gerdy’s tubercle  

 –   Occurs after repetitive activity such as running and 
biking  

 –   Activity that requires more time in the “impinge-
ment zone,” i.e., at 20–30° of fl exion is particularly 
painful such as downhill running, end of down-
stroke in cycling     

•   Examination
 –    Antalgic gait  
 –   Over pronation or supination  
 –   Tenderness at the lateral epicondyle, Gerdy’s tuber-

cle, and along the ITB  

 –   Special maneuvers include Thomas’s, Ober’s, and 
Noble compression tests     

•   Workup
 –    Imaging rarely required, can consider US, best used 

dynamically (during motion)     
•   Treatment

 –    Activity modifi cation: decrease intensity/duration, 
usually can avoid complete stoppage of exercise  

 –   Icing and NSAIDs  
 –   In PT, stretch tight muscle groups, strengthen hip 

abductors and extensors  
 –   Can give corticosteroid injection to anatomic pouch 

at lateral femoral epicondyle for severe pain        
   2. Quadriceps and patellar tendinitis : AKA jumper’s 

knee, this is a chronic overuse injury of the tendons 
responsible for knee extension. It is often seen in athletes 
required to perform repetitive jumping, running, and 
kicking. Along with patellofemoral pain syndrome, these 
are the two most common sources of anterior knee pain.
•    History

 –    Repetitive loading of the extensor complex  
 –   Pain with activity, but often diminishes during 

course of activity, becoming more apparent after 
completion  

 –   Pain localized to the inferior or superior pole of the 
patella     

•   Examination
 –    Inspection is usually normal  
 –   Effusions/swelling very rare  
 –   ROM is usually normal  
 –   Tenderness at inferior and superior poles of patella  
 –   Reproducible pain with activity, i.e., jumping     

•   Workup
 –    Imaging generally not required, particularly in 

acute phase  
 –   Could consider US  
 –   MRI can show tendinopathy, but generally not 

ordered when considering this diagnosis     
•   Treatment

 –    Initially activity modifi cation until pain resolves  
 –   Pain control with icing and NSAIDs  
 –   Eccentric muscle strengthening in PT  
 –   Corticosteroid injections have shown to decrease 

pain  
 –   In European studies, polidocanol injections have 

shown to decrease pain and improve function in 
patients with patellar tendinopathy  

 –   PRP is an emerging treatment for tendinopathies          
  Rheumatoid arthritis diagnosis and workup  
(Table  19.3 ) [ 20 ]
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   Table 19.3    2010 ACR/EULAR classifi cation criteria for rheumatoid 
arthritis: score-based algorithm for classifi cation in an eligible patient 
(cutoff point for RA: 6 or more out of 10)   

 Joint involvement  0–5 
 1 medium to large joint  0 
 2–10 medium to large joints  1 
 1–3 small joints  2 
 4–10 small joints  3 
 >10 joints with at least one small joint  5 

 Serology  0–3 
 Negative RF and negative ACPA  0 
 Low-positive RF or low-positive ACPA  2 
 High-positive RF or high-positive ACPA  3 

 Acute-phase reactants  0–1 
 Normal CRP and ESR  0 
 Elevated CRP or ESR  1 

 Duration of symptoms  0–1 
 <6 weeks  0 
 ≥6 weeks  1 
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      Abbreviations 

   ADL    Activities of daily living   
  CBC    Complete blood count   
  CRP    C reactive protein   
  DBS    Deep brain stimulation   
  DM    Diabetes mellitus   
  DRG    Dorsal root ganglion   
  ESR    Erythrocyte sedimentation rate   
  LE    Lower extremity   
  MCS    Motor cortex stimulation   
  NMDA     N -methyl- D -aspartate   
  PLP    Phantom limb pain   
  PLS    Phantom limb sensation   
  RCTs    Randomized controlled trials   
  RLP    Residual limb pain   
  ROM    Range of motion   
  SCS    Spinal cord stimulation   
  SNRI    Serotonin-norepinephrine reuptake inhibitors   
  TCA    Tricyclic antidepressant/s   
  TENS    Transcutaneous electrical nerve stimulation   
  UE    Upper extremity   
  WDR    Wide dynamic range   

         Defi nitions 
•    Phantom limb pain  ( PLP )—Uncomfortable or bothersome 

sensation felt in an absent structure (may not be a limb)  
•    Phantom limb sensation  ( PLS )—Non-painful sensation 

felt in an absent structure  

•    Residual limb pain  ( RLP )—Discomfort localized to the 
distal portion of the residual limb (Stump pain)  

•    Other Pain —May include back, contralateral leg, or other 
site of pain related to altered biomechanics after amputation   

  Epidemiology 
•   Prevalence of Pain from selected cross-sectional studies 

[ 1 – 12 ] (Table  20.1 )
•       Reason for amputation  [ 1 ] (Table  20.2 )
•       Risk factors    

 –     Age 
 n    42 % of amputations occurred in those >65 years 

old [ 1 ]  
 n   Intensity of PLP or RLP does not vary by age group 

[ 2 ]     
 –    UE vs. LE 

 n    PLP is more likely to be severe in the LE [ 2 ]  
 n   PLP and RLP may also be more bothersome in the 

LE than in the UE [ 2 ]  
 n   PLP more common after bilateral amputations and 

when amputation is more proximal [ 13 ]     
 –    Reason for amputation 

 n    Vascular may have more intense pain [ 2 ]  
 n   Traumatic may be more likely to have pain [ 2 ,  6 ]     

 –    Pre - amputation pain 
 n    Pre-amputation pain has been related to incidence, 

type, and severity of PLP  
 n   Some believe that pre-amputation pain or the mem-

ory of pain may contribute to the development and 
maintenance of PLP [ 14 ,  15 ].     

 –    RLP 
 n    48–58 % have both PLP and RLP [ 2 ,  4 ,  10 ]  
 n   RLP is a risk factor for PLP [ 8 ]     

 –    Prosthetic use 
 n    Myoelectric prosthetic use correlated with less PLP 

and less somatosensory reorganization [ 16 ]  
 n   Use is associated with less RLP [ 2 ]     

      Post-Amputation Pain 
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 –    Medical co - morbidities 
 n    Amputees with 2+ co-morbidities have more 

intense pain [ 2 ]     
 –    Mood 

 n    Depression is associated with more intense pain [ 2 ]  
 n   Catastrophizing and passive coping are associated 

with PLP [ 17 ]      

  Pathophysiology 
•   Peripheral

 –    Fibers from the end of the transected nerve grow into 
nodules, known as neuromas, which generate abnormal 
impulses and respond to low-threshold stimuli [ 18 ].  

 –    Deafferentiation hyperexcitability : Changes within 
the dorsal root ganglion (DRG) in response to a 
lowered depolarization threshold and generation of 
spontaneous impulses which sensitize wide-
dynamic-range (WDR) neurons in the spinal cord, 
triggering wind-up.  

 –   Sympathetic fi bers grow around the neuroma and 
DRG.     

•   Central
 –     Wind - up phenomenon —As WDR neurons become 

sensitized, low-threshold input of other uninvolved 
mechanoreceptors or thermoreceptors which syn-
apse with them may be interpreted as painful stimuli 
[ 19 ,  20 ].  

 –   The increased spinothalamic input triggers neuroplastic 
changes, including somatotopic reorganization of the 
primary sensory cortex [ 21 ].  

 –   These changes are primarily mediated by  glutamate  
and the  NMDA receptor.        

    Evaluating Patients Post-amputation 

   History 
   Goal : Tease out different sites and sources of pain (PLP  vs.  

RLP  vs.  other)
 –    Amputation history (sites and dates of all amputations, 

surgical complications)  
 –   Quality and location of pain(s)  
 –   Onset and evolution of pain(s)  
 –   Exacerbating factors (positions, prosthetic use, pressure 

on residual limb, cold, etc.)  
 –   Alleviating factors (positions, medications, procedures)  
 –   Limitations in function (ambulation, ADL’s) and quality 

of life      

  Physical Examination 
•   Mental status

 –    Patients with vascular disease may also have cognitive 
impairment, which must be considered when prescrib-
ing pain medications     

•   Inspection
 –    Residual limb skin condition (inspect for possible skin 

breakdown, infection, edema, verrucous hyperplasia 
suggesting poor prosthetic fi t)  

 –   Gait (stability, prosthetic function, effects of pain)     
•   Palpation

 –    Incision sites/scars for neuroma(s) which may trigger 
PLP or RLP  

 –   Residual limb for bony changes/osteophytes which 
may cause pain with pressure (X-ray may be helpful)     

•   Range-of-Motion (ROM)
 –    Muscle/Joint contractures are common and alter bio-

mechanics, leading to pain
   Hip commonly fl exed and externally rotated  
  Knee commonly fl exed        

•   General musculoskeletal examination for other causes 
of pain   

  Work-up 
•    Infection 

 –    Suspect if terminal limb is red, hot, swollen, tender, or 
has ulceration  

 –   Labs: CBC, CRP, ESR  
 –   Consult infectious disease specialist, consider 3-phase 

bone scan for osteomyelitis  
 –   Consult vascular surgeon for possible need for more 

proximal amputation     
•    Heterotopic Ossifi cation 

 –    Suspect if terminal limb or proximal joint is red, hot, 
swollen, tender, has decreased ROM, or if abnormal 
density is felt within soft tissues  

 –   Labs: Alk phos, CRP, ESR  

   Table 20.1    Prevalence of pain from selected cross-sectional studies 
[ 2 ,  4 – 12 ]   

 Prevalence  PLS (%)  PLP (%)  RLP (%) 
 Back 
pain (%) 

 PLP + RLP + back 
pain (%) 

 Range  54–80  43–80  43–76  52–71  36–47 
 Weighted 
average 

 74  75  60  61  37 

   PLP  phantom limb pain, RLP residual limb pain,  PLS  phantom limb 
sensation  

   Table 20.2    Prevalence of amputation by etiology [ 1 ]   

 Etiology  UE (%)  LE (%)  Total (%) 

 Vascular all  2  51  54 
 Vascular−DM  1.1  15  16 
 Vascular + DM  1.4  36  38 
 Trauma  32  13  45 
 Cancer  0.2  0.9  1.1 
 Total  34  65  100 

   UE  upper extremity,  LE  lower extremity,  DM  diabetes mellitus  
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 –   Imaging: X-ray (may be normal in acute phase), 
3-phase bone scan     

•    Poor prosthetic fi t 
 –    Visualized during prosthetic use, or if residual limb 

has hypertrophic or erosive skin changes  
 –   Consult a prosthetist and/or physiatrist      

  Treatment 
•   Pharmacological

 –     Gabapentin or Pregabalin 
   ↓ Release of glutamate, substance p, and norepinephrine  
   Side effects : Dizziness, sedation, weight gain     

 –    Tricyclic antidepressants 
   Desipramine or Nortriptyline considered safer than 

amitriptyline [ 22 ]  
  Activate descending spinal inhibitory pathways  
   Side effects : Arrhythmias, agitation, dizziness, drowsi-

ness, urinary retention, glaucoma, dry mouth     
 –    Serotonin - Norepinephrine reuptake inhibitors  ( SNRI )

   Duloxetine, Venlafaxine, or Milnacipran  
  Activate descending spinal inhibitory pathways  
   Side effects : Headache, somnolence, nausea, dry eyes     

 –    NMDA antagonists 
   Memantine may be easiest to prescribe  
  Likely only helpful for acute PLP—May prevent wind-

 up and central sensitization  
   Side effects : Dizziness, nausea     

 –    Opioids 
   Tramadol—A μ-opioid agonist with SNRI activity 

[ 23 ]  
  Morphine use associated with reduced cortical reorga-

nization [ 24 ]  
  Methadone (racemic mixture of opioid agonist and 

NMDA antagonist) was helpful in patients who 
failed opioid therapy [ 25 ]  

   Side effects : Dizziness, apnea, hallucination, tolerance, 
dependence, addiction, diversion, constipation, 
falls, lack of long-term effi cacy, hyperalgesia        

•   Guided imagery
 –    Visual feedback and imagery activate the motor cortex 

and thus may alter pain sensation and affect cortical 
plasticity [ 26 ].  

 –    Mirror therapy —A mirror box is used to display an 
image of the intact limb superimposed where one 
would expect to see the amputated limb [ 27 ,  28 ].  

 –    Graded motor imagery —Combines digital image 
recognition, imagined movements, and mirror box 
activities [ 29 ].  

 –    Virtual reality —An avatar with an intact limb can be 
manipulated by movements of the subject’s residual 
limb [ 30 ,  31 ].     

•   Sensory discrimination training of the residual limb
 –    Flor et al. reduced chronic PLP by 60 % and reversed 

somatosensory reorganization [ 32 ]  

 –   Huse et al. reduced pain, increased sensory discrimina-
tion, and 5/6 showed evidence of reversal of somato-
sensory reorganization [ 33 ]     

•   Physical Modalities
 –    TENS—2010 Cochrane review found that there was 

inadequate evidence for the use of TENS in PLP or 
RLP [ 34 ]  

 –   Auricular TENS—Reduced PLS and PLP [ 35 ]     
•   Interventional

 –    Selective DRG block of affected nerve roots [ 1 ].  
 –    Pulsed radiofrequency neuromodulation  of neu-

roma [ 36 ].  
 –    Peripheral nerve stimulation —Series of fi ve patients 

with chronic PLP had decreased pain and improved 
quality of life over 20 years [ 37 ].  

 –    Spinal cord stimulation  ( SCS ),  deep brain stimulation  
( DBS ), and  motor cortex stimulation  ( MCS )—
Evaluated in a series of 19 patients with PLP [ 38 ,  39 ].
   6/19 (32 %) had >80 % pain relief with SCS lasting 

2+ years  
  6/10 (60 %) had pain relief with DBS  
  1/5 (20 %) had pain relief with MCS     

 –    Nerve sling procedure —Residual nerve is transected, 
bifurcated, and split ends are apposed to connect the 
axonal tracts so that neuromas cannot form [ 18 ]      

  Treatment Strategy 
   1.    Evidence for PLP or RLP treatment is limited to small 

RCT’s, retrospective studies, and case reports.
•       Due, in part, to highly varied nature of post- amputation 

pain       
   2.    If RLP is present, or PLP is triggered by manipulation of 

the residual limb, treating it may also improve PLP.
•       Ensure proper prosthetic fi t   
•      Neuroma injection with steroid and/or pulsed 

radiofrequency   
•      If allodynia/hyperalgesia present, suggesting wind-up:

 –    Start gabapentinoid with TCA and/or NMDA 
antagonist and titrate as tolerated  

 –   May consider opioids for short-term (<3 months) 
use:  

 –   Tramadol 50–100 mg q6h prn  
 –   Methadone 2.5 mg q8–12 h  
 –   Sympathetic block  
 –   Consider spinal cord or peripheral nerve 

stimulation          
   3.    For PLP only:

•       Conservative options: Mirror box, virtual reality, sen-
sory training of residual limb, TENS   

•      May try medications as above, but are less likely to be 
helpful with chronic PLP   

•      DRG block       
   4.    Psychological therapy for adjustment disorder and coping 

strategies.    
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      Abbreviations 

   ALL    Anterior longitudinal ligament   
  COG    Center of gravity   
  CT    Computed tomography   
  DDD    Degenerative disc disease   
  DRG    Dorsal root ganglia   
  HIZ    High intensity zone   
  HNP    Herniated nucleus pulposus   
  IDD    Internal disc disruption   
  IDET    Intradiscal electrothermal therapy   
  LE    Lower extremity   
  MBB    Medial branch blocks   
  MRI    Magnetic resonance imaging   
  PLL    Posterior longitudinal ligament   
  PSIS    Posterior superior iliac spine   
  RFA    Radiofrequency ablation   
  SI    Sacroiliac   
  SLR    Straight leg raise   
  UE    Upper extremity   
  Z-joint    Zygapophyseal joint   

          Primary Pain Generators 

     Intervertebral Disc: Internal Disc Disruption 
(IDD) or Degenerative Disc Disease (DDD)    

•        Ages 30–40 years old   
•      Most common levels: L4–5 = L5–S1 > C5–6   
•      Roughly 75 % have resolution of symptoms in 1 year with 

conservative care   
•       Anatomy (Fig.    21.1   )  

 –       Innervation of the Discs:
 n     Posterior annulus:  sinuvertebral nerve  
 n    Anterior and lateral annulus:  gray rami 

communicans       
•          Pathophysiology 

 –        Nucleus pulposus : the central core composed of type 
II collagen, proteoglycans, and water, normally lacks 
nociceptive innervation   

 –       Annulus fi brosus : the surrounding band-like outer 
layer composed of type I collagen arranged in overlap-
ping lamellae, innervated with nociceptive fi bers,  par-
ticularly in its outer 1/3rd layer 
 n     Three types of tears at the annulus  [ 1 ]:

 ◆     Peripheral  tears: occur at the outermost layer, 
can result in surrounding infl ammatory- mediated 
nociceptor activation in adjacent structures such 
as the dura and nerve roots  

 ◆    Radial  tears: begin in the innermost layer and 
gradually progress to the periphery as the defect 
fi lls with pressurized nucleus pulposus  

 ◆    Circumferential  tears: result in separation of 
adjacent outer lamellae—picture two outer lay-
ers of an onion dislodging from each other         

 –       Vertebral endplates  form the roof and fl oor of the 
disc and are anchored by hyaline cartilage. There is a 
central clearing at the interface of each endplate allow-
ing the passage of nutrients from the bone marrow into 
the normally avascular disc. End plate  fracture can 
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result in malnutrition to the disc in addition to a local 
infl ammatory response resulting in subsequent degen-
eration of healthy matrix.   

 –      Chronically injured discs have been shown to undergo 
neovascularization, nerve ingrowth, and expression of 
substance P, correlating to painful discs as diagnosed 
by discography [ 2 ].   

 –      Pressure analysis studies have shown there to be par-
ticularly high stresses in the posterolateral discs during 
axial loading activities, correlating with the high inci-
dence of injury in this region [ 3 ].    

•          Symptoms 
 –        Onset : during transition from fl exion to extension par-

ticularly during axial loading, amplifi ed further if a 
rotatory component is present.   

 –      Axial pain predominates and referral patterns are usu-
ally limited to the lower gluteal folds and upwards.   

 –       Pain description : burning, electric, dull, and vague. It 
can have radicular components if exiting nerve roots 
are affected (see radiculopathy section)   

 –       Exacerbating factors : Valsalva (coughing, sneezing), 
sustained spine fl exion, i.e., prolonged sitting, and any 
activity which increases the internal disc pressure, i.e., 
bending and lifting.   

 –       Relieving factors : (center around lowering the com-
pressive forces) standing and walking, and laying 
prone is best    

•          Physical Exam 
 –       Focal tenderness over midline and paraspinal region   
 –      Dural tension maneuvers (SLR, slump, reverse SLR) 

elicit concordant back pain (and radicular pain if present).   
 –      Patients in severe pain avoid sitting in the examination 

room and have frequent position changes.    
•          Workup 

 –       XR Spine: loss of disc height is typical in chronic 
DDD, but it can also occur in acute HNP   

 –      MRI Spine Discs with DDD appear dark (T2) due to 
decreased water content   

 –      HIZ (T2) is indicative of an annular tear   
 –      Discography is controversial but may be used for sur-

gical planning in chronic refractory cases.    
•          Treatment 

 –       PT: extension based core strengthening, avoid sitting, 
lifting, bending, and reaching for objects (which sub-
jects the discs to maximal pressure), gentle spinal 
traction.   

 –      ESI: reduces the infl ammatory-mediated response sur-
rounding the disc and is generally more effective when 
there is resultant radicular pain   

 –      Intradiscal injections: steroids have shown mixed 
results; regenerative biologic therapy is currently being 
investigated   

 –      IDET applies heat to the annulus with the intention of 
denervation and creating a stabilizing scar   

 –      Surgical discectomy and fusion is an option in refrac-
tory cases.    

          Zygapophyseal Joint (aka Z-Joint, Facet Joint): 
Facet Arthropathy 

•        Paired diarthrodial articulations of the posterior  elements 
connecting adjacent spinal segments   

•      Function is to limit rotation and extension   
•      Orientation varies based on vertebral level   
•       Lumbar facet arthropathy :

 –       30 % of axial low back pain (Manchikanti)   
 –      Most common levels affected are L4–L5 and L5–S1.   
 –      Most common cause of LBP in adults > 55 years [ 4 ]    

•          Cervical facet arthropathy :
 –       Single levels are usually affected rather than multiple 

levels in the cervical spine [ 5 ]   
 –      Most common level affected in cadaver studies C4–5 

in the C-spine but clinically C2-3 and C5-6 are most 
affected [ 5 ]    

•          Anatomy (Fig.    21.2   a–c)  
 –       Innervation:

 n    Each joint is supplied by the medial branches of the 
dorsal rami of two consecutive nerve roots:

 ◆     Cervical : the two levels denoted by the joint’s 
name
   Ex.  C3 – 4 joint : C3 and C4 MBs     

 ◆    Thoracic and lumbar : the two levels denoted by 
the joint  above ’ s  name
   Ex.  T3 – 4 joint : T2 and T3 MBs  
  Ex.  L2 – 3 joint : L1 and L2 MBs        

 n   This offset between the cervical and thoracolum-
bar innervation pattern occurs because the C8 
root exits between the C7 and T1 vertebral 
bodies.       

  Fig. 21.1    Intervertebral Disc on spine model        
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•          Pathophysiology 
 –       Loss of disc height due to herniation or degeneration 

increases compressive forces at the corresponding 
Z-joints.   

 –      Postural imbalances resulting in excess lordosis 
(extension) can also result in increased Z-joint 
loading.   

 –      Increased loading of the facets can lead to degenera-
tion of the cartilage and painful bone on bone contact.   

 –   (d)   Subchondral bone in osteoarthritic Z-joints has 
been shown to contain substance P expressing nerve 
fi bers [ 7 ].   

 –      The joint capsule is highly innervated with both noci-
ceptive and autonomic fi bers.   

 –      Z-joint hypertrophy can result in neuroforaminal 
encroachment and resultant radicular syndromes (see 
radiculopathy section)    

•          Symptoms 
 –       Injury mechanism usually involves extension and rota-

tion to the ipsilateral side   
 –      The pain is generally axial and follows characteristic 

referral patterns (Fig.  21.3 ).    
 –       Pain description : dull and achy, but can be sharp with 

certain movements   
 –       Exacerbating factors : extension and oblique exten-

sion, however movement in any plane can stretch and 
aggravate the joint capsule, sometimes worsened by 
laying down fl at   

 –       Relieving factors : fl exion of the spine, unless the cap-
sule is highly irritable in which case all movements 
result in pain    

•          Physical Exam 
 –       Tenderness to palpation over Z-joints   
 –      + Kemps Maneuver—Ipsilateral extension and rotation 

results in facet loading, and if non-provocative can try 
extension, and furthermore with oblique extension. 
This resembles a Spurling’s maneuver in the C-spine; 
however, the pain remains axial and follows the men-
tioned referral patterns without any radicular quality.    

•          Workup 
 –       XR Spine: can show sclerotic facets, excess lordosis, 

and loss of disc or vertebral body height   

  Fig. 21.2    ( a – c ) Z joints (facet joints) on spine model: ( a ) cervical, ( b ) thoracic, ( c ) lumbar       

  Fig. 21.3    Cervical Z joint (facet joint) pain referral pattern by specifi c level       
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 –      MRI Spine: can reveal joint hypertrophy, irregularity 
of chondral surfaces increased fl uid (if bilateral think 
spondylolisthesis), or cysts.   

 –      Imaging is unreliable: pathologic lumbar Z-joint fi nd-
ings have been seen in up to 34 % of asymptomatic 
patients [ 8 ].   

 –      LMBBs using the comparative two-block paradigm 
have the highest diagnostic value.   

 –      Intra-articular facet injections can be both diagnostic 
and therapeutic, however can result in false- negative 
results in advanced degenerative disease.    

•          Treatment 
 –       PT: fl exion based core strengthening program and pos-

tural correction. Aggressive ROM is to be avoided—
ROM and strengthening should be done in the pain-free 
range.   

 –      Intra-articular facet and MBB injections are both diag-
nostic and therapeutic and help facilitate exercise 
program.   

 –      Once the comparative two-block paradigm is satisfi ed, 
RFA can provide up to 1 year of relief.   

 –      Surgical fusion is offered for refractory cases. This can 
lead to adjacent level disease. LBP after lumbar fusion 
has been shown to come from the Z-joints in 12.5 % of 
the patients. Of these patients, the affected joint was 
adjacent to the fusion level 80 % of the time [ 9 ].    

          Nerve Root: Radiculopathy 

     1.     Radiculopathy  is used to describe radiating pain in a 
characteristic dermatomal distribution of a nerve root, 
accompanied by one or more of the following: abnormal 
sensation, motor weakness, and diminished muscle 
stretch refl exes corresponding to that nerve distribution.   

   2.     Radiculitis  implies the presence of infl ammatory media-
tors resulting in activation of nociceptive pathways. 
Often used interchangeably with the term “radicular 
pain.”
•     Anatomy (Fig.    21.4   )    
•    Pathophysiology 

 –    The most important function of the bony spine is 
to stabilize and protect the spinal cord and nerve 
roots.  

 –   Sources of mechanical compression of the neural 
elements include a herniated disc, hypertrophic/
sclerotic or cystic facet joint, osteophytic lipping/
spurring/bony hypertrophy, bone fracture fragment, 
spondylolisthesis, and hematoma or mass forma-
tion resulting in central, subarticular (lateral recess) 
or neuroforaminal stenosis.  

 –   Animal studies have shown that chronic compres-
sion of the DRG results in sustained, spontaneous 
neural fi ring, which may contribute to pain [ 10 ].  

 –   There is evidence that exposure of the nerve roots 
to HNP results in an infl ammatory cascade.  

 –   Compressed nerve roots have been shown to be 
more susceptible to pain in the presence of infl am-
mation [ 11 ].     

•    Symptoms 
 –    Injury mechanism usually involves nerve compres-

sion from disc herniation and/or bony overgrowth; 
however, nerve irritation can occur in the absence 
of any fi ndings on imaging.  

 –   Pain follows a dermatomal distribution, but can vary 
in location within a given dermatome. For example, 
L5 radicular pain can present as any combination of 
buttock pain, lateral thigh pain, or dorsal foot pain.  

 –    Pain description : typically electrical, burning, 
sharp, shooting, and may be associated with numb-
ness, tingling, cramping, and/or weakness  

 –    Exacerbating factors : Lumbar fl exion, sitting, bend-
ing, and lifting exacerbate symptoms in cases of cen-
tral or subarticular disc herniations. Lumbar 
extension worsens pain associated with neuroforami-
nal compression and spinal stenosis. In the cervical 
spine, extension and oblique extension worsen radic-
ular pain due to direct neuroforaminal compression.  

 –    Relieving factors : laying down, rest, and standing     
•    Physical Exam 

 –    Dural tension maneuvers are positive when they 
result in concordant pain:
 n     SLR and slump / seated root : tests the lower lum-

bar roots  
 n    Crossed SLR : most specifi c, least sensitive  
 n    Reverse SLR / femoral stretch : tests the upper 

lumbar roots.  

  Fig. 21.4    Lumbar neuroforamina on spine model        
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 n    Spurling ’ s maneuver : compresses the cervical roots  
 n    Upper limb tension test : limb is positioned in 

shoulder depression and abduction, forearm 
supination, wrist and fi nger extension, shoulder 
external rotation, and elbow extension. With this 
positioning, contralateral cervical lateral fl exion 
worsens symptoms while ipsilateral cervical lat-
eral fl exion ameliorates them.  

 n    Bakody ’ s sign : placing the hand of the symptom-
atic side on the head relieves symptoms by 
reducing nerve root traction.        

•    Workup 
 –    Oblique XR: can show bony stenosis, but is of lim-

ited clinical value. Flex/Ex XR: can help detect 
positional changes in anatomy as seen in spondylo-
listhesis, which can aggravate symptoms.  

 –   Electrodiagnostic evaluation is the most objective 
method of diagnosing and localizing radiculopathy. 
It is highly specifi c and moderately sensitive.  

 –   MRI reveals cause and location of nerve root com-
pression; however, it has been shown that roughly 
50 % of asymptomatic patients have abnormal fi ndings.     

•    Treatment 
 –    PT should initially avoid activities that exacerbate the 

symptoms and progress towards incorporating those 
lost activities into the program. Mechanical diagnosis 
and treatment (Mackenzie method) may be helpful.  

 –   Anti-infl ammatories should be used in short courses 
during fl are-ups.  

 –   For severe symptoms, consider an oral steroid taper; 
however, this is controversial due to a lack of evi-
dence combined with the large side effect profi le.  

 –   Opioid analgesics should be reserved for when mobil-
ity and function are severely impaired due to pain.  

 –   Muscle relaxants and sedatives can be considered in 
cases of pain induced insomnia.  

 –   ESI delivers steroid and anesthetic to the suspected 
location of pathology. They can provide both diag-
nostic and therapeutic benefi ts by fl ushing out the 
build up of toxic metabolites, and blocking noci-
ceptive and infl ammatory pathways.  

 –   Surgical consultation is indicated when there is a 
progressive neurologic defi cit, spinal instability, 
cauda equina syndrome or severe intractable pain 
that is not amenable to conservative care.            

    Muscle-Tendon Complex and Ligament: 
Acute Muscular Strains and Chronic Muscular 
Overload 

     Muscle  
•     Injury often occurs at the musculotendinous junction 

 during eccentric contraction.  

•    Lumbar : Although lumbar strain is considered a common 
cause of mechanical low back pain, much of the knowl-
edge of its pathophysiology is applied from studies on 
peripheral muscles.
 –     Lower Crossed Syndrome  (sequence of events can 

vary) is associated with low back pain
 n    Tight and shortened hip fl exors result in anterior 

pelvic tilt (or vice versa)  
 n   Anterior displacement of COG results in increased 

lumbar lordosis to maintain upright posture  
 n   Gluteal and abdominal muscles are inhibited and weak  
 n   Increased lumbar lordosis can lead to increased 

Z-joint loading and resultant pain        
•    Cervical : Neck pain has been associated with decreased 

strength, imbalance between fl exors and extensors, fatty 
infi ltration of the extensors, decreased ROM, decreased bulk, 
and increased activation of accessory muscles [ 12 – 18 ].

 –     Upper Crossed Syndrome  is associated with neck 
pain.
 n    Tightness of pectoralis minor and major, upper tra-

pezius, and levator scapulae  
 n   Inhibition of deep neck fl exors and lower scapular 

stabilizers and retractors (middle and lower trape-
zius, rhomboids)  

 n   Shoulder and scapular protraction  
 n   Increased thoracic kyphosis and decreased cervical 

lordosis  
 n   Anterior displacement of head results in increased 

contraction of the extensors and paraspinals to 
maintain upright position.  

 n   Sustained neck extensor contraction can lead to 
increased Z-joint loading and resultant joint and/or 
muscle pain.         

•     Symptoms 
 –     Pain description : dull and achy, but well localized.  
 –    Exacerbating factors : overuse and under activity. 

Patients generally report improvement of symptoms 
after light exercise, and then worsening of symptoms 
after prolonged or strenuous activity. Heat and mas-
sage can also provide temporary relief.     

•    Physical Exam 
 –    Trigger points are often found in dysfunctional mus-

cles, and palpation can elicit characteristic patterns of 
radiation into the extremities, mimicking radicular 
pain.  

 –   Stretching, palpation, and activation of the suspected 
muscles reproduce symptoms.     

•    Workup 
 –    If multiple muscle groups are involved, consider 

 systemic illness like fi bromyalgia, neuromuscular, or 
rheumatologic disease.     

•    Treatment 
 –    Restoration of optimal muscle length, fl exibility, 

strength, and posture  
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 –   Focus on strengthening through the entire ROM for the 
given muscle  

 –   Trigger point injections are used primarily for mechan-
ical disruption of tight muscle fi bers and promotion of 
blood fl ow.        

    Ligament 
•     There is mixed evidence that the ligaments of the spine 

can be primary pain generators.
 –     Cervical :

 n    Studies have shown decreased strength of all cervi-
cal ligaments after whiplash injury [ 19 ].  

 n   Ligamentous laxity leads destabilization and subse-
quent abnormal mechanical loading of surrounding 
structures, leading to other painful conditions.     

 –    Lumbar :
 n    Nociceptive fi bers have been found in the PLL [ 20 ].  
 n   The PLL is connected to the outer annulus fi brosus, 

also known to be nociceptive.  
 n   Differentiating between PLL-mediated pain and 

annular pain is a challenge.        
•    Workup 

 –    MRI has not been shown to be reliable in identifying 
pathologic ligaments.  

 –   Diagnostic injections may be the best method for 
localizing pathology.     

•    Treatment 
 –    Relative rest and immobilization.  
 –   Prolotherapy may help in chronic cases.         

    Sacroiliac Joint 

•      Anatomy (Fig.    21.5   )  
 –    Auricular shaped, diarthrodial  
 –   Hyaline cartilage on the sacral facet  
 –   Fibrocartilage on the iliac facet  
 –   Variable innervation [ 20 ]

 n     Anteriorly : L3–S2 and superior gluteal n.  
 n    Posteriorly : dorsal rami of L5, S1, S2, +/− L4 and S3        

•    Pathophysiology 
 –    Cadaveric studies have found Substance P and 

Calcitonin G-Related Peptide (CGRP) in the anterior 
capsular and interosseous ligaments [ 21 ].  

 –   Degenerative changes in the joint have been found in 
91 % of males and 77 % of females aged >40 [ 22 ].  

 –   Decreased ROM in the lumbosacral spine and/or hips 
can lead to increased shear forces across the SI joint, 
resulting in pain.     

•    Symptoms 
 –    Etiology typically pregnancy, seronegative spondylo-

arthropathies a fall onto the buttocks, forceful or awkward 
heel strike, for example jumping and landing on one leg.  

 –   The pain localizes over the buttock and lower back—
usually below the waistline. It can refer to the lower 
limbs in a pseudoradicular fashion.  

 –    Pain description : Vague, dull, and achy, often with a 
catching sensation associated with sharp fl are-ups. 
Some describe a feeling that the pain is on the verge of 
dramatically increasing with any movement. Can have 
referral pattern to the buttock groin and thigh, usually 
stays above the knee.  

 –    Exacerbating factors : transitional movements (like aris-
ing from a seated position or shifting around in bed).  

 –    Relieving factors : can vary, but usually involve reposi-
tioning and stretching maneuvers that release the 
catching sensation.     

•    Physical Exam 
 –    Unreliable, therefore one should maximize the number 

of provocative maneuvers used in order to increase 
sensitivity.  

 –   Tenderness at posterior SI joint line. Palpation of the 
PSIS creates rotational sheer and elicits pain.  

 –   Fortin fi nger: patient points to the SI joint region to 
show area of maximal discomfort/pain.  

 –   Other maneuvers include Sacral Compression, Iliac 
Compression, Gaenslen’s, Gillette, Faber, Posterior 
Shear, Resisted Abduction, and Yeoman.     

•    Workup 
 –    XR: may be used to assess for fracture or seronegative 

spondyloarthropathies affecting the SIJ but are usually 
not helpful.  

 –   Image-guided contrast-enhanced injections are the 
gold standard for diagnosis.     

•    Treatment 
 –    Lumbopelvic and hip conditioning to restore normal 

mechanics and decrease shear forces across the SI 
joint.  

  Fig. 21.5    Sacroiliac joint on spine model       
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 –   Manipulation to reset the joint  
 –   Bracing for external stabilization  
 –   Intra-articular steroid injections can provide lasting 

relief  
 –   RFA at various lumbosacral levels has also been 

shown to provide long-term relief. L5–S3 is usually 
targeted.  

 –   Topical and oral medications when needed  
 –   Surgical fusion can be performed in refractory cases.        

    Coccyx: Coccygodynia 

•      Anatomy (Fig.    21.6   )  
 –    Innervated by the ganglion impar     

•    Pathophysiology 
 –    Abnormal movement in the coccygeal segments, often 

post-traumatic, can be acute or chronic     
•    Symptoms 

 –    Onset is usually after a fall or childbirth; some cases 
are idiopathic  

 –    Pain description : sharp and well localized over the 
coccyx  

 –    Exacerbating factors : direct pressure or release of 
pressure to the region—sitting, rising from the seated 
position, straining during bowel movements  

 –    Relieving factors : center around avoiding movement in 
the region.     

•    Physical Exam 
 –    Focal tenderness to palpation  
 –   Pain can also be provoked with sitting—other areas 

such as the ischial bursae, piriformis should also be 
palpated and ruled out.     

•    Workup 
 –    XR: standing and while seated on a hard surface to 

check for movement     
•    Treatment 

 –    Wedge pillow with cut-out was shown to be the most 
effective pressure off-loading cushion, not a donut 
cushion  

 –   Coccygeal manipulation to re-align displaced segment 
is controversial.  

 –   Ganglion impar injection can provide long-term relief. 
If needed, RFA can also be performed [ 23 ].  

 –   Sacrococcygeal junction and coccygeal disc injections 
may be helpful, especially when abnormal motion at a 
particular segment is isolated and targeted.        

    Vertebral Bodies: Compression Fractures 

•      Etiology 
 –    Pain has been reported in up to 84 % of patients with 

vertebral fractures [ 24 ].  

 –   Female vertebrae cross-sections are 25 % smaller than 
males and have to withstand 30–40 % higher forces for 
a given axial load. This may explain the higher inci-
dence of compression fractures in elderly women [ 25 ].  

 –   T8 is most commonly involved because it is the transi-
tion point from the restricted thoracic spine to the 
highly mobile lumbar spine [ 26 ,  27 ].  

 –   A history of compression fracture results in a fi vefold 
increase in the probability of having another one [ 28 ].  

 –   The most common area for second fracture is at the 
superior adjacent vertebra [ 29 ,  30 ].     

•    Symptoms 
 –    Injury usually occurs during bending and lifting, but can 

occur spontaneously in underlying pathological conditions.  
 –   Pain generally localizes to the level of the involved 

vertebra, but can radiate to the fl anks, chest, and refer 
up to four levels from the site of fracture. Secondary 
radicular pain is not common [ 27 ].  

 –    Pain description : intense and deep aching  
 –    Exacerbating factors : valsalva, spinal fl exion, and weight 

bearing  
 –    Relieving factors : lying supine     

•    Physical Exam 
 –    Local tenderness to palpation and percussion  
 –   Pain exacerbated by fl exion  
 –   Loss of height, Kyphotic deformities in severe cases 

and/or with multiple fractures     
•    Workup 

 –    XR  
 –   CT  
 –   Bone scan     
 –   MRI  

  Fig. 21.6    Coccyx on spine model       
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•    Treatment 
 –    Conservative management is emphasized with topicals 

and medications for pain control, bracing, and judi-
cious bed rest.  

 –   PT is initiated when patient is able to tolerate upright 
posture  

 –   Vertebroplasty is the injection of cement into the frac-
ture defect in an attempt to stabilize the structure. 
Proposed mechanisms of pain relief include mechani-
cal nerve disruption, ablation by the hot cement, and 
stabilization of micro-fractures. Cement injected lev-
els have been shown to be more likely to resist contin-
ued deformation compared to native bone [ 31 ].  

 –   Kyphoplasty is the injection of cement after using a 
balloon to expand the area of the fracture defect in an 
attempt to restore vertebral height.  

 –   Adjacent segment fractures are a concern with both 
treatments.  

 –   Topical and oral medications when needed.        

    Multifactorial Pain Syndromes 

     1.     Spondylosis, Spondylolysis, and Spondylolisthesis 
•        Spondylosis  describes a cascade of degeneration of 

the 3 joint complex formed through an intervertebral 
disc and its two corresponding Z-joints. Loss of disc 
height leads to increased forces across the Z-joints, 
which in turn degenerate. Conversely, increased 
motion due to Z-joint instability can lead to increased 
disruptive forces across a disc, resulting in subsequent 
degeneration. The Kirkaldy-Willis cascade describes 
the cycle of dysfunction leading to instability followed 
by eventual stabilization and has been a landmark con-
cept in the mechanism of the degenerating spine.   

•       Spondylolysis  describes fracture, or lysis, of the pars 
interarticularis, which is the segment connecting the 
lamina to its underlying pedicle.   

•       Spondylolisthesis  is described as the slippage of a 
vertebral body over the adjacent segment below. It can 
result in spinal stenosis, discogenic pain, Z-joint- 
mediated pain, and radicular pain syndromes. 
Spondylolisthesis of L4 over L5 as well as L5 over S1 
usually results in compromise of the L5 nerves.    

      2.     Spinal Stenosis 
•        Central stenosis  can be caused by a multitude of fac-

tors, including disc herniation, spondylolisthesis, 
tumor, hematoma, Paget’s disease, and a congenitally 
narrowed canal. Claudication describes the presence 
of extremity symptoms that improve with spine fl ex-
ion. Neurological examination can be completely nor-
mal; however, patient may have dramatic intermittent 
symptoms during episodes of claudication. One way to 

differentiate neurogenic from vascular claudication in 
the LEs is the ability to tolerate bicycling, which would 
not be seen in vascular disease. Intuitively, it is also the 
best exercise to maximize aerobic effi ciency of the 
lower extremity muscles and therefore improve func-
tion. In studies, ESIs have shown mixed results but 
they still may provide signifi cant clinical benefi t. 
Surgery is indicated for refractory cases.   

•       Foraminal stenosis  can result in nerve impingement 
and radicular syndromes. Provocation of concordant 
radicular pain with lumbar extension rather than 
fl exion- based dural tension maneuvers points towards 
neuroforaminal compromise. It is important to distin-
guish this from symptoms of claudication, which are 
generally more vague and diffuse. Radicular symp-
toms with fl exion, which are elicited by the standard 
dural tension maneuvers such as the SLR and slump 
tests, are more typical of central herniations.    

      3.     Chronic Postsurgical Pain 
•       Rates vary from 10 to 40 % [ 32 – 39 ]   
•       Causes  [ 27 ]

 –    Recurrent disc herniation/retained fragment (4.6–
63 %)  

 –   Epidural scar formation (0–12.3 %)  
 –   Instability of vertebral segment (3.1–6.5 %)  
 –   Facet joint mediated (16.9–23.1 %)  
 –   Myofascial (7.4–26.1 %)  
 –   Failed Back/Neck Syndrome      

•      Other causes include hardware failure, malalignment, 
re-herniation, adjacent level disease, infection, and 
complex regional pain syndrome.   

•      Note that patients are still prone to the same variety of 
painful etiologies as the nonsurgical population—a 
common pitfall is to relate all new symptoms to the 
prior operation.   

•      Treatment options still include oral medications, ESI, 
MBB, and RFA. In refractory cases, consider spinal 
cord stimulation, intrathecal drug delivery systems, 
and reoperation.    

      4.     Spinal Infections 
•       2–7 % of all musculoskeletal infections [ 40 – 42 ]   
•      Can be bacterial, viral, or fungal   
•      Can be caused by hematogenous spread, trauma, or 

surgical contamination   
•      Fever and leukocytosis are not always present   
•      Usually involves two adjacent vertebrae and the 

 intervening disc due a common segmental arterial sup-
ply [ 43 ]   

•      Lumbar spine is most commonly infected followed by 
thoracic, cervical, then sacral [ 44 ]   

•      Pyogenic spondylitis is a blanket term for a variety of 
infectious conditions including spondylodiscitis, ver-
tebral osteomyelitis, and epidural abscess   
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•      Intradural infections include meningitis, encephalitis, 
and neurosyphilis   

•       Symptoms 
 –    Pain, fever, nausea, visual changes, lethargy, altered 

mental status, and neurological defi cits      
•       Workup 

 –    Erythrocyte sedimentation rate and C-reactive 
 protein are nonspecifi c diagnostically, but useful in 
monitoring treatment  

 –   X-rays can show bony destruction at the endplates 
and loss of disc height  

 –   Lumbar puncture is used when intradural involve-
ment is suspected  

 –   Bone scans are sensitive but not specifi c  
 –   MRI is the gold standard  
 –   CT is useful for surgical planning to better assess 

the degree of bone necrosis  
 –   Percutaneous or open biopsy is needed to confi rm 

diagnosis and determine the causative agent      
•       Treatment 

 –    Nonsurgical candidates are treated with antibiotics 
for 1–3 months  

 –   Bed rest is recommended during the initial acutely 
painful stage  

 –   Bracing is used to decrease pain and minimize 
deformity  

 –   Surgical debridement and fusion is needed for 
advanced cases       

             References 
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      Abbreviations 

   CBC    Complete blood count   
  CT    Computed tomography   
  DKA    Diabetic ketoacidosis   
  IC    Interstitial cystitis   
  GERD    Gastroesophageal refl ux disease   
  GI    Gastrointestinal   
  GU    Genitourinary   
  HTN    Hypertension   
  LLQ    Left lower quadrant   
  LUQ    Left upper quadrant   
  MMT    Manual muscle testing   
  MRI    Magnetic resonance imaging   
  NSAIDS    Nonsteroidal anti-infl ammatory drugs   
  PID    Pelvic infl ammatory disease   
  PNA    Pneumonia   
  PTX    Pneumothorax   
  RLQ    Right lower quadrant   
  RUQ    Right upper quadrant   
  SI    Sacroiliac   
  UA    Urinanalysis   
  UCx    Urine culture   
  UTI    Urinary tract infection   

          Introduction 

 Patients suffering from chronic abdominal and pelvic pain 
syndromes can be very complicated and diffi cult to diagnose 
and treat. These patients often end up visiting numerous phy-
sicians and undergo an abundance of tests and imaging prior 
to their physician establishing an accurate diagnosis. 
Unfortunately, some of the patients undergo unnecessary 
surgical interventions and continue to have their pain syn-
drome afterwards. It is important to establish a proper and 
detailed history, physical examination, and assure they have 
had all acute and surgical pathologies ruled out prior. Chronic 
abdominal and pelvic pain can be disabling and drastically 
effect a patient’s quality of life.  

    Pelvic/Groin Pain   

  Acute pelvic pain: pain lasting <3 months  
  Chronic pelvic pain: pain lasting >3–6 months    

   Some Differential Diagnosis 
•    Gynecological etiologies 

 –    Adhesions  
 –   Endometriosis  
 –   Leiomyoma  
 –   Dysmenorrhea  
 –   Pelvic congestion syndrome  
 –   Pelvic infl ammatory disease  
 –   Adenomyosis  
 –   Adenexal pathology (torsion, cyst)  
 –   Ovarian cancer  
 –   Vulvodynia  
 –   Vaginal vestibulitis  
 –   Vaginismus     

•    Genitourinary etiologies 
 –    Interstitial cystitis/bladder pain syndrome  
 –   Chronic prostatitis/chronic pelvic pain syndrome  
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 –   Bladder neoplasia  
 –   Urinary tract infection  
 –   Chronic prostatitis     

•    Gastrointestinal etiologies 
 –    Irritable bowel syndrome  
 –   Infl ammatory bowel disease  
 –   Diverticulitis/osis  
 –   Colon cancer  
 –   Chronic constipation  
 –   Celiac disease     

•    Musculoskeletal / spinal etiologies 
 –    Pelvic fl oor dysfunction  
 –   Fibromyalgia  
 –   Coccydynia  
 –   Piriformis syndrome  
 –   Myofascial pain syndrome/trigger points  
 –   Osteitis pubis  
 –   Hip pathology  
 –   Inguinal neuralgia  
 –   Pudendal neuralgia  
 –   Upper lumbar radiculopathy  
 –   Facet arthropathy radiating to groin  
 –   Sacroiliac joint pathology     

•    Mental health etiologies 
 –    Somatization disorder  
 –   Opiate dependency  
 –   Physical and sexual abuse  
 –   Depression [ 1 ,  2 ]       

 Above etiologies can cause chronic pelvic pain. When deal-
ing with acute pelvic pain other etiologies should be consid-
ered; this list is not all-inclusive. 
 If patient is unstable, has acute abdomen, or signs of infec-
tion they should be sent to ER.

  General History for Pelvic Pain 
•       Symptoms :

 –       Pain below umbilicus, may cause functional disability; 
pain may be generalized in chronic conditions
 n    Quality (dull/sharp), Crampy: endometriosis, Hot/

burning/numbness/tingling pain: can indicate 
nerve entrapment  

 n   Location of pain
 ◆     Lateralized : adhesions, ectopic pregnancy, ova-

rian torsion  
 ◆    Bilateral : PID, pelvic congestion syndrome  
 ◆    Midline : dysmenorrhea  
 ◆    Lower abdominal/pelvic : endometriosis, 

adenomyosis  
 ◆    Suprapubic/Perineal : Interstitial cystitis/

prostatitis  
 ◆    Radiation to back, fl ank, or groin : ovarian torsion, 

high lumbar radiculopathy, facet arthropathy     

 n   Radiation of pain—typically to low back, some-
times urethra  

 n   Association with: bowel or urinary voiding symp-
toms (frequency of daytime voids, nocturia, 
urgency, dysuria—incontinence is not typical in IC/
BPS), vaginal discharge or bleeding  

 n   Association with foods/drink—acidic or spicy 
foods may increase bladder pain  

 n   Impact on sexual function—dyspareunia is often 
seen especially with deep penetration  

 n   Exact date of last menstrual cycle, history of unpro-
tected sex or more than one sexual partner  

 n   Timing and onset of pain:
 ◆     Cyclic pain : endometriosis or adenomyosis  
 ◆    Between menstrual periods : mittleschmerz  
 ◆    Sudden onset : ruptured ovarian cyst, ovarian 

torsion     
 –    Associated symptoms : Abnormal menstruation (seen 

with Endometriosis),  
 –   Dysmenorrhea (endometriosis); urinary urgency, 

frequency (interstitial cystitis, prostatitis); 
Paresthesias (nerve entrapment); nausea and vomit-
ing (bowel obstruction); pregnancy symptoms 
(ectopic pregnancy); vaginal discharge (PID);  Red 
fl ags : rectal bleeding and/or weight loss (malig-
nancy) [ 2 ]  

 –    Exacerbating factors : menstruation, intercourse, ejac-
ulation, voiding, exercise, association with diet, sit-
ting, bending forwards or backward s   

 –    Additional information : menstrual status with timing 
of last menstrual period and relation to onset of pain, 
sexual history [ 3 ]       

      Past Medical/Surgical History 
•    History of abuse   
•    History of STDs : seen with PID  
•    History of unprotected sex / more than one sexual 

partner   
•   “ Negative ”  psychological features : depression, anxiety 

(seen with chronic pain) [ 2 ]  
•    Fibromyalgia / irritable bowel syndrome (IBS)   
•    Hyperuricemia : can be prone to renal calculi  
•    Diabetes : consider DKA  
•    Prior abdominal / pelvic surgery : consider adhesions and 

obstruction  
•    Prior inguinal surgery : can lead to inguinal neuralgia  
•    Family history : cancer, infl ammatory disorders   

  General Physical Exam for Pelvic Pain 
•    Vital signs : fever indicates infection (consider appendici-

tis or PID depending on localization of pain; tachycardia 
and hypotension suggest septic shock, (possibly due to 
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ectopic pregnancy, septic abortion, uterine rupture, 
 appendicitis, or ruptured ovarian cyst, etc.) 

•   In chronic pelvic pain patients ,  vitals should be stable.  If 
unstable vitals send to ER for immediate treatments   

•    Inspection 
 –    Skin for rashes, ulcerations, discoloration, masses or 

hernias     
•   Orthopedic and postural abnormalities (e.g., Increased 

lumbar lordotic curve and anterior pelvic shift; scoliosis; 
uneven iliac crests heights), gait  

•    Palpation abdomen / pelvic regions 
 –    Localized or generalized tenderness

 n    Suprapubic: UTI, interstitial cystitis  
 n   RLQ or LLQ: ectopic pregnancy, ovarian cyst or 

torsion, appendicitis  
  Generalized: pelvic congestion syndrome     

 –   Presence of masses, surgical scars, hernias  
 –   Abdominal and pelvic muscle abnormalities, trigger 

points  
 –    Vaginal exam : Inspect external genitalia for lesions, 

trauma, inspect meatus (caruncle, urethral mucosal 
prolapse) quality of vaginal epithelial tissue, palpate 
distal anterior vaginal wall (rule out urethral diverticu-
lum or urethritis), palpate deep anterior vaginal wall 
(cystitis), palpate apex of vagina/cervix for extreme 
tenderness (PID), check for associated vaginal pro-
lapse, inspect for vaginal discharge (which if present 
should be swabbed), palpate for adnexal masses or ten-
derness, evaluate the cervix for shape, size, mobility, 
and tenderness     

•    Male genitalia exam : Check for lesions on penis, palpate 
urethra at ventral surface of penis to rule out mass or 
much less commonly—an impacted urethral stone or ure-
thral diverticulum, check testes and epididymis for 
masses, induration, tenderness, rule out inguinal hernias  

•    Rectal exam  ( only if clinically indicated ): Inspection of 
anus (check for external hemorrhoids, fi ssures, skin 
lesions; rule out rectal mass; palpate anterior rectal wall 
to check for prostatic tenderness or fl uctuance  

•    MMT : Rule out spinal pathology which can radiate pain 
to groin, strength testing should be normal, may be lim-
ited by severe pain, pelvic pain should not present with 
abnormal refl exes unless involvement of the spine is 
contributing  

•    Provocative maneuvers 
 –    “ Carnett ’ s ”  sign :  Incr eased local tenderness during 

muscle tensing
 n    Patient, laying supine, raises both legs off the table 

simultaneously while the examiner’s fi ngers are 
placed on site of pain. If there is myofascial pain, 
this maneuver will increase pain. However, if the 
pain is associated with visceral pain, there will be 
less tenderness with the tensed abdominal muscles.     

 –    FABER test : assessment of hip and SI joint
 n    Examiner fl exes, abducts, externally rotates, and 

extends the affected leg on top of the other knee and 
then slowly lowers the leg toward the examining table. 
Pain with maneuver indicates hip disease or iliopsoas 
spasm. Pain at SI joint indicates SI join pathology.     

 –    FADIR test : assessment of hip
 n    With patient supine, examiner fl exes leg and knee to 90 

degrees, adducts, and internally rotates hip. Pain with 
maneuver suggests hip impingement or labral tear.     

 –    Ganslens test : Assessment of lumbar spine and SI joint
 n    With patient supine, hip is fl exed on one side and 

extended on opposite side. Pain with maneuver is 
indicative is SI joint instability and/or L4 nerve root 
lesion.        

•    Psychological assessment : screen for depression and 
physical/sexual abuse [ 1 – 3 ]   

  General Workup for Pelvic Pain 
•    Labs :

 –    CBC, ESR, CRP: rule out infectious etiology  
 –   UA, UCx, Chlamydia/Gonorrhea  
 –   B-HCG: rule out pregnancy in all patients of child-

bearing age  
 –   Urine cytology (if family history of GU cancer, hema-

turia, or tobacco history)     
•    Diagnostic studies :

 –    Cytoscopy: inspect bladder urothelium to rule out 
bladder cancer or ulceration  

 –   Laparoscopy: identify endometriomas; check for 
adhesions     

•    Imaging 
 –    X-ray: Pelvis, hips, lumbosacral spine: to rule out frac-

ture or arthritis which can refer pain to pelvic region  
 –   Pelvic ultrasound  
 –   Ideal for imaging of gynecologic organs (ovarian cysts, 

fi broids, endometrial lesions)  
 –   CT abdomen/pelvis: evaluate abdominal/pelvic anat-

omy, rule out masses, infl ammatory lesions, genitouri-
nary stones, GI/GU/Gyn malignancy  

 –   MRI pelvis: an option for imaging if IV contrast for 
CT is contraindicated; ideal to check for urethral diver-
ticulum, may consider for imaging of ovaries or better 
defi ne cystic appearing lesions [ 1 ,  2 ]        

    Chronic Endometriosis 

 Presence of endometrial tissue out side of the uterus—can 
cause a chronic infl ammatory response
•     Symptoms : Chronic dull or crampy pain in the lower 

abdominal or pelvic region that typically cycles with 
menses  

22 Chronic Pelvic and Abdominal Pain



158

•    Associated symptoms : Abnormal uterine bleeding, infer-
tility, chronic Pelvic pain, Infertility, hematuria, dysuria, 
hematochezia, bowel pain, dyspareunia, dysmenorrhea, 
low back pain, chronic fatigue  

•    Physical exam : Pain or tenderness on pelvic exam, most 
common when palpating the posterior vaginal fornix; 
fi xed uterus due to adhesions; lateral displacement of cer-
vix: fi xation of adnexa or uterus in a retroverted position, 
palpable tender nodules on pelvic exam; possible palpa-
ble adnexal mass  

•    Labs : normal (serum CA 125 >35 U/mL, but is not a sen-
sitive indicator)  

•    Imaging :
 –    Transvaginal ultrasound (fi rst line) to help visualize 

uterine cysts and nodules  
 –   MRI or CT Pelvis with contrast to visualize endome-

trial tissue within pelvic and abdominal cavity  
 –   Laparoscopy (gold standard for direct visualization) 

in order to obtain biopsy and establishes defi nitive 
diagnosis     

•    Treatment :
 –    First line: NSAIDs, oral contraceptives  
 –   If refractory can consider Medroxyprogesterone ace-

tate, Leuprolide (GnRH agonist which will decrease 
FSH and LH production due to chronic stimulation, 
monitor bone mineral density, postmenopausal symp-
toms), Danazol (GnRH antagonist)  

 –   Surgery if medically necessary: laparoscopy with 
removal of lesions or hysterectomy if fertility is not an 
issue and conservative measures do not help  

 –   Patients who have undergone numerous surgeries and 
do not have an immediate surgical need but suffer from 
pain can be treated with opiates and possible addition 
of neuropathic agents (see opiate and neuropathic 
medication chapters for more details). These patients 
should have continued regular follow up with their 
Gynecologist to assure no further surgical intervention 
is needed. [ 1 ,  4 ,  5 ]        

    Interstitial Cystitis/Bladder Pain Syndrome 

 Chronic infl ammation at bladder wall
•     Symptoms : pelvic pain and discomfort or pressure- 

sensation perceived to be related to the bladder for 
>6 weeks; may be increased with bladder fi lling and 
improved with voiding. It is often associated with urinary 
frequency, urgency, dysuria, or nocturia. [ 6 ] symptoms of 
recurrent UTIs yet negative urine cultures  

•    Associated symptoms : may have dyspareunia (especially 
with deep penetration, but may be diminished with void-
ing), ejaculatory pain, suprapubic or low back pain; often 
coexists with vulvodynia [ 7 ,  8 ]  

•    Physical exam :
 –    Abdomen: location of pain, typically suprapubic ten-

derness to palpation, location of scars (previous pelvic 
surgery may cause internal scarring which can be 
source of chronic pelvic pain) Musculoskeletal: hip 
girdle, gait—instability or pain induced by walking or 
body position may imply associated musculoskeletal 
pain, trigger points  

 –   Vaginal exam: No specifi c fi nding. It is important to 
rule out other conditions that may be a cause for 
chronic pelvic pain since IC is a diagnosis of 
exclusion.     

•    Labs :
 –    Urine culture, and STD testing is negative with 

Interstitial Cystitis/Bladder Pain Syndrome  
 –   Post-void residual volume to screen for voiding 

dysfunction  
 –   Interstitial cystitis/chronic pelvic pain syndrome is a 

diagnosis of exclusion and is best made by a urologist/ 
gynecologist with specialty training     

•    Imaging :
 –    No specifi c imaging is required  
 –   Bladder ultrasound with report of post-void urine can 

be done if in-offi ce bladder scan device is 
unavailable.  

 –   Cystoscopy is used to exclude bladder tumors. 
Cystoscopy is essential if there is associated hematu-
ria, family history of genitor-urinary malignancy, 
abnormal urine cytology, or history of tobacco use. 
The presence of glomerulations (fi ne petechiae seen 
with bladder distention) or ulceration (Huner’s ulcer, 
seen in 10 % of patients with IC) supports the diagno-
sis of IC/BPS but is not required for diagnosis; bladder 
biopsy should be considered if there is a suspicious 
lesion     

•    Treatment :
 –    Education: an explanation of interstitial cystitis/blad-

der pain syndrome validates patients’ symptoms and 
concerns. There is no single diagnostic test; treatment 
may involve multiple modalities  

 –   Stress/anxiety reduction and exercise: can help reduce 
exacerbation of symptoms  

 –   Behavioral changes
 n    Application of local heat or cold to painful region 

of pelvis  
 n   Avoidance of dietary triggers (caffeine, alcohol, 

and spicy or acidic foods and drinks)  
 n   Patients may manage with increased cranberry 

juice or cranberry extract tablets, which are acidic 
and can exacerbate IC symptoms (cranberry juice is 
acidic and may exacerbate IC symptoms).  

 n   Fluid management: some patients experience worse 
symptoms with concentrated urine so increasing 
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fl uids may be helpful while other patients  experience 
worse symptoms with bladder fi lling in which case 
fl uid restriction is benefi cial to avoid the extremes     

 –   Physical therapy
 n    Evaluation and treatment by specialized pelvic fl oor 

physical therapist can help patient relax pelvic fl oor 
muscles and reduce trigger point pain, massage of 
scar tissue can improve pain, exercises to increase 
pelvic fl oor tone should be avoided (Kegel’s exer-
cises) since this will increase pain. [ 9 ,  10 ]     

 –   Pharmacologic
   NSAIDs  
 n   Tricyclic antidepressant/neuropathic agents 

(Nortip tyline, Amitriptyline, Gabapentin, Lyrica): 
central analgesic effect [ 11 ]  

 n   Elmiron (pentosan polysulfate sodium, the only 
FDA- approved medication specifi cally approved 
for IC) 100 mg p.o. tid, which re-establishes the 
proposed defective glycosaminoglycan layer that 
coats the bladder urothelium (can be associated 
with mild hair loss that is reversible with cessation 
of medication) [ 12 ]  

 n   Antihistamines (Hydroxyzine-25–50 mg qhs, 
drowsiness is the most common side effect due to 
the hypothesis that mast cell release is responsible 
for bladder symptoms [ 13 ]  

 n   Muscle relaxant/anxiolytic: diazepam (Valium) 
1–5 mg once or twice daily prn can reduce pelvic 
muscle tone [ 13 ]  

 n   Topical anesthetic: Pyridium 100 mg po q8hours prn 
acts as a topical anesthetic on the urothelium; limit 
use to 3–5 days due to potential for liver toxicity, 
inform patient that urine will be bright orange color     

 –   Intravesical instillation of DMSO or a “cocktail” of 
lidocaine, bicarbonate, a steroid, and heparin or 
Elmiron (heparin and Elmiron are analogues of gly-
cosaminoglycan that forms the layer that protects the 
urothelial cells from noxious stimuli in urine), typi-
cally done once weekly for 6 weeks. May be repeated 
depending on severity of symptoms [ 14 ]  

 –   Cauterization of bladder ulcer (Huner’s ulcer) with 
cystoscopy, improves pain  

 –   Bladder hydrodistention—Distending the bladder 
under anesthesia can disrupt fi ne urothelial nerve fi bers 
reducing transmission of pain stimuli. Some may see 
improvement last up to 6 to 9 months. If successful, it 
can be repeated [ 15 ] 

 –  Sacral neuromodulation (Interstim therapy): unilateral 
or bilateral stimulation of the S3 nerve root with a 
four-lead electrode placed percutaneously under fl uo-
roscopic guidance. Not FDA approved for IC but with 
failure of other therapies may result in symptom 
improvement [ 16 ]  

 –   Bladder Botox can improve associated urinary fre-
quency and urgency but no effect on pain [ 17 ]       

 –  Bladder cystectomy and ileal conduit is a procedure of 
last resort for symptom control. Persistence of pain is 
common but may improve quality of life (reduce uri-
nary urgency/frequency) [ 18 ]  

    Prostatitis/Chronic Pelvic Pain Syndrome 

•      Symptoms : pain in perineum, groin, testicles, penis, 
symptoms present for >3months, dull and achy pain typi-
cally at perineum and urethra or penis [ 19 ]  

•    Aggravating factors : full bladder, sexual activity, exertion 
(heavy lifting or exercise), bicycle riding (perineal 
trauma) or stress and anxiety.  

•    Alleviating factors : voiding, hot water Sitz bath, anxiety 
and stress reduction.  

•    Associated symptoms : painful ejaculation, irritative 
(urgency, frequency, dysuria) or obstructive (hesitancy, 
intermittent stream, weak stream) urinary symptoms, sex-
ual dysfunction [ 20 ]  

•    Physical exam :
 –    Vitals: if febrile, tachypneic, tachycardic consider 

acute prostatitis, prostate abscess, bacteremia, sepsis; 
with chronic prostatitis, vitals should be stable  

 –   Inspection: check general appearance, posture, sit-
ting position, some may have trouble sitting on 
perineum  

 –   Genitalia: some patients may experience pain referred 
to urethra so rule out urethral pathology: palpate ure-
thra at ventral surface of penis to rule out mass or 
much less commonly—an impacted urethral stone or 
urethral diverticulum–Rectal exam: palpate prostate 
for bogginess (soft, fl uid-like feeling—suggesting an 
abscess) or tenderness (omit DRE if acute prostatitis is 
likely)     

•    Labs 
 –    UA and urine culture to r/o UTI  
 –   PSA not indicated—may be falsely elevated  
 –   Consider CBC  
 –   Consider Mears-Stamey 2 glass urine test: [ 2 ]
 –    Send urine analysis with microscopy and culture  
 –   Perform prostatic massage  
 –   Send fi rst 10 cc urine for analysis and microscopy and 

culture after prostatic massage  
 –   Can help determine chronic infl ammatory prostatitis 

(+WBC and negative culture on post massage UA 
and culture) or chronic bacterial prostatitis (increased 
WBC with + culture on post massage UA and cul-
ture) or noninfl ammatory prostatitis (negative WBC 
and negative culture on post massage UA and 
culture)        
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•    Imaging 
 –    Bladder scan or pelvic ultrasound: screen for voiding 

dysfunction, check for post-void residual, rule out 
prostatic abscess.  

 –   Transrectal ultrasound may be too painful  
 –   Pelvic CT: if suspect prostatic abscess, if treatment 

failure     
•    Treatment 

 –    Education about prevalence, triggers, proposed 
pathophysiology  

 –   Warm water Sitz bath, consider pelvic fl oor physical 
therapy especially if associated voiding symptoms, 
anxiety/stress reduction, relaxation exercises/yoga 
[ 21 – 23 ]  

 –   NSAIDS: ibuprofen  
 –   Oral antibiotics: Quinolones (Levoquin better than 

Cipro) are probably better than sulfonamides: both cat-
egories have good penetration into prostate, macrodan-
tin is excreted in urine but has poor tissue penetration, 
may require 2–4 weeks or longer of antibiotic 
treatment.  

 –   Analgesics  
 –   Antipyretics as needed  
 –   Alpha-blockers: tamsulosin 0.4 mg po qhs (Flomax), 

alfuzosin 10 mg po qhs (Uroxatral), silodosin 4 or 
8 mg po qhs (Rapafl o)—caution about orthostatic 
hypotension and retrograde ejaculation [ 23 ]  

 –   Antiandrogen: fi nasteride 5 mg po once daily (Proscar), 
dutasteride 0.5 mg po once daily (Avodart)—if associ-
ated BPH symptoms  

 –   Treatment of associated sexual dysfunction  
 –   Treat according to post massage urine culture results if 

positive  
 –   Consider treatment of atypical uropathogens: 

(Chlamydia,  Mycobacterium ,  Cryptococcus ) with 
doxycycline 100 mg p.o. b.i.d.  

 –   Transurethral microwave thermotherapy (TUMT) of 
prostate—heat causing necrosis of prostatic tissue [ 24 ]  

 –   Transurethral resection of prostate (TURP)—resection 
of prostatic tissue using cautery        

    Pelvic Venous Congestion 

 Congestion of pelvic veins, increases with multiparous 
women [ 2 ]
•     Symptoms : often asymptomatic when this becomes symp-

tomatic patients present with chronic pelvic pain of 
unknown etiology for over 6 months, vulvar discomfort 
and swelling worsened with prolonged standing and exer-
cise and coitus; often manifests initially during or after 
pregnancy  

•    Associated symptoms : dyspareunia, dysuria, dysmenor-
rhea, menorrhagia  

•    Aggravating factors : menses  
•    Physical exam : normal pelvic exam, as laying down often 

relieves pressure from ovarian veins; vulvar varicosities on 
gynecological exam, cervical motion tenderness, uterine 
tenderness, and ovarian tenderness on direct palpation [ 2 ]  

•    Labs : normal  
•    Imaging : Not necessary to confi rm diagnosis

 –    Pelvic MRI or CT with contrast (preferred) can be 
used to evaluate pelvic and gonadal veins  

 –   Pelvic venography to visualize varices >4 mm  
 –   Transabdominal, transperineal or transvaginal ultra-

sound showing ovarian vein >6 mm, or tortuous venous 
plexus this also helps to exclude other potential 
etiologies     

•    Treatment :
 –    Medroxyprogesterone Acetate  
 –   Embolization or sclerotherapy of ovarian veins  
 –   Surgical: Laparoscopic or open ligation of ovarian 

veins; hysterectomy; bilateral oophorectomy.  
 –   In patients refractory to surgical treatments, opiates 

or neuropathic agents can be used to help control pain. 
[ 2 ,  25 ]        

    Pelvic Trigger Points 

•      Symptoms : pain of the pelvic fl oor  
•    Associated symptoms : existence of coexisting musculo-

skeletal abnormalities i.e., SI dysfunction), often cause 
pain in a referred pattern, vulvodynia, dyspareunia, 
bowel/bladder dysfunction, pain during ambulation in 
more severe cases  

•    Physical exam : levator ani/perineal stiffness on pelvic 
exam, often times palpation of hypersensitive muscle 
fi ber or taut on exam; trigger points can lead to shortening 
of muscle fi bers, which causes signifi cant pain on pelvic 
pain  

•    Labs : normal  
•    Imaging : normal  
•    Treatment : Pelvic fl oor rehabilitation, including 

Biofeedback therapy, as well as muscle stretch and relax-
ation exercises
 –    Pelvic trigger point injections using dose of 1–5 mL of 

local anesthetic (lidocaine most commonly used); 
Common pelvic pain generators in women are anterior 
inferior levator ani, and bulbospongiosus in women, 
pubococcygeus, sphincter ani, and adductor magnus in 
both men and women  

 –   Saline injection, dry needling, as well as use of botuli-
num Toxin A have been found to treat symptoms  
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 –   Diazepam can also be helpful in treating tight pelvic 
fl oor muscles, oral or suppository formulation can be 
used  

 –   Manual release techniques  
 –   Acupressure [ 5 ,  26 ]        

    Pelvic Floor Abnormalities 

 Can be secondary to trauma, childbirth, postural abnormali-
ties, or previous pelvic surgeries; may lead to involuntary 
spasming of pelvic fl oor muscles [ 2 ]
•     Symptoms : Perineal pain  
•    Associated symptoms : Dyspareunia, vaginismus, dyschezia  
•    Physical exam : Point tenderness on vaginal or rectal 

examination; may have urine fl ow abnormality  
•    Labs : normal  
•    Imaging : normal  
•    Treatment :

 –    Warm Sitz baths  
 –   Pelvic rehabilitation—biofeedback  
 –   Trigger point injections/Botulinum toxin into pelvic 

fl oor muscles  
 –   Anticholinergics (i.e., Tricyclic antidepressants)  
 –   Muscle relaxants  
 –   Bladder analgesics- Defecating program [ 5 ,  26 ]        

    Pudendal Neuralgia 

 Pudendal nerve stems off the sacral plexus (S2-4) 
 Compression can occur as a consequence of abdominal sur-
gery or childbirth
•     Symptoms : pain/paresthesias in distribution of pudendal 

nerve, which include groin, abdomen, pelvic and lower 
extremity, as well as perineal and gluteal regions (Fig.  22.1 )   

•    Associated symptoms : Pain is often associated with con-
comitant pain in SI joint, coccyx, and piriformis; Pain 
often associated with sitting; relief associated with stand-
ing or lying on unaffected side; urinary frequency  

•    Exacerbating factors : sitting  
•    Mitigating factors : standing and laying on unaffected side  
•    Physical exam : perineal sensation and muscle tone are 

normal  
•    Labs : normal  
•    Imaging : MRI neurography or Ultrasound can be helpful 

to rule out a compressive lesion, however, diagnosis is 
largely clinical  

•    Treatment :
 –    Rehabilitation of hip rotator, gluteal, lumbosacral, 

abdominal, and pelvic fl oor muscles  
 –   Pudendal nerve mobilization techniques  
 –   Diagnostic nerve block with local anesthetic  

 –   Botulinum injection into pelvic fl oor muscles in spasm 
secondary to pudendal neuralgia (most common are 
obturator internus and levator ani)  

 –   Refractory cases consider Gabapentin, Lyrica, Muscle 
relaxants, or low-dose antidepressants, Tramadol, and 
Opioids  

 –   Surgical decompression [ 27 ]        

    Inguinal Neuraglia 

 Can be associated with previous abdominal surgeries or 
pregnancies, although incidence has decreased due to the 
advent of laparoscopic procedures
•     Symptoms : pain/paresthesias over lower abdomen with 

radiations into scrotum or labia; hypo or hyperesthesias 
along inguinal ligament (Fig.  22.2 )   

•    Physical exam : + Tinel’s with tapping over ilioinguinal 
nerve; possible sensory defi cit in the inner thigh, scrotum 
or labia in distribution ilioinguinal nerve; pain with hip 
extension; reproducible pain with palpation medial to 
the ASIS  

•    Labs : normal  
•    Imaging : MRI neurography or Ultrasound can be helpful 

to rule out a compressive lesion, however, diagnosis is 
largely clinical  

•    Treatment :
 –    Diagnostic ilioinguinal nerve block with anesthetic  
 –   Trigger point injections  
 –   NSAIDs, COX-2 inhibitors; Anticonvulsants, Capsaicin 

cream, topical lidocaine [ 2 ]        

  Fig. 22.1    Pelvic anatomy showing the course of the pudendal nerve 
which is effected with pudendal neuralgia       
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    Abdominal Pain 

  Acute abdominal pain : sudden onset of severe abdominal 
pain that may persist from hours to days and may be life 
threatening 

 Acute abdominal pain can be categorized with visceral or 
somatic etiologies
•     Visceral : presents with diffuse, poorly localized pain  
•    Somatic : caused by stimulation of the peritoneum, pain is 

precisely localized    

  Chronic abdominal pain : “constant or recurrent pain over a 
3-month period” [ 2 ] inconsistent localization
•    Functional gastrointestinal disorders (FGID) usually 

present with diffuse abdominal pain in atypical locations 
[ 2 ]. May be associated with weight loss, nausea rarely 
vomiting  

•   Functional GI disorder vs. Chronic organic disease vs. 
functional abdominal pain syndrome  

•   Exacerbations and remissions  
•   Bloating (better in AM, worse at night)  
•   Increased with psychological stress (IBS, GERD, FGID)   

  Abdominal Differential Diagnosis 
•    General differential : Gastroenteritis, IBS, PUD, GERD, 

Constipation, UTI, Pyelonephritis, diverticulosis, diver-
ticulitis, cholangitis, pancreatitis, hepatitis, choledocholi-
thiasis, Infection, spontaneous bacterial peritonitis, 
Primary malignancy vs metastasis, fi bromyalgia  

•    Additional differential in women : PID, Dysmenorrhea, 
Ovarian Cyst, Endometriosis, Ectopic Pregnancy  

•    Differential requiring surgical evaluation : Appendicitis, 
Acute Cholecystitis, Intestinal Obstruction, Perforated 
viscera, Dissecting Aortic Aneurysm, Embolic Mesenteric 
Ischemia, ectopic pregnancy (Table  22.1 ) [ 28 ]

       It is important to differentiate between acute and chronic 
abdominal pain. The above medical conditions should always 
be ruled out prior to diagnosing a patient with chronic 
abdominal pain and treating with opioids or adjuvant medi-
cations. In addition it is necessary to rule out acute etiologies 
in patients with known chronic abdominal pain syndromes. 
Below is a general approach to assure the surgical and acute 
pathologies are ruled out before proceeding .

  General History for Abdominal Pain 
•       Symptoms :

 –        Location of pain and referred pain 
 n     Localized : somatic  
 n    Diffuse :  FGID   
 n    Epigastric : stomach, duodenum, pancreas, biliary 

tree  
 n    Periumbilical : jejunum and ileum, ascending colon  
 n    Suprapubic : descending colon, sigmoid, rectum  
 n    Radiating to back : pancreatitis, PUD, spinal 

etiology      
 –       Frequency and onset of pain 
 n    Constant pain: etiology of parietal infl ammation or 

capsule distention (ref bonica [ 2 ])  
 n   Colicky pain: etiology of visceral obstruction

 ◆    Small or large bowel “repeatedly over seconds 
or minutes” (ref bonica [ 2 ])  

 ◆   Biliary or renal “hours to days” [ 2 ]         
 –      Quality of pain:
 n    Burning: GERD  
 n   Tearing: aortic aneurysm       

•          Associated symptoms : Nausea, vomiting (Bowel 
 obstruction—SBO—immediately after food intake, 
LBO—feculent vomit), diarrhea, changes in stool (blood 
(distal GI tract disease), melena (upper GI pathology), 
steatorrhea, etc.), loss of appetite, Avoidance of food 
(found with liver congestion and ureteric obstruction), 
autonomic symptoms such as sweating and nausea should 
be considered pathologic until otherwise noted, 
hematemesis (upper GI disease), hematuria and loin pain 
(ureteric obstruction and renal calculus), fever (acute 

  Fig. 22.2    Pelvic anatomy showing pelvic peripheral nerves that can be 
implicated in pelvic pain       

 

J. Gober et al.



163

abdomen  possibly requiring surgical intervention), weight 
loss (chronic pathology), early satiety, back pain (pancre-
atitis), bloating   

•       Mitigating factors :
 –       Posture

 n    Leaning forwards: relieves retroperitoneal pain 
(e.g., Pancreas)  

 n   Fetal position: relieves retroperitoneal pain      

 –      Food intake:
 n    Upper GI pathology relieved with food intake (gas-

troduodenal ulcers      
 –      Relief after vomiting: stomach or proximal small 

bowel pathology   
 –      Relief after bowel movement: colon disease    

•          Exacerbating factors :
 –       Movement/Inspiration/coughing: parietal pain, abdo-

minal wall muscle pain   
 –      Posture

 n    Supine: worsens retroperitoneal pain      
 –      Food intake: worsens GI tract pain

 n    Exacerbations with food mostly with functional 
disease and GERD  

 n   Specifi c foods: oil, milk, spicy      
 –      Temporal relationship between food and possible 

worsening of pain
 n    GI tract pain: worsens within minutes  
 n   Small bowel or colon: worsens hours later      

 –      Associated with bowel movements (lower GI involve-
ment, IBS) [ 29 ]    

      Past Medical/Surgical History 
•    Alcoholics : more likely to have hepatitis or pancreatitis  
•    Hyperuricemia : can be prone to renal calculi  
•    CAD / PAD / HTN : increased risk of aortic aneurysm or 

mesenteric ischemia  
•    Diabetes : consider DKA  
•    Prior Abdominal surgery : consider adhesions and 

obstruction  
•    Chronic NSAID use : consider PUD, GERD.  colitis   
•    Bisphosphonate use : consider GERD  
•    Recent antibiotics : consider C. Diff  
•    Antispasmodics   
•    Psychosocial factors :

 –    Stress can increase symptoms with IBS, GERD, 
and FGID  

 –   Also consider psychiatric comorbidities (anxiety, 
depression, etc.)     

•    Drugs : IVDA related to Hepatitis B and C or HIV—these 
place patient at risk for hepatoma and infections)  

•    Family history : cancer, infl ammatory disorders (IBD, 
celiac disease)   

  General Physical Exam for Abdominal Pain 
•       Inspection :

 –       Initial appearance
•    Alert, diaphoretic, tachypneic (alert physician to 

more acute and threatening etiologies, if present 
send to ER)  

•   Writhing around in pain—visceral etiology
 –    Patients unable to fi nd a pain relieving position 

consider intestinal obstruction or renal colic         

   Table 22.1    Extra-abdominal causes of abdominal pain   

 Cardiopulmonary 
   Aortic dissection 
   Aortic aneurysm 
   Unstable angina 
   Acute myocardial infarction 
   Ischemic heart disease 
   Pericarditis 
   Pneumonia 
   Pneumothorax 
   Pulmonary empyema 
   Pulmonary embolism/infarction 
 Hematological 
   Henoch–Schonlein purpura 
   Sickle cell crisis 
 Metabolic/endocrinological 
   Acute intermittent porphyria 
   Addison’s disease 
   Diabetic ketoacidosis 
   Hypercalcemia 
   Lead poisoning 
   Uremia 
 Genitourinary 
   Kidney stones 
   Pyelonephritis 
   Urinary retention 
 Gynecological 
   Ovarian rupture 
 Musculoskeletal 
   Inguinal/ventral hernia, strangulated 
   Osteomyelitis 
   Vertebral/spinal disorders 
   Thoracic compression fracture 
   Muscle injury 
 Neurocutaneous 
   Radiculopathy 
   Intercostal neuralgia 
   Herpes zoster 
   Tabes dorsalis 
   Injection abscess (in diabetics) 
 Miscellaneous 
   Lead poisoning with herbal medicines 
   Familial Mediterranean fever 
   Narcotic withdrawal 
   Fractured ribs 
   Liver pathology 
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 –      Fetal position or lying still (peritoneal irritation   
 –      Weight loss (chronic disease)   
 –      Inspect for scars, ecchymosis and possible hernia   
 –      Jaundice—seen with hepatobiliary disease   
 –      Signs of chronic liver disease: palmar erythema, spider 

nevi, duputryens contracture
 n    Chronic liver pathology and pancreatitis often 

coexist especially in alcoholics [ 2 ]      
 –      Abdominal distention: bowel obstruction, ascites    

•          Vital signs : r/o hypotensive shock (secondary to sepsis or 
hypovolemia)   

•       Palpation : Begin exam away from painful region to avoid 
guarding, examine for tenderness located to specifi c 
quadrant vs generalized tenderness

 –        RUQ : hepatobiliary disease   
 –       LUQ : splenic disorders   
 –       RLQ : ovarian cyst or mass, chronic appendicitis, ecto-

pic pregnancy   
 –       LLQ : constipation, ovarian cyst or mass, ulcerative 

colitis   
 –       Suprapubic : menses, UTI   
 –       Guarding ,  rigidity ,  rebound tenderness : indicated 

peritonitis   
 –       Costovertebral angle tenderness : UTI, pyelonephritis   
 –      Masses (organomegaly, carcinoma)    

•          Percussion :
 –       Painful percussion: perotinitis   
 –      Tympany: distended bowel and obstruction   
 –      Dullness: mass

 n    Shifting dullness: ascites       
•          Auscultation / bowel sounds :

 –       Normal   
 –      Absent: ileus   
 –      Hyperactive: early bowel obstruction, gastroenteritis   
 –      Hypoactive: late bowel obstruction   
 –      Tinkling: obstruction   
 –      Also auscultate for bruits found in aneurysms and 

hematoma    
•          Provocative maneuvers :

 –       + Murphy’s sign indicative of cholecystitis   
 –      + Psoas sign (hyperextension of hip indicates infl am-

mation of psoas muscle, possible abscess    
•          Neurological exam : usually normal in abdominal pain 

patients,   
•       Rectal exam and obtain stool for occult blood : fecal 

impaction, masses, blood can indicate superfi cial or deep 
fi ssures, polyps, IBD, or malignancy;   

•       Vaginal exam : inspect external genitalia, look for skin 
lesions, inspect meatus (caruncle, Urethral mucosal pro-
lapse) quality of vaginal epithelial tissue, palpate distal 
anterior vaginal wall (rule out urethral diverticulum or 
urethritis), palpate deep anterior vaginal wall (cystitis), 

palpate apex of vagina/cervix (PID), check for associated 
vaginal prolapse, inspect for vaginal discharge   

•       Systemic exam : to rule out extra-abdominal causes
 –       Cardiac: HTN, evaluation for murmurs and/or A fi b 

(predispose to embolic-associated ischemia)   
 –      Respiratory: evaluation for PTX, PNA    

•          Psychological assessment  [ 27 ,  29 ]    

  General Workup for Abdominal Pain 
•    Labs :

 –    CBC (iron defi ciency anemia can be associated with 
colon cancer, increase WBC can indicate infection)  

 –   Calcium (malignancy)  
 –   Aminotransferases, alkaline phosphatase, bilirubin 

(hepatitis or other liver disorders)  
 –   Lipase (pancreatitis)  
 –   Ferritin (iron defi ciency anemia)  
 –   Antitissue transglutaminase (Celiac disease)     

•    Diagnostic studies :
 –    Upper GI series  
 –   Colonoscopy (IBS, colon ca)  
 –   Flexible sigmoidoscopy (IBS)  
 –   UA (UTI, pyelonephritis)  
 –   Vaginal swab (gonorrhea, Chlamydia, and bacterial 

vaginosis)  
 –   Stool culture (gastroenteritis)  
 –   Laparoscopy (endomeriosis, malignancy)     

•    Imaging :
 –    Abdominal XR/KUB (obstruction)  
 –   Abdominal US (cholecystitis, appendicitis)  
 –   Renal US (nephrolithiasis, appendicitis)  
 –   Transvaginal US (PID, ectopic pregnancy, ovarian 

cysts, malignancy)  
 –   MRI  
 –   CT (obstruction) [ 27 ]        

    Chronic Painful Cholecystitis 

•      Symptoms : Epigastric pain localizing to the right upper 
quadrant (RUQ), pain may radiate to the right shoulder or 
scapula;  

•   Associated symptoms: nausea/vomiting with or without 
fever, abdominal cramping and bloating; symptoms usu-
ally occur after meals, especially those high in fat content  

•    Physical exam : RUQ tenderness with guarding or 
rebound; jaundice; lack of palpable RUQ fullness (as 
opposed to acute, which is usually associated with the 
presence of gallstones); + Murphy’s sign  

•    Labs : leukocytosis with left shift, amylase and lipase to 
determine involvement of pancreas, liver function tests to 
evaluate the liver  
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•    Imaging : Abdominal Ultrasound and abdominal CT 
revealing gallbladder wall thickening of greater than 
4–5 mm along with edema, along with + physical exam 
fi ndings can confi rm diagnosis; HIDA scan  

•    Treatment :
 –    Bowel rest  
 –   Medications: treatment with NSAIDs or Opioids 

for pain, such as Morphine, Hydromorphone or 
Meperidine  

 –   Surgical: ERCP, cholecystectomy [ 30 ]        

    Pancreatitis 

•      Symptoms : Epigastric pain with radiations to the back, 
pancreatic insuffi ciency-associated nausea and vomiting; 
possible dyspnea; Glucose intolerance  

•    Physical exam : Tenderness of fullness in the epigastric 
region, which may indicate a pseudocyst; abdominal dis-
tention, and hypoactive bowel sounds; fever, tachypnea, 
hypotension; patient with steatorrhea may exhibit signs of 
malnutrition, such as temporal wasting or decreased sub-
cutaneous fat  

•    Labs : Usually associated elevated amylase and lipase; 
CBC, electrolytes, and liver function tests are usually 
normal  

•    Imaging :
 –    X-ray shows calcifi cation within pancreatic duct  
 –   Abdominal US shows enlarged and hypoechoic 

pancreas  
 –   Abdominal CT with contrast  
 –   MRI surrounding edema, pancreatic duct dilation, as 

well as pseudocysts     
•    Treatment :

 –     Acute pancreatitis : Initially, treat with fl uid resuscita-
tion 5–10 mL/kg/h NS and pain control, often with 
IV opiates. Meperidine is favored over morphine in 
cases of pancreatitis because studies show that mor-
phine causes an increase of pressure in the sphincter 
of Oddi. If an infection is suspected, antibiotics 
should be initiated as well while the source is being 
determined.  

 –    Chronic pancreatitis : Pain management with NSAIDS, 
Opiates, Amitriptyline; lifestyle modifi cation with ces-
sation of alcohol and smoking and implementation of 
small low-fat meals into diet; pancreatic enzyme sup-
plementation (theory is suppression of feedback loops 
in duodenum, which may decrease release of cholecys-
tokinin, suppressing of pancreatic exocrine secretion, 
resulting in decreased pain); surgery is considered for 
patients who fail medical therapy. [ 31 ]        

    Irritable Bowel Syndrome 

•      Symptoms : Chronic abdominal pain, gastroesophageal 
refl ux, nausea, alternating constipation/diarrhea, impaired 
sexual dysfunction, increased urinary frequency, dysmen-
orrhea, dyspareunia; relieved by bowel movements 
(Table  22.2 ).

•       Physical exam : Nonspecifi c abdominal tenderness; exam 
fi ndings are generally normal  

•    Labs : Routine labs are normal in this condition  
•    Imaging : Routine imaging normal in this condition  
•    Treatment :

 –    Diet modifi cation  
 –   Antidepressants, probiotics, antidiarrheal agents, sero-

tonin receptor agonists/antagonists  
 –   Psychosocial treatment [ 32 ]        

    Malignancy/Metastasis 

•      Symptoms : weight loss. Pain occurs late in disease due to 
capsular stretching from tumor growth, pain progresses 
over time and may be constant  

•    Physical exam : Anemia, abdominal mass, jaundice, 
organomegaly  

•    Labs : Leukocytosis, anemia  
•    Imaging : pelvic/abdominal ultrasound helps rule out 

masses  
•    Treatment : Chemotherapy/radiation treatment specifi c to 

cancer type     

    Functional Gastrointestinal Disorders 

•      Symptoms : classifi ed by symptoms; diagnosis of 
exclusion
 –    Functional esophageal disorders (refl ux, dysphagia)  
 –   Functional colonic disorders (constipation, diarrhea)  
 –   Functional dyspepsia  

   Table 22.2    Rome III diagnostic criteria for irritable bowel syndrome   

 Recurrent abdominal pain or discomfort b  at least 3 days/month in the 
last 3 months associated with two or more of the following 
  1. Improvement with defecation 
  2. Onset associated with change in frequency of stool 
  3. Onset associated with change in form (appearance) of stool 

  *Criterion fulfi lled for the last 3 months with symptom onset at least 
6 months prior to diagnosis 
  b Discomfort means uncomfortable sensation not described as pain 
  Used with permission from The Rome Foundation   
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 –   Noncardiac chest pain  
 –   Chronic functional abdominal pain  
 –   Irritable bowel syndrome     

•    Physical exam : Normal  
•    Labs : Normal  
•    Imaging : Normal  
•    Treatment :

 –    Dietary management  
 –    Anxie ty management; symptomatic relief [ 33 ]           
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      Abbreviations 

   ACE    Angiotensin-converting enzyme   
  ANA    Antinuclear antibodies   
  CMAP    Compound muscle action potential   
  CBC    Complete blood count   
  CIDP    Chronic infl ammatory demyelinating 

polyneuropathy   
  CRP    C reactive protein   
  CT    Computed tomography   
  EMG    Electromyography   
  ESR    Erythrocyte sedimentation rate   
  HIV    Human immunodefi ciency virus   
  HNP    Herniated nucleus pulposis   
  INR    International normalized ratio   
  MMT    Manual muscle testing   
  MRI    Magnetic resonance imaging   
  NCV    Nerve conduction velocity   
  OTC    Over the counter   
  RF    Rheumatoid factor   
  ROM    Range of motion   
  SNAP    Sensory nerve action potential   
  SPEP    Serum protein electrophoresis   
  TENS    Transcutaneous electrical nerve stimulation   
  TFT    Thyroid function tests   

          Introduction 

 Neuropathic pain is a problem, which is usually chronic and 
severe and can be debilitating for patients. Neuropathic pain 
oftentimes affects a limb or body region, which on physical 

exam may appear normal. Patients with neuropathic pain 
report that their quality of life, mood, ability to continue 
working, and activities of daily living all suffer because of 
their pain [ 1 ]. 

 Neuropathic pain is caused by a primary lesion or disease in 
the somatosensory system (Table  23.1 ) [ 2 ].

       Pathophysiology 

 There is no single mechanism resulting in neuropathic pain. 
 A combination of concepts results in these basic tenets: 
    1.    Damaged peripheral nerves result in abnormal sodium 

channel activity which causes ectopic fi ring of these 
nerves [ 3 ]   

   2.    Loss of inhibitory neurons [ 4 ]   
   3.    Central sensitization results in spread of nociceptive activ-

ity to uninjured tissue-mediated through glutamate [ 5 ]   
   4.    Wallerian degeneration results in abnormal myelin 

sheaths [ 4 ]      

    History 

 Obtain history including onset of the symptoms, duration of 
the symptoms, location, and severity. 

  Symptoms : (depend on which sensory nerves are damaged)
•     Large sensory fi bers —(myelinated fi bers) these mediate 

vibratory sensation, light touch, and position sense
    Damage to these fi bers cause: 
 –    Numbness of hands and or feet  
 –   Balance issues  
 –   Decreased dexterity and strength        

•    Small sensory fi bers —these mediate temperature and 
pain sensation
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    Damage to these fi bers cause: 
 –    Allodynia (painful response to a non-noxious stimulus)  
 –   Hyperalgesia (exaggerated pain response)  
 –   Altered temperature sensation  
 –   Hypoalgesia (numbness)          

•  Patients’ pain descriptors for neuropathic pain:
 –    Pins and needles  
 –   Stinging/cutting  
 –   Electric/tingling/numbness  
 –   Crawling/asleep    

  Physical exam :  
     Inspection : examine for skin changes—color changes/dis-

coloration, scarring/hyperpigmentation from shingles 
lesions, sweat, hair growth/diminished hair growth, tem-
perature changes, edema, or diabetic skin changes, nail 
fungus/thickening  

   Palpation : may be extremely painful to light touch in the 
affected area, examine for allodynia, hypoalgesia, 
hyperalgesia  

   ROM : may be limited by pain in the affected area  
   MMT : some weakness may be found surrounding involved 

nerves, but usually weakness is secondary to pain and not 
actual weakness unless severe progressed neuropathy is 
present  

   Refl exes : may be decreased or absent at affected nerves  
   Neurological :  

  Light touch and pin prick may be decreased or absent 
(decrease/absence may be in glove and stocking 
distribution)  

  Vibratory sensation with a 128 Hz tuning fork may be 
decreases in a glove and stocking areas [ 4 ,  6 ]  

  Decreased proprioception  
  Abnormal temperature sensation (ice cube to skin may 

feel like abnormal sensation “burning”)  
  Aberrant extension of sensory disturbance beyond 

 dermatome [ 1 ]     

    Workup 

 A diagnosis is based on symptom description, physical 
exam, and a clinical history that matches a neuroanatomical 
or dermatomal pattern [ 7 ]. Workup can be done to aide diag-
nosis and rule out other etiologies.  

    Labs to Evaluate Small Fiber Neuropathy 

 CBC, SMA20, ESR, CRP, Vitamin B12, Folate, TSH, serum 
and urine immunofi xation, serum and urine electrophoresis, 
HgA1c, ACE levels, ANA, RF 

  Labs to evaluate for toxic / metabolic causes :
    Autoimmune : lumbar puncture, rheumatologic markers, 

SPEP, TFT  
   Metabolic : HgbA1C, Vit B12, B1, folate, liver profi le INR  
   Infl ammatory / infectious : lyme titers, ESR, Hep B&C 

serology, HIV  
   Toxic : heavy metal screen  
   Hereditary : genetic testing    

  Imaging to Rule Out Other Etiology : Most 
Likely Normal with Neuropathic Pain 

 X-ray, CT, or MRI may be indicated if trying to identify 
location of an obstructive or traumatic cause (i.e., trigeminal 
neuralgia or HNP, tumor)  

    Electrodiagnostic Testing 

•      EMG : only evaluates large fi ber-mediated neuropathic 
pathology. For a credible evaluation, three limbs must be 
tested (Table  23.2 ).

•       NCV : only evaluates large fi ber damage and can deter-
mine axonal disease vs. myelin degeneration. 
Abnormalities of small fi bers may be associated with 
autonomic dysfunction may not be seen with standard 
NCS and may demand special tests [ 8 ].     

    Biopsy 

•      Nerve biopsy : can determine exact degree of nerve dam-
age but has little use in helping treatment, it is a diffi cult, 
invasive procedure that does not change treatment or 
course of the condition; it is useful for determining 
 amyloid neuropathies or chronic infl ammatory demyelin-
ating polyneuropathy (CIDP) [ 9 ]  

   Table 23.1    Common neuropathic classes and examples [ 2 ]   

 Neuropathic category  Neuropathic conditions 

 Autoimmune  Multiple sclerosis 
 Metabolic  Diabetic peripheral neuropathy 
 Infectious  Post-herpetic neuralgia, HIV related 
 Vascular  Poststroke syndrome 
 Toxic  Chemotherapy-induced neuropathy 
 Traumatic  Herniated nucleus pulposis 
 Acquired  Trigeminal neuralgia 
 Postsurgical  Phantom limb, scar neuroma, failed 

 Back syndrome, post mastectomy 
 Genetic  Charco Marie–Tooth 
 Idiopathic  No etiology found 
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•    Skin biopsy : can show small fi ber damage. It is easy to 
perform and can direct treatment [ 3 ].  

•    Muscle biopsy : can aide in diagnosis of hereditary 
neuropathies     

    Treatment 

  Please see details on medications in the topical analgesic 
and neuropathic medication chapters   

    Modalities 

•   TENS unit : transcutaneous electrical stimulation has a 
position as a supplementary treatment in neuropathic 
pain. Stimulation across the affected area can provide 
transient relief [ 10 ] 

•   Acupuncture : has a position in treatment although success 
is considered anecdotal for lack of randomized controlled 
 evaluations [ 10 ] 

  Psychological Treatment  

As neuropathic pain patients report both decreased mood 
and anxiety and diffi culty coping with their pain, cognitive 
behavioral therapy may be helpful [ 10 ]  

    Surgical Options 

•   Decompression : trigeminal neuralgia 
•   Nerve ablation : has risk of deafferentation
•     Nerve modulation : i.e.,  spinal cord stimulation : based on 

the gate control theory good results in DPN and Failed 
Back Syndrome [ 10 ]  

•    Anodyne monochromatic infrared photoenergy : this is 
becoming a somewhat popular treatment also referred to as 
“red light” therapy. There are home kits patients may buy, 

but mostly this is administered by nonphysician health care 
providers. It is the application of infrared light directly to 
the areas of neuropathy daily. Theory is that this energy 
will result in increased circulation and with it an increase in 
nitric oxide, thus reducing pain and promoting healing of 
the nerves. Studies have shown no real effectiveness [ 11 ].        
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      Abbreviations 

   ANA    Antinuclear Antibodies   
  CBT    Cognitive Behavioral Therapy   
  CRP    Creactive protein   
  CRPS    Complex regional pain syndrome   
  CT    Computed tomography   
  DMSO    Dimethyl sulfoxide   
  ECT    Electroconvulsive therapy   
  EMG    Electromyography   
  ESR    Erythrocyte sedimentation rate   
  HbA1c    Hemoglobin A1c   
  IV    Intravenous   
  IVIG    Intravenous immunoglobulin   
  MMT    Manual muscle testing   
  MRI    Magnetic resonance imaging   
  NMDA     N -methyl- D -aspartate   
  PVD    Peripheral vascular disease   
  RCT    Randomized controlled trial   
  ROM    Range of motion   
  RSD    Refl ex sympathetic dystrophy   
  SNRI    Selective norepinephrine reuptake inhibitor   
  SNS    Sympathetic nervous system   
  TENS    Transcutaneous Electrical Nerve Stimulation   

•         Defi nition : Neuropathic pain syndrome that is out of 
 proportion to inciting event, characterized by the pres-
ence of the following:
 –        Allodynia : pain response to a normally non-painful 

stimulus  
 –    Hyperalgesia : increased pain response to a noxious 

stimulus  
 –    Sudomotor changes : edema and/or sweating  
 –    Vasomotor changes : skin color and/or temperature 

changes  
 –    Trophic changes : hair, nail, and/or skin changes  
 –    Motor changes : decreased ROM, immobility, and/or 

motor dysfunction (weakness, tremor, dystonia)      

•    CRPS is a diagnosis of exclusion  
•   Diagnosis criteria is still debated, but most recent based 

on 2003 Budapest criteria    

    Classifi cation 

•      Type I : refl ex sympathetic dystrophy (RSD), absence of 
direct nerve injury. Usually caused by a noxious event such 
as crush injury or period of immobilization (e.g., cast).  

•    Type II : causalgia (Greek—kausis + algos, meaning “burn-
ing pain”), direct nerve injury     

    Pathophysiology 

 It is still not clearly understood, but a number of mechanisms 
have been proposed.
•    Alterations in central and peripheral sensitization  
•   Changes in sympathetic nervous system (SNS) outfl ow 

with disturbed catecholamine response  
•   Exaggerated infl ammatory response  
•   Genetic factors  
•   Biopsychosocial factors  
•   Reorganization of somatotopic maps in the brain     

      Complex Regional Pain 
Syndrome (CRPS) 

           Richard     G.     Chang       and     Houman     Danesh    
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    Epidemiology and Causes [ 1 – 5 ] 

•     Women at greater risk than men; 3.5:1 ratio  
•   Most cases between 50 and 70 years old, but may develop 

in children  
•   Often occurs after trauma to an extremity. Commonly 

develops after minor soft tissue trauma (sprains, contu-
sions), fractures, and surgery involving an extremity (e.g., 
post-fracture reduction/fi xation, carpal tunnel release, 
knee surgery/arthroscopy, hip arthroplasty), but may 
commonly occur after long periods of immobilization 
(e.g., tight casts). For CRPS type II, the reported inci-
dence secondary to peripheral nerve injuries varies from 
2 to 14 % [ 6 ].     

    Clinical Diagnostic Criteria (Budapest 
Criteria) 2003 [ 7 ,  8 ] 

    Clinical Diagnosis   can be made when the following  criteria 
are met:  
•   Continuing pain that is disproportionate to any inciting 

event  
•    At least 1 symptom reported in at least 3 of the 4 fol-

lowing categories: 
 –     Sensory : hyperesthesia or allodynia  
 –    Vasomotor : temperature asymmetry, skin color 

changes, skin color asymmetry  
 –    Sudomotor   : edema, sweating changes, or sweating 

asymmetry  
 –    Motor / trophic : decreased range of motion, motor dys-

function (e.g., weakness, tremor, dystonia), or trophic 
changes (e.g., hair, nail, skin)     

•    At least 1 sign at time of evaluation in at least 2 of the 
following categories: 
 –     Sensory : evidence of hyperalgesia (to pinprick), allo-

dynia (to light touch, temperature sensation, deep 
somatic pressure, or joint movement)  

 –    Vasomotor : evidence of temperature asymmetry 
(>1 °C), skin color changes, or asymmetry  

 –    Sudomotor / edema : evidence of edema, sweating 
changes, or sweating asymmetry  

 –    Motor / trophic : evidence of decreased range of motion, 
motor dysfunction (e.g., weakness, tremor, dystonia), 
or trophic changes (e.g., hair, nail, skin)     

•   No other diagnosis better explaining the signs and 
symptoms    

  For research diagnostic criteria ,  the only difference com-
pared to the clinical diagnostic criteria  is that the patient 
should have  at least 1 symptom in ALL 4-symptom cate-
gories . All other criteria are the same as above.  

     Types and Severity   

 (No Evidence to Suggest the Following Stages Occur 
Sequentially) [ 9 ] 
     Stage 1: Early stage  (0–3 months post onset)

 –    Primarily characterized by hyperalgesia, allodynia, 
vasomotor dysfunction, prominent edema, and sudo-
motor disturbance     

   Stage 2: Dystrophic stage  (3–6 months post onset)
 –    Marked pain/sensory dysfunction, continued evidence 

of vasomotor dysfunction, with development of sig-
nifi cant motor/trophic changes     

   Stage 3: Atrophic stage  (6–12 months post onset)
 –    Decreased pain/sensory disturbance, continued vaso-

motor disturbance, and markedly increased motor/tro-
phic changes        

    Physiologic Staging [ 10 ] 

•      “Hot” CRPS : representing high blood fl ow state, clini-
cally extremity is warm, swollen with burning/tearing 
pain (ischemic pain suggestive of inappropriate arteriove-
nous shunting) with no contractures. Often presents early, 
is generally sympathetically mediated and responds 
poorly to opiates.  

•    “Cold” CRPS : representing low blood fl ow state, clini-
cally extremity is cool, atrophic, stiff, with decreased 
ROM. Pain may also be of burning/tearing quality.     

    Symptoms 

•     Persistent pain that is disproportionate to initial suspected 
insult (e.g., sprain, fracture, stroke, surgery)  

•   Pain may occur spontaneously without any identifi able 
injury  

•   No set time frame, but may occur immediately after injury  
•    Acute CRPS : < 2–3 months,  Chronic CRPS : >2–3 

months [ 8 ,  11 ]  
•   Pain quality may vary, but usually burning, throbbing, 

numbing, tingling, shooting, and/or aching  
•   Tends to affect distal extremity, but may spread to any 

other extremity or body part  
•   Diffi culty in using affected body part, with accompanied 

decreased ROM and function  
•   Temperature changes: warm or cold compared to unaf-

fected regions—“warm, acute” phase does not need to 
transition to “cold, chronic” phase [ 9 ]  

•   Skin color changes (refl ecting autonomic dysfunction)  
•   Fatigue     
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    Differential Diagnosis 

•     Peripheral neuropathy  
•   Radiculopathy  
•   Plexopathy  
•   Mononeuritis multiplex  
•   Thoracic outlet syndrome  
•   Autoimmune disorder  
•   Rheumatoid arthritis  
•   Infectious etiologies (Lyme, fungal, viral, tuberculosis)  
•   Peripheral vascular disease  
•   Deep vein thrombosis  
•   Conversion disorder  
•   Factitious disorder     

    Physical Exam 

•     Must fulfi ll at least 2 of the 4 categories mentioned in 
Budapest criteria  

•   Typically unilateral limb involvement, but may spread 
to other body parts-no set pattern
 –     Inspection :

•    Skin discoloration (“acute” = red; “chronic” = blue)  
•   Edema  
•   Skin, hair, nail changes (e.g., increased/decreased/

abnormal skin texture, hair growth, or nail quality)  
•   Muscle atrophy secondary to disuse/avoidance     

 –    Palpation :
•    Allodynia, hyperalgesia; may be measured via Von 

Frey testing, which uses fi ne gauge metal wires to 
test response to mechanical stimuli [ 12 ]  

•   Trigger points (myofascial pain syndrome)  
•   Temperature differences between affected part 

(>1 °C difference) and surrounding tissue or unaf-
fected regions; may use temperature taper or infra-
red thermometer     

 –    ROM : Decreased and painful ROM of affected extrem-
ity; measured with goniometer  

 –    MMT : Possible motor weakness  
 –    Sensory :

•    Allodynia, Hyperalgesia  
•   Altered response to light touch (via cotton swab/

brush), pinprick, and/or vibration  
•   Temperature differences between affected part 

(>1 °C difference) and surrounding tissue or unaf-
fected regions; may use temperature taper or infra-
red thermometer     

 –    Refl exes : may have exaggerated deep tendon refl exes 
on affected side  

 –    Neurological : [ 12 ]
•    Neglect or extreme favoring of affected extremity  
•   Tremor  
•   Dystonia           

    Labs 

•     No specifi c tests to confi rm CRPS  
•   May perform basic infl ammatory arthropathy workup 

(e.g., Rheumatoid factor, ANA, ESR, and CRP) to exclude 
rheumatologic conditions,  but often these values are nor-
mal in CRPS   

•   HbA1c and thyroid function tests may also be done to rule 
out undiagnosed diabetes or hypothyroidism, respectively     

    Diagnostic Studies 

•     EMG and Nerve conduction studies: useful to perform to 
determine if there is an underlying nerve injury (for CRPS 
type II or to rule out peripheral neuropathy since CRPS 
has no characteristic EMG or nerve conduction pattern)  

•   Vascular studies: may be considered if PVD is sus-
pected—used to exclude other differential diagnoses     

   Imaging 

 Not required for diagnosis, but may be used to support diag-
nosis and to assess severity of chronic disease. Controversy 
still exists in the utility of imaging alone in diagnosis given 
poor sensitivity, but high specifi city—making such tools poor 
choices for screening. The clinical history and exam remain 
the gold standard [ 13 ].
•     X-ray of affected region 

 –     Acute : generally not useful as initial imaging may be 
unremarkable  

 –    Chronic : patchy demineralization with subperiostal 
bone resorption and/or osteoporosis [ 13 – 16 ]     

•    Triphasic bone scan : In a 2012 meta-analysis by Ringer 
et al., they found that studies using clearly defi ned diagnostic 
criteria had a pooled mean sensitivity of 80 % and specifi city 
73 %. They concluded that this type of imaging alone does 
not confi rm or exclude the presence of CRPS type I [ 17 ].

   Acute : 
 –   Appears useful in acute phase up to 3–6 months 

with sensitivities ranging from 19 to 97 % (depend-
ing on study cited), but with fairly consistent high 
specifi cities, 95–99 % [ 13 ,  18 ]  

 –   Sensitivity decreases as time goes by [ 19 ,  20 ]  
 –   Positive fi ndings consistent with CRPS type I show 

increased blood fl ow and periarticular activity during 
blood pool and delayed static phases of affected limb 
due to increased bone metabolism, neurogenic infl am-
mation, or decreased sympathetic activity [ 17 ,  18 ,  21 ]   

   Chronic : 
 –   Pathologic fi ndings noted above may show 

decreased activity in all three phases or may not 
reveal any distinguishing features [ 19 ,  22 ]     
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•    MRI :
 –    May show osteoporosis in affected limb, but are typi-

cally not of diagnostic value or may be misleading [ 13 , 
 23 ]     

•    CT : Not useful in establishing diagnosis  
•    Ultrasound : Not routinely considered since it has not 

been widely studied and does not have same utility com-
pared to plain radiographs or bone scan
 –    Increased echogenicity with decreased muscle archi-

tecture (muscle outlines indistinct or obliterated)  
 –   Decreased muscle thickness irrespective of duration of 

disease  
 –   Flexors and forearm extensors maximally affected [ 24 ]  
 –   Pekindi et al. showed that arterial dopplers of posttrau-

matic CRPS may reveal loss of arterial triphasic wave-
forms in some cases of acute CRPS type I, but is not 
diagnostic for the disease [ 25 ].        

   Prognosis 

 The condition is treatable, but there exists no gold standard 
treatment. There are multiple options available, but emphasis 
is placed on early recognition, treatment, and immediate ini-
tiation of rehabilitation program.
•    As many as 80 % of patients with the initial symptoms of 

CRPS type I are cured within 18 months from its onset, 
either spontaneously or with treatment [ 8 ]  

•   Other cases may progress to chronicity due to intolerance 
to therapy or delay in diagnosis     

    Treatment [ 26 ,  27 ] 

    Basic Principles 

•     Functional restoration is mainstay of treatment  
•   Begin aggressive physical therapy and other treatments as 

soon as possible  
•   Medications, psychotherapy, and anesthetic blocks in 

patients who do not respond to functional restoration 
techniques (therapy)  

•   Medications and injections can also be used to help patient 
have increased tolerance to physical therapy program  

•   Multidisciplinary approach     
•      Preventive Measures  
•     High-dose Vitamin C: benefi cial in preventing CRPS 

incidence post-wrist and foot/ankle fractures. Mechanism 
not totally understood, but believed to be from ascorbate’s 
antioxidant properties in stabilizing free radical activity.
 –    According to existing studies, benefi ts appear to be 

seen with at least 500 mg daily of Vitamin C for 45–50 
days post injury [ 28 – 33 ].       

•      Physical and Occupational therapy  [ 26 ,  34 ]
   General Principles: Functional Restoration Is Goal  
 –   Early mobilization, but avoid aggressive ROM exer-

cise and strengthening programs to prevent worsening 
of existing kinesiophobia/fear avoidance of involved 
extremity with activity, worsening pain  

 –   Avoid static splinting  
 –   In both cases, treatment of possible myofascial trigger 

points whether by dry needling before therapy or myo-
fascial release may aid in recovery process  

 –   Concurrent CBT program may be benefi cial  
 –   Medications and/or sympathetic blocks may have to be 

used earlier to facilitate therapy program  
 –   Edema control with specialized garments (e.g., stock-

ings) and manual techniques (e.g., lymph massage)  
 –   Desensitization techniques  
 –   Slow, graduated weight-bearing exercises (isometric 

later to isotonic or isokinetic)  
 –   Aquatic/pool therapy       
 –  No consensus for TENS application (electrical stimu-

lation may worsen allodynia through large myelinated 
fi ber stimulation)

      Posture and movement retraining      
•     Recreational therapy     

 –  Incorporating a new leisure skill with emphasis on 
community reintegration

•     Vocational rehabilitation and counseling   
•    Alternative therapies 

 –    Acupuncture  
 –   Electroconvulsive therapy (ECT)  
 –   Transcranial direct current stimulation      

•        Medications  [ 35 ,  36 ]
   1.     Corticosteroids : potentially effective in controlling 

pain. No consensus as to duration and dosage. Greatest 
effi cacy during acute phase. Benefi ts may be seen up 
to 1 year. Long-term therapy not recommended given 
its many systemic side effects.
•    Consider oral prednisone 30 mg daily with taper 

over 2–12 weeks  
•   For stroke patients with suspected “shoulder-hand 

syndrome,” a recent randomized controlled trial by 
Kalita et al., showed that oral prednisolone 40 mg/
day for 2 weeks, followed by 10 mg/week taper had 
greater improvement in pain, edema, shoulder 
ROM, and ADLs compared to patients on piroxi-
cam 20 mg/day [ 37 ].  

•   In Grundberg’s 1996 prospective study of patients 
with CRPS of the UE followed for 1 year, the author 
found that IM methylprednisolone 80 mg adminis-
tered every 2 weeks for a maximum total of 4 doses 
alleviated rest and night pain in 47 out of 69 patients 
[ 38 – 42 ]      
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  2.      Anticonvulsants : although not FDA approved for 
CRPS, they are often used given neuropathic compo-
nent of the pain syndrome. Please refer to neuropathic 
pain chapter for more detailed dose and frequencies.
•     Gabapentin : consider titration to 600 to 1800 mg by 

mouth daily in the fi rst 8 weeks to help improve 
pain. In van de Vusse’s randomized double blind 
placebo controlled crossover study of 58 chronic 
CRPS type I patients refractory to sympathetic 
blocks, mannitol infusions, and transcutaneous 
neuromodulation, they found that gabapentin 
600 mg TID by mouth titrated within 3 weeks only 
showed a mild improvement in pain compared to 
placebo, but did improve sensory abnormalities 
over a 2-month period [ 43 ].  

•    Pregabalin : may be considered, start with 25 mg by 
mouth daily, may titrate up to 75 mg BID if toler-
ated. Though, no evidence for treatment of CRPS 
type I [ 35 ].  

•    Phenytoin and carbamazepine : (theoretically may 
help CRPS type II, peripheral nerve injuries alter 
sodium channel distribution on axons) can poten-
tially be used, but there is insuffi cient evidence for 
effectiveness for CRPS type I [ 35 ,  44 ].      

  3.      Antidepressants : although commonly used for neuro-
pathic conditions, there is not enough literature to 
guide therapy in respect to CRPS. They may be con-
sidered as an adjunct to anticonvulsants. Please refer to 
neuropathic pain chapter for standard dosage and fre-
quencies [ 45 ]
•    SSRIs (selective serotonin reuptake inhibitors)  
•   TCA (tricylic antidepressants), e.g., Amitriptyline      

  4.     Opioids : lack of evidence from literature demonstrat-
ing any consistent benefi t. Tramadol may be consid-
ered an option given its selective norepinephrine 
reuptake inhibitor (SNRI) properties, which may help 
with neuropathic pain [ 8 ,  35 ,  36 ,  44 ,  45 ].   

  5.     Bisphosphonates : believed to exert is effects via anti- 
osteoclast activity and modulating infl ammatory 
cytokines. The existing evidence appears to support is 
use, but it is still unclear which bisphosphonate (if 
any) is preferred and optimal dosing and frequency of 
therapy [ 27 ,  46 – 50 ]
•    Compared to placebo, bisphosphonates appear to 

improve pain, swelling, and range of motion.  
•   For oral therapy, in Manicourt et al.’s 2004 RCT 

study of 39 patients, patients assigned to alendro-
nate 40 mg orally daily for 8 weeks showed marked 
improvement in pain, joint mobility, and pressure 
tolerance [ 48 ]. Avoid in patients with creatinine 
clearance <35.  

•   For IV therapy, the following has been used with 
improvement in pain and ROM compared to 
placebo:
 –    Adami et al., 1997: IV alendronate 7.5 mg daily 

administered in 3 consecutive days [ 47 ]  
 –   Varenna et al., 2000: Clodronate 300 mg IV 

daily for 10 days [ 49 ]  
 –   Robinson et al., 2004: Pamidronate 60 mg IV in 

single dose with improved physical function 
and pain in 3-month follow-up [ 50 ]     

•    Calcitonin : limited and confl icting evidence; how-
ever, may prove to be benefi cial similar to bisphos-
phonates, by inhibiting osteoclast activity and 
unexplained analgesic properties [ 35 ,  36 ].      

   6.     Vasodilators,  e.g., Tadalafi l, Diltiazem   
   7.     Oral antioxidants and free radical scavengers,  e.g., 

DMSO   
   8.     Topicals :

•    Lidocaine  
•   Clonidine  
•   Ketamine       

          Interventional Treatment Options 

•      IV NSAIDs : e.g., 60 mg Ketorolac with lidocaine as IV 
regional blockade—questionable benefi t and mixed 
results overall in treatment of neuropathic pain com-
plaints [ 51 ,  52 ]  

•    IV regional blockade  (e.g., guanethidine, reserpine, and/
or droperidol): limited effi cacy, but regional blockades 
with bretylium or Ketanserin can improve pain [ 35 ,  36 ]  

•    Sympathetic blocks : (e.g., stellate ganglion or lumbar 
sympathetic blocks)  

•    Spinal cord stimulators   
•    Epidural / intrathecal clonidine   
•    Intrathecal baclofen   
•    IV Ketamine : thought to decrease central sensitization, 

which is believed to play a role in pathophysiology of 
CRPS. Ketamine has been used traditionally as a general 
anesthetic, but as a noncompetitive antagonist for the 
NMDA (N-methyl D-aspartate) receptor, it prevents the 
infl ux of calcium through the voltage-gated receptor, 
decreasing the process of central sensitization. Appears to 
show promise, but few studies and RCTs have not clari-
fi ed optimum dosage, frequency, and duration [ 53 ,  54 ].  

•    IVIG  ( intravenous immunoglobulin ): consider for chronic 
refractory cases; more studies needed for optimal dose 
and duration [ 55 ]     
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    Surgical 

•     Sympathectomy  
•   Motor cortex stimulation [ 56 ]     

    Pediatric CRPS 

    Epidemiology [ 57 ] 

•  Occurs most commonly in girls, around later childhood 
and adolescence 

•  Tends to affect lower extremities more compared to adults   

    Pathophysiology and Causes 

•  Believed to be same as above, but signifi cant trauma as 
the precipitating event is a less frequent cause when com-
pared to adults 

•  Establishing diagnosis with symptoms and physical exam 
is similar to adults. 

    Labs/Imaging 

•  Generally same guidelines as above 
•  Bone scans used to rule out orthopedic abnormalities or 

infectious cases (e.g., osteomyelitis)  

    Treatment 

•  Greater response to noninvasive treatment, primarily 
physical therapy and/or intensive multidisciplinary reha-
bilitation [ 58 – 60 ] 

•    Alternative Therapies  
•  Acupuncture—high acceptance rate and case reports 

demonstrating benefi t [ 58 ] 
•    Medications  
•   Intense physical therapy:  Case series and reports have 

shown benefi ts with TCAs, anticonvulsants, e.g., gaba-
pentin, corticosteroids, NSAIDs, and opioids, but again 
not routinely recommended in view of side effects and 
limited data [ 59 ,  60 ]. 

•   Interventional Treatment Options —reserved for 
patients who do not respond to multidisciplinary and/or 
pharmacologic treatment [ 58 ] 

 –   Spinal cord stimulators —mixed results 
 –   Sympathectomy —consider carefully; indicated for 

sympathetically mediated portion of pain complaints.

    ◾ Disadvantages : irreversible and may cause sym-
pathalgia; long-term physiologic effects of lumbar 
sympathectomy on adolescent girls not well studied.         
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      Abbreviations 

   ACR    American College of Rheumatology   
  ANA    Antinuclear antibodies, ANA antinuclear antibody   
  CAPP    Central amplifi cation of pain perception   
  CBC    Complete blood count   
  CBT    Cognitive behavioral therapy   
  CFIDS    Chronic fatigue immune dysfunction syndrome   
  CMP    Complete metabolic panel   
  CPK    Creatine phosphokinase   
  CRP    C reactive protein   
  ESR    Erythrocyte sedimentation rate   
  FDA    Food and drug administration   
  FIQ    Fibromyalgia impact questionnaire   
  FIQR    Fibromyalgia impact questionnaire revised   
  FM Fibromyalgia
GABA    Gamma-aminobutyric acid   
  GI    Gastrointestinal   
  GU    Genitourinary   
  HEENT    Head, eyes, ears, neck, throat   
  HIV    Human immunodefi ciency virus   
  HLA    Human leukocyte antigen   
  HTLV    Human T-lymphotropic virus   
  MSK    Musculoskeletal   
  mVASFIQ    Fibromyalgia impact questionnaire   
  NSAIDs    Nonsteroidal anti-infl ammatory drugs   
  OA    Osteoarthritis   
  OSA    Obstructive sleep apnea   
  OT    Occupational therapy   
  PT    Physical therapy   
  RA    Rheumatoid arthritis   
  RF    Rheumatoid factor   
  SNRIs    Serotonin-norepinephrine reuptake inhibitors   

  SSI    Symptom severity index   
  SSRI    Selective serotonin reuptake inhibitors   
  TCA    Tricyclic antidepressant/s   
  TMJ    Temporomandibular disorder   
  TSH    Thyroid-stimulating hormone   
  WPI    Widespread pain index   

•            Defi nition:  Chronic widespread pain without organic 
 disease suffi cient to explain observed symptoms and 
meeting the diagnostic criteria    

    Clinical Diagnostic Criteria (Table  25.1  
and Fig.  25.1 ) [ 1 – 4 ] 

 Epidemiology   

 Five million Americans (2–5 % of the adult population) are 
affected [ 5 ]

  Pathophysiology [ 6 ,  7 ] 

•   Incompletely understood, neurogenic origin,  central  
( most   evidence )  and peripheral etiology   

•   Pain with  allodynia  (pain to non-painful stimuli) and 
 hyperalgesia  (increased pain response) due to  central 
amplifi cation of pain perception  ( CAPP )  

•   CAPP due to increased signaling in  ascending  (pro- 
nociceptive) and decreased signaling in  descending  (anti- 
nociceptive) pathways  
 –    Ascending pathway : elevated substance P, nerve growth 

factor, brain-derived neurotrophic factor and glutamate  
 –    Descending pathway : decreased serotonin, norepi-

nephrine and dopamine; increased endogenous opioids 
and decreased opioid receptor binding  

•    Peripheral sensitization : reduction in the threshold of 
nociceptive afferent receptors caused by a local change in 
the sensitivity of sensory fi bers initiated by tissue damage. 

      Fibromyalgia 
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Nociceptor systems in the skin and muscle undergo 
changes in fi bromyalgia patients by yet unknown mecha-
nisms,  possibly due to release of algesic substances after 
muscle or other soft tissue injury [ 8 ].  

•   Imbalances in neurotransmitters associated with mood, 
fatigue, and sleep dysfunction  

•   Other abnormalities in: autonomic function, hypotha-
lamic–pituitary–adrenal axis, neurogenic infl ammation, 
gray matter loss, oxidative stress   

  Risk Factors 

•    Genetic : fi rst-degree relatives of affected patients are 
affected ×8 compared to relatives of patients affected with 
rheumatoid arthritis [ 9 ], HLA A, B, and DRB1, S/S geno-
type in the seritonergic transporter promoter region, 
decrease in the T/T polymorphism in the 5-HT2A  receptor 

   Table 25.1    Current and old diagnostic criteria for fi bromyalgia   

  Old Criteria : 1990 American College of Rheumatology Criteria [ 1 ,  2 ] 
   1. Pain is considered widespread when  all  of the following are present ( see  Fig.  25.1 ): 
    − Pain in the  left  side of the body 
    − Pain in the  right  side of the body 
    − Pain  above  the waist 
    − Pain  below  the waist 
    −  In addition,  axial skeletal pain  (cervical spine or anterior chest or thoracic spine or low back)  must be present . In this defi nition, 

shoulder and buttock pain is considered as pain for each involved side. “Low back” pain is considered lower segment pain 
    − Pain > 3 months 
   2. Pain in  11 of 18 tender point  sites on digital palpation with approximately 4 kg force. Patient must rate these points as “painful,” not “tender” 
     18 Points to Examine : 
    − Left/right suboccipital muscle insertions 
    − Left/right anterior aspects of the intertransverse spaces at C5–C7 
    − Left/right trapezius at the midpoint of the upper border 
    − Left/right supraspinatus above the scapula spine near the medial border 
    − Left/right upper lateral to the second costochondral junction 
    − Left/right 2 cm distal to the epicondyles 
    − Left/right upper outer quadrants of buttocks in anterior fold of muscle 
    − Left/right posterior to the trochanteric prominence 
    − Left/right medial fat pad proximal to the joint line 
  Current Criteria : 2010 American College of Rheumatology Criteria [ 3 ] 
   1. Widespread Pain Index (WPI) ≥ 7 and Symptom Severity Score (SSS) ≥ 5  or  WPI between 3 and 6 and SSS ≥ 9 
   2. Symptoms present at a similar level for >3 months 
   3. Patient with no disorder that would otherwise explain the pain 
   4. WPI—assign a point (0–19) for presence of pain during the  last week  to each of the  following regions : 
    − Left/right shoulder girdle 
    − Left/right upper arm 
    − Left/right lower arm 
    − Left/right upper leg 
    − Left/right lower leg 
    − Left/right hip (buttock, trochanter) 
    − Left/right jaw 
    − Chest, neck 
    − Abdomen 
    − Upper back 
    − Lower back 
   5. SSS-sum the  severity  +  extent  of the somatic symptoms (0–12) 
    − Rate the  severity  of  fatigue ,  waking un - refreshed ,  and cognitive symptoms  on the scale of 0–3 for each 
     •  Use “0” for no symptoms, “1” for generally mild or intermittent symptoms, “2” for considerable problems, often present and/or at a 

moderate level, “3” for pervasive, continuous, life-disturbing problems 
    − Rate  extent  of somatic symptoms present on the scale of 0–3 
     • Use “0” for no, “1” for few, “2” for a moderate number, and “3” for a great deal of symptoms 
    −   Some somatic symptoms : muscle pain, irritable bowel syndrome, fatigue/tiredness, problems thinking or remembering, muscle 

weakness, headache, pain/cramps in abdomen, numbness/tingling, dizziness, insomnia, depression, constipation, pain in upper 
abdomen, nausea, nervousness, chest pain, blurred vision, fever, diarrhea, dry mouth, itching, wheezing, Raynaud’s, hives/welts, 
ringing in ears, vomiting, heartburn, oral ulcers, loss/change in taste, seizures, dry eyes, shortness of breath, loss of appetite, rash, sun 
sensitivity, hearing diffi culties, easy bruising, hair loss, frequent urination, painful urination, and bladder spasms [ 4 ] 
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gene, D4 dopamine gene, which showed a signifi cant 
decrease in a specifi c 7-repeat allele [ 7 ]  

•    Environmental : physical trauma or injury, infections (e.g., 
Lyme disease, hepatitis B/C, HIV, HTLV-1), work/family 
stress, life-changing events, and abuse history, low job 
satisfaction [ 7 ,  10 ]  

•    Other : Female sex, Ages 30–50 y/o   

  Symptoms [ 11 ] 

•   Most commonly: pain bilaterally, above/below waist and 
axial over 3 months, with fatigue and sleep disturbance (may 
present with either of these as a predominant complaint)  

•   May also have tenderness, stiffness, mood, and cognitive 
symptoms  

•   Symptoms wax and wane throughout the day and vary in 
intensity  

•   Impaired function, most commonly physical function  
•   Symptoms may vary from mild to severe from patient to 

patient    

  Prognosis  

Chronic condition, relapsing remitting

  History 

•    Medical History / Common Comorbidities : irritable bowel 
syndrome, tension-type headache/migraine, interstitial 
cystitis or painful bladder syndrome, chronic prostatitis or 
prostadynia, temporomandibular disorder (TMJ), chronic 
pelvic pain, and vulvodynia [ 12 ,  13 ]  

•    Psychiatric History / Comorbidities : anxiety 35–62 %, 
depression 58–86 %, bipolar 11 % [ 14 ,  15 ]  

•    Family History : fi rst-degree relatives with fi bromyalgia [ 9 ]  
•    Social History / Common Comorbidities : increased stress, 

history of sexual abuse, trauma and/or injury are common 
comorbidities [ 10 ]   

  Differential Diagnoses 

•    Drug-induced : statin-induced myalgia, opioid-induced 
hyperalgesia  

•    Hematologic : anemia  
•    Endocrine : hypothyroidism, thyroid disease in general  
•    Autoimmune/Infl ammatory : infl ammatory rheumatic dis-

eases, RA, osteoarthritis, systemic lupus erythematosus, 
polymyalgia rheumatica, connective tissue disease, 
spondyloarthropathies  

•    Mechanical/Neurological : myofascial pain, spinal stenosis, 
neuropathies, sleep disorders (e.g., Obstructive sleep apnea 
(OSA)), referred discogenic spine pain, localized tendonitis  

•    Psychiatric : mood and anxiety disorders [ 16 ]    
  Please note:  myofascial pain syndrome and fi bromyalgia 
have different diagnostic and management criteria (though 
there is debate over this).  Fibromyalgia  presents with symp-
toms of  generalized pain without referred pain  and clinical 
fi nding of  multiple tender points. Myofascial pain syndrome  
presents with  regional (local) referred pain  and clinical fi nd-
ing of  taut bands  of skeletal muscle with characteristic “nod-
ular” texture upon palpation in regional distribution (also 
known as trigger points). Please note that trigger points may 
also be present in fi bromyalgia, though less commonly. Sleep 
disturbance, fatigue, parasthesias, irritable bowel, sensation 
of swelling and headache often co-morbid with  fi bromyalgia  
are less commonly found with  myofascial pain syndrome . 
One difference in clinical treatment is that tender points in 
fi bromyalgia are less likely to improve with local injections 
than taut bands in myofascial pain syndrome [ 17 ,  18 ]. 

  Physical Exam  [ 11 – 13 ,  16 ]

 Diffuse allodynia /  hyperalgesia ,  but otherwise negative , 
 assess for these to  narrow the differential  

  Fig. 25.1    Fibromyalgia “Old” Diagnostic Criteria.  With permission 
from Johnson JL ,  Collo MB ,  Finch WR ,  Felicetta JV. Fibromyalgia 
Syndrome. Journal of the American Academy of Nurse Practitioners 
1990 Apr – Jun ; 2 ( 2 ): 47 – 53 . ©  Wiley and Sons 1990  [ 43 ]       
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  Evaluate for the following to rule out differential and estab-
lish clinical diagnosis 
•    General: alertness, orientation, somnolence (to evaluate 

for psychiatric, endocrine, and neurological disorders on 
the differential diagnosis and common comorbidities)  

•   HEENT: thyroid size (for thyroid disorder on the differential 
diagnosis), oral ulcers (for autoimmune disorders on the dif-
ferential diagnosis), TMJ tenderness (a common comorbidity)  

•   Cardio/Pulm: mitral valve prolapse (may be associated 
with anxiety, an etiology on the differential diagnosis as 
well as a common comorbidity)  

•   Abd: obesity (which may be associated with OSA, a con-
dition on the differential diagnosis)  

•   GU/GI: vulvodynia/ prostadynia, pregnancy, sexual 
trauma signs (to evaluate for common comorbidities)  

•   Extremities: edema, swelling (may be associated with 
thyroid dysfunction and may help rule it out)  

•   Musculoskeletal: joint swelling/erythema, tenderness, 
range of motion, crepitus (to rule out rheumatologic eti-
ologies on the differential diagnosis),  examine all appro-
priate tender points , assess for taut bands of skeletal 
muscle with characteristic “nodular” texture upon palpa-
tion (to rule out myofascial pain syndrome)  

•   Lumbar: range of motion, paraspinal/spinal tenderness, 
pain on spinal loading (to rule out spine pathologies on 
the differential diagnosis)  

•   Neuro: weakness, numbness (to rule out neuropathies on 
the differential diagnosis)  

•   Skin: rash, alopecia, ulcers (to rule out autoimmune con-
ditions on the differential diagnosis)  

•   Psych: anxious, depressed, or manic mood (to assess for 
psychiatric comorbidities)   

  Diagnostic studies 

•    Labs :
 –    Work-up is negative as this is a diagnosis of exclusion  
 –    Screen for to rule in or out other differential diagno-

ses : ESR, CRP, CBC, CMP, CPK, TSH, free T3/T4; 
Levels for vitamin B12, vitamin D, ferritin, iron- 
binding capacity, and percentage of saturation [ 16 ]  

 –   RF and ANA if suspect autoimmune condition  
 –   Urinalysis and pregnancy test as needed per history     

•    Imaging : consider joint X-ray to examine for OA/RA, 
spinal X-ray/MRI to rule out spinal etiology    

    Treatment 

   Set treatment goals, use multidisciplinary approach, track 
symptoms over time, explain the chronic nature of the condi-
tion and that there is no specifi c cure, patient-centered care, 
start low and go slow with any interventions. Can use medi-
cations for symptomatic management.

  Symptom-Tracking Tools: 
•   Validated: Fibromyalgia Impact Questionnaire (FIQ), 

Fibromyalgia Impact Questionnaire Revised (FIQR), 
mVASFIQ [ 19 ]  

•    Not yet  validated: SSI and WPI used in the 2010 ACR 
diagnosis criteria [ 3 ,  19 ]   

  Non-pharmacological [ 19 ] 
•    Education : provide information about fi bromyalgia diag-

nosis, risk factors, pathology, treatment and prognosis, 
importance of exercise and sleep. Manage expectations.  

•    Physical activity : walk 10 min/day, build to 30–60 min of 
low or moderate activity up to 2–3 times/wk, encourage fre-
quent stretching and aerobic activities especially swimming  

•    Cognitive Behavioral Therapy  ( CBT ): face to face and/or 
publically available CBT. Web-based resources include: 
CFIDS and Fibromyalgia Self-Help (www.cfi dsselfhelp.
org; www.treatcfsfm.org). Arthritis Foundation’s 
Fibromyalgia Self-Help Course  

•    Proper sleep hygiene : create a sleep routine, relaxing 
environment, TV off, use bed only for sleeping, avoid 
night-time coffee, exercise during the day, hide clock, etc.  

•    Therapy : PT/OT evaluation and treatment  
•    Modalities : Ultrasound and interferential current often 

employed by physical and occupational therapists have 
also proven benefi t [ 20 – 22 ].  

•    Other : yoga, massage, acupuncture   

  Pharmacological: 
   1.     Antidepressants :

•        SNRIs :
 –     Duloxetine —Start at 30 mg daily and up-titrate to 

60 mg daily, increases activity in pain inhibitory 
pathways

    Common side effects : nausea, dry mouth, som-
nolence, fatigue, constipation, decreased appe-
tite, hyperhidrosis.  FDA - approved  [ 19 ,  23 ,  24 ]     

 –    Milnacipran —12.5 mg daily and up-titrate to 
50 mg BID,  increases activity in pain inhibitory 
pathways 

    Common side effects : nausea, headache, consti-
pation, dizziness, insomnia, hot fl ush, hyperhi-
drosis, vomiting, palpitations, increased heart 
rate, dry mouth, hypertension.  FDA - approved  
[ 19 ,  23 ,  24 ]     

 –    Venlafaxine  75 mg daily (can start at this dose as per 
study, but many practitioners start at 37.5 mg and 
titrate up for best tolerance), confl icting results [ 25 ]      

•       SSRIs : inferior to Tricyclic antidepressants (TCAs), 
inconsistent outcomes
 –     Fluoxetine  20–80 mg daily, Paroxetine CR 12.5–

62.5 mg daily, Citalopram 20–40 mg daily [ 24 ]
    Common side effects : nausea, diarrhea, sexual 
side effects, weight gain, insomnia, may or may 
not be better than placebo [ 24 ]         
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•       TCAs : improve sleep, inconsistent improvement of pain 
 Common side effects : sedation, constipation, and 
cardiovascular issues.  Amytriptilyne better than 
nortriptyline ,  equal to cyclobenzaprine  [ 23 ,  24 ]

 –    E.g. amitriptyline 20–25 mg po qhs [ 23 ,  24 ]      
•       MAO inhibitors: 

 –    Insuffi cient data to support use [ 25 ]       
      2.     Antiepileptics :

•        Ca - channel blockers 
 –     Pregabalin : Start at 75 mg BID and up-titrate to 

150–225 mg BID, inhibits excitatory pathways 
(e.g., glutamate)

    Common side effects : dizziness, somnolence, 
dry mouth, edema, blurred vision, weight gain, 
diffi culty with concentration/attention.  FDA -
 approved  [ 19 ]     

 –    Gabapentin : 300 mg daily up-titrate to 900 mg TID 
or higher if needed

    Common side effects : dizziness, somnolence, 
edema, and gait disturbance [ 26 ]         

•       Na - channel blocker 
 –     Lacosamide : little evidence, 400 mg po daily

    Common side effects : nausea, tremor [ 27 ]         
•       Unknown 

 –     Phenytoin : insuffi cient evidence to support its use [ 28 ]      
•       Benzodiazapine 

 –     Clonazepam : insuffi cient evidence to support its 
use [ 29 ]      

•       Na - channel ,  GABA 
 –     Valproic acid : insuffi cient evidence to support its 

use [ 30 ]       
      3.     Analgesics/Opioids 

•        Nonsteroidal anti-infl ammatory drugs (NSAIDs) 
and opioids : effi ciency NOT demonstrated in trials 
[ 19 ,  23 ,  24 ]   

•       Tramadol : 37.5 mg tramadol/325 mg acetaminophen 
q4–6 h,  mild opioid with SSRI properties ,
 –     Common side effects : nausea, headache, pruritis, 

dizziness, constipation [ 31 ] other analgesic agents 
can be considered, please see specifi c chapter on 
analgesic agents       

      4.     Dopamine Agonists 
•        Pramipexole  4.5 mg qhs, possibly affects hypotha-

lamic–pituitary–adrenal axis and hippocampus by 
modulating adrenergic arousal
 –     Common side effects : transient anxiety and weight 

loss [ 32 ]       
      5.     Muscle Relaxants 

•        Cyclobenzaprine  10–40 mg qhs or tid of needed and 
tolerated [ 23 ,  24 ]    

      6.     Sedative - Hypnotics 
•       Sodium Oxybate 4.5 and 6 g versus placebo, in two 

divided doses at bedtime and 2.5–4 h later, GSH-Na 

salt,  precursor to GABA , affects both ascending, 
descending and sleep pathways
 –     Common side effects : nausea/dizziness [ 23 ,  24 ] 

other muscle relaxers can be considered, please see 
specifi c chapter on muscle relaxers       

      Tailored Pharmaco-therapy [ 23 ]: 
•    Pain  +  sleep disturbance  +  fatigue : amitriptyline superior 

to duloxetine and milnacipran  
•    Pain  +  sleep disturbances : duloxetine and pregabalin 

superior to milnacipran  
•    Health-related quality of life : amitriptyline inferior to 

duloxetine and milnacipran  
•    Depressed mood : duloxetine superior to milnacipran and 

pregabalin  
•    Fatigue : milnacipran and pregabalin superior to duloxetine  
•    Minimize GI side effects : pregabalin preferred over mil-

nacipran and duloxetine  
•    Minimize dry mouth and insomnia side effects : milnacip-

ran preferred over duloxetine  
•    Minimize tachycardia side effect : avoid milnacipran  
•    Minimize weight gain and peripheral edema side effect : 

avoid pregabalin  
•    Minimize cognitive disturbance side effect : duloxetine 

and milnacipran preferred over pregabalin  
•    History of depression : predicts response to venlafaxine   

  Interventional Treatment Options: 
•   Trigger point injections have been debated in the literature 

[ 33 ], yet injections improve symptoms to some extent [ 34 ]  
•   Injections appear to be independent of the pharmacologi-

cal agent used, effective even without any pharmacologi-
cal agent (aka dry needling) [ 35 ,  36 ]. Therefore, the agent 
used and the dosing may not change outcomes.  

•   Combined with stretching exercises, ultrasound treatment 
and muscle injections are equally effective [ 37 ].  

•    Toxin :
 –     Botulism toxin  injection Type A: 50 units versus 1 % 

lidocaine with statistically signifi cant improvement of 
pain at 2 and 4 weeks in a small study of 20 patients 
[ 38 ]. One dosing option 50 units in 2 mL NS [ 39 ]     

•    Analgesic :
 –    Na channel blocker:     Lidocaine  one dosing option: 1 % 

1.5 mL [ 40 ], may chose over dry-needling to reduce 
immediate post- injection pain [ 40 ,  41 ]     

 –   Steroid:  Prednisolone  one dosing option: 25 mg in 
1 mL plus saline 0.9 % 1 mL [ 36 ]  

 –   NSAID:  Diclofenac  one dosing option: 50 mg in 
2 mL [ 36 ]     

•    Dry - needling : One method option is to use 27-gauge 
hypodermic needle [ 41 ]  

•   Class IV laser therapy: may improve pain and range of 
motion [ 42 ]   
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  Educational Materials: 
•   Managing Pain Before It Manages You by Caudill (third 

edition, 2009), The Fibromyalgia Help Book by Fransen 
and Russell (1996)  

•     www.knowfi bro.com       www.fi brotogether.com      
•   Patient advocacy:   www.painfoundation.org    ,   www.

healthywomen.org    ,   www.fmcpaware.org             
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      Abbreviations 

   ASS    Acute splenic sequestration   
  IV PCA    Intravenous patient controlled analgesia   
  RBC    Red blood count   
  SCA    Sickle cell anemia   
  SCD    Sickle cell disease   
  WBC    White blood count   

          Epidemiology [ 1 ] 

•     SCD is a common genetic disorder and major public health 
concern because of associated morbidity and mortality.  

•   Affects approximately 30 million persons worldwide  
•   Pain is the most common symptom for which patient with 

sickle cell disease (SCD) present to the emergency room.  
•   Painful episodes may start as early as in the fi rst year of life.  
•   Acute exacerbations may last from hours to weeks fol-

lowed by a return to baseline.  
•   Though stressors such as dehydration, infection, stress, 

cold temperatures, and fatigue can precipitate painful epi-
sodes, most episodes are idiopathic.  

•   Until recently, pain in SCD was considered an acute pain 
syndrome, but it is now well accepted that pain associated 
with SCD should be considered to be a chronic condition 
and managed as such.  

•   Painful episodes are often termed “crises.” There is an 
attempt to replace the word crises with a more appropriate 
term to take out the perception of catastrophe associated 
with the word.  

•   5.2 % of patients with SCD have 3–10 episodes of severe 
pain every year [ 2 ].  

•   During assessment of pain, it is important to get a sense 
for the strength, resilience, and vulnerability of each 
patient, as refl ected in coping skills, mood, social life, and 
function.  

•   Median survival for people with SCD was generally 
reported to be in the fourth decade.     

    Pathophysiology [ 3 ] 

•     SCD is a highly phenotypically variable disease.  
•   A single nucleotide substitution in the beta-globin gene 

results in a single amino acid substitution of Valine for 
glutamic acid leading to HbS formation.  

•   With de-oxygenation, HbS undergoes polymerization and 
leads to the sickle cell associated with increased erythro-
cyte density and membrane damage.  

•   Distorted rigid sickle cells contribute to vaso-occlusion 
and premature red cell destruction.  

•   Vaso-occlusion is driven by infl ammatory mediators and 
involves a complex interaction between blood cells, plate-
lets, and endothelial cells.  

•   Leukocyte adhesion in small postcapillary venules 
may be one of the key factors contributing to vaso- 
occlusion. This may offer an attractive therapeutic target 
for SCD.  

•   Pulmonary complications and strokes also contribute sig-
nifi cantly to premature death.  

•   Factors that contribute to decreasing disease severity 
include α-thalassemia and β-thalassemia traits.  

•    The most common causes of morbidity are pain and acute 
chest syndrome episodes .     

    Symptoms [ 4 ] 

 Key clinical manifestations are attributed to two major sub- 
phenotypes, one attributed to vaso-occlusion and another to 
hemolysis.

      Sickle Cell Disease 
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  Manifestations of vaso-occlusive subtype 
•   Pain crises—somatic, visceral, and neuropathic pain  
•   Acute chest syndrome  
•   Joint necrosis—dactylitis  
•   Stroke  
•   Acute splenic sequestration (ASS)  
•   Hepatic sequestration and renal failure  
•   Asplenia   

  Manifestations of the hemolytic subtype 
•   Anemia  
•   Pulmonary hypertension  
•   Stroke   

  Crises (vaso-occlusive etiology) 
•    Pain 

 –    Obstruction of the microcirculation by sickled RBCs  
 –   Abdominal, bone and joint, as well as soft tissue pain  
 –   Repeated ischemic injury to spleen causes splenic 

infarctions and auto-splenectomy and predisposes to 
sepsis.  

 –   Other end organ damage including liver and kidney 
disease may occur.  

 –   Renal vaso-occlusion leads to papillary necrosis, 
which may present as an inability to concentrate urine.     

•    Acute chest syndrome 
 –    Affects 40 % of all people with sickle cell anemia 

(SCA) and is secondary to vaso-occlusive crises 
involving the lungs  

 –   Presents as an infi ltrate on chest radiograph with fever 
and respiratory symptoms  

 –   Develops after multiple crises and rib or bone marrow 
or pulmonary infarction  

 –   Each episode increases likelihood of repeat pulmonary 
events leading up chronically to pulmonary 
hypertension.  

 –   Mortality from acute chest syndrome is 2 % in children 
and almost 8 % in adults.  

 –   Death is due to sepsis and Pulmonary embolic events.        

    Laboratory Studies to Obtain 
in SCD Patients [ 5 ]  

 Crisis correlates to the presentation and no lab values can 
signify crisis.
 –    Anemia: Hemoglobin <10 g/day; Hematocrit <29 % to 

assess for anemia  
 –   Leukocytosis: WBC count 12,000–20,000 cells/mm 3  

(12–20 × 10 9 /L), with a predominance of neutrophils >50 %  
 –   Elevated reticulocyte count (normal range in adults is 

0.5–1.5 %)  
 –   Peripheral blood smears show sickle erythrocytes  
 –   Presence of Howell–Jolly bodies (RBC) indicates asplenia     

    General Treatment [ 6 ] 

•     Adequate hydration: (hydration guided by other comor-
bidities such as renal failure and heart disease)  

•   Treatment of infections
 –    Fever in any sickle cell patient should be considered an 

indication of infection.  
 –   Pneumonia, meningitis, infl uenza, hepatitis, and osteo-

myelitis are fairly common.  
 –   Patients should be treated with appropriate intravenous 

antibiotics.  
 –   It is also important for patients to prophylactically 

receive the infl uenza, hepatitis, and meningitis 
vaccines.     

•   Pulmonary toilet  
•   Oxygen  
•   Blood transfusions if anemic  
•   Folic acid and iron supplementation should be provided if 

these levels are noted to be low.  
•   Hydroxyurea

 –    Only well-studied disease modifying drug  
 –   Patients who have experienced at least three hospital-

izations/year for crisis are good candidates for 
hydroxyurea therapy.  

 –   Hydroxyurea can be started at a dose of 10 mg/kg 
orally, on a daily basis. This can be incrementally 
increased every 12 weeks to a maximum of 35 mg/kg.  

 –   The patient’s hematologic status should be monitored 
to rule-out falls in the neutrophil count <2,500 per 
mm 3  or platelet count <80,000 per mm 3 .        

    Pain Therapy [ 7 ,  8 ] 

•     Psychosocial support: coping skills, behavioral therapy to 
treat anxiety and if needed counseling for appropriate opi-
oid usage and education regarding the disease process  

•   Treatment of pain crises is essential to improving the 
patient’s quality of life [ 6 ,  7 ].

 –     Mild - to - moderate pain : Acetaminophen with Codeine 
or a Non-Steroidal Anti-infl ammatory agent (Toradol, 
Ibuprofen, Naproxen, Diclofenac, Meloxicam, 
Celebrex) (these agents may have an opioid sparing 
effect or work synergistically with other analgesics)  

 –    Moderate - to - severe pain : Consider long acting opioids 
at fi xed intervals with breakthrough dosing using imme-
diate release agents. Need to ensure appropriate candi-
dates for opioid therapy and frequent assessment to 
confi rm the absence of any aberrant usage or diversion.
   Long acting medications to consider: Methadone, 

Oxycodone, Morphine, and Fentanyl  
  Severe exacerbations: May need IV PCA as an 

inpatient  
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  IV bisphosphonates may be a trialled as an adjuvant 
for pain control in patients presenting with osteone-
crosis when standard management fails. Though 
there are case reports, there are no randomized con-
trolled trials to support their use in the acute setting. 
Care must be taken to ensure no renal insuffi ciency 
prior to instituting bisphosphonate therapy (an 
intravenous infusion of pamidronate at 1 mg/kg can 
be infused over 5–10 h and repeated in 3 days if 
pain continues). The risk of developing osteonecro-
sis of the jaw is reported with bisphosphonate use.         

  Key points to remember during administration of 
 analgesia in the acute setting: 
•   Assess pain with validated pain assessment tools  
•   Monitor for aberrant behaviors for opioid misuse using 

saliva or urine drug screens  
•   Start with parenteral opioids  
•   Rescue doses may be administered along with a baseline 

infusion depending on the degree of pain and other 
comorbidities.  

•   Avoid a basal infusion in patients with sleep apnea or 
respiratory insuffi ciency  

•   Non-PCA, parenteral administration of opioid analgesics 
may be given on fi xed schedule depending on the opioid 
half-life and type of medication administered in addition 
to rescue doses  

•   Generally speaking, sole regimens of “prn” administration 
should be avoided.  

•   PCA is very advantageous since it diminishes the high 
and low fl uctuation in blood levels and thus decreases risk 
of toxicity.  

•   Reassess daily opioid use and readjust the dose 
accordingly  

•   Monitor for respiratory depression and sedation  
•   If more than four breakthrough doses are needed by PCA 

in an hour, readjust the continuous infusion by increasing 
25–50 % to allow better analgesia (only if no side effects 
are noted).  

•   Medications are tapered to baseline regimen over a week 
after termination of the crisis.        
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      Abbreviations 

   ADR    Adverse reaction   
  CT    Computed tomography   
  EtOH    Ethanol   
  IV    Intravenous   
  MRI    Magnetic resonance imaging   
  NSAIDs    Nonsteroidal immunosuppressive drugs   
  PET    Positron emission tomography   
  PO    Per os   
  PRN    Pro Re Nata (as needed)   
  TENS    Transcutaneous electrical nerve stimulation   

          Introduction 

 Assessent and treatment of cancer pain can be very complex 
and challenging. Unrelieved pain can impact many various 
aspects of a patient’s quality of life. It can signifi cantly 
impact a patient’s ability to endure treatment, return to health 
as a cancer survivor, or even achieve a peaceful death [ 1 ].

  Prevalence of Cancer Pain [ 1 ] 
 –   25 % of those newly diagnosed  
 –   33 % of those undergoing active treatment  
 –   75 % of those with advanced disease  
 –   Chronic pain in cancer survivors post-treatment is esti-

mated to be 75 %   

  Metastasis to Bone 
•   Most common cancers to metastasize to bone are [ 2 ]:

 –    Bladder  
 –   Breast  
 –   Kidney  
 –   Lung  
 –   Melanoma  
 –   Prostate  
 –   Thyroid  
 –   Uterine     

•   Imaging modalities to aid in workup for bony 
metastasis:
 –    Bone Scan—may miss lateral tumors which grow into 

intervertebral foramens  
 –   Magnetic resonance imaging (MRI) with contrast  
 –   PET scan  
 –   Bone scintigraphy  
 –   Sacral Imaging  

 n   MRI may miss lesions that are not midline  
 n   Scintigraphy may miss lesions if bladder is full  

 –   Epidural space can be evaluated via CT Myelogram, 
Plain Myelography, or MRI with and without contrast      

  Gathering Pertinent History 
•   Pain should be assessed via self-report when possible

 –    In advanced stages, these patients may be suffering 
from decreased mental status and possible inability to 
properly communicate
   Vocalizations/grunting, gestures, blinking, and yes/no 

responses or pointing to yes/no on a paper may be 
used if the patient is non-verbal or decreased cogni-
tion or arousal [ 3 ]  

  Behavioral pain assessment tools may be helpful in the 
assessment of non-verbal patients [ 3 ].     

 –   Tumor type and any known spread patterns should be 
consistent with the reported pain location and type of pain

 –    New pain or pain that is inconsistent with the known etiol-
ogy should be reviewed to determine any new etiology [ 4 ]     

      Cancer Pain 
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 –   When a self-reported pain assessment is not feasible, 
the patient should be thoroughly assessed for potential 
causes of pain, behavior or lack of behavior, reports of 
pain/input from the patients’ caregivers, and analgesic 
trials [ 3 ]     

•   Reassess frequently, monitor for changes, document, and 
communicate with all health care providers involved in 
the patient’s care  

•    Pain reports may be affected by factors including :
 –    Patient’s mental health, social interactions and/or pres-

ence of family or friends at the time of assessment  
 –   Failing to preserve the patient’s modesty as a result of 

inadequate privacy and/or draping  
 –   Excess personnel present at the time of assessment  
 –   Cultural preferences such as the gender and/or man-

nerisms of the assessor      

  Selecting an Appropriate Analgesic 
•    Mild pain : patients who are not currently taking opioids 

can be started on non-opioid analgesics. Pain refractory to 
non-opioid analgesia, an opioid can be added

•     Moderate to severe pain : if already on opioid therapy with 
continued pain, dose or frequency may be increased or 
change in opioid and/or change in route of administration 
may be required. Some commonly used opioids include 
Oxycodone, Fentanyl, Morphine, and Methadone. Some 
benefi ts to Methadone include the lack of neuroactive 
metabolites, clearance is independent of renal function, 
excellent oral bioavailability, low cost profi le, and long 
half life. It is also important to note that Methadone 
adverse effects include constipation, fatigue, sweating, 
and prolonged QTc.      

   Caveats to Non-Opioid Analgesia  
•   May have limited value due to low potency and fi xed dose 

ceilings [ 5 – 7 ]  
•   Aspirin should be avoided for treatment of pain due to 

high incidence of gastropathy and its irreversible inhibi-
tion of platelet agglutination [ 8 ]  

•   IV ketorolac 10 mg q4–6 h to a maximum of 40 mg/day 
can be administered for up to 5 days to manage post- 
operative pain in opioid naïve patients
 –    Caution should be used in renal patients  
 –   Several case reports have demonstrated acute renal 

insuffi ciency following administration     
•   Acetaminophen is commonly used as an analgesic

 –    Case reports have discussed interactions between 
 anticancer agents and acetaminophen leading to 
hepatic toxicity [ 9 ]  

 –   Reduced doses of 2,000 mg/day or avoidance of the 
drug all together is recommended in patients with 
renal insuffi ciency, hepatic failure, or strong history of 
EtOH use [ 10 ]      

   Caveats to Opioid Analgesia  
•   Mainstay of drug therapy for cancer pain

 –     Symptoms of toxicity can include :
   Nausea and/or vomiting  
  Pruritus  
  Drowsiness/dizziness  
  Spasticity  
  Respiratory compromise  
  Seizure        

•   Codeine is a pro-drug that must undergo metabolism via 
action of CYP2D6 enzyme. Patients with CYP2D6 
enzymes may not be able to convert codeine into 
morphine
 –    Polymorphism of this enzyme varies between ethnic 

groups, thus altering the level of analgesia achieved 
3 % of Asians and African Americans and 10 % of 
Caucasians are poor metabolizers, leading to reduced 
analgesic effect [ 11 ] 
  Other individuals may be ultra-rapid metabolizers and 

thus may achieve increased serum levels and 
adverse effects [ 12 ]        

•   Combination medications are commonly used to effec-
tively control moderate pain
 –    Oxycodone in conjunction with acetaminophen or 

ibuprofen  
 –   Hydrocodone in conjunction with acetaminophen or 

ibuprofen     
•   Morphine and oxycodone are commonly used due to 

availability of immediate and extended release formula-
tions [ 5 – 7 ,  13 ]  

•   Oxycodone-administered q4h has been shown to effec-
tively relieve cancer pain and may be less toxic than 
 morphine in patients with narrow therapeutic windows 
[ 14 ,  15 ]

•    Transdermal Fentanyl is most useful in chronic 
cancer pain patients who are unable to take PO  medications 
and have demonstrated unmanageable toxicity from mor-
phine, oxycodone, or hydromorphone [ 16 ,  17 ]

 –    A comparative study of normal vs. low weight 
cancer patients (defi ned as 16 kg/m 2 ) who were receiv-
ing transdermal fentanyl obtained decreased plasma 
levels at 48 and 72 h in cachectic patients [ 18 ]         

  Prescribing the Appropriate Opioid Dose 
•   No set optimal or maximal dose of opioid analgesics 

when treating cancer pain [ 5 – 7 ,  13 ,  19 ,  20 ]  
•   Appropriate dose of opioid is identifi ed by its ability to 

provide pain relief throughout its dosing interval without 
causing unmanageable toxicity
 –    Majority of patients will receive adequate pain control 

with <morphine 240 mg po per/day [ 21 ]  
 –   Severe cancer pain may require morphine 1,200–

1,800 mg po per/day [ 22 ]  
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 –   A small population of patients with refractory cancer 
pain may require particularly high doses of parenteral 
morphine (Table  27.1 ) [ 23 ]

         Route of Medication Administration 
•   Selection of appropriate route should be guided by using 

the least invasive
 –    Oral-extended release formulations of opioids add to 

patient quality of life and independence  
 –   Liquid concentrates can be used in patients who can-

not swallow pills  

 –   Rectal formulations of medications can be used but it 
is important to keep in mind that limitations may 
include lower bioavailability, varying pharmacoki-
netic and pharmacological results, and poor predict-
ability of clinical effect.  

 –   Transdermal fentanyl is an excellent alternative for 
chronic pain in patients who cannot swallow pills  

 –   SQ or IV administration of morphine or hydromorphone 
is preferred over transdermal fentanyl in patients who 
have only brief periods of inability to use the PO route 
or in patients with frequent breakthrough pain [ 5 – 7 ,  13 ]  

    Table 27.1    Dosing recommendations for acetaminophen and NSAIDs a    

 Drug 
 Usual dose for adults and children ≥50 kg 
body weight 

 Usual dose for adults and children b  <50 kg 
body weight 

  Orally administered acetaminophen and over-the-counter NSAIDs  
 Acetaminophen c   650 mg q4h  10–15 mg/kg q4h 

 975 mg q6h  15–20 mg/kg q4h (rectal) 
 Aspirin d   650 mg q4h  10–15 mg/kg q4h 

 975 mg q6h  15–20 mg/kg q4h (rectal) 
 Ibuprofen (Motrin, Advil)  400–600 mg q6h  5–10 mg/kg q4–6 h 
 Magnesium salicylate (Doan’s, Magan, Mobidin, 
others) 

 650 mg q4h 

 Naproxen (Naprosyn, Aleve)  250–275 mg q6–8 h  5 mg/kg q8h 
 Naproxen sodium (Anaprox)  275 mg q6–8 h 
  Prescription NSAIDs  
 Carprofen (Rimadyl)  100 mg tid 
 Choline magnesium trisalicylate e (Trilisate)  1,000–1,500 mg q6–8 h  25 mg/kg q6–8 h 
 Choline salicylate e  (Arthropan)  870 mg q3–4 h 
 Diclofenac (oral) (Voltaren—1 % topical; 
Pennsaid—1.5 % topical) 

 50 mg bid–tid oral; 32 g/day topical  Flector (patch): 1 patch bid 

 Difl unisal f  (Dolobid)  500 mg q12h 
 Etodolac (Lodine)  200–400 mg q6–8 h 
 Fenoprofen calcium (Nalfon)  300–600 mg q6h 
 Ketoprofen (Orudis)  25–60 mg q6–8 h 
 Ketorolac tromethamine g  (Toradol)  10 mg q4–6 h to a maximum of 40 mg/d 

 IV administration should not exceed 5 days 
 Meclofenamate sodium h  (Meclomen)  50–100 mg q6h 
 Mefenamic acid (Ponstel)  250 mg q6h 
 Sodium salicylate (Anacin, Bufferin)  325–650 mg q3–4 h 
  Parenteral NSAIDs  
 Acetaminophen injection  1,000 mg q6h (adults)  15 mg/kg max, 75 mg/kg in 24 h 

(children aged <13 y) 
 Ketorolac tromethamine g–i  (Toradol)  60 mg initially, then 30 mg q6h 

 IV administration should not exceed 5 days 

  From the National Cancer Institute   http://www.cancer.gov     [ 2 ] 
  a Only the nonsteroidal anti-infl ammatory drugs (NSAIDs) listed here have FDA approval for use as simple analgesics, but clinical experience has 
also been gained with other drugs 
  b Acetaminophen and NSAID dosages for adults weighing less than 50 kg should be adjusted for weight 
  c Acetaminophen lacks the peripheral anti-infl ammatory and antiplatelet activities of the other NSAIDs 
  d The standard against which other NSAIDs are compared. May inhibit platelet aggregation for longer than 1 week and may cause bleeding. Aspirin 
is not recommended for pain in children 
  e May have minimal antiplatelet activity 
  f Administration with antacids may decrease absorption 
  g Use limited to 5 days or fewer 
  h Coombs-positive autoimmune hemolytic anemia has been associated with prolonged use 
  i Has the same gastrointestinal toxic effects as oral NSAIDs  
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 –   Intrathecal administration of opioids should be 
reserved for patients in whom the combination of sys-
temic analgesics and co analgesics has failed to ade-
quately relieve pain or is accompanied by unmanageable 
toxicity [ 6 ,  7 ,  24 – 27 ]      

  Schedule Appropriate Dosing Intervals 
•   Dosing should be given in a manner that minimizes the 

number of daily doses while consistently preventing end 
of dose failure with recurrence of pain [ 5 – 7 ,  13 ]  

•   If pain returns prior to the end of the expected dosing 
interval, the dose should be increased in order to maintain 
the level of analgesia within the patient’s therapeutic win-
dow of relief without toxicity   

  Prevent Persistent Pain and Relieve Breakthrough Pain 
•   Goal of analgesic therapy in cancer patients is to decrease 

persistent pain as much as possible without toxicity.
 –    At the very least, patients’ pain levels should be 

decreased to <5/10     
•   Pain prevention is also an appropriate goal in the treat-

ment of acute moderate to severe pain [ 5 ]
 –    Initial therapy of acute pain which is not expected to 

last >24 h and should consist of PRN dosing for those 
fi rst 24 h [ 28 ]  

 –   Resolution of the source of acute pain should be 
 anticipated with regular downward dose titration if 
pain is well-controlled without the need of PRN 
 medication [ 28 ]      

  Titration of Opioid Dose 
•      Dose titration should be aggressive to expedite the deliv-

ery of optimal pain management [ 5 – 7 ,  13 ]   
•      Frequent usage of breakthrough analgesics for persistent 

pain without unmanageable adverse reaction (ADR’s) 
indicates the need for a signifi cant increase in the around-
the-clock dosing
 –    If a patient is using > two PRN morphine doses per day, 

the dose of the around-the-clock morphine should be 
increased by at least the amount of PRN supplements 
taken with a concordant increase in the PRN dose [ 28 ]  

 –   Severe pain: increase dose of oral around-the-clock 
morphine increased by 50–100 % daily until relief or 
unacceptable side effects present [ 28 ]  

 –   Moderate pain: increase dose by 25–50 % daily  
 –   Pain Improvement: dose tapering is also important in 

patients whose pain is effectively reduced [ 5 – 7 ,  13 ]
 n    Decrease dose of opioids by 25–50 % each day in 

such patients as long as there is absence of pain, 
PRN doses, and presence of ADR’s  

 n   Following a period of regular use of opioid analge-
sic use, patients who are pain-free should be given 

at least 25 % of their previous daily dose in order to 
prevent a physical withdrawal syndrome [ 5 ]         

•       Prevent and Manage Adverse Reactions of Specifi c 
Pharmacotherapy : ADR’s of analgesic therapy are often 
unavoidable and may be effectively managed   

•      Switching from one opioid to another can eliminate many 
of the unmanageable ADR’s in patients [ 32 – 38 ]   

•      Symptoms of hypercalcemia, sepsis, hepatic dysfunction, 
renal impairment, and brain metastasis can mimic those 
of opioid toxicity and require aggressive therapy [ 13 , 
 29 – 31 ]   

•      Patients on around-the-clock opioids should be on bowel 
medications to prevent constipation to prevent 
constipation   

•      In patients who have achieved good pain control, the ini-
tial dose of the new opioid should be 25–50 % less than 
the calculated equi-analgesic dose to allow for incomplete 
tolerance (Table  27.2 ) [ 5 ,  13 ]

•          Co-analgesic or adjuvant drugs will enhance the analgesic 
effi cacy of opioids, treat concurrent symptoms that exac-
erbate pain, and produce independent analgesia for spe-
cifi c types of pain   

•      Goal of early usage of co-analgesic drugs is to optimize 
patient’s comfort and function by preventing or control-
ling opioid-induced toxicities [ 28 ]   

•       Cancer-related pain syndromes which are most  amenable 
to co-analgesic therapy are those related to bony metas-
tasis ,  nerve compression or damage ,  and  visceral disten-
tion  [ 6 ,  7 ,  20 ,  39 ,  40 ]   

•      Co-analgesics most commonly used in the treatment of 
cancer pain are nonsteroidal immunosuppressive drugs 
(NSAID’s), corticosteroids, TCA, and anti-convulsants 
[ 6 ,  7 ,  20 ,  38 ,  40 ] see Table  27.2  (refer to   http://www.can-
cer.gov      for detailed information) 

 –     NSAID’s —shown to be benefi cial in the treatment of 
prostaglandin-mediated pain, infl ammatory pain from 
bone metastases, soft tissue infi ltration, arthritis, sero-
sitis, and recent surgery [ 8 ,  41 – 43 ]  

 –    Corticosteroids —found to be helpful in pain caused or 
exacerbated by mass effect, infl ammatory edema such 
as pain due to acute nerve compression, visceral dis-
tention, increased ICP, and soft tissue infi ltration 
[ 44 – 46 ]  

 –    TCA’s —used as a fi rst-line co-analgesic therapy of 
neuropathic pain and also may treat underlying depres-
sion [ 5 – 7 ,  13 ,  47 – 51 ]
 n    Lower doses than those needed to treat depression 

may be used in treatment of neuropathic pain     
 –    Anticonvulsants —shown to be helpful in treatment of 

neuropathic, lancinating, or tic-like pains [ 5 ,  7 ,  13 ,  44 ]
 n    Usually added to TCA therapy that has not provided 

adequate relief for neuropathic pain.  

S. Babeendran and A.C. Soucie

http://www.cancer.gov/
http://www.cancer.gov/


193

    Table 27.2    Adjuvant medications with analgesic activity   

 Class  Drug  Daily dose range a  
 Studies conducted in 

 Cancer patients  Noncancer patients 

 Antidepressants  Amitriptyline (Elavil)  10–25 mg every day   Level of evidence: I  [ 58 ] 
 level of evidence: I  [ 59 ] 

  Level of evidence: I  [ 60 ] 

 Desipramine (Norpramin)  10–150 mg every day   Level of evidence: II  [ 61 ]   Level of evidence: II  [ 62 ] 
 Maprotiline (Ludiomil)  25 mg bid–50 mg tid   Level of evidence: I  [ 63 ] 
 Duloxetine (Cymbalta)  20 mg bid–30 mg bid   Level of evidence: I  [ 64 ] 
 Nortriptyline (Pamelor, 
Aventyl) 

 10–100 mg every day   Level of evidence: I  [ 65 ] 

 Venlafaxine (Effexor)  37.5–225 mg every day   Level of evidence: I  [ 66 ] 
 level of evidence: II  [ 67 ] 

  Level of evidence: I  [ 68 ] 

 Anticonvulsants  Carbamazepine (Tegretol)  100 mg tid–400 mg tid   Level of evidence: I  [ 68 ] 
 Valproate (Depacon)  500 mg tid–1,000 mg tid   Level of evidence: I  [ 69 ] 
 Gabapentin (Neurontin)  100 mg tid–1,000 mg tid   Level of evidence: I  [ 70 ]

 level of evidence: II  [ 71 ] 
  Level of evidence: II  [ 72 ] 

 Clonazepam (Klonopin)  0.5 mg bid–4 mg bid   Level of evidence: II  [ 72 ] 
 Lamotrigine (Lamictal)  25 mg bid–100 mg bid   Level of evidence: I  [ 73 ] 
 Pregabalin (Lyrica)  150 mg divided into 2 or 3 

doses; increase to 300 mg 
starting at day 3–7; if needed, 
increase to 600 mg 7 days later 

  Level of evidence: I  [ 74 ] 

 Local anesthetics  Mexiletine (Mexitil)  100 mg bid–300 mg tid   Level of evidence: I  [ 75 ] 
 Lidocaine patch (Lidoderm)  5 % patch contains 700 mg; one 

patch, 12 h on, 12 h off 
  Level of evidence: II  [ 76 ] 

 Corticosteroids  Dexamethasone (Decadron)  See text 
 Prednisone  See text 

 Bisphosphonates  Clodronate  See text 
 Pamidronate (Aredia)  See text 
 Zoledronic acid (Zometa)  See text   Level of evidence: II  [ 77 ] 

 NSAIDs  Refer to Table  27.1  for more 
information 

 Miscellaneous  Baclofen (Lioresal)  5 mg tid–20 mg tid   Level of evidence: I  [ 78 ] 
 Calcitonin (Calcimar)  100–200 IU (subcutaneous or 

intranasal) 
 Clonidine (Catapres)  0.1 mg bid–0.3 mg bid  [ 79 ] 
 Methylphenidate (Ritalin)  2.5 mg bid–20 mg bid   Level of evidence: I  [ 80 ]   Level of evidence: II  [ 81 ] 
 Ketamine (Ketalar)  Refer to the NMDA receptor 

antagonists section of this 
summary for more information 

  From the National Cancer Institute   http://www.cancer.gov     [ 2 ] 
  a Starting doses should incorporate the lowest possible dose  

 n   May be used alone in patients who cannot tolerate 
anti- depressant therapy, and those with myoclonic 
jerks from opioid     

 –    Bisphosphonates :
 n     Skeletal pain is the most common cause of cancer- 

related pain and can be debilitating for up to two  
thirds of patients [ 2 ]  

 n   Effective pain management due to bone metastasis 
should be integrated with the long-term goal of pre-
venting fractures [ 2 ]  

 n   Patients with metastatic bone pain may benefi t from 
co-analgesic therapy with anti-osteoclast agents 

such as pamidronate, zolendronic acid, and calcito-
nin [ 52 – 57 ]  

 n   Possible dosing schedules:
   Pamidronate 90 mg IV every 3–4 weeks  
  Zolendronic Acid 4 mg IV every 3–4 weeks 

(Table  27.3 )

                Other Modalities to Consider: 
•   Peripheral Nerve Injection—common are the trigeminal, 

occipital, sphenopalatine ganglion, intercostals, ilioingui-
nal and iliohypogastric, pudendal  

•   Sympathetic Blockade  
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•   Neuromodulation:
 –    TENS  
 –   Spinal Cord Stimulator     

•   Radiofrequency Ablation  
•   Cryoablation  
•   High Intensity Focused Ultrasound  
•   Intrathecal Drug Delivery—for regional pain uncon-

trolled with oral or IV medications, or for those experi-
encing signifi cant side effects with oral/IV. Indicated for 
>3 month life expectancy otherwise should consider tun-
neled epidural   

  Consultations to Consider: 
•   Psychology  
•   Radiation oncology  
•   Neurology  
•   Palliative care    

 Although very challenging, the treatment and appropriate 
management of cancer pain can be achieved. Of utmost 
importance is frequent communication with patients and 
modifi cation of pain treatment plans as needed.     
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      Abbreviations 

   BIPAP    Bi-level positive air pressure   
  BPH    Benign prostatic hyperplasia   
  CHF    Congestive heart failure   
  COPD    Chronic obstructive pulmonary disease   
  EPS    Extrapyramidal symptoms   
  FDA    Food and drug administration   
  GI    Gastrointestinal   
  IM    Intramuscular   
  IV    Intravenous   
  MI    Myocardial infarction   
  MMSE    Mini mental state examination   
  PO    Per os   
  PPS    Palliative performance scale   
  PRN    As needed   
  QD    One per day   
  SQ    Subcutaneous   

          Introduction 

 Palliative care is specialty level, interdisciplinary care that 
includes “Active, total care of patients whose disease is not 
responsive to curative treatment. Control of pain, of other 
symptoms and of psychological, social, and spiritual prob-
lems, is paramount. The goal is the best possible quality 
of life for patients and their families” [ 1 ]. Evidence is show-
ing that patients with early palliative care can have a better 
quality of life, less depressive symptoms, less aggressive 
treatment at end-of-life, and longer survival by months [ 2 ]. 

  This therapeutic approach :
•    Recognizes the family as the unit of care and is 

 patient - centered   
•   Uses an interdisciplinary model to address physical, 

 psychological, social, and spiritual needs. Team usually 
consists of clinical staff, social worker, and chaplain.  

•   Includes a broad range of interventions and expert symp-
tom management  

•   Addresses advanced directives, identifi es, and coordi-
nates with healthcare proxy or surrogate decision makers  

•   Identifi es caregiver responsibilities and assists with coor-
dination of benefi ts     

    Palliative Care vs. Hospice 

 Palliative care  and  hospice:
•    Do not seek to cure, but provide pain relief, symptom 

management, and address the emotional and spiritual 
needs of patients and families.  

•    Both  stress comprehensive care for the patient and family, 
need for communication, and value of a clinical team.    

  Palliative care :
•    Aims to relieve suffering in all stages of disease  
•   Not limited to end-of-life care  
•   Many patients receive palliative care while they’re still 

pursuing disease modifying therapy  

   Hospice  is a type of palliative care, but differs in important 
ways, which are addressed in the next chapter. Specifi cally, 
patients accepted to hospice have a prognosis of less than 
6 months if disease progresses as expected.    

  Referrals to a palliative care service can include 
patients with :
•    Frequent hospital readmissions for chronic conditions  
•   Declining functional status, failure to thrive  
•   Poor symptom management in chronic illness  
•   Need for goals of care or advanced directive discussions     

      Palliative Care 
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    Palliative Performance Scale [ 3 ] 

 Palliative performance scale (PPS) uses fi ve objective 
domains to  assess functional status , specifi cally for patients 
receiving palliative care. Results correlate with actual 
 survival and median survival time in cancer patients. 
  Lower scores are indicative of poor performance and poor 
prognosis .  PPS of  ≤ 70  %  is required for hospice eligibility  
(Table  28.1 ).

      Symptom Management 

  Symptom management always takes the patient ’ s progno-
sis and goals of care into consideration. For each concern , 
 identify potential triggers and treat the underlying cause 
whenever possible. Treatment of subjective symptoms in 
palliative care is patient-centered; treatments are offered 
as a trial and continued when the patient perceives a 
benefi t .   

    Dyspnea 

•     Subjective, multidimensional symptom commonly 
encountered in chronically ill patients including; CHF, 
COPD, lung cancer
 –    Oxygen saturation or respiratory rate may not refl ect 

patient’s perception of symptom severity  
 –   When possible, treat any reversible causes.       

    General Treatment 
•     Sit patient upright in bed or chair, as tolerated, to facilitate 

chest expansion  
•   Increase air circulation using a bedside fan or open window, 

reduces the sensation of breathlessness. A gentle breeze 
from a bedside fan directed at the patient’s face can help 
alleviate dyspnea [ 4 ]. This effect is thought to be mediated 
by stimulation of the thermal and mechanical receptors of 
the trigeminal nerve in the cheek and nasopharynx [ 5 ]  

•   Play calming music, teach relaxation techniques, mini-
mize the need for patient exertion  

•   Avoid strong odors, such as smoke, adjust humidity level  
•   Ensure caregiver understands how to use equipment, neb-

ulizers, BIPAP (bi-level positive air pressure), etc.  
•   Oxygen therapy: When pulse oximetry is <90 %, start 

with 2 L/min via nasal cannula and titrate rate to correc-
tion of hypoxemia. While supplemental oxygen is usually 
helpful in patients with low oxygen saturation it may not 
be for patients with normal oxygen saturation. A perceived 
benefi t in terminally ill patients extends beyond reversing 
hypoxemia. It is not routinely indicated in all patients.    

  Specifi c etiologies and treatments of dyspnea :
•     Bronchospasm : Treat with albuterol and/or ipratropium 

bromide inhaled every 2–4 h as needed. For severe 
symptoms dexamethasone 4–8 mg/day until improved.  

•    Airway edema : Consider short trial of steroids (predni-
sone 5–20 mg daily for 5 days)  

•    Clogged tracheostomy / airway obstruction ,  copious 
mucous secretions : Clean tracheostomy thoroughly by 
taking out the inner cannula, soaking in hydrogen peroxide 

   Table 28.1    Palliative Performance Scale (PPS)   

 %  Ambulation 
 Activity level evidence of 
disease  Self care  Intake 

 Level of 
consciousness 

 Estimated median 
survival (days) 

 a  b  c 

 100  Full  Normal  Full  Normal  Full  NA  NA  108 
  No disease  

 90  Full  Normal  Full  Normal  Full 
  Some disease  

 80  Full  Normal with effort  Full  Normal 
or reduced 

 Full 
  Some disease  

 70  Reduced  Can’t do normal job or work  Full  As above  Full  45 
  Some disease  

 60  Reduced  Can’t do hobbies or housework  Occasional 
assistance needed 

 As above  Full or 
confusion 

 29  4 
  Signifi cant disease  

 50  Mainly sit/lie  Can’t do any work  Considerable 
assistance needed 

 As above  Full or 
confusion 

 30  11  41 
  Extensive disease  

 40  Mainly in bed  As above  Mainly assistance  As above  Full or drowsy or confusion  18  8 
 30  Bed bound  As above  Total care  Reduced  As above  8  5 
 20  Bed bound  As above  As above  Minimal  As above  4  2  6 
 10  Bed bound  As above  As above  Mouth care only  Drowsy or coma  1  1 
 0  Death  As above 
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for at least one minute. Swab out the cannula with cotton 
swabs or pipe cleaners. Rinse the cannula inside and out, 
remove any excess water. Reinsert the cannula. Intermittent 
suction as needed, patient and family education regarding 
feeding techniques, monitor for signs of aspiration. For 
atelectasis caused by mucus obstruction, pulmonary com-
plications of cystic fi brosis; consider Mucomyst [ 6 ]. Prior 
to treatment, a bronchodilator by nebulization should be 
given.  Note :  Volume of liquefi ed bronchial secretions may 
increase following oral inhalation or intratracheal instil-
lation ;  potential for airway occlusion   

•    Effusion : Malignant fl uid collections in the chest and 
abdomen are amenable to percutaneous management with 
either intermittent thoracentesis or paracentesis or by 
placement of temporary or permanent drainage catheters. 
Thoracentesis is a simple way to achieve acute relief of 
symptoms as well as to assess the degree of symptomatic 
improvement experienced by the patient. Unfortunately, 
MPE recurs in 98–100 % of patients within 30 days of 
thoracentesis and is only controlled for 4 days on average, 
frequent thoracentesis is likely to be required for pallia-
tion of symptoms. The risks of the procedure, including 
bleeding, infection, pneumothorax, fl uid loculation, 
increase with repeat thoracentesis. For these reasons, 
treatment of MPE with thoracentesis alone is usually 
reserved for patients who are likely to respond quickly to 
systemic therapy or for those with a very short life expec-
tancy [ 7 ]. Depending on goals of care, may be appropriate 
for pleurodesis or permanent indwelling catheter.  

•    Volume overload : Discontinue IV fl uids and any artifi cial 
feedings, consider trial of diuretic. Add furosemide 
20–40 mg orally daily or double dose of current diuretic.  

•    Anxiety : Benzodiazepines are frequently used to allevi-
ate dyspnea in patients with advanced illness when the 
dyspnea has been optimally treated and the patient is 
anxious secondary to dyspnea. Consider a trial of low-
dose short- acting benzodiazepines, lorazepam 0.5–1 mg 
every 4–6 h as needed. Combined with medication should 
be counseling and psychological support. It is important 
to help the patient anticipate and plan response to 
breathlessness.  

•    Anemia : Blood transfusion in patients with hemoglobin 
values of approximately 8 g/dL have been shown to 
improve anemia-related symptoms on a short-term basis. 
This benefi t is independent of the stage of disease and 
survival. However, the effects on dyspnea and fatigue 
tend to decrease within 15 days, despite the maintenance 
of hemoglobin values attained after transfusions [ 8 ]. 
Policies on blood transfusion are institution-dependent 
and decisions to transfuse should be based on the patient’s 
medical condition and goals of care. Transfusions can be 
used to palliate symptoms, and are not offered based on 
hemoglobin levels alone.    

  Use of opioids to treat symptoms of dyspnea :
•    Opioids relieve symptoms of dyspnea by altering the per-

ception of dyspnea [ 9 ], decreasing ventilator drive to both 
hypoxia and hypercapnia, and reducing oxygen consump-
tion. Although respiratory depression is a commonly cited 
concern of clinicians, sedation occurs prior to respiratory 
depression. Dosing of opioids is patient specifi c and should 
be ordered PRN, hold for sedation.  

•   Acute and Severe Dyspnea: In the inpatient setting, or 
when available, parenteral  is the route of choice: 
2–5 mg morphine IV every 1 h until relief (fi rst line if 
no severe renal dysfunction). A continuous opioid infu-
sion with a demand dose that patients or nurses can 
administer, will provide the timeliest relief. When 
symptom is improved, continue morphine infusion at 
2 mg/h with 5 mg Q1h PRN     

    Mild-to-Moderate Dyspnea 

     Opioid naïve : 2–5 mg IV/SQ or 10–15 mg PO morphine 
every 3–4 h as tolerated, hold for sedation.  

   Opioid naïve and elderly : Decrease dose to 2 mg PO equiva-
lent morphine initially.    
 Actively dying 2–5 mg IV morphine every 5–10 min, 

titrate to effect.
    Opioid tolerant : 25–50 % increase above standing dose    

 While there is no evidence that proper symptom manage-
ment for terminal dyspnea hastens death, the course 
and management should be fully discussed with family 
members, nurses, and others participating in care to 
avoid confusion about symptom relief vs. fears of 
euthanasia or assisted suicide [ 10 ]. Reassure family 
and staff, the primary goal of treating symptoms is to 
relieve suffering, not hasten death.   

    Nausea and Vomiting 

•     Protracted nausea and vomiting can effect appetite, pain 
management, interaction with family and signifi cantly 
contributes to decreased quality of life.  

•   Underlying mechanism usually can be categorized as 
either gastrointestinal, vestibular, cortical, or chemore-
ceptor trigger zone.  

•   Evaluate for and treat any reversible causes including 
medications, constipation, hypercalcemia, gastroenteritis, 
infection.    

    General Treatment 
•     Clear liquid diet, advance as tolerated  
•   Avoid eating/drinking 1–2 h after vomiting, start with 

small sips  
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•   Small, frequent feedings. Avoid gas forming foods  
•   Good oral hygiene. Eliminate offensive food, smells     

    Specifi c Etiologies and Treatment 

     1.     Impaired gastric emptying : Can present as intermittent 
nausea,  relieved by vomiting 
•    Prokinetic antiemetic:  Metoclopramide  (10 mg PO, 

5 mg SC, 5–10 mg IM Central and peripheral actions. 
Prokinetic action in GI tract; blocked by anticholiner-
gics. Possible extrapyramidal side effects).  

•   For extrinsic compression/obstruction from tumor, dif-
fuse gastric tumor:  Dexamethasone  (4–16 mg PO/IV/
SQ Adjuvant antiemetic. Best given in the morning to 
maintain diurnal rhythm. Monitor for side effects. 
Review and reduce to lowest effective dose or stop).  

•   For patients with gastric irritation or refl ux: Proton 
pump inhibitor       

    2.     Chemical / metabolic : Can present as recurrent nausea, 
 little relief from vomiting 
•     Haloperidol  0.5–2 mg I.M., I.V.: Also used off label 

for postoperative nausea/vomiting [ 11 ]. Note: Should 
not be given to patients with Parkinson’s disease, pro-
longed QTc  

•    Metoclopramide  10 mg PO/IV Q4h PRN       
    3.     Cerebellar disease : (Compression/ irritation by tumor, 

raised intracranial pressure)
•     Cyclizine  (histamine H 1  antagonist: 50 mg PO, may 

repeat in 4–6 h if needed, up to 200 mg/day)  
•    Dexamethasone  Up to 16 mg/day. Doses greater than 

4 mg daily are likely to cause side effects after several 
weeks. Dose should be reviewed at least on a weekly 
basis. Taper after 2 weeks. Consider use of proton 
pump inhibitor in patients on high doses of 
dexamethasone.       

    4.     Vestibular System : (motion sickness, base of skull, 
brainstem disease)
•     Prochlorperazine : 5–10 mg PO 3–4 times/day; 

5–10 mg IM, 2.5–10 mg IV; may repeat dose every 
3–4 h as needed, max 40 mg/day.  Rectal : 25 mg twice 
daily. (Caution may cause EPS, anticholinergic effects 
(constipation, xerostomia, blurred vision, urinary 
retention); use with caution in patients with decreased 
gastrointestinal motility, paralytic ileus, urinary reten-
tion, BPH (benign prostatic hyperplasia), xerostomia, 
or visual problems.)  

•    Cyclizine  50 mg PO Q4–6 h PRN, max 200 mg/day       

    Avoid combining drugs with a similar mode of action or side 
effect profi le   

   Do not combine prokinetics with anticholinergics     
 If patient is vomiting or if oral absorption is questionable, 
use subcutaneous or rectal route. Prescribe the antiemetic 

regularly and as required starting with the lowest dose. 
Review the treatment and response every 24 h until symp-
toms are controlled.   

    Constipation 

•     May be secondary to a complex interaction of physiologic 
and iatrogenic factors including; decreased activity and 
oral intake, rectal pain, bowel obstruction or induced by 
medications.  

•   Prevention is the single best treatment.    

    General Treatment 
 (nonpharmacologic interventions should be implemented):
•    Increase dietary fi ber  
•   Increase fl uid intake  
•   Increasing patient mobility  
•   Removing barriers to get to a bathroom and increase 

patient privacy
 –    Patients on chronic opioid therapy should be on stand-

ing senokot and docusate sodium.       
 Once constipation occurs, it should be aggressively managed 
in a stepwise approach.
•    Begin with:

 –    Stool softener—docusate sodium 100–300 mg PO daily  
 –   Laxative—senokot one to three tabs daily      

•     If no bowel movement within 48 h , consider:
 –    Milk of magnesia 30–60 mL PO daily  
 –   Lactulose 30–45 mL PO daily      

•     If no bowel movement after 72 h , consider:
 –    Bisacodyl suppository or enema  
 –   Perform rectal exam, looking for hemorrhoids, fi s-

sures, stool  
 –   If impacted stool felt on exam, manually disimpact if soft  
 –   May pretreat patient with sedative, and soften stool 

with glycerin suppository or oil enema  
 –   After disimpaction, followup with tap water enema 

and start patient on standing bowel regimen.  
 –   Bulk forming fi ber and osmotic agents (such as mira-

lax or golytely) are only appropriate for patients who 
can maintain adequate fl uid intake.         

    Bowel Obstruction 

•     Mechanical obstruction (partial or complete) of the bowel 
lumen and/or peristaltic failure  

•   Assess each patient on the basis of their clinical condi-
tion, likely benefi ts/ risks and patient preferences.  

•   Some patients with a localized obstruction may benefi t 
from surgery.  

•   Therapeutic goal is to minimize associated symptoms 
such as pain, cramping, nausea, and vomiting.
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 –    Start by excluding fecal impaction from history, rectal 
examination, abdominal X-ray  

 –   Discontinue laxatives and prokinetics (reglan, 
erythromycin)  

 –   Consider reducing or changing opioids or other medi-
cations that may be contributing  

 –   If the patient is dehydrated, IV rehydration may be 
appropriate initially. Hydration of 1–1.5 L/24 h may 
reduce nausea but more fl uid than this can result in 
increased bowel secretions and worsen vomiting.  

 –   If obstruction is secondary to a mass, consider trial of 
steroids to decrease size. Example: Dexamethasone 
4–8 mg PO bid
   If no relief in 5 days—discontinue  
  If improvement noted—start taper by 1 mg daily after 

5 days        
•   Consider starting anticholinergic (scopolamine one to two 

patches every 3 days)  
•   Nausea: Antidopaminergic (Haldol 5–15 mg SQ daily in 

divided doses). Nausea can usually be fully controlled; 
vomiting about once a day may be acceptable in bowel 
obstruction.  

•   For persistent vomiting: Octreotide 0.1–0.6 mg SQ daily. 
Inhibits GI secretions and motility.  

•   Pain relief from colic or tumor pain: Opioid such as fen-
tanyl (reported to have less effect on GI tract), titrate to 
effi cacy, monitor for worsening of symptoms as opioids 
themselves can be a cause.  

•   Nasogastric tube: Decompresses stomach in case of 
intractable vomiting, however can cause aspiration by 
interfering with coughing. Short-term use only     

    Anorexia, Cachexia 

 Decreased appetite and weight loss are predictors of an 
expected physiological decline seen with the progression of 
chronic illness.
•    Cachexia—signifi cant wasting of adipose tissue and skel-

etal muscle
 –    It reduces quality of life, impairs response to therapy, 

and is an indicator of poor prognosis. It may occur in up 
to 80 % of patients with advanced cancer [ 12 ]. Most 
commonly in GI, pancreatic, lung, and prostate cancers.      

    General Treatment 
Nonpharmacological treatments  should be recommended 
which include:

 –    Eating frequent, small, high-calorie or high-protein 
meals, or energy-dense snacks  

 –   Encourage family to bring in favorite foods from home 
as tolerated  

 –   Avoid liquid intake with food to prevent early satiety  

 –   Check oral cavity, for candidiasis or mucositis  
 –   Start routine oral hygiene, remove bad tastes from 

mouth  
 –   Exercise or physical therapy to maintain muscle mass, 

decrease fatigue, and improve mood  
 –   Speech and swallow evaluation should be done if dys-

phagia or a concern for aspiration is present  
 –   Nutrition consultation      

•     Pharmacological treatments  evaluated in cancer-related 
anorexia or cachexia are corticosteroids, progesterone 
analogs, and serotonin antagonists. Improving appetite or 
weight gain may be benefi cial in some patients, but does 
not improve survival.
 –     Megestrol : Starting Dose is 400 mg/day; titrate up to 

800 mg QD
   At least two months of continuous therapy is necessary 

to see benefi t. Duration of treatment: No more than 
12 weeks at a time  

  Post-marketing/case reports have shown duration- 
dependent increase in thromboembolic phenomena 
(deep vein thrombosis, pulmonary embolism, 
thrombophlebitis) [ 13 ]     

 –    Dronabinol : 2.5 mg PO twice daily (max: 20 mg/day)  
 –    Dexamethasone : Starting dose is 4 mg PO daily (can 

also improve pain). Consider benefi t vs known side 
effects of steroids with ongoing use.

   Hyperglycemia, Immunosuppression, Adrenal sup-
pression if taking more than 2 weeks, Psychiatric 
disturbances, oral candidiasis, myopathy, gastric 
upset.  

 –       Mirtazapine : 15–30 mg PO at bedtime, onset 1–2 
weeks (also benefi cial for depression, nausea, and 
insomnia)        

    Delirium 

 Disturbed consciousness, change in cognition, which fl uctu-
ates. Develops over a short period.
•    Key question for family, “Do you feel he/she has been 

more confused lately?”  
•   MMSE < 20

    Hyperactive : Increased motor agitation  
   Hypoactive : Paucity of speech, slowing or lack of 

 movement, inattentiveness, unaware of environment       

  Establishing Etiology :
•     Rule out -infection, electrolyte imbalances, uncontrolled 

pain, urinary, or fecal retention  
•   Review all medications being taken for potential side 

effects.  
•   Social isolation, emotional distress, and new environ-

ments can be contributing factors as well.  
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•   Behavioral modifi cations—consistent staff, reorient 
patient to environment  

•   In end-stage disease, delirium can be caused by brain 
metastases, seizures, stroke, renal failure, or hepatic fail-
ure and is more challenging to treat.    

    First Line Delirium Treatment: Antipsychotics 
    Haldol 
•     First generation. Selectively antagonizes dopamine D2 

receptors, metabolized hepatically  
•   Dosing: 0.5–1 mg Q1h for acute agitation, (can be given 

IM, IV, PO, SQ) titrate to effect. Maintenance dosing  
•   Side effects: Dystonia, extrapyramidal symptoms  
•   Contraindicated in Parkinson’s disease. Avoid in patients 

with prolonged QT. Not approved for dementia-related 
psychosis.     

    Risperidone 
•     Dosing: 0.25–0.5 mg, Q8–12 h, titrate up to effect (max 

6 mg/day).  
•   Preferred for Parkinson’s disease, vascular dementia. 

Less risk of EPS.  
•   Side effects: Hypotension, EPS, paradoxical insomnia     

    Quetiapine 
•     Second generation. Antagonizes dopamine D2 receptors, 

serotonin 5-HT2 receptors, metabolized hepatically  
•   Dosing: 12.5–200 mg per day in single or divided doses. 

Good for sedation at night.  
•   Side effects: Sedation, headache  
•   Preferred for Parkinson’s disease, vascular dementia  
•   Note FDA (Food and Drug Administration) black box 

warning for increased risk of stroke, MI in elderly and 
weigh risk/benefi t ratio of symptom relief in patients with 
limited prognosis.     

    Olanzapine 
•     Promotes weight gain, less EPS (extrapyramidal symp-

toms), good for long-term use  
•   Dosing: 1.25–5 mg once daily (wafer available)  
•   Side effects: Orthostatic hypotension, sedation, 

hyperglycemia  
•   Avoid in Parkinson’s disease and seizure disorders      

    Benzodiazepines 

 Can use as short-term adjunct for acute agitation, can cause 
paradoxical worsening of delirium. Indicated in alcohol or 
substance withdrawal.

  Lorazepam 
•   Dosing: 0.5–1 mg PO/IV/SQ q2h as needed, until calm. 

Most commonly used medication for mild sedation at home.  

•   Side effects: Sedation, paradoxical agitation     

    Dry Mouth 

 Xerostomia:
•    Common symptom in palliative care  
•   Etiologies—dehydration, erosion of mucous membrane 

lining in the mouth (post chemotherapy or radiation), and 
a side effect of many medications  

•   Presentation-dry lips, lips stuck to teeth, diffi culty swal-
lowing, sore mouth, foul odorous breath  

•   Symptom management—includes both saliva substitutes 
and saliva stimulants.
 –    Saliva stimulants include mints, chewing gum, malic 

acid, and pilocarpine [ 14 ].       

  Simple measures to relieve the dry mouth sensation :
•    Good oral hygiene, swab and moisten patient’s mouth 

every hour. Coat lips with ointment liberally  
•   Drinking liquids  
•   Humidifi ed air or oxygen  
•   Sucking on ice, hard candies, or vitamin C tablets, chew-

ing sugarless gum. Pineapple is a natural saliva stimulant 
and can be enjoyed in frozen form.  

•   Artifi cial salvia, products such as biotene, can be found 
over the counter  

•    Pilocarpine  stimulates muscarinic cholinergic receptors 
and can be used to treat xerostomia at doses of 5–10 mg 
PO three times daily.      

    Goals of Care: Overview to Communicating 
and Negotiating with Families 

     1.    Prepare and plan
 –    Establish setting and participants. Find space which 

allows privacy and minimizes interruptions. Introduce 
everyone in the room.  

 –   Review records and discuss with team. Be prepared to 
answer questions about prognosis, treatments being 
offered.      

   2.    Explore what the patient and family know, and how much 
they want to know
 –    Actively listen      

   3.    Share medical information in small amounts at a time
 –    Pause frequently to check for understanding and to 

allow questions  
 –   Discuss prognosis and benefi ts vs. burdens of treat-

ment options      
   4.    Show empathy as patient and family respond

 –    Use silence effectively      
   5.    Identify and resolve confl icts   
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   6.    Elicit values and preferences to set goals
 –    “What is most important to you?”      

   7.    Summarize and provide support
 –    Explain next steps clearly            
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      Abbreviations 

   AIDS    Acquired immunodefi ciency syndrome   
  ALS    Amyotrophic lateral sclerosis   
  BMI    Body mass index   
  BUN    Blood urea nitrogen   
  CHF    Congestive heart failure   
  CNS    Central nervous system   
  CT    Computed tomography   
  CVA    Cerebral vascular accident   
  FAST    Functional Assessment Staging Test   
  FEV1    Forced expiratory volume   
  HBsAg    Hepatitis B   
  INR    International normalized ratio   
  IV    Intravenous   
  KPS    Karnofsky Performance Scale   
  MAC     Mycobacterium avium  complex   
  MS    Multiple sclerosis   
  NYHA    New York Heart Association   
  PPS    Palliative Performance Scale   
  PR    Per rectum   
  PRN    As needed   
  PT    Prothrombin   
  RHF    Right heart failure   
  SQ    Subcutaneous   

         Introduction 

 Hospice offers care and support for people who are termi-
nally ill. The focus is on comfort, not on curing an illness. 
A specially trained team of professionals and caregivers 

 provide care for the “whole person” including his or her 
physical, emotional, social, and spiritual needs.
•    Services may include physical care, counseling, medication, 

equipment, and supplies related to the terminal illness.  
•   Care usually takes place in the home  
•   Family caregivers can also get support  
•   Hospice is a benefi t provided by Medicare but also many 

private insurances, HMOs and other managed care 
organizations.     

    Medicare Hospice Benefi ts [ 1 ] 

 Patients are eligible for Medicare hospice benefi ts when all 
of the following conditions are met:
•    Patient is eligible for Medicare Part A (Hospital Insurance, 

usually age >65 years or receives Medicare disability 
payments)  

•   Primary physician and the hospice medical director cer-
tify that patient is terminally ill and have ≤6 months to 
live if the illness runs its normal course  

•   Informed consent: patient or healthcare proxy signs a 
statement choosing hospice care instead of other 
Medicare-covered benefi ts to treat the terminal illness. 
(Medicare will still pay for covered benefi ts for health 
problems that aren’t related)  

•   Care is provided by a Medicare-certifi ed hospice 
program     

    Hospice Myths 

     Myth : Patient must die within 6 months  
   Truth : As long as the hospice medical director or other hos-

pice doctor recertifi es that patient is terminally ill, they 
can continue to receive hospice care. Documentation of 
clinical factors supporting a <6 month life expectancy is 
always required for certifying initial and continuing 
eligibility.  
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   Myth : Enrolling in hospice means giving up or withdrawing 
care.  

   Truth : Receiving hospice care does not mean giving up hope 
or that death is imminent. The earlier an individual 
receives hospice care, the more opportunity there is to sta-
bilize a patient’s medical condition and address other 
needs. Hospice care can improve symptom control and 
reduce patient/family distress. It is important to clarify 
this misconception—a hospice referral can mean increas-
ing intensity of home services and available resources.  

   Myth : You can’t keep your primary care doctor  
   Truth : Hospice reinforces the patient–primary physician 

relationship by advocating either offi ce or home visits, 
according to the physician preference. Hospices work 
closely with the primary physician and consider the con-
tinuation of the patient–physician relationship to be a 
high priority.  

   Myth : Hospice is a place you go to die  
   Truth : Hospice care usually takes place in an individual’s 

home, but can be provided in any environment in which a 
person lives, including a nursing home, assisted living 
facility, or residential care facility. It is a medical benefi t 
which provides care; it is not a physical place.     

    Guidelines for Qualifying Hospice Diagnoses [ 2 ]  

 Prognostication can be challenging for providers. Simply, if 
your answer to the question “Would you be surprised if this 
patient died within the year?” is “No,” a hospice referral may 
be indicated. Your patient could likely benefi t from hospice 
services if they’ve been admitted to the hospital several 
times within the last year with the same symptoms. Also if 
they wish to remain at home, rather than spend time in the 
hospital and/or they are no longer receiving treatments 
intended to cure their disease. 
 Functional status plays a large role in prognostication 
and determining eligibility for hospice benefi ts. The most 
commonly used and validated tools are the Karnofsky 

Performance Scale (KPS) (Table  29.1 ) [ 3 ] and the Palliative 
Performance Scale (PPS).
   A patient should have a KPS < 70 % (see below) to be con-
sidered for hospice. Progressive clinical decline within the 
previous year, with documented medical complications, sup-
port the prediction of life expectancy <6 months. 

  Indications of worsening status for any illness may include :
•    Recurrent or intractable fevers, infections such as pneu-

monia, sepsis, or upper urinary tract, stage III–IV decubi-
tus ulcers after treatment.  

•   Weight loss not due to reversible causes, decreasing 
serum albumin or cholesterol  

•   Dysphagia leading to recurrent aspiration and/or inade-
quate oral intake  

•   Increasing frequency of emergency room visits, hospital-
izations, or provider visits.    

    Co-morbidities 

 When one or more of the following is present, in addition to 
the terminal diagnosis, it should be taken into account as 
likely to predict poorer survival:
•    Chronic obstructive pulmonary disease  
•   Congestive heart failure  
•   Ischemic heart disease  
•   Diabetes mellitus  
•   Neurologic disease (CVA, ALS, MS, Parkinson’s)  
•   Renal failure  
•   Liver disease  
•   Neoplasia  
•   AIDS  
•   Dementia    

  Disease - Specifi c Guidelines for Hospice Qualifi cation : 
used in conjunction with the foregoing general guidelines on 
clinical decline, if the terminal diagnosis is specifi c. Note: not 
all signs are required but support eligibility when present. 

   Table 29.1    Karnofsky Performance Scale [ 3 ]   

 General category  %  Specifi c criteria 

 Able to carry on normal activity  100  Normal general status—no complaint—no evidence of disease 
 No specifi c are needed  90  Able to carry on normal activity—minor sign of symptoms of disease 

 80  Normal activity with effort, some signs of symptoms of disease 
 Unable to work  70  Able to care for self, unable to carry on normal activity or do work 
 Able to live at home and care for most personal needs  60  Requires occasional assistance from others, frequent medical care 
 Various amount of assistance needed  50  Requires considerable assistance from others, frequent medical care 
 Unable to care for self  40  Disabled, requires special care and assistance 
 Requires institutional or hospital care or equivalent  30  Severely disables, hospitalization indicated, death not imminent 
 Disease may be rapidly progressing  20  Very sick, hospitalization necessary, active supportive treatment necessary 
 Terminal states  10  Moribund 

 0  Dead 
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    End Stage Renal Disease 
   Clinical Signs 
•     Uremia: confusion, obtunded, generalized pruritus  
•   Intractable nausea and vomiting  
•   Oliguria: urine output of less than 400 cm 3 /24 h  
•   Intractable hyperkalemia: persistent serum potassium 

more than 7.0 not responsive to medical treatment  
•   Uremic pericarditis  
•   Hepatorenal syndrome  
•   Intractable fl uid overload, not planning hemodialysis  
•   Discontinuation of dialysis     

   Laboratory Criteria 
•     BUN >100; creatinine clearance of less than 10 cm 3 /min 
•  Serum creatinine of more than 8.0 mg/dL, or creatinine 

>6.0 mg/dL with congestive heart failure or diabetes      

    End Stage Pulmonary Disease 
   Clinical Signs 
•     Dyspnea on exertion or at rest  
•   Homebound/chair bound  
•   Increased hospitalizations for pulmonary infections  
•   Copious/purulent sputum  
•   Cyanosis: fi ngertips, lips  
•   Barrel chested  
•   Poor response to bronchodilators  
•   Right heart failure (RHF) secondary to pulmonary dis-

ease (Cor pulmonale) (e.g., not secondary to left heart 
disease or valvulopathy)  

•   Unintentional weight loss in the past 6 months  
•   Resting tachycardia     

   Laboratory Criteria 
•     Decrease in FEV1 on serial testing of greater than 40 mL/

year (objective evidence of disease progression)  
•   FEV1 less than 30 % of predicted (objective evidence for 

disabling dyspnea)  
•   Hypercapnia;  p CO 2  > 50 mmHg  
•   Oxygen dependent; O 2  sat < 88 % on room air      

    End Stage Liver Disease 
   Clinical Signs 
•     Cirrhosis/hepatic failure—not a candidate for liver 

transplant  
•   Ascites refractory to medical management  
•   Muscle wasting with reduced strength and endurance  
•   Hepatic encephalopathy refractory to medical 

management  
•   Progressive malnutrition  
•   Recurrent variceal bleeding/spontaneous bacterial 

peritonitis  
•   Hepatorenal syndrome; oliguria, urine Na < 10 mEq/L, 

elevated BUN/creatinine     

   Laboratory Criteria 
•     INR > 1.5, PT > 5 s over control  
•   Serum albumin <2.5 g/dL    

 These factors also support an estimated life expectancy of 6 
months or less in patients with liver disease:
•    Continued active alcoholism (>80 g ethanol/day)  
•   Hepatocellular carcinoma  
•   HBsAg (Hepatitis B) positivity or Hepatitis C refractory 

to interferon treatment      

    End Stage Cardiac Disease 
   Clinical Signs 
•     Symptoms of CHF at rest—NYHA Class IV  
•   Optimal dose of diuretic and vasodilator therapy  
•   SVT or ventricular arrhythmia resistant to therapy  
•   History of cardiac arrest, syncope, cardiogenic brain 

embolism  
•   Ejection fraction of 20 % or less (not required but sup-

ports eligibility)  
•   Patient declines or is ineligible for surgical intervention      

    Cancer/Malignancy 
 Certain cancers with especially poor prognoses (e.g., small 
cell lung cancer, brain cancer, and pancreatic cancer) may 
represent hospice eligibility without use of the below brief 
guidelines.
•    Disease with distant metastases at presentation  or  pro-

gression from an earlier stage of disease to metastatic dis-
ease with;  

•   A continued decline in spite of therapy or patient declines 
further treatment     

    End-Stage Stroke and Coma 
 Eligibility guidelines for  end - stage stroke  patients include 
the following:
•    KPS < 40 % and inability to maintain hydration and 

caloric intake with one of the following:  
•   Weight loss >10 % in the last 6 months or >7.5 % in the 

last 3 months  
•   Serum albumin <2.5 g/dL  
•   Current history of pulmonary aspiration  
•   Sequential calorie counts documenting inadequate 

caloric/fl uid intake  
•   Dysphagia severe enough to prevent patient from continu-

ing fl uids/foods necessary to sustain life and patient does 
not receive artifi cial nutrition and hydration    

 Diagnostic imaging factors which support poor prognosis 
after stroke include: 

   For Non-traumatic Hemorrhagic Stroke 
•     Large-volume hemorrhage on CT (Infratentorial = 20 mL; 

Supratentorial = 50 mL)  
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•   Ventricular extension of hemorrhage, surface area of 
involvement of hemorrhage = 30 % of cerebrum, mid-
line shift = 1.5 cm.  

•   Obstructive hydrocephalus in patient who declines, or 
is not a candidate for, ventriculoperitoneal shunt     

   For Thrombotic/Embolic Stroke 
•     Large anterior infarcts with both cortical and subcorti-

cal involvement, large bihemispheric infarcts, basilar 
artery occlusion, bilateral vertebral artery occlusion    

 Eligibility guidelines for  end - stage coma : 
 Patients are hospice-eligible if they have any three of the 
following  on day 3  of coma:
•    Abnormal brain stem response  
•   Absent verbal response  
•   Absent withdrawal response to pain  
•   Serum creatinine >1.5 mg/dL      

    End Stage Alzheimer’s 
 To qualify for hospice a patient needs a FAST score of at 
least 7 (see below) and must also have one of the following 
in the past 12 months:
•    Recurrent aspiration pneumonia, sepsis  
•   Pyelonephritis or upper urinary tract infection  
•   Recurrent fever after antibiotic therapy  
•   Decubitus ulcers, multiple, stage 3–4  
•   Inability to maintain suffi cient fl uid and calorie intake 

with 10 % weight loss during the previous 6 months or 
serum albumin <2.5 g/dL.    

 The FAST score was developed by Barry Reisberg, MD, at 
New York University Medical Center’s Aging and Dementia 
Research Center. The FAST score measures the stages of 
Alzheimer’s disease. In the absence of a defi nitive Alzheimer’s 
diagnosis, the FAST score is also used to assess dementia.    

    Functional Assessment Staging (FAST) [ 4 ] 

     1.     No diffi culty , either subjectively or objectively.   
   2.    Complains of forgetting location of objects.  Subjective 

work diffi culties .   
   3.    Decreased job functioning evident to co-workers. 

Diffi culty in traveling to new locations.  Decreased 
organizational capacity .   

   4.     Decreased ability to perform complex tasks , e.g., plan-
ning dinner for guests, handling personal fi nances (such as 
forgetting to pay bills), diffi culty marketing, etc.   

   5.     Requires assistance in choosing proper clothing  to 
wear for the day, season, or occasion, e.g., patient may 
wear the same clothing repeatedly, unless supervised.   

         6a.     Improperly putting on clothes without assistance or 
cuing  (e.g. may put street clothes on over night clothes, 
or put shoes on wrong feet, or have diffi culty buttoning 

clothing) occasionally or more frequently over the past 
weeks.   

   6b.    Unable to bathe (shower) properly (e.g.,  diffi culty 
adjusting bath-water (shower) temperature ) occa-
sionally or more frequently over the past weeks.   

   6c.     Inability to handle mechanics of toileting  (e.g., forgets 
to fl ush the toilet, does not wipe properly or properly 
dispose of toilet tissue) occasionally or more frequently 
over the past weeks.   

   6d.     Urinary incontinence  (occasionally or more frequently 
over the past weeks).   

   6e.     Fecal incontinence  (occasionally or more frequently 
over the past weeks).       

   7a.            Ability to speak limited to approximately  a half a dozen 
intelligible different words or fewer , in the course of 
an average day or  in the course of an intensive 
interview .   

   7b.    Speech ability limited to the use of  a single intelligible 
word  in an average day or  in the course of an interview  
(the person may repeat the word over and over).   

   7c.    Ambulatory ability lost ( cannot walk without personal 
assistance ).   

   7d.     Cannot sit up without assistance  ( e.g ., the individual 
 will fall over if there are no lateral rests [arms] on the 
chair ).   

   7e.     Loss of ability to smile.    
   7f.     Loss of ability to hold up head independently.          

    Adult Failure to Thrive 

 Both features must be present:
    1.     Nutritional impairment

    (a)    BMI < 22   
   (b)    Serum albumin <2.5 g/dL   
   (c)    Unexplained weight loss despite adequate caloric 

intake   
   (d)    Refusal of oral/parenteral support       

   2.    PPS or Karnofsky score 40 % or less      

    Debility Unspecifi ed 

 Progressive decline of clinical status and function caused by 
contributing disease processes and co-morbidities, as evi-
dence by:
•    Decline of PPS or KPS  
•   Increasing symptoms of illness, recurrent hospitaliza-

tions, emergency visits.  
•   Dysphagia leading to inadequate nutritional intake or 

recurrent aspiration  
•   Nonreversible weight loss, cachexia  
•   Progressive pressure ulcers in spite of optimal care  
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•   Decline in cognitive level, FAST score 7a or greater.  
•   Dependence with feeding, ambulation, continence, trans-

fers, bathing, and dressing.     

    End Stage AIDS 

•     CD4 count <25 cells/μL; viral load >100,000 copies/mL, 
KPS < 50 %  

•   CNS lymphoma; untreated, or persistent despite 
treatment  

•   Wasting (loss of at least 10 % lean body mass)  
•   History of successive opportunist infections: 

 Mycobacterium avium  complex (MAC) bacteremia, pro-
gressive multifocal leukoencephalopathy, cryptosporid-
ium infection, toxoplasmosis.  

•   Visceral Kaposi’s sarcoma, unresponsive to therapy    
 These factors also support an estimated life expectancy of 6 
months or less in AIDS patients: chronic persistent diarrhea 
for 1 year, persistent serum albumin <2.5 g/dL, active sub-
stance abuse, age >50 years, absence of or resistance to 
effective antiretroviral, chemotherapeutic, and prophylactic 
drug therapy.   

    Inpatient Hospice Care 

 Although hospice services are usually provided at home, 
some patients develop acutely worsening symptoms that 
require inpatient care for a period of time. Admission to an 
inpatient unit can also be used as respite for the family and 
caregivers. 

 Common problems to anticipate in the inpatient unit 
include symptoms such as pain, agitation, dyspnea, insom-
nia, as well as psychosocial issues and preparation for 
death.  

    Orders to Consider 

 –     Ativan 0.5 mg Q8h IV/SQ PRN anxiety  
 –   Haldol 0.5 mg IV/SQ PRN agitation/restlessness  
 –   Morphine 2 mg Q4h IV/SQ PRN pain or dyspnea  
 –   Acetaminophen 650 mg PR PRN fever  
 –   Bisacodyl suppository PRN constipation  
 –   Scopolamine patch 1.5 mg Q72h for increased respiratory 

secretions  
 –   Glycopyrrolate 0.2–0.4 mg SQ Q4h PRN increased respi-

ratory secretions  
 –   Reglan 10 mg IV Q6h PRN nausea/vomiting, or prochlor-

perazine 25 mg PR Q12h PRN  
 –   Do not resuscitate  
 –   Oral hygiene every 4 h  

 –   Diet; per patient’s ability and swallow evaluation. If eat-
ing, monitor for aspiration.     

    Psychosocial Considerations 

    Religion/Spirituality 

 Clinicians must address and work to alleviate suffering from 
all domains. There is a high prevalence of existential distress 
in terminally ill patients, a spiritual history should be 
included in the social history for every patient. Patients 
whose spiritual needs are not met report lower ratings of 
quality and satisfaction with care. 
 Spiritual Screening Questions [ 5 ]:
•    Is religion/spirituality important to you as you cope with 

your illness?  
•   How much strength/comfort do you get from your reli-

gion/spirituality right now?  
•   Has there ever been a time when religion/spirituality was 

important to you?    
 Exploration of religious or spiritual beliefs, including hope, 
values, and meaning, demonstrates compassion and caring. Be 
willing to listen, explore, and empathize without attempting an 
explanation. This kind of interaction can open up an opportu-
nity to involve professionals, such as hospital chaplains.  

    Family Dynamics and Addressing Goals of Care 

 At the end of life, the burden of treatments can outweigh the 
benefi ts. A treatment may be withheld if it is seen to be medi-
cally futile or withdrawn if there is no demonstrated value 
[ 6 ]. Decisions of how aggressively to treat acute problems, 
such as malignant bowel obstruction and aspiration pneumo-
nia, can be guided by patient’s previous wishes, advanced 
directives and always include shared medical decision mak-
ing with patient and family.  

    Imminently Dying and End of Life Care 

 When recognized that a patient is imminently dying, this 
should be communicated in a calm and caring way to the 
family members to allow for preparation. Notify members of 
the team and increase emotional support. Provide reassur-
ance to family that the patient’s comfort will be prioritized. 
When handled properly, the family can have realistic expec-
tations which will ease their suffering. 

 Preparing the family, what to expect;
•     Decreased alertness  
•  Patient is expected to be bedbound, sleeping more, have 

increased weakness and fatigue, can progress to coma. 

29 Hospice Medicine



210

Fluctuating levels of consciousness may be fi nal phase of 
terminal delirium. Although patients will often be barely 
communicative and nonverbal, encourage family, their 
presence is likely heard and felt.  

•    Potential for pressure ulcer formation increases . 
•  Gentle turning or repositioning—premedicate with opioid 

if needed.  
•    Decreased appetite ,  anorexia ,  inability to swallow . 
•  Teach families that forcing food can actually cause dis-

comfort. Food may be nauseating, or unappealing, patient 
may express refusal of food by clenching teeth. If not 
feeding is distressing to the family, offer thing they can do 
like massaging hands and feet, providing oral hygiene 
and ice chips.  

•    Dehydration ; is a natural part of dying, not associated 
with thirst or discomfort. Oral intake can lead to choking, 
aspiration, edema, ascites and does not contribute to 
comfort or longevity [ 7 ]. For comfort maintain oral 
hygiene and moisture to mouth, nose and eyes. Observe 
for thrush, coat lips with petroleum jelly, use artifi cial 
tears liberally.  

•    Decreased ability to swallow and cough  
•  Dying process impairs the gag refl ex, ability to clear 

secretions and protect the airway from aspiration. Pooling 
of saliva in the posterior oropharynx and retention of 
secretions in the tracheobronchial tree can lead to noisy 
respirations including gurgling, crackling, and rattling 
(“death rattle”) [ 8 ]. Management: suctioning can cause 
discomfort, instead, reposition to assist postural drainage. 
Medications: glycopyrrolate 0.2–0.4 mg SQ, atropine 
drops under tongue, or transdermal scopolamine patches.  

•    Changes in circulation ; cyanotic hand or feet, mottling, 
hypotension, tachycardia, dependent edema in extremi-
ties, oliguria/anuria, uremia. Administration of fl uids will 
not reverse circulatory shut down at this stage. Elevating 
affected extremities against gravity, shifting positions, 
and massage can be helpful.  

•    Changes in breathing ; long periods of apnea, shallow 
breaths, Cheyne Stokes pattern of irregular respirations. 
Reassure family, patient is not choking or suffocating. 
Oxygen is unlikely to help, but may have psychological 
benefi t for patient and/or family [ 9 ]. Opioids or benzodi-
azepines are appropriate to manage sensation of 
breathlessness.  

•    Agitation ; Very distressful symptom for families. When 
not improved with alteration of modifi able factors, consti-
pation, urinary retention, pain, etc., it can be secondary to 
terminal delirium. Terminal delirium requires standing 
medication for patient comfort and safety. Start with ati-
van 1 mg IV/SC Q8h and adjust as needed.      

    Pronouncing a Patient 

 Maintain a quiet, respectful attitude. Introduce yourself and 
role, determine relationships of persons present. Inform fam-
ily of purpose; invite to them to remain. 

 Empathize simply: “I am sorry for your loss.”  

    Death Pronouncement Note 

 “Patient seen and examined. Absence of spontaneous breath-
ing. Nonresponsive to verbal, tactile, or painful stimulation. 
Pupils fi xed and dilated, absent corneal refl ex. Absent heart 
sounds, no palpable pulse. Make a brief statement of cause 
of death. Date and time of death. Routine post mortem care.” 
Note: if family present or informed. Note notifi cation of SW, 
pastoral care, attending physician, as appropriate. 

 Bereavement is the period after a loss during which grief 
is experienced and mourning occurs. Allow time and space 
for grief reaction, even when death is expected. The hospice 
benefi t covers counseling and support from the interdisciplin-
ary team for the family after death. Social workers can assist 
the family with funeral arrangements, fi nancial concerns.     
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      Abbreviations 

   ADH    Antidiuretic hormone   
  CHF    Congestive heart failure   
   C  max     Concentration max/peak concentration   
  CNS    Central nervous system   
  CrCl    Creatinine clearance   
  CSF    Cerebral spinal fl uid   
  ESRD    End stage renal disease   
  GFR    Glomerular fi ltration rate   
  HD    Hemodialysis   
  IBW    Ideal body weight   
  M6G    Morphine-6-glucuronide   
  NSAID    Nonsteroidal anti-infl ammatory drugs   
  PD    Peritoneal dialysis   
  SIADH    Syndrome of inappropriate antidiuretic hormone 

secretion   
  SNRI    Serotonin–norepinephrine reuptake inhibitors   
  SSRIs    Selective serotonin reuptake inhibitors   
   t  1/2     Half-life   
  TCA    Tricyclic antidepressants   
  Vd    Volume of distribution   

          Introduction [ 1 ] 

•     Pain affects at least 50 % of dialysis patients  
•   Pain in patients with end stage renal disease (ESRD) on 

maintenance dialysis has been reported to decrease qual-
ity of life, and be under treated.  

•   WHO analgesic ladder has been validated in this 
population  

•   Etiology of pain in ESRD patients varies and often there 
are multiple causes.

 –    One study showed the majority (63 %) suffered 
from “musculoskeletal pain,” 13.6 % described 
recurrent pain related to the dialysis procedure (such 
as cramping, headaches, and pain related to access), 
and 12.6 % described pain from “peripheral neurop-
athy” [ 2 ].        

    Pharmacokinetics 

•     Evaluation of pharmacokinetics in renal insuffi ciency 
may be benefi cial if [ 3 ]:
 –    Drug or active metabolites exhibit a narrow therapeu-

tic index  
 –   Excretion or metabolism is mostly through the renal 

system  
 –   Active metabolites are highly protein bound leading to 

elevated levels in renal failure     
•   To achieve therapeutic concentrations a loading dose can 

be given, or it takes 3–4  t  1/2  to achieve a steady state [ 4 ].  
•   In renal failure, medication dosing can be altered by 

decreasing the dose, increasing the dosing interval, or both.
 –    A medication can be given at the same frequency if the 

 t  1/2  is short, and there is a narrow therapeutic range [ 4 ].  
 –   Dosing interval may be increased if there is a broad ther-

apeutic range, long  t  1/2 , or for dialysis patients [ 4 ].     
•    Clearance during dialysis 

 –    Properties of drugs that are removed by dialysis:
   Small molecular weight (<500 Da), low protein bind-

ing (<90 %), and small volume of distribution 
(Vd) [ 4 ]     

 –   Drugs cleared by dialysis are usually dosed once daily, 
and should be dosed after dialysis [ 4 ].        
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    Estimates of Renal Function 

•     The FDA recommends use of creatinine clearance (CrCl) 
calculated by the Cockcroft–Gault formula as measure of 
glomerular fi ltration rate (GFR) or renal function when 
dosing medications [ 3 ].  

•   Based on serum creatinine [ 3 ,  5 ]
 –    CrCl = [(140 − age) × IBW (ideal body weight) (in kg)]/

[72 × serum Cr (in mg/dL)]
   In women × 0.85 IBW     

 –   IBW (Men) = 50.0 kg + 2.3 kg/in over 5 ft  
 –   IBW (Women) = 45.5 kg + 2.3 kg/in over 5 ft        

    Defi nitions of Renal Function [ 3 ] 

•      Normal renal function : CrCl > 80 mL/min  
•    Chronic kidney disease  (CKD)

 –    Mild impairment: CrCl 50–80 mL/min  
 –   Moderate impairment: CrCl 30–50 mL/min  
 –   Severe impairment: CrCl < 30 mL/min  
 –   End stage renal disease (ESRD): patients requiring 

dialysis        

    Pain Medication Classifi cations 

    Acetaminophen (Tylenol) 

 National Kidney Foundation recommended as nonnarcotic 
analgesic for mild–moderate pain in patients with CKD [ 6 ].
•     Metabolism 

 –    Metabolized in the liver     
•    Side effects 

 –    Hepatotoxicity  
 –   Some studies suggest use of 500 mg–1 g/kg for an 

extended time can cause papillary necrosis.
   Insuffi cient evidence of acetaminophen causing kid-

ney disease [ 6 ]        
•    Dosing recommendation  [ 4 ,  5 ]

 –    No dose adjustment needed; increase dosing interval:
   ◾ CrCl 10–50 mL/min to every 6 h  
  ◾ CrCl < 10 mL/min to every 8 h  
  ◾ HD/PD dose as CrCl < 10 mL/min           

    Nonsteroidal Anti-infl ammatory Drugs 

•        Ex: Celebrex, Naprosyn, Advil, Voltaren   
•       Mechanism 

 –       Works through inhibition of prostaglandin production 
by COX-1 and COX-2 enzymes   

 –      COX-2 selective agents are suggested to have 
decreased GI and hematological effects, but patients 
with CKD were excluded from these trials [ 7 ].   

 –      Prostaglandins I2 and E2 increase renal perfusion by 
decreasing vascular resistance through dilation of vas-
culature [ 8 ].
 n    Reduction of these prostaglandins may compromise 

renal blood fl ow and lead to acute kidney injury       
•          Side effects 

 –       Increase risk of bleeding
 n    Patients with uremia are already predisposed to 

platelet dysfunction [ 7 ].      
 –      Increased cardiovascular risks with use of COX-2 

inhibitors
 n    CKD and ESRD patients have higher rates of car-

diovascular death at baseline compared to the gen-
eral population [ 7 ].      

 –      Hypertension
 n    Increase systolic blood pressure by 5 mmHg in 

patients with hypertension [ 7 – 10 ]  
 n   Use of nonsteroidal anti-infl ammatory drugs 

(NSAIDs) will decrease the antihypertensive effects 
of diuretics, beta-blockers, and ACE inhibitors [ 8 ,  9 ].      

 –      Edema
 n    Reported in 3–5 % of NSAID users with weight 

gain of 1–2 kg [ 7 ,  8 ]  
 n   Effects distal sodium and water reabsorption by 

inhibiting ADH [ 8 ]      
 –      Electrolyte abnormalities (hyponatremia, hyperkale-

mia) [ 7 ,  8 ]
 n    Risk of hyperkalemia is severe in CKD  
 n   Increased risk with comorbidities such as diabetes 

and congestive heart failure (CHF)  
 n   Increased risk if on medications that may increase 

potassium including ACE-I, ARB, B blockers, 
potassium sparing diuretics [ 7 ].

 ◆    Indomethacin decreases cellular potassium reup-
take [ 8 ].     

 n   Usually resolves with stopping the NSAID [ 8 ]      
 –      Reduction in GFR

 n    Important even in patients with ESRD
 ◆    Residual renal function may have benefi t in 

overall morbidity and mortality [ 7 ]  
 ◆   Increased risk in patients with underlying CKD, 

the elderly and low perfusion states including 
CHF and cirrhosis, and those prone to dehydra-
tion (e.g., on diuretics) [ 6 ,  8 ]     

 n   Renal papillary necrosis may be acute or chronic, 
and cause permanent renal damage

 ◆    Acute damage is associated with NSAID over-
dose in patients who are dehydrated [ 8 ]  

 ◆   Chronic is a form of analgesic nephropathy and 
occurs after prolonged use (5–20 years) [ 8 ]     

 n   Risk of interstitial nephritis and nephrotic 
syndrome       

•          Dosing recommendation 
 –       Used with caution for time-limited treatments in ESRD 

and under the supervision of a physician [ 6 ,  7 ]   
 –      Not recommended in patients with CKD    
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          Topical Medications 

    Lidocaine Patch (Lidoderm Patch) [ 11 ] 
•      Metabolism  [ 11 ]

 –    Hepatic metabolism to metabolites, some of which are 
active  

 –   Excreted by renal system with less than 10 % of parent 
drug excreted unchanged in urine  

 –   Dialysis is not useful in treating overdose
   Approximately 70 % protein bound; volume of distri-

bution 0.7–2.7 L/kg        
•    Dosing 

 –    Not defi ned        

    Diclofenac Epolamine Topical Patch (Flector 
Patch) [ 12 ,  13 ] 
•      Metabolism 

 –    Topical NSAIDs [ 12 ]
   Case reports have described use of topical NSAIDs 

and development of acute renal failure, suggesting 
that systemic absorption occurs.        

•    Dosing  [ 13 ]
 –    Not recommended in patients with advanced renal disease  
 –   If used, monitoring of renal function is recommended         

    Tricyclic Antidepressants (TCA) 

    Amitriptyline (Elavil), Nortriptyline (Pamelor), 
Desipramine (Norpramin) 
•         Metabolism 

 –       Mostly through hepatic routes   
 –      ESRD patients may have elevated levels of glucuroni-

dated metabolites, which may increase sensitivity to 
side effects.
 n    Desipramine—metabolized by liver, 70 % excreted 

in urine [ 14 ]       
•          Side Effects  [ 7 ,  15 ]

 –       Anticholinergic effects:
 n    Sedation, dry mouth, orthostatic hypotension, con-

stipation, urinary retention, delirium, blurred vision  
 n    Desipramine  and  Nortriptyline  have fewer anti-

cholinergic effects and may be better tolerated [ 15 ].  
 n   Dry mouth can worsen thirst and ESRD patients are 

typically fl uid restricted to avoid weight gain 
between dialysis treatments.      

 –      Conduction abnormalities including prolonged QTc
 n    In ESRD patients, intradialytic hypokalemia, hypo-

calcemia, and alkalosis may occur, all which may 
transiently increase QTc [ 7 ].  

 n   Patients maintained on diuretic therapy are also at 
increased risk of electrolyte abnormalities.       

•          Dosing Recommendations  [ 4 ,  15 ,  16 ]
 –       Start at the lowest dose with slow titration every 1–2 

weeks
 n    Drug level monitoring in hemodialysis patients 

being treated for depression showed that most were 
below the lower limit of the therapeutic range of 
 amitriptyline, suggesting inadequate dosing in this 
population.  

 n   One study showed a signifi cant decrease in amitrip-
tyline concentrations (26 %) after dialysis, thought 
to be due to conversion to nortriptyline.      

 –       Amitriptyline  [ 15 ]
 n    CKD dosing ranges from 10 to 150 mg daily

 ◆    No dosing changes for HD/PD [ 4 ]         
 –      Nortriptyline [ 15 ]

 n    CKD dosing ranges from 25 to 150 mg daily  
 n   No dosing changes for HD/PD [ 4 ]       

          Desipramine [ 15 ] 
•     CKD dosing ranges from 25 to 100 mg daily      

    Serotonin–Norepinephrine Reuptake 
Inhibitors (SNRIs) 

    Venlafaxine (Effexor) 
•         Metabolism  [ 17 ]

 –       Metabolized through hepatic routes into an active 
metabolite,  O -desmethylvenlafaxine   

 –      Primary mode of excretion is through the renal 
system
 n    Elimination t1/2 increased by 50 % in renal failure  
 n   Excretion reduced by 24 % in CrCl < 70 mL/min [ 17 ]  
 n   In ESRD patients clearance is reduced by 57 % and 

 t  1/2  increased by 180 % [ 17 ].       
•          Side effects 

 –       Fewer side effects than TCAs   
 –      Nausea, dry mouth   
 –      Dose-dependent elevations in blood pressure   
 –      Withdrawal symptoms if discontinuation is abrupt    

•          Dosing Recommendations  [ 4 ,  17 ]
 –       Dose reduction for CKD   
 –      Dosing for normal renal function: 75–225 mg daily

 n    CrCl 10–50 mL/min: Decrease by 50 % [ 4 ]  
 n   CrCl < 10 mL/min or ESRD: Decrease by 50 %

 ◆    Recommended to dose postdialysis          

          Duloxetine (Cymbalta) 
•      Metabolism 

 –    Hepatic metabolism into inactive metabolites [ 18 ]  
 –   72 % of administered dose is excreted in urine as par-

ent drug or metabolites [ 18 ]  

30 Pain Management in Patients with Renal Impairment



216

 –   Large Vd and between 95 and 96 % are protein 
bound [ 18 ]  

 –   Peak concentration ( C  max ) and bioavailability (or area 
under the curve—AUC) for duloxetine exposure were 
approximately two times higher in ESRD patients [ 18 ]
   In ESRD and non-ESRD patients,  t  1/2  was similar.     

 –   Inactive metabolites had higher  C  max  and AUC in ESRD 
compared to non-ESRD patients by two- to ninefold  

 –    t  1/2  of metabolites were 27 h vs. 12 h or 2.1 × longer in 
ESRD patients [ 18 ]  

 –   Mild and moderate renal impairment does not have an 
important clinical effect on duloxetine levels [ 18 ]     

•    Side Effects  [ 18 ]
 –    ESRD patients

   ◾ Nausea, vomiting, and diarrhea were more common  
  ◾ Increase in mean supine systolic blood pressure by 

10 mmHg  
  ◾ Increased orthostasis (decrease in SBP > 15 mmHg) 

6 to 12 h after drug administration, though clini-
cally asymptomatic  

  ◾ No signifi cant changes in QTc        
•    Dosing  [ 18 ]

 –    Normal dosing for diabetic neuropathy/fi bromyalgia is 
60 mg daily  

 –   Dose adjustments not recommended for mild or mod-
erate renal insuffi ciency (CrCl > 30 mL/min)  

 –   Not recommended for use in patients with ESRD or 
severe renal impairment (CrCl < 30 mL/min)        

    Milnacipran (Savella) 
•      Metabolism  [ 19 ,  20 ]

 –    Mainly eliminated in urine
   ◾ 80 % of single dose is recovered in urine as parent 

drug or metabolites in 24 h, 90 % at 5 days [ 19 ].  
  ◾ Less than 2 % eliminated in the feces  
  ◾ 50–60 % of dose excreted unchanged, 20–30 % as 

conjugated, rest as inactive metabolites     
 –   Elimination  t  1/2  increased 3 × in patients with severe 

renal insuffi ciency [ 19 ]  
 –   Average t 1/2  8.3 h, with mean of 15 h for patients with 

renal insuffi ciency ranging from 8.6 to 24.6 h [ 19 ]  
 –   Others estimate increase in elimination  t  1/2  by 38, 41, 

and 122 % in patients with mild, moderate, and severe 
renal insuffi ciency [ 20 ].  

 –   Renal insuffi ciency causes a slower elimination and 
increase in plasma concentrations, proportional to 
degree of renal failure [ 19 ].
   ◾ Higher and more variable plasma concentrations 

with AUC increased by 16, 52, and 199 % in mild, 
moderate, and severe renal insuffi ciency [ 19 ].  

  ◾ Low protein binding (13 %) but high volume of 
distribution, suggestive of poor clearance with 
dialysis [ 20 ].        

•    Side Effects  [ 19 ,  20 ]
 –    Nausea and vomiting suggested to be more severe in 

patients with severe renal insuffi ciency (CrCl < 18 mL/
min) [ 16 ].  

 –   Elevation in blood pressure in patients with and with-
out hypertension [ 20 ]  

 –   Hyponatremia due to syndrome of antidiuretic hor-
mone secretion (SIADH).
   Patients at increased risk are elderly, are on diuretics, 

or are volume depleted [ 20 ].     
 –   Dysuria, urinary retention also described [ 20 ]     

•    Dosing Recommendations  [ 20 ]
 –    Recommended to use with caution in patients with 

moderate renal insuffi ciency [ 20 ]  
 –   CrCl < 29 mL/min

   ◾ Decrease dose by 50 % to 25 mg twice a day [ 20 ]  
  ◾ Can increase to 50 mg twice daily based on tolerance     

 –   Not recommended for use in patients with ESRD [ 20 ]         

    Anticonvulsants 

    Gabapentin (Neurontin) 
•      Metabolism  [ 7 ]

 –    Elimination correlated to renal function as excreted 
unchanged in urine  

 –   Prolonged  t  1/2  in renal failure, from 5–7 h to 52–132 h  
 –   Dialysis has been estimated to remove approximately 

35 % of drug     
•    Side Effects  [ 21 ,  22 ]

 –    Central nervous system (CNS) effects: asterixis, myoc-
lonus, tremor, confusion, coma, ataxia, somnolence, 
lethargy, dizziness  

 –   Increased risk of edema  
 –   Suggested that patients with renal insuffi ciency may 

be at increased risks     
•    Dosing Recommendations 

 –    Dose adjustment in CKD: [ 5 ,  23 ]  
 n   CrCl > 30–59 mL/min: 400–1400 mg/day  
 n   CrCl > 15–29 mL/min 200–700 mg/day  
 n   CrCl 10–50 mL/min some sources recommend 

increasing dosing interval every 12–24 h [ 4 ]  
 n   CrCl < 15 mL/min: 100–300 mg/day or every 48 h [ 4 ]  

 –   Hemodialysis:
   ◾ 300 mg loading dose followed by 200 or 300 mg 

postdialysis [ 7 ]  
  ◾ Recommended not to exceed 300 mg/day [ 7 ]     

 –   Peritoneal Dialysis:
   ◾ Recommend up to 300 mg every other day [ 5 ]           

   Pregabalin (Lyrica) 
•      Metabolism 

 –    Mostly excreted in urine  
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 –   Dialysis has been estimated to remove 50–60 % of 
drug [ 24 ]     

•    Side effects 
 –    Dizziness, somnolence, ataxia, and peripheral edema  
 –   Case reports of decompensated heart failure requiring 

increased diuretic therapy [ 25 – 27 ]
   ◾ Theorized to be due to the drugs effect on calcium 

channels in the myocardium  
  ◾ Case report of myoclonus in a hemodialysis 

patient [ 24 ]        
•    Dosing Recommendations  [ 28 ]

 –    Dose adjustment and increased dosing interval for CKD:  
 n   CrCl 30–60 mL/min—50 % of normal dose

 ◆    75–300 mg/day; dose frequency of two to three 
times a day     

 n   CrCl 15–30 mL/min
 ◆    25–150 mg/day; dose frequency of two times a 

day or daily     
 n   CrCl < 15 mL/min

 ◆    25–75 mg/day; dose frequency daily     
 –   Hemodialysis: supplemental dose given after 

treatment
 n    If on 25 mg qD, supplemental dose of 25–50 mg  
 n   If on 25–50 mg qD, supplemental dose of 50–75 mg  
 n   If on 50–75 mg qD, supplemental dose of 75–100 mg  
 n   If on 75 mg qD, supplemental dose 100 or 150 mg           

   Topiramate (Topamax) 
•         Metabolism  [ 29 ]

 –       Approximately 70 % is eliminated unchanged in urine
 n    Clearance decreased by

 ◆    42 % in moderate renal impairment (CrCl 
30–69 mL/ min/1.72 m 2 )  

 ◆   54 % in severe renal impairment (CrCl < 30 mL/
min/1.73 m 2 )         

 –      Cleared 4–6 x greater during greater during dialysis as 
compared to general population    

•          Side Effects 
 –       Nonanion gap acidosis [ 29 – 33 ]

 n     Described to cause renal tubular acidosis and may 
have hypokalemia  

 n    Inhibition of carbonic anhydrase leads to renal loss 
of bicarbonate [ 29 ]

 ◆    For migraine: incidence of persistent decrease in 
bicarbonate 44 % at doses of 200 mg/day, 39 % 
for 100 mg/day, 23 % for 50 mg/day [ 29 ]  

 ◆   Incidence of bicarbonate <17 and >5 mEq/L 
decrease from pretreatment was 11 % for 
200 mg/day, 9 % for 100 mg/day and 2 % for 
50 mg/day [ 29 ]     

 n    Untreated acidosis may increase risk of kidney 
stones, nephrocalcinosis, osteomalacia      

 –      CKD patients may be at increased risk of 
acidosis [ 29 ]
 n     May have increased risk when used with carbonic 

anhydrase inhibitors
 ◆    Recommend to follow bicarbonate levels during 

treatment [ 29 ,  33 ]  
 ◆   If persistent acidosis can dose reduce, consider 

switching to a different medication or supple-
ment with alkali (bicarbonate) [ 29 ,  33 ]         

 –       Kidney stones [ 29 ,  34 ]
 n     Of patients being treated with topiramate for sei-

zures, 1.3–1.5 % developed kidney stones [ 29 ]  
 n    Patients with stones had decreased urinary acidifi -

cation and low urinary citrate [ 34 ]  
 n    Patients should be encouraged to increase water 

intake to decrease risk of stone formation [ 33 ].       
•         Dose Adjustments

 –       Moderate to severe renal impairment (CrCl 10–50 mL/
min) [ 5 ,  29 ]
 n    Dose reduce by 50 %      

 –      CrCl < 10 [ 5 ]
 n    Dose reduce by 75 %

 ◆    For migraine dosing in normal renal function—
start at 25 mg/day with titration to 100 mg/day 
divided into BID dosing [ 29 ]         

 –      ESRD on dialysis [ 29 ]
 n    Dose after dialysis  
 n    Seizure prophylaxis may require supplemental dos-

ing on dialysis days             

   Carbamazepine (Tegretol) 
•      Metabolism 

 –    Hepatic metabolism  
 –   Renal excretion accounts for 1–3 % of unchanged 

parent drug and approximately 69 % of metabolites 
[ 35 ,  36 ].  

 –   Molecular weight is 236 Da, volume of distribution 
0.8–1.8 L/kg, and 75–78 % protein bound [ 35 ,  37 ]
   In cases of overdose, clearance during 4 h, low effi -

ciency hemodialysis has been shown to be approxi-
mately 24–25 % [ 35 ].        

•    Side Effects :
 –    Somnolence, dizzy, ataxia, agranulocytosis, consti-

pation, nausea, CHF, edema, acute renal failure, 
hepatotoxicity  

 –   Hyponatremia [ 36 ]     
•    Dose Adjustment 

   No dose adjustment for ESRD or CKD [ 4 ]         
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    Muscle Relaxants 

   Metaxalone (Skelaxin) 
•      Metabolism  [ 38 ]

 –    Hepatic metabolism  
 –   Metabolites are excreted in urine  
 –   Large volume of distribution and is lipophilic

   Suggestive that drug is poorly dialyzable     
 –   Impact of renal disease on pharmacokinetics have not 

been determined     
•    Side effects  [ 38 ]

 –    Drowsiness, dizziness, headache, nervousness, nausea, 
vomiting     

•    Dosing  [ 38 ]
 –    Recommended to use with caution in patients with 

renal dysfunction  
 –   Signifi cant impairment is considered a contraindication        

   Tizanidine (Zanafl ex) 
•      Metabolism 

 –    70 % is excreted through the renal system
   Compared to patients with normal renal function, clear-

ance is estimated to be reduced by greater than 50 % 
in elderly patients with CrCl < 25 mL/min [ 39 ].     

 –   AUC in patients with renal failure is seven times that 
of a patient without renal failure so effect may be pro-
longed [ 39 ]  

 –   Unclear removal by dialysis [ 40 ]     
•    Side Effects 

 –    Weakness, fatigue, tiredness, somnolence, dry mouth, 
increased spasm, and dizziness [ 39 ]  

 –   Hypotension and bradycardia [ 39 ]
   Case report of bradycardia in a hemodialysis patient [ 40 ]     

 –   Prolonged QT in animal studies of chronic toxicity [ 39 ]     
•    Dosing Recommendations  [ 39 ]

 –    Normal dosing
   Start at 4 mg and up titrate  
  Dosing frequency: every 6–8 h  
  Max of 3 doses per day, and maximum dose of 

36 mg/day.     
 –   Renal dosing—not well defi ned

   Recommended to use with caution, and dose reduc-
tions should be made  

  During titration the dose should be increased rather 
than the frequency  

  Close follow up for symptoms of toxicity           

   Methocarbamol (Robaxin) 
•      Metabolism  [ 41 ,  42 ]

 –    Hepatic metabolism to inactive metabolites  
 –   Decreased clearance in dialysis patients compared to 

patients with normal renal function
   Similar  t  1/2  in dialysis patients        

•    Side Effects 
 –    Drowsiness described in hemodialysis patients [ 41 ]     

•    Dosing 
 –    Not defi ned in renal insuffi ciency

   Given similar  t  1/2 , dosing frequency likely does not 
need to be adjusted [ 41 ]           

   Chlorzoxazone (Lorzone; Parafon Forte DSC) 
•      Metabolism  [ 43 ]

 –    Hepatic metabolism and excretion in the urine as con-
jugated form  

 –   Less than 1 % of unchanged parent drug is excreted in 
urine in 24 h     

•    Dosing 
 –    Renal dosing not defi ned        

   Cyclobenzaprine (Amrix, Flexeril, Fexmid) 
•      Metabolism 

 –    Hepatic metabolism and excreted as glucuronides by 
the renal system [ 44 ]  

 –   Highly protein bound     
•    Side Effects 

 –    Closely related to TCAs in structure and side effects  
 –   Unclear data on frequency of QT prolongation though 

is a reported adverse effect [ 44 ,  45 ]  
 –   Common adverse effects include dry mouth and 

drowsiness [ 44 ]
   Anticholinergic effects, disorientation, hallucination, 

coma also seen     
 –   In overdose: Lethargy, tachycardia, combative behav-

ior are most commonly seen [ 45 ]     
•    Dosing 

 –    Not defi ned in renal disease        

   Baclofen (Liorisel) 
•      Metabolism 

 –    Of the administered drug, 85 % is eliminated through 
renal system
   Hepatic metabolism of 15 % [ 46 ]     

 –   Clearance is related to renal function [ 46 ,  47 ]
   t1/2 is increased in renal insuffi ciency     

 –   Low volume of distribution, low protein biding
   Baclofen is cleared by dialysis [ 47 ]  
  Hemodialysis and peritoneal dialysis have been used 

to reverse toxicity with improvement in mental sta-
tus noted after one session [ 46 ,  48 ].        

•    Side Effect 
 –    Neurotoxicity occurs at increased doses of baclofen [ 47 ]  
 –   Acute intoxications: neurotoxicity, altered mental sta-

tus, coma, respiratory depression, hypotonia, hypore-
fl exia, seizures [ 46 ,  48 ,  49 ]  

 –   Neurotoxicity in renal insuffi ciency has been described 
with daily doses from 5 to 60 mg, with mean dose of 
20 mg [ 47 ].
   Chronic toxicity: hallucinations, impaired memory, 

catatonia, mania [ 48 ]  
  Increased toxicity reported in elderly patients [ 47 ]        
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•    Dosing  [ 47 ]
 –    No clear guidelines  
 –   Some recommend avoiding use in patients with an 

eGFR <30 mL/min/1.73 m 3   
 –   In patients with eGFR 30–60 mL/min/1.73 m 3  recom-

mended starting at very low doses and long intervals 
with close monitoring.        

   Orphenadrine (Norfl ex) 
•         Metabolism 

 –       50 % of dose is excreted in the urine [ 50 ,  51 ]   
 –      Unlikely to be cleared by dialysis [ 50 ,  52 ]

 n    Highly lipid soluble  
 n   Not detected in dialysis fl uid [ 50 ]       

•          Side effects  [ 53 ]
 –       Central and peripheral effects seen in overdose due to 

antihistaminic and anticholinergic properties:
 n    Central effects include confusion, seizures, halluci-

nations, coma
 ◆    Peripheral effects include mydriasis, anhidrosis, 

urinary retention, constipation          
•          Dosing 

 –       No alterations in dosing [ 5 ]    

         Carisoprodol (Soma, Soprodal, Vanadom) 
•      Metabolism 

 –    Hepatic metabolism  
 –   Excreted through renal and nonrenal systems [ 54 ]  
 –   Removed by hemodialysis and peritoneal dialysis [ 54 ]     

•    Side Effects 
 –    Most common include drowsiness, dizziness, head-

ache, and nausea [ 55 ]     
•    Dosing  [ 54 ]

 –    As drug is excreted by renal system, increased exposure 
in patients with decreased renal function is expected.  

 –   Pharmacokinetics have not been evaluated  
 –   Advised to use with caution         

    Opioids 

   Tramadol (Ultram) 
•      Metabolism 

 –    Metabolized by liver to an active metabolites  
 –   30 % of parent drug excreted in the urine; 60 % 

excreted as metabolites [ 56 ]  
 –    t  1/2  is doubled in patients with reduced renal function 

[ 7 ]  
 –   Dialysis has been described to clear <7 % of adminis-

tered dose [ 57 ]     
•    Side Effects 

 –    Nausea, CNS depression, constipation  
 –   Epileptogenic in patients with lowered seizure 

thresholds.

   CKD patients may be at increased risk as uremia 
decreases seizure threshold [ 7 ,  57 ]     

 –   Case reports of respiratory depression in patients with 
CKD [ 7 ,  58 ,  59 ]     

•    Dosing Recommendations 
 –    Extended release tramadol has not been studied in 

renal impairment and is contraindicated for use in 
patients with a CrCl < 30 mL/min [ 60 ]  

 –   Requires dose reduction and increase in dosing interval in 
CKD or ESRD patients with varying recommendations  
  ◾ GFR 10–50 mL/min

   Decrease dose: 50–100 mg every 8 h [ 4 ]     
  ◾ CrCl < 30 mL/min to ESRD

   Increase dosing interval to 12 h  
  Maximum dose 200 mg daily [ 56 ]     

  ◾ ESRD on dialysis—maximum dose of 50 mg every 
12 h [ 7 ]        

   Codeine 
•      Metabolism  [ 61 ]

 –    Hepatic metabolism into active metabolites  
 –   Reduced clearance of parent drug and metabolites in 

renal insuffi ciency [ 61 ]  
 –   Higher plasma levels of codeine in hemodialysis patients  
 –    t  1/2  is increased in hemodialysis patients following one 

dose
   Accumulation of drug to toxic levels following 

repeated dosing is suggested [ 61 ].  
  Normal  t  1/2  4.04 ± 0.6 h in ESRD 18.69 ± 9.03 h        

•    Side Effects 
 –    Nausea and vomiting in dialysis patients [ 61 ]  
 –   Cases reports have described CNS depression, hypo-

tension, respiratory arrest, and narcolepsy in patients 
with renal failure [ 7 ,  62 ,  63 ].     

•    Dosing recommendations  [ 4 ,  5 ,  62 ,  64 ]
 –    Avoid use in CKD and ESRD  
 –   If must be used should reduce dose and monitor closely 

for side effects.
   ◾ GFR 10–50 mL/min—reduce dose by 25 %  
  ◾ GFR 10 mL/min—reduce dose by 50 %  
  ◾ HD/PD—dose as GFR 10 mL/min           

   Morphine 
•      Metabolism  [ 63 – 65 ]

 –    Hepatic metabolism  
 –   Excreted by renal system [ 64 ]

   Of parent compound, <10 % is excreted in urine [ 62 ]     
 –   Metabolites accumulate in renal failure in serum and 

CSF  
 –   Morphine-6-glucuronide (M6G) has been suggested to 

be active and have analgesic properties  
 –   M6G concentration is 15 times higher in CSF in 

patients on hemodialysis compared to those with nor-
mal renal function [ 65 ].     
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•    Side Effects 
 –    Case reports of respiratory and CNS depression in 

renal insuffi ciency [ 66 ,  67 ]  
 –   Case reports of lethal intoxication of morphine in 

patients with renal insuffi ciency [ 68 ]
   Though hydrophilic molecules are removed during dial-

ysis, there is equilibration of lipophilic molecules so 
the CNS effects can continue after dialysis [ 64 ]     

 –   Myoclonus     
•    Dosing recommendations  [ 4 ,  5 ,  64 ,  69 ]  

 –   Not recommended for use
 –    If morphine is used, should only be used for a short 

time and patient should be transitioned to preferred 
opioids quickly.  

 –   Dosing recommendations:
   ◾ GFR 20–50 mL/min—75 % of normal dose  
  ◾ GFR 10–20 mL/min—50 % of normal dose  
  ◾ GFR <10 mL/min—25–50 % of normal dose  
  ◾ HD/PD—recommend 50 % of normal dose           

   Hydrocodone (Vicodin, Norco) 
•     Combination with acetaminophen  
•    Metabolism 

 –    Similar actions to codeine  
 –   Metabolized by O-demethylation and N-demethylation 

to hydromorphone and norhydrocodone [ 62 ]  
 –   Parent compound and metabolites are excreted by 

 kidneys [ 62 ]
   Within 24 h, 85 % of oral dose is within the urine as 

metabolites and parent compound [ 70 ]     
 –   Limited data in renal failure

   Data only on hydromorphone and codeine [ 62 ]        
•    Side Effects 

 –    Risk of adverse effects may be increased in patients 
with renal insuffi ciency secondary to accumulation of 
parent medication and metabolites [ 70 ]     

•    Dosing Recommendations 
 –    No data regarding pharmacokinetics in CKD  
 –   Use is not recommended CrCl < 15 mL/min [ 62 ]        

   Tapentadol (Nucynta) 
•      Metabolism 

 –    First pass metabolism—96 % is metabolized into inac-
tive metabolites [ 71 ]  

 –   Rapid excretion—50 % excreted after 4 h, 95 % 
excreted after 24 h [ 71 ]  

 –   In the urine 99 % is excreted as conjugates and 3 % as 
the unchanged parent compound [ 71 ].  

 –   No change in AUC or  C  max  of parent compound in 
patients with severe renal insuffi ciency [ 72 ].
   Metabolite tapentadol- O -glycuronide has increased 

AUC by 1.5, 2.5, and 5.5-fold for mild, moderate, 
and severe renal insuffi ciency, respectively [ 72 ].     

 –   Large volume of distribution and low protein binding 
(estimated 20 %) [ 73 ]     

•    Side effects 
 –    Lower GI side effect profi le (nausea, vomiting, consti-

pation) compared to oxycodone in elderly patients [ 74 ].  
 –   A study excluding patients with renal insuffi ciency 

showed common side effects of nausea, drowsiness, 
dry mouth, confusion, and constipation, most of which 
improved over time [ 75 ].     

•    Dosing Recommendations 
 –    No adjustment is recommended in patients with mild 

or moderate renal impairment [ 73 ].  
 –   Not recommended for use in severe renal 

insuffi ciency [ 72 ]        

   Oxycodone 
•      Metabolism 

 –    Hepatic metabolism [ 76 ]
   Nineteen percent of parent drug is excreted in the urine.     

 –   In patients with renal dysfunction (CrCl < 60 mL/min) 
t1/2 and peak levels of oxycodone and metabolites are 
increased [ 76 ].  

 –   Extent of clearance during dialysis is unknown [ 76 ]
   Large volume of distribution (2.5 ± 0.8 L/kg) and 45 % 

is protein bound [ 76 ]        
•    Side effects 

 –    Case report of CNS toxicity and respiratory depression 
in a hemodialysis patient [ 77 ]     

•    Dosing recommendations 
 –    Recommendations

   ◾ Normal adult dosing: 10–30 mg every 4–6 h [ 76 ]  
  ◾ CrCl 10–50 mL/min—75 % of normal dose [ 62 ,  78 ]  
  ◾ CrCl < 15 mL/min not on dialysis: start dose 2.5 mg 

every 8–12 h [ 62 ]           

   Hydromorphone (Dilaudid) 
•     Preferred opiod in renal failure  
•    Metabolism 

 –    Hepatic metabolism to hydromorphone-3-glucuronide 
and other metabolites, which are excreted by renal 
system.  

 –   Longer  t  1/2 , of 40 h, in patients with severe renal insuf-
fi ciency (CrCl < 30 mL/min) as compared to 15 h in 
patients with normal renal function [ 79 ]
   AUC is doubled in patients with moderate insuffi -

ciency and increased four times in patients with 
severe renal insuffi ciency [ 80 ]     

 –   Clearance during dialysis has been reported to be 40 % 
of pre-dialysis levels [ 64 ,  80 ].     

•    Side effects 
 –    Metabolite hydromorphone-3-glucuronide is reported 

to be neuro-excitatory in animal studies and accumu-
lates in patients with renal failure [ 64 ]  
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 –   Tremor, myoclonus, agitation, and cognitive dysfunc-
tion have been described in CKD patients on parental 
infusions of hydromorphone [ 81 ]  

 –   Reported better tolerance as compared to morphine [ 82 ]     
•    Dosing Recommendations 

 –    Start at lower doses in moderate renal insuffi ciency 
[ 79 ,  80 ]  

 –   Increase dosing interval in severe renal insuffi ciency [ 80 ]        

   Methadone 
•      Metabolism 

 –    Hepatic metabolism into inactive metabolite  
 –   Excreted in urine and stool

   Increased excretion in stool, in patients with decreased 
renal function [ 64 ,  83 ]     

 –   Plasma levels of methadone in patients with CKD and 
ESRD are within normal range [ 83 ]  

 –   Removal during dialysis
   Qualities such as high protein binding and high vol-

ume of distribution suggest that it is poorly cleared 
by dialysis [ 64 ]  

  Case reports showed poor removal of methadone dur-
ing dialysis, though inactive metabolite was cleared 
without clinical effect [ 83 ,  84 ].        

•    Side Effects 
 –    Anecdotal reports a good safety profi le  
 –   Prolongs QT interval

   Recommended to administer with caution in patients 
at risk for QT prolongation  

  Patients with electrolyte abnormalities may be at 
increased risk.  

  Ex: Diuretic use, transient electrolyte disturbances 
during dialysis        

•    Dosing Recommendations 
 –    Dose for normal renal function

   2.5–10 mg q6–8 h [ 5 ]     
 –   No dose adjustment for CrCl > 10 mL/min  
 –   CrCl < 10 mL/min: 50–75 % of normal dose [ 5 ,  62 ]  
 –   HD dose as CrCl < 10 mL/min: 50–75 % of normal 

dose [ 4 ]
   No supplemental dosing needed after dialysis           

   Fentanyl (Duragesic) 
•         Preferred opioid in renal failure  as metabolites are 

inactive and appears to be well tolerated [ 62 ]
•        Metabolism 

 –    Hepatic metabolism into inactive metabolites that are 
mostly excreted in urine  

 –   Clearance may be reduced in CKD  
 –   Increased t1/2 to 25 h, when given as a continuous infu-

sion [ 62 ]  
 –   Removal during dialysis is likely poor given high pro-

tein binding, low solubility, high molecular weight, 
and high volume of distribution [ 64 ]      

•       Side effects 
 –    Case reports that fentanyl is well tolerated in renal fail-

ure [ 85 ]  
 –   Some reports of prolonged sedation, and respiratory 

depression in patients on a continuous infusion or with 
use of a transdermal patch [ 62 ].      

•       Dosing Recommendations 
 –    Slow titration and careful monitoring for accumulation 

or toxicity  
 –   Dose reduction recommended [ 4 ,  5 ,  62 ]

 n    CrCl is 10–50 mL/min—75 % of normal dose  
 n   CrCl < 10 mL/min—50 % of normal dose  
 n   HD/PD—dose as CrCl < 10 mL/min—50 % of nor-

mal dose
   No supplemental doses are needed             

         Meperidine (Demerol) 
•      Metabolism  [ 86 ,  87 ]

 –    Hepatic metabolism to active normeperidine and inac-
tive metabolites.
   Normeperidine has analgesic properties but also car-

ries increased seizure risk compared to Meperidine.     
 –   Elimination is dependent on renal function and urinary pH

   t1/2 of normeperidine is increased in renal insuffi ciency, 
which can lead to accumulation [ 86 ].     

 –   Normeperidine levels and normeperidine/meperidine 
ratio was higher in renal insuffi ciency than in patients 
with normal renal function [ 86 ,  87 ]     

•    Side effects 
 –    Higher incidence in parental compared to oral admin-

istration [ 88 ]  
 –   CNS effects

   Hallucinations, psychosis, disorientation, respiratory 
depression, and tremor [ 87 ,  88 ]     

 –   Cardiovascular effects
   Hypotension and tachycardia [ 88 ]     

 –   Case reports of seizures, myoclonus, and altered men-
tal status in CKD or ESRD patients [ 86 ,  87 ,  89 ,  90 ].     

•    Dosing Recommendations 
 –    Normal dose 50–100 mg q3–4 h [ 5 ]  
 –   CrCl 10–50 mL/min—75 % of normal dose [ 4 ]  
 –   CrCl < 10 mL/min—50 % of normal dose [ 4 ]  
 –   Avoid in HD/PD [ 4 ,  7 ]

   Case report of hemodialysis use in overdose or for 
adverse reactions [ 89 ].           

   Buprenorphine Transdermal (Butrans Patch) [ 91 ] 
•      Metabolism  [ 91 ]

 –    Hepatic metabolism into one active metabolite, 
norbuprenorphine.
   Metabolite is excreted by biliary and renal systems.     

 –   Studies evaluating intravenous buprenorphine found 
similar concentrations in patients with normal renal 
function and renal insuffi ciency.  
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 –   No signifi cant difference in plasma concentrations before 
or after dialysis in patients on transdermal buprenorphine.
   Large volume of distribution and highly protein bound 

(96 %)        
•    Side Effects  [ 91 ]

 –    Reduction in blood pressure  

 –   Prolonged QTc by 9.2 ms when dose of 40 μg/h used     
•    Dosing Recommendations  [ 91 ]

 –    Studies in patients with renal impairment not done       
 Tables  30.1 ,  30.2 , and  30.3  list dosing, medications to 

avoid, and preferred medications in renal patients, 
respectively.

   Table 30.1    Dosing (not defi ned in renal insuffi ciency)   

 Medication  Cautions for use in renal disease  Renal dosing guidelines 

 Buprenorphine 
Transdermal [ 91 ] 

 Metabolite excreted by renal system. Plasma levels similar 
regardless of renal function. Likely poor clearance with dialysis 

 Studies in renal impairment not done 

 Tizanidine [ 39 ,  40 ]  Excreted mostly through renal system. Clearance reduced and 
increased bioavailability in renal insuffi ciency 

 Not well defi ned 
 Start with caution 
 Dose reduction rather than frequency reduction 

 Methocarbamol [ 41 ,  42 ]  Similar t1/2 in ESRD patients  Not defi ned. Dosing frequency likely does not 
need to be adjusted 

 Carisoprodol [ 54 ,  55 ]  Pharmacokinetics not evaluated, though patients with renal 
insuffi ciency likely have increased exposure 

 Not defi ned 
 Use with caution 

 Cyclobenzaprine [ 44 ,  45 ]  Metabolites undergo renal excretion  Not defi ned 
 Chlorzoxazone [ 43 ]  Metabolites undergo renal excretion  Not defi ned 
 Lidocaine Patch [ 11 ]  Metabolites undergo renal excretion  Not defi ned 

   Table 30.2    Recommended medications to AVOID in renal patients   

 Medication  Cautions for use in renal disease  Renal dosing guidelines 

 Duloxetine [ 18 ]  Increased peak concentration and bioavailability 
of parent drug and metabolites in renal insuffi ciency 

  CrCl  <  30 mL / min or ESRD : Not recommended 
  CrCl  >  30 mL / min : No dose adjustment 

 Milnacipran [ 16 ,  19 ,  20 ]  t1/2 increased three times and bioavailability 
increased in severe renal insuffi ciency. Likely poor 
clearance with dialysis 

  ESRD : Not recommended 
  Moderate CKD : Use with caution 
  CrCl  <  29 mL / min : Decrease dose by 50 % for 
max dose of 50 mg twice a day 

 NSAIDs [ 6 – 10 ]  Increased risk of bleeding, hypertension, edema, electrolyte 
abnormalities, and reduction in GFR 

  CKD : Not recommended 
  ESRD : Time-limited trial under physician 
supervision 

 Diclofenac transdermal [ 12 ,  13 ]  Possible systemic absorption   CKD : Not recommended 
 Tramadol (Extended release) 
[ 4 ,  7 ,  56 – 60 ] 

 Extended release tramadol has not been studied in renal 
impairment 

  CrCl  <  30 mL / min : Contraindicated 

 Codeine [ 4 ,  5 ,  7 ,  61 – 64 ]  Reduced clearance and increased plasma concentrations of 
the drug in renal insuffi ciency 

  CKD or ESRD : Not recommended 

 Morphine [ 4 ,  5 ,  62 – 68 ]  Active metabolites accumulate in serum and CSF in 
patients with renal insuffi ciency. Side effects including 
CNS and respiratory depression, as well as myoclonus 

  CKD or ESRD : Not recommended 

 Meperidine [ 4 ,  5 ,  7 ,  86 – 90 ]  t1/2 and plasma levels of active metabolite are increased in 
renal insuffi ciency. Side effects include seizures, 
myoclonus, and altered mental status 

  ESRD : Not recommended 
  CrCl 10 – 50 mL / min : 75 % of normal dose 
  CrCl  <  10 mL / min : 50 % of normal dose 

 Tapentadol [ 71 – 75 ]  Increased bioavailability of metabolite in renal insuffi ciency   Severe renal insuffi ciency : Not recommended 
 Hydrocodone [ 62 ,  70 ]  Risk of adverse effects may be increased in renal insuffi ciency 

due to accumulation of parent medication and metabolites 
  CrCl  <  15 mL / min : Not recommended 

 Baclofen [ 46 – 49 ]  t1/2 increased in renal insuffi ciency. Neurotoxicity 
in renal insuffi ciency reported 

  eGFR  < 30 mL / min / 1.73 m   3 :  Not recommended 

 Metaxalone [ 38 ]  Impact of renal insuffi ciency on pharmacokinetics not defi ned   Signifi cant renal impairment : Contraindicated 
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   Table 30.3    Preferred medications in renal patients   

 Medication  Cautions for use in renal disease  Renal dosing guidelines 

 Tricyclic antidepressants 
[ 4 ,  7 ,  14 – 16 ] 

 Side effects include anticholinergic effects 
and conduction abnormalities including 
prolonged QTc 

 Start low and titrate slowly 
  Amitriptyline —CKD 10–150 mg daily; no changes for HD/PD 
  Nortriptyline —CKD 25–150 mg daily; no changes for HD/PD 
  Desipramine —CKD 25–100 mg daily 

 Venlafaxine [ 4 ,  17 ]  Fewer side effects than tricyclic antidepressants. 
Dose-dependent elevations in blood pressure 

 Normal renal function: 75–225 mg daily 
  CrCl 10 – 50 mL / min , ESRD on HD/PD: reduce dose by 50 %; 
Dose after hemodialysis 

 Gabapentin [ 4 ,  5 ,  7 , 
 21 – 23 ] 

 Increased t1/2 in renal insuffi ciency. Patients with 
renal insuffi ciency may be at increased risk of 
side effects including CNS effects 

  Start low and titrate slowly CrCl  >  30 – 59 mL / min : 
400–1400 mg/day 
  CrCl  >  15 – 29 mL / min : 200–700 mg/day, Consider increasing 
dosing interval from every 12 to every 24 h 
  Hemodialysis : 300 mg loading dose; 200–300 mg postdialysis; 
do not exceed 300 mg/day 
  Peritoneal Dialysis : 300 mg every other day 

 Pregabalin [ 24 – 28 ]  Mostly excreted through urine. Side effects 
including myoclonus, decompensated heart 
failure, edema, dizziness, ataxia, and somnolence 

  CrCl 30 – 60 mL / min : 50 % dose reduction; 75–300 mg/day; 
dose frequency two or three times a day 
  CrCl 1  >  5 – 30 mL / min : 25–150 mg/day; decrease frequency to 
twice a day or daily 
  CrCl  <  15 mL / min 25 – 75 / day ; dose daily 
 Dialysis: supplemental doses based on daily dose; see text 

 Carbamazepine [ 4 ,  35 – 37 ]  No adjustment needed for ESRD or CKD 
 Acetaminophen [ 4 – 6 ]   National Kidney Foundation recommends  as 

nonnarcotic analgesic for mild–moderate pain in 
patients with CKD 

  Increase dosing interval for CKD  
  CrCl 10 – 50 mL / min : every 6 h 
  CrCl  <  10 mL / min / HD or PD: every 8 h 

 Tramadol [ 4 ,  7 ,  56 – 60 ] 
(Immediate release) 

 t1/2 increased in renal insuffi ciency. Side effects 
Described in CKD includes respiratory 
depression. Also may be epileptogenic and 
patients with CKD have may have a lowered 
seizure threshold 

 Requires dose reduction and increase in dosing intervals 
  CrCl 10 – 50 mL / min : 50–100 mg every 8 h 
  CrCl  <  30 to ESRD : increase dosing interval to every 12 h; max 
dose of 200 mg/day 
  Dialysis : max dose 50 mg every 12 h 

 Hydromorphone 
[ 64 ,  79 – 82 ] 

 Preferred opiod in renal failure. t1/2 and 
bioavailability increased in renal insuffi ciency. 
Neuro-excitatory metabolites accumulate in renal 
insuffi ciency. Better tolerance than morphine 

 Start at lower doses in moderate renal insuffi ciency 
 Increase dosing interval in severe renal insuffi ciency 

 Oxycodone [ 62 ,  76 – 78 ]  Peak levels and t1/2 increased in renal 
insuffi ciency. Case reports of CNS toxicity and 
respiratory depression in a dialysis patient 

 Normal adult dosing: 10–30 mg every 4–6 h 
  CrCl 10 – 50 mL / min : 75 % of normal dose 
  CrCl  <  15 mL / min not on dialysis : starting dose 2.5 mg every 8–12 h 

 Methadone [ 4 ,  5 ,  62 ,  64 , 
 83 ,  84 ] 

 Plasma levels in CKD and ESRD within normal 
range. Anecdotal reports good safety profi le. 
Prolongs QT 

 Dose for normal renal function 
 2.5–10 mg q6–8 h [ 4 ] 
  CrCl  >  10 mL / min : No dose adjustment 
  CrCl  <  10 mL / min : 50–75 % of normal dose [ 4 ,  36 ] 
  HD dose as CrCl  <  10 mL / min : 50–75 % of normal dose; no 
supplemental dose 

 Fentanyl [ 4 ,  5 ,  62 , 
 64 ,  85 ] 

  Preferred opioid in renal failure . Increased t1/2 
in renal insuffi ciency. Likely poor removal during 
dialysis. Some reports of sedation and respiratory 
depression 

 Slow titration and careful monitoring for accumulation or toxicity 
  CrCl is 10 – 50 mL / min : 75 % of normal dose 
  CrCl  <  10 mL / min : 50 % of normal dose 
  HD / PD — dose as CrCl  <  10 mL / min : 50 % of normal dose; No 
supplemental doses 

 Orphenadrine [ 5 ,  50 – 53 ]  Unlikely cleared by dialysis. Antihistaminic and 
anticholinergic side effects 

 No alterations in dosing 
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      Abbreviations 

   AUC    Area under the curve   
  Cmax    Maximum concentration   
  CNS    Central nervous system   
  COX    Cyclooxygenase   
  CYP    Cytochrome P450   
  FDA    Food and Drug Administration   
  INR    International normalized ratio   
  LFTs    Liver function tests   
  NAPQI     N -Acetyl- p -benzoquinone imine   
  NMDA     N -Methyl- D -aspartate   
  NSAIDs    Non-steroidal anti-infl ammatory drugs   
  SNRIs    Serotonin-norepinephrine reuptake inhibitors   

          Introduction 

    Liver disease/cirrhosis affects an estimated 4.5–9.5 % of the 
overall population [ 1 ]. As a pain management physician, it is 
very important to treat patients with medications that will not 
cause exacerbation or progression of their liver pathology.     

    Pharmacokinetics 

    Drug metabolism occurs in the liver by a combination of 
three different mechanisms : 
   1.    Conjugation of drug molecule to glucuronic acid, sul-

fate, glycine, glutathione, acetate, or a methyl group   
   2.    Oxidation/reduction/hydrolysis reactions by the cyto-

chrome P450 (CYP) enzyme system   
   3.    Biliary excretion [ 2 ]    

   Adjusting dosing / medications for hepatic patients : 
•   Drug choice and dosages do not necessarily need to be 

modifi ed in patients with asymptomatic chronic liver dis-
ease without cirrhosis. Approval from their treating phy-
sician is recommended.  

•   In patients post-liver transplant without cirrhosis, medica-
tion choice should be dictated by drug interactions with 
immunosuppressive medications and not necessarily on 
liver disease     

    Cirrhosis Effects on Drug Metabolism 

•        Liver disease appears to have varying and complex effects 
on drug metabolism   

•      As the severity of liver dysfunction increases → metabo-
lism of drugs is more highly impaired [ 3 ]   

•      Due to increased intestinal permeability, drug absorption 
may be increased in cirrhotics, which may lead to toxicity 
[ 4 ,  5 ]   

•      Conversely, drug absorption may be decreased due to gut 
edema secondary to portal hypertension or from poor 
motility [ 6 ,  7 ]   

•      Ascites and peripheral edema increase the volume of distri-
bution of hydrophilic drugs; thus, they may be less effective   

•      Individuals with chronic liver disease often have unpre-
dictable responses to medications, so expert consensus 
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suggests considering modifying drug-prescribing for all 
patients with known or suspected cirrhosis   

•      In patients who have developed cirrhosis, the degree of 
alteration in drug metabolism is more severe in those 
patients with decompensated cirrhosis compared to com-
pensated patients      

    Types of Pain in Cirrhosis 

•        Cirrhotic patients are susceptible to all of the same pain 
syndromes and injuries as healthy patients   

•      Cirrhotic patients are also at risk for abdominal and low 
back pain related to ascites formation, as well as mastal-
gia related to gynecomastia           
 –   When reference is made to mild, moderate, and severe 

hepatic impairment, we are generally referring to the 
classifi cation scheme below  

 –   Child-Turcotte-Pugh score classifi es patients with cir-
rhosis into Class A, B, or C based on scoring fi ve dif-
ferent clinical and laboratory parameters with Class A 
being mild and Class C being severe [ 8 ,  9 ]:

 �    ↑ bilirubin  
 �   ↑ INR  
 �   ↓ albumin  
 �   Presence of encephalopathy  
 �   Presence of ascites       

    Pain Medication Classifi cations 

        Acetaminophen (Tylenol) 

•       Metabolism and side effects
 –    Largely hepatic with combination of glucuronidation, 

sulfation, and hydroxylation  
 –   NAPQI, produced as an intermediate metabolite prior 

to conjugation to glutathione, is the toxic metabolite 
that causes acute liver toxicity      

•      Dosing recommendations
 –    Despite common misconception, acetaminophen is not 

contraindicated in patients with liver disease and is 
often an excellent fi rst-line drug for chronic pain. It is 
always recommended to approve this medication use 
with the patients treating physician.  

 –   Older studies suggest that acetaminophen is safe at 
recommended doses. Cirrhotic patients given 4 g/day 
had no evidence of drug accumulation or hepatotoxic-
ity [ 10 ,  11 ]  

 –   Cirrhotics who are actively abusing alcohol can have 
hepatotoxicity, hepatic necrosis, and death at inges-
tions much less than what is seen with the general 
population (<4 g vs. 10 g) [ 12 ]  

 –    Acetaminophen administration should be limited to  < 
 2 g / day to ensure drug concentrations well below the 
potentially toxic levels  [ 13 ]   

  Combination Drugs 

•   Often include acetaminophen. Ex Percocet (oxycodone–
acetaminophen), Vicodin (hydrocodone–acetaminophen), 
and other over the counter remedies  

•   Patients with liver diseases should be counseled to care-
fully read packaging of any medication or consult with 
their physician to ensure they remain below the 2 g/day 
guideline for acetaminophen       

         Non - steroidal Anti - infl ammatory Drugs  ( NSAIDs )

•       Metabolism and side effects
 –    Largely hepatic and mostly protein bound  
 –   Idiopathic and idiosyncratic hepatotoxicity has been 

reported [ 14 ]  
 –   Risk of hepatorenal syndrome exists in cirrhotic 

patients and is thought to be driven by NSAID-related 
inhibition of prostaglandins, which are necessary to 
counteract the renin-aldosterone-angiotensin system 
and the sympathetic stimulation that results in 
decreased renal perfusion [ 15 ]  

 –   NSAIDs can increase the risk of mucosal bleeding in a 
patient who already has thrombocytopenia due to 
effects on cyclooxygenase (COX) [ 16 ]      

•      Dosage recommendations
 –     Avoid NSAIDs in patients with cirrhosis   
 –   COX-2 inhibitors need further study       

         Topical medications 

•       Metabolism and side effects
 –    Depends on active ingredient (e.g., lidocaine patches 

have risk of systemic toxicity as lidocaine is metabo-
lized by liver; however, diclofenac patch has risks 
associated with NSAIDs)      

•      Dosage recommendations
 –     Lidocaine patches or gel should be used with 

caution   
 –    Diclofenac patches or gel should be avoided   
 –   Dosing of other topical medications should be based 

on risk of active ingredient       

         Tricyclic antidepressants 

•       Metabolism and side effects
 –    Largely by hepatic biotransformation using CYP pro-

teins and then renal excretion  
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 –   Known side effects of sedation and intestinal stasis 
may put cirrhotics at higher risk of ence-phalopathy  

 –   May also be at higher risk of anticholinergic side 
effects if degradation impaired by liver dysfunction      

•      Dosage recommendations
 –    No specifi c recommendations exist but would start at 

low doses and titrate slowly. Always proceed with cau-
tion and monitor frequently to assess for side effects.  

 –    Desipramine and nortriptyline are preferred over 
older agents as they have fewer sedating properties 
and a lower likelihood of hypotension  [ 17 ]       

         Serotonin - Norepinephrine Reuptake Inhibitors  
( SNRIs )— Venlafaxine  ( Effexor ),  Desvenlafaxine  
( Pristiq ),  Duloxetine  ( Cymbalta ),  Milnacipran  
( Savella )
•       Metabolism and side effects

 –    Varying degrees of hepatic CYP metabolism vs. 
glucuronidation  

 –   Common side effects include drowsiness, fatigue, and 
anorexia  

 –   Hepatotoxicity has been reported with duloxetine and 
milnacipran, most notably in patients with preexisting 
liver disease [ 18 ,  19 ]      

•      Dosage recommendations
 –     Avoid use of duloxetine and milnacipran in any patients 

with liver disease  [ 18 ,  19 ]  
 –   Venlafaxine can be used with dose reduction of 50 % 

in patients with mild-moderate liver disease but should 
be avoided in those with severe liver disease [ 20 ]  

 –   Desvenlafaxine can be used with starting doses of 50 mg/
day and should not be increased >100 mg/day [ 21 ]       

         Anticonvulsants 

  Gabapentin (Neurontin, Gralise) 
•      Metabolism and side effects

 –    Eliminated unchanged via renal excretion [ 22 ]  
 –   Not metabolized by the liver and minimally bound to 

proteins, making it a good choice for patients with 
liver disease  

 –   Need to be wary of sedation and dizziness side effects      
•      Dosage recommendations

 –     No adjustment in dosing necessary but suggest starting 
at low dose and titrating as needed        

  Pregabalin (Lyrica) 
•      Metabolism and side effects

 –    Similar to gabapentin  
 –   No metabolism by liver [ 23 ]  
 –   Single case report of likely acute liver failure due to 

pregabalin [ 24 ]      

•      Dosage recommendations
 –     No adjustment in dosing necessary but suggest starting 

at low dose and titrating as needed        

  Topiramate (Topamax) 
•      Metabolism and side effects

 –    Eliminated largely unchanged via renal excretion  
 –   No metabolism by liver  
 –   Plasma levels may be increased in liver disease but 

mechanism not well understood [ 25 ]      
•      Dosage recommendations

 –     No adjustment in dosing necessary but suggest starting 
at low dose and titrating as needed        

         Muscle Relaxants 

  Metaxalone (Skelaxin) 
•      Metabolism and side effects

 –    Metabolized by hepatic CYP proteins and excreted by 
renal system as unidentifi ed metabolites [ 26 ]  

 –   Sedation is major side effect, but this is less than with 
other muscle relaxants [ 27 ]      

•      Dosage recommendations
 –     Should be used with extreme caution in patients with 

liver disease and should be avoided in patients with 
advanced cirrhosis        

  Tizanidine (Zanafl ex) 
•      Metabolism and side effects

 –    Primarily metabolized by CYP1A2  
 –   Can cause liver function test (LFT) abnormalities in 

patients without liver disease, and patients should 
have frequent LFTs  

 –   Can cause sedation, hypotension, and psychosis      
•      Dosage recommendations

 –     Because of signifi cant hepatic metabolism ,  tizanidine 
should be avoided or used with extreme caution in 
patients with established liver disease  [ 28 ]       

  Methocarbamol (Robaxin) 
•      Metabolism and side effects

 –    Unclear metabolism, but likely via dealkylation, 
hydroxylation, and conjugation in the liver  

 –   Clearance in patients with cirrhosis was decreased by 
approximately 70 % [ 29 ]  

 –   Side effects similar to other central nervous system 
(CNS) depressants, including drowsiness      

•      Dosage recommendations
 –     No specifi c dosing recommendations available for 

chronic liver disease so would   avoid use in these 
patients        
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  Chlorzoxazone (Parafon Forte) 
•      Metabolism and side effects

 –    Primarily metabolized hepatically by CYP450 2E1  
 –   Can cause drowsiness and lightheadedness  
 –   Case reports of hepatotoxicity, including severe, 

 fulminant liver failure, and death [ 30 ]  
 –   FDA warning for hepatotoxicity exists for this drug [ 31 ]      

•      Dosing recommendations
 –     Not well studied in hepatic dysfunction   
 –    No specifi c dosing recommendations available for 

chronic liver disease so would   avoid use in these 
patients        

  Cyclobenzaprine (Flexeril) 
•      Metabolism and side effects

 –    Largely by hepatic biotransformation using CYP pro-
teins and then renal excretion  

 –   Has similar chemical structure to tricyclic antidepres-
sants and so has similar risks of anticholinergic side 
effects [ 27 ]  

 –   A study of patients with mild hepatic impairment 
showed double the pharmacokinetic measurements 
of AUC and Cmax compared to healthy controls [ 32 ].      

•      Dosage recommendations
 –     Be aware of long t1/2 and sedating properties   
 –    Start with low dose and only titrate up if absolutely 

necessary        

  Baclofen 
•      Metabolism and side effects

 –    Low liver metabolism (15 %), mainly excreted 
unchanged by the kidneys  

 –   Can cause drowsiness  
 –   No cases of encephalopathy or other hepatic side 

effects noted in a study of patients with alcoholic cir-
rhosis [ 33 ]      

•      Dosing recommendations
 –    No dosage adjustment recommended in patients with 

liver disease       

  Orphenadrine (Norfl ex) 
•      Metabolism and side effects

 –    Extensive hepatic metabolism  
 –   Derivative of diphenhydramine with unclear mecha-

nism of action  
 –   Known to have anticholinergic activity, histaminic 

activity, and NMDA receptor antagonist properties 
[ 34 ]  

 –   Anticholinergic side effects      
•      Dosing recommendations

 –     Not well studied in hepatic dysfunction   
 –    No specifi c dosing recommendations available for 

chronic liver disease so would   avoid use in these patients        

  Carisoprodol (Soma) 
•      Metabolism and side effects

 –    Largely in liver by CYP2C19 into metabolite, mepro-
bamate, which is a schedule III drug and has addictive 
properties [ 35 ]  

 –   Sedation is major side effect      
•      Dosage recommendations

 –     Because of signifi cant hepatic metabolism ,  carisopro-
dol should be used with caution in patients with estab-
lished liver disease  [ 35 ]       

  Benzodiazepines 
•      Metabolism and side effects

 –    Largely hepatic metabolism with drug highly protein 
bound [ 36 – 39 ]  

 –   Expect longer t1/2 with these medications  
 –   Major side effects to consider are sedation and hepatic 

encephalopathy      
•      Dosage recommendations

 –     Slight variation between drugs, but generally recommen-
dations are to   use caution in patients with cirrhosis   

 –   Most drugs will likely need dose reduction or widening 
of dosing interval [ 40 ,  41 ]                 

  Opioids 

     Tramadol (Ultram)   
•      Metabolism and side effects

 –    Metabolized into several metabolites, including the 
main active metabolite ( O -demethyl-tramadol) via 
CYP2D6 with excretion by kidneys [ 42 ]  

 –   Unpredictable serum levels of the therapeutic metabo-
lite in setting of hepatic dysfunction, but longer t1/2 in 
patients with cirrhosis  

 –   Fewer opiate-related side effects because of its multi-
ple modes of analgesic action  

 –   As with all opiates, may induce or worsen hepatic 
encephalopathy and cause constipation and ileus      

•      Dosing recommendations
 –    Immediate-release form dose for patients with cirrho-

sis is 50 mg every 12 h [ 42 ]  
 –    Extended - release formulation should not be used in 

advanced cirrhosis  [ 43 ]       

  Codeine 
•      Metabolism and side effects

 –    Metabolized into active metabolite (morphine) by the 
liver via CYP2D6 [ 44 ]  

 –   Unpredictable serum levels of the therapeutic metabo-
lite in setting of hepatic dysfunction  

 –   Can cause CNS depression, hypotension, and drowsiness  
 –   As with all opiates, may induce or worsen hepatic 

encephalopathy and cause constipation and ileus      
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•      Dosing recommendations
 –     Avoid use in hepatic impairment   
 –    If must be administered, use lowest available dose 

(15 mg) and titrate up slowly while monitoring for side 
effects  [ 44 ]       

  Morphine 
•      Metabolism and side effects

 –    Well absorbed by gastrointestinal tract, but with sig-
nifi cant fi rst-pass metabolism by the liver  

 –   Metabolites are excreted by renal system and reduced 
glucuronidation of morphine has been shown in cir-
rhosis [ 45 ,  46 ]  

 –   However, extrahepatic metabolism of morphine may 
increase in the setting of cirrhosis, reducing the effect 
of liver disease on drug metabolism [ 46 ]  

 –   Oral morphine may have much higher bioavailability 
in patients with cirrhosis compared to controls [ 47 ]  

 –   Intravenous dosing may result in similar drug levels in 
patients with liver disease compared to healthy con-
trols [ 48 ]  

 –   Toxic metabolites accumulate in the setting of concomi-
tant renal failure with marked increase in side effects 
like respiratory depression, myoclonus, and seizures  

 –   As with all opiates, may induce or worsen hepatic 
encephalopathy and cause constipation and ileus [ 49 ]      

•      Dosing recommendation
 –     No specifi c dosing recommendations available   
 –    Start with lowest recommended dose for healthy patients 

for given indication and titrate up slowly as tolerated   
 –    Consider widening dosing interval        

  Hydrocodone (Component of Vicodin and Norco) 
•      Metabolism and side effects

 –    Metabolized to hydromorphone by liver via CYP2D6 
[ 50 ]  

 –   Variable metabolism to active compound in setting of 
liver disease can cause unpredictable serum levels  

 –   As with all opiates, may induce or worsen hepatic 
encephalopathy and cause constipation and ileus      

•      Dosing recommendations
 –     Avoid use in hepatic impairment if possible   
 –    Avoid hydrocodone in combination formulations such 

as Vicodin (hydrocodone combined with acetamino-
phen), which can have additional hepatic toxicity        

  Tapentadol (Nucynta) 
•      Metabolism and side effects

 –    Not extensively studied in hepatic impairment  
 –   Extensive fi rst-pass effect in healthy adults with only 

32 % bioavailability and concern for signifi cantly 
higher bioavailability in severe liver disease [ 51 ]  

 –   Higher maximum plasma concentration in liver disease  

 –   Thought to have fewer opiate-related side effects 
because of its multiple modes of analgesic action  

 –   Can cause CNS depression, hypotension, and 
drowsiness  

 –   As with all opiates, may induce or worsen hepatic 
encephalopathy and cause constipation and ileus 
(though less frequently than other opiates)      

•      Dosing recommendations
 –     No dosage adjustment necessary in mild liver disease  

[ 52 ]  
 –    In moderate hepatic impairment, use lower doses 

(starting dose for immediate release form is 50 mg 
every 8 h, and for extended-release form is 50 mg every 
24 h)   

 –    Not studied and not recommended for patients with 
severe liver disease        

  Oxycodone 
•       Metabolism and side effects 

 –    Metabolized by liver to the primary active metabolite, 
oxymorphone, via CYP3A4 and excreted renally  

 –   Serum levels of hepatic metabolites (including the 
active metabolite) are unpredictable, causing unpre-
dictable analgesic and toxic effects  

 –   Drug clearance is prolonged in liver disease [ 53 ]  
 –   Can cause increased ventilator depression in patients 

with end-stage liver disease [ 54 ]  
 –   As with all opiates, may induce or worsen hepatic 

encephalopathy and cause constipation and ileus      
•      Dosing recommendations

 –     Use reduced initial doses (can decrease dose to one- 
third or one-half of regular dosing) and lengthen dos-
age intervals  [ 55 ]  

 –    Long-acting oxycodone (Oxycontin) use is recom-
mended with caution in end-stage liver disease;   avoid 
if possible        

  Oxymorphone (Opana) 
•      Metabolism and side effects

 –    Metabolized in liver to oxymorphone-3- glucuronide 
and other metabolites  

 –   Bioavailability of oral forms are approximately 10 %, 
so hepatic function is crucial in limiting active com-
pound; bioavailability in mild hepatic impairment 
increased 1.6-fold, in moderate impairment 3.7-fold, 
and in severe hepatic impairment 12.2 fold [ 56 ]  

 –   Can get markedly increased serum levels when given 
concomitantly with ethanol ingestion [ 57 ]  

 –   Recent possible association between hepatitis C and 
thrombotic thrombocytopenic purpura in patients who 
abuse intravenous oxymorphone [ 58 ]  

 –   As with all opiates, may induce or worsen hepatic 
encephalopathy and cause constipation and ileus      
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•      Dosing recommendations
 –     Use with caution in patients with mild hepatic impair-

ment ,  starting with the lowest available dose  ( 5 mg 
orally every 4 – 6 h )  and titrating cautiously   

 –    Contraindicated in moderate or severe hepatic 
impairment        

  Hydromorphone (Dilaudid) 
•      Metabolism and side effects

 –    Metabolized in liver to hydromorphone-3- glucuronide 
and other metabolites, which are renally excreted  

 –   Most metabolites appear nontoxic, making hydromor-
phone safer to use in liver dysfunction than other opiates  

 –   Clearance likely prolonged in cirrhosis [ 59 ,  60 ]  
 –   As with all opiates, may induce or worsen hepatic 

encephalopathy and cause constipation and ileus      
•      Dosing recommendations

 –     A preferred opiate in cirrhosis  [ 13 ]  
 –    Reduce dose in liver disease   
 –    Use prolonged dosage intervals in cirrhosis   
 –    Appears to be a safe choice in hepatorenal syndrome 

due to safety in both hepatic and renal dysfunction        

  Methadone 
•      Metabolism and side effects

 –    Heavily protein bound (80 % of drug) while circulat-
ing, which raised concern that serum levels may be 
increased in low albumin states such as cirrhosis [ 50 ]  

 –   However, most of the drug is bound to alpha-1-acid 
glycoprotein, and hypoalbuminemia has not been 
shown to affect drug distribution [ 61 ]  

 –   High bioavailability due to very low fi rst-pass metabo-
lism and signifi cant absorption from gastrointestinal tract  

 –   Half-life is increased, but drug clearance does not appear 
to be signifi cantly altered in severe liver disease [ 62 ]  

 –   Can prolong QT interval and caution advised in 
patients at risk for QT prolongation, including diuretic 
use, risk of hypokalemia, or hypomagnesaemia  

 –   As with all opiates, may induce or worsen hepatic 
encephalopathy and cause constipation and ileus      

•      Dosing recommendations
 –     No dose adjustment for mild or moderate liver  disease  

[ 63 ]  
 –    Avoid if possible in severe liver disease        

  Fentanyl (Duragesic) 
•      Metabolism and side effects

 –    Metabolized by liver into inactive metabolites via 
CYP3A4, which are renally excreted  

 –   Heavily protein bound (approximately 85 %) while cir-
culating, which raised concern that serum levels may 
be increased in low albumin states such as cirrhosis  

 –   Less likely to cause hemodynamic changes (hypoten-
sion) than other opiates [ 64 ]  

 –   Continuous infusion (intravenous or by a transdermal 
patch) associated with sedation and respiratory 
depression  

 –   As with all opiates, may induce or worsen hepatic 
encephalopathy and cause constipation and ileus      

•      Dosing recommendations
 –    Intravenous bolus form is a preferred short-acting 

opiate in cirrhosis with no specifi c dose changes 
recommended  

 –   Fentanyl patch is considered less safe due to continu-
ous drug absorption

 �    Mild or moderate liver disease: Reduce dose 
by 50 %  

 �   Severe liver disease: Use with caution but can use 
starting dose of 12.5 μg every 72 h [ 13 ]  

 �   Recommend careful monitoring for accumulation/
toxicity, and slow titration     

 –    Appears to be a safe choice in hepatorenal syn-
drome due to safety in both hepatic and renal 
dysfunction  [ 65 ]       

  Buprenorphine (Butrans patch, Suboxone) 
•      Metabolism and side effects

 –    Metabolized by the liver (via CYP3A4) into inactive 
and partially active metabolites, but has not been well 
studied in liver disease  

 –   Acute hepatitis has been reported with buprenorphine 
[ 66 ]  

 –   Has risk of QT prolongation as well as CNS depres-
sion, hypotension, drowsiness  

 –   As with all opiates, may induce or worsen hepatic 
encephalopathy and cause constipation and ileus 
(though less frequently than other opiates)      

•      Dosing recommendations
 –     Patients with mild or moderate hepatic impairment 

should use only the lowest dose (5 μg/h)  [ 67 ]  
 –    Not studied and not recommended for patients with 

severe liver disease        

  Meperidine (Demerol) 
•      Metabolism and side effects

 –    Metabolized in liver to active normeperidine, which 
has serious CNS toxicity, especially in the setting of 
concomitant renal dysfunction  

 –   Heavily protein bound (approximately 70 %) 
with marked increase in bioavailability in cirrhosis 
[ 50 ,  68 ]  

 –   Increased half-life in setting of end-stage liver disease, 
up to two times that of patients with normal liver func-
tion [ 69 ]  
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 –   Can cause neuromuscular irritability, CNS depression, 
respiratory depression, psychosis, hyperactivity, and 
seizures  

 –   Has multiple drug interactions      
•      Dosing recommendations

 –     Avoid use in patients with liver disease  [ 70 ]       

           Summary and Recommendations 

•     In patients without cirrhosis, pain medication doses usu-
ally do not need to be altered; however, in patients with 
cirrhosis, many medications need lower doses or are 
contraindicated.  

•   Patients with cirrhosis should not take any new medica-
tions without fi rst discussing with the provider of their 
liver care.  

•   Acetaminophen can be used safely at doses  up to 
2 g / day , but providers should caution patients that 
many over the counter medications contain acetamino-
phen as well.  

•    NSAIDs should be avoided in cirrhotic patients .  
•   Neuropathic pain medications and muscle relaxants vary 

in their use in liver patients. Check the body of this chap-
ter and associated tables for further recommendations 
about specifi c drugs.  

•    If opioid pain medications are to be used ,  hydromor-
phone and fentanyl are the best choices in patients with 
liver disease .        
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      Abbreviations 

   CNS    Central nervous system   
  FDA    Food and Drug Administration   
  GABA    Gamma-aminobutyric acid   
  LBP    Low back pain   
  MOA    Mechanism of action   
  NERI    Norepinephrine reuptake inhibitor   
  NMDA     N -methyl- D -aspartate   
  SNRIs    Serotonin-norepinephrine reuptake inhibitors   
  TCA    Tricyclic antidepressant   
  TCAs    Tricyclic antidepressants   
  TENS    Transcutaneous electrical nerve stimulation   
  TERIS    Teratogen Information System   

       Introduction 

 Pregnancy leads to an increased incidence of low back pain 
(LBP) and other painful conditions [ 1 ,  2 – 4 ]. Unfortunately, 
practitioners are limited in their treatment options for these 
patients.  This chapter will discuss safe treatment options 
that can be used during pregnancy. 

    Painful Conditions in Pregnancy 

 In all painful conditions in pregnant patients, an obstetrician 
should be consulted prior to ensure no surgical or threatening 
pathology is present. If any severe pain, bleeding, fever, or 
other ominous signs are noted, patient should be sent to 

emergency room immediately. After urgent conditions are 
ruled out, other nonemergent etiologies can be considered.

       Back pain : Approximately 50 % pregnant women [ 5 ]
•       Hormonal changes in pregnancy lead to increased mobil-

ity at joints and laxity at ligaments   
•       Low back pain :

 –    Increased lordosis contributes pain at this region      
•       Upper back pain :

 –    Myofascial/ligamentous laxity      
•       Sacroiliac joint pain 

 –    Usually due to ligamentous laxity  
 –    Symptoms:  Lower back and buttock pain which may 

radiate to the posterior thigh (less often below the 
knee, not to foot/ankle), may worsen with weight 
bearing      

•       Sciatica / radiculopathy 
 –     Symptoms:  Lower back and buttock pain which may 

radiate to the posterior thigh foot/ankle      
•       Back pain treatment : Instruct on proper lifting, body mechan-

ics, pain avoidance activities, physical therapy, aqua therapy, 
heat/ice, TENs, approved topical medications 
 In refractory cases consider acetaminophen, if severe 

 opioids can be considered if cleared with obstetrician    

         Headache  [ 5 ]
•       Estrogen levels increase during pregnancy which usually 

decreases headache occurrence   
•      All headaches in pregnancy should be carefully evalu-

ated/cleared by a neurologist and obstetrician prior to 
symptomatic treatment from a pain physician   

•      In severe/refractory cases consider MRI if not done 
previously   

•      If no neurological symptoms and threatening conditions 
(preeclampsia, brain hemorrhage, pseudo-tumor cerebri, 
etc.) have been ruled out symptomatic treatment can be 
initiated if needed. Minimizing the risk to the fetus is 
always considered priority.   

      Pain Management During Pregnancy 
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•       Treatment : Biofeedback, relaxation techniques, trigger 
food avoidance, appropriate quantities of caffeine, 
acetaminophen 

   If refractory consider prophylactic treatment with 
propranolol    

         Abdominal wall and ligamentous pain  [ 5 ]
      Once threatening etiologies have been ruled out consider the 
following:   
•      Round ligament pain

 –    Ligament is stretched due to growth of the uterus  
 –    Treatment : Bed rest and local heat 

  If refractory, consider approved oral analgesics      
•      Rectus abdominus hematoma (rare)

 –    Muscles/sheath stretch as uterus expands  
 –   When severe can dehisce  
 –    Treatment : Bed rest, local heat 

  If refractory consider approved oral analgesics       

          Pelvic pain :
•        Symphysiolysis :

 –    Pubic symphysis: Provides 40 % of pelvic stability, 
during pregnancy several pathophysiological changes 
occur, to allow laxity of the pelvic region [ 6 ]  

 –   This includes hormonal changes, as well as structural 
widening of the symphysis, which occurs in the 10th to 
12th week [ 6 ,  7 ].  

 –   If there is physiological separation of the pelvis, than it 
is termed Pubic Diastasis which can separate up to 
1 cm. The disjointing can occur with forceful descent 
of the fetal head against the pelvic ring, which can 
result in a spontaneous rupture or separation of the 
pubic symphysis. 

 –  Symptoms : Pain at suprapubic area, pain can radiate to 
the medial thighs and increase with movement of the 
lower extremities, diffi culty walking up stairs, carry-
ing heavy objects [ 8 ,  9 ]. Possible audible crack during 
delivery.  

 –    Physical exam : Tenderness at suprapubic area, pal-
pable gap where the pubic rami intersect, duck-like 
gait.  

 –    Treatment : Conservative treatment includes 24–48 h 
of bed rest postpartum, ice, pelvic belt, ambulating 
with a walker, and/or acetaminophen. A last resort 
would be a pelvic sling or surgery, which involves an 
open reduction and internal fi xation of the pubic sym-
physis [ 8 ]       

         Hip pain 
•        Osteonecrosis 

 –    Commonly at the Femoral Head [ 10 ,  11 ]  
 –   More frequently during the third trimester

 �    As the patient approaches the third trimester of 
pregnancy, cortisol levels increase almost 3× that of 
a nonpregnant female [ 8 ].     

 –    Pathophysiology : Unknown cause but one theory 
associates it with an increase in adrenocortical activ-
ity compounded by an increase stress from weight 
gain in addition to an increase in estrogen and proges-
terone [ 9 ,  10 ].  

 –    Symptoms : Deep pain at the groin that may radiate to 
the knee and painful range of motion at the hip.  

 –    Treatment : Conservative management includes symp-
tomatic management during pregnancy—limitation of 
vigorous physical activity, reduction in weight bear-
ing, and physical therapy 

   A small number of patients have undergone Total 
Hip Arthroplasties. One study performed joint aspira-
tion with weight-bearing precautions, which resulted 
in complete recovery [ 11 ]. 

   Pourbagher et al. was able to achieve 100 % accu-
racy using the ultrasound-guided injections to remedy 
osteoarthritis [ 12 ].      

•       Transient osteoporosis of the hip 
 –    Rare, usually during the third trimester, unknown 

etiology  
 –    Symptoms : Pain in the groin [ 8 ]. Pain may be acute or 

gradual and is mainly appreciated with weight- bearing 
activities.  

 –    Physical examination : Painful and limited range of 
motion at the hip  

 –    Treatment : Symptomatic management during preg-
nancy—limit/avoid weight bearing to avoid fracture. 

  Symptoms are self limiting and can spontaneously 
resolve between 6 and 8 months [ 6 ]. Patients are 
encouraged to remain non-weight bearing with the use 
of a walker or crutches, and mild analgesics can be 
prescribed. If weight- bearing activities are not avoided, 
then a fracture of the femoral neck may occur, and sur-
gery will be the only treatment option.      

•       Meralgia Paresthetica 
 –    Sensory mononeuropathy that involves the lateral 

femoral cutaneous nerve [ 8 ,  9 ]
 �    Occurs in pregnancy secondary to entrapment of 

the nerve as it passes around the anterior superior 
iliac spine or as it passes through the inguinal liga-
ment (Fig.  32.1 ) [ 8 ,  13 ,  14 ].      

 –   Woman may present with numbness or tingling on the 
anterior lateral region of the thigh.  

 –    Treatment : Conservative management includes mini-
mizing periods of standing, loose fi tting clothing, and 
the removal of any factor that may increase tension 
around the anterior superior iliac spine with hip exten-
sion, including belts. Most importantly, reassurance to 
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  Fig. 32.1    Pathway of the lateral 
femoral cutaneous nerve and the 
area most affected with Meralgia 
Paresthetica. © Mayo Clinic [ 14 ]       

    Table 32.1    Chart of the FDA pregnancy categories modifi ed from the FDA website [ 14 ]   

 Category A  Category B  Category C  Category D  Category X 

 Adequate and well- 
controlled studies have 
failed to demonstrate 
a risk to the fetus in the 
fi rst trimester of 
pregnancy (and there 
is no evidence of risk 
in later trimesters) 

 Animal reproduction 
studies have failed 
to demonstrate a risk 
to the fetus and there are 
no adequate and 
well- controlled studies 
in pregnant women 

 Animal reproduction 
studies have shown 
an adverse effect 
on the fetus and there 
are no adequate and 
well-controlled studies 
in humans, but potential 
benefi ts may warrant 
use of the drug in 
pregnant women despite 
potential risks 

 There is positive evidence 
of human fetal risk based 
on adverse reaction data from 
investigational 
or marketing experience 
or studies in humans, 
but potential benefi ts 
may warrant use of the 
drug in pregnant women 
despite potential risks 

 Studies in animals or humans 
have demonstrated fetal 
abnormalities and/or there is 
positive evidence of human 
fetal risk based on adverse 
reaction data from 
investigational or marketing 
experience, and the risks 
involved in use of the drug in 
pregnant women clearly 
outweigh potential benefi ts 

the expecting mother that the condition is self-limiting 
and not harmful to the infant.            

 Medications 

 Medications are divided into categories for use during preg-
nancy, which denote increased or decreased safety (see 
Table  32.1 ). Below we discuss various analgesic medications 
and possible options for refractory pain during pregnancy. 
Medications during pregnancy should always be avoided if 
possible to ensure safety of the fetus. Medication avoidance 
is most critical during early development.

   Factors that decrease medication transfer across pla-
centa and excretion into breast milk: [ 5 ] 
•   High molecular weight (larger molecules)  
•   Ionized state (polar molecules)  
•   Increased protein binding  
•   Lipophobic/hydrophilic  
•   Increased maternal metabolism  
•   Early gestation [ 7 ,  8 ] given the fetal hepatic system is not 

developed   

  Breast-Feeding [ 5 ] 
•   Neonatal dose during breast-feeding is 1–2 % of the 

maternal dose.  
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•   This can still be dangerous, as infants have decreased 
metabolism and potential for allergic reaction.  

•   If medically necessary, minimize drug transfer by taking 
medications after breast-feeding or during the longest 
time period between feedings. Pumping and dumping 
may be required in certain circumstances.  

•   Avoid long-acting medications in patients who are 
breast-feeding     

    Pain Medication Classifi cations 

    Acetaminophen  ( Tylenol ) 

•      Mechanism
 – Not completely understood, it is believed to work by 

inhibiting the synthesis of prostaglandin in the central 
nervous system (CNS)   

•      Metabolism
 – Hepatically metabolized
 –     Risk during pregnancy :

 �    Category B     
 –    Risk during breast-feeding 

 �    Acetaminophen is excreted in breast milk, use with 
caution [ 15 – 17 ]          

  Nonsteroidal anti-infl ammatory drugs 
(NSAIDs) 

•      Mechanism
 – Inhibit the synthesis of prostaglandins   

•      Metabolism
 – Hepatically metabolized via CYP450
 –     Risk during pregnancy :

 �    Category B until the third trimester and then it 
becomes a class D [ 16 ] 

 � All NSAIDs used near term may cause premature 
closure of the ductus arteriosus and inhibit labor. 
More common complications include Oligohy-
dramnios with prolonged use.     

 –    Risk during breast-feeding :
 �    Most NSAIDs are excreted in breatmilk so it is not 

advised due to potential cardiovascular complica-
tions to the infant [ 16 ].          

       Topical medications 

  Lidoderm 
•      Mechanism

 – Topical application produces an analgesic effect by 
stabilizing neuronal membranes thereby inhibiting 
ionic impulses.   

•      Metabolism
 – Extensively metabolized through the liver (CYP450), 

approximately 3 % systemically absorbed
 –     Risk during pregnancy 

 �    Category B  
 �   No adequate studies of the lidocaine patch per-

formed on human subjects  
 �   Should only be used during pregnancy if clearly 

indicated     
 –    Risk during breast-feeding 

 �    Lidocaine is excreted in human milk; caution 
should be used in breast-feeding women [ 16 ]              

       Tricyclic antidepressants  ( TCAs )

  Amitriptyline 
•      Mechanism

 – By increasing both serotonin and norepinephrine. 
Onset of therapeutic action works between 2 and 4 
weeks   

•      Metabolism
 – Hepatic metabolism via CYP 1A2 and CYP 2D6 

isoenzymes   
•      Dosing recommendation

 – Initial dose of 25 mg/day at bedtime, and increase by 
25 mg q3–7 days

 – Dosage: 50–100 mg/day
 –     Risk during pregnancy 

 �    Category C  
 �   No link between TCA use and congenital 

abnormalities  
 �   Crosses the placenta     

 –    Risk during breast-feeding 
 �    Drug can be found in breast milk  
 �   Recommend bottle-feeding or discontinuing the 

drug [ 16 ]          

  Nortriptyline 
•      Mechanism

 – Increasing norepinephrine and blocks the neurotrans-
mitter’s reuptake pump. At high doses it can also 
increase the level of serotonin.   

•      Metabolism
 – Hepatically metabolized via the CYP450   
 –      Onset of therapeutic action is between 2 and 4 

weeks   
•      Dosing Recommendation

 – Initial dose of 10–25 mg/day at bedtime and increase by 
25 mg q3–7 days with a maximum dose of 300 mg/day.

 – Dosage: 75–150 mg/day daily for depression. 
50–150 mg/day for chronic pain
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 –     Risk during pregnancy :
 �    Risk Category D  
 �   Crosses the Placenta  
 �   Should only be used if benefi ts outweigh the risk     

 –    Risk during breast-feeding :
 �    Drug found in mother’s milk  
 �   Either discontinue the medication or bottle-feed 

[ 16 ]          

  Desipramine 
•      Mechanism

 – Norepinephrine reuptake inhibitor. Onset of therapeu-
tic action is 2–4 weeks.   

•      Metabolism
 – Hepatically metabolized via the CYP450   

•      Dosing Recommendation
 – Initial dose of 25 mg/day at bedtime, increase by 

25 mg q3–7 days
 – Dosage: 100–200 mg/day for depression, 50–150 mg/

day for chronic pain
 –     Risk during pregnancy :

 �    Risk Category C  
 �   Crosses the Placenta     

 –    Risk during breast-feeding :
 �    Drug found in mother’s milk  
 �   Either discontinue the medication or bottle-feed [ 16 ].              

        Serotonin-norepinephrine reuptake inhibitors 
(SNRIs)

Cymbalta 
•      Mechanism

 – Inhibition of the reuptake of serotonin and 
norepinephrine   

•      Metabolism
 – Hepatic metabolism via CYP 1A2 and CYP 2D6 iso-

enzymes [ 16 ]    
•      Dosing recommendation

 – Start with 30 mg/day and increase to 60 mg daily.
 – Dosage: 60 mg daily
 –     Risk during pregnancy 

 �    Category C  
 �   Limited number of studies available but Duloxetine 

crosses the placenta [ 18 ]  
 �   One study published in the Arch Womans Ment Health 

in 2011 showed no malformation or withdrawal symp-
toms from in utero exposure to Duloxetine, more stud-
ies are needed to confi rm its safety [ 19 ].     

 –    Risk during breast-feeding 
 �    Drug found in mother’s milk with exposure of 

0.14–0.25 % of the maternal dose [ 20 ]  

 �   Briggs et al. published a case report that showed 
Duloxetine can be excreted in breast milk, but the 
concentration is very low [ 17 ].

 � A Study showed that an infant exclusively breast-
fed by a mother on a dose of 60 mg/day did not show 
signs of toxicity after 32 days [ 18 ].          

  Milnacipran 
•      Mechanism

 –    It blocks serotonin reuptake and increases 
neurotransmitters  

 –   Weak NMDA-receptor antagonist      
•      Metabolism

 – Hepatically metabolized via CYP450   
•      Dosing Recommendation

 – Start at 12.5 mg daily and increase by 25 mg/day on Day 
2, 50 mg in two divided doses on day 4, 100 mg in two 
divided doses on day 7 with a max dose of 200 mg/day

 – Dosage: 30–200 mg/day twice a day
 –     Risk during pregnancy 

 �    Category C  
 �   Not recommended for use during pregnancy, espe-

cially during the fi rst trimester     
 –    Risk during breast-feeding 

 �    Unknown if the medication is transmitted into 
breast milk  

 �   Should only be used if benefi ts outweigh the risk 
[ 16 ]          

           Anticonvulsants 

  Gabapentin (Neurontin) 
•      Mechanism

 – It is a structural analog of GABA, which binds to a sub-
unit of a calcium-sensitive channel inhibiting calcium 
infl ux by changing the channels function. This results in 
a decrease in the release of neurotransmitters.   

•      Metabolism
 – Renal excreted without being metabolized [ 16 ,  21 ]   

•      Dosing Recommendation
 – Start with 300 mg/day for 1 day and increase by 

300 mg every 1–3 days as tolerated.
 – Dosage: For Neuropathic Pain: 300–1800 mg/day up 

to 3600 mg/day
 –     Risk during pregnancy 

 �    Category C  
 �   There is currently no data available on gabapentin 

during pregnancy [ 16 ,  21 ]  
 �   Patients should consider terminating the medication 

before and during pregnancy.     
 –    Risk during breast-feeding 
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 �    Some drug is found in the mother’s breast milk; rec-
ommended to discontinue taking the medication or 
bottle-feed          

  Pregabalin (Lyrica) 
•      Mechanism

 – Structural analog of GABA, which binds to a subunit 
of a calcium-sensitive channel inhibiting calcium 
infl ux by changing the channels function. This results 
in a decrease in the release of neurotransmitters.   

•      Metabolism
 – Renal excretion without being metabolized   

•      Dosing recommendation
 – For Fibromyalgia: 30–450 mg/day
 – Neuropathic pain: 100–600 mg/day
 –     Risk during pregnancy 

 �    Category C  
 �   There are no adequate studies on human subjects     

 –    Risk during breast-feeding 
 �    Not known if it is excreted in breast milk  
 �   Recommended to discontinue taking the medica-

tion or bottle-feed  
 �   If the mother continues to take the medication while 

breast-feeding, the infant should be monitored for 
adverse effects [ 16 ].          

   Topiramate (Topamax)
• Mechanism

 – GABA (A) receptor augmentation and sodium channel 
blocker  

•   Metabolism
 – Renally excreted  
 –   Risk during pregnancy  

 �   Category C
 – Risk during breast-feeding  

 �   Highly recommended to discontinue medication 
prior to breast-feeding or bottle-feed [ 16 ]   

  Carbamazepine 
•      Mechanism

 – It interacts with sodium channels inhibiting the release 
of glutamate.   

•      Metabolism
 – Hepatically metabolized by Cytochrome P450 

CYP3A4 [ 16 ,  21 ]   
•      Dosing recommendation

 – Trigeminal Neuralgia: 100 mg twice a day, increase up 
to 200 mg/week with a max daily dose of 1,200 mg

 –     Risk during pregnancy 
 �    Category D  
 �   Studies on mice have shown a signifi cant number of 

fetuses with congenital defects of the CNS or uro-
genital system [ 21 ]  

 �   Use during pregnancy can cause neural tube 
defect     

 –    Risk during breast-feeding 
 �    The drug has been found in breast milk  
 �   Recommended to discontinue taking the medica-

tion or bottle-feed  
 �   If the mother continues to take the medication while 

breast-feeding, the infant should be monitored for 
adverse effects [ 17 ].          

           Opioids 

  Tramadol 
•      Mechanism

 – Due to low- and high-affi nity binding to the Mu recep-
tor as well as inhibition of the reuptake of serotonin 
and norepinephrine.   

•      Metabolism
 – Hepatically metabolized via Cytochrome P450 

isozymes   
 –      Maximum daily dose of 400 mg
 –     Risk during pregnancy 

 �    Category C  
 �   No adequate studies in pregnant woman     

 –    Risk during breast-feeding 
 �    Safety has not been studied in nursing mothers [ 16 ]          

  Codeine 
•      Mechanism

 – Codeine acts very similar to Morphine, but its specifi c 
MOA is not well defi ned but it is thought to be selec-
tive for the Mu receptor.   

•      Metabolism
 – Hepatically metabolized
 –     Risk during pregnancy 

 �    Category C  
 �   Only use in pregnancy if the benefi ts outweigh the risk.     

 –    Risk during breast-feeding 
 �    It is excreted in breast milk  
 �   Maternal use of codeine can lead to severe adverse 

reactions such as death [ 16 ].          

  Morphine 
•      Mechanism

 – It’s a Mu Receptor agonist on the opioid receptor in the 
CNS and peripheral nervous system.   

•      Metabolism
 – Metabolized in the liver
 –     Risk during pregnancy 

 �    Category C  
 �   There are no well-controlled studies on chronic in 

utero exposure with human subjects.  
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 �   If there is fetal exposure, they may experience symp-
toms of withdrawal but this is dependent on the moth-
er’s last dose and rate of elimination from the fetus.     

 –    Risk during breast-feeding 
 �    Low amounts of Morphine Sulfate have been 

detected in breast milk [ 16 ]          

  Hydrocodone 
•      Mechanism

 – Weak Mu receptor within the CNS   
•      Metabolism

 – Hepatically metabolized through the Cytochrome 450 
CYP2D6

 –     Risk during pregnancy 
 �    Category C  
 �   There are no adequate studies in pregnant woman.  
 �   The drug should only be used if the benefi ts out-

weigh the risk to the fetus.     
 –    Risk during breast-feeding 

 �    Unknown if the drug can be excreted in breast milk  
 �   Mothers should discontinue the drug or bottle-feed 

[ 16 ].          

  Tapentadol 
•      Mechanism

 – Centrally acting opioid that binds to the Mu receptor.    
•      Metabolism

 – Hepatically metabolized
 –     Risk during pregnancy 

 �    Category C  
 �   No adequate studies in pregnant women     

 –    Risk during breast-feeding 
 �    Unknown if the drug can be excreted in breast milk  
 �   Not recommended for use in nursing women [ 16 ]          

  Oxycodone 
•      Mechanism

 – Mu Receptor agonist on the opioid receptor in the CNS 
and peripheral nervous system   

•      Metabolism
 – Hepatically metabolized
 –     Risk during pregnancy 

 �    Category B  
 �   Chronic use of the medication during pregnancy 

can cause adverse reaction in the newborn includ-
ing respiratory depression     

 –    Risk during breast-feeding 
 �    Low concentrations of oxycodone have been 

detected in breast milk  
 �   Nursing should not occur if the mother is taking an 

opioid.  
 �   Infants can experience withdrawal symptoms if 

exposed to the drug through breast milk [ 16 ].          

  Oxymorphone (Opana) 
•      Mechanism

 – Mu agonist that can hyperpolarize channels reducing 
neuronal excitability   

•      Metabolism
 – Hepatically metabolized
 –     Risk during pregnancy 

 �    Category C  
 �   No adequate studies in pregnant women  
 �   Opioids do cross the placenta and may cause respi-

ratory depression on the neonate [ 22 ]     
 –    Risk during breast-feeding 

 �    Unknown if it can be found in breast milk, but cau-
tion should be exercised [ 22 ]  

 �   Not recommended for use in nursing women [ 16 ].          

  Hydromorphone 
•      Mechanism

 – Mu agonist that can cause hyperpolarizable channels 
reducing neuronal excitability   

•      Metabolism
 – Hepatically metabolized
 –     Risk during pregnancy 

 �    Category C  
 �   No adequate studies in pregnant women     

 –    Risk during breast-feeding 
 �    Found in breast milk  
 �   Not recommended for use in nursing women [ 16 ]          

  Methadone 
•      Mechanism

 – Mu agonist and NMDA-receptor antagonist   
•      Metabolism

 – Hepatically metabolized by Cytochrome P450 
enzymes

 –     Risk during pregnancy 
 �    Category C  
 �   No adequate studies in pregnant women but review 

of the Teratogen Information System (TERIS) 
stated that a well-monitored and controlled regimen 
was unlikely to post a substantial teratogenic risk, 
however the data is insuffi cient.     

 –    Risk during breast-feeding 
 �    Methadone has been detected in human breast 

milk  
 �   Mothers on Methadone maintenance should be 

properly counseled to wean the infant from breast-
feeding slowly [ 16 ].          

  Fentanyl 
•      Mechanism

 – Mu Receptor agonist on the opioid receptor in the CNS 
and peripheral nervous system.   

32 Pain Management During Pregnancy and Breast-Feeding



242

•      Metabolism
 – Hepatically metabolized
 –     Risk during pregnancy 

 �    Category C  
 �   No reports of congenital abnormalities in infants 

born to mothers on fentanyl     
 –    Risk during breast-feeding 

 �    Fentanyl is excreted in breast milk  
 �   Not recommended for use in nursing women [ 16 ]          

  Buprenorphine (Butrans patch, Suboxone) 
•       Mechanism

 –  Buprenorphine is a partial agonist at the mu- opioid 
receptor and an antagonist at the kappa-opioid 
receptor.   

•       Metabolism 
 – Hepatically metabolized.
 –     Risk during pregnancy 

 �    Category C     
 –    Risk during breast-feeding 

 �    Buprenorphine was found to pass into breast milk  
 �   Breast-feeding is not advised while on 

Buprenorphine [ 23 ].          

  Meperidine 
•      Mechanism

 – Mu receptor agonist   
•      Metabolism

 – Hepatically metabolized
 –     Risk during pregnancy 

 �    Category C  
 �   No adequate studies in pregnant women     

 –    Risk during breast-feeding 
 �    It appears in breast milk  
 �   Mothers should discontinue the drug or bottle-feed 

[ 16 ].          

          Other Medications 

   Bisphosphonates (Pamidronate) 
•      Mechanism

 –       Bisphosphonates work on bone metabolism by affect-
ing osteoclastogenesis by causing apoptosis of osteo-
clast and macrophages.   

 –      Unknown how Pamidronate works but it is believed to 
cause apoptosis on osteoclast and macrophages       

•      Metabolism
 – Renally excreted   

•      Dosing recommendation
 –       Dosage: 60–90 mg IV 

Paget’s disease: 30 mg daily for 3 days   

     Osteolytic bone lesions: 90 mg monthly   
     Osteolytic bone metastasis: 90 mg every 2–4 weeks    

 –     Risk during pregnancy 
 �    Category D     

 –    Risk during breast-feeding 
 �    It is not known if Pamidronate passes into breast milk  
 �   Mothers should discontinue the drug or bottle-feed 

[ 16 ].            

    Muscle Relaxants 

   Metaxalone (Skelaxin) 
•   Mechanism

 – Believed to be due to CNS depression  
•   Metabolism

 – Hepatically metabolized  
 –   Risk in pregnancy

 �    Not categorized due to lack of data but likely cate-
gory B     

 –    Risk in breast-feeding 
 �    Unknown if it is excreted in breast milk [ 16 ]      

  Tizanidine (Zanafl ex) 
•   Mechanism

 – Exact mechanism is unknown but it’s a centrally acting 
muscle relaxant  

•   Metabolism
 – Hepatically metabolized  
 –   Risk in pregnancy

 �    Category C     
 –   Risk in breast-feeding

 �    Unknown if it is excreted in breast milk [ 24 ]      

  Cyclobenzaprine (Flexeril) 
•   Mechanism

 – Centrally acting muscle relaxant, potentiates norepi-
nephrine and binds to serotonin receptors thereby 
reducing spasticity  

•   Metabolism
 – Hepatically metabolized  
 –   Risk in pregnancy

 �    Category B     
 –    Risk in breast-feeding 

 �    Unknown if it’s excreted in breast milk.  
 �   Given its close relation to TCA, some of which is 

excreted in human milk, precaution should be taken 
[ 25 ].      

  Carisoprodol (Soma) 
•   Mechanism

 – GABA(A) modulator  
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•   Metabolism
 – Hepatically metabolized  
 –    Risk in pregnancy 

 �    Category C     
 –   Risk in breast-feeding

 �    Drug is excreted in breast milk  
 �   Can cause sedation [ 16 ]      

  Methocarbamol (Robaxin) 
•   Mechanism

 – General CNS depression  
•   Metabolism

 – Hepatically metabolized.  
 –    Risk in pregnancy 

 �    Category C  
 �   Unknown if the drug can cause harmful affects on 

fetus [ 24 ]     
 –    Risk in breast-feeding 

 �    Excreted in breast milk [ 16 ]      

  Orphenadrine (Norfl ex) 
•   Mechanism

 – Centrally acting muscle relaxant by blocking hista-
mine and NMDA receptors.  

•   Metabolism
 – Hepatically metabolized  
 –    Risk in pregnancy 

 �    Category C     
 –    Risk in breast-feeding 

 �    Excretion in breast milk is unknown [ 16 ]      

  Baclofen 
•   Mechanism

 – GABA (B) agonist. It inhibits mono and polysynaptic 
spinal refl exes.  

•   Metabolism
 – Hepatically metabolized.  
 –    Risk in pregnancy 

 �    Category C     
 –    Risk in breast-feeding 

 �    Oral baclofen is excreted in breast milk and should 
not be used [ 16 ].      

  Chlorzoxazone (Parafon Forte) 
•   Mechanism

 – Centrally actiging muscle relaxant; Inhibits polysyn-
aptic spinal refl exes [ 24 ]  

•   Metabolism
 – Hepatically metabolized  
 –    Risk in pregnancy :

 �    Category C     
 –    Risk in breast-feeding 

 �    Unknown if excreted in breast milk. Safety advised      

  Alternative Treatment 

•    TENS unit :
 –    TENS unit (Transcutaneous Electrical Nerve 

Stimulator) device that provides electrical signal lead 
wires attached to a patients skin used to relieve pain by 
stimulating nervous system pathways within the spinal 
cord which blocks the transmission of pain [ 7 ].  

 –   It has been safely used during pregnancy and has even 
been used during labor pains [ 7 ].  

 –   No adverse effects have been reported in either the fetus 
or the mother and a recent study showed reduced LBP 
with TENS in the third trimester of pregnancy compared 
to treatment with just exercise and acetaminophen [ 7 ].  

 –    Precautions should be taken with :
   History of Epilepsy  
  Implantation devices (i.e., pacemaker or defi brillator)  
  History of miscarriage or abortion        

•   Placing leads over acupuncture points most likely to induce 
labor [ 7 ]. When using a TENS unit for labor pain relief, one 
should take several precautions which include the settings 
and the placement of the electrodes. According to a study 
by Bundsen et al., the current density should not be greater 
than 0.5 μA/mm 2 . The electrodes should not be placed sur-
papubically if the mother is thin. The TENS unit is more 
likely to be effective if placed over the lumbosacral nerve 
roots for spinal and pelvic girdle pain [ 26 ],  

•    Physical therapy 
 –    One systematic review of the literature published in 

1985 was inconclusive on the benefi ts of physical ther-
apy for pregnancy-related LBP [ 27 ].  

 –   A 2007 Cochrane review analyzed 8 studies with a 
total of 1,305 patients and found that physical therapy 
and acupuncture reduced the amount of sick days by 
12 % [ 28 ].  

 –   A Supervised, low-to-moderate intensity strength 
training program during pregnancy can be safe and 
effi cacious for pregnant women [ 29 ,  30 ].     

•    Chiropractic treatment 
 –    In a randomized control trial comparing exercise, 

spinal manipulation, and neuro emotional tech-
niques as a way to treat pregnancy-related back 
pain, 50 % of patients experienced improvement in 
symptoms [ 29 ].  

 –   Studies have shown the relative safety and effective-
ness of chiropractic treatment for LBP during preg-
nancy [ 30 ,  31 ]     

•    Bracing 
 –     Pelvic and Sacroiliac belts 

   Hypothesis for back pain in pregnancy is the hormonal 
changes alter the lumbopelvic ligaments, thereby 
affecting the stability [ 32 ].  
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  The effectiveness of a pelvic belt in reducing pelvic 
pain in pregnancy remains controversial.  

  The theory behind its benefi ts is that the belt brings the 
articular surface of the Sacroiliac joint together [ 4 ].  

  The positioning of the belt is more effective than the 
tension of the belt with reducing SI joint laxity [ 4 ].  

  A review article that studied published literature on the 
effectiveness of pelvic belts concluded that there is 
little evidence that the use of pelvic belt will inde-
pendently reduce pregnancy-related LBP or pelvic 
girdle pain [ 4 ].          

 Table  32.2  lists common medications used during 
pregnancy.
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 Benadryl  B  Probably safe  Category B in third trimester 
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 Colace  C  Safety unknown 
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  Please refer to Table  32.1  for FDA category explanation  
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      Abbreviations 

   APAP    Acetaminophen   
  ASA    Aspirin   
  AV    Arteriovascular   
  BP    Blood pressure   
  CABG    Coronary artery bypass grafting   
  CCB    Calcium channel blockers   
  COX    Cyclooxygenase   
  CV    Cerebrovascular   
  EtOH    Ethanol   
  GERD    Gastroesophageal refl ux disease   
  GIB    Gastrointestinal bleeding   
  IV    Intravenous   
  MSK    Musculoskeletal   
  NSAIDs    Nonsteroidal anti-infl ammatory drugs   
  OIC    Opioid induced constipation   
  OT    Occupational therapy   
  PHN    Postherpetic neuralgia   
  PO    Per os   
  PPI    Proton pump inhibitor   
  prn    As-needed   
  PT    Physical therapy   
  PUD    Peptic ulcer disease   
  QoL    Quality of life   
  SQ    Subcutaneous   
  TBI    Traumatic brain injury   

          Introduction 

•     Persistent pain affects 25–50 % of community-dwelling 
elderly persons and 45–80 % of older residents of long- 
term care facilities [ 1 ].  

•   Several painful conditions occur more commonly in older 
than in younger adults and often go unrecognized 
(see Table  33.1 ) [ 1 – 4 ].

•      Some painful syndromes result from therapies decades 
earlier, e.g., Radiation therapy, surgeries such as CABG 
(coronary artery bypass grafting), amputations, etc.  

•   Untreated pain may lead to a decline of functional status 
and quality of life, depression, falls, and increased health-
care utilization.     

    Physiologic Changes in Geriatric Population 
[ 1 ,  2 ,  4 ] 

•     Slowed absorption results in delayed onset and delayed 
time to peak serum concentration.  

•   Slowed metabolism—decreased renal and hepatic clear-
ance may lead to toxicities, especially with polyphar-
macy, e.g., sedation, confusion, constipation, and urinary 
retention in geriatric patients  

•   Other changes—lower albumin, increased fat mass, 
decreased muscle and body water affect distribution, i.e., 
delayed onset, increased free-drug concentration, and 
increased washout time [ 4 ].     

    Recommendations When Treating Geriatric 
Patients 

•     Use least invasive route of administration of pain 
medications  

•    Avoid intramuscular medications : No specifi c advan-
tages over IV or PO medications, absorption of 
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 intramuscular medications vs. IV or PO is less predictable 
in older patients. Some medications, such as APAP (acet-
aminophen) and opioids, work well as suppositories  

•   Dosing recommendations are diffi cult to obtain, as they 
have not been systematically studied in older adults [ 1 ,  4 ,  5 ].  

•    Caution to avoid cognitive impairment which can lead to 
falls / fractures ,  avoid exacerbating constipation ,  and 
renal or hepatic worsening of pathology 
 –    Widespread differences amongst prescribing practices 

for older adults [ 5 ] due to few quality studies of pain 
management in the elderly, those with cognitive 
impairment, and/or the frail     

•   “ Start low and go slow ”: Analgesics have widespread 
effects on many systems which may be compromised by 
diseases and/or by age-related changes, making side effects 
less predictable [ 1 – 4 ,  6 ]  Monitor for side effects such as 
cognitive impairment which can lead to falls / fractures , 
  constipation ,  and renal or hepatic worsening of pathology 
 –    Clinician must be guided by:

   Understanding of pharmacokinetics [ 7 ]  
  Vigilance for the  quietly crashing patient , who may 

show no changes in vital signs, mental status, nor 
lab values but be critically ill [ 1 – 6 ].           

    American Geriatrics Society Guidelines 

•     2012 Beers Criteria allow most opioids except meperi-
dine (See Table  33.2 ) [ 6 ]

 –     Recommend least invasive route of drug administra-
tion when possible  

 –   Around-the-clock dosing for continuous pain treatment  
 –   Use of short-acting medications for breakthrough pain 

on an as-needed (prn) basis        

    Common Geriatric Pain Syndromes 

 See Table  33.1  for a list of common pain syndromes, which 
may affl ict geriatric patients with higher frequency than 
younger adults.  

    Pain Assessment in Older Adults 

•     More complicated than in younger adults  
•   Geriatrics may have lower pain threshold [ 2 ].  
•    Vision and hearing impairment  lead to inaccurate 

assessments when formal measurement scales are used.  
•    Geriatric pain assessment instruments  for older adults 

should be simple, readily available to patients and staff, 
and in large print. They should also describe pain in lan-
guage that patients comprehend. Familiar words such as 
slight, mild, moderate, severe, or extreme may be pre-
ferred over the traditional 1–10 rating scale.  

•   Ask family members the patient’s pain history to eluci-
date etiology and treatment. Be wary not to “sideline” the 
patient as that may hinder development of therapeutic 
rapport and treatment effi cacy  

•    Nihilism : Health care workers’ cultural or societal beliefs, 
e.g., pain is inevitable with aging, may present barriers to 
treatment.  

•    Cognitive impairment  (stroke, delirium, or dementia) must 
differentiate various distressful external vs. internal stimuli, 
e.g., the moaning patient might be delirious, not in pain.  

•    Physical exam  may elicit grimacing, movement, on pal-
pation of a suspected painful region. 

•  Medical workup  for reversible causes of Altered Mental 
Status is required.  

•   New behavioral problems in dementia patients may refl ect 
a number of uncomfortable situations, including urinary 
tract infections, constipation, or discomfort from falls or 
injuries. Treating the patient’s underlying disorder may 
reduce use of pain medication and anxiolytics,  antipsychotics 
prescribed for agitation, or other symptoms of delirium.     

    Patients with Cognitive Impairment 

•     Patients with cognitive impairment may not be able to 
request prn medications and may require standing medi-
cations [ 1 ,  2 ,  8 ]. May necessitate the use of less well- 
studied routes of administration such as SQ, suppository, 

     Table 33.1    Pain syndromes encountered with higher frequency in the older adult   

 Athridites (e.g., OA, RA)  Temporal arteritis and other rheumatic disorders 
 Vertebral body compression fractures 
 Amputations 
 Cancer pain  Both direct and as a consequence of treatments 
 Late sequelae of surgery  May occur decades after treatment (i.e., noncardiac chest pain; post-CABG; postthoracotomy 
 Late sequelae of radiation therapy  May occur decades after treatment (i.e., mucositis, proctitis) often poorly localized 
 Neuralgias  Postherpetic neuralgia/shingles 

 Trigeminal neuralgia 
 “Double Crush” after chemotherapy, EtOH use, diabetes, etc. 

 Peripheral neuropathies  Due to diabetes, atherosclerosis, PVD, ischemic pain, etc. 

   OA  osteoarthritis,  RA  rheumatoid arthritis,  CABG  coronary artery bypass grafting,  PVD  peripheral vascular disease,  EtOH  ethanol  
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   Table 33.2    Dosing and titration of opioid medications for the older adult [ 1 ,  2 ,  4 ,  5 ,  7 ,  8 ]   

 Generic name  Brand names  Dosing  Clinical comments 

 Buprenorphine 
patch 

 Butrans  Begin 5 μg/h q7days  Only the patch is approved for pain; SL form is for treatment of 
withdrawal (signifi cant fi rst-pass metabolism precludes oral) 

 Titrate to 10 then 20 μg/h 
at 3-day intervals 

 Sublingual tablets approved only for opioid dependence and 
requires DEA waiver 

 Not suitable for patients who require >80 mg PO morphine in 24 h 

 Safe in renal impairment because of fecal excretion 

 Rarely covered by insurance 

 Codeine with 
acetaminophen 

 Tylenol #3  30 mg/300 mg 1 tab 
PO q4–6 h PRN 

 Rarely used due to high risk of adverse events 

 Complicated metabolism: Must be metabolized to morphine before 
good pain relief 

 Highest risk of injurious falls (huang) 

 Fentanyl  Transdermal: Duragesic  Smallest patch is 12.5 μg/h but 
diffi cult to obtain. Most common 
starting dose is 25 μg/h. Do not 
use before 60 mg PO 
morphine/24 h 

 Not for opioid-naïve patients 

 Dosing, absorption, and pharmacokinetics diffi cult to predict 

 Geriatric half-life much longer than younger adults: May take days to 
achieve pain control and steady state, both for starting and stopping 

 For severe chronic and malignant pain 

 Rarely helpful in cachectic patients 

 Actiq, Fentora, Subsys  100 μg troche, spray or lozenge 
equivalent 

 Do not use if fever >39 °C (102 °F) 

 Little role on the Rehab fl oor/hospital wards 

 SL formulations are approved only for cancer pain; rarely covered 
by insurance 

 Hydrocodone  Vicodin, Lortab/
Norco (APAP) 

 2.5–5 mg every 4–6 h  Recently changed to DEA Schedule II 

 Nonopioid medications in combination vary in dose, and may be 
dose-limiting  Vicoprofen (ibuprofen) 

 Hydromorphone  Dilaudid  1–2 mg PO every 3–4 h 

 0.2 mg IV every every hour PRN 

 Titrate as required 

 Meperidine  Demerol  Inappropriate for geriatrics, per 2012 Beers Criteria 

 Methadone  Dolophin  Doses for pain typically much 
lower than for substance abuse 

  Consult expert before prescribing  

 Not for opioid naïve patients 

 2.5–5 mg PO at bedtime  Variable pharmacokinetics 

 Risk of QT prolongation/torsades 

 Morphine  Immediate release: 
Morphine, Roxonol elixir 

 2.5–10 mg every 4 h, 2 mg IV  First-line weak opioid but not often used on Rehab fl oor. 
Decreased fi rst-pass metabolism results in higher bioavailability 

 Decreased renal clearance may result in increased toxicity 

 Sustained release: 
MS-Contin, Avinza, Kadian 

 15 mg every 8–12 h  Monitor for end-of-dose failure 

 Oxymorphone  Opana IR  5 mg q6  Signifi cant interactions with food 

 Opana ER  5 mg q12  Signifi cant alcohol toxicity 

 Oxycodone with 
acetaminophen 

 Oxycodone, Roxicodone  Elixir: 2–10 mg every 4 h as 
needed for pain 

 Highest potential for abuse of legal opioids: Can be activating/
euphorigenic 

 Combinations: Percocet, 
Roxicet 

 Combination: 5 mg/325 mg or 
10 mg/325 mg PO. 1 or 2 tabs 
q4 h PRN pain 

 Available in elixir or sustained release 

 Sustained release forms may be prohibitively expensive, even generic 

 Increasing reluctance by third-party payors to cover sustained 
release, even generic 

 Sustained release: 
OxyContin 

 Sustained release: 10 mg PO 
every 12 h 

 Monitor for end-of-dose failure 

 Tapentadol  Nucynta  50–100 PO q4–6 h as needed for 
moderate-to-severe 

 Short term (postoperative) and chronic pain 

 Some studies show less constipation 

 Nucynta ER  Sustained release: 50–250 mg PO 
q12 

 Nociceptive and neuropathic pain 

 Recently on market so often requires preauthorization for coverage 

 Tramadol  Ultram  25 mg PO q4 or 6 h  Has the usual opioid side effects, including constipation, urinary 
retention, potential for aberrant use 

 Weak opioid with ceiling dose 

 Some states are changing to Schedule II 

  • Consider specialist (Pain Management, Geriatrics, Palliative Care) for nonroutine dosing 
 • For all opioids, begin bowel regimen immediately;  geriatrics are at high risk for fecal impaction . At minimum a cathartic 
 • Extended release formulations are usually started after initial dose determined by effects of immediate release 
 • Monitor mental status and mood (sedation, delirium) and rotate opioid as required 
 • May require concomitant dosing of stimulants, e.g., methylphenidate or modafenil 
 • Synthetic and semisynthetic opioids with “cleaner metabolism” have lower risk of opioid-induced neurotoxicity (see text) 
  DEA  drug enforcement administration  
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SQ, and the assistance of caregivers to provide optimal 
management [ 1 ,  2 ,  4 – 8 ].  

•   Opioid-sparing strategies such as  adjuvant pain  medica-
tions may provide greater benefi t while minimizing side 
effects when compared to escalating the dose of a single 
agent [ 1 ,  3 ,  8 ].  

•   Geriatrics are more susceptible to  opioid - induced neuro-
toxicity : Monitor closely for any one or more of delirium, 
hyperrefl exia, dysesthetic touch, muscle twitching (both 
subjective and objective reports), widespread pain (total 
body pain), reports of vivid dreams and/or nightmares.     

    Pain Medication Classes 

        Acetaminophen  ( Tylenol )

 First-line treatment  to relieve most types of mild-to-moder-
ate pain
•    Scheduled (around-the-clock) dosing vs. as-needed dos-

ing of acetaminophen improves effi cacy for treatment of 
chronic pain. Total daily dose should not exceed 3,000–
4,000 mg divided every 6–8 h. Elderly patients are more 
susceptible to liver toxicity and caution should be used 
when giving max daily doses to these patients.  

•    Caution with combination medications  that also may con-
tain acetaminophen such as Percocet, Vicodin/Norco). 
These must be included in total acetaminophen daily dos-
age. If combination drugs are necessary, use formulations 
that contain only 325 mg of acetaminophen.   

•    Caution with existing liver pathology  ( cirrhosis ,  hepatitis )    

         Nonsteroidal anti - infl ammatory drugs  ( NSAIDs )

•       Mechanism of action:
 –    Traditional NSAIDs (Nonselective COX inhibitors) 

treat infl ammation in musculoskeletal tissues through 
COX 2 inhibition, while also limiting COX-1  protective 
activity in the gastric mucosal lining.
 n    Proton pump inhibitors (PPIs) reduce the risk 

of developing PUD (peptic ulcer disease)/GIB (gas-
trointestinal bleeding)/Gastric upset.  Remember to 
stop PPI if NSAIDs are discontinued to reduce 
polypharmacy as PPIs can cause delirium ,  osteope-
nia ,  and weaken the GI intrinsic immune system .  

 n   Misoprostol, a synthetic prostaglandin, reduces risk 
of PUD, though the side effect of diarrhea limits 
compliance.     

 –   COX-2 inhibitors and choline magnesium trisalicylate 
(Trilisate) have reduced gastrointestinal side- effect 
risk, but still require monitoring for renal toxicity 
(hypertension and limb edema).      

•       Use with caution in patients with history of :
 –    Renal/hepatic pathology  
 –   PUD/GERD (gastroesophageal refl ux disease)  
 –   Concurrent use of anticoagulant, antiplatelet, or 

corticosteroid medications  
 –   Bleeding diatheses      

•       Do not use in patients with moderate — severe renal dis-
ease : See more details in Chap.   30    .   

•      NSAIDs are for short-term use only.    

         Opioids 

•       Indicated for moderate-to-severe pain refractory to other 
medications   

•      Pain severity, medical and cognitive status, and side- effect 
tolerance may guide selection of this class of medications.   

•      Episodic moderate-to-severe pain: PRN dosing, e.g., 
Dosing in arthroplasty patients 20–30 min prior to PT/OT 
aides in therapy tolerance.   

•      Scheduled doses of short-acting medications should be 
titrated for desired effect, and then conversion to long-
acting formulas may be performed if needed.   

•      Continuous pain can be treated with long-acting prepara-
tions; risks of overdose and side effects are higher. Given 
impaired metabolism, short-acting may suffi ce in the 
elderly.   

•      Titrate less often than with younger patients.   
•      Opioid equivalency tables, SmartPhone apps, and online 

must be used with  caution , due to paucity of studies of 
older adults [ 5 ]. Decrease for incomplete cross-tolerance    

•   Side effects of opioids 
•   Nausea and Constipation are most common. Nausea sec-

ondary to opioids and metabolites habituates after 2–3 
days. Severe symptoms may require opioid rotation or 
symptom control with antiemetic medications.  

•   Laxatives/stool softeners must be initiated with opioids to 
avoid stool impaction, typically senna and docusate. 
Magnesium or phosphorous preparations are not fi rst line 
in elderly as can cause electrolyte abnormalities. If lactu-
lose is used, docusate is not required.  

•   Methylnaltrexone is approved in the United States for 
opioid-induced constipation (OIC) as SQ (subcutaneous) 
injection. Patient should have tried at least two other laxa-
tion agents prior. Dosing is weight-based. Advise patient 
to expect copious bowel movements within 30 min of 
dosing. Administer only to a patient who will be awake as 
sleeping patients tend not to defecate. IV and PO studies 
are in progress. (Prucalopride is not yet approved in the 
United States). Lubiprostone is now approved for OIC.  

•   Monitor for sedation, impaired cognition, dizziness, dry 
mouth, and urinary retention. Respiratory depression is 
rare if opioids are titrated at the correct rate (see Table  33.3 ).

E.L. Smith and T. Castor
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    Table 33.3    Nonopioid medications for geriatric patients: acetaminophen, NSAIDs, and adjuvants   

 Generic name  Brand names  Dosing  Clinical comments 

 Acetaminophen  Tylenol  Maximum daily dose of 4 g per 24 h  Effective in musculoskeletal pain 
 Include “hidden sources” from combination 
pills 

 Relatively contraindicated in liver failure 

 2 g if regular EtOH use 
 Nonselective NSAIDs: 

  Ibuprofen  Motrin, Advil  200–400 mg PO q6 h  Use with extreme caution if safer therapies 
have failed 
 Do not use in active PUD, CKD, CHF 
 Do not take more than one for pain 
control 
 Patients taking ASA for cardiac 
protection should not take ibuprofen 

  Naproxen  Aleve, Naprosyn  500–750 mg PO q8 h  Naprosyn has lowest risk of CV events 
  Diclofenac  Voltaren, Zipsor  50 mg q12, or 25 mg q6 h, or 75 mg 

extended release daily 
 Assess regularly for GI and renal toxicity 

  Choline magnesium salicylate  Trilisate  500–750 mg PO q8  Trilisate may have less antiplatelet action 
 COX-2 inhibitors 

  Celoxicib  Celebrex  100 mg daily 
 Tricyclic drugs 

  Amitriptyline  Elavil  The typical starting dose of any TCA for 
treatment of neuropathic pain is 10–25 mg 
nightly. Increase by 10–25 mg every 
3–7 days as tolerated. Older persons rarely 
tolerate doses greater than 75–100 mg per 
day. Tertiary tricyclic antidepressants 
(amitriptyline, imipramine, doxepin) 
should be avoided because of higher risk 
for adverse effects. Secondary amine 
tricyclic antidepressants (desipramine, 
nortriptyline) may have fewer adverse 
effects than amitriptyline 

 Signifi cant risk of adverse effects in 
elderly: Anticholinergic (visual, urinary, 
GI), orthostasis and AV block 

  Desimpramine  Norpramin 
  Nortriptyline  Pamelor, Aventyl 

 SNRIs 
 Duloxetine  Cymbalta  20 mg daily  Multiple drug–drug interactions 

 Avoid when CrCl <30 mL/min 
 Can increase BP and HR 

 Venlafaxine  Effexor  25 or 37.5 mg daily 
 Milnacipran  Savella  Start at 12.5 mg daily and titrate to 50 

BID. Discontinuation requires tapering 
 Caution in renal insuffi ciency. If CrCl 
<30 mL/min, decrease by 50%. May cause 
constipation, nausea, hot fl ashes, dry 
mouth, palpitations, HTN, hyperhydrosis 

  Anticonvulsants  
 Carbamazepine  Tegretol  100 mg daily  Monitor transaminases, CBC, Cr, BUN, 

electrolytes, serum levels. Multiple 
drug–drug interactions 

  Gabapentin  Neurontin  Start at 100 mg PO qHS titrate PRN  Sedation, ataxia, edema, weight gain 
 Gralisse  300 mg PO qHS; titrate PRN  Sedation, ataxia, edema, weight gain 

  Pregabalin  Lyrica  50 mg PO qHS; titrate PRN  Sedation, ataxia, edema, weight gain 
rapid onset may cause more delirium 

 Topicals 
  Capsaicin 8 % patch  Quetenza  1–4 patches for 60 min; repeat q3mos PRN  Application site may develop erythema, 

pain, pruritus, papules, or hyperalgesia. 
Pretreat with topic anesthetic if required 

 Capsaicin 0.025–0.1 %  TID or QID as tolerated  Patch is FDA-approved only for PHN, but 
both patch and lotion are effective in HIV 
 Lotion may require application for days/
weeks 

(continued)
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•       Opioid-induced hyperalgesia  ( OIH ) is a serious side 
effect and a sign of Opioid-Induced Neurotoxicity  

•    Opioid - induced neurotoxicity  ( OIN ): Monitor closely 
for any one or more of delirium, hyperrefl exia, dyses-
thetic touch, muscle twitching (both subjective and objec-
tive reports), widespread pain (total body pain), reports of 
vivid dreams and/or nightmares  

•    O IN occurs more often at higher doses and with chro-
nicity. Treatment may include reducing dose or rotation 
to a different opioid. Avoid polypharmacy; i.e., use same 
opioid for long-acting and for short-acting PRN dosing  

•   Histamine release is frequently mislabeled allergy and 
usually habituates in 2–3 days. Pruritus can be treated 
with pramoxine lotion; use systemic antihistamines only 
if absolutely necessary.  

•   Sedation: Consider stimulants such as methylphenidate or 
modafi nil in cardiac stable patients. Monitor heart rate 
and BP if these are a concern.      

      Neuropathic pain medications 

•        Neuropathic pain syndromes 
 –    Neuropathic pain is often described with a “burning,” 

“squeezing,” “like pressure” or “pins and needles,” 
“like insects crawling” or “numb.”  

 –    Dysesthetic  touch: Light touch, even e.g., bedsheets, 
perceived as painful.
 n    Neuropathic pain may occur with intracranial inju-

ries such as stroke or traumatic brain injury (TBI). 
Post- stroke pain syndromes are  common  (>50 % of 
stroke patients)  

 n    Peripheral neuropathy  may arise from diabetes, 
micronutrient defi ciencies, and other metabolic dis-
orders, EtOH use, liver pathology, HIV, 
chemotherapy.  

 n   HIV neuropathy responds well to topicals such as 
capsaicin (see Table  33.3 ) [ 9 ,  10 ].  

 n    Phantom limb pain  or pain resulting from neu-
roma formation in the residual limb.  Neuromas  can 
form in a variety of postoperative sites, resulting in 
a panoply of  noncardiac chest pain syndromes  
such as post- CABG, postmastectomy, postthora-
cotomy pain syndromes. These may become symp-
tomatic decades after surgery if patient develops 
“ double crush ” from e.g., diabetes or 
chemotherapy.          

         Tricyclic antidepressants 

•       Commonly used for neuropathic conditions in adults, but 
rarely used for older adults due to burdensome side-effect 
profi le.   

•      Signifi cant side effects include QT prolongation and anti-
cholinergic effects which may lead to severe dry mouth, 
cognitive impairment, bowel, and bladder dysfunction.   

•      Amitriptyline, nortriptyline, and desipramine, even at low 
dose, are considered only if refractory to all other medica-
tions. Close side effects monitoring is recommended. 
Nortriptyline has the most side-effect burden.    

         Anticonvulsants   medications 

•       Used to treat virtually all neuropathic pain syndromes.   
•      Gabapentin, with its low side-effect profi le and slow onset 

is commonly prescribed. Renal clearance reduces interac-
tions with other medications, and monitoring of drug lev-
els and liver function is not necessary. See Table  33.1  for 
dosing. Close monitoring for edema and neurological side 
effects is recommended.
 –    Likelihood of peripheral edema increases with dose, 

age, and decreased renal function.      
•      Other seizure medications, such as phenytoin, valpro-

ate, and carbamazepine, also may be prescribed for 

 Generic name  Brand names  Dosing  Clinical comments 

 Corticosteroids 
  Prednisone  Deltasone  e.g., 5–60 mg daily  Use lowest dose possible 
 Methylprednisolone  Medrol dosepak  Monitor for fl uid retention, glycemic effects, 

delirium. 
 For short-term use, except in end-of-life 
care 
 Taper as rapidly as feasible 
 Also give PPI 

  Dexamethasone  Decadron  4 mg PO/IV q6 then q8 on day 2 

  Consider specialist such as Pain Management, Geriatrics, or Palliative Care for nonroutine cases 
 Monitor mental status and mood (sedation, delirium) 
  NSAIDs  nonsteroidal anti-infl ammatory drugs,  PPI  proton pump inhibitor,  PO  per os,  IV  intravenous,  FDA  Food and Drug Administration,  PRN  as-needed, 
 PHN  postherpetic neuralgia,  HIV  human immunodefi ciency virus,  CBC  complete blood count,  Cr  creatinine,  BUN  blood urea nitrogen,  HTN  hypertension, 
 BP  blood pressure,  HR  heart rate,  GI  gastrointestinal,  PUD  peptic ulcer disease,  CKD  chronic kidney disease,  CHF  congestive heart failure  

Table 33.3 (continued)
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neuropathic pain. These are dosed to lowest dose 
required to control pain; typically lower than “therapeu-
tic level” for seizure prophylaxis. Periodic monitoring 
of levels and liver function is required.    

         Topical analgesic medications 

•       As well as opioids and adjuvants such as gabapentin, use 
Lidoderm patch once the vesicles have crusted. There are 
numerous reports for use in other localized pain syn-
dromes. Lidocaine jelly can be used in e.g., rectal/anal/
intertriginous areas.   

•      Capsaicin cream or lotion, believed to deplete pain fi ber 
nerve terminals of substance P, may be used to treat neu-
ropathic or nociceptive pain. Avoid accidental place-
ment of the medication in mucous membranes and eyes. 
Careful hand washing and careful movement of cloth-
ing, bed linens, or dressings over treated regions reduces 
this risk.   

•      Topical Medications Generally Perceived as Safe for the 
Older Adult: Diclofenac patch (Flector) and gel (Voltaren), 
ASA (aspirin) gel (SportsCreme, AsperCreme), menthol 
creams (BenGay), capsaicin, lidocaine patch (Lidoderm)    

          Nonpharmacological Pain Management 
Strategies 

•     Osteopathic manipulation has been demonstrated to 
improve pain and QoL in many patients, including geriat-
rics. Techniques include postural examination and palpa-
tion using soft tissue techniques designed to increase 
proprioception and posture [ 11 ].  

•   Massage  
•   PT/OT/splinting/sling  
•   Music therapy (nursing home, dementia)  
•   Recreation therapy (relief of boredom)  
•   Tai Chi—proprioception, lowers MSK pain    

 Overall, caution should always be taken when prescribing 
medications to elderly patients as they are likely more 
 susceptible to side effects and overdose potential.     
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      Abbreviations 

   CNS    Central nervous system   
  CSF    Cerebrospinal fl uid   
  CT    Computed tomography   
  FLACC    Face, legs, activity, cry, consolability   
  IM    Intramuscular   
  INR    International normalized ratio   
  IV    Intravenous   
  LMWH    Low molecular weight heparin   
  MAOIs    Monoamine oxidase inhibitors   
  MRI    Magnetic resonance imaging   
  NA    Not available   
  NMDA     N -methyl- D -aspartate   
  NPO    Nil per os   
  NSAIDs    Nonsteroidal anti-infl ammatory drugs   
  PCA    Patient-controlled analgesia   
  PO    Per os   
  PONV    Postoperative nausea and vomiting   
  TURP    Transurethral resection of the prostate   
  VAS    Visual analog scale   

          Introduction 

 Despite advances in pain medicine, postsurgical pain remains 
undertreated. It is a subject that has received greater attention 
over the last two decades [ 1 ,  2 ]. A vast majority of patients will 
suffer from some degree of discomfort during their postoperative 
recovery. Adequate evaluation, acknowledgement, and manage-
ment of postoperative pain are integral to standard of care.  

    Brief Overview of Acute Pain 

•     Acute pain or nociceptive pain: 
 – Related to a precipitating event (acute onset) and lasts 

<3 months  
 –   Mediated through the system and developed as an adap-

tive mechanism to mitigate further tissue damage [ 3 ].  
•   Acute pain can be categorized into somatic or visceral pain

 –     Somatic pain : A delta fi bers
    Superfi cial somatic pain : Well-localized, sharp, stab-

bing, or pinprick pain.  
   Deep somatic pain : Arises from muscles, bones, joints, 

is less well localized and often described as dull, 
aching pain [ 4 ,  5 ].     

 –    Visceral pain : C fi bers
    Deep visceral pain : Arises from the visceral organs. 

Dull, pressure-like pain that is diffused and poorly 
localized.  

   Parietal pain : Localized or referred pain and is sharp/
stabbing in nature [ 6 ,  7 ].           

    Evaluating the Postsurgical Patient with Pain 

•     Evaluation begins with the preoperative anesthetic 
assessment  

•   Comorbidities should be identifi ed  
•   Patients at risk for signifi cant postoperative pain     
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    Focused History of Present Illness 

     1.    Location and radiation of pain   
   2.    Temporal association   
   3.    Quality of pain   
   4.    Pain assessment

•       Visual analog scale (VAS): Reliable tool to quantify 
acute pain and is used to monitor the effectiveness of 
analgesic modalities [ 8 ,  9 ].   

•      In noncommunicative or unconscious patients, objec-
tive measures such as heart rate, blood pressure, respi-
ratory rate (over breathing on ventilator), agitation, 
and facial expression can also be used to assess pain in 
nonverbal patients [ 10 ].       

   5.    Chronic pain syndromes
•       Imperative to document any previously diagnosed 

pain syndromes   
•      Identify current treatment modalities/medications   
•      Past analgesic modalities trialed

 –    What treatment modalities have worked?  
 –   What treatment modalities have not worked and why?

 �    Inadequate dose escalation  
 �   Adverse reactions to medications: Tolerable or 

intolerable                

    Post-Surgical Physical Exam 

•     Physical exam should focus on the neurological, muscu-
loskeletal, and vascular systems with considerations of 
the surgical site.  

•    Examination of the catheter site :
 –    Evaluate location of catheter at the skin and confi rm 

location with intraoperative records. Catheters should 
be 4–5 cm in the epidural space. Migration either into 
or out of the epidural space can account for insuffi cient 
analgesia or unblocked dermatomal segments (patchy 
coverage).  

 –   Evaluate for leakage around the insertion site, bleed-
ing, erythema, or signs of injection. Catheter site 
should be clean, dry, and intact.     

•    Use of neuraxial opioids  ( epidural ):
 –    Neuraxial opioids

    Neuraxial fentanyl : Mode of intraoperative analgesia 
as onset and duration are relatively short  

   Neuraxial morphine : Mode of postoperative analgesia 
as onset is several hours and lasts up to 24 h        

•    Perioperative analgesics 
 –     Ketorolac : Used in all surgeries where there are no con-

traindications (Renal dysfunction, neurosurgery, etc.)  
 –    Intravenous paracetamol :

   Can be given on scheduled basis while patients are 
NPO  

  Oral acetaminophen should be given when patients tol-
erating PO.  

  May be opioid sparing     
 –    Gabapentinoids  [ 11 ]:

   Gabapentin may be started preoperatively and contin-
ued postoperatively especially when neuropathic 
pain is predominant.  

  Evidence to support this is mostly anecdotal  
  Avoid gabapentin in gastric bypass patients as these 

patients have the duodenum “bypassed” from their 
GI tract, the sole site of gabapentin absorption.     

 –    Benzodiazepines :
   Decrease perioperative anxiety  
  Anxiety is a signifi cant component of pain perception.  
  Muscle relaxant properties effective in treating muscle 

spasm pain  
  Avoid in elderly due to increased risk of contributing 

to postoperative delirium           

    Specifi c Surgery Considerations 

•      Orthopedic procedures : Can be accomplished with periph-
eral nerve blocks/catheters or Neuraxial techniques  

•    NSAIDs : Avoid in patients with chronic kidney disease or 
in surgeries with a high risk of bleeding or where bleeding 
cannot be easily controlled (i.e., neurosurgical procedures)  

•    Neuraxial infusions with epidural catheters : Consider in 
large abdominal surgeries     

    Patient Considerations 

•      Elderly : Can have increased sensitivity to medications, 
use lower doses and longer dosing intervals (see specifi c 
chapter for more details)  

•    Delirium : Benzodiazepines should be avoided especially 
in the elderly  

•    Hepatic or renal dysfunction : Effects metabolism and 
excretion of drugs or metabolites (see specifi c chapters 
for more details)
 –    Active metabolites of Morphine in patients with renal 

dysfunction can lead to neurotoxicity [ 12 ]  
 –   Meperidine in the elderly and those with renal dys-

function can result in seizures due to accumulation of 
active metabolite Normeperidine [ 13 ,  14 ].        

    Allergies 

•     True allergies to opioids are uncommon  
•   Patients may perceive adverse reactions as allergies and 

request not to have certain opioids (Table  34.1 ).
 –     Opioid equianalgesic chart with doses (Table  34.2 )

C.A.J. Webb et al.
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             Opioid Analgesics 

•      Morphine 
 –    Prototypical long-acting opioid in the perioperative 

period  
 –   Widely available and cost-effective  
 –   Can be administered IV, IM, or PO  
 –   PO formulation is available in short-acting and 

sustained- release preparations  
 –   Avoid in patients with renal dysfunction

   Clinically active metabolites: Morphine 3 Glucuronide 
and Morphine 6 Glucuronide. Morphine’s use is not 
recommended in patients with renal dysfunction as 
morphine-6-glucuronide can accumulate in renal 
failure leading to respiratory depression, myoclo-
nus, and seizures.        

•    Hydromorphone 
 –    Roughly fi ve times more potent than morphine  
 –   Good alternative for morphine intolerant patients  
 –   Available in IV and PO formulary [ 15 ,  16 ].  
 –   It is metabolized in the liver to hydromorphone-3- 

glucoronide (H3G) which itself has no analgesic prop-
erties. However, this H3G metabolite is renally 
cleared. There is some literature to suggest that H3G 
accumulation in renal failure can lead to neuroexcita-
tion with symptoms such as restlessness, agitation, 

hallucination, and hyperalgesia. Therefore caution is 
advised when using hydromorphone in this patient 
population.     

•    Fentanyl 
 –    Highly potent analgesic  
 –   75–125 times more potent than morphine  
 –   Relatively short duration of action  
 –   Being the most commonly used opioid intraopera-

tively, fentanyl is an excellent choice for the fi rst hours 
after surgery as a patient’s response to the drug may 
already be known.  

 –   Safe option in cases of hepatic dysfunction     
•    Methadone 

 –    Long-acting opioid  
 –   Highly variable potency and bioavailability  
 –   The analgesic profi le is much shorter than its pharma-

cokinetic profi le (i.e., severe respiratory suppression 
and somnolence despite inadequate pain control).  

 –   Acts as a mu receptor agonist and a  N -methyl- D -   
aspartate (NMDA) antagonist  

 –   Can be used to limit tolerance and overall dosage of 
other opioids postoperatively in patients requiring 
high-dose opioids.  

 –   Available in IV and PO formulation  
 –   At high doses >100 mg, it can cause a prolonged QT 

syndrome  
 –   Metabolized in the liver to inactive metabolites     

    Table 34.1    Pharmacokinetics (metabolism, elimination half-life, excretion, active metabolites)   

 Opioid  Phase 1 metabolism  Phase 2 metabolism  Active metabolites 

 Morphine  None  Glucuronidation  Morphine-3-G Glucuronide, 
Morphine-6-G Glucuronide 

 Codeine  CYP2D6  None  None 
 Hydrocodone  CYP2D6  None  None 
 Oxycodone  CYP3A4, CYP2D6  None  Noroxycodone 
 Methadone  CYP3A4, CYP2B6, CYP2C8,

CYP2C19, CYP2D6, CYP2C9 
 None  None 

 Tramadol  CYP3A4, CYP2D6   O -desmethyltramadol 
 Fentanyl  CYP3A4  None 
 Hydromorphone  None  Glucuronidation  Hydromorphone-3-Glucuronide 
 Oxymorphone  None  Glucuronidation  6-Hydroxy-oxymorphone 

    Table 34.2    Opioid 
equianalgesic chart    Opioid  IV (mg)  PO (mg)  IV:PO ratio 

 Duration of 
action (hours) 

 Morphine  10  30  1:3  3–4 
 Codeine  130  200  1:1.5  3–4 
 Hydrocodone  N/A  30  N/A  3–4 
 Oxycodone  N/A  20–30  N/A  3–4 
 Methadone  10  3–5  1:2.5  4–12 
 Fentanyl  0.1  N/A  N/A  1–3 
 Hydromorphone  1.5  7.5  1:5  3–4 
 Oxymorphone  1  10  1:10  3–4 

34 Acute Postsurgical Pain and PCA Management
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•    Meperidine 
 –    Synthetic opioid  
 –   Limited use due to its active metabolite Normeperidine  
 –   Toxicity can cause myoclonus and seizures  
 –   Acts as a mu agonist and has some alpha-2 agonist 

properties  
 –   Inhibits the uptake of serotonin and may precipitate 

serotonin syndrome  
 –   Used in low dose for the treatment of postoperative 

rigors     
•    Oxycodone 

 –    Synthetic oral opioid useful for moderate-to-severe pain  
 –   Available in short- and long-acting formulations  
 –   Low-dose combination formulations with NSAIDS 

useful for mild-to-moderate pain  
 –   Caution in patients with drug abuse history     

•    Oxymorphone 
 –    Semisynthetic opioid derivative of morphine  
 –   Available in IV, short- and long-acting oral and sup-

pository formulation     
•    Tramadol 

 –    Oral agent only  
 –   Acts weakly at the mu receptor in addition to inhibi-

tion of serotonin and norepinephrine reuptake  
 –   Caution in patients with a seizure history and those on 

warfarin therapy  
 –   Use contraindicated in patients on MAOIs  
 –   Can precipitate serotonin syndrome     

•    Buprenorphine 
 –    Mixed opioid agonists–antagonist  
 –   Mu receptor agonist–antagonist  
 –   Great affi nity for the mu receptor (50 times that of 

morphine)  
 –   Associated with respiratory suppression resistant to 

naloxone treatment (Tables  34.1  and  34.2 )        

    Complications 

•      Overdose :
 –    Miosis, stupor, apnea, respiratory suppression  
 –   Other management can be found in Opioid Overdose 

chapter        

    Side-Effect Management 

•      Constipation 
 –    Bowel regimen with Senna, Docusate and/or Dulcolax  
 –   For persistent constipation or ileus, Methylnaltrexone 

subcutaneous dose of 0.15 mg/kg every other day has 
been used with success in chronic pain populations 
[ 17 ,  18 ].     

•    Sedation 
 –    Decreasing demand dose or continuous infusion, 

changing lock out time  
 –   In opiate naïve or patient’s sensitive to medications, 

consider no continuous infusion as this can avoid 
excess sedation  

 –   Consider opioid rotation     
•    Nausea / vomiting 

 –    Consider opioid rotation depending on severity of 
symptoms  

 –   Antiemetics available as needed [ 19 ]
   Ondansetron 4–8 mg every 6–8 h  
  Metoclopramide 10 mg every 6–8 h  
  Promethazine 12.5–25 mg every 4–6 h        

•    Pruritus 
 –    Consider opioid rotation in severe cases  
 –   Diphenhydramine may be benefi cial but can cause 

unwanted sedation.
   Diphenhydramine 12.5–25 mg IV, 25–50 mg PO 

every 4–6 h     
 –   Naloxone: At low doses can effectively decrease pruri-

tus without increasing pain scores [ 20 ]  
 –   Nalbuphine: Up to 10 mg may be given in divided 

doses without reversing analgesia        

    Opioid Antagonists 

•     Naloxone:
 –    A competitive opioid antagonist  
 –   Duration of action of 20–90 min  
 –   If there is respiratory depression opioids should be dis-

continued and Naloxone should be given  
 –   Start at 0.04 mg to avoid precipitating severe with-

drawal symptoms [ 21 ]  
 –   Naloxone dose can be increased every 2 min up to a 

maximum of 15 mg [ 22 ].  
 –   Given that the action of naloxone is shorter than the 

action of many if profound respiratory depression 
remains following discontinuation of the patient- 
controlled analgesia (PCA) a naloxone infusion or 
endotracheal intubation maybe necessary to maintain 
ventilation [ 22 ,  23 ]        

    Nonopioid Analgesics 

•      NSAIDS 
 –    Can decrease opioid requirements and decrease PONV  
 –   Theoretical concerns of platelet function and bone 

healing must be considered.  
 –   NSAIDS must be used with caution in patients with 

renal dysfunction and those with gastritis.     
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•    Acetaminophen or Paracetamol  ( intravenous acetaminophen )
 –    Opioid sparing effects  
 –   Available in injectable, suppository, or oral forms  
 –   Avoid in liver dysfunction or in allergy states     

•    Alpha - 2 agonists :  Clonidine and Dexmedetomidine 
 –    Shown to decrease opioid requirements  
 –   Can be given as a postoperative sedative  
 –   Can cause hemodynamic changes     

•    Anticonvulsants :  Gabapentin ,  pregabalin 
 –    To treat chronic neuropathic pain  
 –   A single oral preoperative dose can decrease opioid 

requirements postoperatively.  
 –   Can decrease chronic postsurgical pain     

•    NMDA-receptor antagonists :  Ketamine 
 –    Given intravenously to decrease postoperative pain  
 –   Bolus of 0.5 mg/kg followed by a continuous infusion 

of 2–4 μg/kg/min during surgery and continued post-
operatively in a monitored setting.     

•    Glucocorticoids :  Dexamethasone 
 –    0.1–0.2 mg/kg can reduce postoperative pain and opi-

oid consumption        

    Analgesic Techniques 

•      Intravenous PCA  ( Table    34.3  ,   34.4  ,   34.5  ,  and    34.6  )
 –        Delivery of medications through the dose-metered 

infusion pumps operated by patient based on their 
level of pain.  

 –   Inter-patient variability of opioid requirements and 
reported pain score response to analgesics make PCA 
ideal for patients with severe pain [ 24 ].  

 –   Self-titration of opioids to maintain a minimal blood 
concentration at which pain is alleviated without pro-
ducing undesirable side effects [ 25 ,  26 ].  

 –   Titration of a predetermined demand dosage and set 
time (lock out interval) at which the patient can self-
administer an analgesic.  

 –   PCA use has been associated with increased patient 
satisfaction and greater pain control.  

 –   Pain scores, side effects, and daily opioid requirements 
have to be documented by medical staff.  

 –   If adequate pain control is not attained due to side 
effects the PCA settings or the delivered opioid must 
be changed.  

 –   PCA is contraindicated in patients with altered mental 
status or those unable to grasp concept of PCA (low 
education level or mental retardation).     

•   Opioid/dosing regimens: (Table  34.7 )
 –     In an opioid naïve patient, a background continuous 

infusion is associated with a greater occurrence of 
respiratory suppression in adult patients [ 26 ,  27 ].  

 –   Once a patient’s pain is resolving, PCA usage should 
be terminated and converted to an as-needed basis 
(PRN) of IV or PO regimens.        

   Table 34.3    Common patient-controlled analgesia regimens (opioid 
naïve patients)   

 Opioid  Demand dose 
 Lockout 
(minutes)  Continuous Basal 

 Morphine  1–2 mg  6–10  0–2 mg/h 
 Hydromorphone  0.2–0.4 mg  6–10  0–0.4 mg/h 
 Fentanyl  20–50 μg  5–10  0–60 μg/h 

   Table 34.4    PCA troubleshooting   

 General  Always check vitals and r/o respiratory depression 
 Check pump to verify correct usage 
 Check catheter depth, connection, and tubing 
 Check for CSF prior to any bolus 
 For any opioid adverse events consider changing to 
plain bupivacaine 

 Patient in pain  Check BP; Bolus; Monitor for comfort and vitals 
 Consider increasing dose or decreasing lockout time 
(15 min) 

 Sedation  Assess for respiratory distress Naloxone? 02 
 Check PCA settings 
 IV: Decrease dose; change opioid 
 Epi: Change to plain bag 

 Respiratory 
depression 

 Stop Pump!! Check ABGs, Assess, Arouse 
 Titrate Naloxone (dilute to 40 μg/mL 

 Confusion  Change opioid 
 Pruritus  Decrease dose; change opioid; Benadryl 

 Naloxone (20–40) μg 
 Nausea/
vomiting 

 Decrease dose; Change opioid; Antiemetic 

   Table 34.5    Epidural PCA issues   

 Hypertension  Aspirate catheter and check for CSF 
 Decrease rate of stop infusion 

 Unilateral analgesia  Withdraw catheter 1 cm 
 Bolus in lateral position painful side down 

 Lower extremity 
weakness 

 Aspirate catheter and check for CSF 
 Decrease rate or stop infusion 
 Neuro/NS consult if does not resolve 

 Blood/fl uid around catheter  Change dressing and check catheter depth 

   Table 34.6    PCA guidelines   

  IV PCA guidelines 
starting dose  

  Morphine : (2 mg/mL: 0/14/8 
  Fentanyl : (25 μg/mL: 0/18/8 
  Hydromorphone : (2 mg/mL): 0/0.2/8 

  Epidural PCA guidelines  
(all + 0.1 % Bupivacaine; 
yellow tubing) 

  Standard  + Fentanyl 5 μg/mL 
  Low - dose  + Fentanyl 2 μg/mL 
  Plain  = no Fentanyl 
 Common orders: 4/2/20 or 6/2/20 
 Peripheral Catheter: Plain @ 8–10 mL/h 

  08/0.8/7 = 0 basal; 0.8 bolus; 8 min lockout; 7 doses/h  

34 Acute Postsurgical Pain and PCA Management



258

    Neuraxial Analgesia 

        Brief overview 
•       Local anesthetics and opioids placed for anesthesia in sur-

gical procedures provide additional postoperative 
analgesia.   

•      Randomized controlled trials have yet to demonstrate 
decreased perioperative morbidity and morality in patients 
managed with Neuraxial anesthesia as compared to gen-
eral anesthesia.   

•      Can decrease incidence of venous and arterial thrombosis 
and also decrease blood loss in total hip or knee surgery 
[ 28 ,  29 ]    

         Indications and contraindications :
•       Lower extremity orthopedic procedures, abdominal sur-

gery, and thoracic surgery   
•      Perioperative regional anesthesia may decrease the inci-

dence of postsurgical chronic pain [ 30 ].   
•      In the presence of anticoagulation therapy, use ASRA 

guidelines for Neuraxial techniques [ 31 ,  32 ].   
•       Absolute and relative contraindications  [ 33 ]:

 –    Sepsis  
 –   Site infection  
 –   Severe hypovolemia or hypotension  
 –   Coagulopathy  
 –   Severe valvular disease  
 –   Patient refusal       

         Techniques :
•       Intrathecal opioids   
•      Epidural analgesia with local anesthetics    

         Postoperative management :
•       Dosing regimens for postoperative analgesia

 –     Epidural : Commonly used epidural opioid/
Bupivacaine combination [ 34 ]  

 –    Continuous spinal analgesia :
 �    Use dilute Bupivacaine 0.0625 % + Fentanyl 2 μg/

mL solution at 2 mL/h  
 �   No bolus to avoid high spinal     

 –    Single bolus intrathecal opioids :
 �    Decrease need for systemic opioids  
 �   Intrathecal morphine >500 μg produces more side 

effects [ 35 – 38 ]  
 �   Analgesia and respiratory depression with hydro-

philic opioids peaks within 6 h and persists for 
18–24 h [ 38 ].  

 �   Patients should be closely monitored by continuous 
pulse oximetry for 12 h         

•       Low dose  (knee replacement, hip replacement, TURP): 
50–200 μg   

•       Moderate dose  (Abdominal hysterectomy, colon surgery, 
spinal surgery) [ 38 ,  39 ]: 200–400 μg   

•       High dose  (Major abdominal aortic surgery, cardiac sur-
gery, thoracotomy surgery [ 38 ,  39 ]: 400–500 μg 
(Table  34.8 )

              Troubleshooting epidural / spinal catheters 
•       Check dermatomal distribution by assessing sensation to 

cold or pinprick   
•      Check catheter insertion site at skin. Ideally catheters 

should be 4–5 cm within the epidural space and 2–3 cm 
within the intrathecal space.   

•      Check tubing. Look for leakage around the catheter site.   
•      When dosing through a Neuraxial catheter, always moni-

tor HR, BP, and respiratory status for 15–20 min after 
bolus dose.

 –     Nonfunctional catheter / no analgesia :
 �    Always aspirate catheter to check to in advertent 

intravascular or intrathecal migration
   Intrathecal: 1–2 mL of 0.25–0.5 % Bupivacaine  
  Epidural: 3–5 mL of 2 % Lidocaine        

 –    Inadequate analgesia :
 �    Always aspirate catheter to check to inadvertent 

 intravascular or intrathecal migration and increase 
infusion by 2 mL/h.

   Intrathecal: 1–2 mL 0.25 % Bupivacaine  
  Thoracic epidural: 3–5 mL of 2 % lidocaine, 

0.25–0.5 % Bupivacaine  
  Lumbar epidural: 5–10 mL of 2 % Lidocaine, 

0.25–0.5 % Bupivacaine        

   Table 34.7    Common patient-controlled epidural analgesia infusions   

 Drug combination  Solution (%) 
 Bolus dose of 
Bupivacaine (%)  Basal infusion  Demand dose 

 Basal infusion adjustment 
for inadequate pain control 

 Morphine  0.01  0.5–0.25  6–8 mL/h  1–2 mL every 10–15 min  1 mL of solution 
 Bupivacaine  0.05–0.1 
 Fentanyl  0.001  0.5–0.25  0.1–0.15 mL/kg/h  1–2 mL every 10–15 min  1 mL of solution 
 Bupivacaine  0.05–0.1 
 Hydromorphone  0.0025–0.005  0.5–0.25  6–8 mL/h  1–2 mL every 10–15 min  1 mL of solution 
 Bupivacaine  0.05–0.1 
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 –    Migrated catheter :
 �    Aspirate through catheter  
 �   Repeat test dose with 3 mL 1.5 % lidocaine with 

Epinephrine 1:200,000  
 �   If one-sided options are to increase infusion rate or 

bolus 5–10 mL of 0.25–0.5 % Bupivacaine. If block 
continues to be one-sided, withdraw catheter 
1–2 cm and reassess.  

 �   If no resolution removes existing catheter and 
replaces with new catheter at same site or adjacent 
intervertebral level.     

 –    Disconnected catheter :
 �    Using a sterile technique, clean catheter with 

Chlorhexidine or alcohol and cut off 2 in. from the 
end of catheter with sterile scissors.  

 �   Reconnect to a new fi lter and restart infusion     
 –    Hypotension :

 �    Depending on cardiopulmonary status, fl uid bolus 
500–1,000 mL of crystalloid.  

 �   Decrease infusion rate  
 �   With persistent hypotension, consider stopping 

infusion and control pain with intravenous analge-
sics/opioid PCAs.          

          Complications and Management 

•     Signs/symptoms of local anesthetic overdose/toxicity
 –     Immediate signs : Circum-oral numbness, Dysphoria/

confusion, tinnitus, restlessness, agitation  
 –    CNS depression :    Drowsiness, loss of consciousness, 

slurred speech, tonic clonic seizures     
 –    Respiratory depression or arrest   
 –    Cardiovascular depression :    Myocardial depression,    

  Bradycardia,     Ventricular fi brillation           

    Treatment of Overdose or Toxicity 

•     Catheter removal: Check American Society of Regional 
Anesthesia Guidelines for anticoagulation details 
[ 31 ,  32 ,  40 ].  

•   Stop infusion and transition patient to PO analgesics or 
initiate opioid PCA  

•   Intra-lipid dosing regimens [ 41 ,  42 ]:
 –    1.5 mL/kg of 20 % Intra-lipid IV bolus followed by an 

infusion of 0.25 mL/kg/min for 30 min. Increase infu-
sion to 0.5 mL/kg/min for 60 min        

    Management of Retained Catheter 

•     There are no consensus guidelines  

•   Case reports and expert opinions recommend computed 
tomography (CT) imaging to localize catheter fragment.  

•   Many catheters are ferromagnetic, so magnetic resonance 
imaging (MRI) is not recommended  

•   If patients are asymptomatic, conservative observation is 
recommended  

•   For patients with persistent paresthesias, neurosurgical 
consultation for fragment removal should be considered 
[ 43 ,  44 ].     

    Anticoagulation and Neuraxial Catheters 

•     For catheter removal INR <1.5
 –     Unfractionated heparin :

   For patients on subcutaneous heparin for >4 days, 
check platelets to rule out heparin-induced 
thrombocytopenia.  

  Remove catheter 2–4 h after last heparin dose. 
Wait 1 h after catheter removal before restarting 
heparin     

 –    Low molecular weight heparin  ( LMWH ):
   Remove catheter 10–12 h after last dose of 

LMWH. Wait 2 h after catheter removal before 
redosing LMWH.           

    Peripheral Nerve Blocks 

•     Postoperative peripheral nerve blocks can be excellent 
analgesia option  

•   Types:
 –    Single-shot peripheral nerve blocks  
 –   Continuous peripheral [ 45 ,  46 ] nerve blocks     

•   Benefi ts
 –    Earlier return of bowel function  
 –   Earlier ambulation  
 –   Decreased nausea/vomiting  
 –   Decreased infl ammatory stress response  
 –   Decreased perioperative use of opioids [ 47 ,  48 ]  
 –   Immunomodulation associated with local anesthetics 

may decrease cancer recurrence [ 45 ,  46 ]      

    1.     Interscalene blocks :
•        Indications :

 –    Shoulder surgery (total, hemiarthroplasty, rotator 
cuff repair, arthrodesis)  

 –   Frozen shoulder syndrome  
 –   Biceps surgery, proximal humerus fractures      

•       Dosing :
 –    Bolus 20 mL 1.5 % Mepivacaine + 20 mL of 0.5 % 

Ropivacaine  
 –   Infusion 0.2 % Ropivacaine at 5–10 mL/h       
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      2.     Clavicular blocks  ( Supraclavicular ,  infraclavicular ):
•        Indications :

 –    Elbow surgery/trauma  
 –   Distal Humerus surgery/trauma  
 –   Ulnar surgery/trauma  
 –   Hand surgery/trauma      

•       Dosing :
 –    Bolus: 20 mL 1.5 % Mepivacaine + 20 mL of 0.5 % 

Ropivacaine  
 –   Infusion: 0.2 % Ropivacaine at 5–10 mL/h       

      3.     Thoracic paravertebral blocks :
•        Indications :

 –    Breast augmentation/surgery  
 –   Thoracotomy  
 –   Rib fractures  
 –   Abdominal surgery: Laparotomy, nephrectomy, 

cystectomy  
•    Dosing :

 –    Bolus: Per catheter: 10 mL 1.5 % Mepivacaine + 10 mL 
0.5 % Ropivacaine.  

 –   Infusion: 0.2 % Ropivacaine at 5–10 mL/h          
      4.     Lumbar plexus blocks :

•        Indications :
 –    Hip surgery/trauma  
 –   Femur surgery/trauma      

•       Dosing :
 –    Bolus: 10 mL 1.5 % Mepivacaine + 10 mL 0.5 % 

Ropivacaine  
 –   Infusion: 0.2 % Ropivacaine at 5–10 mL/h       

      5.     Lower extremity blocks :
•        Indications :

 –    Femoral block—Femur surgery/trauma  
 –   Femoral block/sciatic block—Knee surgery/

trauma  
 –   Popliteal/Femoral—Sciatic—Tibial surgery/trauma  
 –   Popliteal—Fibula surgery/trauma  
 –   Ankle block/Popliteal block/Femoral—Sciatic 

blocks—Ankle surgery/trauma      
•       Dosing :

 –    Femoral nerve + Sciatic/Popliteal
 �    Bolus: 10 mL 1.5 % Mepivacaine + 10 mL 0.5 % 

Ropivacaine  
 �   Infusion: 0.2 % Ropivacaine at 5–8 mL/h          

          Guidelines for Anticoagulation 

•     No specifi c guidelines exist for performing peripheral 
nerve blocks in anticoagulated patients  

•   When performing deep blocks and/or plexus blocks, it 
may be prudent to follow the guidelines for Neuraxial 
techniques as defi ned by the American society of regional 
anesthesia and pain medicine [ 31 ,  32 ,  40 ].     

    Key Points in Managing the Postsurgical 
Pediatric Patient 

        Pain assessment :
•       Pediatric pain management is a challenging subspecialty 

of pain medicine   
•      There are several cognitive, maturational, and communi-

cation differences.   
•      Validated, age-specifi c pain scales such as the FACES 

scale or the face, legs, activity, cry, consolability (FLACC) 
scale attempt to assimilate behavioral changes with sever-
ity and intensity of pain.   

•      Acute pain in the pediatric patient population is under-
recognized and undertreated [ 49 ].    

         Respiratory depression :
•       Close monitoring with continuous pulse oximetry is 

imperative   
•      These patients are particularly sensitive to postoperative 

respiratory depression   
•      Children <60 weeks postconceptual age are monitored for 

24 h after general anesthesia.   
•      Nonopioid analgesic regimens/doses:

      To minimize respiratory depression, multimodal anal-
gesia with nonopioid analgesics is commonly used

 –    Acetaminophen:
 �    Maximum daily amount:

   For patients <60 kg: 75–100 mg/kg or 4,000 mg, 
whichever is less  

  For patients >60 kg: 4,000 mg  
  Rectal: 40 mg/kg  
  Orally: 10–15 mg/kg        

 –   Ketorolac:
 �    Neonates: Not routinely used  
 �   Infants >1 month and Children <2 years: 0.5 mg/kg 

IV every 6–8 h for up to 72 h [ 50 ,  51 ]  
 �   Children >2 years:

   0.5 mg/kg IV, max 30 mg        
 –   Ibuprofen:

 �    Children <60 kg: Dose 5–10 mg/kg PO every 6–8 h; 
maximum dose 40 mg/kg/day  

 �   Children >60 kg: Dose 400–600 mg PO every 
6–8 h; maximum dose 2,400 mg per day              

          Opioid Analgesic Regimens/
Doses (Table  34.8  and  34.9 ) 

       Perioperative Management of the 
Chronic Pain/Opioid-Dependent Patient 

•     Opioid-dependent patients present a formidable challenge 
to the pain physician during the acute postoperative period.  

C.A.J. Webb et al.



261

•   These patients are tolerant to many different analgesics 
and have developed hyperalgesia  

•   They may be physiologically dependent on opioids or 
other drugs such as alcohol.  

•   Polysubstance abuse may be present as well.  
•   Patient’s pain is related to periprocedural over the basal 

requirements from previously diagnosed pain syndromes.      

    Strategies 

        Multimodal analgesia should always be employed when 
clinically applicable and not contraindicated [ 52 – 54 ].
•        Preoperative :

 –    No published guidelines  
 –   Continue their scheduled opioid regimens on the 

morning of surgery with a sip of water [ 52 ,  53 ].  
 –   Patients on methadone or buprenorphine maintenance 

regimens should continue their regimens on the day of 
surgery and restart the regimen once oral intake has 
resumed [ 52 ,  53 ].  

 –   For patients who have not received their basal opioid 
requirements, provide oral equivalent doses in the pre-
operative holding area or incorporate equivalent doses 
intravenously during induction of anesthesia [ 52 ,  53 ].  

 –   Effective communication between the pain physician 
and the anesthesiologist is crucial to good patient care.  

 –   Transdermal patch or implantable pumps
 �    Continue intrathecal pumps or patches during the 

perioperative period.  
 �   For cases during which a warming blanket will be 

used, there are cases of opioid overdose in the lit-

erature due to changes in transdermal opioid 
absorption from increased blood fl ow [ 55 ].  

 �   Of note, despite removing the patch, signifi cant 
doses of opioids will continue to be absorbed from 
the skin layers for up to 12 h [ 52 ].  

 �   When restarting fentanyl transdermal patches post-
operatively, it may take 6–12 h to establish baseline 
analgesic effects, with peak effects being reached in 
20–72 h [ 53 ].  

 �   When restarting transdermal fentanyl patches, 
short- acting opioids rather than long-acting opioid 
analgesics should be used in combination with 
close monitoring by continuous pulse oximetry to 
avoid respiratory depression [ 52 ,  53 ].         

•      Postoperative:
 –    Opioid dose regimens: Incorporate basal opioid require-

ments in addition to a 20–50 % increase in opioid doses 
above baseline to account for acute surgical pain.  

 –   Downtitration to presurgical doses is dependent on the 
type of surgery and should be done slowly 3–7 days [ 53 ].  

 –   PCA  
 –   Methadone:

 �    Through activation of a different subtype of mu opi-
oid receptors more resistant to morphine tolerance, 
activation of descending alpha adrenergic receptors 
and NMDA glutamate receptor antagonism, metha-
done may mitigate morphine tolerance and opioid-
induced hyperalgesia [ 53 ].  

 �   Opioid rotations: In opioid-dependent patients, 
adequate pain may not be achieved with dose 
escalations [ 56 – 58 ]. Oftentimes, opioid rotations 
may allow for improved pain control at lower 

    Table 34.8    Common pediatric opioid analgesic regimens   

 Opioid  Bolus doses (IV) (<50 kg)  Bolus doses (IV) (>50 kg)  PO:IV ratio  PO dose (immediate release) 

 Fentanyl  0.5–1 μg/kg every 1–2 h  25–50 μg every 1–2 h  NA  NA 
 Hydromorphone  15 μg/kg every 1–2 h  15 μg/kg every 1–2 h  5:1  0.05 mg/kg every 4 h 
 Morphine  0.05–0.1 mg/kg every 1–2 h  0.05–0.1 mg/kg every 1–2 h  3:1  0.3 mg/kg every 4 h 
 Methadone  0.1 mg/kg every 5–10 h  0.1 mg/kg every 5–10 h  2:1  0.2 mg/kg every 4–8 h 
 Codeine  NA  NA  NA  0.5–1 mg/kg every 4 h 
 Oxycodone  NA  NA  NA  0.1 mg/kg every 4 h 
 Hydrocodone  NA  NA  NA  0.1 mg/kg every 4 h 

   Table 34.9    Common pediatric 
patient-controlled analgesia 
regimens   

 Weight (kg)  Opioid  Demand dose  Continuous infusion  Lock out (minutes) 

 <50  Morphine  15 μg/kg  10 μg/kg/h  8 
 Fentanyl  0.5–1 μg/kg  0.5–1 μg/kg/h  8 
 Hydromorphone  2–5 μg/kg  3 μg/kg/h  8 

 >50  Morphine  0.5–2.5 mg  0.5–1 mg/h  8 
 Fentanyl  20–40 μg  20 μg/h  8 
 Hydromorphone  0.1–0.4 mg  0.1–0.2 mg/h  8 
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Equianalgesic doses [ 56 – 58 ]. Opioid doses should 
be decreased by 25–75 % to account for incomplete 
cross tolerance [ 52 ,  56 – 58 ]          

        Withdrawal: see specifi c chapter on this
•       Opioid withdrawal syndrome is characterized by increased 

sympathetic and parasympathetic responses with nausea, 
vomiting, muscle aches, lacrimation, pupillary dilation, 
diarrhea, fever, and insomnia being common symptoms.             
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      Abbreviations 

   aPTT    activated partial thromboplastin time   
  ASA    Aspirin   
  ASRA    Anesthesia Society of Regional Anesthesia and 

Pain Medicine   
  COX    Cylcooxygenase inhibitor   
  HIT    Heparin Induced Thrombocytopenia   
  INR    International normalized ratio   
  IV    Intravenous   
  ISIS    International Spine Interventional Society   
  LMWH    Low molecular weight heparin   
  NSAIDs    Non-steroidal anti-infl ammatory drugs   
  PLT    Platelet   
  PT    Prothrombin time   
  SQ    Subcutaneous   
  UFH    Ultrafractionated heparin   

         Introduction 

 Blood thinning agents should be held prior to spinal injec-
tions to avoid bleeding complications in these patients.  There 
is no exact method as to when to hold each hematologic- 
altering medication. Each physician has his/her own prefer-
ence and different resources state different information, 

therefore always proceed with caution for the best results and 
the least amount of risks. It is important to always speak with 
the prescribing physician to see if it is ok to stop any medica-
tion prior to an injection.  If the risk is too high to stop the 
medication, the procedure may not be able to be performed.  

    Antiplatelet Medications 

    It is recommended to use other resources when making deci-
sions about when to stop and restart these medications.
•  Aspirin and Salicylate medications 

 –    Can continue if strong indication for use [ 1 ]  
 –   Per ISIS, it is not necessary to stop ASA [ 2 ]  
 –   If patient is healthy with no strong indication, ok to 

discontinue prior  
 –   Low-dose ASA (81 mg) has higher bleeding risk than 

high dose [ 3 ]  
 –   In outpatient setting, consider stopping ASA 7 days 

before lumbar injections and 10 days prior to cervical 
epidurals [ 4 ].  

 –    Increased caution when doing cervical and thoracic 
epidurals while patient is on these medications as the 
epidural space in these regions is smaller and more 
functional risk associated with hematoma formation at 
these locations  [ 1 ].  

 –   Patients with recently implanted coronary stents or 
unstable coronary syndromes have  increased risk of 
morbidity and mortality if aspirin is stopped before 
a procedure  [ 5 – 7 ]  

 –   Patients with drug eluting stents should only stop 
taking aspirin before an operation when there is a life- 
threatening bleeding risk [ 8 ].  

 –   ASA alone does not signifi cantly increase the risk of spi-
nal hematomas, unless there are comorbid factors [ 1 ].     

•    NSAIDs and COX-2 inhibitors 
 –    Include ibuprofen, Naproxen, Mobic, Arthrotec, 

Voltarin, Relafen, Daypro, Celebrex, and any other 
NSAIDs)  
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 –   NSAIDs alone don’t signifi cantly increase risk of spinal 
hematoma [ 1 ]  

 –   Not necessary to stop [ 2 ]  
 –   Continue if strong indication for use. Discontinue 3 or 

more days before if patient has no strong indication [ 1 ].  
 –    Increased caution when doing cervical and thoracic 

due to reasons mentioned prior  [ 1 ].  
 –   Spinal injection when the patient is only on ASA or 

NSAIDS has only shown to cause intraspinal hemato-
mas when complications occurred, such as technical 
diffi culties, concomitant heparin administration, and 
epidural venous angiomas [ 1 ].  

 –   Combination of ASA or NSAIDs with Unfractionated 
heparin (UFH), LMWH, oral anticoagulants, and 
thrombolytics, as well as each other increases risk 
of spontaneous hemorrhaging, bleeding at site of 
injection, and spinal hematoma [ 1 ].  

 –   COX-2 inhibitors have not been found to cause an 
increase in bleeding alone [ 1 ].
   COX-2 inhibitors + Warfarin → increase PT causing an 

increased risk of hemorrhagic complications [ 3 ]     
 –   ASA, NSAIDs, and COX-2 inhibitors are ideal for the 

perioperative period with spinal injections [ 1 ].     
•    Clopidogrel  ( Plavix )

 –    Injection with concurrent Clopidogrel is contraindi-
cated due to high risk of bleeding [ 7 ]  

 –   Discontinue 7 days prior to procedure [ 1 ]  
 –   No incidences of spinal hematomas have been reported 

with Clopidogrel [ 1 ].  
 –   Many cardiac patients are on Clopidogrel and 

ASA. This combination has shown to increase the risk 
of spinal hematomas [ 1 ].
   In this situation, discontinue the Clopidogrel 7 days 

before, and continue the ASA. Restart the 
Clopidogrel 1-2 days after the procedure.        

•    Ticlopidine  ( Ticlid )
 –    Discontinue 10–14 days prior to procedure [ 1 ], 14 

days per ISIS [ 2 ]  
 –   Spinal hematomas have been reported with 

Ticlopidine [ 1 ]     
•    Ticagrelor 

 –    Greatly increase risk of bleeding [ 9 ]  
 –   Discontinue 5 days prior [ 9 ]     

•    Platelet GP IIb / IIIa receptor antagonists 
 –     Abciximab  ( Repro )

   Last dose must be at least 24–48 h prior [ 1 ]     
 –    Eptifi batide  ( Integrelin )

   Last dose must be 4–8 h prior [ 1 ]     
 –   Tirofi ban (Aggrastat)

   Last dose must be 4–8 h prior [ 1 ]     
 –   Be aware that platelet GP IIb/IIIa receptor antagonists 

are typically prescribed in combination with ASA or 
heparin [ 3 ].     

•    Cilastozal  ( Pletal )
 –    Hold 2 days [ 10 ]     

•    Dipyridamole  ( Persantine )  and Dipyridamole / ASA 
(Aggrenox) 

 –    Hold 7 days [ 10 ]        

    Anticoagulant Medications 

  Permission should be obtained by prescribing physician 
before any of these medications are discontinued. Any proce-
dure done on a patient who was on anticoagulants should be 
single needle a-traumatic placement. All patients on antico-
agulant medications should be monitored for neurological 
issues following any spinal procedure. If the risks outweigh 
the benefi ts, you may not be able to proceed with injection .

       Do not administer spinal injections if the patient displays 
signs of excessive anticoagulation, such as petechiae, bruis-
ing, bleeding from the IV site, or if the patient displays 
any pathological process such as sepsis, uremia, meningi-
tis, skin, or soft tissue infections  [ 4 ].   
•       Warfarin  ( Coumadin )

 –       Contraindication if patient took Warfarin within 5 days 
prior [ 2 ,  3 ]   

 –      Check INR day of injection [ 1 ]
 �    Ok to proceed with injection only if PT and INR are 

within normal limits [ 3 ]  
 �   INR ≤ 1.5 before spinal injection [ 1 ]       

•          Heparin 
 –       SQ Heparin (5,000 U q12h)

 �    Minimal risk of spinal hematoma [ 3 ]  
 �   Perform injection before heparin is given [ 1 ]. Next dose 

of Heparin should be held for at least 1 h [ 11 – 15 ].  
 �   Risk of Heparin Induced Thrombocytopenia, which 

would present with decreased Platelets for > 5 days [ 1 ]      
 –      IV Heparin

 �    Wait over 6 h after heparin administration to give 
 spinal injection [ 4 ].  

 �   Wait at least 1 h after spinal injection to give hepa-
rin [ 3 ]      

 –      ASRA guidelines recommend holding dose prior to 
injection, restart 1 h after, monitor aPTT, and measure 
Platelet count prior to procedure if on unfractionated 
heparin for over 4 days   

 –      Therapeutic doses of Heparin are associated with a 
higher risk of bleeding than prophylactic doses.   

 –       Procedure should only be performed when APTT 
(or Anti-Xa) has normalized [ 16 ,  17 ]   

 –      Per ISIS, UFH is not contraindicated if the patient is 
receiving less than 5,000 U twice daily [ 2 ]   

 –      Concomitant use of Heparin with other anticoagulants/
antiplatelets increase the risk of spinal hematomas [ 3 ]   
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 –      Bloody or diffi cult neuraxial needle placement may 
increase risk of bleeding, but no data has been found to 
support cancellation of procedure [ 1 ]    

•          Low Molecular Weight Heparin  ( LMWH )
 –       Lovenox

 �    If patient is receiving prophylactic Enoxaparin 
(Lovenox) at 1.5 mg/kg BID → Administer spinal 
injection 12 h after last LMWH dose [ 1 ]  

 �   If patient is receiving therapeutic Lovenox at 1 mg/
kg BID or Lovenox 1.5 mg/kg QD → Administer 
spinal injection 24 h after last LMWH dose [ 1 ]      

 –      If patient is receiving Dalteparin (Fragmin) 120 U/kg 
BID or 200 U/kg QD, and Tinzaparin (Innohep) 175 U/
kg QD → Administer spinal injection 24 h after last 
LMWH dose [ 1 ]   

 –       Restarting LMWH after injection 
 �     When the patient is on BID dosing :

 –    Wait at least 24 h after spinal injection before 
restarting LMWH. The second dose of LMWH 
should be given another 24 h after the fi rst 
dose [ 1 ].     

 �    When the patient is on single-daily dosing :
 –    Wait 6–8 h after spinal injection before restart-

ing LMWH. Administer second dose at least 
24 h after the fi rst dose [ 1 ].          

•          Xarelto  ( Rivaroxaban )
 –       US boxed warning [ 18 ]. New medication with limited 

data   
 –      Epidural and Spinal Hematomas have occurred with 

use of spinal injection [ 18 ].   
 –      Discontinue at least 18 h prior to spinal injection [ 18 ]   
 –      Restart medication 6 h after spinal injection, and if 

traumatic puncture, do not restart until 24 h after [ 18 ]    
•          Fondaparinux  ( Arixtra )

 –       US Boxed Warning [ 18 ]   
 –      Use with extreme caution, due to risk of developing 

spinal and epidural hematomas [ 19 ].   
 –      If prophylactic use, consider holding for 36 h prior to 

procedure and 12 h after procedure [ 20 ].   
 –       If therapeutic use (5–10 mg), do not perform procedure 

due to high risk of accumulation of drug [ 20 ].    
•          Fibrinolytic / Thrombolytic drugs 

 –       No defi nite recommendations   
 –      Contraindicated in Spinal Anesthesia [ 21 ]   
 –      Avoid these for 10 days after the procedure [ 22 ]   
 –      Reteplase, Alteplase, Anistreplase, Streptokinase, 

Tenecteplase   
 –      Follow fi brinogen levels (1.5–3 g/L)    

•          Thrombin inhibitors 
 –        No reported cases of spinal hematomas with injection, 

but may still be at risk [ 1 ]   
 –      No defi nitive recommendations, but thrombin inhibitors 

increase risk of bleeding.   
 –      Monitor by aPTT   

 –      Lepirudin (Refl udan)
 �    Warning/Caution with neuraxial procedures [ 23 ]  
 �   Bleeding is the major adverse affect of the drug 

alone [ 23 ].      
 –      Desirudin (Revasc)

 �    Boxed warning [ 24 ]  
 �   Consider risk versus benefi t [ 24 ]      

 –      Bivalirudin (Angiomax)
 �    Proximal use of spinal/epidural anesthesia is con-

traindicated [ 25 ]      
 –       Argatroban  ( Acova )

 �    Need to determine if patient is taking this due to 
history of HIT or acute HIT type II in which thera-
peutic anticoagulation is needed.  

 �   If HIT is acute, neuraxial blockade is not recom-
mended [ 8 ]      

 –       Dabigatron  ( Pradaxa )
 �    Discontinue 1–2 days prior if normal kidney func-

tion, and 3–5 days prior if kidney impairment [ 8 ]  
 �   Start 4 h after [ 3 ]  
 �   No reported spinal hematomas, but lack data [ 3 ]  
 �   Manufacturer advises AGAINST neuraxial block-

ade [ 8 ]      
 –      No antidote is available   
 –      Concomitant use of the prior mentioned therapies with 

other anticoagulants/antiplatelets may increase the risk 
of bleeding [ 1 ]    

          Vitamins and Supplements 

•      Vitamin C 
 –    No box warnings or precautions advised with Vitamin 

C supplementation     
•    Vitamin E  ( greater than 400 IU )

 –    Stop 7 days prior to procedure [ 10 ]     
•    Hydroxocobalamin  ( Vitamin B12 )

 –    No box warnings or precautions advised with B12 
supplementation     

•    Folic acid 
 –    No box warnings or precautions advised with Folic Acid     

•    Fish oil and Omega 3 fatty acids 
 –    High doses (3–15 g/day) of fi sh oil increase bleeding 

time, but have not been shown to increase clinical 
bleeding [ 26 ].      

  Herbal Therapy 

•   Unlikely to cause increased risk of bleeding; not man-
dated to discontinue them or avoid regional anesthetic 
techniques [ 3 ].  

•    Garlic  (standard dose is 4 g (2 cloves) [ 3 ]
 –    Consider holding 7 days [ 1 ]     
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•    Ginkgo  (standard dose is 120–240 mg of standardized 
extract daily) [ 3 ]

 –    Consider holding 36 h [ 1 ]     
•    Ginseng  (standard dose of 1–2 g of root or 200 mg 

daily) [ 3 ]
 –    Consider waiting 24 h [ 1 ]  
 –   Stop taking 10–14 days before, and restart 7 days 

after [ 27 ]     
•    Feverfew 

 –    Stop taking 7 days before [ 10 ]     
•   Concomitant use of the prior mentioned herbal therapies 

with other anticoagulants/antiplatelets may increase the 
risk of bleeding [ 3 ].    

 Table  35.1  lists anticoagulants with half-lives, the time to 
discontinue prior to a procedure, and when to restart after a 
procedure.
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      Abbreviations 

   aPTT    activated partial thromboplastin time   
  DDAVP    Desmopressin   
  GP    Glycoproteins   
  HELLP     H  (hemolysis, which is the breaking down of 

red blood cells)  EL  (elevated liver enzymes)  LP  
(low platelet count)   

  INR    International normalized ratio   
  LMWHs    Low molecular weight heparins   
  PLT    Platelet   
  PT/INR    Prothrombin time/international normalized ratio   
  U    Factor IX loading dose   
  VWD    von Willebrand’s disease   
  VWF    von Willebrand factor   

          Introduction 

  Assessing  bleeding risk for patients who are to undergo 
spinal/epidural or peripheral joint injections is patient depen-
dent. As a physician, you will encounter patients with vary-
ing medical comorbidities that can affect their susceptibility 
to bleed. It is important to keep an open line of communica-
tion with the physicians managing their medical bleeding 
conditions to determine the safest way to proceed.  

    Bleeding Risk of Spinal/Epidural Injections 

•     Bleeding is an inherent risk with potentially catastrophic 
effects when located in the small spaces surrounding the 
spinal cord.  

•    Increased bleeding risk  [ 1 – 13 ]:
 –    Abnormal acquired coagulation (Renal Failure, Liver 

Failure, Disseminated Intravascular Coagulation, 
HELLP, Malignancy)  

 –   Congenital bleeding disorders  
 –   Anticoagulant/Antiplatelet/Fibrinolytic medications  
 –   Thrombocytopenia—Platelet (PLT) count </μL 100,000  
 –   Elderly  
 –   Female  
 –   Spinal abnormalities (spina bifi da/stenosis, spinal tumors, 

ankylosing spondylitis)  
 –   Presence of blood in the catheter during insertion/

removal  
 –   Receive immediate pre- or postinjection anticoagulant 

administration        

    Risks of Peripheral Joint Injections 

•      Musculoskeletal and joint injections are regarded as 
low- risk procedures with papers quoting mild and self- 
limiting adverse events in only 2.4–12 % of patients 
[ 14 – 18 ]. Although infrequent, bleeding or hemarthrosis 
are the most common complications with joint injec-
tions [ 19 ].  

•   In patients with bleeding disorders or those taking antico-
agulants, joint aspiration, or injection is controversial, 
however, the risks are low. A study by Bettencourt showed 
that patients taking warfarin, with international normal-
ized ratios (INR) of 4.5 or greater, did not demonstrate an 
increased risk of signifi cant bleeding [ 20 ].     
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    Hemarthrosis 

•     Accumulation of blood within the joint cavity, which has 
been shown to produce synovitis and joint destruction 
[ 21 – 24 ].  

•   Final result of these changes is referred to as chronic 
hemophilic arthropathy, which is characterized by pain, 
stiffness, functional disability, and deformity [ 25 ].     

    Spinal Bleeding 

•     Epidural hematomas are most common but still infre-
quent with an overall incidence of 1/150,000–190,000 
epidural procedures [ 21 ].  

•   Epidural space is densely packed with vascular structures 
(epidural venous plexus) is implicated as the likely source 
of bleeding and puncture may result is devastating 
consequences.  

•   Subdural hematomas are far less common but can result 
in grave consequences [ 23 ]. 
  In a review of 61 reports of epidural or subdural hemato-
mas following neuraxial procedures, a clotting anomaly 
or use of anticoagulant medication was present in 69 % of 
the cases  [ 14 ]. Generally, presenting symptoms are the 
onset of radicular pain followed by progressive neuro-
logic dysfunction.    

    Management of Bleeding Disorders Prior 
to Injections 

•     There is limited literature and no specifi c guidelines con-
cerning the appropriate way to approach spinal proce-
dures in patients with bleeding disorders.  

•   It is crucial to understand the bleeding risks associated 
and involve a hematologist familiar with bleeding disor-
ders to improve patient safety.  

•   Bleeding complications from a preexisting hemorrhagic 
disorder in a patient with no history of excessive bleeding 
is a rare event [ 26 – 30 ].  

•   During history and physical it is important to elicit cur-
rent and prior history of bleeding, easy bruising, renal, 
hepatic or oncological disease, systemic lupus erythema-
tosus, as well as family history of bleeding can help iden-
tify those who need to be screened further [ 31 ].    

    Screening Tests for at Risk Patients 
•     Prothrombin time/international normalized ratio (PT/ INR)

 –    Extrinsic pathway (I, II, V, VII, X)  
 –   Normal range INR: 0.9–1.1 [ 32 ]     

•   Activated partial thromboplastin time (aPTT)
 –    Intrinsic pathway (VIII, IX, XI, XII)  
 –   Normal range aPTT: 25–35 s [ 32 ]     

•   Platelet count
 –    Normal range: 150,000–450,000/μL [ 32 ]  
 –   If known or suspected thrombocytopenia, platelet count 

<150,000/μL [ 33 ]  
 –   In the absence of platelet dysfunction, most individuals 

can tolerate invasive procedures with platelet 
counts > 80,000/μL [ 34 ]. Caution should be taken when 
platelet < 100,000/μL.     

•   Bleeding time
 –    Bleeding time prolongation occurs in patients with 

platelet disorders  
 –   If procedure performed on patient with history of 

spontaneous bleeding and platelet dysfunction, limit to 
only those patients with a normal platelet count prior 
to injection [ 33 ].  

 –   There is increasing evidence that the bleeding time is 
not a very reliable test [ 35 ] and does not correlate with 
risk of bleeding during invasive procedures [ 34 ].  

 –   No current indication before image-guided proce-
dures [ 32 ]     

•    Most common congenital bleeding disorders include :
 –    von Willebrand’s disease  
 –   Hemophilia A (factor VIII defi ciency)  
 –   Hemophilia B (factor IX defi ciency)  
 –   Factor XI defi ciency (Hemophilia C) [ 27 ]     

•   Idiopathic thrombocytopenic purpura is the most com-
mon acquired bleeding disorder [ 28 ,  29 ]       

    Von Willebrand’s Disease (VWD) 

•     Autosomal-dominant transmitted disease with decreased, 
absent, or defective von Willebrand factor (VWF) that 
results in impaired platelet adhesion.  

•    Three types of VWD :
 –    Type 1—least severe with partial defi ciency of VWF 

and accounts for 70 % of cases [ 36 ].  
 –   Type 2—four subtypes (2A, 2B, 2M, and 2N) that 

refl ect qualitative variants of VWF defi ciencies.  
 –   Type 3—virtually complete defi ciency of VWF     

•   Symptoms: may include bruising and mucosal bleeding  
•   Routine screening tests may reveal a prolonged aPTT and 

bleeding time. Platelet function analysis and specialized 
assays can confi rm the diagnosis.  

•   Treatment prior to injection involves desmopressin 
(DDAVP), which raises VWF and factor VIII levels [ 33 ].
 –    Dosing and timing may vary per physician, this should 

be discussed with a hematologist prior to injection  
 –   Dosing: 0.3 μg/kg IV in 50 mL saline over 20 min [ 34 ]  
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 –   Use in most patients with type 1, variable in type 2 
(thrombocytopenia may worsen in type 2B patients), 
not for type 3     

•   Treatment prior to injection can also involve factor VIII/
VWF replacement with concentrates containing all VWF 
multimers or cryoprecipitate [ 34 ]:
 –    Dosing: 20–30 U/kg every 12 h for 5–7 days with goal 

VWF levels of 50 % prior to injection.  
 –   Use for type 2B and severe type 3     

•   Antifi brinolytic agents are additional options [ 34 ]:
 –    E-aminocaproic acid

   Dosing: 50 mg/kg orally for 4–5 days prior to 
injection      

 –    Tranexamic acid
   Dosing: 25 mg/kg orally for 3–4 days prior to 

injection      
 –    They may be used alone or in combination with other 

agents and are useful in mucosal bleeding        

    Hemophilia 

•     Hemophilia A and B are inherited X-linked recessive dis-
orders with defects in factor VIII and IX, respectively, 
that primarily affl ict men.  

•   Severe hemophiliacs bleed with an annual average of 
20–30 episodes of spontaneous or excessive bleeding, 
particularly into joints and muscles [ 26 ]. Mildly affected 
patients can bleed signifi cantly after trauma or surgery.  

•   Hemophilia A and B both have prolonged aPTT; however, 
PT and bleeding times are normal.  

•   Prior to injection treatment includes factor VIII replace-
ment [ 34 ]:
 –    One unit of factor VIII activity per kilogram of body 

weight will result in an increase of factor VIII in the 
recipient’s plasma of approximately 2 U/day.  

 –   Factor VIII loading dose (U) = 0.5 × (% desired rise in 
factor VIII) × (patient weight in kg).  

 –   To maintain a level at or above the desired factor VIII 
activity, one half of the loading dose should be repeated 
every 8 h.     

•   Factor IX replacement [ 34 ]:
 –    Factor IX loading dose (U) = 0.75 × (% rise in factor IX 

desired) × (patient weight in kg).  
 –   Half-life of factor IX is 12–24 h     

•   Recombinant factor VIIa, a “universal” hemostatic agent, 
maybe used as well to control surgical or trauma- 
associated bleeding in hemophilia [ 26 ,  36 ,  37 ].  

•   Monitoring of factor levels is critical to prevent under- 
and overdosing. For most surgical procedures, the desired 
factor activity level should be between 80 and 100 % and 
duration of therapy between 7 and 10 days [ 34 ].     

    Immune Thrombocytopenic Purpura (ITP) 

•     An acquired autoimmune disorder, which results from 
antibodies directed against platelet glycoproteins (GP IIb/
IIIa) [ 32 ].  

•   Thrombocytopenia may be clinically silent or associated 
with petechiae, easy bruising, or mucosal bleeding [ 33 ].  

•   Asymptomatic patients with platelet counts >50,000/μL 
and not receiving drugs that interfere with platelet func-
tion do not need medical intervention and can safely 
undergo minimally invasive procedures [ 34 ]. Some clini-
cians prefer >100,000/μL for safety.  

•   In patients with platelets count <50,000/μL, medical 
intervention with steroids, intravenous immune globulin, 
or platelet transfusions may be required to raise the plate-
let count [ 34 ].  

•   The management of these patients should be made in con-
junction with a hematology specialist since no single 
algorithm is suitable for all patients [ 33 ].     

    Liver Disease: Coagulation Abnormalities 

•     Liver disease can lead to thrombocytopenia, platelet dys-
function, reduced production of clotting factors, 
increased factor consumption, and increased fi brinolysis 
[ 38 ]. All stages of liver disease increase the risk of bleeding 
[ 39 ,  40 ].  

•   Pre-procedure screening should include a platelet count, 
platelet function analysis, hemoglobin, PT, aPTT, and 
fi brinogen level [ 38 ].  

•   Fresh frozen plasma can be administered to correct 
markedly prolonged PT/aPTT times [ 34 ]. Repetitive 
infusions of 10–15 mL/kg every 12 h may be needed 
[ 33 ,  39 ].  

•   Other management strategies include vitamin K supple-
mentation, platelets, and cryoprecipitate [ 38 ].

 –    Cryoprecipitate infusions should be used if fi brinogen 
levels are less than 75 mg/dL [ 39 ]. One bag of cryo-
precipitate may raise the serum concentration by 
5 mg/dL with typically, two bags of cryoprecipitate 
should be given per 10 kg of body weight, every 12 h 
and the fi brinogen should be maintained above 
125 mg/dL [ 33 ,  39 ].  

 –   Vitamin K supplementation may be suffi cient in 
patients with biliary tract disorders or sterilization of 
the gut by broad-spectrum antibiotics with typical 
doses of 10 mg given subcutaneously on a daily basis 
and the PT being closely monitored [ 39 ].  

 –   Platelets should be maintained above 70,000–80,000/
μL [ 34 ].        
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    Renal Disease: Coagulation Abnormalities 

•     The potential for bleeding during invasive procedures in 
patients with uremia is signifi cant [ 34 ]. Defects in platelets, 
subendothelial metabolism, platelet vessel interactions, 
and anemia may occur [ 41 ].  

•   Bleeding in uremic patients is typically mucosal, genito-
urinary, subdural, or gastrointestinal [ 33 ].  

•   Renal disease augments the effects of antiplatelet drugs 
and low molecular weight heparins (LMWHs) [ 38 ]. 
Current LMWH preparations used in renal failure will 
have an impaired clearance and a prolonged half-life and 
are not completely reversed with protamine [ 34 ].  

•   A comprehensive coagulation profi le must be performed 
in renal failure patients that are pending an invasive 
procedure.
 –    Screening tests in these individuals include a PT and 

an aPTT [ 34 ].  
 –   The bleeding time is typically prolonged in uremia and 

is not predictive of bleeding [ 30 ]. Bleeding time, how-
ever, is useful in monitoring response to therapy [ 40 ].     

•   The coagulation abnormality may be corrected with pre- 
procedure dialysis, abstinence from platelet active drugs, 
correction of anemia, desmopressin, cryoprecipitate 
infusions, or estrogens [ 33 ].
 –    A 10 U infusion of cryoprecipitate normalizes bleed-

ing time in 50 % of uremic patients [ 41 ].  
 –   Cryoprecipitate has been largely replaced by desmo-

pressin unless other coagulation factors such as fi brin-
ogen need replacement [ 40 ,  41 ].  

 –   Intravenous administration of desmopressin (0.3–0.4 
μg/kg over 20–30 min) improves bleeding time within 
1 h, and this effect is maintained for 4–8 h [ 41 ].  

 –   Conjugated estrogen infusions (0.6/mg/kg/day × 5 
days) or oral estrogens (50 mg/kg/day) shorten the 
bleeding time in uremia [ 34 ,  41 ]. The effect is slower 
in onset—about 6 h after the initial intravenous dose or 
2 days after initiation of oral treatment and lasts for 
about 2 weeks after completing 5 days of intravenous 
treatment, but only 4 or 5 days after oral doses are 
stopped [ 41 ].  

 –   Correction of anemia in renal failure also improves the 
bleeding time. Blood transfusion or the use of erythro-
poietin to raise the hematocrit above 30 % appears to 
restore platelet-vessel wall interactions [ 34 ].       

 In conclusion, as a pain physician, it is always of the utmost 
importance to understand your patient’s full medical his-
tory. Patients with any conditions increasing their risk for 
bleeding should determine if their spinal injection is urgent 
and communication should always occur with the treating 
physician.     

   References 

    1.    Abram S. Complications associated with epidural, facet joint, 
and sacroiliac joint injections. In: Moore R, editor. Handbook of 
pain and palliative care. New York: Springer; 2012. p. 247–57.  

   2.    Bush K, Hillier S. A controlled study of caudal epidural injections 
of triamcinolone plus procaine for the management of intractable 
sciatica. Spine. 1991;16:572–5.  

   3.    Dilke TF, Burry HC, Grahame R. Extradural corticosteroid injec-
tion in management of lumbar nerve root compression. Br Med J. 
1973;2:635.  

   4.    Hollander JL, Brown Jr EM, Jessar RA, et al. Hydrocortisone and 
cortisone injected into arthritic joints; comparative effects of and 
use of hydrocortisone as a local antiarthritic agent. JAMA. 
1951;147(17):1629–35.  

   5.    Snibbe JC, Gambardella RA. Use of injections for osteoarthritis in 
joints and sports activity. Clin Sports Med. 2005;24(1):83–91.  

   6.    Lavelle W, Lavelle E, Lavelle L. Intra-articular Injections. 
Anesthesiol Clin. 2007;25:853–62.  

   7.    Derby R, et al. Complications following cervical epidural steroid 
injections by expert interventionalists in 2003. Pain Physician. 
2004;7(4):445–9.  

   8.    McGrath JM, Schaefer MP, Malkamaki DM. Incidence and charac-
teristics of complications from epidural steroid injections. Pain 
Med. 2011;12(5):726–31.  

   9.    Karaman H, et al. The complications of transforaminal lumbar 
epidural steroid injections. Spine. 2011;36(13):E819–24.  

   10.    Botwin KP, Baskin M, Rao S. Adverse effects of fl uoroscopically 
guided interlaminar thoracic epidural steroid injections. Am J Phys 
Med Rehabil. 2006;85(1):14–23.  

   11.    Benny B, Azari P, Briones D. Complications of cervical transfo-
raminal epidural steroid injections. Am J Phys Med Rehabil. 
2010;89(7):601–7.  

   12.    Reid D. Complications of low back pain therapies. Tech Reg Anesth 
Pain Manag. 1998;2(3):147–51.  

    13.    Green L, Machin SJ. Managing anticoagulated patients during 
neuraxial anaesthesia. Br J Haematol. 2010;149(2):195–208. 
doi:  10.1111/j.1365-2141.2010.08094.x    . Epub 2010 Feb 8.  

     14.    Vandermeulen EP, Van Aken H, Vermylen J. Anticoagulants and 
spinal-epidural anesthesia. Anesth Analg. 1994;79(6):1165–77.  

   15.    Tehranzadeh J, Mossop EP, Golshan-Momeni M. Therapeutic arthrog-
raphy and bursography. Orthop Clin North Am. 2006;37:393–408.  

   16.    Creamer P. Intra-articular corticosteroid treatment in osteoarthritis. 
Curr Opin Rheumatol. 1999;11:417–21.  

   17.    Saupe N, Zanetti M, Pfi rrmann CWA, Weis T, Schwenke C, Hodler 
J. Pain and other side effects after MR arthrography: prospective 
evaluation in 1085 patients. Radiology. 2009;250:830–8.  

    18.    Hugo III PC, Newberg AH, Newman JS, Wetzner SM. Complications 
of arthrography. Semin Musculoskelet Radiol. 1998;2:345–8.  

    19.    Peterson C, Hodler J. Adverse events from diagnostic and thera-
peutic joint injections: a literature review. Skeletal Radiol. 2011;
40:5–12.  

    20.    Bettencourt RB, Linder MM. Arthrocentesis and therapeutic joint 
injection: an overview for the primary care physician. Prim Care. 
2010;37:691–702.  

     21.    Horlocker TT, Wedel DJ. Infectious complications of regional 
anesthesia. Best Pract Res Clin Anaesthesiol. 2008;22(3):451–75.  

   22.    Shanthanna H, Park J. Acute epidural haematoma following 
epidural steroid injection in a patient with spinal stenosis. 
Anaesthesia. 2011;66(9):837–9.  

    23.    Reitman CA, Watters III W. Subdural hematoma after cervical 
epidural steroid injection. Spine. 2002;27(6):E174–6.  

    24.    Jansen NW, Roosendaal G, Wenting MJ, et al. Very rapid clearance 
after a joint bleed in the canine knee cannot prevent adverse effects 

T. Riolo et al.

http://dx.doi.org/10.1111/j.1365-2141.2010.08094.x


277

on cartilage and synovial tissue. Osteoarthritis Cartilage. 2009;
17:433–40.  

    25.    Solimeno L, et al. Knee arthropathy: when things go wrong. 
Haemophilia. 2012;18 Suppl 4:105–11.  

      26.    Mannucci PM, Tuddenham EGD. The hemophilias—from royal 
genes to gene therapy. N Engl J Med. 2001;344(23):1773–9.  

    27.    Bolton-Maggs PHB. The rare inherited coagulation disorders. 
Pediatr Blood Cancer. 2013;60(S1):S37–40.  

    28.    Englbrecht JS, Pogatzki-Zahn EM, Zahn P. [Spinal and epidural 
anesthesia in patients with hemorrhagic diathesis: decisions on the 
brink of minimum evidence?]. Anaesthesist. 2011;60(12):1126–34. 
Epub 2011/08/02. Ruckenmarknahe Regionalanasthesie bei 
Patienten mit hamorrhagischen Diathesen : Entscheidungen am 
Rande des Evidenzminimums?.  

    29.    Cines DB, Blanchette VS. Immune thrombocytopenic purpura. 
N Engl J Med. 2002;346(13):995–1008.  

     30.    Peterson P, Hayes TE, Arkin CF, Bovill EG, Fairweather RB, Rock 
Jr WA, et al. The preoperative bleeding time test lacks clinical 
benefi t: College of American Pathologists’ and American Society 
of Clinical Pathologists’ position article. Arch Surg. 1998;
133(2):134–9.  

    31.    Close HL, Kryzer TC, Nowlin JH, Alving BM. Hemostatic assessment 
of patients before tonsillectomy: a prospective study. Otolaryngol Head 
Neck Surg. 1994;111(6):733–8. Epub 1994/12/01.  

        32.    Patel IJ, Davidson JC, Nikolic B, Salazar GM, Schwartzberg MS, 
Walker TG, et al. Consensus guidelines for periprocedural manage-
ment of coagulation status and hemostasis risk in percutaneous 

image-guided interventions. J Vasc Interv Radiol. 2012;
23(6):727–36.  

            33.    Raj PP, Shah RV, Kaye AD, Denaro S, Hoover JM. Bleeding risk in 
interventional pain practice: assessment, management, and review 
of the literature. Pain Physician. 2004;7(1):3–51. Epub 2006/07/27.  

                    34.    Cobos E, Cruz J-C, Day M. Etiology and management of coagula-
tion abnormalities in the pain management patient. Curr Rev Pain. 
2000;4(5):413–9.  

    35.    Soliman DE, Broadman LM. Coagulation defects. Anesthesiol Clin 
North America. 2006;24(3):549–78.  

     36.    Mannucci PM, Federici AB. Management of inherited von 
Willebrand disease. Best Pract Res Clin Haematol. 2001;
14(2):455–62.  

    37.    Aldouri M. The use of recombinant factor VIIa in controlling surgi-
cal bleeding in non-haemophiliac patients. Pathophysiol Haemost 
Thromb. 2002;32 Suppl 1:41–6.  

       38.    Shah RV, Kaye AD. Bleeding risk and interventional pain man-
agement. Curr Opin Anaesthesiol. 2008;21(4):433–8. Epub 
2008/07/29.  

        39.    Sallah S, Bobzien W. Bleeding problems in patients with liver 
disease. Ways to manage the many hepatic effects on coagulation. 
Postgrad Med. 1999;106(4):187–90. Epub 1999/10/26.  

      40.    DeLoughery TG. Management of bleeding with uremia and 
liver disease. Curr Opin Hematol. 1999;6(5):329–33. Epub 
1999/09/01.  

         41.    Weigert AL, Schafer AI. Uremic bleeding: pathogenesis and therapy. 
Am J Med Sci. 1998;316(2):94–104.    

36 Injections in Patients with Bleeding Risks and Comorbid Conditions



279K.A. Sackheim, Pain Management and Palliative Care: A Comprehensive Guide,
DOI 10.1007/978-1-4939-2462-2_37, © Springer Science+Business Media New York 2015

      Abbreviations 

   AP    Action potential   
  GABA    Gamma aminobutyric acid   

         Introduction 

 This chapter focuses on injectable medications used in the 
fi eld of pain management. As a clinician, it is always impor-
tant to understand the risks associated with each medication 
being used in the procedure and to choose the safest option.  

    Local Anesthetics 

    Mechanism of Action 
•     Block action potential (AP) conduction via inhibition of ion 

channels
 –    Principally inhibit sodium channels of neuronal cell 

membranes [ 1 ]     
•   Resulting decreased permeability prevents AP propagation

 –     Smaller nerve fi bers : require a shorter length of fi ber to 
be exposed to local anesthetics for blockade to occur  

 –    Larger nerve fibers : have larger internodal dis-
tances (distance between Nodes of Ranvier) which 
makes them increasingly resistant to local anesthetic 
blocks [ 2 ].     

•   Block peripheral nerve action by degrading transmitted 
electrical patterns such as after potentials and after oscil-
lations [ 3 ].  

•   When administered to the intrathecal space, these 
 medications diffuse within the spinal cord interacting 
with a variety of ion channels.
 –     This results in :

   Altered excitation and depolarization of presynap-
tic terminals  

  Altered release of neurotransmitters with both pre- 
and postsynaptic receptor sites [ 4 ]        

•   Local anesthetics also act centrally to prevent the 
release/binding of certain nociceptive neurotransmitters 
(such as Substance P) and promote other neurotransmit-
ters (such as gamma aminobutyric acid [GABA] and 
acetylcholine) [ 2 ].     

    Chemical Structure 
•     Local anesthetics are classifi ed as amides or esters based 

on their chemical structure.
 –     Amide type : bupivacaine, dibucaine, etidocaine, lido-

caine, mepivacaine, prilocaine, ropivacaine. Most 
commonly used are bupivacaine and lidocaine. 
Widely used in diagnostic and therapeutic injections 
and may be associated fewer true allergic reactions 
[ 5 – 8 ].  

 –    Ester type : benzocaine, chloroprocaine, cocaine, 
 procaine, and tetracaine. Associated with a risk of 
severe allergic reactions stemming from their metabo-
lite para-aminobenzoic acid [ 7 ].        

    Clinical Effect 
•     Certain physiochemical properties of local anesthetics are 

known to infl uence their activity
 –    Lipid solubility  
 –   p K a  
 –   Protein binding     

•   Each of these factors contributes to a local anesthetic’s 
potency, speed of onset, and duration of action.  
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•    Potency is related to a local anesthetic ’ s lipid solubility .
 –    Increasing lipid solubility → easier nerve membrane 

penetration → greater Na channel affi nity  
 –   Bupivacaine is more potent and more lipophilic than 

lidocaine [ 5 ,  6 ].     
•   Onset of action is associated with a local anesthetic’s p K a. 

p K a is defi ned as the pH at which a specifi c drug is half 
ionized and half in its neutral, unionized form.
 –    The unionized form is more able to diffuse across the 

nerve membrane.
 –    Local anesthetics that have a p K a closer to the injec-

tion site’s physiologic pH have a faster onset of 
action [ 5 ].  

 –   Onset of action is not changed by the amount of local 
anesthetics administered.        

•   Duration of action is associated with protein binding, 
location of administration, administered dose, and lipid 
solubility (Table  37.1 ).

          Tachyphylaxis 
•     Clinical phenomenon of decreasing effi cacy is noted 

with repeated administration of the same dose of local 
anesthetics.
 –    Short dosing intervals that prevent pain from occurring 

may prevent the appearance of tachyphylaxis [ 2 ].        

    Adverse Reactions/Toxicity 
•      Caution is advised in administering amide type local 

anesthetics in those with liver dysfunction .
 –    Metabolized via the cytochrome P450 system and are 

thus dependent upon hepatic blood fl ow, extraction, 
and enzyme function [ 5 ].     

•    CNS toxicity 
 –    Bupivacaine >> Ropivacaine >> Lidocaine [ 9 – 13 ]  
 –   Symptoms include: Shivering, muscle twitching, 

tremor, hypoventilation, respiratory arrest, generalized 
convulsions [ 10 ]. Hiccups have also been noted fol-
lowing epidural administration of bupivacaine [ 11 ].     

•   In animal models, bupivacaine had a markedly lower 
threshold dose to induce generalized convulsions than 
either lidocaine or ropivacaine [ 12 ].  

•    Cardiac toxicity 
 –    Bupivacaine >> Lidocaine or Ropivacaine [ 14 ,  15 ]  
 –   Symptoms include: sympathetic activation, arrhyth-

mias, cardiovascular depression, cardiovascular collapse 
[ 10 ,  14 ].     

•    Skeletal muscle toxicity 
 –    Bupivacaine is characterized with a high rate of myo-

toxicity, when compared to lidocaine and ropivacaine 
[ 16 – 20 ].  

 –   All local anesthetics in experimental settings are noted 
to be myotoxic in clinical concentrations with a dose 
dependent rate of toxicity [ 16 – 18 ].  

 –   The clinical effect of local anesthetic myotoxicity 
remains controversial.  

 –   Clinical evidence of myotoxicity is rare and may be 
due to rapid recovery and tissue regeneration [ 10 ].     

•    Articular cartilage toxicity 
 –    Several studies have shown that local anesthetics are 

cytotoxic to chondrocytes in large volumes 
[ 21 – 23 ].  

 –   Addition of epinephrine to lidocaine and bupivacaine 
in intra-articular injections has been shown in some 
studies to lead to increased chondrocyte toxicity.
 n    Postulated to be the result of the lower pH in these 

combinations [ 23 ].  
 n   Addition of epinephrine to local anesthetics in 

intra- articular injections is not advised [ 10 ].     
 –   There are few cases of clinically signifi cant chondro-

cyte toxicity after a single dose of local anesthestics 
and the use of local anesthetics for joint pain has been 
successfully employed for decades.
   This may be because the concentrations used for 

in vitro experiments may not be seen in vivo, due 
to the dilutional effects of joint fl uid and active 
synovial absorption [ 21 ].     

   Table 37.1    Local anesthetic dosage ranges   

 Procedure 
 Concentration (location 
dependent) (%) 

 Volume (location 
dependent) 

 Maximal single dose 
(location dependent) (mg) 

 Lidocaine hydrochloride (Xylocaine© APP 
pharmaceuticals, Shamburg IL, USA) 

 Peripheral nerve  1–2  1–20 mL  20–300 
 Percutaneous infi ltration  0.5–1  1–60 mL  5–300 

 Bupivacaine hydrochloride (Sensorcaine© APP 
pharmaceuticals, Shamburg IL, USA) 

 Peripheral nerve  0.25–0.5  12.5–max mL  175 
 Local infi ltration  0.25  Up to max dose  175 

   Note : Information obtained from specifi c product insert. Concentrations, volumes, suggested and max doses vary signifi cantly depending on the 
location and purpose of injection. Please refer to specifi c product insert prior to use  
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 –   Therefore, further clinical studies are needed to fully 
assess the implications of these fi ndings in cases of 
single dose administration.        

    Select Contraindications 
•     Symptoms include: history of hypersensitivity or allergy 

to a local anesthetic of the same class (amide, ester), 
history of anaphylaxis [ 10 ].  

•    Absolute contraindications : unstable joint, uncontrolled 
diabetes mellitus, charcot joint, bacteremia/sepsis, septic 
arthritis, osteomyelitis, or osteochondral fracture of adja-
cent bone, local infection, coagulopathy [ 24 ].  

•    Relative contraindication for combination local anesthetics : 
epinephrine/norepinephrine is concurrent use of a mono-
amine oxidase inhibitor/tricyclic antidepressant due to the 
risk of severe, persistent hypertension (a result of possible 
systemic agent absorption) [ 25 ,  26 ].      

    Corticosteroids 

    Background 
•     Corticosteroids are synthetic analogues of the adrenal 

glucocorticoid hormone cortisol, secreted from the adre-
nal cortex and involved in protein and glucose metabo-
lism [ 27 ,  28 ]. It was later discovered that they have 
important anti-infl ammatory properties.  

•   Due to their anti-infl ammatory properties, they are a com-
monly used medication for offi ce-based joint and soft tis-
sue injections in combination with local anesthetics for a 
wide variety of disorders:
 –    Joints, bursae, tendon sheaths, tendon insertion sites, 

muscular trigger points, epidural, transforaminal, peri-
neural, interdigital neuroma, cyst and ganglion 
conditions.  

 –   Often used in patients who cannot tolerate systemic 
nonsteroidal anti-infl ammatory drugs due to their local 
administration [ 29 ].        

    Mechanism of Action 
•     Precise pharmacological effects are unclear.

 –     Anti - infl ammatory :
 n    At the cellular level, corticosteroids affect immune 

and infl ammatory responses possibly by modula-
tion of transcription [ 27 ].  

 n   Inhibits production of local infl ammatory mediators 
such as arachidonic acid, prostaglandins, leukotri-
enes, cytokines, and other acute phase reactants [ 28 ].     

 –    Direct neural membrane stabilization :
 n    Studies have shown that corticosteroids may reduce 

spontaneous ectopic discharge rates seen after nerve 
injuries [ 29 ].  

 n   Reversible inhibition of nociceptive C-fi ber transmis-
sion has been studied [ 28 ].  

 n   Modulation of peripheral nociceptor neurons and 
spinal cord dorsal horn cells has been demon-
strated [ 29 ].     

 –    Excretion :
 n    Corticosteroids bind to albumin or globulins after 

absorption [ 28 ].  
 n   They then undergo sequential oxidative reduction 

to form inactive compounds [ 28 ].  
 n   This is followed by hepatic-mediated conjugation 

resulting in water-soluble metabolites that are 
excreted in the urine [ 28 ].           

    Chemical Structure 
•     Common synthetic corticosteroids are derivatives of 

prednisolone [ 10 ]:
 –     Methyl derivative : Methylprednisolone acetate 

(Depo- Medrol, Solu-Medrol, Duralone, Medralone)  
 –    Fluorinated derivative : Betamethasone (Celestone 

Soluspan, Betaject), Dexamethasone (Decadron 
phosphate, Adrenocot, Decaject), Triamcinolone 
(Kenalog)  

 –    Particulate / ester preparations :
   “Acetates”—highly lipophilic—highly insoluble  
 n   Effi cacy and duration are greater than non-esters 

in joints as they require hydrolysis prior to activa-
tion [ 10 ].  

 n   They form microcrystalline suspensions which may 
result in fl occulations with preservatives in some 
local anesthetics, ultimately creating particulates  

 n   Risk for damage to soft tissue, neural, and vascular 
structures (i.e., Artery of Adamkiewicz)     

 –    Non - particulate / non - ester preparations :
   Salt, “sodium phosphate”—water soluble  
 n   Dexamethasone is the non-ester and non-particulate 

formulation most commonly used.  
 n   It is water soluble, and therefore has a much faster 

onset of action, but reduced duration of action [ 10 ].  
 n   Celestone Soluspan is a combination ester and salt 

with theoretical short- and long-term action dura-
tion, although not clinically signifi cant [ 10 ].           

    Clinical Effect (Table  37.2 ) 
       Adverse Effects/Toxicity 
•     Mostly described from systemic usage [ 30 ,  31 ]:

 –    Fluid retention, elevated blood pressure, elevated 
blood glucose levels, generalized erythema, facial 
fl ushing, allergic reaction, menstrual irregularities, 
gastritis— peptic ulcer disease, hypothalamic– 
pituitary–adrenal-axis suppression, Cushing syn-
drome, bone demineralization,  steroid myopathy, brief 
euphoric or manic reactions  
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 –   More specifi c to injections—theoretical risk of weak-
ened ligaments, possible increased risk of infection, 
postinjection pain, skin hypopigmentation, sterile 
meningitis, and arachnoiditis [ 32 ].     

•   Special considerations
 –    Methylprednisolone acetate (Depo-Medrone) is noted 

to cause more postinjection pain and carries an 
increased risk of a rare anaphylactoid reaction due to 
succinate salts [ 10 ,  28 ,  31 ].  

 –   Diabetes Mellitus—injected steroids do increase the 
frequency of hyperglycemia, but its clinical signifi cance 
is uncertain. Long-term effects have not been found, 
but caution should be used in brittle diabetics .  

 –   Artery of Adamkiewicz—thoracic and upper-lumbar 
level to L2-3. Caution when performing transforami-
nal epidural steroid injection or selective nerve root 
block with particulate steroids as this could result in 
spinal cord ischemia or infarction [ 10 ,  31 ,  32 ].         

    Select Contraindications 
•     Absolute contraindications: local infection, intra-articular 

infection, and systemic infection, joint fractures, joint 
instability, coagulopathy [ 10 ].  

•   Relative contraindications: Osteoporosis  
•   No more than three injections/year in the same joint and 

no sooner than 6 weeks apart    
 Table  37.3  lists medication codes and Table  37.4  shows 
properties of steroids used in spinal injections.

           References 

    1.    Nau C, Wang GK. Interactions of local anesthetics with voltage- 
gated Na +  channels. J Membr Biol. 2004;201(1):1–8.  

       2.    Liu SS. Local anesthetics: clinical aspects. In: Benzon H, Raja S, 
Molloy R, Liu S, Fishman S, editors. Essentials of pain medicine 
and regional anesthesia. 2nd ed. Philadelphia: Elsevier Science; 
2005. p. 558–65.  

    3.    Raymond SA. Subblocking concentrations of local anesthetics: 
effects on impulse generation and conduction in single myelinated 
sciatic nerve axons in frog. Anesth Analg. 1992;75(6):906–21.  

     4.    Gokin A, Strichartz G. Local anesthetics acting on the spinal cord. 
Access, distribution, pharmacology and toxicology. In: Yaksh TL, 
editor. Spinal drug delivery: anatomy, kinetics and toxicology. 1st ed. 
New York: Elsevier; 1999. p. 477–501.  

       5.    Sitzman B, Chen Y, Clemans R, Fishman S, Benzon 
H. Pharmacology for the interventional pain physician. In: Benzon 
H, Raja S, Molloy R, Liu S, Fishman S, editors. Essentials of pain 
medicine and regional anesthesia. 2nd ed. Philadelphia: Elsevier; 
2005. p. 166–80.  

     6.    Butterworth IV JF, Strichartz GR. Molecular mechanisms of local 
anesthesia: a review. Anesthesiology. 1990;72:711–34.  

    7.    Cox B, Durieux ME, Marcus MA. Toxicity of local anaesthetics. 
Best Pract Res Clin Anaesthesiol. 2003;17(1):111–36.  

   Table 37.2    Equivalent potencies of select corticosteroids [ 2 ,  4 – 6 ]   

 Medication  Half-life (h)  Equivalent potency (mg)  Solubility (percent weight/volume)  Particle aggregation 

 Hydrocortisone  8–12   1  Freely soluble  Not studied 
 Methylprednisolone acetate  12–36   5  0.001  Few 
 Triamcinolone acetonide  12–36   5  0.0002  Extensive 
 Betamethasone acetate/sodium phosphate  36–72  25  Acetate—highly insoluble  Some 

 Sodium phosphate—freely soluble 
 Dexamethasone sodium phosphate  36–72  25  Freely soluble  None 

   Table 37.3    Medication codes   

 Medication code  1 U equivalent 

 J1030   Depo-Medrol 40 mg 
 J1040  Depo-Medrol 80 mg 
 J1100  Dexamethasone 1 mg 
 J3301  Kenalog 10 mg 
 J0702  Celestone 3 mg 
 J3490  Lidocaine/Marcaine (1 U only) 
 J1885  Toradol 15 mg 
 Q9965  Omnipaque (1 U only) 

   Table 37.4    Properties of steroids used in spinal injections   

 Agent 

 Biological 
half-life 
(h) 

 Anti-
infl ammatory 
potency 

 Salt-
retaining 
potency 

 Particulate 
size 
(aggregation) 

 Hydrocortisone 
(hydrocortone) 

 8–12   1  1 

 Triamcinolone 
(Kenalog 40) 

 12–36   5  0  RBC size 
to 133 
(extensive, 
densely 
packed) 

 Methylprednisolone 
(Depo-Medrol) 

 12–36   5  0.5  RBC size 
(few, 
densely 
packed) 

 Dexamethasone 
(Decadron) 

 36–72  25  0  RBC size 
(none) 

 Betamethasone 
(Celestone 
Soluspan) 

 36–72  25  0  Varied size 
(extensive, 
densely 
packed) 

  Information adapted and modifi ed from  Essentials of Pain Management , 
 Benzon   

S. Chandran and P. Kieu



283

    8.    Holmdahl MH. Xylocain (lidocaine, lignocaine), its discovery and 
Gordh’s contribution to its clinical use. Acta Anaesthesiol Scand 
Suppl. 1998;113:8–12.  

    9.    Krunic AL, Wang LC, Soltani K, Weitzul S, Taylor RS. Digital 
anesthesia with epinephrine: an old myth revisited. J Am Acad 
Dermatol. 2004;51(5):755–9.  

               10.    MacMahon P, Eustace S, Kavanagh E. Injectable corticosteroid and 
local anesthetic preparations: a review for radiologists. Radiology. 
2009;25(3):647–67.  

    11.    McAllister R, McDavid A, Meyer T, Bittenbinder T. Recurrent per-
sistent hiccups after epidural steroid injection and analgesia with 
bupivacaine. Anesth Analg. 2013;116(2):1834–6.  

    12.    Liu PL, Feldman HS, Giasi R, Patterson MK, Covino BG. 
Comparative CNS toxicity of lidocaine, bupivacaine, and tetracaine 
in awake dogs following rapid intravenous administration. Anesth 
Analg. 1983;62(4):375–9.  

    13.    Groban L. Central nervous system and cardiac effects from long- 
acting amide local anesthetic toxicity in the intact animal model. 
Reg Anesth Pain Med. 2003;28(1):3–11.  

     14.    Gristwood RW. Cardiac and CNS toxicity of levobupivacaine: 
strengths of evidence for advantage over bupivacaine. Drug Saf. 
2002;25(3):153–63.  

    15.    Leone S, Di Cianni S, Casati A, Fanelli G. Pharmacology, toxicol-
ogy, and clinical use of new long acting local anesthetics,  ropivacaine 
and levobupivacaine. Acta Biomed. 2008;79(2):92–105.  

     16.    Brun A. Effect of procaine, carbocain and xylocaine on cutaneous 
 muscle in rabbits and mice. Acta Anaesthesiol Scand. 1959;3(2):59–73.  

   17.    Hogan Q, Dotson R, Erickson S, Kettler R, Hogan K. Local 
anesthetic myotoxicity: a case and review. Anesthesiology. 1994;
80(4):942–7.  

    18.    Foster AH, Carlson BM. Myotoxicity of local anesthetics and 
regeneration of the damaged muscle fi bers. Anesth Analg. 1980;
59(10):727–36.  

   19.    Benoit PW, Belt WD. Destruction and regeneration of skeletal 
muscle after treatment with a local anaesthetic, bupivacaine 
(Marcaine). J Anat. 1970;107(Pt 3):547–56.  

    20.    Yagiela JA, Benoit PW, Buoncristiani RD, Peters MP, Fort NF. 
Comparison of myotoxic effects of lidocaine with epinephrine in 
rats and humans. Anesth Analg. 1981;60(7):471–80.  

     21.    Chu CR, Izzo NJ, Coyle CH, Papas NE, Logar A. The in vitro 
effects of bupivacaine on articular chondrocytes. J Bone Joint Surg 
Br. 2008;90(6):814–20.  

   22.    Piper SL, Kim HT. Comparison of ropivacaine and bupivacaine 
toxicity in human articular chondrocytes. J Bone Joint Surg Am. 
2008;90(5):986–91.  

     23.    Dragoo JL, Korotkova T, Kanwar R, Wood B. The effect of local 
anesthetics administered via pain pump on chondrocyte viability. 
Am J Sports Med. 2008;36(8):1484–8.  

    24.    Thumboo J, O'Duffy JD. A prospective study of the safety of joint 
and soft tissue aspirations and injections in patients taking warfarin 
sodium. Arthritis Rheum. 1998;41(4):736–9.  

    25.    Goulet JP, Pérusse R, Turcotte JY. Contraindications to vasocon-
strictors in dentistry: Part III. Pharmacologic interactions. Oral 
Surg Oral Med Oral Pathol. 1992;74(5):692–7.  

    26.    Karaoglu S, Dogru K, Kabak S, Inan M, Halici M. Effects of epi-
nephrine in local anesthetic mixtures on hemodynamics and view 
quality during knee arthroscopy. Knee Surg Sports Traumatol 
Arthrosc. 2002;10(4):226–8.  

     27.   Saunders S, Longworth S. The drugs. In:  Injection techniques in 
orthopaedic and sports medicine: a practical manual for doctors 
and physiotherapists . 3rd ed. Philadelphia: Churchhill Livingstone/
Elsevier; 2006.  

          28.    Sitzman BT. Pharmacology for the spine injectionist. In: Fenton D, 
Czervionke L, editors. Image-guided spine intervention. 
Philadelphia: Saunders Elsevier; 2003.  

      29.    Devor M, Govrin-Lippman R, Raber P. Corticosteroids suppress 
ectopic neural discharge originating in experimental neuromas. 
Pain. 1985;22:127–37.  

    30.    Stitik T, Kumar A, Kim J, Tran J, Lee C. Chapter 2: pharmacotherapy 
of joint and soft tissue injections. In: Stitik P, editor. Injection proce-
dures: osteoarthritis and related conditions. New York: Springer; 2010.  

      31.    Collighan N, Gupta S. Epidural steroids. Cont Educ Anaesth Crit 
Care Pain. 2010;10(1):1–5.  

     32.    Catalano III LW, Glickel SZ, Barron OA, Harrison R, Marshall A, 
Purcelli-Lafer M. Effect of local corticosteroid injection of the hand 
and wrist on blood glucose in patients with diabetes mellitus. 
Orthopedics. 2012;35(12):e1754–8.    

37 Spinal Procedure Injectables



285K.A. Sackheim, Pain Management and Palliative Care: A Comprehensive Guide,
DOI 10.1007/978-1-4939-2462-2_38, © Springer Science+Business Media New York 2015

      Abbreviations 

   ABC    Automatic brightness control   
  CT    Computed tomography   

          Introduction 

   Fluoroscopic    guidance : used for pain procedures to identify 
bony landmarks located near target joints and nerves. Views 
are two dimensional, necessitating a mobile unit that can be 
rotated (C-arm) to provide different angles to determine 
appropriate needle localization 

  X - rays : part of electromagnetic spectrum of radiation, produce 
ionizing radiation in the body which can cause damage via 
direct DNA damage or free radical production  

    Radiation Units 

  Exposure : Roentgen or Coulomb/kg (1 R = 2.5 × 10 −4  C/kg) 

  Radiation absorbed dose : rad or Gray (100 rad = 1 Gy) 

  Radiation equivalent in man : rem or Sievert (100 rem = 1 Sv) 

  X - ray equivalency : 1 R ≈ 1 rad ≈ 1 rem  

    C-arm Components (See Fig.  38.1 ) 

     X - ray tube  ( source ): position under table to limit radiation 
exposure to room personnel, should be positioned as far as 
possible from patient to minimize exposure 

  Image intensifi er  ( detector ): position above table captures 
X-rays that pass through patient to produce an image based 
on penetrability of tissues 

  Camera : captures image from detector 

  Display monitors : displays image from camera, can be 
rotated or saved as needed for reference and medical record 
keeping 

  Collimators : can adjust the X-ray beam to minimize area 
exposed to radiation and to improve image contrast (Iris—
circular shutters, Linear—side shutters), increased use of 
collimators also decreases scatter  

    Fluoroscopy Settings 

  Current : Increased current increases number of X-rays 
produced, darkens image 

  Exposure time : Increased exposure time darkens image 

  Voltage : Increased voltage increases X-ray penetration 

  Automatic brightness control  ( ABC ): adjusts voltage and 
current to optimize image, generally increases voltage to 
increase penetration while minimizing current to limit dose 

  New vs. old machines : generally decreased exposure with 
newer machines due to optimization of current and voltage 
settings  

      Radiation Safety and Monitoring 
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    Fluoroscopy Modes 

  Intermittent mode : individual, spot images, low dose, exposure 
based on number of images 

  Continuous mode : increased dose time to allow for live eval-
uation, real-time spread of injected contrast 

  Pulsed mode : intermittent images at a set time interval to 
decrease exposure of continuous mode 

  Digital subtraction : high-dose fl uoroscopy used to remove 
static structures from a live image, better evaluates for intra-
vascular injection  

    Occupational Exposure 

  Inverse - square law : radiation is inversely proportional to the 
square of the distance from the X-ray source 

  Scatter : majority of occupational exposure occurs from scat-
tered radiation off the table on the side of the X-ray source. 
Larger patients and increased distance from the X-ray source 
to the table will increase scatter.  

    Common Radiation Exposures per 
Procedure [  1  ]  

•     Chest X-ray: 10 mrem  
•   Head CT: 200 mrem  
•   Fluoroscopy, intermittent: 0.7–3 mrem  
•   Fluoroscopy, boost: 2–20 mrem  
•   Fluoroscopy, continuous: 200–1,000 mrem/min  
•   Fluoroscopy, digital subtraction: 2,000–4,000 mrem/min     

    Annual Maximal Permissible Radiation 
Dose [ 2  ]  

•     Total body: 5 rem  
•   Thyroid: 50 rem  
•   Lens of eye: 15 rem  
•   Fetus: 0.5 rem     

    Minimum Organ Radiation Dose Exposure 
to Produce Damage [ 3 ] 

•     Lens of the eye, cataracts: 200 rad (8 years latency)  
•   Skin, dermatitis: 500 rad (1–2 days latency)  
•   Body, hematopoietic crisis: 200–700 rad (4–6 weeks 

latency)     

    Lead Shielding 

  Fixed shielding : walls, doors, and windows should have a 
lead equivalence of 1–3 mm 

  Mobile shielding : barriers or screens can be placed between 
the X-ray source and personnel and can produce the largest 
decrease in radiation exposure; however, these should gener-
ally be used in addition to personal shielding as they can be 
diffi cult to reliably position between operator and X-ray 
source at all times 

 Effective personal shielding includes lead aprons, thyroid 
shields, and leaded glasses 

 It is recommended not to use lead gloves as most fl uoros-
copy units will compensate for the increased radiodensity 
by increasing voltage, thereby increasing exposure and 
scatter.  

    Lead Thickness Protection Under Commonly 
Used Fluoroscopy Settings [ 4 ] 

•      1 mm : blocks 99 % + of radiation  
•    0.72 mm : blocks 98–99 % + of radiation  
•    0.5 mm : blocks 95–99 % + of radiation  
•    0.22 mm : blocks 87–95 % of radiation    

 Most aprons are 0.25–0.5 mm lead equivalence for reasons of 
weight:
•    One-sided aprons 0.35 mm is appropriate  
•   Wrap-around aprons, 0.25 mm is suffi cient so long as the 

apron is oriented correctly with the overlap in front to 
yield 0.5 mm with 0.25 mm in the back     

camera

detector

collimator

3D

source

monitor

  Fig. 38.1    C-arm components       
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    Monitoring 

•      Radiation badge : Should be used by all personnel who 
work with a C-arm, required for personnel who may receive 
exposure to >25 % of the annual limit, consists of fi lm that 
darkens with exposure to beta and gamma radiation  

 –   Over the collar: approximates exposure to lens of 
the eye  

 –   Under the apron: approximates exposure to shielded 
organs     

    Minimizing Radiation Exposure [ 5 ] 

•      Training : Proper radiation training  
•    Inspections : Maintain regular quality control of fl uoros-

copy equipment to prevent overexposure
•     Protection : Use proper lead protection including leaded 

glasses, apron, thyroid shield, and/or standing shield: 
Ensure lead shielding is positioned between personnel 
and the X-ray source at all times (e.g., facing the C-arm if 
using single-sided lead aprons)     

•    Patient positioning : Properly position the patient on the 
table, remove belt buckles or buttons that might obscure 
view (this can help minimize reimaging and dose)  

•    C-arm positioning :
 –    Position C-arm over area to be imaged prior to begin-

ning fl uoroscopy to minimize number of “fi nder” 
images (increased amount of images → increased 
radiation exposure)  

 –   Keep X-ray source below table in AP views to decrease 
scatter  

 –   If only lateral imaging is required, consider positioning 
the patient lateral on the table to keep the X-ray source 
below the table  

 –   If lateral imaging is required only part of the time, 
ensure the operator is opposite the X-ray source and on 
the side of the image detector     

•    Collimating : Utilize ABC settings and collimation to 
optimize voltage and current settings and limit exposure 
area for the patient (collimated views → less radiation 
exposure)  

•    Increase distance : Increase operator distance from X-ray 
source by use of foot pedals, fi xed standing shields, and 
extensions/connectors during live injection of contrast  

•    Use pulse : Use intermittent/pulse as opposed to live 
fl uoroscopy when possible        
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      Abbreviations 

   AP    Anteroposterior   
  CMBB    Cervical Medial Branch Blocks   
  CPT    Current Procedural Terminology   
  CSF    Cerebrospinal fl uid   
  IL-CESI     Interlaminar cervical epidural steroid injection   
  RFA    Radiofrequency ablation   
  UTI    Urinary tract infection   

          Introduction 

  Cervical  spine pathology may contribute to a variety of pain 
symptoms including headache, facial pain, neck pain, shoul-
der pain, and paresthesias within the upper extremities. A 
thorough evaluation is essential for a correct diagnosis as well 
as determining appropriate treatment options. Interventions in 
or around the cervical spine have the potential for a multitude 
of complications including intravascular injection or neuronal 
injury. The utilization of fl uoroscopy, as well as the more 
recent use of sonography, has allowed for an improvement in 
needle placement, safety, and procedural effi cacy [ 1 ,  3 ].  

    Cervical Injection Contraindications 

•      Absolute contraindications 
 –    Patient refusal  
 –   Local infection at the site  

 –   Systemic infection (UTI, pneumonia, etc.)  
 –   Bleeding disorder  
 –   Full anticoagulation  
 –   Allergic reaction to injectants  
 –   Local malignancy  
 –   Acute cord compression     

•    Relative contraindications 
 –    Pregnancy  
 –   Poorly controlled diabetes  
 –   Poorly controlled hypertension  
 –   Immunosuppression  
 –   Previous surgery altering the targeted anatomy  
 –   Intraspinal vascular dilation or anomalies near target site  
 –   Congestive heart failure [ 1 – 3 ]        

    Patient Positioning for Cervical Procedures 

•     Patient is placed prone with arms at their side. Two pillows 
are placed under their chest and a small towel/sheet 
beneath the forehead to facilitate cervical spine fl exion. 
Arms are best tucked under the anterior thighs to prevent 
patient movement and to assure the shoulders are not 
inhibiting the lateral view. Cervical pillow can be used as 
a substitute to the above positioning.    

    Interlaminar Cervical Epidural Steroid 
Injection (IL-CESI) 

•      Indications 
 –    Most common indication: nerve root infl ammation 

resulting in  cervical neuritis  or  radicular symptoms 
   Both diagnostic and therapeutic     

 –   Radiculopathy or Radiculitis  
 –   Neck/arm Pain  
 –   Central canal stenosis  
 –   Neuroforaminal stenosis  
 –   Herniated Disc [ 1 – 3 ]
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 – Discogenic pain
 – Degenerative Disc Disease  
 –   Cervicogenic headache     

•    Interlaminar approach : Most common approach to the 
epidural space

 –    Epidural space is accessed between the vertebral lam-
inae using a posterior approach near midline most 
commonly at the C7-T1 interspace.  

 –   Entry at higher levels is not advisable because of the 
noncontinuity of the ligamentum fl avum at these levels.     

•    Transforaminal approach  ( selective nerve root block ): 
poses an increased risk of intravascular injection and is 
discouraged by many pain physicians. Due to the 
increased danger, this approach will not be discussed.  

•    Anatomy 
 –    Borders of the epidural space: laminae posteriorly, 

pedicles laterally, and vertebral bodies anteriorly  
 –   The ligamentum fl avum defi nes the posterior border of 

the epidural space, but its thickness and completeness 
is less reliable at the cervical region than in the tho-
racic and lumbar spine.  

 –   Epidural space contains a thin layer of adipose to cush-
ion the thecal sac, a robust venous plexus and loose 
areolar tissue.     

•    Fluoroscopy 
 –    Obtain an AP view of the targeted interspace. Locate a 

good opening between the lamina. If needed, the 
C-arm can be moved caudally to maximize the inter-
laminar opening at C7-T1 (Fig.  39.1 )      

•    Procedure 
 –    Posterior neck is prepped and draped in a sterile manner  

 –    Entry point : at or slightly to the side of midline at the 
interlaminar opening  

 –   Skin and subcutaneous tissue overlying the target site 
are anesthetized with 1 % lidocaine  

 –   A Tuohy needle is inserted through the anesthetized 
skin and advanced using a coaxial technique and inter-
mittent fl uoroscopy to assure midline or close to 
midline needle positioning (Fig.  39.2 ).   

 –   Prior to or once the interspinous ligament is engaged, 
obtain a lateral view to assure proper depth. ( Depth 
can be assessed at anytime during this procedure with 
lateral view to ensure safety .)  

 –   Once the ligament is approached, LOR syringe con-
taining a small amount of air or sterile preservative-free 
saline is attached to the needle. The loss of resistance 
technique is used cautiously while slowly advancing 
the needle in the same trajectory. During this process, 
intermittent lateral fl uoroscopy is used until the epi-
dural space is identifi ed.  Remember the ligamentum at 
this region is very thin .  

 –   Once a loss is obtained, aspirate for the presence of 
blood or cerebrospinal fl uid (CSF) (Fig.  39.3 ) 
 n     If aspiration is positive for blood : reposition the 

needle within the same interlaminar space or at a 
different level to avoid intravascular needle 
placement  

 n    If aspiration is positive for CSF : consider reaccess-
ing the epidural space at an adjacent or different 
level to avoid intrathecal medication injection.  
Procedure discontinuation can also be considered 
depending on the circumstances.     

  Fig. 39.1    AP view of the cervical spine. C7-T1 intralaminar interspace 
maximized with cephalocaudal tilt. Allows for needle placement utilizing 
a midline or paramedian approach       

  Fig. 39.2    Note needle tip placement is aligned in a midline position 
between the spinous processes of C6-C7       
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 n   If aspiration is negative: needle placement can be 
verifi ed by injecting 1–3 mL of contrast and con-
fi rming spread in the epidural space in both the AP 
and lateral views while also excluding vascular or 
intrathecal spread.  

 n   Once needle placement is confi rmed, medications 
are injected [ 1 – 3 ]     

•    Contraindications : See contraindication section at the 
beginning of the chapter.  

•    Medications injected 
 –     Mixture of :

 n    Steroid diluted in 1–2 mL of sterile preservative-
free normal saline  

 n   Safest steroids to inject in the cervical region are 
non- particulate or low-particulate. Dexamethasone  
is most commonly used.     

 –    Total volume : 2–4 mL  
 –   Smaller volumes may be indicated in stenotic patients 

or patients in excruciating radicular pain as increased 
pressure from the medications can cause brief height-
ened pain [ 3 ,  4 ].        

    Cervical Facet Joint Injections 

•      Indications 
 –    Diagnostic and therapeutic treatment of facetogenic 

axial neck pain  

 –   Cervical Spondylosis/Facet arthropathy  
 –   Facetogenic headache     

•    Contraindications 
 –    Similar to contraindications for epidural steroid injec-

tions, although thought to have less risk of bleeding, 
intrathecal injection, or nerve trauma.  

 –   See contraindication section at the beginning of the 
chapter.     

•    Anatomy 
 –    Facet joints are formed from the superior articular 

process of the inferior vertebra and the inferior articu-
lar process of the superior vertebra (Fig.  39.4 ).   

 –    C1 - 2 joint : Injection to the atlantoaxial joint is dis-
couraged because of close proximity to the vertebral 
artery  

 –    C2 - 3 joint : the most frequent cervical facet pain generator 
is aligned 70° from the sagittal plane and 45° from the 
axial plane, which minimizes cervical rotation.  

 –    C5 - 6 joint : the second most affected cervical joint is 
where the cervical facets transition to their posterolat-
eral position.  

 –    Each facet joint is innervated by two medial branch 
nerves   .  

 –   The facet joint is a true synovial joint with a limited 
volume of 0.5–1.0 mL in the cervical region [ 5 – 8 ].     

•    Fluoroscopy 
 –    Obtain and AP view of the targeted level. C-arm can be 

rotated caudally 25–35° in order to bring the axis of 
the X-rays in line with the axis of the facet joints.     

  Fig. 39.3    Needle tip is located in the posterior epidural space just ante-
rior to the spinous processes of C7 and T1. Contrast confi rms spread 
within the posterior epidural space without anterior or posterior vascular 
uptake or intrathecal contrast spread       

  Fig. 39.4    The C3-4 cervical facet joint in a lateral view is illustrated 
between the  arrows . Entry point (cervical facet joint injection)—Entry 
point should be directly overlying the posterior joint space once the 
joint is coaxially aligned anterior to posterior       
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•    Procedure 
 –          The skin and subcutaneous tissue are anesthetized 

overlying the facet joint with lidocaine 1 %.  
 –   A 25 gauge, curved 3.5 in. spinal needle is advanced 

in a coaxial orientation until the surface of the joint 
space is contacted. A lateral view is obtained to 
assure proper needle depth and the needle slightly 
advanced to penetrate the posterior joint capsule, 
but not between the articular surfaces (Fig.  39.5 ).      

•    Medications injected 
 –     Mixture of :

   Can be diagnostic with just anesthetic or steroid 
can be added for longer therapeutic response. 

Dexamethasone is most commonly used in the cervical 
region.  

  Bupivacaine 0.25 % or lidocaine 1–2 %      
 –    Each Level : 0.5–1 mL per level of total volume 

[ 5 – 8 ]        

    Cervical Medial Branch Blocks (CMBB) 

•         Indications 
 –       Diagnostic and therapeutic treatment of facetogenic 

neck pain
 �    Therapeutic blockade with steroid may provide sev-

eral months of pain relief. Typically, if the patient 
has two successful blocks with >50 % symptomatic 
relief lasting <2 months, radiofrequency ablation is 
considered. If pain relief if long lasting, therapeutic 
medial branch block can be considered instead of 
radiofrequency.       

 –      Cervical Spondylosis/Facet arthropathy   
 –      Facetogenic headache    

•          Contraindications 
 –       Similar to contraindications for epidural steroid injec-

tions, although thought to have less risk of bleeding, 
intrathecal injection, or nerve trauma.   

 –      See contraindication section at the beginning of the 
chapter.    

•          Anatomy 
 –       The medial branch is the terminal division of the pos-

terior ramus that provides sensory innervations to the 
facet joint (Fig.  39.6 ).    

 –       Innervation :
 �    The innervation of the cervical facets is more var-

ied and complicated than that of the thoracic and 
lumbar spine.  

  Fig. 39.5    Lateral image of 
needle tip within the facet joint. 
Needle tip noted within the 
posterior aspect of the cervical 
facet joint. Contrast confi rms 
intra-articular spread. Needle tip 
should not be advanced past 
posterior joint line to avoid 
possible vertebral artery puncture       

  Fig. 39.6    Lateral image of the cervical spine shows the variable loca-
tions of the medial branch nerves coursing along the articular pillars       
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 �    C2 - 3 facet joint innervation : stems from the greater 
occipital nerve (C2) and the third occipital nerve (C3)  

 �    C3 - 4 through C7 - T1 facet joints : receive innervation 
from the medial branches at the same level and the 
level above. Both nerves must be blocked in order to 
treat/diagnose pain emanating from affected level.      

 –      The medial branch nerves for the cervical spine are tar-
geted as they curve around the waist of the articular 
pillar (Fig.  39.7 ) [ 5 – 8 ].     

•          Fluoroscopy  (Fig.  39.8 ) 
 –       The medial branch nerves in the cervical spine may be 

approached posteriorly or laterally. However, when 
doing lateral approach, the needle is directed toward 
the spinal cord. Since the posterior approach avoids 
this risk and is the conventional approach for radiofre-
quency treatment, we will describe this below.   

 –      Obtain an AP view to identify the appropriate level. C-arm 
can be caudally tilted 25–35° in order to maximize visual-
ization of the articular pillars and square up the end plates.     

•          Procedure 
 –        Entry point : Anesthetize the skin and subcutaneous tis-

sue overlying the middle of the articular pillar with 
lidocaine 1 % (Fig.  39.9 ).    

 –      Advance a 25-gauge, curved 3.5-in. spinal needle in a 
coaxial plane toward the invagination or “waist” of the 
articular pillar. Needle approach is best done with the 
needle curve facing medially. Once bone is approached 
the tip can be turned laterally to advance to desired 
location.   

 –       Target : The needle is gently seated  on the lateral mar-
gin of the facet column.   

 –      A lateral view should confi rm needle depth and proper 
placement to be in the middle of the facet column, seen 
as the center of the trapezoid (Fig.  39.10 ).    

 –      Always aspirate prior to injection to ensure negative 
for heme, CSF, or air.   

 –      Once needle position is confi rmed and aspiration is 
negative, medications are injected.    

•          Medications injected 
 –       Diagnostic block may be done with 0.5–1.0 mL of 

local anesthetic at each level
 �    Usually, a series of two injections are performed 

with differing local anesthetics to monitor the 
amount of time with pain relief

 ◆    Lidocaine 1 % should diminish pain for 1–3 h  
 ◆   Bupivacaine 0.25 % should diminish pain for 

4–8 h         
 –      Some clinicians also use steroid for added and pro-

longed therapeutic affect [ 5 – 8 ]
 �    Dexamethasone is safest in the cervical region          

 –       Each level : 0.5–1.0 mL of total volume [ 5 ,  8 ]          

  Fig. 39.7    Skeletal portrayal of the cervical medial branch nerves 
coursing around the articular pillars       

  Fig. 39.8    Needles placed in near coaxial plane with tips at the waist of 
the articular pillars of C3-6 on the patient’s left       
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    Cervical Radiofrequency Ablation (RFA) 

•      Indications 
 –    Facet-mediated pain that responds with at least 50 % 

relief with two medial branch blocks. Radiofrequency 
is usually considered if pain relief from blocks is <2 
months. If pain relief with blocks is longer lasting, 
therapeutic blocks can be done instead of radiofre-
quency depending on patient needs.     

•    Contraindications : See contraindication section at the 
beginning of the chapter.
 –     Caution with pacemakers and defi brillators      

•    Anatomy : See medial branch blocks section [ 5 – 8 ]  

•    Fluoroscopy : See medial branch blocks section  
•    Procedure 

 –     Entry point : Anesthetize the skin and subcutaneous 
tissue overlying the middle of the articular pillar with 
lidocaine 1 % (Fig.  39.11 ).   

 –   Obtain an AP view to identify the appropriate level. 
C-arm can be caudally tilted 25–35° in order to maxi-
mize visualization of the articular pillars and square up 
the end plates.  

 –   Once the lateral margin of the facet column is contacted, 
the needle is walked laterally off the facet and advanced 
2–3 mm beyond the facet joint in the lateral view.  

  Fig. 39.9    Needle entry site 
should be directly over the waist 
of the articular pillars of target 
medial branch nerve sites or 
1–3 mm lateral to target site 
depicted by  white dots        

  Fig. 39.10    Needle tips at the mid aspect of the trapezoid         Fig. 39.11    Entry site directly overlying waist of target articular pillar. 
Image best obtained with slight caudal tilt of image intensifi er. Needles 
should be advanced in a coaxial plane with the needle tip overlying the 
“trapezoid” of the cervical articular pillar       
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 –   Obtain a lateral view to confi rm that the needle does 
not extend into the neural foramen (Fig.  39.12 ).   

 –    Sensory stimulation : performed eliciting pain, pressure, 
or tingling at <0.5 V at 50 Hz.  

 –    Motor stimulation : up to 2.0 V should cause no motor 
stimulation into the affected myotome.  If muscle 
activity is noted in the upper extremity, needle must be 
repositioned .  

 –   Once proper needle placement is confi rmed by fl uoros-
copy view and nerve stimulation, each level is then 
anesthetized with 0.5 mL of lidocaine 1–2% and sub-
sequently treated with thermocoagulation, typically at 
80 °C for 60–90 s.     

•    Medications injected 
 –     Mixture of : Bupivacaine 0.25 % and dexamethasone  
 –    Each level : 0.5–1.0 mL total volume [ 5 – 8 ]        

    Cervical Injection Complications (Please See 
Complication Chapter for More Details) 

•      Procedure Complications 
 –    Localized bleeding, bruising, and/or soreness at needle 

entry site  
 –   Dural puncture  
 –   Headache  
 –   Transient vagal episode  
 –   Paresthesias  
 –   Increased radicular pain  

 –   Direct trauma to spinal cord or spinal nerves  
 –   Infection such as epidural abscess  
 –   Hemorrhage such as epidural hematoma  
 –   Intravascular injection  
 –   Nerve root or spinal cord infarction  
 –   Paralysis  
 –   Joint damage or articular surface abrasion  
 –   Exacerbation of pain     

•    Pharmacologic complications 
 –    Seizure  
 –   Bradycardia  
 –   Hypotension  
 –   Allergic reaction  
 –   Neurotoxicity  
 –   Weight gain  
 –   Fluid retention  
 –   Hypertension  
 –   Congestive heart failure  
 –   Cushing’s syndrome [ 1 – 8 ]            
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      Abbreviations 

   AP    Anteroposterior   
  CSF    Cerebrospinal fl uid   
  IL-TESI    Interlaminar thoracic epidural steroid injection   
  LOR    Loss of resistance   
  RF    Radiofrequency   
  UTI    Urinary tract infection   

          Introduction 

  Thoracic  back pain may be caused by trauma, spinal degen-
erative changes, neuropathic etiologies, or issues involving 
intrathoracic viscera. A thorough evaluation is essential for a 
correct diagnosis as well as determining appropriate treat-
ment options. Interventions in or around the thoracic spine 
has the potential for a multitude of complications including 
pneumothorax, intravascular injection, or neuronal injury. 
The utilization of fl uoroscopy, as well as the more recent use 
of sonography, has allowed for an improvement in needle 
placement, safety, and procedural effi cacy.  

    Thoracic Injection Complications 

•           Absolute contraindications 
 –    Patient refusal  
 –   Local infection at the site  
 –   Systemic infection (UTI, pneumonia, etc.)  

 –   Bleeding disorder  
 –   Full anticoagulation  
 –   Severe allergic reaction to injectants  
 –   Acute cord compression     

•    Relative contraindications 
 –    Pregnancy  
 –   Poorly controlled diabetes  
 –   Poorly controlled hypertension  
 –   Immunosuppression  
 –   Previous surgery altering the targeted anatomy  
 –   Intraspinal vascular dilation or anomalies near target 

site  
 –   Congestive heart failure [ 1 – 3 ]           

    Patient Positioning for Thoracic Procedures 

•     Patient is placed prone with 1–2 pillows or chest rolls 
underneath the anterior thorax to exaggerate thoracic 
kyphosis and improve access to the targeted interlaminar 
interspace. Additional pillows can be placed under their 
feet for comfort.     

    Interlaminar Thoracic Epidural Steroid 
Injection (IL-TESI) 

•         Indications 
 –       Most common indication is nerve root infl ammation 

resulting in  thoracic neuritis  or  radicular symptoms 
 �    Both diagnostic and therapeutic      

 –      Discogenic pain   
 –      Neuroforaminal stenosis   
 –      Central canal stenosis   
 –      Herpes zoster or zoster sin herpete   
 –      Postherpetic neuralgia   

      Thoracic Injections 
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 –      Posttraumatic neuralgia   
 –      Vertebral fractures [ 1 – 3 ]    

•          Interlaminar approach —Most common approach to the 
epidural space   

•      Epidural space is accessed between the vertebral lami-
nae using a posterior approach near midline in upper 
(T1-2 and T2-3) and lower thoracic levels (T11–12 and 
T12-L1)   

•      Paramedian approach is typically used in the mid thoracic 
spine (T4-10) due to the wider lamina and increased 
angulation of the spinous processes.   

•       Transforaminal approach  ( selective nerve root block )—
poses an increased risk of intravascular injection and is 
discouraged by many pain physicians. Due to the 
increased danger, this approach will not be discussed.   

•       Anatomy 
 –       Borders of the epidural space are the laminae posteri-

orly, pedicles laterally, and vertebral bodies anteriorly 
(Fig.  40.1 ).    

 –      The ligamentum fl avum defi nes the posterior border of 
the epidural space and is shaped like a hemicylinder 
with the most midline portion being the apex of the 
hemicylinder.   

 –      The epidural space contains a thin layer of adipose to 
cushion the thecal sac, a venous plexus, and loose are-
olar tissue.    

•          Fluoroscopy    
 –      Obtain an A-P image of the desired interlaminar space 

with slight caudal/cranial tilt to “square off” the verte-
bral endplate (view the superior endplate in a parallel 

fl uoroscopic plane) to improve visualization of the 
targeted interspace [ 5 – 10 ] degrees of oblique tilt may 
provide improved visualization of desired intralaminar 
interspace [ 1 – 3 ].   

•       Procedure 
 –       Anesthetize the skin and subcutaneous tissues 1 cm 

lateral and 2–3 cm inferior to the desired space with 
1 % lidocaine (Fig.  40.2 )    

 –      Tuohy needle is then inserted through the anesthetized 
skin   

 –      Needle is advanced until the lamina and base of the 
spinous process of the inferior level is contacted. The 
needle is slightly redirected cephalad until the needle 
tip has cleared the superior laminar edge is cleared.   

 –      Once the needle tip has cleared the superior laminar 
edge, change to lateral view, and use the loss of resis-
tance (LOR) technique to locate the epidural space.   

 –      Once a loss is obtained, aspirate for the presence of 
blood or cerebrospinal fl uid (CSF)

 �    If aspiration is positive for blood : reposition the 
needle within the same interlaminar space or access 
at a different level  

 �   If aspiration is positive for CSF: consider 
 re- accessing the epidural space at an adjacent level, 
or procedure can be discontinued depending on 
circumstances.      

  Fig. 40.1    Interlaminar interspace of T10-11 is outlined in  white . The 
two  arrows  depict the superior and inferior aspects of the interspace       

  Fig. 40.2    The initial starting point is depicted by the  red X . The supe-
rior and inferior end plates are squared utilizing cranial–caudal tilt of 
the fl uoroscopy tube. The C-arm is then obliqued right or left 5–15° to 
maximize the view of the interlaminar interspace. The initial starting 
point typically overlies the inferior endplate of the vertebral body 
directly below the target interspace       
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 �      If aspiration is negative: needle placement can be 
verifi ed by injecting 1–3 mL of contrast and con-
fi rming spread in the epidural space in both the AP 
and lateral views while also excluding vascular or 
intrathecal spread (Fig.  40.3  and  40.4 ).     

 –      Once needle placement is confi rmed, medications can 
be injected    

•          Medications injected 
 –       Mixture of:

 �    Non-particulate steroid diluted in 1–2 mL of sterile 
preservative-free normal saline      

 �   Some clinicians choose to add of 0.25 % Bupivacaine 
as well

 �    Caution with injection of a high volume of anes-
thetic as it may cause the patient to feel temporary 
weakness and/or numbness at the lower extremities         

 –      Total volume: 3–5 mL   
 –      Smaller volumes may be indicated in stenotic patients 

or patients in excrutiating radicular pain as increased 
pressure from the medications can cause brief height-
ened pain [ 1 – 3 ].          

    Thoracic Facet Joint Injections 

•      Indications 
 –    Diagnostic and therapeutic treatment of facetogenic 

mid-back pain  
 –   Thoracic spondylosis/Facet arthropathy     

•    Contraindications 
 –    Similar to contraindications for epidural steroid injec-

tions, although thought to have less risk of bleeding, 
intrathecal injection, or nerve trauma.  

 –   See contraindication section at the beginning of chapter.     
•    Anatomy 

 –    Facet joints are formed from the superior articular 
process of the inferior vertebra and the inferior articular 
process of the superior vertebra.  

 –   Joint orientation is nearly vertical and uniformly 
angled 110° from midline posterior sagittal plane  

 –   Each facet joint is innervated by two medial branch 
nerves originating at the level of the joint and the level 
directly above.  

 –   The facet joint is a true synovial joint with a limited 
volume of 0.4–0.6 mL in the thoracic region [ 4 – 7 ].     

•    Fluoroscopy 
 –    AP view is used to identify level. The joint is situated 

directly posterior to the unilateral pedicle. A lateral 
view is required to appreciate the joint line and confi rm 
fi nal needle placement [ 4 – 7 ].     

•    Procedure 
 –        The skin and subcutaneous tissue are anesthetized 

overlying the pedicle one level  below  target joint.  
 –   A 22 or 25 gauge spinal needle is advanced in a ceph-

alad orientation toward the inferior aspect of the ped-
icle underlying target joint. 

  Fig. 40.3    Contrast spread noted in AP view within the thoracic 
epidural space       

  Fig. 40.4    Contrast spread noted in lateral view within the posterior 
thoracic epidural space       
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 – The needle is walked superiorly until the joint cap-
sule is penetrated. 

 – A lateral view is utilized to confi rm needle tip is 
within the joint [ 4 – 7 ].     

•    Medications injected 
 –    Mixture of:

   Non-particulate steroid (if therapeutic)  
  Bupivacaine 0.25–0.5 % or lidocaine 1–2 % (0.5 cc 

per level)           

    Thoracic Medial Branch Blocks (TMBB) 

•         Indications 
 –       Diagnostic and therapeutic treatment of facetogenic 

axial pain. Therapeutic blockade with steroid may pro-
vide several months of pain relief. Typically, if the 
patient has two successful blocks with >50 % symp-
tomatic relief lasting <2 months, radiofrequency abla-
tion is considered [ 4 – 7 ]    

•          Anatomy 
 –       In the upper thoracic region (T1-T8) the medial branch 

nerves course from the superolateral aspect of the 
transverse process inferomedially toward the facet 
joint. In the lower thoracic region, the medial branch 
nerves take a more medial course over the transverse 
process traversing inferomedially near the superior 
articular process (Fig.  40.5 ).    

 –      Thoracic facet joints are innervated by the medial 
branch at the same level and the level above. Both of 
these nerves must be blocked in order to diagnose/treat 
pain emanating from affected level.

 �    Each joint is innervated by two medial branch nerves. 
For example, the T7-T8 facet joint is innervated by 
the T6 and T7 medial branch nerves [ 4 – 7 ].       

•          Fluoroscopy 
 –       Obtain an AP view to identify the appropriate level and 

the superior endplate is squared.   
 –      The transverse process of affected level is identifi ed.   
 –      The target depends on the level to be blocked

 �    T1-7 target is superolateral aspect of transverse 
process  

 �   T8-10 target is mid aspect of transverse process  
 �   T11-12 target is at the junction of the transverse 

process and the superior articular process [ 4 – 7 ]       
•          Procedure 

 –       Anesthetize the skin and subcutaneous tissue at the 
entry point with Lidocaine 1 % (Fig.  40.6 ).    

 –      Advance a 22 g spinal needle in a coaxial plane toward 
the superior aspect of the transverse process until os is 

contacted. The target will depend on the thoracic level 
to be blocked.   

 –      Check a lateral view to confi rm needle placement 
(Fig.  40.7 )    

 –      Always aspirate prior to injection to ensure negative 
for heme, CSF, or air.   

 –      Once needle position is confi rmed, medications are 
injected [ 4 – 7 ].    

•          Medications injected 
 –       Diagnostic block may be done with 0.5–1.0 mL of 

local anesthetic at each level
 �    Usually a series of two injections are performed 

with differing local anesthetics to monitor the 
amount of time with pain relief

 ◆    Lidocaine should diminish pain for 1–3 h  
 ◆   Bupivacaine should diminish pain for 4–8 h         

 –      Some clinicians also use non-particulate steroid for 
added therapeutic affect [ 4 – 7 ]               

 –  Each level: 1.0 mL          

  Fig. 40.5    The variable course of the thoracic medial branch nerves is 
illustrated above. In the superior and mid aspect of the thoracic spine 
the medial branch nerves typically course medially along the superior 
lateral aspect of the transverse process. The inferior thoracic spine 
medial branch nerves course over the transverse process near the junc-
tion of the superior articular process       
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    Thoracic Radiofrequency Ablation (RF) 

•      Indications 
 –    Facet-mediated pain that responds well to medial 

branch blocks for a short duration     
•    Contraindications : Same as for medial branch blocks 

Caution with pacemakers and defi brillators [ 4 – 7 ]  
•    Anatomy : See medial branch blocks (Fig.  40.7  and  40.8 )   
•    Fluoroscopy : Same as medial branch blocks except with 

25–30° caudal angulation [ 4 – 7 ]  
•    Procedure 

 –    Skin anesthesia same as medial branch blocks  
 –   Needle placement is typically started inferior to the 

target and advanced until the non-insulated portion of 
the needle lies parallel to the medial branch nerve.  

 –   Once the needle contacts bone at the superior margin 
of the transverse process it can be walked off the supe-
rior margin and advanced 2–3 mm beyond the facet 
joint in the lateral view. Confi rm in the lateral radio-
graphic view that the needle does not extend into the 
neural foramen or intrathoracic cavity.  

 –   Sensory stimulation is performed eliciting pain, pressure, 
or tingling at <0.5 V at 50 Hz  

 –   Motor stimulation up to 2.0 V should cause no motor 
stimulation into the abdominal or thoracic wall.  If muscle 
activity is noted the needle must be repositioned   

  Fig. 40.6    Transverse processes outlined in  green . The  red X  represents 
the starting point directly over the thoracic pedicle. The  orange X  rep-
resents the fi nal needle tip target for block of the left T8-11 medial 
branch nerves       

  Fig. 40.7    Lateral view of radiofrequency ablation needle tips noted to 
be posterior to the thoracic neuroforamen       

  Fig. 40.8    Radiofrequency needles depicted with the active tips overlying 
thoracic medial branch nerves       
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 –   Each level is then anesthetized with 1 mL of lidocaine 
and subsequently treated with thermocoagulation, 
typically at 80 °C for 60–90 s [ 4 – 7 ].     

•    Medications injected 
 –    Mixture of Bupivacaine 0.25 % and non-particulate 

steroid  
 –   Each level: 0.5–1.0 mL            

    Intercostal Nerve Block 

•      Indications 
 –    May be used as diagnostic procedure or to alleviate 

acute pain emergencies  
 –   Thoracic neuritis  
 –   Postherpetic neuralgia  
 –   Postthoracotomy pain  
 –   Rib pain (Traumatic or metastatic process)  
 –   Pleuritic pain secondary to metastatic process     

•    Contraindications :
 –    Same as above  
 –   Caution with coagulopathy, contralateral phrenic 

palsy, contralateral pneumonectomy, or end-stage pul-
monary disease [ 6 – 11 ]     

•    Anatomy :
 –    Arises from anterior division of thoracic paravertebral 

nerve  
 –   Neurovascular bundle courses along inferior border 

of rib.  
 –   Situated only 2–10 mm posterior to pleura     

•    Fluoroscopy :
 –    Identify target level in AP view  
 –   Fluoroscope is obliqued to ipsilateral side to enhance 

posterior rib [ 6 ,  9 ]     
•    Procedure 

 –    Skin entry site is directly over inferior half of target rib.  
 –   Entry site is anesthetized with 1 % lidocaine  
 –   A 22–25 g spinal needle is advanced in a coaxial plane 

toward rib until os is contacted.  
 –   Needle depth is noted  
 –   The needle is walked off inferior border of rib and 

slowly advanced 2–3 mm  
 –   Aspirate carefully looking for heme, CSF, or air.  
 –   Contrast may be injected looking for spread along neu-

rovascular bundle  
 –   3–5 mL of local anesthetic may be injected per level. If 

multiple levels are to be blocked, ensure total injectate 
below recommended toxicity dose  

 –   For chronic pain conditions, intercostal nerves may be 
ablated utilizing cryoablation, thermal radiofrequency 
ablation, or neurolytic agents     

•    Medications injected 
 –    Bupivacaine 0.25 %  
 –   Steroid may be added for infl ammatory etiologies  
 –   Each level: 3–5 mL     

•    Procedure Complications 
 –         Headache from accidental dural puncture (most 

common)  
 –   Back pain  
 –   Increased radicular pain  
 –   Direct trauma to spinal cord or spinal nerves  
 –   Infection such as epidural abscess  
 –   Hemorrhage such as epidural hematoma  
 –   Pneumothorax  
 –   Intravascular injection  
 –   Nerve root or spinal cord infarction     

•    Pharmacologic complications 
 –    Seizure  
 –   Bradycardia (anesthestizing cardiac accelerators)  
 –   Hypotension  
 –   Allergic reaction  
 –   Neurotoxicity  
 –   Weight gain  
 –   Fluid retention  
 –   Hypertension  
 –   Congestive heart failure  
 –   Cushing’s syndrome              
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      Abbreviations 

   AP    Anteroposterior   
  CSF    Cerebrospinal fl uid   
  IDD    Internal Disc Disruption   
  LESI    Lumbar Epidural Steroid Injection   
  LMBB    Lumbar Medial Branch Block   
  LOR    Loss of resistance   
  RFA    Radio frequency ablation   
  TFESI    Lumbar Transforaminal Epidural Steroid Injection   
  UTI    Urinary tract infection   

            Introduction 

 Low back pain is an extremely common reason for physician 
visits as well as lost work time, workers’ compensation 
claims, and disability. A comprehensive history and physical 
examination is important in the determination of an appro-
priate diagnosis and in planning treatment options. 
Interventions include multiple types of injections that should 
be part of a multimodal approach.  

    Patient Positioning for Lumbar Procedures 

•     Patient is placed prone with 1–2 pillows underneath the 
mid to lower abdomen to minimize lumbar lordosis  

•   Additional pillows can be placed under their chest and 
feet for comfort     

    Contraindications to Lumbar Procedures 

•      Absolute contraindications 
 –    Patient refusal  
 –   Local infection at the site  
 –   Systemic infection (UTI, etc.)  
 –   Bleeding disorder  
 –   Full anticoagulation  
 –   Severe allergic reaction to injectates  
 –   Acute cord compression     

•    Relative contraindications 
 –    Pregnancy  
 –   Poorly controlled diabetes  
 –   Immunosuppression  
 –   Anticoagulation medications  
 –   Previous surgery altering the targeted anatomy  
 –   Congestive heart failure  
 –   Stenosis at the target site [ 1 – 5 ]        

    Complications of Lumbar Procedures 

•      Procedural complications 
 –    Headache from accidental dural puncture (most common)  
 –   Back pain  
 –   Increased radicular pain  
 –   Direct trauma to cauda equina or spinal nerves  
 –   Infection/epidural abscess  
 –   Hemorrhage/epidural hematoma  
 –   Joint damage     

      Lumbar Injections 
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•    Pharmacologic complications 
 –    Allergic reaction  
 –   Neurotoxicity  
 –   Weight gain  
 –   Fluid retention/edema  
 –   Hypertension  
 –   Increased blood glucose  
 –   Changes in menstrual cycle  
 –   Congestive heart failure  
 –   Cushing’s syndrome [ 1 – 9 ]       

    Lumbar Interlaminar Epidural Steroid 
Injection (IL-LESI) 

•        Most common approach to the epidural space   
•      The epidural space is accessed between the vertebral 

laminae using a posterior approach at or near midline   
•      A slight paramedian approach may be used in an attempt 

to target the more symptomatic side   
•       Anatomy for interlaminar approach 

 –        Borders of the epidural space : the laminae posteriorly, 
pedicles laterally and vertebral bodies anteriorly (Fig.  41.1 )    

 –      The ligamentum fl avum defi nes the posterior border of 
the epidural space and is shaped like a tent with the 
most midline portion being the peak of the tent’s roof   

 –      Epidural space contains epidural fat, a venous plexus, 
and loose areolar tissue making it an ideal space for 
steroid injection [ 1 ,  2 ]    

•          Indications 
 –       Utilized for both diagnostic and therapeutic treatments   
 –      Nerve root infl ammation/irritation resulting in  radicular 

symptoms  is the most common indication (this can be 
associated with herniated intervertebral disc, isolated 
neuroforaminal stenosis, ligament/facet hypertrophy, or 
spondylolisthesis)   

 –      Radiculopathy or Radiculitis   

 –      Back/leg Pain
 – Central canal stenosis (neurogenic claudication/multi-

radicular levels associated)
 – Neuroforaminal stenosis
 – Herniated Disc
 – Discogenic pain (Internal Disc Disruption IDD)
 – Degenerative Disc Disease   
 –      Postherpetic neuralgia   
 –      Post-traumatic neuralgia   
 –      Post-laminectomy pain   
 –      Vertebral fractures [ 1 – 3 ]    

•          Fluoroscopy 
 –       Obtain an AP fl uoroscopic image of the desired inter-

laminar space with slight caudal or cranial tilt to 
improve visualization/opening of the targeted inter-
space [ 1 – 3 ] (Fig.  41.2 )     

  Fig. 41.1    The interlaminar space at L4–5 and L5–S1 is outlined in  blue        

  Fig. 41.2    By angling the fl uoroscope in a cephalad or caudal angle the interlaminar space can be optimized for needle placement. ( a ) L5–S1 
interlaminar space prior to angling the fl uoroscope with a cranial tilt ( b ) Optimized fl uoroscopic image of the L5–S1 interspace in the same patient       
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•          Procedure 
 –       Entry Point: slightly lateral to the midline of the 

desired open lamina   
 –      Anesthetize the skin over the desired space (Fig.  41.3 )    
 –      A Tuohy needle is then inserted through the entry point   
 –      The needle is advanced until the ligamentum fl avum is 

engaged. If at any time during advancement of the 
needle on AP view, you are not certain of your depth, 
check a lateral view to confi rm.   

 –      Once ligamentum fl avum is engaged change to a lat-
eral view to assess depth (Fig.  41.4 )    

 –      Loss of resistance (LOR) technique is initiated to 
locate the epidural space, while in a lateral fl uoro-
scopic view   

 –      When LOR is obtained, aspirate for the presence of 
blood or cerebrospinal fl uid (CSF)

 �    If aspiration is positive for blood: then reposition 
the needle and repeat aspiration  

 �   If aspiration is positive for CSF: then reposition 
needle and consider access at a different level, can 
consider discontinuing procedure depending on cir-
cumstances. (Fig.  41.5  shows intrathecal contrast 
spread)       

 �      If aspiration is negative: epidural placement can be 
verifi ed by injecting 1–3 mL of contrast and con-
fi rming spread in the epidural space in both the AP 
and lateral views, while also excluding vascular or 
intrathecal spread (Fig.  41.6 )                  

 –      Once proper needle placement is confi rmed, medica-
tion mixture can be administered    

•          Medications injected 
 –       Mixture of :

 �    Depomedrol 60–80 mg or equivalent steroid diluted 
in 1–3 mL of sterile preservative- free normal saline  

 �   Some clinicians choose to add 1–2 mL of 0.25 % 
bupivacaine

 –    Use caution when injecting a high volume of 
anesthetic as it may cause the patient to feel 

  Fig. 41.3    Placing the needle onto the patient’s back allows the iden-
tifi cation of the optimal skin entry site for needle placement prior to 
anesthetizing the skin       

  Fig. 41.4    Lateral view showing depth target for LESI       

  Fig. 41.5    AP fl uoroscopic image of intrathecal contrast spread       
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temporary weakness and/or numbness in the 
lower extremities         

 –      Total Volume: 5–6 mL
 �    Smaller volumes may be indicated in stenotic patients 

or in patients with excruciating radicular pain, as 
increased pressure from the medications can cause a 
brief escalation of pain or can lead to fl uid dissection 
of injectate into the intrathecal space [ 1 – 3 ]       

          Lumbar Transforaminal Epidural Steroid 
Injection 

•        It has been suggested that using the transforaminal 
approach improves outcomes by placing the injectate in 
closer proximity to the target nerve   

•      Lumbar transforaminal epidural steroid injection (TFESI) 
is more complicated than the interlaminar approach due 
to an increased risk of vascular or nerve root injury   

•      TFESI with local anesthetic may also be used diagnosti-
cally to determine which spinal nerve is the etiologic 
source of pain   

•       Anatomy of the lumbar neural foramen 
 –       Lateral border is formed by foramen of the lumbar 

vertebrae   
 –      Roof and fl oor are formed by the pedicles   
 –      Posterior border is formed by the superior articular 

process of the inferior vertebra, the inferior articular 

process of the superior vertebra, and the zygapophysial 
(facet) joint   

 –      Anterior border is the vertebral body and intervertebral 
disc   

 –      Anatomical borders of the “safe” triangle
 �    Pedicules, superiorly  
 �   Lateral border of the vertebral body, laterally  
 �   Spinal nerve, inferior and medial      

 –      Each lumbar spinal nerve lies in the anterior–superior 
portion of the foramen (Fig.  41.7 )    

 –      Vessels accompany the spinal nerves to the spinal 
cord   

 –       The Artery of Adamkiewicz is the primary arterial sup-
ply to the anterior 2 / 3rds of the spinal cord. It most 
commonly enters the spinal cord on the left between T9 
and L1 ,  but may enter anywhere from T7 to L4. Trauma 
to this artery can lead to anterior spinal artery syn-
drome. This is a serious and devastating complication 
of a TFESI  [ 4 ,  5 ].    

•          Indications :
 –       Essentially, the same as for the interlaminar approach 

with the potential for more selectively treating specifi c 
nerve roots   

 –      May also be more appropriate approach in patients 
who have undergone lumbar spinal surgery in order to 
avoid scar tissue or inadvertent dural puncture   

 –      Sometimes more benefi cial in patients with unilateral 
pain    

  Fig. 41.6    ( a ) AP fl uoroscopic image of contrast spread in the epidural 
space after an interlaminar L5–S1 epidural steroid injection to the right 
of  midline . There is no evidence of contrast loculation, vascular run-off, 

or intrathecal spread. ( b ) Lateral fl uoroscopic image of the same inter-
laminar L5–S1 epidural steroid injection showing appropriate needle 
depth and contrast spread into the posterior epidural space       
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•          Fluoroscopy 
 –       Start with AP view to identify the targeted level   
 –      Then square the superior endplate of the targeted level

 �    This entails adjusting the fl uoroscope in a cranial/
caudal orientation until the endplates are aligned 
and appear as a single straight line (Fig.  41.8 )       

 –      Once the appropriate level is identifi ed, oblique the 
view 15–30° to the ipsilateral side, producing the 
“Scotty Dog” view (Fig.  41.9 ) [ 2 ,  4 ,  5 ]     

•          Procedure 
 –       Entry Point: Lateral to the desired foramen   
 –      Anesthetize the skin at the desired entry point   
 –      Target: On the oblique view, just below the 6 o’clock 

position of the pedicle or below the “chin” of the 
“Scotty Dog” (Fig.  41.10 )    

 –      Insert the needle and slowly advance toward the antero/
lateral aspect of the epidural space   

 –      The needle is advanced until the foraminal ligament is felt   

  Fig. 41.7    Oblique fl uoroscopic image for transforaminal approach to 
an epidural steroid injection at L4–L5. The L4 nerve is depicted in yel-
low exiting the neural foramen and descending       

  Fig. 41.8    ( a ) Oblique view of the L4–5 neural foramen prior to image optimization. ( b ) Fluoroscopic image of the L4–5 neural foramen in the 
same patient after slight caudal tilt of the fl uoroscope to square off the inferior endplate of the L4 vertebral body       

  Fig. 41.9    “Scotty dog” image with targets notated for TFESI and 
LMBB procedures       
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 –       Caution is maintained not to advance the needle too 
medial which could lead to direct contact with the 
nerve root    

 –      Once the ligament is approached, change to a lateral 
view to ensure appropriate depth   

 –      The needle should be advanced beyond the posterior 
aspect of the neural foramen (Fig.  41.11 )    

 –      After negative aspiration, injection of contrast should 
show contrast spread in the anterior epidural space in 
the lateral view, as well as perineural and epidural 
spread in the AP view without vascular runoff or intra-
thecal spread [ 2 ,  4 ,  5 ]

 �    If aspiration is positive for blood or CSF, the  needle 
should be repositioned       

•          Medications injected 
 –       Mixture of :

 �    Dexamethasone or equivalent non- particulant ste-
roid diluted in 1–3 mL of sterile, preservative- free 
normal saline

 ◆     It is advocated to use non - particulate steroid 
due to the increased risk of intravascular injec-
tion and embolization with particulate steroid   

 ◆   Some clinicians choose to add 1 mL of 0.25 % 
bupivacaine to the mixture for patient comfort 
and diagnostic value
   Use caution when injecting a high volume of 

anesthetic as it may cause the patient to feel 
temporary weakness and/or numbness of the 
lower extremities            

 –      Total volume for each level: 1–3 mL    

          Lumbar Facet Joint Injection 

•      Anatomy of the lumbar facet joint 
 –    Facet joints are formed from the superior articular pro-

cess of the inferior vertebra and the inferior articular 
process of the superior vertebra (Fig.  41.12 )   

 –   Each lumbar facet joint is innervated by two medial 
branch nerves
 n    First branch: arises at the level of each joint  
 n   Second branch: originates from the level directly 

 above      
 –   The facet joint is a true synovial joint with a limited vol-

ume that is typically <1.5 mL in the lumbar region [ 6 – 9 ]     
•    Indications 

 –    Diagnostic and therapeutic treatment of low back pain 
originating from the facet joints [ 6 – 9 ]  

 –   Pain from the facet joints can have a referral pattern 
which usually stops above the knee     

•    Fluoroscopy 
 –    AP view is used to identify the targeted level  
 –   Then oblique 25–35° to the ipsilateral side to visualize 

the joint space formed by the junction of the superior 
and inferior articular processes [ 6 – 9 ] (Fig.  41.13 )      

•    Procedure 
 –    Entry Point: inferior one-third of the targeted facet joint  
 –   The skin is anesthetized at the entry point  
 –   A 22 gauge spinal needle is advanced in a coaxial view 

into the inferior aspect of the posterior joint space [ 6 – 9 ]  

  Fig. 41.10    Obliqued and optimized fl uoroscopic image for a right- 
sided L4–L5 transforaminal epidural steroid injection. The “Scotty 
Dog” is outlined in  blue . The blue dot at the six o’clock position of the 
pedicle depicts optimal position for needle skin entry site       

  Fig. 41.11    Lateral fl uoroscopic image showing the fi nal needle posi-
tion of the transformaminal epidural steroid approach. Note contrast 
spread in the anterior epidural space       
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 –   Lateral fl uoroscopy is used to confi rm appropriate depth 
with the needle tip in the posterior aspect of the joint  

 –   Some resistance should be felt when the needle tip 
enters the posterior capsule of the facet joint     

•    Medications injected 
 –    Mixture of :

   Depomedrol or equivalent steroid diluted in 0.25 % 
Bupivacaine. Can do diagnostic injection with 
anesthetic only.     

 –   Total Volume for Each Level: 0.5–1 mL        

    Lumbar Medial Branch Block 

•         Anatomy of lumbar medial branch nerves 
 –       Each lumbar medial branch nerve originates from 

the dorsal root ganglia of the spinal nerve above and 
descends to lie in the junction between the superior 
articular process and transverse process at each 
level   

 –      The medial branch nerve slopes inferomedially before 
branching to give innervation to the facet joint above 
and below (Fig.  41.13 ).   

 –       Lumbar facet joints are innervated by the medial 
branch at the same level and from the level above . 
Therefore, both of these nerves must be blocked in 
order to diagnose/treat pain emanating from a single 
facet joint

 �    For example, the L3–L4 facet joint is innervated by 
the L2 and L3 medial branch nerves      

 –      The L5 dorsal primary ramus is blocked at the junction 
of the S1 superior articular process and the sacral ala 
[ 6 – 9 ]    

•          Indications : Diagnostic and therapeutic treatment of 
lumbar facet joint-mediated pain [ 6 – 9 ]
 –       Most advocate starting with diagnostic blocks showing 

>50 % pain resolution for the duration of the local 
anesthetic   

 –      These patients are candidates for therapeutic treatment 
for more prolonged relief    

•          Fluoroscopy 
 –       Obtain an AP view to identify the appropriate level   
 –      Oblique the fl uoroscopic view 25–35° to the  ipsilateral 

side to optimize visualization of the “Scotty Dog”   
 –      Cranial or cephalad tilt can be used to square off the 

endplates of the targeted level   
 –      The target is the intersection of the transverse process 

and the superior articular process (the “eye” of the 
Scotty dog) (Fig.  41.14 )    

 –      The one variation is the intersection of the S1 superior 
articular process with the sacral ala for the L5 dorsal 
primary ramus block [ 6 – 9 ] (Fig.  41.15 )     

•          Procedure 
 –       Entry Point: lateral and slightly superior to the  targeted 

pedicle   
 –      Anesthetize the skin at the entry point   
 –      Advance a 22 gauge curved spinal needle toward the 

target site   

  Fig. 41.12    Obliqued and optimized fl uoroscopic image for a right- 
sided L3–4 intra-articular facet injection. The “Scotty Dog” is outlined 
in  blue . The  blue arrow  depicts optimal needle skin entry site       

  Fig. 41.13    Obliqued and optimized fl uoroscopic image for a right- 
sided L3 medial branch block at the junction of the L4 superior articular 
process and transverse process. The “Scotty Dog” is outlined in  blue . 
The L4 nerve root is depicted by the  thicker yellow line  with the L3 
medial branch nerve descending from it illustrated by the  small yellow 
line . As it descends beyond its targeted block site, it branches to give 
innervation to the facet joint above, as well as the facet joint below. The 
branching of the medial branch nerve results in the dual innervation of 
each facet joint from the level above and the level below       
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 –       Target is the periosteum at the junction of the superior 
articular process and transverse process   

 –      Once the needle makes contact with periosteum, a lat-
eral fl uoroscopic image can be used to confi rm appro-
priate depth (posterior to the neural foramen) (Fig.  41.16 )    

 –      Once needle position is confi rmed and aspiration is nega-
tive for blood, medications are administered at each level    

•          Medications injected 
 –       Diagnostic block may be done with1–2 mL of local 

anesthetic at each level
 �    A series of two injections may be performed with 

differing local anesthetics to monitor the amount of 
time that pain relief is obtained

 ◆    Lidocaine should diminish pain for 1–2 h  
 ◆   Bupivacaine should diminish pain for 4–6 h         

 –      In patients who have successful diagnostic Lumbar 
medial branch block (LMBB), the procedure can be 
repeated with the addition of steroid to local anes-
thetic for added and prolonged therapeutic effect 
[ 6 – 9 ]

 �    Depomedrol or equivalent      
 –      Volume for each level: 1–1.5 mL    

          Radiofrequency Ablation of Lumbar Medial 
Branch Nerve (RFA) 

•      Anatomy : see medial branch blocks  
•    Indications 

 –    Facet-mediated pain that responds well to medial 
branch blocks for a limited period of time     

•    Contraindications : See contraindications above
 –     Caution with pacemakers and defi brillators  [ 6 ,  9 ]

   Contact device manufacturer for safety recommenda-
tions before proceeding        

  Fig. 41.14    Obliqued and optimized fl uoroscopic image for a right- 
sided L3 medial branch nerve block at the junction of the L4 superior 
articular process and transverse process. The “Scotty Dog” is outlined 
in  blue . The  blue dot  indicates optimal needle skin entry site       

  Fig. 41.15    AP fl uoroscopic image optimized for blockade of the left 
L5 dorsal primary ramus. The left sacral ala and S1 superior articular 
process are outlined in  blue . The  blue arrow  points to the groove 
through which the L5 dorsal primary ramus descends. Blockade should 
occur just below this junction       

  Fig. 41.16    Lateral target for LMBB       
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•    Fluoroscopy : Same as medial branch blocks except with 
25–30° caudal angulation to improve inferior placement 
of the non-insulated portion of the radiofrequency needle 
parallel to the course of the nerve [ 6 ,  9 ]  

•    Procedure 
 –    Entry Point: inferior to the pedicle (Fig.  41.17 )   
 –   Anesthetize the skin at the entry point  
 –   A 20–22 g radiofrequency-compatible needle is inserted 

through the entry point with slight cephalad orientation  
 –   Advance until the needle lies parallel to the medial 

branch nerve in the groove between the transverse 
process and superior articular process  

 –   Once the needle contacts periosteum at the superior 
margin of the transverse process it can be walked off 
the superior margin and advanced 2–3 mm beyond the 
periosteum  

 –   Lateral fl uoroscopy is used to verify that the needle tip 
does not extend into the neural foramen (Fig.  41.18 )   

 –    Sensory stimulation : performed eliciting pain, pressure, 
or tingling in the lumbar spine
   Optimal placement should elicit stimulation at <0.5 V 

and 50 Hz     
 –    Motor stimulation : up to 1.5–2.0 V at 2 Hz should cause 

stimulation of the multifi dus muscle of the back only and 
no motor stimulation into the lower extremity.     

•   Each level is then anesthetized with 1 mL of lidocaine 1 or 
2 % and subsequently treated with thermocoagulation, 
typically at 80° Celsius for 60–90 s [ 6 ,  9 ].  

•   Patients should be counseled that there may be a delay in 
pain relief, as Wallerian degeneration can take up to 3 
weeks to occur  

•    Medications injected 
 –    Mixture of : Depomedrol diluted with 0.25 % bupiva-

caine and equally distributed among treated levels     
 –   Each level: 1–2 mL            

•    Complications specifi c to radiofrequency ablation  
( RFA )
 –    Exacerbation of pain  
 –   Dysesthesia/Neuritis  
 –   Injury to spinal nerve (much less common) [ 6 ,  9 ]

   May present as foot drop or weakness               
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      Abbreviations 

   AP    Anteroposterior   
  CSF    Cerebrospinal fl uid   
  ESI    Epidural steroid injection   
  RFA    Radiofrequency ablation   
  SIJ    Sacroiliac joint   

          Introduction 

 Sacral pain is very common and is categorized as a subset of 
back pain. A thorough history and physical examination are 
important in the diagnosis. Treatment should be multimodal 
with consideration for interventional procedures. In this 
chapter, interventional techniques used in the treatment of 
sacral pain are described.  

    Patient Positioning for Sacral Procedures 

•      Patient is placed prone with 1–2 pillows underneath the 
mid to lower abdomen to minimize lumbar lordosis  

•   Additional pillows can be placed under the chest and feet 
for comfort     

    Contraindications to Sacral Procedures 

•     Absolute Contraindications
 –    Patient refusal  
 –   History of serious allergic reaction to injected 

medications  
 –   Proximal malignancy  
 –   Full anticoagulation  
 –   Infection at injection site  
 –   Allergy to injectate     

•   Relative Contraindications
 –    Pregnancy  
 –   Proximal or systemic infection  
 –   Congestive heart failure  
 –   Coagulopathy  
 –   Anticoagulation medications  
 –   Uncontrolled diabetes mellitus        

    Complications of Sacral Procedures 

•      Procedural complications 
 –    Infection/epidural abscess  
 –   Hemorrhage/epidural hematoma  
 –   Joint damage  
 –   Intrathecal injection  
 –   Nerve ischemia/damage  
 –   Seizure  
 –   Post-procedural infl ammation and pain are possible, 

but will typically resolve within a few weeks     
•    Pharmacologic complications 

 –    Allergic reaction  
 –   Neurotoxicity  
 –   Weight gain  
 –   Fluid retention/edema  
 –   Hypertension  

      Sacral Injections 
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 –   Increased blood glucose  
 –   Changes in menstrual cycle  
 –   Congestive heart failure  
 –   Cushing’s syndrome [ 1 – 4 ]        

    Intra-Articular Sacroiliac Joint Injection 

•      Anatomy 
 –    Sacroiliac joint (SIJ) is the connection between the 

sacrum and the ilium in the pelvis on each side  
 –   Weight-bearing synovial joint  
 –   Stability of the SIJ is maintained primarily through an 

intricate network of ligaments     
•    Indications 

 –    Treatment of pain originating from the SIJ—Sacroiliitis  
 –   Low back or buttock pain that may radiate to the lateral 

thigh stopping above the knee     
•    Fluoroscopy 

 –    Obtain an AP view of the correct SI joint  
 –   To optimize fl uoroscopic visualization of the SIJ, the 

fl uoroscope is obliqued to the  contralateral side  until 
the inferior portion of the anterior and posterior aspects 
of the joint align radiographically
   This “alignment” is seen as a whitening of the joint as 

the joint lines overlap (Fig.  42.1 )      
•   Procedure 

 – Entry Point: Slightly medial to the inferior one-third of 
the joint space (Fig.  42.2 )   

 –   Anesthetize the skin over the entry point  
 –   Insert a 22 g spinal needle at the desired location of the 

inferior joint margin
 –    Approach the joint from medial to lateral (Fig.  42.3 )   
 –   Slowly advance towards the joint  
 –   Lightly touch down on the bone medial to the joint  

 –   Once you approach bone inject local anesthetic for 
patient comfort     

 –   Continue to advance the needle laterally into the infe-
rior one-third of the joint  

 –   After negative aspiration, proper needle location can 
be shown with injection of contrast (0.5–1 mL) to 
ensure the needle tip is in the joint space (Fig.  42.4 )      

•    Medications Injected 
 –    Mixture of:

   Dexamethasone or equivalent steroid  
  1–3 mL of 1 % lidocaine and/or 0.25 % marcaine     

 –   Total volume per side:
   1–3 mL [ 1 – 3 ]           

  Fig. 42.1    The image on the  left  
shows the SIJ before obliquing 
the fl uoroscope to appropriately 
align the joint radiographically as 
seen in the image on the  right        

  Fig. 42.2    A 22 g spinal needle marking the appropriate skin entry site 
for a left SIJ injection       
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    Blockade of the Posterior Innervation 
of the Sacroiliac Joint (Medial and Lateral 
Branch Blocks) 

•         Anatomy of the Posterior Sensory Innervation of 
the SIJ 
 –       L4 medial branch nerve   
 –      L5 dorsal primary ramus   
 –      Lateral branch nerves S1–S3

 �    Lateral branch nerves are located just lateral to the 
corresponding sacral foramen and can be blocked 
as they course towards the SIJ       

•          Indications 
 –       Blockade of the L4 medial branch nerve, the L5 

dorsal primary ramus, and the lateral branch nerves 
S1–S3 can be utilized to treat sacroiliac-mediated 
pain   

 –      These can be done therapeutically and diagnostically 
to gauge potential effectiveness of radiofrequency 
ablation (RFA) for long-term relief    

•          Fluoroscopy 
 –        L4 Medial Branch Nerve Block 

 �    To optimize fl uoroscopic visualization square off 
the superior endplate of the L5 vertebral body and 
oblique towards the  ipsilateral side  until the junc-
tion of the L5 superior articular process and the 
transverse process can be clearly seen, “scotty dog” 
view      

 –       L5 Dorsal Primary Ramus Block 
 �    AP fl uoroscopic view is obtained with modest cra-

nial/caudal or oblique angulation to optimize visu-
alization of the junction of the ipsilateral S1 superior 
articular process with the sacral ala      

 –      S1–S3 Lateral Branch Blocks
 �    AP fl uoroscopic imaging is utilized with cranial/

caudal angulation applied until each sacral foramen 
can be clearly visualized (Fig.  42.5 )   

 �   This process may need to be repeated for each indi-
vidual lateral branch block due to diffi culty in 
obtaining an optimal image of all three sacral fora-
men in one view       

•          Procedure 
 –               Anesthetize the skin at the needle entry site   
 –      Advance needle under fl uoroscopic guidance in a 

coaxial view   
 –       Target for Each Block 

 �    L4 Medial Branch Nerve Block:
 ◆    Junction of the L5 superior articular process and 

transverse process (Fig.  42.6 )      

  Fig. 42.3    The image to the  left  
shows needle placement in the 
left SIJ advancing from medial to 
lateral. The image on the  right  
shows fi nal needle placement in 
the joint on the lateral 
fl uoroscopic image       

  Fig. 42.4    Sacroliliac joint with contrast spread in the joint       
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 �   L5 Dorsal Primary Ramus Block:
 ◆    Junction of the sacral ala and the S1 superior 

articular process (Fig.  42.7 )      
 �   S1–S3 Lateral Branch Block:

 ◆    Covers the lateral aspect of the respective sacral 
foramen to ensure adequate nerve block 
(Fig.  42.8 )          

 –       Diagnostic blockade : Injecting the L4 medial branch 
nerve, the L5 dorsal primary ramus, and the S1 through 
S3 lateral branch nerves with local anesthetic only   

 –       Therapeutic blocks : Include the addition of steroid to 
the injected mixture in an effort to obtain prolonged 
pain relief [ 1 – 4 ]    

  Fig. 42.5    AP fl uoroscopic image of the S1–S3 foramen with needles in 
position for radiofrequency ablation of the lateral branch nerves       

  Fig. 42.6    Optimized fl uoroscopic image for right L4 medial branch 
block. A 22-guage spinal needle is seen with the needle tip marking the 
approximate skin entry site for blockade of the L4 medial branch nerve at 
the junction of the L5 superior articular process and transverse process       

  Fig. 42.7    AP fl uoroscopic image optimized for blockade of the left L5 
dorsal primary ramus. The left sacral ala and S1 superior articular pro-
cess are outlined in  blue . The  blue arrow  points to the groove through 
which the L5 dorsal primary ramus descends. Blockade should occur 
just below this junction       

  Fig. 42.8    AP fl uoroscopic image showing fi nal needle placement for 
bilateral S1–S2 lateral branch blocks       
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•          Medications Injected 
 –       Mixture of :

 �    Local anesthetic (1 % lidocaine and/or 0.25 % 
bupivicaine) 1–2 mL  

 �   Dexamethasone or equivalent steroid      
 –      Total Volume at Each level: 1–2 mL    

•          Complications Specifi c to Medial and Lateral Branch 
Blocks 
 –       Bowel perforation [ 1 – 4 ]    

          RFA for Sacroiliac-Mediated Pain 

•         Anatomy of the Posterior Innervation of the Sacroiliac 
Joint 
 –       See anatomy for blockade of the posterior  innervation 

of SIJ   
 –      RFA treatment involves ablating the L4 medial branch 

nerve, the L5 dorsal primary ramus, and S1 through S3 
lateral branch nerves    

•          Indications 
 –       Indicated after 1–2 successful diagnostic blocks or ther-

apeutic blocks with excellent pain relief of short 
duration   

 –      RFA should only be performed on patients who received 
>50 % pain relief from previous diagnostic blocks [ 1 ,  4 ]    

•          Fluoroscopy 
 –       See fl uoroscopic guidance for blockade of the poste-

rior innervation of the SIJ    
•          Procedure 

 –       RFA Needle Positioning:
 �    Needle angle with RFA should come from a more 

inferior approach in order to align the probe parallel 
to the nerve  

 �   L4 Medial Branch Nerve Ablation:
   Place the noninsulated portion of the needle parallel 

to the L4 medial branch nerve in the groove 
between the L5 transverse process and superior 
articular process     

 �   L5 Dorsal Primary Ramus Ablation:
 ◆    Place the noninsulated portion of the needle par-

allel to the nerve at the junction of the sacral ala 
and S1 superior articular process     

 �   Ablation of the S1–S3 Lateral Branch Nerves:
 ◆    Place the noninsulated portion of the radiofre-

quency needle parallel to the lateral edge of the 
sacral foramen to ensure adequate ablation of the 
targeted lateral branch nerve (Fig.  42.9 )          

  Fig. 42.9    Radiofrequency ablation of the S1–S3 lateral branch nerves. 
( a ) AP fl uoroscopic image with radiofrequency needles in optimal posi-
tion for ablation of the right S1–S3 lateral branch nerves. ( b ) Lateral 
fl uoroscopic image of fi nal needle position for radiofrequency ablation 

of the right S1–S3 lateral branch nerves in the same patient.  Note : The 
needles lie along the posterior wall of the sacrum and have not been 
advanced through the foramen       
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 –      After the needle positions are confi rmed radiographi-
cally on AP and lateral views, stimulation is performed 
at each level to ensure proximity to the nerve and as a 
safety measure

 �     Sensory stimulation: 
 ◆    Goal is to elicit paresthesia of the low back and 

sacral region at ≤0.5 V at 50 Hz at each level     
 �    Motor stimulation: 

 ◆    Stimulation done up to 1.5 V at 2 Hz at each 
level to ensure no motor stimulation of the lower 
extremity or perineum  

 ◆   Place hand on extremity to ensure no muscle 
contractions  

 ◆   Contractions at the paraspinal muscles should occur         
 –      Prior to lesioning, each level is anesthetized with 

1–1.5 mL of lidocaine 1–2 %   
 –      Thermal neurolysis is performed at 65–80 °C for 

60–90 s    
•          Medications Injected 

 –       Pre-ablation
 �    1–1.5 mL of local anesthetic (usually 2 % 

lidocaine)      
 –      Post-ablation

 �    Mixture of 0.25 % bupivacaine per level combined 
with Depomedrol (or equivalent steroid) can be 
injected at each level in an attempt to prevent post-
ablation neuritis [ 1 – 4 ].      

 –      Volume Per Site Ablated: 1–2 mL [ 1 – 4 ]       
•       Complications Specifi c to RFA 

 –       Bowel perforation   
 –      Paralysis   
 –      Sexual dysfunction   
 –      Loss of bowel or bladder control   
 –      Post-procedure neuritis [ 1 – 4 ]    

          Sacral Transforaminal Injection 

•      Anatomy of the Sacrum 
 –    The sacrum is a triangular-shaped bone with a concave 

curvature and consists of fi ve fused sacral vertebrae  
 –   There are four paired sacral foramen through which 

the sacral nerve roots, S1–S4, exit bilaterally  
 –   Sacral nerves are numbered according to the corre-

sponding foramen through which they exit  
 –   Sacral formina are arranged in a linear fashion roughly 

1 cm from the midline of the sacrum and are separated 
by approximately 1 cm  

 –   The S1 foramen is located about 1 cm medial to the 
posterior superior iliac spine and is usually the most 
circular in shape of the sacral foramen. The other 
sacral foramen are more oval in shape  

 –   The foramen decrease in diameter from S1 to S4  
 –   Sacral hiatus: Midline between the S4 foramen [ 3 ,  5 ]     

•    Indications 
 –    Lumbar disc herniation  
 –   Lumbar disc degeneration  
 –   Spinal stenosis  
 –   Sacral nerve radiculitis/neuritis     

•    Fluoroscopy 
 –    Obtain an AP image of the sacrum, then slightly oblique 

ipsilaterally, adjusting the cephalocaudal tilt until the 
coaxial view through the targeted foramen is attained  

 –    Often ,  further   cephalad tilt   is used to place the anterior 
and posterior foramen out of radiographic alignment 
to act as a  “ back stop ”  to prevent needle passage 
through both foramen and potential inadvertent perfo-
ration of the bowel      

•    Procedure 
 –    Entry site: Slightly inferior-lateral to the targeted 

foramen  
 –   Anesthetize the entry point  
 –   Insert a 22 g spinal needle through the entry site  
 –   Steer the needle superiorly and medial into the 

foramen  
 –   Many practitioners advocate lightly touching the bone 

surrounding the foramen to ensure proper depth  
 –   The needle is then advanced through the posterior 

foramen under fl uoroscopic guidance in the coaxial 
view (Fig.  42.10 )   

 –   Advance the needle until the tip is just beyond the pos-
terior sacrum in the lateral fl uoroscopic view to ensure 
proper depth (Fig.  42.11 )   

  Fig. 42.10    AP fl uoroscopic image of coaxial placement of a 22 g 
spinal needle into the left S1 foramen       
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 –   After negative aspiration for cerebrospinal fl uid (CSF) 
and blood, contrast should be injected to show spread 
down of the respective sacral nerve root without vascu-
lar runoff or uptake (Fig.  42.12 )      

•    Medications Injected 
 –    Mixture of:

   0.5–1 mL of steroid (dexamethasone or equivalent 
nonparticulate steroid)  

  1–2 mL of preservative-free normal saline  

  1–1.5 mL of local anesthetic     
 –   Each Level: 2.5–3.5 mL [ 5 ,  6 ]     

•    Complications Specifi c to Sacral Transforaminal 
Injections 
 –    Bowel Perforation        

    Caudal Epidural Steroid Injection 

•      Anatomy of the Caudal Epidural Space 
 –    The sacral hiatus is the most inferior aspect of the epi-

dural space  
 –   The sacral hiatus is located between the two sacral 

cornu and is covered by the sacrococcygeal ligament 
(Fig.  42.13 )   

 –   The dural sac extends to the S2 level in most adults [ 7 ]     
•    Indications 

 –    Lumbosacral disk herniation  
 –   Lumbar spinal stenosis with radicular pain (cen-

tral canal stenosis, foraminal and lateral recess 
stenosis)  

 –   Compression fracture of the lumbar spine with radicu-
lar pain  

 –   Facet or nerve root cyst with radicular pain
 – To treat radicular pain on patients with previous 

surgery     
•    Fluoroscopy 

 –    Lateral fl uoroscopy is used to visualize the sacral hia-
tus and confi rm appropriate needle depth  

 –   AP view can be utilized to locate the midline of the 
sacral hiatus     

  Fig. 42.11    Lateral fl uoroscopic image of fi nal needle placement for S1 
transforaminal injection       

  Fig. 42.12    AP fl uoroscopic image of contrast spread down the left S1 
nerve root       

  Fig. 42.13    Illustration of the posterior view of the sacral hiatus bor-
dered laterally by the sacral cornu       
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•    Procedure 
 –    Position the patient as above with the toes directed 

medially for easier access to the caudal canal  
 –   Identify the sacrococcygeal ligament with the sacral 

hiatus lying just superiorly  
 –   Entry point: Midline and inferior to the sacral hiatus  
 –   Anesthetize the skin overlying the entry point  
 –   Insert a 22 g spinal needle (or a larger specialized nee-

dle if necessary for catheter or scope placement)  
 –   Needle insertion is at a 45° angle between the sacral 

cornu directed toward the center of the hiatus  
 –   Lateral fl uoroscopy is utilized for initial needle place-

ment (Fig.  42.14 )   
 –   Resistance of the sacrococcygeal ligament may be felt  
 –   As the needle passes through the sacrococcygeal liga-

ment, the angle of approach should be fl attened and the 
needle advanced an additional 1 cm  

 –   After negative aspiration for blood or CSF, 2–3 mL of 
contrast should be injected to confi rm placement 
(Fig.  42.15 )   

 –   Lateral and AP fl uoroscopic views should be used to 
confi rm no vascular uptake/runoff or intrathecal 
spread  

 –   Caudal epidural spread should show fatty globular pat-
tern with sacral nerve root runoff, further confi rming 
epidural placement  

 –   Once epidural placement is confi rmed, the injectate is 
administered [ 7 ,  8 ]     

•    Medications 
 –    Mixture of:

   2–3 mL of local anesthetic  
  Methylprednisolone, dexamethasone, or equivalent 

steroid  
  Sterile, preservative-free normal saline comprises the 

remaining volume [ 7 ,  8 ]     
 –   Total Volume: The volume utilized should correspond 

to the desired height of medication spread
   10–15 mL will typically reach the level of L4 unless 

there is signifi cant central stenosis  
  Larger or smaller volumes may be used to reach spe-

cifi c levels  
  Smaller volumes may be necessary in cases of spinal 

stenosis        
•    Complications Specifi c to Caudal ESI 

 –    Bowel perforation  
 –   Paralysis [ 7 ,  8 ]           
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      Abbreviations 

   AP    Anteroposterior   
  CRPS    Complex regional pain syndrome   
  CSF    Cerebral spinal fl uid   
  CT    Computed tomography   

          Sympathetic Blocks 

    Techniques of Sympatholysis 
•   Phentolamine infusion  
•   Regional anesthetic sympathetic blocks   

  Mechanism of Action 
•   Blocks/interrupts nociceptor visceral and somatic affer-

ents with the vasomotor, sudomotor, and visceromotor 
fi bers   

  Sympathetic Blocks at Different Levels 
•   Stellate ganglion  
•   Thoracic sympathetic chain blockade  
•   Lumbar sympathetic chain blockade  
•   Celiac plexus block  
•   Hypogastric plexus block  
•   Ganglion of impar   

  Prior to Procedures Below 
•    Obtain intravenous access  
•   Emergency vasoactive medications should be prepared  
•   Airway equipment should be easily accessible in the 

event of an emergency     

    Stellate Ganglion Block 

•         Indications  (Table  43.1 )
•           Anatomy  (Fig.  43.1 ) 

 –        Surface landmarks 
 �    C6 tubercle (Chassaignac’s tubercle)  
 �   Medial border of the sternocleidomastoid muscle  
 �   Ipsilateral carotid artery  
 �   Surface landmarks of C7 are more diffi cult to pal-

pate owing to its vestigial anterior tubercle relative 
to the other cervical vertebra      

 –       Location and boundaries     
 �    Cervical sympathetic chain is divided into the supe-

rior, middle, and inferior cervical ganglia that com-
prise preganglionic fi bers from the upper thoracic 
segments of the spinal cord [ 1 – 3 ].  

 �   Stellate ganglion:
 ◆    Formed by fusion of the inferior cervical and the 

fi rst thoracic ganglia (in 80 % of population) 
which provides sympathetic outfl ow to upper 
extremities via the brachial plexus and to the 
head and neck along the carotid artery.  

 ◆   At level of the C7 and T1 interspace [ 4 ]  
 ◆   Approximately 1–3 cm in length and 3–10 mm 

in width  
 ◆   Bordered medially by longus colli muscle, pos-

teriorly by head of the fi rst rib, prevertebral fas-
cia, and transverse process of C7, anteriorly by 
the vertebral artery and posterior fascia of the 
carotid sheath, laterally by scalene muscles, 
phrenic nerve, and the carotid sheath, and inferi-
orly by the lung pleura [ 5 ]. 
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•  Fluoroscopy (Fig.  43.2 )   
 –   Supine position on the fl uoroscopic table with a roll 

under the shoulder blades to provide some neck 
extension  

 –   A paratracheal approach is classic.  
 –   The C-arm is directed such that an anteroposterior 

(AP) view is obtained with the disc spaces sharply 
aligned between C5–C6 and C6–C7.  

 –   The target is the junction of the transverse  process with 
the vertebral body.         

•       Techniques     
 –          C6 paratracheal approach is the most commonly used  
 –   Both the C6 transverse process approach and the C7 

anterior paratracheal approach can be done under fl uo-
roscopic guidance.       

•       Postion: patient placed supine   
•       Procedure  [ 1 ,  2 ,  4 ,  6 – 10 ]

 –    Neck in mild extension  
 –   Target point is marked after evaluating landmarks with 

fl uoroscopy  
 –   The target is either the junction of the transverse pro-

cess with the body at C6 or C7 level on the ipsilateral 
side. Local anesthesia is provided at the marked target 
site using 1–3 cm 3  of 1 % lidocaine using a 25 G 1.5 in. 
needle.  

 –   A 25 G needle with a syringe attached via a connector 
is then inserted through the skin wheal.  

 –   Needle is advanced through the deep tissue in a gun 
barrel orientation until bony contact is made at the 
tubercle at the junction of the transverse process with 
the vertebral body at C6 or C7  

 –   At that point, withdraw the needle by a 1 mm  
 –   Confi rm negative aspiration for blood or cerebral spi-

nal fl uid (CSF)  
 –   If the patient does not have a contrast allergy, inject 

1–5 cm 3  of radiographic contrast under real-time con-
tinuous fl uoroscopy  

 –   Confi rm the absence of intravascular uptake and 
appropriate localization of the needle.  

 –   Contrast should spread in the longus colli muscle  
 –   Flow of contrast extending to the head of the fi rst rib 

can be observed by increasing the amount of contrast 
or injection of drug mixture which pushes the contrast 
up and down.  

 –   A test dose of 0.5 cm 3  of 1 % lidocaine should be 
injected to confi rm the absence of any intravascular 
uptake.  

 –   With intermittent vital sign monitoring, the medica-
tions should be injected in 1–2 cm 3  increments with 
intermittent aspiration.      

•       Medications 
 –    5–10 cm 3  of a mixture of 1 % lidocaine or 0.25 % bupi-

vacaine with or without 10–40 mg of triamcinolone or 
its equivalent steroid may be used for sympathetic 
nerve block  

 –   5–10 cm 3  radiographic contrast      

   Table 43.1    Indications for stellate ganglion block [ 1 ,  2 ]   

 Pain syndromes  Vascular insuffi ciency  Miscellaneous 

 Acute herpes zoster, postherpetic neuralgia  Raynaud’s disease  Hyperhidrosis 
 Complex regional pain syndrome (CRPS) type I, II  Vasospasm  Meniere’s disease 
 Phantom limb pain  Intractable angina pectoris 
 Postradiation neuritis  Scleroderma 
 Postsurgical neuropathy  Occlusive vascular disease 

  Fig. 43.1    Stellate ganglion surface anatomy       

  Fig. 43.2    Stellate ganglion injection with fl uoroscopy       
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•       Signs of effective blockade 
 –    Horner’s syndrome (miosis, ptosis, enophthalmos, 

anhidrosis)  
 –   Vasodilation of ipsilateral upper extremity and face  
 –   Ipsilateral increase in skin temperature by at least 1 °C  
 –   Loss of galvanic skin response      

•       Side effects 
 –    Recurrent laryngeal block  
 –   Phrenic nerve block  
 –   Brachial plexus block  
 –    Horner’s syndrome       

•       Complications  [ 2 ,  4 ,  8 – 10 ]
 –    Retropharyngeal hematoma  
 –   Esophageal puncture, mediastinitis  
 –   Transverse process osteitis  
 –   Injury to carotid/vertebral artery causing dissection or 

stroke  
 –   Vertebral artery embolism causing stroke  
 –   Seizures and local anesthetic toxicity from intravascu-

lar injection  
 –   Total spinal from subdural or subarachnoid injection  
 –   Cardiac arrest  
 –   Pneumothorax      

•       Contraindications 
 –    Localized infection or sepsis  
 –   Coagulopathy  
 –   Pneumothorax  
 –   Contralateral hemi-diaphragmatic paralysis  
 –   Recent myocardial infarction  
 –   Glaucoma  
 –   Atrioventricular block       

      Thoracic Sympathetic Block 

•         Indications 
 –    Complex regional pain syndrome (CRPS)/Thoracic 

sympathetically mediated pain  
 –   Postherpetic neuralgia  
 –   Thoracic and upper abdominal visceral pain  
 –   Post-mastectomy syndrome or post-thoracotomy pain 

syndrome  
 –   Hyperhidrosis  
 –   Angina pectoris      

•       Anatomy  (Fig.  43.3 ) 
 –       Series of ganglia, which usually correspond in number 

to that of the vertebrae   
 –      Thoracic ganglia rest against the heads of the ribs and 

are covered by the costal pleura   
 –      White and gray rami communicantes connect each 

ganglion with its corresponding spinal nerve                                        
•          Patient Positioning       

 –    Prone with a chest roll to maximize neck fl exion and 
move the scapulae laterally to expose the upper tho-
racic ribs.  

 –   Scapula can be further displaced by abducting shoul-
ders and placing forearms over the patient’s head.      

•       Fluoroscopy 
 –    Obtain a PA view over the vertebra and costovertebral 

articulation of interest.  
 –   Using the intercostal oblique approach described by 

Stanton-Hicks [ 11 ], the image intensifi er is rotated cepha-
lad so axis is in the same plane as the neck of the rib.  

  Fig. 43.3    Section of thoracic 
sympathetic chain anatomy       
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 –   From this point, the C-arm is rotated to a lateral oblique 
position in order to superimpose the costotransverse 
articulation over the costovertebral articulation.      

•      Procedure
 –    Sterile prep is done using betadine or chlorhexidine.  
 –   Local anesthesia is provided at the marked target site 

using 1–3 cm 3  of 1 % lidocaine using a 25 G 1.5 in. 
needle.  

 –   A 25 G needle with a syringe attached via a connector 
is then inserted through the skin wheal approximately 
4 cm lateral to the spinous process  

 –   The needle is advanced under gun barrel view  
 –   The lateral view is checked to ensure that the needle 

tracks cephalad to the vertebral foramen to avoid the 
emerging somatic nerve.  

 –   The needle is advanced until the tip is immediately 
beside the vertebral body, anterior to the vertebral fora-
men, and next to the anterior aspect of the neck of the 
rib (Fig.  43.4 )        

•          Adverse effects 
 –       Hypotension   
 –      Bradycardia    

•          Complications 
 –       Hematoma   
 –      Osteitis   
 –      Local anesthetic toxicity from intravascular injection   

 –      High spinal from epidural, subdural, or subarachnoid 
injection   

 –      Cardiac arrest   
 –      Pneumothorax    

•          Contraindications 
 –       Localized infection or sepsis   
 –      Coagulopathy   
 –      Pneumothorax    

          Celiac Plexus Block 

•         Indications 
 –       Cancer pain in the abdomen to the level of splenic fl ex-

ure of transverse colon   
 –      Abdominal angina   
 –      Hepatobiliary disorders   
 –      Acute or chronic pancreatitis    

•          Anatomy 
 –        Surface landmarks 

 �    Spinous processes of T12 and L1  
 �   T12 vertebral body identifi ed by following 12th rib 

medially or counting up from L5  
 �   5–6 cm lateral from midline for transcrural and 

7–8 cm for the retrocrural approach.  
 �   The celiac plexus innervates most viscera in the 

abdominal cavity including the pancreas, liver, gall-
bladder, omentum, mesentery, and alimentary tract 
from the stomach to the transverse portion of the 
large colon (Fig.  43.5 ) [ 12 ].   

 �   Presynaptic sympathetic innervation of celiac 
plexus originates from the thoracic sympathetic 
trunk via the splanchnic nerves.  

 �   Enters abdomen through crura of diaphragm and 
synapses with the celiac plexus at the T12/L1 verte-
bral level.  

 �   The celiac plexus also receives parasympathetic and 
sensory innervation from the vagus and phrenic nerve.  

 �   Afferent nociceptive fi bers from the abdominal vis-
cera also travel through the celiac plexus with the 
sympathetic nerves and are the main target of the 
celiac plexus block.  

 �   The celiac plexus is located over the anterolateral 
aspect of the aorta  

 �   Just anterior to the diaphragmatic crus  
 �   Extends over origins of the celiac artery and supe-

rior mesenteric artery.  
 �   The plexus is composed of celiac ganglia, superior 

mesenteric, and the aortic renal ganglia.  
 �   Postganglionic fi bers from the celiac plexus syn-

apse with all the abdominal organs excluding 
descending colon, sigmoid colon, rectum, and the 
pelvic viscera.       

  Fig. 43.4    Thoracic sympathetic block with fl uoroscopy       
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•          Patient Positioning         
 –    Prone with a pillow underneath the abdomen to mini-

mize lumbar lordosis       

         Approaches :
       Transcrural Celiac Plexus Block  [ 2 ,  6 – 9 ,  12 ]

 –    In this technique, the needle penetrates the diaphrag-
matic crura  

 –   Directly blocks celiac plexus by depositing local anes-
thetic or neurolytic agents over anterolateral surface of 
aorta to surround the celiac plexus.      

•      Procedure
 –    Study the abdominal CT scan carefully to identify the 

vertebral level corresponding to the celiac axis (may 
range from T12 to L2).  

 –   Obtain a PA view of the low thoracic and upper lumbar 
spine  

 –   L1 and T12 vertebral bodies and 12th rib should be 
identifi ed with fl uoroscopic imaging.  

 –   Needle insertion site is 5–6 cm from midline at the 
level of the celiac axis identifi ed via CT scan prior to 
initiating the procedure.  

 –   Most commonly insertion is at the L1 level.  
 –   Rotate the image intensifi er obliquely so that the tip of 

the L1 transverse process nearly overlies the anterolat-
eral border of the L1 vertebral body.  

 –   A skin wheal is created with 1 % lidocaine over needle 
insertion sites on the left and right side.  

 –   First approach from the left side, then proceed with the 
right side  

 –   The left side is approached fi rst so that if a complica-
tion occurs and the aorta is punctured, a single needle 
transaortic technique may be done instead.  

 –   A 22-gauge styleted needle (spinal or Chiba needle 
10–18 cm in length) is inserted with a gun barrel 
approach to the C-arm.  

 –   Angle of insertion is 45° angle towards midline and 
15° cephalad, coaxial with the image intensifi er.  

 –   The needle is advanced towards the anterolateral sur-
face of the L1 vertebral body under intermittent imag-
ing every 1–2 cm until bony contact is made with the 
vertebral body.  

 –   At this point, redirect to walk the needle off the antero-
lateral edge of the L1 vertebral body.  

 –   Once the needle is walked off the anterolateral edge of 
L1 vertebral body, change the C-arm view to lateral 
approach.  

 –   Slowly advance the needle under lateral view so that 
the needle tip is 1–2 cm anterior to L1 vertebral body.  

 –    Correct positioning of the needle entry point is 
crucial 

 �    Too lateral an entry point would risk injury to the 
renal parenchyma.  

 �   Cephalad approach at T11 risks puncture of the 
lung.  

 �   Too caudally towards the vertebral body of L2 risks 
ineffective block.     

 –    Caution :  Major vascular structures are being 
approached at this time 

 �     Left Side :  aorta   
 �    Right Side :  inferior vena cava      

 –   Continuous aspiration should be employed to assess 
for vascular puncture  

 –   As the needle traverses the lateral surface of the L1 
vertebra, a pop is often felt signifying penetration of 
the psoas fascia  

 –   As the aorta is approached, transmitted vibrations can 
be felt through the needle.  

 –   If the aorta is punctured, the needle should be advanced 
anteriorly with aspiration until there is negative 
aspiration.  

 –   In the event of accidental puncture of the aorta, the 
block can be converted to a transaortic technique. This 
is why the left side is approached fi rst. A transaortic 
technique then obviates the need to do the same tech-
nique on the right side as well.  

 –   At the end point, the needle tip should be medial to the 
lateral border of the L1 vertebral body in the PA view.  

 –   After confi rming negative aspiration for blood, CSF, 
and urine, 2–5 cm 3  of radiographic contrast should be 
injected and assess for spread over the anterior surface 
of the aorta.

 �    Exclude intravascular and intrathecal injection. 
Attention for spread of contrast posteriorly towards 
the neuroforamina should also be noted to avoid 
permanent nerve injury.  

  Fig. 43.5    Celiac plexus block anatomy       
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 �   If the contrast spreads bilaterally across midline over 
the anterior surface of the aorta, a single puncture 
approach is adequate for bilateral celiac plexus block.  

 �   If spread of contrast is unilateral, a right-sided 
approach is undertaken with the same technique 
described above.     

•   Medications
 –    If a diagnostic block is to be performed prior to chemical 

neurolysis, a total of 10–20 cm 3  of 0.25 % bupivacaine 
(5–10 cm 3  each side) should be injected in increments 
with frequent interval aspiration.  

 –   For neurolysis, 10–20 cm 3  of ethanol (30–50 % con-
centration) or phenol (6 % concentration) may be 
injected to each side.         

      Retrocrural Splanchnic Nerve Block  [ 2 ,  6 – 9 ,  12 ]
 –    Local anesthetics or neurolytic agents are deposited 

posterior to the diaphragmatic crura  
 –   Eliminates the sympathetic input to the celiac plexus  

•   Fluoroscopy
 –    C-arm should is angled 20–30° cephalad to bring the 

inferior margin of the 12th rib cephalad to the T12 ver-
tebral body.     

•   Procedure 
 – The insertion site is approximately 5–6 cm from midline  
 –   A 22-gauge styleted needle (spinal or Chiba needle 

10–18 cm in length) is inserted with a gun barrel 
approach to the C-arm  

 –   Repeat images should be taken intermittently and fre-
quently every 1–2 cm of advancement  

 –   Make sure that the need is coaxial and contact T12 or 
L1 depending  

 –   At this point, obtain a lateral view and advance the 
needle until it is just medial to the lateral border of T12 
or L1 vertebral body  

 –   5 cm 3  of radiographic contrast should be injected after 
ensuring negative aspiration  

 –   The contrast will spread in a cephalocaudal fashion 
over the anterolateral surface of the vertebral bodies  

 –   Using the same approach, position the needle on the 
contralateral side  

 –   Inevitably needs a bilateral block  
 –   This is distinctly different from the transcrural 

approach since at this angulation and level, the crura is 
not being breached for access.  

•   Medications 
 – If a diagnostic block is performed, 10–15 cm 3  of 2 % 

lidocaine or 0.25 % bupivacaine is injected to each 
side with frequent interval aspiration.  

 –   For neurolysis, 5–8 cm 3  of either 30–50 % ethanol or 
6 % phenol can be injected at each side.       

•          Adverse effects 
 –       Diarrhea from unopposed parasympathetic input to the 

GI tract   
 –      Orthostatic hypotension

 �    Hypotension can be prevented by giving a preemp-
tive 500–1,000 cm 3  bolus of crystalloid prior to the 
start of the procedure  

 �   May last for 24–48 h       
•          Complications 

 –       Hematuria (usually resolves spontaneously)   
 –      Intravascular, intrathecal, epidural, or intradiscal 

injection   
 –      Pneumothorax   
 –      Renal injury   
 –      Retroperitoneal hematoma   
 –      Paresthesias due to spinal nerve injury   
 –      Painless paraplegia due to injury or spasm of the artery 

of Adamkiewicz   
 –      Failure of ejaculation    

•          Contraindications 
 –       Patients on anticoagulant therapy or those with a 

bleeding diathesis   
 –      Abdominal infection or sepsis   
 –      Bowel obstruction    

          Lumbar Sympathetic Block 

•         Indications 
 –       Postherpetic neuralgia in the lower extremities   
 –      Peripheral vascular insuffi ciency in the lower 

extremities   
 –      CRPS   
 –      Phantom pain   
 –      Intractable urogenital pain   
 –      Renal colic    

•          Anatomy 
 –          Lumbar sympathetic chain is located anterolateral to 

the lumbar vertebral bodies from L2 to L4  
 –   Receives preganglionic contributions from the lateral 

horn of the T11 to L2 spinal cord via the white com-
municating rami [ 9 ].  

 –   Postganglionic fi bers exit variably:
 �    Some via the gray rami communicantes traveling 

with the lumbar and sacral nerves  
 �   Smaller percentage synapse directly in the aortic 

plexus and the inferior and superior hypogastric 
plexuses [ 6 ].     

 –   Located in the retroperitoneal space separated spatially 
from the somatic nerves by the psoas muscle and fas-
cia posteriorly.  
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 –   Abdominal aorta is anterolateral relative to the left 
sympathetic chain, though the position may vary with 
the aorta being located in the midline anterior to the 
vertebral body.  

 –   Vena cava is located anterior to the right sympathetic 
trunk   

•        Patient Positioning 
 –    Prone with a pillow underneath the abdomen to mini-

mize lumbar lordosis      
•       Procedure  [ 2 ,  7 – 10 ,  13 ]

 –    Obtain a PA view over the L2 and L3 vertebral bodies 
fl uoroscopically (Fig.  43.6 )   

 –   Optimal needle tip positions are in the lower 1/3 of 
the L2 vertebral body and in the upper 1/3 of the L3 
vertebral body—because segmental lumbar vessels 
travel along mid-portion of the lumbar vertebral 
bodies.  

 –   Rotate the image intensifi er obliquely so that the tip of 
the L2 transverse process overlies the anterolateral 
border of the L2 vertebral body.  

 –   Using 1 % lidocaine anesthetize the marked skin inser-
tion site around 7 cm from midline.  

 –   Direct a 22 G styleted spinal needle with gun  barrel 
approach  

 –   Use a 30–45° angle towards midline for a goal end-
point at the inferior half of the anterolateral surface of 
the L2 vertebral body.  

 –   Advancement of the needle is done in the coaxial plane 
with frequent imaging every 1–2 cm and intermittent 
aspiration  

 –   The vertebral body is typically located at 7–12 cm 
depth  

 –   If bony contact is made with the vertebral body, the 
needle may need to be pulled and reinserted at a steeper 
angle in order to “walk” the needle off of the lateral 
margin of the L2 vertebral body.  

 –   At this point, obtain a lateral image (Fig.  43.7 )   
 –   The needle should be located over the lower anterolat-

eral aspect of the L2 vertebral body.  
 –   The needle is advanced until it is 1–2 cm anterior to the 

vertebral body on lateral view.  
 –   In a PA view, the needle tip should be just medial to the 

lateral margin of the vertebral body.  
 –   Remove the stylet and ensure negative aspiration of 

blood, urine, or CSF.  
 –   Inject 4–6 cm 3  of radiographic contrast to visualize 

appropriate longitudinal spread anterior to the psoas 
muscle and fascia, viewed in both the PA and lateral 
projections.  

 –   Injection of the contrast will also exclude intravascu-
lar, intrathecal, or epidural puncture.  

 –   If the needle tip has not penetrated the psoas fascia, the 
contrast will outline the psoas muscle, risking ineffec-
tive sympathetic block and inadvertent block of the 
genitofemoral nerve.  

 –   Once the needle is in optimal position, inject 
10–20 cm 3  of 0.25 % bupivacaine.  

  Fig. 43.6    PA fl uoroscopic view for lumbar sympathetic block        

  Fig. 43.7    Lateral fl uoroscopic view of lumbar sympathetic block       
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 –   Immediate effects of a successful sympathetic block 
include vasodilation and increased temperature by at 
least 1 ° C in the ipsilateral lower extremity.       

•              Signs of effective blockade 
 –       Increase in cutaneous temperature by at least 1 °C in 

the 15–20 min following blockade of the ipsilateral 
extremity   

 –      Absent sympatho-galvanic refl ex of the blocked limb    
•          Adverse effects 

 –       Intravascular, intrathecal, epidural, or intradiscal 
injection   

 –      Hematuria from direct renal injury   
 –      Paresthesias from somatic nerve injury (genitofemoral 

nerve)   
 –      Post-sympathectomy pain following neurolysis is 

common in the L1 and L2 nerve root distribution    
•          Contraindications 

 –       Bleeding diathesis   
 –      Local infection   
 –      Anatomic anomalies which make the block exceed-

ingly diffi cult or unsafe to perform    

          Hypogastric Plexus Block 

•         Indications 
 –       Pelvic pain of sympathetically mediated type   
 –      Visceral pain secondary to pelvic infi ltration, bladder 

cancer, or colon cancer    
•          Anatomy 

 –        Surface landmarks 
 �    Dorsal midline  
 �   Spinous processes of L4 and L5  
 �   Iliac crests  
 �   L4–L5 interspace at the level of the superior aspect 

of the iliac crests  
 �   Mark needle entry points 5–7 cm lateral to the 

L4–L5 interspace      
 –       Location and boundaries 

 �    The superior hypogastric plexus is a retroperitoneal 
structure overlying the abdominal aorta below the 
inferior mesenteric artery and extending over its 
bifurcation into the right and left iliac arteries and 
veins.  

 �   Located anterior to the L5 and S1 vertebral bodies 
and receives input from pre- and postganglionic 
sympathetic fi bers from the L4 and L5 sympathetic 
chain, the aortic plexus, and the splanchnic nerves.  

 �   Receives parasympathetic fi bers from the S2 to S4 
nerves.  

 �   Descends below the aortic bifurcation and splits 
into the right and left hypogastric nerves.  

 �   The hypogastric nerves descend and innervate the 
inferior hypogastric plexuses located on either side 
of the rectum.  

 �   Superior hypogastric plexus innervates the pelvic 
viscera including:

 ◆    Bladder  
 ◆   Uterus  
 ◆   Vagina  
 ◆   Prostate  
 ◆   Rectum         

•       Patient Positioning 
 –    Prone with a pillow underneath the abdomen to mini-

mize lumbar lordosis.  
 –   The inferior aspect of the pelvis pointed towards the 

table to angle the iliac crests posteriorly.      
•       Procedure  [ 2 ,  6 – 9 ,  14 ,  15 ]    

 –    Sterile prep is done using betadine or chlorhexidine  
 –   Obtain a PA view of the L5/S1 fl uoroscopically.  
 –   Using 1 % lidocaine anesthetize marked skin insertion 

sites 5–7 cm from midline at the L4–L5 interspace 
bilaterally.  

 –   A triangle is formed by the L5 transverse process supe-
riorly, the iliac crest laterally, and the L5–S1 facet joint 
medially which will be the bony obstacles for needle 
insertion anterior to the L5–S1 junction.  

 –   Rotate the C-arm 25–35° obliquely over the L5/S1 
junction  

 –   Direct the image intensifi er caudally into the pelvis 
25–35°  

 –   Advance a 22 G styleted spinal needle with a gun bar-
rel approach at a 45° angle medial and caudad  

 –   Image every 1–2 cm until the needle tip is located 
anterolateral to L5–S1 intervertebral disc or the infe-
rior margin of the L5 vertebral body.  

 –   If the iliac crest or the L5 transverse process obstructs 
advancement, the needle should be withdrawn and 
redirected.  

 –   If the needle tip encounters the L5 or S1 vertebral 
body, the needle should be withdrawn and redirected at 
a steeper to “walk” the needle off the vertebral body.  

 –   There is occasionally a loss of resistance when the 
needle is advanced through the psoas muscle fascia.  

 –   In the PA view, the needle should be at the junction of 
the L5 and S1 vertebral body.  

 –   In the lateral view, the needle should be just anterior to 
the vertebral body (Fig.  43.8 ).   

 –   Remove the stylet and ensure negative aspiration.  
 –   Inject 1–2 cm 3  of radiographic contrast to visualize 

appropriate spread anterior to the L5–S1 intervertebral 
disc or the L5 vertebral body in the lateral view.  

 –   Position a 22-gauge styleted spinal needle on the con-
tralateral side using the same technique.  
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•   Medications
 –    For a diagnostic block, inject 8–10 cm 3  of 0.25 % bupi-

vacaine through each needle.  
 –   For neurolysis, inject 8–10 cm 3  of 10 % phenol or 

50 % ethanol through each needle.         
•       Adverse effects 

 –       Vascular puncture and intravascular injection given 
close proximity of iliac vessels   

 –      Intrathecal or epidural injection   
 –      Ureteral or bladder injury   
 –      Somatic nerve injury    

•          Contraindications 
 –       Bleeding diathesis   
 –      Local infection    

•         Once diagnostic sympatholysis is effective in relieving 
the neuropathic or visceral pain the procedure may be 
repeated to determine if an increasing duration of effect 
can be expected in any particular patient.   

•      Individual blocks may be all that are necessary to enable 
a patient to regain function by using a specifi c stress- 
loading physical therapy.   

•      When sympatholysis completely relieves the symptoms 
and facilitates exercise therapy but is limited in its duration 

of effect, it is appropriate to consider a prolonged block 
by using one of the neurolytic techniques.   

•      The simplest method is that with a neurolytic agent such 
as phenol or by using radiofrequency lesions. Duration of 
effect from 3 to 6 months may be achieved, thereby allow-
ing the progress of exercise therapy to continue.   

•      Continuous block of the brachial or lumbar plexus can be 
successfully used for periods of up to 6 weeks.
 –       The main diffi culties associated with these techniques 

are dislodgment of the catheter or infection.   
 –      Catheters that are implanted for a long duration should 

be treated as minor surgical procedures requiring the 
utmost sterility.             

  Acknowledgement   Medical illustrations—Serena Christine Mathew  
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      Abbreviations 

   ASA    Aspirin   
  CRP    C-reactive protein   
  CSF    Cerebrospinal fl uid   
  CT    Computed tomography   
  DSA    Digital subtraction angiography   
  EMLA    Lidocaine 2.5 % and prilocaine 2.5 %   
  ESI    Epidural spinal injections   
  ESR    Erythrocyte sedimentation rate   
  IV    Intravenous   
  IVIG    Intravenous immunoglobulin   
  MPA    Methylprednisolone acetate   
  MRI    Magnetic resonance imaging   
  NSAIDs    Nonsteroidal anti-infl ammatory drugs   
  PDPH    Post-dural puncture headache   
  PO    Per os   
  SI    Sacroiliac   
  TEN    Toxic epidermal necrolysis   
  US    Ultrasound   

          Introduction 

 Generally, epidural injections, facet joint injections, and radio-
frequency ablation neurectomies have rare minor adverse effects 
and rarer major complications. One study of 1,036 injections in 
844 patients found an overall complication rate of 1.64 % [ 1 ]. 
Another study of 4,265 ESI showed no major complications and 
a low rate of minor complications (2.4 % overall) [ 2 ]. 

  Some of these complications include :
•    Vasovagal response  
•   Post-dural puncture headache (PDPH)  
•   Adverse reactions to medications  
•   Persistent hiccups (rare)  
•   Epidural lipomatosis  
•   Epidural hematoma  
•   Infections (i.e., skin, epidural abscess, osteomyelitis, and 

discitis)  
•   Aseptic meningitis  
•   Adhesive arachnoiditis  
•   Cauda equina syndrome  
•   Spinal cord injury and vertebrobasilar infarction    

 Although minor side effects are more frequently reported, 
including increased low back pain, numbness, paresthesia, fl ush-
ing, and injection site discomfort, they raise concern for major 
complications. Clinicians are often faced with diffi cult decisions 
regarding the urgency of re-evaluation and the need for emer-
gency imaging studies for prompt treatment to avoid long-term 
neurological defi cit. Awareness of the nature and frequency 
of these complications may help in clinical decision-making [ 2 ].  

    Vasovagal Response 

•      Symptoms : Light headedness, nausea, visual changes, tin-
nitus, and weakness. When severe, may lead to loss of 
consciousness.  

      Injection Complications 
and Management 
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•    Treatment : Place patient in supine/Trendelenburg posi-
tion, and monitor vitals (to avoid hypotension). Encourage 
PO fl uids, or start IV fl uids if severe.     

    Post-dural Puncture Headache 

 PDPH is a common complication of ESI caused by an acci-
dental dural puncture during procedure. This may lead to 
persistent opening of the dura mater resulting in leakage of 
cerebrospinal fl uid. The incidence is 0.16–1.3 % among 
experienced physicians [ 3 ] and can occur within hours to 
days following a procedure.
•   Risk Factors 

 –   Female  
 –   Ages between 20 and 50 years old  
 –   Absence of fl uoroscopic guidance  
 –   Use of a large bore needle 

•   Symptoms : Positional frontal or occipital headache that 
radiates to the neck or shoulders that worsens within 
15 min after sitting or standing and improves within 
15 min after lying down; presents with at least one 
symptom of neck stiffness, tinnitus, hypacusia, photo-
phobia, or nausea; can be associated with diplopia, scalp 
paresthesia, upper and lower limb pain, and altered men-
tal status 

•   Diagnosis : Based on history and symptoms. If needed, 
imaging can be done with CT myelogram and MRI.

•    Treatment  
 –   Bed rest/supine position  
 –   Aggressive hydration (PO or IV if needed)  
 –   Medications, such as caffeine, methylxanthines, the-

ophylline, sumatriptan, and corticosteroids, can be  
used  

 –   Fioricet for short-term symptomatic relief  
 –   Gold standard is epidural blood patch. In a majority of 

cases, the problem will resolve spontaneously. 
However, in some patients, the headache lasts for 
months or even years. Surgical closure of the dural tear 
is an option of last resort [ 4 ]        

    Adverse Effects of Medications 

  Adverse effects of corticosteroids may include :
•    Fluid retention  
•   Elevated blood pressure  
•   Hyperglycemia  
•   Generalized erythema  
•   Facial fl ushing  
•   Hypothalamic–pituitary–adrenal axis suppression  
•   Cushing syndrome  

•   Alterations in female menstrual cycle  
•   Bone demineralization  
•   Allergic reactions     

    Prior Known Allergy to Contrast 

 If know allergy, you can use omniscan or magnevist instead of 
contrast, but these may be diffi cult to see on fl uoroscopy. If 
you are doing a case that requires contrast, you can premedi-
cate patient with steroids and Benadryl prior to avoid reaction 
to the medication. Use caution when deciding to proceed [ 5 ] 

    12 h Prior to Contrast Exposure 
•     Prednisone 20–50 mg PO  
•   Ranitidine 50 mg PO  
•   Diphenhydramine 25–50 mg PO     

    2 h Prior to Contrast Exposure 
•     Prednisone 20–50 mg PO  
•   Ranitidine 50 mg PO  
•   Diphenhydramine 25–50 mg PO     

    Just Prior to Injection 
•     Diphenhydramine 25 mg IV    

 Adapted and modifi ed from Essentials of Pain Management, 
Benzon [ 5 ]   

    Allergy to Corticosteroids and Local 
Anesthetics 

 Allergic reactions to corticosteroids are extremely rare, but 
allergic reaction to steroid suspension has been documented. 
A delayed allergic reaction to triamcinolone diacetate begin-
ning one-week post-procedure has been reported [ 6 ]. 
Allergic reactions to local anesthetics are also extremely 
rare; however, allergic reactions to ester local anesthetics 
and preservatives have been reported. One patient who had 
an anaphylactic reaction to EMLA cream was found to have 
a positive skin prick test [ 7 ]. 
•   Treatment : Of a drug eruption depends on the specifi c 

type of reaction. Therapy for exanthematous drug erup-
tions is supportive in nature
 –    First-generation antihistamines are used  
 –   Mild topical steroids (e.g., hydrocortisone, desonide) 

and moisturizing lotions are also used, especially dur-
ing the late desquamative phase  

 –   Severe reactions, such as Steven Johnson Syndrome, 
toxic epidermal necrolysis (TEN), and hypersensitiv-
ity reactions, warrant hospital admission  
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 –   TEN is best managed in a burn unit with special attention 
given to electrolyte balance and signs of secondary 
infection  

 –   Because adhesions can develop and result in blindness, 
evaluation by an ophthalmologist is mandatory  

 –   In addition, mounting evidence indicates that intrave-
nous immunoglobulin (IVIG) may improve outcomes 
for TEN patients [ 8 ].     

    Altered Glucose Tolerance 

 It is well known that glucocorticoids induce insulin resis-
tance. Following an injection of steroids, diabetic patients 
generally have an increase in blood glucose levels and insu-
lin requirements. One study by Ward et al. observed that epi-
dural steroid injections with triamcinolone acetate resulted 
in an increased serum insulin level at 24 h, which normalized 
after one week post- procedure [ 9 ]. Patients should consult 
their endocrinologist prior to the procedure if they have 
uncontrolled diabetes mellitus.  

    Cushing Syndrome 

 Cushing Syndrome is a disorder that occurs due to exposure 
of high levels of endogenous cortisol or exogenous cortisol 
(steroid injections). Most reports state that the side effects 
of Cushing’s begin between one and several weeks 
post-procedure.
•     Symptoms : Facial swelling, buffalo hump, skin bruising, 

and scaly skin are symptoms of Cushing Syndrome.  
•    Diagnosis : Includes serum cortisol levels, dexametha-

sone suppression test, 24-h urine cortisol level, and creati-
nine and adrenocorticotropic hormone.  

•    Treatment : There is no specifi c treatment but repeat ste-
roid use in procedures should be avoided.     

    Hiccup 

 A hiccup is an unintentional spasm of the diaphragm. This 
is followed by a quick closing of the vocal cords, which 
produces a distinctive sound. Hiccups are a known compli-
cation of thoracic and lumbar epidural steroid injections 
according to a paper by Abassi et al. [ 10 ] It reported that it 
is an under- reported side effect and could also be found 
after cervical epidural, lumbar facet blocks, and SI joint 
injections. The paper also stated that the injectate medica-
tion had no correlation with the risk for this side effect 
(Fig.  44.1 ).   

    Epidural Lipomatosis 

 Epidural lipomatosis is rare and may lead to spinal cord com-
pression and neurologic defi cits. It is usually associated with 
an excess of either endogenous or exogenous steroids in the 
body [ 11 ]. Roy-Camille et al. described the fi rst reported case 
in 1991 and two cases reported by Choi et al. showed two non-
obese patients without a history of steroid intake who devel-
oped epidural lipomatosis after epidural steroid injection [ 12 ].
•     Risk factors : There are no known risk factors for the 

development of epidural lipomatosis.  
•    Symptoms : New neurological symptoms like increased or 

new back pain and/or weakness.  
•    Diagnosis : Made with radiological imaging including CT 

scan or MRI. Neurosurgical evaluation is needed if there 
are neurological symptoms and/or signs.     

    Epidural Hematoma 

 Epidural hematoma is a rare complication consisting of 
bleeding within the epidural space. Since the spinal canal is 
a nonexpendable space, bleeding is a serious complication 
that could lead to neurologic ischemia and potential paraly-
sis. Incidence is between 1:150,000 and 1:220,000 [ 13 ,  14 ].
•     Risk factors : Coagulopathy, thrombocytopenia, anticoag-

ulants, and antiplatelet drugs such as clopidogrel and 
ticlopidine
 –    NSAIDs including aspirin (ASA) have not shown to 

signifi cantly increase the risk of epidural bleeding [ 9 ].     
•    Symptoms : New onset/increased back pain, headache, or 

neurological fi ndings consisting of sensory/motor or 
bowel or bladder changes.  Symptoms may be delayed 1 –2 
days after injection  

•    Diagnosis : Emergent MRI. MRI fi ndings vary according 
to the age of the bleed:
 –    In the fi rst 24 h, the hematoma is usually isointense on 

T1- and hyperintense on T2-weighted images.  
 –   After 24 h, it becomes mostly hyperintense on both T1 

and T2 [ 15 ]. Treatment includes neurosurgical consul-
tation for decompression of the hematoma by surgical 
laminectomy.     

•    Treatment : Medical emergency can lead to spinal cord com-
pression, surgical laminectomy, and hematoma evacuation     

    Infectious Complications 

 Most ESI-related infections could be prevented by meticulous 
sterile technique and attention to skin preparation. Steroid 
injections should not be used if there are any preexisting 
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  Fig. 44.1    Post-interventional procedure hiccups [ 1 ]       
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 bacterial infections such as urinary tract infection or sinusitis. 
Gram-positive staph aureus is the most common causative 
agent. However, prophylaxic antibiotics are not recom-
mended, even for diabetic or immunocompromised patients, 
as they may lead to drug-resistant strains of the pathogen. Lab 
tests may reveal elevated C-reactive protein (CRP), leukocy-
tosis, and high ESR, but CT and MRI are needed to further 
identify the location and extent of disease [ 16 ,  17 ]

    Superfi cial abscess  
 Collection of pus in the skin and soft tissue resulting from 
infl ammation due to either bacteria or the injecting needle.
•     Diagnosis : History and physical exam (heat, redness, 

pain, and swelling at the injection site), but bedside ultra-
sound (US) and computerized tomography (CT) are 
sometimes used to assist in the diagnosis. US is more sen-
sitive than CT, but CT is more specifi c for superfi cial soft 
tissue abscesses [ 18 ]  

•    Treatment : Incision and open drainage of abscesses 
performed     

   Epidural abscess  
 It is a neurosurgical emergency requiring immediate action. 
It presents as a supperative process localized between spinal 
dura mater and the vertebral periosteum within the spinal 
epidural space.
•     Symptoms : Back pain, fever, muscle weakness, sphincter 

incontinence, and sensory defi cits eventually leading to 
paralysis.  

•    Diagnosis : MRI with contrast. Early diagnosis to avoid 
neurological defi cits.  

•    Treatment : Early surgical decompression and abscess 
drainage. Laminectomy with broad antibiotic coverage. 
Consultation with neurosurgery or an infectious disease 
specialist might be necessary depending upon the clinical 
situation [ 19 ]     

   Osteomyelitis  
 Occurs in two adjacent vertebrae and their contiguous inter-
vertebral disk, resulting in narrowing of the disk space. 
 Staphylococcus aureus  is the most common microorganism, 
followed by  E. coli  [ 20 ]. However, coagulase- negative 
staphylococci and  Propionibacterium acnes  causes exoge-
nous osteomyelitis after spinal surgery [ 20 ]
•     Symptoms : Focal vertebral pain that is unrelieved by lying 

down, with or without fever, and localized tenderness of 
the infected bone. Infection in the cervical region is more 
likely to be associated with neurological defi cits, such as 
motor weakness or paralysis [ 20 ]  

•    Diagnosis :
 –    CRP and ESR are the preferred markers of infection 

especially in postoperative spinal wound infections.  

 –   If cervical osteomyelitis is suspected, MRI should be 
the fi rst diagnostic step, to look for spinal epidural 
abscess and to rule out a herniated disk [ 21 ]  

 –   MRI has a high accuracy (90 %) for diagnosing 
 spinal osteomyelitis [ 22 ]. MRI without contrast is 
the most sensitive showing signs of bone marrow 
edema within a few days of onset of symptoms.  

 –   If imaging reveals signs of disease, and blood cultures 
are negative, then CT-guided biopsy should be per-
formed [ 21 ]     

•    Treatment : Surgical treatment is recommended only after 
IV antibiotics fail. Surgery includes spinal fusion to stabi-
lize the affected bone [ 21 ]     

   Discitis  
 Discitis is the infl ammation of the disk space between two adja-
cent vertebrae. May lead to osteomyelitis or epidural abscess.
•     Diagnosis : MRI is the imaging modality of choice for disci-

tis; a biopsy may or may not help isolate the organism [ 23 ]  
•    Treatment : Reduce mobility of the area with brace. Treat 

the causative organism with antibiotics [ 23 ]        

    Aseptic Meningitis 

•      Risk factors :
 –    Polyethylene glycol  
 –   Benzyl Alcohol     

•    Symptoms : Burning pain in the legs, headache, meningis-
mus, and seizures.  

•    Diagnosis : On lumbar puncture, CSF reveals pleocytosis, 
elevated proteins, and decrease glucose.  

•    Treatment : Symptomatic relief and reassurance [ 16 ]     

    Arachnoiditis 

 Arachnoiditis is an infl ammatory condition of the arachnoid 
membrane and the underlying space, which undergoes 
fi brosis and adhesion formation within the subarachnoid 
space. It can be subdivided into three causes: Surgery/
trauma induced, chemically induced, and infection induced. 
The polyethylene glycol in methylprednisolone acetate 
(MPA) is thought to cause chemically induced chronic 
adhesive arachnoiditis [ 24 ]
•     Risk factors : Injection of MPA spreading from the epi-

dural space into the intrathecal space.  
•    Symptoms : Gradual onset, constant burning pain in the 

lower legs, urinary frequency or incontinence, muscle 
spasm, variable sensory loss, variable motor dysfunction [ 9 ]  

•    Workup : An MRI with contrast is 99 % accurate showing 
“clumping” of the nerve roots suggests arachnoiditis. CT 
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myelogram results are variable with homogeneous con-
trast pattern without root shadows [ 24 ]  

•    Treatment : Surgical intervention is not recommended as it 
leads to further scar tissue formation.  

•    Prevention : Dilution of steroid with saline or local anes-
thetic before injection into the epidural space lowers the 
concentration of polyethylene glycol.     

    Cauda Equina Syndrome 

 Cauda equina syndrome refers to a characteristic pattern of 
neuromuscular and urogenital symptoms resulting from the 
simultaneous compression or the anesthetizing of multiple 
lumbosacral nerve roots below the level of the conus medul-
laris. Vigilance for neurologic deterioration after epidural 
steroid injections is important [ 25 ].
•     Risk factors : Injectate into the intrathecal space  
•    Symptoms : Bilateral radiculopathy, saddle hypesthesia, 

weakness, and bowel and bladder dysfunction  
•    Diagnosis : CT or MRI scan can both confi rm diagnosis.  
•    Treatment : Close monitoring of patient and vital signs 

and symptomatic management. Emergency surgical 
decompression if symptoms exist.     

    Spinal Cord Injury and Vertebrobasilar 
Infarction 

  Damage to the spinal cord can be caused by :
     1. Injection of medication into the spinal cord or 

vasculature  
 Most commonly by accidental injection of particulate 
material into radicular arteries lying adjacent to the tar-
geted nerve root.
•     Particulate steroids  (triamcinolone, betamethasone) 

are delivered by a carrier and are less soluble leading 

to their long-acting properties lasting 36–72 h but con-
tain microcrystals.  

•    Non - particulate steroids  (dexamethasone) have been 
demonstrated to dissipate rapidly and therefore may 
have a limited duration of effect     

    2. Direct needle trauma either to the spinal cord or dorsal 
root ganglion  
•  Needle placement into the dorsal root ganglion follow-

ing transforaminal injection. The shorter length of the 
dorsal roots at the cervical level increases the likeli-
hood that the injectate could enter into the spinal cord. 
Brainstem infarcts have also been associated with cer-
vical transforaminal epidural steroid injections  

    3. Vascular damage  
 The artery of Adamkiewicz, which is susceptible to damage, 
arises at T10 on left side; however, its position may vary 
from T7 to L4. Under fl uoroscopic guidance of intra- arterial 
injection, the contrast dye is likely to spread within both the 
epidural space and intravascularly. Since the pattern of intra-
arterial spread is thin, it may be overlooked [ 26 ]
•     Symptoms : New onset of neurological signs and symp-

toms including weakness, paresis, and stroke.  
•    Diagnosis : Can be made with signs and symptoms and 

radiological imaging including CT or MRI. Digital 
subtraction fl uoroscopy can enhance the visualization 
of intravascular dye [ 22 ]  

•    Treatment :
 –    High-dose IV corticosteroids within hours of the 

infarct show signifi cant reduction in neurological 
injury [ 9 ]  

 –   To minimize potential devastating neurological 
injury, the use of fl uoroscopic digital subtraction 
angiography (DSA) is suggested for all injections  

 –   The use of non-particulate steroids, specifi cally on 
the left side [ 22 ]          

 “Appendix  1 ” post-procedure instruction form to assist in 
anticipating complications.        
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    Appendix 1 

 Post-procedure instructions (with permission from Danesh H, Sayanlar J. Interventional Pain Management. In: Sackheim 
K. Rehab Clinical Pocket Guide. Rehabilitation Medicine. Springer, New York, 2013: 427–465) [ 27 ]     
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      Abbreviations 

   ADL    Activity of daily living   
  AP    Anteroposterior   
  ASC    Ambulatory surgical center   
  CBC    Complete blood count   
  CNS    Central nervous system   
  CPT    Current procedural terminology   
  CRPS    Complex regional pain syndrome   
  CT    Computed tomography   
  DRG    Dorsal root ganglia   
  ECG    Echocardiogram   
  ESR    Erythrocyte sedimentation rate   
  FDA    Food and Drug Administration   
  GABA    Gamma-aminobutyric acid   
  IPG    Implantable pulse generator   
  IV    Intravenous   
  MAC    Minimal anesthetic concentration   
  MRI    Magnetic resonance imaging   
  MRSA    Methicillin-resistant staphylococcus aureus   
  NSAID    Non-steroidal anti-infl ammatory drug   
  PCN    Penicillin   
  PDPH    Postdural puncture headache   
  SCI    Spinal cord injury   
  SCS    Spinal cord stimulator   
  UA    Urinalysis   
  VAS    Visual analog scale   

          History and Theory 

•     First use of electrical stimulation for the treatment of pain 
was documented in 600 BC when fi sh capable of electri-
cal discharge were applied to painful areas by Scribonius 
Largus.  

•   The modern resurgence in the use of stimulation was 
introduced by Shealy et al. in 1967 as an application of 
the Melzack and Wall [ 1 ] “gate control” theory of pain.  

•    Mechanism :
 –    With stimulation of larger A-beta vibration/touch sen-

sation fi bers within the dorsal columns of the spinal 
cord, nociceptive input from the periphery transmitted 
by smaller C-fi bers could be blocked  

 –   Now, it is known that other mechanisms prevail—spino-
thalamic inhibitory tract activation, supraspinal struc-
ture involvement, suppression of sympathetic activity, 
cutaneous myelinated fi ber activation, activation of 
inhibitory neurotransmitters GABA and adenosine.  

 –   Multiple structures beside the dorsal horn of the spinal 
cord can be stimulated to provide pain relief (DRG, 
peripheral nerves).       

  Patient Selection 

 Carefully consider the pain mechanism when opting for 
SCS treatment 
•     Increased Success : [ 2 ] Neuropathic and sympathetically 

mediated pain tends to respond better than mechanical or 
infl ammatory pain.     

    Indications 

•     Failed back surgery syndrome/post-laminectomy syndrome  
•   Complex regional pain syndrome (CRPS)  
•   Radiculopathy/Radiculitis  

      Neuromodulation 

           Tim     Canty     
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•   Spinal stenosis (nonoperative)  
•   Plexopathy  
•   Arachnoiditis  
•   Epidural or perineural fi brosis [ 2 ]  
•   Painful peripheral neuropathy, i.e., diabetic, postherpetic 

neuralgia, chemotherapy induced, idiopathic  
•   Chronic intractable pain of trunk and limbs  
•   Intractable low back pain and leg pain  
•   Postoperative chronic pain (abdominal, thoracic, pelvic, 

post-mastectomy, post-thoracotomy, post-nephrectomy, 
post-herniorrhaphy)  

•   Multiple sclerosis with lower extremity pain  
•   Motor disorders, i.e., cerebral palsy  
•   Ischemic pain related to severe peripheral vascular dis-

ease or refractory angina  
•   Occipital neuralgia  
•   Other peripheral neuropathic diagnoses     

    Contraindications 

•      Not recommended for the following diagnoses : [ 3 ]
 –    Complete SCI  
 –   Paraplegia/quadraplegia  
 –   Incomplete SCI with loss of posterior column  
 –   Nerve root avulsion  
 –   Centralized pain  
 –   Nociceptive pain     

•   Coagulopathy/Anticoagulation  
•   Pregnancy  
•   Neurological defi cit that may be corrected upon surgical 

intervention  
•   Comorbidities:

 –    Systemic infection  
 –   Local infection at the lead insertion or generator 

implant site  
 –   Immunosuppression/Malnutrition/Chronic Illnesses/

Tobacco use/Current corticosteroid use (relative con-
traindication—can inhibit wound healing)     

•   Anatomic changes: may prohibit lead passage [ 3 ]
 –    Prior surgery causing loss of epidural space—e.g., 

Posterior laminectomy/scar  
 –   Severe thoracic spinal stenosis:  Caution should be 

taken if severe spinal stenosis is present 
 n    Case reports of thoracic paraplegia during/after tri-

als due to trauma in the stenotic space  
 n   Some have advocated thoracic MRIs prior to lead 

placement. Lead diameter ranges from 1.4 to 
2.6 mm, adequate space must exist so that cord 
compression does not occur with placement     

 –   Severe scoliosis or spondylosis  
 –   Instability of spine     

•   Psychological [ 4 ]
 –    Cognitive impairment: patient inability to care for 

device or properly use device  
 –   Uncontrolled current drug abuse  
 –   Other severe uncontrolled psychiatric disease/instability     

•   Requirement for future MRIs: an SCS would previously be 
contraindicated; however, as of late 2013 the FDA has 
approved a Medtronic system that is compatible for MRI use  

•   Prior to proceeding with SCS be sure there is no surgi-
cally correctable pathology: [ 3 ]
 –    Order current imaging—MRI typically study of choice  
 –   Surgical evaluation  
 –   Rule out other causes of patients’ pain syndrome 

including referred pain from: Facet pathology, sacro-
iliac joint, piriformis syndrome, muscular pain, and 
internal disc disruption        

    Lead Placement 

•     Final lead placement is critical to obtain a successful trial 
and implantation  

•   Consider any anatomical constraints that may prohibit 
adequate lead placement  

•   A single lead placed just lateral to the midline may pro-
vide unilateral coverage; however, a single lead placed in 
the midline may capture bilateral dermatomes.  

•   Most often, for bilateral symptoms, double lead place-
ment just at the midline 1–3 mm apart is used.  

•   Leads can be staggered to cover more vertebral 
segments  

•   According to the literature, curved lead placements cross-
ing over the midline have also been met with success.  

•   Table  45.1  shows a list of common spinal and peripheral 
lead contact placements used to obtain adequate coverage 
for specifi c anatomic pain locations. Variances will exist 
between patients and lead placement should be individu-
alized for each patient. This table is only for reference and 
should be used as a loose guideline and adjusted 
accordingly.

               SCS Trial 

    Documentation/Approval 
•     Reserved for patients who have failed standard conserva-

tive management including but not limited to: Physical 
therapy, Medications (NSAIDs, opiates, neuropathic 
agents), and Injections  

•   Some insurance plans require psychological evaluation 
prior to submitting to insurance for pre-approval 
(Workers’ Compensation in particular)  
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•   Some insurance plans require a surgical evaluation to 
state there is no surgically treatable pathology (recom-
mended in all patients to ensure proper patient selection)  

•   Patients with severe pain, VAS >5  
•   Patients with pain limiting the patient’s activities of daily 

living (ADLs) and functioning  
•   Document all above criteria in preoperative evaluation 

note to facilitate insurance authorization     

    Equipment and Supplies 
•     Trial electrode kit(s) (includes epidural Tuohy needle)  
•   Stimulator box with connecting cables  
•   Loss of resistance syringe  
•   25 gauge 1.5 in. needle  
•   18 gauge needle  
•   10 mL syringe  
•   1 % lidocaine  
•   Skin marker  
•   Needle driver  
•   2-0 nonabsorbable nylon or silk suture on a curved needle  
•   Alternate to suture—Steri-strips and benzoin/mastisol     

   Trial Technique Steps and Pearls: (Percutaneous 
Lead Placement) 
•     Preoperative testing as per guidelines based on age and 

medical history. Check CBC with diff, UA, and ESR to 
help identify at-risk patients [ 3 ].  

•   Performed at offi ce-based fl uoroscopy suite, ASC, or hos-
pital under local anesthesia ± light sedation with versed/
fentanyl.  

•    Pre - procedure medication : IV antibiotics given preopera-
tively 30–60 min prior to incision. Ancef 1 g (2 g if 
>70 kg), if allergic—Clindamycin 600 mg or Vancomycin 
1 g × 1 dose (if MRSA colonized) [ 3 ]  

•    Lead selection : 4, 8, 16, 32 contact leads of varying diam-
eter with wide or narrow spacing of contacts. Up to four 
leads may be powered by a single generator.  

•    Positioning : prone with pillow under abdomen to reduce 
lumbar lordosis.  

•    Sterile prep : 2 % Chlorhexidine Gluconate/70 % Isopropyl 
Alcohol— Chloraprep . Full sterile draping.  

•    Entry Level : typically the L1/2 interspace but can also be 
L2/3 or L3/4. For cervical cases, it is T1–T4; however, 
some practitioners use lumbar insertion.  

  Procedure
• 14–15 gauge Tuohy needle is inserted in a paramedian 

approach through the anesthetized skin (1 % lidocaine) at 
1.5–2 vertebral levels below the anticipated insertion 
level to the epidural space. This allows for about a 30° 
angle of entry, which facilitates the lead exiting the needle 
to the dorsal epidural space without lead trauma and steer-
ing of the lead cephalad.  

•   Needle should be advanced just medial to the pedicle until 
desired intralaminar epidural space is located by loss of 
resistance technique (see Fig.  45.1 ).   

•   If two leads are used, then needles may be inserted bilat-
erally paramedian with an epidural target as close to the 
midline as possible. May also insert both Tuohy needles 
on ipsilateral side of the spinous process (see Fig.  45.2 ). 

   Table 45.1    Common spinal and peripheral lead contact placements 
used to obtain coverage for specifi c anatomic pain locations   

 Pain location/paresthesia 
coverage area  Level for lead contact placement 

 Occipital neuralgia  C1–C2 (subcutaneous) 
 Face below maxilla  C2 
 Neck, shoulder to hand  C2–C4 
 Forearm to hand  C4–C7 
 Anterior shoulder, anginal pain  C7–T1 
 Intercostal neuralgia, PHN, 
post-thoracotomy pain 

 T1–T6 (far lateral gutter/dorsal 
root entry zone. Also subcutaneous 
lead placement just medial to scar, 
parallel to spine) 

 Abdomen, pelvis  T5–T7 
 Low back  T7–T9 (can also consider 

subcutaneous array in paraspinal 
region) 

 Lower extremity  T8–T11 
 Pelvis  L1 (conus) 
 Foot  T12–L1 
 Knee  L3 (DRG) 
 Foot  L5, S1 retrograde 
 Pelvis, rectum  S2–S4 
 Coccyx  Sacral hiatus 
 Interstitial cystitis  S3 (four contact lead placed 

through dorsal foramina extending 
out ventral) 

  Fig. 45.1    Skin insertion site mid-pedicular ( arrow ) 1.5–2 vertebral 
levels below epidural entry       
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This is particularly important for permanent implant so as 
to limit incision size and may also be useful when a non- 
tunneled fl ank pocket/single incision technique is used.   

•   Lateral needle entry to the epidural space will often send 
the lead to the ventral epidural space. Rotating the Tuohy 
needle so that the opening is ventral and medial facilitates 
good dorsal lead placement (see Fig.  45.3 ). Lateral 
 fl uoroscopic views are performed initially to assure the 
lead is in the dorsal epidural space (see Fig.  45.4 ).    

•    If a  “ wet tap ”  occurs :
 –    Needle can be removed and entry re-attempted on the 

contralateral side or at one spinal level cephalad with 
extreme caution  

 –   If concern for persistent CSF leak or other complica-
tions, procedure can be aborted and rescheduled at a 
later date.     

•   Bending a slight curve into the tip of the stylet facilitates 
“steering” the lead as it is inserted cephalad with AP fl uo-
roscopic guidance. Once the lead is advanced to the 
proper location, the patient should be alert so that they 
can give feedback on where paresthesia is felt as the lead 
is activated.  

•   If a second lead is to be placed, it is benefi cial to test the 
initial lead fi rst to determine laterality. The physiologic 
midline of the spinal cord may be as much as 2 mm lat-
eral/medial to the anatomic midline.  

•   The “trolling method” can be used if coverage is not 
obtained with lead placement in the seemingly correct 

location. The lead is advanced cephalad several levels 
above the expected “sweet spot” and then a low level of 
energy is applied to the contacts so that the patient feels a 
slight paresthesia. The lead is then withdrawn slowly until 
the paresthesia is felt in the desired area(s).  

•   If scar or epidural adhesion is encountered with lead 
placement, it can often be bypassed using a non-curved 
stylet.  

•   Manufacturer representatives are usually available help 
program the correct combination of anodes and cathodes, 

  Fig. 45.2    Ipsilateral needle insertion is a technique that allows for 
smaller incision and facilitates single incision non-tunneled fl ank 
pocket       

  Fig. 45.3    Needle entry to the epidural space close to the midline facili-
tates proper lead exit to the dorsal space. If the lead moves laterally, 
then often it has entered the ventral epidural space       

  Fig. 45.4    Lateral fl uoroscopic views are performed initially to assure 
the lead is in the dorsal epidural space       
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amplitude, pulse width, and stimulation frequency that 
provides the most complete coverage of the targeted pain 
area with a pleasant paresthesia sensation. Stimulation- 
induced paresthesia should cover at least 80 % of the dis-
tribution of pain in order to attain optimal outcomes.  

•   Once this is achieved, the stylet and Tuohy needle are 
removed cautiously with fl uoroscopic guidance so as to 
not advance or withdraw the leads from the “sweet spot” 
location. A fi nal lead placement image should be docu-
mented. The leads can then be sutured or benzoin/tega-
derm fi xated and dressing applied.  

•   Patient is then brought to recovery area, where detailed 
programming and patient education is performed by manu-
facturer representatives. Once stable patient is discharged.  

•   For a trial, leads are left in place for 3–5 days so that there 
is adequate time for the patient to determine if they are 
satisfi ed with the sensation and coverage. It may be 
extended to 7–10 days if the patient is uncertain; however, 
longer trials may increase infectious risk.  

•   Post-procedure antibiotics have not been shown to reduce 
incidence of infection [ 4 – 6 ]; however, many practitioners 
will give Kefl ex 500 mg PO qid for the duration of trial 
until leads removed. Alternative (if PCN allergic): 
Ciprofl oxacin 500 mg PO bid.      

    SCS Permanent Percutaneous Implantation 

   SCS Implantation Documentation/Approval 
 Need documentation during the trial period that the patient 
experienced:
•    >50 % pain reduction  
•   Increased the ability to perform ADLs (specifi cs)  
•   Increased functioning (specifi cs)  
•   Decreased pain medication intake (encouraged, not 

essential)  
•   Satisfaction with stimulation sensation     

   Equipment and Supplies 
•     Implantation kit(s)—includes lead, anchor, epidural 

Tuohy needle, stylettes, guidewire, tunneling needle and 
sheath, lead extension  

•   Pulse generator battery  
•   #10 blade scalpel  
•   Surgical kit for implant (forceps, needle driver, retractors, 

mayo scissors, etc.)  
•   2-0 silk/nylon nonabsorbable on CT needle (anchors)  
•   2-0 vicryl (deep fascia)  
•   3-0 monocryl (subdermal)  
•   4-0 monocryl (subcuticular) vs. steri-strips vs. derma-

bond vs. staples  
•   1 % lidocaine  
•   Triple antibiotic irrigation and soaking implant     

   Implantation Technique Pearls 
•     Preoperative testing as per guidelines based on age and 

medical history. Check CBC with diff, UA, and ESR to 
help identify at-risk patients [ 3 ].  

•   Permanent implantation is done at an ASC or hospital 
with local and MAC anesthesia.  

•    Pre - procedure medication : IV antibiotics given preopera-
tively 30–60 min prior to incision. Ancef 1 g (2 g if 
>70 kg), if allergic—Clindamycin 600 mg or Vancomycin 
1 g × 1 dose (if MRSA colonized) [ 3 ]  

•    IPG selection : Rechargeable generator—smaller size. 
Needs to be charged every 1–7 days depending on the 
energy requirements of stimulation program. 
Nonrechargeable generator—typically last 3–7 years 
before they will need to be replaced surgically.  

•    Pocket location : chosen and skin marked preoperatively. 
Buttocks pocket should be placed on the dominant side 
to facilitate external placement of recharging device by 
patient. It should be lower than the beltline and not press 
against the ilium but cephalad enough that it will not be 
compressed by ischium in the seated position. Flank 
pocket should be inferior to the ribs but superior to the 
iliac crest and no more than 10 cm lateral to the midline 
so that lying on one’s side is not uncomfortable. For cer-
vical IPG placement, the anterior chest wall is often 
selected; however, fl ank or buttocks pockets are also 
used.  

•   Percutaneous leads can be replaced (see steps in trial sec-
tion above) to the prior recorded spinal location as in the 
trial with intraoperative patient testing to confi rm ade-
quate coverage. Alternatively, a laminectomy can be per-
formed surgically under general anesthesia with a paddle 
lead placed under direct vision. Laminectomy placed 
paddle leads result in less lead migration and may prolong 
battery life by lowering energy requirements. Some prac-
titioners advocate paddle leads for better low back cover-
age however outcomes are comparable between the two 
techniques in studies at 3 years. Paddle leads now exist in 
up to fi ve column arrays containing 20 total contacts for 
more precise direction of stimulation.  

•   Dissection of the midline or paramedian incision down to 
the spinous process facilitates suturing lead anchors to the 
deep interspinous fascia with 2-0 silk/nylon nonabsorb-
able suture. This will reduce lead migration. Various lead 
anchoring systems are also available depending on the 
manufacturer chosen.  

•   Strain relief loops placed in the lead just distal to the 
anchor and just proximal to the IPG may also reduce lead 
migration and fracture.  

•   After generous local anesthetic (1 % lidocaine) is applied, 
the tunneling needle and sheath are inserted subcutane-
ously from lead incision to the pocket site so that leads 
can be delivered and connected to the IPG.  
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•   Pocket formation depth should be less than 1 in. below 
skin surface in subcutaneous fat plane. Blunt dissection 
with fi nger rather than cutting may reduce bleeding. Some 
advocate anesthetizing skin with plain lidocaine without 
epinephrine so that any small bleeders can be identifi ed 
and coagulated so as to reduce hematoma and infection or 
seroma.  

•   Both midline incision and pocket are irrigated copiously 
with triple antibiotic irrigation prior to closure of 
incisions.  

•   Incision is closed in 2–3 layers using 2-0 vicryl for deep 
fascia, 3-0 monocryl for subdermal, and 4-0 monocryl for 
subcuticular. Alternatively, instead of 4-0 monocryl for 
subcuticular layer steri-strips, dermabond, or staples can 
be applied.  

•   Patient is then brought to recovery, the SCS repro-
grammed and then discharged when appropriate.     

   Post-procedure Instructions [ 3 ] 
•     If medically stable, patient is discharged home same day  
•   Rest for 2 days post-procedure  
•   It is normal to feel some pain and swelling for a couple 

days after the procedure. Pain medications may be pre-
scribed to help during this time.  

•   Avoid sudden movements, bending, twisting, lifting, 
reaching, pulling, and stretching for 4–6 weeks 
following.  

•   Avoid showering for 1–2 days. Then keep wound dry 
10–14 days or 1–2 days after sutures/staples are removed     

   Complications 
•     Lead migration—13 %  
•   Lead fracture/breakage—9 %  
•   Infection—3–4 %—requiring hardware removal (9 % for 

diabetics)  
•   Seroma  
•   Hematoma  
•   Wound dehiscence  
•   Perforated viscus from tunneling  
•   Dural puncture leading to CSF leak, CSF hygroma  
•   Postdural puncture headache (PDPH)  
•   Pain at generator site  
•   Cord injury and nerve trauma may result in neurological 

symptoms and/or paraplegia     

   Complication Management/Troubleshooting 
•      Wound Infection : May present with pain, erythema, 

swelling, and wound discharge with possible fever and 
chills. Postoperative infl ammation usually diminishes 5–7 
days following procedure while infection swelling can 
begin 3–5 days following procedure. Evaluate carefully to 

see if swelling is associated with increased tenderness [ 3 ]. 
Majority result from Staphylococcus, Streptococcus, and 
MRSA. Post-procedure antibiotics have not been shown 
to reduce incidence of infection [ 6 ]; however, many prac-
titioners prescribe 5–7-day prophylactic postoperative 
antibiotics. This can lead to resistant organisms, and deci-
sions should be made based on clinical judgment. If after 
this period signs of superfi cial incision site infection 
occur (erythema, tenderness), then an empiric 7–14-day 
course of broad-spectrum oral antibiotics could be given. 
Labs can be ordered including wound cultures, CBC, 
ESR, CRP. These labs may be nonspecifi c but once cul-
tures are back change antibiotic appropriately. Ultrasound 
can help differentiate between seroma, hematoma, and 
infection [ 3 ]. If infection has reached the hardware (sys-
temic infection), this would necessitate hardware removal 
and prolonged course of IV antibiotics.  

•    Hematoma at IPG site : Most small hematomas resolve 
within a few weeks postoperatively. While large progress-
ing hematomas may lead to infection and/or wound dehis-
cence. Hematomas are more likely to lead to infection 
than seromas. Monitor carefully  

•    Seroma : Collection under the wound consisting of serum, 
lymphatic fl uid, and liquefi ed adipose tissue. Similar pre-
sentation to hematoma. Relatively benign complication 
when small in size, but can develop into infection so 
should be followed closely [ 3 ].
 –    If infection suspected—order labs CBC, ESR, CRP  
 –   Ultrasound can help distinguish between hematoma, 

seroma, and infection  
 –   If necessitated, aspirate fl uid with large bore 14 g nee-

dle, send for culture, and sensitivity prior to antibiotic 
initiation (only if warranted).
   If culture is positive, initiate appropriate antibiotics.  
  If culture is negative, then place a small seroma drain 

and have patient wear compression belt for 2–3 
days.  

  If seroma recurs, then incision will need to be opened 
and the internal capsule either dissected out com-
pletely or scored with cautery extensively to pro-
mote adequate healing. May also spray scored/
resected pocket with fi brin sealant to reduce oozing 
when pocket is being revised for seroma.        

•    Epidural Hematoma : Symptoms include: back or leg 
pain, sensory or motor changes, and/or bowel or bladder 
changes. If patient develops neurological symptoms, 
emergent MRI obtained. If positive, emergent decom-
pression/evacuation may be warranted to prevent persis-
tent/progressive neurological compromise. Best recovery 
has been seen with surgical intervention within 6 h of 
symptom onset [ 4 ].
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 –     Anticoagulation : Full explanation of managing antico-
agulation is described in previous chapter dedicated to 
this important topic. To avoid hematomas on implanta-
tion, obtain permission from prescribing physician to 
stop Plavix and for 7 days and Ticlid for 14 days prior 
to procedure. Coumadin can be held for 4–5 days (can 
bridge with heparin, last heparin dose 24 h prior to pro-
cedure) and check INR on the day of or prior to proce-
dure (should be <1.2 for epidural lead placement, <1.5 
for IPG changes) [ 3 ].     

•    Epidural Abscess : presentation is similar to hematoma 
with delayed onset of days to weeks. Labs to order 
include CBC, ESR, CRP, and emergent MRI scan. Signs 
of severity are new neurological symptoms, persistent 
fever, increasing pain, and increased WBC; this requires 
emergent surgical evacuation, explantation, and antibi-
otics [ 3 ]  

•    Lost or inadequate stimulation : AP and lateral fl uo-
roscopic images of the leads, connections, IPG to rule 
out lead migration, lead fracture, disconnection. If nor-
mal, then interrogate the IPG and reprogram varying 
amplitude, pulse width, and active electrodes. Check 
impedance and if two contacts are identical this indi-
cates a short circuit. Programmer will also indicate if 
there is battery failure requiring replacement surgery. 
Leads and/or connectors may need replacement if bat-
tery is found to be intact and there are no 
disconnections.  

•    SCS and pacemakers : SCS can be safely utilized in con-
junction with a non-demand type cardiac pacemaker and 
even an ICD [ 7 ]. Both devices should be programmed in 
bipolar mode. When placing an SCS, the cardiac device 
should be monitored for any sign of interference. Every 
time the SCS is reprogrammed continuous ECG should 
be monitored for signs of interference. An SCS will not 
damage an ICD, but if and ICD discharges, the SCS IPG 
may be damaged therefore after every discharge the SCS 
IPG should be interrogated to check the status of the 
device.  

•    Decreased stimulation threshold : May indicate intra-
thecal migration of lead abutting spinal cord. Imaging 
would be required.     

   Outcomes 

•     50–70 % patients achieve >50 % pain relief with improved 
function ( successful trial ) [ 5 ]  

•   20–40 % patients have loss of effectiveness, 2 years after 
implantation—indicating possible neuroplasticity within 
the CNS [ 8 ].  

•   Better SCS outcomes than reoperation for failed back sur-
gery syndrome [ 9 ]

 –    Prospective randomized crossover study  
 –   Outcomes: >50 % pain relief, patient satisfi ed  
 –   9/19 SCS successful vs. 3/26 reoperation     

•   Improved 5-year patient satisfaction vs. medical manage-
ment for CRPS-I [ 10 ]
 –    95 % patients would reimplant if given the option             
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      Abbreviations 

   ACTH    Adrenocorticotropic hormone   
  ASRA    American Society of Regional Anesthesia   
  CPT    Current Procedural Terminology   
  CSF    Cerebrospinal l fl uid   
  CT    Computed tomography   
  DDS    Drug delivery systems   
  FDA    Food and Drug Administration   
  GB    Glycoprotein   
  HIV    Human immunodefi ciency virus   
  IDDS    Intrathecal drug delivery systems   
  IT    Intrathecal   
  LMWM    Low molecular weight marker   
  MRI    Magnetic resonance imaging   
  NSAIDs    Nonsteroidal anti-infl ammatory drugs   
  PDPH    Post-dural puncture headache   

         Introduction 

 Intrathecal drug delivery systems (IDDS) have been utilized 
for the past few decades for the long-term management of 
patients with intractable malignant [ 1 ,  2 ] and chronic non-
malignant pain [ 3 – 5 ]. The deposit of medications directly 
into the intrathecal (IT) space in the vicinity of the dorsal 
horn and nerve roots is an ideal route for the administration 
of analgesics. In addition, the medication dosages needed are 
signifi cantly lower causing a marked reduction in side 
effects.   This chapter will briefl y review the most important 
aspects of IDDS. It does not suffi ce as an only resource for 
practitioners involved with ITP placement or trial.  

    Indications for IDDS 

•     Inadequate analgesia with other oral/systemic analgesic 
methods  

•   Intolerable side effects from oral/systemic therapy     

    Pain Types/Conditions Treated with IDDS 

•      Nociceptive 
 –    Cancer pain  
 –   Post-laminectomy syndrome  
 –   Intractable angina     

•    Neuropathic 
 –    Complex Regional Pain Syndrome (I/II)  
 –   Post-herpetic neuralgia  
 –   Painful peripheral neuropathy  
 –   Post-stroke pain  
 –   Nerve root injury  
 –   Adhesive spinal arachnoiditis  
 –   Spinal cord injury  
 –   Phantom limb pain     

•    Mixed 
 –    HIV-related pain        

    Contraindications for IDDS 

•      Absolute Contraindications 
 –    Coagulopathy, bleeding disorders (not corrected)  
 –   Systemic infections  
 –   Local cutaneous infections near surgical sites  
 –   Known allergies or reactions to the implantable materials  
 –   Allergy to medications to be infused  
 –   Active intravenous drug abuse  
 –   Major psychiatric illness  
 –   Poor compliance  
 –   Short life expectancy (<3 months)     

      Intrathecal Drug Delivery Systems 
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•    Relative Contraindications 
 –    Anticoagulation therapy (must be reversed before 

invasive procedures)  
 –   Preexisting anatomic abnormalities  
 –   Poor family or social support  
 –   Body habitus not conductive to implant  
 –   Metabolic disorder  
 –   Recovering drug addiction (patients need a thorough 

assessment)  
 –   Poor healing        

    Success of Neuraxial Analgesia Relies 
on Many Factors Including [ 6 ] 

•     Accurate diagnosis  
•   Proper patient selection  
•   Appropriate assessment of coexisting medical conditions 

as well as psychological comorbidities  
•   Prior therapies and results  
•   Spinal and anatomical technical factors  
•   Device-related limitations  
•   Socioeconomic factors     

    Patient Selection 

•      Inclusion Criteria 
 –    Identifi able pathology and/or pain generators (listed 

from above indication list)  
 –   Measurable opioids responsiveness  
 –   Failure of oral/systemic opioids therapy  
 –   Pain refractory to other less invasive therapies  
 –   No indication for medical or surgical therapy  
 –   No contraindications  
 –   Proper psychological screening and behavioral 

assessment     
•    Psychological Screening 

 –    Assessment of these conditions in the context of medi-
cal decision making is essential  

 –   Performed by a trained clinical psychologist  
 –   Patient and treating physician must have similar 

expectations  
 –   Even though several psychological conditions such as 

personality disorders, depression, substance abuse, 
and secondary gain could be absolute contraindica-
tions for IDDS implantation; a patient should not be 
included or excluded solely on the basis of a single 
psychological test.  

 –   In patients with psychological comorbidities, ongoing 
psychological monitoring is recommended  

 –   For cancer patients, an initial psychological evaluation 
may not be necessary if the IT therapy can signifi cantly 
improve their quality of life        

    Trialing for IDDS 

 The wide variety of agents available for IT analgesia either 
single-drug [ 7 ] or multi-drug regimen [ 8 ] (FDA-approved 
and off-label use), some of them with rather limited scientifi c 
evidence, have led pain physicians to focus their attention to 
develop practice guidelines for the use of these drugs for the 
long-term management of malignant [ 9 ] and nonmalignant 
pain [ 10 ,  11 ]. The trial period has been used as a measure of 
success in the subsequent IDDS implantation. However, the 
value of the trial as predictor of clinical outcome has not 
been supported by the literature. The trial process and device 
implantation techniques vary to a great extent based on the 
physician’s skills, preferences, practice facilities, and health 
insurance coverage (Fig.  46.1 ).   

    Trialing 

•         Goals of Trialing 
 –       Physician must have an honest discussion with the 

patient regarding realistic expectations in terms of:
 �    Pain control  
 �   Improvement in functional capacity  
 �   Reduction in systemic opioids analgesics  
 �   Management of adverse effects and complications      

 –      Objective measures for functional outcomes and 
patient satisfaction should be utilized   

 –      “ Successful trial ”— commonly defi ned as a pain inten-
sity reduction of  > 50  %  in visual analog score     

•          Pretrialing Assessment 
 –        Comorbidities :

 �    Comorbidities such as diabetes, immunosuppres-
sion, sleep apnea, and bleeding disorders need 
 special attention during the IT trial.  

 �   Medications for chronic conditions must be 
 continued throughout the duration of the trial.  

 �   It is recommended to use prophylactic antibiotics 
continuously during trial of intrathecal infusions.      

 –       Anticoagulation : Discontinuation of anticoagulation 
therapy is required before the trial. Physicians must 
follow the American Society of Regional Anesthesia 
(ASRA) and Pain Medicine guidelines for spinal injec-
tions and catheter placement [ 12 ]. Permission must be 
obtained from prescribing physician before discontin-
uing these medications.
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 �    Antiplatelet medications
 ◆    NSAIDs: no contraindication  
 ◆   Clopidogrel: discontinue for 7 days  
 ◆   Ticlopidine: discontinue for 14 days  
 ◆   GP IIb/IIIa inhibitors: discontinue for 8–48 h     

 �   Subcutaneous unfractioned heparin
 ◆    Twice a day dosing or <10,000 U/day: no contra-

indication; consider delaying the heparin if a 
technically diffi cult case  

 ◆   More than twice a day dosing or >10,000 U/day: 
safety not established     

 �   Intravenous unfractioned heparin
 ◆    Restart heparin 1 h after procedure

   Remove catheter 2–4 h after last heparin dose        
 �   Low molecular weight marker (LMWM)

 ◆    Single dose: Perform procedure 10–12 h after 
LMWM; next dose 4 h after needle or catheter 
placement  

 ◆   Twice a day dosing: restart LMWM 24 h after 
procedure; remove catheter at least 2 h before 
fi rst dose LMWM  

 ◆   Therapeutic dose: delay procedure for 24 h         

 –       Pretrialing Systemic Analgesics : In patients on chronic 
opioids therapy several options can be  considered 
before the trial:

 �    Complete conversion of systemic opioid therapy 
into epidural or intrathecal route  

 �   Complete weaning off medications before the trial: 
this could unmask an underlying opioid-induced 
hyperalgesia. Some patients may not require IDDS 
after they are completely weaned off opioids.  

 �   Partial weaning to minimal required dosages  
 �   No weaning      

 –       Unnecessary trials : In several conditions, the addition 
of an IT trial before the implantation may be an unnec-
essary and counterproductive step.

 �     Cancer pain : advanced oncologic disease with 
minimal control on chronic opioids therapy or 
unable to tolerate medication side effects. The 
reduction of side effects and better pain control 
may improve their quality of life. Intrathecal ther-
apy in this patient population must be weighed 
against the risk of surgery, infection, and medica-
tion management.  

  Fig. 46.1    Determination of patient’s candidacy for intrathecal pump implantation       
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 �    Cerebrovascular disease : Patient on anticoagulation 
after stroke with chronic pain. Stopping prophylac-
tic anticoagulation in two separate occasions or 
having to bridge with heparin therapy may out-
weigh the benefi ts of the procedure.  

 �    Cerebral Palsy : Patients with cerebral palsy and 
spasticity may benefi t from IDDS with baclofen 
without undergoing a trial if oral baclofen therapy 
has been tolerated in the past.  

 �    Spinal instrumentation at multiple levels : Patient 
with anatomic challenges may benefi t from an open 
surgical IT catheter placement. In this scenario, a 
prior IT trial may be unnecessary.       

          Medications 

        Opioids : Inhibition of C-fi ber transmission by binding to 
pre-/postsynaptic μ receptors at the dorsal horn and substan-
tia gelatinosa
•        Morphine :

 –    Remains the “gold standard” for intrathecal opioid 
analgesia  

 –   Only opioid approved by the FDA for IDDS      
•       Hydromorphone :

 –    Semisynthetic hydrogenated ketone of morphine  
 –   Greater lipophilic properties than morphine, thus 

resulting in more potency and faster onset of action      
•       Fentanyl/Sufentanil :

 –    These highly lipophilic medications have the fastest 
onset, action peak, and clearance.  

 –   Fentanyl and sufentanil have potencies of 100× and 
1,000× when compared to morphine, respectively.  

 –   Due to their rapid clearance from the intrathecal space, 
these medications are thought to have less rostral 
spread causing less supraspinal side effects.       

         Local anesthetics : Bind to plasma membrane of nerve cells 
causing modifi cations of the fast sodium channels prevent-
ing sodium infl ux which initiates the action potential
•        Bupivacaine :

 –    Most commonly used local anesthetic  
 –   Not been approved by the FDA to use in IDDS  
 –   Synergistic effect when combined with opioids       

         Alpha - 2 adrenergic agonists : Inhibit neurotransmission and 
slow down the release of C-fi ber transmitters including sub-
stance P by binding to pre/postsynaptic α-2 receptors in the 
dorsal horn
•        Clonidine :

 –    Adjuvant to opioid therapy  
 –   Has an effect on postsynaptic G-coupled potassium 

channels resulting in hyperpolarization and can also 

activate spinal cholinergic receptors potentiating the 
analgesic effect  

 –   Due to its lipophilic properties, results in rapid onset, 
peak action, and clearance from IT space.  

 –   Approved by the FDA for IT administration  
 –   Most common side effect is postural hypotension       

         GABA B agonists : Reduces terminal neurotransmitter release 
by evoking hyperpolarization of the membrane
•        Baclofen :

 –    Scientifi c evidence for pain conditions is limited  
 –   Approved by the FDA for IDDS use  
 –   Side effects include drowsiness, weakness, confusion, 

sedation, hypotension, among others  
 –   Overdose and withdrawal from baclofen can both be 

fatal. Initiation of this intrathecal medication requires 
extreme caution.       

         Calcium channel antagonists : Inhibition of substance P and 
glutaminergic transmission through N-type voltage- sensitive 
calcium channels in the substantia gelatinosa.
•        Ziconotide :

 –    Synthetic derivative of a toxin produced by the  Conus 
magnus   

 –   Commonly used for neuropathic pain syndrome as 
well as chronic nonmalignant pain  

 –   Approved by the FDA for intrathecal use  
 –   Narrow therapeutic window with an extensive list of 

adverse effects including: changes in mental status, 
confusion, changes in mood or perception, postural 
hypotension, drowsiness, dizziness, nystagmus, visual 
problems, among others.       

         Other agents 
•        Gabapentin :

 –    Reduces mechanical allodynia and thermal hyperalge-
sia in animal models  

 –   Potency of gabapentin is tenfold greater than its subcu-
taneous and intraperitoneal routes  

 –   Minimal effects on heart rate and blood pressure      
•       Neostigmine :

 –    Quicker onset of sensory block and longer duration of 
motor and sensory block when compared with 
bupivacaine      

•       Adenosine :
 –    Reduces the area of allodynia and hyperesthesia      

•       Ketorolac :
 –    Even though prostaglandins play an important role in 

central sensitization, ketorolac does not reduce pain.       

        Medication selection for IT analgesia
•       Multiple factors must be taken into consideration:

 –    Pain type, lipid solubility of the drug, comorbid condi-
tions, and concomitant medications  
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 –   Due to the challenges that medication selection 
impose in the treating physician, a panel experts have 
created several guidelines for the utilization of IDDS. 
The following recommendations are based on the 
algorithms from the 2012 Polyanalgesic Consensus 
Conference [ 11 ].      

•      Neuropathic Pain (Table  46.1 )
 –      Line 1 —Morphine alone or in combination with bupi-

vacaine are considered fi rst-line therapy for neuropathic 
pain. Ziconotide is also recommended as fi rst-line treat-
ment for neuropathic and nociceptive pain.  

 –    Line 2 —Hydromorphone alone or in combination with 
bupivacaine or clonidine; morphine in combination 
with clonidine.  

 –    Line 3 —Fentanyl alone or in combination with bupi-
vacaine or clonidine; clonidine alone and the combina-
tion of ziconotide and an opioid.  

 –    Line 4 —Bupivacaine in combination with clonidine 
with or without opioids.  

 –    Line 5 —Baclofen monotherapy      

•      Nociceptive Pain (Table  46.2 )
 –      Line 1 —Morphine, hydromorphone, and zico notide 

monotherapy are considered fi rst-line therapy for noci-
ceptive pain. Fentanyl has also been incorporated as a 
fi rst-line drug due to the lack of granuloma formation 
and lipophilic nature.  

 –    Line 2 —Morphine, hydromorphone, or fentanyl in 
combination with bupivacaine; ziconotide in combina-
tion with an opioids.  

 –    Line 3 —Morphine, hydromorphone, or fentanyl in 
combination with clonidine; sufentanil mono-therapy.  

 –    Line 4 —Morphine, hydromorphone, or fentanyl in 
combination with bupivacaine and clonidine; sufentanil 
in combination with bupivacaine or clonidine.  

 –    Line 5 —Sufentanil in combination with bupivacaine 
and clonidine.      

•      Starting dosages for IT bolus/continuous infusion and 
maximum concentrations (Table  46.3 )

•          Trialing methods: There are multiple ways of trialing neur-
axial medications (i.e., epidural versus intrathecal, bolus 

   Table 46.1    2013 Polyanalgesic algorithm for intrathecal (IT) therapies in neuropathic pain   

 Line 1—Morphine/Ziconotide/Morphine + Bupivacaine 
 Line 2—Hydromorphone/Hydromorphone + Bupivacaine or Hydromorphone + Clonidine/Morphine + Clonidine 
 Line 3—Clonidine/Ziconotide + opioid/Fentanyl/Fentanyl + Bupivacaine or Fentanyl + Clonidine 
 Line 4—Opioid + Clonidine + Bupivacaine/Bupivacaine + Clonidine 
  Line 5 — Baclofen  

  Adapted from Deer TR, Levy R, Prager J, et al. Polyanalgesic Consensus Conference—2012: Recommendations on Trialing for Intrathecal 
(Intraspinal) Drug Delivery: Report of an Interdisciplinary Expert Panel. Neuromodulation 2012;15:436–464 [ 11 ]  

   Table 46.2    Polyanalgesic algorithm for intrathecal therapies in neuropathic pain   

 Line 1—Morphine/Hydromorphone/Ziconotide/Fentanyl 
 Line 2—Morphine + Bupivacaine/Ziconotide + Opioid/Hydromorphone + Bupivacaine/Fentanyl + Bupivacaine 
 Line 3—Opioid (Morphine, Hydromorphone, or Fentanyl) + Clonidine/Sufentanil 
 Line 4—Opioid + Clonidine + Bupivacaine/Sufentanil + Bupivacaine or Clonidine 
  Line 5 — Sufentanil  +  Bupivacaine  +  Clonidine  

  Adapted from Deer TR, Levy R, Prager J, et al. Polyanalgesic Consensus Conference—2012: Recommendations on Trialing for Intrathecal 
(Intraspinal) Drug Delivery: Report of an Interdisciplinary Expert Panel. Neuromodulation 2012;15:436–464 [ 11 ]  

   Table 46.3    Recommended dosages and concentrations for intrathecal medications   

 Drug  IT Bolus dose  Starting daily dose  Maximum daily dose  Maximum concentration 

 Morphine  0.2–1.0 mg  0.1–0.5 mg/day  15 mg  20 mg/mL 
 Hydromorphone  0.04–0.2 mg  0.02–0.5 mg/day  10 mg  15 mg/mL 
 Fentanyl  25–75 μg  25–75 μg/day  No upper limits  10 mg/mL 
 Sufentanil  5–20 μg  10–20 μg/day  No upper limits  5 mg/mL 
 Bupivacaine  0.5–2.5 mg  1–4 mg/day  10 mg  30 mg/mL 
 Clonidine  5–20 μg  40–100 μg/day  40–600 μg  1,000 μg/mL 
  Ziconotide   1–5 μg  0.5–2.4 μg/day  19.2 μg  100 μg/mL 

  Adapted from Deer TR, Levy R, Prager J, et al. Polyanalgesic Consensus Conference—2012: Recommendations on Trialing for Intrathecal 
(Intraspinal) Drug Delivery: Report of an Interdisciplinary Expert Panel. Neuromodulation 2012;15:436–464 [ 11 ]  
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versus continuous infusion). Due to the lack of scientifi c evi-
dence, no method can be considered superior to the others.
 –    Epidural versus intrathecal: The use of these routes of 

administration may depend on the pain sensitivity of 
patients. Any of the routes may be appropriate.  

 –   Single versus multiple injection  
 –   Bolus versus continuous: Either of these trialing meth-

ods should be performed before the permanent implant 
to test for possible adverse reactions and analgesic 
effect. However, none of them can be used as predictor 
of outcome.

 �     Bolus 
   Advantage: cost, convenience, and safety  
  Disadvantage: limited information regarding long- 

term effects     
 �    Continuous :

   Advantage: More representative of pharmacokinetic 
and pharmacodynamic effects; provides more 
time for functional assessment  

  Disadvantage: Higher costs due to close hospital 
monitoring, higher infection risk            

•      Trial setting: The experts from 2012 Polyanalgesic 
Consensus Conference recommend that patients should 
be monitored for at least 24 h [ 11 ]. Inpatient setting is 
warranted for patient with cancer-related pain (higher life 
expectancy) and for patients with chronic pain receiving 
opioids.
 –     Outpatient 

 �    Advantages: Lower costs, more convenient  
 �   Disadvantages: Limited monitoring, slow titration     

 –    Inpatient 
 �    Advantages: Appropriate monitoring, rapid 

titration  
 �   Disadvantages: Higher costs, time consuming         

•      Initiation of IT medications after trial
 –    Conservative dosing should be consider using the 

lower possible reasonable dose  
 –   Close monitoring during the postoperative period is 

recommended to prevent respiratory depression             

    Complications from Trialing 

•      Post - dural puncture headache  ( PDPH )
 –    Treatment:

 �    Supine position  
 �   Hydration  
 �   Caffeine intake  
 �   Intravenous dexamethasone  
 �   Analgesics  
 �   Epidural blood patch        

•    Urinary retention 
 –    Treatment:

 �    Catheterization  
 �   Bethanechol  
 �   Opioid rotation        

•    Orthostatic hypotension 
 –    Treatment:

 �    Hydration        
•    Catheter dislodgment 

 –    Treatment:
 �    Place the catheter over the lower lumbar area  
 �   Anchor over the sacrum  
 �   Tunneling prevents the occurrence of dislodgment        

•    Meningitis 
 –    Treatment:

 �    Use proper sterile techniques  
 �   Limit duration of trial (<3 days)  
 �   Tunnel the catheter  
 �   Maintain appropriate aseptic conditions  
 �   Consider the use of antibiotics through the catheter           

    Implantable Pump System 

•         Preoperative preparation :
 –       Expectations should be discussed again including the 

possibility of achieving less analgesia than during the 
trial   

 –      Patient should be assessed for pulmonary function and 
risk of respiratory depression   

 –      Long-acting medications should be discontinued, as 
the IDDS will replace this, if a continuous infusion is 
used. Medications for breakthrough pain should be 
continued until the pain is stable.   

 –       Pump size : The treating physician should have a dis-
cussion about which pump size is appropriate for a 
particular patient. As a general rule, the patient should 
receive the largest pump that the anatomic area allows 
to facilitate a longer refi ll interval.   

 –       Identify the pump pocket site :
 �    Consideration is made to belt lines, comfort posi-

tioning, wheelchair arms, physical activities, and 
other rehabilitation matters.  

 �   Pump should be positioned away from anatomic 
landmarks such as the rib cage, iliac crest, and cur-
rent or future surgery sites.  

 �   Most common sites for implantation of the pump 
are the lower abdominal quadrants.      

 –      Initiate discussion about program settings and medica-
tions that will be used. Changes can always be done 
once the therapy has been started but the patient should 
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have an active role on deciding which programming 
modality is being chosen.   

 –       Intravenous hydration : maintain adequate hydration 
for before procedure to prevent hypovolemic states 
and hypotension   

 –      Risks and benefi ts of the procedure (including the risk 
of anesthesia) should be discussed.    

•          Equipment  [ 13 ]
 –       Tunneled percutaneous catheters: same catheter used 

for continuous neuraxial analgesia but internalized/
tunneled to prevent catheter dislodgement   

 –      Implanted catheter with subcutaneous injection site: 
catheters can be placed in the epidural or intrathecal 
space; however, they have been approved for epidural 
infusions only. Placement requires fl uoroscopy guid-
ance and sterile conditions.

 �    Epidural Port-a-Cath (Smiths Medical): It can be 
used for patients with malignant pain with short life 
expectancy (<3 months). The catheter is internal-
ized, tunneled, and connected to the reservoir. The 
reservoir site is usually implanted above a bony 
structure and anchored to the fascia to prevent 
movement of the port during access with a noncor-
ing needle. The Port-a- Cath is connected to an 
external pump for continuous infusion.       

   Pump Options : 
•       Fixed-rate intrathecal pump : These pumps are set to deliver 

a constant volume of solution per unit of time. There is no 
external device to program the fl ow rate. They are driven by 
an injected pressurized gas or by an elastomeric diaphragm. 
The fl ow rate is determined by the diameter of the orifi ce. 
They can be used to infuse intrathecal pain medications and 
intravenous chemotherapeutic agents.
 –     Advantages :

 �    No programming required  
 �   Availability of qualifi ed physicians to manage the 

pump is not necessary (Easier for patients to relo-
cate or travel)  

 �   Smaller profi le device  
 �   Do not require periodic battery changes     

 –    Disadvantages :
 �    Patient selection is more diffi cult  
 �   More diffi cult to make changes in delivery doses  
 �   More diffi cult to stop in the event of an emergency     

 –    Current options for fi xed - rate pumps 
 �    Codman 3000 (Codman and Shurtleff, Inc., a 

Johnson & Johnson Co., Raynham, MA)  
 �   IsoMed (Medtronic, Inc., Minneapolis, MN)         

•       Programmable pumps : Can be used to treat malignant and 
chronic pain as well as spasticity. They can also be used 
as hepatic or intravenous infusions. They equipment con-
sists of an implantable pump, intrathecal catheter, and 
external device to program the pump.
 –     Advantages 

 �    Adaptability—easy alteration of medication 
dosages  

 �   Use of bolus dosing for breakthrough pain with 
option of handheld device for patient’s 
self-administration  

 �   Complex-continuous programming for variable but 
predictable pain throughout the day     

 –    Disadvantages 
 �    Programming errors  
 �   Closer follow-up needed for safe and effective use  
 �   Trained physicians must be available in the event of 

travel or relocation     
 –    Programmable factors 

 �    Patient information  
 �   Date and time of setting changes  
 �   Medications names, dosages (per unit of time), and 

concentrations  
 �   Infusion mode

   Single bolus  
  Simple continuous  
  Single bolus plus simple continuous  
  Periodic bolus  
  Complex continuous     

 �   Total volume of medication in the reservoir and 
alarm volume  

 �   Clinician-delivered bolus doses  
 �   Patient-delivered bolus doses  
 �   Current options for programmable pumps

   SynchroMed EL (Medtronic, Inc., Minneapolis, 
MN)  

  SynchroMed II (Medtronic, Inc., Minneapolis, 
MN)  

  Prometra (Flowonix Medical, Mount Olive,  NJ)             

          ITP Implantation Procedure 

•     Positioning
 –    Depends on the physician preference: the lateral 

decubitus position with the pocket side up versus the 
prone position for IT catheter placement with rotation 
of the patient to a supine position for creation of the 
pocket.  
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 –   If prone position is preferred, the use of pillows 
underneath the abdominal area increases the separa-
tion of the spinous processes in the lumbar spine to 
facilitate access to the intrathecal space. For practitio-
ners that prefer the lateral decubitus position, the 
patient must be positioned with the lumbar spine 
slightly fl exed.  

 –   The use of pillows or pads to avoid pressure points is 
also encouraged.  

 –   Position the table and drape the patient to allow fl uoro-
scopic visualization of the anatomic landmarks were 
the catheter will be inserted.     

•   Needle placement
 –    After the skin and subcutaneous tissues have been 

infi ltrated with local anesthetic, the spinal needle is 
inserted using a shallow, paramedian oblique insertion 
technique (30° off the spine).  

 –   Entry point should be 1–2 cm lateral to the spinous 
processes and 1–1.5 vertebral levels below the site 
were the dura will be punctured (for entry point 
through the skin or open incision)  

 –   Needle tip should enter the dura at the L2–3 or L3–4 
level (unless anatomic variations dictate otherwise).  

 –   Keeping the bevel parallel to the longitudinal fi bers, 
the needle should be advanced until the dura is 
puncture.  

 –   The stylet should be removed at different depths to 
confi rm correct placement until free fl owing, clear 
CSF is observed.  

 –   The stylet is reinserted to prevent the unnecessary fl ow 
of CSF.     

•   Implanting the catheter (lateral decubitus position)
 –    After correct placement of the needle in the intrathecal 

space, the bevel is oriented cephalad (to minimize 
shearing of the catheter) and the stylet removed and 
the distal tip of the catheter threaded to the desired 
location.  

 –   A slight increase in resistance could be felt when the 
catheter has been threaded to the tip of the needle.  

 –   The physician must make sure that the catheter guide 
wire remains in place during all the catheter 
manipulations.  

 –   Caution must be exerted when pulling the catheter 
back as this backward motion could cause damage to 
the catheter.  

 –   With the needle in place to protect the catheter, an inci-
sion is made at the needle site to expose the underlying 
fascia for anchoring of the catheter.  

 –   Undermining of the subcutaneous tissue is necessary 
to create a smooth fascial plane for anchoring of the 
catheter.  

 –   With extreme caution, remove the needle from the 
intrathecal space, and hold the catheter near the 
 needle tip.  

 –   Remove the needle and guide wire at the proximal side 
simultaneously, holding the catheter in place to pre-
vent migration.  

 –   Tie nonabsorbable sutures to the fascia close to the cath-
eter to secure the anchor and catheter in place (This step 
will depend on the type of anchor and  catheter used).  

 –   Tie the proximal end of the catheter to prevent fur-
ther CSF leakage while tunneling and creating the 
pocket site.     

•   Preparing the pocket
 –    An incision is made over the area previously marked 

for the pump placement.  
 –   The size of the pocket should be large enough for the 

pump without any pulling in the skin or subcutaneous 
tissue.  

 –   Incision should not lie over the pump or main port.  
 –   Recommended depth is no more than 2.5 cm underneath 

the skin. (Deep placement of the pump reservoir will 
make subsequent medication refi lls more diffi cult).     

•   Tunneling the catheter
 –    Tunnel subcutaneously using the appropriate catheter 

passer  
 –   Pass the catheter through the tunneler from the spinal 

incision site to the pocket  
 –   Leave enough catheter to form several coils behind the 

pump  
 –   Untie the proximal portion of the catheter  
 –   If any part of the catheter is trimmed, it should mea-

sure for catheter volume calculations     
•   Connecting the pump to the catheter

 –    Connect the spinal catheter tubing to the pump  
 –   This step will vary depending on the connector type 

and catheter     
•   Securing the pump

 –    Use nonabsorbable sutures to secure the pump to the 
pocket fascia  

 –   Make sure the main port is facing the right way  
 –   Insert the pump in the pocket, verifying that the pocket 

is the adequate size; no skin pulling or too much room 
for the pump to fl ip     

•   Both incisions are then close in a standard fashion     

    Postoperative Care/Follow-up 

•     Patient must be aware of the possibility of suboptimal 
analgesia after the permanent implant as the postoperative 
pain can play an important role and confounding factor  
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•   Titration may continue for several weeks post- 
implantation before reaching an optimal level  

•   Patients should understand the basic pump functions and 
maintenance (including refi lls)  

•   Educate patients about the device volume warnings and 
encouraged not to let the pump run dry as severe and 
potentially fatal withdrawal symptoms (e.g., baclofen 
withdrawal) may occurred.  

•   Physician must discuss an emergency plan if the above 
occurs.     

    Complications [ 14 ] 

        Surgical complications 
•       CSF leakage/Post-dural puncture headache (PDPH): IT 

catheter placement can increase the risk of PDPH
 –       Treatment:

 �    Adequate hydration during the preoperative period  
 �   If prior history of PDPH, a prolonged period of bed 

rest and hydration may be warranted  
 �   Minimize trauma using a paramedian approach, 

low angle (30° from skin), and dural entry point at 
midline  

 �   Most dural punctures may resolve with conserva-
tive therapy including hydration, caffeine, analge-
sics, and bed rest  

 �   Treat nausea aggressively as the inability to tolerate 
oral hydration may worsen the headache  

 �   Consider admission if severe headache, new visual 
or neurologic symptoms, dehydration  

 �   Refractory cases may require an epidural blood 
patch. (Risk of damaging the catheter or introduc-
ing a new infection)          

•      Infections, abscess formation: Infection rate varies from 
0.7 to 10.3 % per year, with the majority occurring within 
60 days of implantation [ 15 ].  Staph epidermidis  is the 
most common pathogen.
 –       Recommendations:

 �    Preoperative assessment of increased risk of infec-
tion in patients with chronic diseases such as diabe-
tes mellitus, malignancy, HIV, among others.  

 �   Know prior history of local or systemic infections  
 �   Use preoperative antibiotics to be completed prior 

to the incision. (Be familiar with prior bacterial sen-
sitivities and regional resistance patterns)  

 �   Chlorohexidine bathing prior to surgery in patient 
with high infection risk  

 �   Postoperative antibiotics are also encouraged  
 �   Use a new, sterile catheter (different from the trial) 

for the permanent implant  
 �   Consider rapid internalization of intrathecal cathe-

ter if IDDS is considered  
 �   A sterile operating room should be used for the 

implantation of the device  
 �   The use of antibiotics wound irrigation is 

encouraged  
 �   Careful attention should be paid to wound closure 

to prevent dehiscence and bacterial growth      
 –      Treatment:

 �    If superfi cial wound infection occurs, it should be 
treated with antibiotics aggressively for 7–14 days 
and monitored closely.  

 �   If a deeper infection is suspected, there is no 
response to antibiotics or the infection recurs, the 
system should be removed.       

•         Bleeding: It is important to recognize and correct any fac-
tors that may contribute to intra- or postoperative bleed-
ing. A thorough review of medications (including herbal 
supplements) and medical conditions such as platelet dys-
function, hepatic disease, and coagulation disorders must 
be performed. The ASRA guidelines for anticoagulation 
prior to neuraxial analgesia should be followed [ 12 ].
 –       Treatment:

 �    Bleeding from surgical site
 ◆    Intraoperative bleeding occurs from ineffi cient 

hemostasis  
 ◆   Serosanguinous drainage from surgical sites in 

the immediate postoperative period is norma     
 �   Epidural hematoma

 ◆    Depending on the severity of signs and symp-
toms of neurological compromise, a surgical 
evacuation must be warranted.  

 ◆   The appropriate imaging should be requested 
without delaying a surgical evaluation          

•         Seroma at the implantation site: usually noticeable after 2 
weeks post-implantation. Extensive cauterization and dis-
section can contribute to this phenomenon.
 –       Treatment:

 �    Observation if no signs of infection  
 �   Initial treatment could include a pressure dressing 

with a gauze and tape; alternatively, an abdominal 
binder could also be used in the postoperative 
period as a preventive method  

 �   If the pocket increases in size, an abdominal X-ray may 
be order to rule out any mechanical complications such 
as disconnection at the pump site  
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 �   The fl uid should not be aspirated unless an infectious 
process is suspected; this could potentially introduce 
more pathogens to the area  

 �   If aspiration is performed, the utilization of fl uoros-
copy guidance is recommended to avoid any dam-
age to pump and catheter           

         Device - related complications  ( Mechanical )
•       Catheter problems

 –       Catheter disconnection at the pump site, breakage, or 
displacement

 �    Treatment:
 ◆    If there is a suspicion of catheter displacement 

from the IT space, breakage, or disconnection at 
the pump site, the catheter should be investi-
gated carefully  

 ◆   A site port access for CSF aspiration and/or con-
trast injection (dye study) under fl uoroscopy 
guidance should be considered to assess the 
cause of catheter malfunction. (Caution: the 
catheter must be aspirated to remove any remain-
ing medication before injecting contrast. Failure 
to do this may result in overdose if the catheter 
remains in the IT space). The CSF should fl ow 
freely with aspiration and the contrast should be 
injected without resistance.  

 ◆   A blockage on the CSF fl ow with aspiration of 
large amounts of medications suggests a 
mechanical obstruction  

 ◆   If there is any evidence of catheter migration, 
breakage or disconnection, a surgical explora-
tion (revision) must take place for catheter 
replacement or reconnection.             

•      Rotation of the pump: related to the creation of a large 
pocket or poor anchoring technique
 –       Treatment:

 �    Create a pocket of the appropriate dimensions to fi t 
the pump reservoir without pulling on the subcuta-
neous tissue  

 �   For anchoring,
 ◆    Dacron pouch—facilitates scaring formation 

around the pump for anchoring  
 ◆   Nonabsorbable sutures—secure the pump to the 

fascia             
•      Refi ll-related problems

 –       Pocket fi ll
 �    Treatment:

 ◆    Interrogate the pump before starting the process 
to know the amount of volume that will be 
aspirated  

 ◆   Examine the patient palpating the area above 
and surrounding the pump before inserting the 
needle  

 ◆   The use of fl uoroscopy or ultrasound is encour-
aged if a diffi cult refi ll (due to obesity or deep 
pump placement) is expected  

 ◆   Use a template to confi rm the position of the 
main port while refi lling the pump  

 ◆   If the pump moves or it is too deep, ask a col-
league to secure (hold) the pump  

 ◆   Once the refi ll needle is inserted, the septum 
should be engaged and the medication aspirated. 
(The volume should be within 3 mL of the pre-
dicted value).  

 ◆   When the new medication is injected, attention 
should be paid to avoid injecting air into the res-
ervoir as it can damage the pump.  

 ◆   Aspirate every 3–5 mL to confi rm injection in 
the reservoir; if the drug cannot be aspirated a 
pocket fi ll should be suspected.  

 ◆   The medication should be aspirated from the 
pocket immediately and the patient treated 
accordingly.         

 –      Programming errors
 �    Treatment:

 ◆    Special attention should be paid while repro-
gramming the pump (dosage/concentration 
changes, bridge bolus, etc.) as small errors can 
result in fatalities  

 ◆   The length of the catheter, internal/external vol-
umes as well as the medication’s doses and con-
centrations need to be known before 
administering a bridge bolus  

 ◆   When reinitiating the pump after a temporary 
interruption in therapy, a dose reduction should 
be considered              

         Drug - related complications 
•       Adverse reactions      

 –    Respiratory depression: most clinically important. It 
may occur due to rostral spread of medications (i.e., 
hydrophilic agents) or systemic absorption (i.e., lipo-
philic agents). Supraspinal interaction of the medica-
tion with μ-2 opioids receptors in the brainstem

 �    Risk Factors
 ◆    Opioid naїve  
 ◆   Advanced age  
 ◆   Preexisting pulmonary conditions  
 ◆   Sleep apnea  
 ◆   Minimal pain  
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 ◆   Opioid administration via different routes     
 –   Treatment:

 ◆    Respiratory support  
 ◆   Use μ receptor antagonists to reverse respiratory 

depression only when strictly necessary taking the 
appropriate precautions        

 –   Gastrointestinal symptoms: Less common than with 
systemic therapy. Mediated by interaction of medica-
tions with the chemotherapy trigger zone

 �    Treatment:
 ◆    Symptomatic treatment        

 –   Urinary dysfunction: Caused by reduction of detrusor 
muscle tone and sphincter dyssynergia. Mediated 
through μ and δ receptors. It is often self-limited.

 �    Treatment:
 ◆    Intermittent bladder catheterization  
 ◆   Opioid antagonist or phenoxybenzamine  
 ◆   Opioid rotation        

 –   Hormonal alterations: Due to inhibition of gonadotro-
pin and corticotropin-releasing hormones from hypo-
thalamus, and reduction of luteinizing hormone, 
follicle-stimulating hormone, ACTH and β-endorphins, 
resulting in reduction of cortisol and testosterone.

 �    Treatment:
 ◆    Serum lipids, 24-h urinary cortisol, and serum 

androgen or estrogen levels should be monitored 
regularly  

 ◆   Replacement with testosterone, estrogen, and 
corticosteroids should be initiated if the level is 
low  

 ◆   If any concerning endocrine issue related to IDDS, 
the patient should be referred to a specialist        

 –   Peripheral edema: Know side effects of opioid analge-
sia. It usually occurs early in the course of the 
therapy.

 �    Treatment:
 ◆    Assess the patient’s risk factors to develop 

peripheral edema  
 ◆   In high-risk patients such as those with cardiac, 

renal failure as well as venous stasis and periph-
eral neuropathy, the opioid should be 
minimized  

 ◆   Leg elevation, diuretics, and compression stock-
ings should be considered before making any 
changes to the medications  

 ◆   Ziconotide or the addition of adjuvants with 
opioid- sparing effects should be consider to 
lower the opioid dose        

 –   Itching: Common in opioids naïve patients. Morphine 
is the most common opioids causing pruritus.

 �    Treatment:
 ◆    Antihistamines  
 ◆   Opioid rotation            

 –      Recommendations:
 �    Be familiar with patient’s history of prior drug reac-

tions and allergies  
 �   Be familiar with the side effects of all the intrathe-

cal medications, especially if multiple medications 
are used at the same time  

 �   If the patient experience mild adverse reactions, try 
reducing the dose until they disappear  

 �   If moderate/severe adverse reactions, stop the 
offending agent and rotate to a different medication          

•      Catheter tip granuloma: Infl ammatory mass at the tip of 
the catheter due to high concentration/dosage of intrathe-
cal medications. The most common medications are mor-
phine and hydromorphone[ 16 ].

 –       Recommendations:
 �    Concentrations and dosages should be kept at the 

lowest levels that are clinical appropriate  
 �   Rotation to ziconotide or the addition of adjuvant 

medications (opioid-sparing effect) should be con-
sidered if high medication dosages are reached or 
inadequate analgesia  

 �    RED FLAGS  suggesting granuloma formation:
 ◆    Worsening pain on a stable infusion rate unre-

sponsive to dose increases  
 ◆   Changes in motor, sensory, and/or propriocep-

tive function     
 �   Imaging:

 ◆    Plain X-ray: to identify the position of the 
catheter tip  

 ◆   MRI with/without gadolinium: best option to 
evaluate the catheter tip  

 ◆   CT myelogram: for patients that cannot 
obtain MRI         

 –      Treatment: depends on symptomatology, presence of 
spinal cord or nerve compression

 �    Spine consultation  
 �   Replacement of medication with normal saline with 

serial MRIs or CT myelograms  
 �   Catheter revision, replacement or removal of the 

system
 ◆    Asymptomatic—discontinuation of offending 

agent or replacement with ziconotide or normal 
saline          
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•         Withdrawal: Pump malfunctioning; disruption of the cath-
eter and/or errors during refi ll or programming could result 
in withdrawal symptoms that range from mild to lethal.
 –       Opioid withdrawal

 �    Signs and symptoms
 ◆    Irritability, agitation, restlessness  
 ◆   Gastrointestinal symptoms (nausea, vomiting, 

diarrhea, abdominal cramping)  
 ◆   Pilomotor erection  
 ◆   Excessive yawning  
 ◆   Increased lacrimation/rhinorrhea  
 ◆   Mydriasis  
 ◆   Increased pain  
 ◆   Pulmonary edema and/or cardiovascular col-

lapse (severe acute withdrawal)     
 �   Treatment

 ◆    Respiratory/Cardiovascular support  
 ◆   Restoration of the IT medication as soon as pos-

sible; if not possible start at least of the 50 % of 
oral equianalgesic drug dose the medication         

 –      Baclofen withdrawal: Can lead to life- threatening 
complications if left untreated

 �    Signs and symptoms
 ◆    Increased spasticity/Rigidity  
 ◆   Hyperthermia  
 ◆   Drowsiness/Obtundation  
 ◆   Respiratory depression  
 ◆   Rhabdomyolysis  
 ◆   Acute renal failure  
 ◆   Multi-system failure  
 ◆   Death     

 �   Treatment:
 ◆    Early recognition of signs and symptoms  
 ◆   Respiratory/Cardiovascular support  
 ◆   Severe withdrawal—IT catheter placement with 

baclofen infusion may be considered. (Oral 
baclofen may not be suffi cient to treat severe 
acute withdrawal)         

 –      Clonidine withdrawal:
 �    Signs and symptoms

 ◆    Rebound hypertension     
 �   Treatment:

 ◆    Start clonidine orally or topical (patch) form             
•      Opioid tolerance: The progressive increase of medication 

dosages to achieve the same level of analgesia. It may be 
due to desensitization of opioids receptors after prolonged 
exposure to the medication and/or opioids receptor down 
regulation
 –       Treatment

 �    Before establishing the presence of opioids toler-
ance as the cause for lack of analgesia, the treating 
physician should rule out the possibility of catheter/
pump malfunction and/or disease progression  

 �   Dose titration by 10–30 % of daily dose (consider 
an increase in concentration if the daily volume 
limit is reached)  

 �   Opioid rotation (assuming incomplete tolerance 
between medications)  

 �   Consider adding medication with opioid- sparing 
effect (e.g., clonidine)  

 �   Substitute opioids for local anesthetic to provide an 
opioid-free interval          

•      Opioid-induced hyperalgesia: Increase in sensitivity to a 
noxious stimuli and/or allodynia in patients on chronic 
opioids therapy. This could be another potential cause for 
loss of analgesia with IT infusions in the context of stable 
disease.    

          Outcomes [ 3 ] 

•     Moderate evidence of IDDS for chronic nonmalignant 
pain  

•   Mortality can be associated with respiratory therapy in 
the post-implant period after IT therapy is initiated in 
patients with nonmalignant pain  

•   Higher mortality rates have been reported for IDDS than 
spinal cord stimulator  

•   Further clinical trials are necessary to confi rm these 
results     
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    Billing (Table  46.4 ) [ 17 ] 

   Table 46.4    CPT codes for Intrathecal Implantables   

 Code  Description 

  Trial — Single dose ,  spinal injection  ( Percutaneous Placement ) 
  62310   Injection(s), of diagnostic or therapeutic substance(s) (including anesthetic, antispasmodic, opioid, steroid, other solution), not 

including neurolytic substances, including needle or catheter placement, includes contrast for localization when performed, epidural 
or subarachnoid; cervical or thoracic 

  62311   Injection(s), of diagnostic or therapeutic substance(s) (including anesthetic, antispasmodic, opioid, steroid, other solution), not 
including neurolytic substances, including needle or catheter placement, includes contrast for localization when performed, epidural 
or subarachnoid; lumbar or sacral 

  Trial — Continuous epidural catheter  ( Percutaneous Placement ) 
  62318   Injection(s), including indwelling catheter placement, continuous or intermittent bolus, of diagnostic or therapeutic substance(s) 

(including anesthetic, antispasmodic, opioid, steroid, other solution), not including neurolytic substances, includes contrast for 
localization when performed, epidural or subarachnoid; cervical or thoracic 

  62319   Injection(s), including indwelling catheter placement, continuous or intermittent bolus, of diagnostic or therapeutic substance(s) 
(including anesthetic, antispasmodic, opioid, steroid, other solution), not including neurolytic substances, includes contrast for 
localization when performed, epidural or subarachnoid; lumbar or sacral 

  Tunneled Intrathecal or Epidural Catheter  
  62350   Implantation, revision or repositioning of tunneled intrathecal or epidural catheter, for long-term medication administration via an 

external or implantable reservoir/infusion pump; without laminectomy 
  62351   Implantation, revision, or repositioning of tunneled intrathecal or epidural catheter, for long-term medication administration via an 

external or implantable reservoir/infusion pump; with laminectomy 
  Permanent implantation of reservoir or pump  
  62360   Implantation or replacement of device for intrathecal or epidural drug infusion; subcutaneous reservoir 
  62361   Implantation or replacement of device for intrathecal or epidural drug infusion; non- programmable pump 
  62362   Implantation or replacement of device for intrathecal or epidural drug infusion; programmable pump, including preparation of 

pump, with or without reprogramming 
  95991   Refi lling and maintenance of implantable pump or reservoir for drug delivery, spinal (intrathecal, epidural) or brain 

(intraventricular); includes electronic analysis of pump, when performed; requiring physician’s skill 
  Other codes  
  62367   Electronic analysis of programmable, implanted pump for intrathecal or epidural drug infusion (includes evaluation of reservoir 

status, alarm status, drug prescription status); without reprogramming or refi ll 
  62368   Electronic analysis of programmable, implanted pump for intrathecal or epidural drug infusion (includes evaluation of reservoir 

status, alarm status, drug prescription status); with reprogramming 
  62355   Removal of previously implanted intrathecal or epidural catheter 
 62365  Removal of subcutaneous reservoir or pump 

   CPT  current procedural terminology 
 Adapted from Manchikanti L, Falco F. Essentials of Practice Management, Billing, Coding and Compliance, Interventional Pain Management. 

Padduka: ASIPP Publishing; 2012 [ 17 ]  

        Conclusion 

 IDDS is an accepted therapy for the treatment of refractory 
malignant and nonmalignant pain that has been well estab-
lished in the literature. However, there is no consensus in the 
many of the steps involved in this process including the trial-
ing techniques or medication selection. Successful treatment 
requires careful patient selection and appropriate techniques 
to trial neuraxial analgesia and for the permanent implanta-
tion of the system.     
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           Introduction 

 In this chapter, we are briefl y covering some commonly used 
peripheral injections. It is recommended to use other 
resources to expand your knowledge, as there are numerous 
injections that may help manage your patients. Prior to pro-
ceeding with any injection full medical history, allergies, and 
full medication list should be overviewed prior to assure no 
contraindications. Proper sterile technique is recommended 
on all below injections.   Fluoroscopy or ultrasound can aid in 
precise delivery of injectate in obese or complicated patients 
and help to avoid sensitive structures.  

    Knee 

    Knee Intra-articular Injection 

•         Indications: 
 –       Knee pain   
 –      Osteoarthritis   

 –      Rheumatoid arthritis   
 –      Gout       

•       Injection technique : 
   Two different approaches:  midpatellar and anterior 

    1.     Midpatellar approach : patient supine with knee 
extended on a pillow
•     Lateral approach : intersection of a line drawn 

between the lateral and proximal border of the 
patella (Fig.  47.1 ), needle inserted between the 
patella, and the femur at the intersection point 
directed at a 45° angle toward the middle of the 
medial side of the joint   

•    Medial approach : needle entry point from the 
medial side of the knee under the middle of the 
patella and aiming to the opposite patellar mid-
pole (Fig.  47.2 )   

   2.  Anterior approach :  
•    Infrapatellar  (medial or lateral approach)

 –    Patient positioning: seated on the exam table 
allowing gravity to facilitate opening of the joint 
space, Knees fl exed 60–90°  

 –   Palpate the joint space opening, mark this with a 
marking pen or make an impression with a 
retractable pen  

 –   Clean with betadine × 3 or chlorhexidine to prep 
the area of insertion     

 –   Needle is directed through insertion site either 
medially or laterally to the joint space opening 
(Fig.  47.3 )   

•    Suprapatellar  
 –    Patient supine  
 –   Best used to drain large infusions  
 –   Ultrasound approach: patient supine, knee fl exed 

at 20–30°
   High-resolution transducer parallel to the tendon 

quadriceps femoris, then the transducer is 
rotated to the axial plane.  
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  Largest dimension of synovial recess should be 
identifi ed and should be the target of the 
injection  

  Using sterile technique, a 22-gauge 3.5 in. nee-
dle is advanced into the plane of the suprapa-
tellar recess. 2 mL of iohexol should be 
injected to determine intra- articular spread. 
Once confi rmed medication should be 
deposited.             

•          Medications:  Depomedrol or Kenalog 40–60 mg with 
1–2 cm 3  of 1 % lidocaine and 1–2 cm 3  of 0.25 % bupiva-
caine mixture total of about 5 cm 3        

    Shoulder [ 1 ] 

    Posterior Intra-articular Shoulder Injection 

•      Indications: 
 –     Arthritis of the shoulder joint   
 –    Shoulder pain      

•    Patient positioning: 
 –    Supine or seated  
 –   Arm hanging by patient’s side to allow gravity to 

widen the joint space     
•    Injection technique: 

 –    Identify the midpoint of the acromion  
 –   Approximately 1 in. below this midpoint is the shoul-

der joint space, and the intra-articular space is more 
lateral  

 –   Prep the skin overlying the posterior shoulder/subacro-
mial region/joint space opening in sterile fashion  

 –   A 1½ in 25 g needle is carefully advanced through the 
skin and subcutaneous tissues through to the joint.
    If bone is encountered : pull back slightly and redirect 

with slight increased superior or medial tilt to pro-
ceed properly through the joint.  

   If resistance is encountered : the needle may be in liga-
ment or tendon, it should be advanced properly into 
the joint space.     

•    Medications : Depomedrol or Kenalog 40–60 mg with 
1–2 cm 3  of 1 % lidocaine and 1–2 cm 3  of 0.25 % bupiva-
caine mixture total of about 5 cm 3      

  Fig. 47.1    Intra-articular knee injection. Lateral approach. Note that 
needle is inserted between the patella and the femur at a 45° angle       

  Fig. 47.3    Intra-articular shoulder injection       

  Fig. 47.2    Intra-articular knee injection. Medial approach. Note the 
needle enters from the medial side of the knee, under the patella, aiming 
to the opposite patellar mid-pole       
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•    Complications :
 –     Infection : exceedingly rare with proper sterile 

technique  
 –   Transient increase in pain following injection  
 –   Ecchymosis and hematoma formation: decreased if 

pressure is placed on the injection site immediately 
following injection.         

    Elbow 

    Epicondyle Injections 

    Tennis Elbow (Lateral Epicondylitis) [ 1 ,  2 ,  4 ] 
•      Patient positioning :

 –    Patient supine or seated  
 –   Arm placed on exam table with affected epicondyle 

exposed, elbow bent  
 –   Palmar aspect of hand resting on the table or a folded 

towel to relax the affected tendons.     
•    Injection Technique 

 –    Identify and mark the lateral epicondyle  
 –   Prep the skin in sterile fashion  
 –   Insert a 1 in. 25-gauge needle perpendicularly to the 

lateral epicondyle into the subcutaneous tissue overly-
ing the affected tendon.
    If bone is encountered : pull back needle slightly before 

injecting medications  
   If resistance is encountered : the needle may be in the 

tendon and should be withdrawn until the injection 
proceeds without signifi cant resistance.        

•    Medications : Total mixture of 2–3 mL: 1–2 mL of local 
anesthetic mixed with 20–40 mg of Depomedrol or 
Kenalog     

    Golfer’s Elbow (Medial Epicondylitis) [ 1 ,  6 ] 
•      Patient positioning :

 –    Patient supine or in seated position  
 –   Arm fully adducted with effected epicondyle exposed, 

elbow fully extended  
 –   Dorsum of the hand resting on the exam table or a 

folded towel to relax the affected tendons     
•    Injection technique   :

 –    Identify and mark the medial epicondyle  
 –   Prep the skin in sterile fashion  
 –   Insert a 1 in. 25 g needle perpendicularly to the medial 

epicondyle into the subcutaneous tissue overlying the 
affected tendon.
    If bone is encountered : pull back needle slightly before 

injecting medications  
   If resistance is encountered : the needle may be in the 

tendon and should be withdrawn until the injection 
proceeds without signifi cant resistance.        

•    Medications : Total mixture of 2–3 mL: 1–2 mL of local 
anesthetic mixed with 20–40 mg of Depomedrol or 
Kenalog    

   Epicondyle Injection Complications 
•     Radial tunnel syndrome (lateral epicondyle injection)  
•   Ulnar nerve injury at the medial ulnar groove (medial epi-

condyle injection)  
•   Bursa injection/irritation  
•   Rupture/injury of the affected tendons can result from:

 –    Direct injection into the tendon which increases risk of 
tendinitis or tendon rupture     

•   Infection  
•   Transient increase in pain following the injection in 

approximately 25 % of patients      

    Olecranon Bursitis [ 7 – 10 ] 
•      Activities causing this pathology 

 –    Direct trauma to the elbow from playing sports such as 
hockey or falling directly onto the olecranon process.  

 –   Repeated microtrauma from leaning on the elbow when 
arising or from working long hours at a drafting table  

 –   In rare cases, infection such as gout or bacterial 
infection     

•    Patient positioning :
 –    Supine position  
 –   Arm fully adducted at the patient’s side  
 –   Elbow fl exed  
 –   Palm of the hand resting on the patient’s abdomen or 

exam table     
•    Injection technique   :

 –    Identify the olecranon process and overlying bursa  
 –   Prep the skin overlying the posterior aspect of the joint 

in sterile fashion  
 –   Insert a 1 in. 25 g needle through the skin and subcuta-

neous tissues directly into the bursa
   If bone is encountered, the needle is withdrawn into 

the bursa        
•    Medications : Total of 5 mL: 2 mL of local anesthetic with 

40 mg of methylprednisolone or equivalent steroid  
•    Complications : infection, sterile conditions will minimize 

this potential complication.  
•    Pearl : coexisting tendinitis may require additional treatment       

    Wrist 

    Carpal Tunnel Syndrome 

•     The palmaris longus tendon is bound on dorsal and lat-
eral surfaces by the carpal bones and intercarpal joints  

•   The carpel tunnel is formed by the carpel bones dorsally 
and the transverse carpal ligament (aka fl exor retinaculum) 
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ventrally. Tendons of fl exor digitorum profundus, subli-
mus and fl exor pollicus longus, and median nerve pass 
through the carpal tunnel.  

•    Patient positioning : Patient is supine, arm is supinated to 
expose inner portion of wrist  

•    Injection technique : (Fig.  47.4 ) The injection is performed 
at a site just distal to the palmaris longus tendon and at the 
proximal wrist crease. The needle is inserted at a 30° angle 
and directed toward the ring fi nger.  

•    Medications : Local corticosteroid injections into the carpal 
tunnel may be useful for those with CTS of short duration 
(less than a year). A solution of 20–40 mg of corticosteroid 
with 1–2 cm 3  of 1 % lidocaine and 1–2 cm 3  of 0.25 % bupi-
vacaine or 0.2 % ropivacaine mixture, a total of about 
5 cm 3 , is injected along the transverse carpal ligament.  

•    Complications : Major complication: exceedingly rare if 
strict aseptic technique is adhered to. 

 Transient increase in pain following the intra-articular 
injection ecchymosis and hematoma formation: decreased 
if pressure is placed on the injection site immediately fol-
lowing injection.     

    Recommendations 

•     Always follow sterile technique to avoid infection.  
•   Instruct patients to avoid vigorous exercises following 

injection.  
•   Relative rest and ice is recommended afterwards.  
•   Osteoarthritis of the shoulder must be distinguished from 

other causes of shoulder pain including rotator cuff tear 
pathology to ensure proper treatment regimen.  

•   Coexisting bursitis and tendinitis may contribute to shoul-
der pain and require additional localized injection.  

•   Caution should be used when doing these injections to 
avoid tendon rupture/injury.         
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      Abbreviations 

   DMN    Dorsal median nerves   
  DPG    Dextrose/phenol/glycerin   
  FDA    Food and Drug Administration   
  NSAIDs    Nonsteroidal anti-infl ammatory drugs   
  PRP    Platelet-rich plasma injections   
  PSIS    Posterior superior iliac spine   
  RIT    Regenerative injection therapy   
  TRPV    Transient receptor potential vanilloid   

          Introduction 

 Among many interventional techniques in current use, 
 Regenerative Injection therapy  (RIT), also known as 
  prolotherapy  or  sclerotherapy , is a viable procedure to 
treat chronic musculoskeletal pain of connective tissues ori-
gin. It was originally employed for the treatment of painful 
peripheral joint hypermobilities secondary to ligament laxity 
or enthesopathies but fairly quickly evolved to include the 
treatment of axial joints pain as well. A common feature 
found in patients with chronic musculoskeletal pain is 
 tenderness on palpation at certain sites, particularly where 
ligaments, tendons, or aponeuroses attach to bone.  

    History 

•     Since fi fth century BC, practitioners have been using regen-
erative therapy to treat medical conditions. Hippocrates 
practiced one of the earliest forms of regenerative therapy 
by cauterizing ligaments to induce thermomodulation of 
collagen with scar formation and joint stabilization.
 –    Hypothesis is that it induced infl ammation which leads 

to tissue self-repair [ 1 ,  2 ]     
•   1939—J. H. Kellgren, MD injected small doses of hyper-

tonic saline into the interspinous ligaments and mapped 
out the pain patterns of distal referral, mimicking radicu-
lopathy (Fig.  48.1 ) [ 3 ].   

•   1954—Feinstein et al. [ 4 ] repeated the study by Kellgren 
done 15 years earlier, again using hypertonic saline injec-
tions into the interspinous ligament
 –    They confi rmed the radicular referral patterns of the 

interspinous ligament from C1–S3 (Fig.  48.2a, b ).   
 –   Also showed that the pattern of pain was independent 

of the sympathetic system and could refer to an anes-
thetized area.  

 –   Stimulation of the trunk interspinous ligament could 
result in visceral-like pain.  

 –   In addition, they were able to reproduce “numbness” 
and “heaviness” in the affected limb with these nox-
ious injections.     

•   1956—George Hackett, MD coined the term  Prolotherapy  
at the  Fibro - Osseous Junction  [ 5 ]  

•   1963—Gustav Hemwall, MD
 –    Transitioned to hypertonic dextrose as the main 

 proliferant solution [ 6 ]        

    Physiologic Tissue Repair 

•         Ligament and tendon structure 
 –        Ligaments  (attach bone to bone) and  tendons  (attach 

muscles to bone)
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  Fig. 48.2    ( a ) Pain patterns from hypertonic saline stimulation by  injection 
of hypertonic saline into the interspinous ligaments of C1 to C5. ( b ) Pain 
patterns from hypertonic saline stimulation by injection of hypertonic 

saline into the interspinous ligaments of L5 to S1 Adapted from Feinstein 
B ,  Langton JN ,  Jameson RM ,  Schiller F. Experiments on pain referred 
from deep somatic tissues. J Bone Joint Surg 1954 ; 36 : 981 – 996 ) [ 4 ,  7 ]       

  Fig. 48.1    Pain patterns referred 
from the interspinous ligament 
after injection of hypertonic 
saline in normal volunteers. 
 Adapted from Kellgren JH. On 
the distribution of pain arising 
from deep somatic structures 
with charts of segmental pain 
areas. Somatic Pain. 1939 :
 35 – 46 ) [ 3 ,  6 ]       
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 �     Ligaments  are parallel bundles of fi bers of primarily 
Type I collagen covered by a more vascular “epi-
ligament” at the bone attachments

 ◆    Collagen ⇒ tropocollagen ⇒ microfibrils ⇒
fascicles ⇒ endoligament ⇒ ligament ⇒ epiliga-
ment [ 7 ]  

 ◆   These fi bers unfold during initial collagen 
loading.  

 ◆   After elongation beyond 4 % of the original 
length, ligaments and tendons lose their elastic-
ity and recoil capability, becoming permanently 
lax, which leads to joint hypermobility with 
instability [ 8 ].     

 �    Tendons  have a similar structure but are more like 
woven cable       

•         Healing response—three phases [ 9 ]
 –        Hemorrhage with infl ammation 

 �    Increase in neovascularization and neoneurogenesis 
(Fig.  48.3 ) 

 ◆    Integral components of both the regenerative/
reparative and degenerative processes.  

 ◆   Nerve and vascular tissue in-growth have been 
well documented in degenerated intervertebral 
discs, posterior spinal ligaments, facet joint cap-
sules, and sacroiliac ligaments.     

 �    Matrix and cellular proliferation 
 ◆    Hypertrophic fi broblasts create a dense, disorga-

nized collagenous connective tissue matrix     
 �    Remodeling and maturation 

 ◆    Alignment of the fi bers along the long access of 
the structure  

 ◆   Cross-linking of the fi bers  
 ◆   Absorption of the neovascularization         

 –      Deleteriously affected by
 �    Denervation, inactivity, direct corticosteroid 

 injections, NSAIDs  
 �   Repetitive trauma or microtrauma with insuffi cient 

time for recovery, tissue hypoxia, metabolic and 
hormonal abnormalities, nicotine       

•          Enthesopathy —refers to a disorder of the enthesis (attach-
ments of ligaments and tendons to bone) [ 10 ]
 –       In acute cases of sprains and torn ligaments, healing 

takes place by proliferation of fi brous tissue.   
 –      When the tissues do not heal properly, it results in liga-

ment laxity-induced proliferation of bone and fi brous 
tissue strengthens the fi bro-osseous junction, stabiliz-
ing the joint.    

          Types of Regenerative Injection Therapy 

     1.     Chemical injectates 
•       Utilizes an infl ammatory concentration of lidocaine 

and dextrose (12.5–25 %)
 –    Creates a fi broblastic response, increasing the ten-

sile strength and bony attachment by 50 % (Fig.  48.4 )       
•      Injection is given into and around the painful area, 

typically the enthesis (the fi bro-osseous junction)   

  Fig. 48.4    Comparison of rabbit tendons untreated versus injected with 
D50W proliferant, showing 50 % increase in size, tensile strength, and 
bone attachment ( Modifi ed from Hackett GS. Ligament & Tendon 
Relaxation  ( Skeletal Disability ) —Treated by Prolotherapy  ( Fibro - 
osseous   Proliferation ).  3rd ed. Springfi eld ,  IL :  Charles C. Thomas ; 
 1958 )( 9 )  Image courtesy of Felix Linetsky ,  MD        

  Fig. 48.3    Ultrasound image of the neovascular blood fl ow at the enthe-
sopathy at C7 after a fl exion-extension injury (Image courtesy of Felix 
Linetsky, MD)       
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•       Emphasis is on treating all painful areas and resolving 
joint instability by treating ligaments and other joint 
stabilizing structures   

•      Most treatments are given 4–6 weeks apart to allow for 
new connective tissue formation
 –    Most patients require 3–6 treatments       

      2.     Subcutaneous neural therapy  (Neurofascial or neural 
therapy)
•       Involves “mini-injections” of 5 % dextrose in subcuta-

neous tissue at the level of the peptidergic nerves, 
which contain transient receptor potential vanilloid 
receptors (TRPV1 nerves)
 –    These nerves are sensitized with trauma, injury, or 

constriction and represent sites of neurogenic 
infl ammation
 n    These nerves maintain the health and renewal of 

ligaments and tendons     
 –   Injections are done weekly for 5–10 visits       

      3.     Prolozone 
•       Utilizes ozone gas and other therapeutic substances to 

stimulate healing and eliminate pain in injured soft tis-
sues and joints
 –    Concentration of ozone is 1–3 %      

 –      Treatments are done weekly for 3–12 treatments    
      4.     Platelet-Rich Plasma injections  (PRP)

•       Introduced in 1987 [ 11 ] as an autologous transfusion 
component after an open heart operation to avoid 
homologous blood product transfusion
 –    In the late 1990s, PRP began to be used in many 

fi elds (such as orthopedics, dentistry, wound care) 
to promote tissue healing [ 11 ]      

•      Clinical indications—similar to RIT   
•      Side effects and contraindications—similar to RIT   
•      Technique

 –    Consists of autologous blood collection, plasma 
separation (centrifuge), injection of the concen-
trated platelets  

 –   Injection releases growth factors (see below) to 
stimulate recovery in nonhealing soft tissues.
 n    Typically given every 1–2 months for 1–6 visits          

      5.     Stem Cell injection 
•       Clinical indications—similar to RIT   
•      Side effects and contraindications—similar to RIT 

with addition of pain at harvest site and possible 
carcinogenesis   

•      Technique
 –    Involves utilization of autologous adult pluripotent 

mesenchymal stem cells harvested from an individu-
al’s bone marrow or adipose tissue for RIT purpose.  

 –   Typically done for more advanced cases of joint 
degeneration, including osteochondral defects, or in 
cases where RIT with dextrose or PRP have not 
resolved the problem.  

 –   Usually combined with PRP, which is believed to 
enhance the healing capabilities and cellular repair.       

          Injection Solutions 

     1.     Neurolytic / chemical irritants —Induce infl ammation by 
altering the surface proteins of cells which causes dam-
age, rendering them susceptible to the immune system
•       Phenol   
•      Sarapin    

      2.     Chemotactic agents —Directly attract immune cells to 
the area
•       Sodium morrhuate 5 % −30 mL sodium salts of cod 

liver oil (on back order for past two years)   
•      Sylnasol (5 % solution of sodium salts from psyllium 

seed oil with 2 % benzyl alcohol) [ 6 ]—discontinued 
after 1962   

•      Sodium tetradecyl sulfate (S.T.D. or Sotradecol ® )—
1 % 2 mL and 3 % 2 mL. No longer produced in mul-
tidose vials (very expensive $20 for 2 mL. vial.)   

•      Polidocanol (Asclera ® )—Polyethylene glycol dodecyl 
ether (FDA approved for vein sclerosis)    

      3.     Osmotic agents —Induce infl ammation by altering the 
surface proteins of cells, which causes damage, rendering 
them susceptible to the immune system
•       Local anesthetic like 1 % lidocaine diluted with 50 % 

dextrose provides the following the so-called prolifer-
ating concentrations and osmolarities:
 –    4:1 proportion = 10 % dextrose = 555 mOsm/L  
 –   3:1 proportion = 12.5 % dextrose = 694 mOsm/L  
 –   1:2 proportion = 16.5 % dextrose = 916 mOsm/L      

•      Neurolytic concentrations:
 –    3:2 proportion = 20 % dextrose =1,110 mOsm/L  
 –   1:1 proportion = 25 % dextrose =1,388 mOsm/L  
 –   1 % lidocaine diluted with dextrose/phenol/glycerin 

(DPG):  
 –   25 % dextrose, 25 % glycerin, 2.5 % phenol      

•      All dilutions are neurolytic:
 –    3:1 proportion = 1,026 mOsm/L; phenol 0.62 %  
 –   2:1 proportion = 1,368 mOsm/L; phenol 0.83 %  
 –   3:2 proportion = 1,641 mOsm/L; phenol 1 %  
 –   1:1 proportion = 2,052 mOsm/L; phenol 1.25 %
 n    % dextrose solution, a 1:1 dilution is used         

•      Glycerine 10–25 % solution can be used as a single 
agent or combined with phenol and local anesthetic; 
lately also used as neural therapy    

      4.     Particulates —Attract macrophages that secrete growth 
factors for tissue healing
•       Medical-grade pumice suspension   
•      Talcum    

      5.     Biologic agents 
•       Platelet-rich plasma

 –    Autologous blood      
•      Stem cells

 –    Requires harvesting of the stem cells
 n    Bone marrow derived—iliac crest aspiration  
 n   Adipose tissue derived—liposuction          
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          Relevant Anatomy 

•        Arthur Steindler and J.V. Luck [ 12 ] published a funda-
mental work describing the clinical anatomy related to the 
diagnosis of low back pain based on procaine injections.
 –       Posterior divisions of the spinal nerves (the dorsal 

median nerves or DMN) provide the sensory supply to 
multiple structures:

 �    Ligamentous structures such as supraspinous, 
interspinous, iliolumbar, sacroiliac, sacrotuberous, 
and sacrospinous ligaments.  

 �   Tendon attachments  
 �   Origins and insertions of the aponeuroses of the ten-

sor fascia lata, gluteal muscles, and thoracolumbar 
fascia.      

 –      Steindler and Luck also pointed out that these struc-
tures are interrelated anatomically and functionally.

 �    They stated that  based on the clinical presentations 
alone ,  no defi nite diagnosis can be made 

 ◆    Five postulated criteria have to be met to prove 
that causal relationship exists between the struc-
ture and pain symptoms:
   Contact with the needle must aggravate the local 

pain  
  Contact with the needle must aggravate or elicit 

the radiation of pain  
  Procaine infi ltration must suppress local 

tenderness  
  Procaine infi ltration must suppress radiation of 

pain  
  Positive leg signs must disappear             

          Technique 

•     It is recommended that physicians interested in RIT train 
with an RIT expert.
 –    Preceptorships are available through the American  
 –   Academy of Regenerative Orthopedic Medicine 

(  www.aarom.org    )  
 –   Textbooks on the subject are also available (see 

Suggested Reading).     
•   Example: Low back pain (Fig.  48.5 ) 

 –    Identify the areas of tenderness by palpation; if not 
comfortable with palpatory approach further confi rm 
areas of injection with ultrasound or fl uoroscopy 
(Fig.  48.6 ) 
   Spinous processes  
  PSIS  
  Iliolumbar ligament  
  Facets  
  Sacrotuberous ligament (proximal and distal)     

 –   Injection at the fi bro-osseous junction
   Needle  must  touch bone  

  Fig. 48.5    Injection sites for low back pain. Black dots represent injec-
tion sites.  A  supraspinatus ligament,  B  interspinous ligament;  C  sacro-
iliac ligament;  D  iliolumbar ligament;  E  sacrotuberous ligament;  F  
sacrospinous ligament;  G  insertion of gluteus maximus;  H  insertion of 
gluteus medius;  I  acetabular attachments of hip joint capsule;  J  sacro-
coccygeal ligament;  K  facet joint capsule;  L  thoracolumbar fascia 
attachment  on  to transverse process L2 to L5;  M  apex of spinous pro-
cess attachments of supraspinous ligament and dorsal layer of thoraco-
lumbar fascia;  N  trochanteric attachment of gluteal tendons;  O  lesser 
trochanter (Image courtesy of Felix Linetsky, MD)       

  Fig. 48.6    Fluoroscopic landmarks for injections (image courtesy of 
Andrea Trescot, MD)       
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  Inject small amounts (usually 0.5–1 mL at each needle 
insertion or reinsertion) of the injectate; total vol-
ume depends on the number of sites injected, but 
total volume should be under 20 cm 3  to limit local 
anesthetic toxicity  

  Advances of diagnostic ultrasound allow precise 
placements of injectates at the sites of soft tissue 
pathology specifi cally fi bromuscular interface, into 
the ligaments or tendons, large or small joints or 
their components        

•   The technique is applicable “from the head to the toes” 
(Fig.  48.7 )      

    Clinical Indications 

•     Osteoarthritis, spondylolysis and spondylolisthesis  
•   Painful enthesopathies, tendinosis, or ligamentosis 

 secondary to sprains or strains from overuse, occupational 
and postural conditions known as Repetitive Motion 
Disorders  

•   Painful hypermobility, instability, and subluxations of the 
axial joints secondary to ligament laxity accompanied by 
restricted range of motion at reciprocal segment(s) that 
improve temporarily with manipulation  

  Fig. 48.7    General injection 
sites. Schematic drawing 
demonstrating sites of tendon 
origins and insertions, (enthesis) 
of the paravertebral musculature 
in the cervical, thoracic, lumbar, 
and pelvic regions with parts of 
the upper and lower extremities. 
Clinically signifi cant 
enthesopathies with small fi ber 
neuropathies and neuralgias are 
common at the locations 
identifi ed by dots. Dots also 
represent most common locations 
of needle insertion and RIT 
injections. (Note: not all of the 
locations are treated in each 
patient).  Modifi ed from 
Sinelnikov Atlas of Anatomy , 
 Volume 1 ,  Meditsina ,  Moskow , 
 1972 by Tracey James. All rights 
reserved. No part of this picture 
may be reproduced or 
transmitted in any form or by any 
means without written permission 
from Felix Linetsky MD        
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•   Posterior column sources of nociception refractory to 
steroid injections, nonsteroidal anti-infl ammatory ther-
apy (NSAID), and radiofrequency procedures  

•   Postsurgical cervical, thoracic, and low back pain (with or 
without instrumentation)  

•   Recurrent painful rib subluxations at the costotransverse, 
costovertebral, and sternochondral articulations  

•   Vertebral compression fractures with a wedge deformity 
that exert additional stress on the posterior ligamento- 
tendinous complex     

    Side Effects and Contraindications 

•     Main side effects are due to needle trauma and inadver-
tent needle placement
 –    Pain  
 –   Stiffness  
 –   Bleeding  
 –   Bruising  
 –   Soreness  
 –   Swelling     

•   Serious risks are very rare but may include:
 –    Nerve, ligament, tendon injury  
 –   Spinal headache  
 –   Pneumothorax  
 –   Nerve damage  
 –   Spinal cord injury  
 –   Disc injury  
 –   Infection     

•   Allergic or anaphylactic reactions to the proliferants may 
also occur
 –    For instance, sodium morrhuate is a fi sh oil product 

and should be avoided in persons with a fi sh allergy     
•   Regenerative injection therapy to the spine carries similar 

risk as any spinal injection
 –    Spinal cord injury  
 –   Death       

  No injections should be done by untrained practitioners   

    Billing 

•     There is no code for PRP or stem cell injections  
•   Because of misinterpreted studies, regenerative injection 

therapy is considered “experimental” and therefore not 
covered by insurance        
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 side-effect management , 256  
 somatic and visceral pain , 253   

  Adenosine , 354   
  American College of Rheumatology (ACR) , 136, 140, 182   
  Amitriptyline 

 neuropathic antidepressant medications , 79–80  
 pregnancy and breast-feeding patients , 238  
 renal impairment , 215   

  Anesthesia-assisted opiate detoxifi cation (AAOD) , 51–52   
  Anesthesia dolorosa , 114–116   
  Anorexia , 201   
  Anticoagulant medications 

 Argatroban (Acova) , 269  
 Dabigatron (Pradax) , 269  
 Fibrinolytic/Thrombolytic drugs , 269  
 heparin , 268  
 LMWH , 269  
 thrombin inhibitors , 269  
 Warfarin (Coumadin) , 268  
 Xarelto (Rivaroxaban) , 269   

  Anticonvulsants 
 anti-epileptic drugs , 85  
 cancer pain , 194  
 geriatric patients , 250  
 hepatic impairment , 228  
 pregnancy and breast-feeding patients 

 Carbamazepine , 240  
 Gabapentin (Neurontin) , 239  
 Pregabalin (Lyrica) , 239–240  
 Topiramate (Topamax) , 240  

 renal impairment 
 Carbamazepine (Tegretol) , 217  
 Gabapentin (Neurontin) , 216  
 Pregabalin (Lyrica) , 216–217  
 Topiramate (Topamax) , 217   

  Anti-epileptic drugs (AED) , 85   
  Antiplatelet medications 

 aspirin and salicylate , 267  
 Cilastozal (Pletal) , 268  
 Clopidogrel (Plavix) , 268  
 COX-2 inhibitors , 268  
 Dipyridamole (Persantine) , 268  
 Dipyridamole/ASA (Aggrenox) , 268  
 NSAIDs , 267–268  
 platelet GP IIb/IIIa receptor antagonists , 268  
 Ticagrelor , 268  
 Ticlopidine (Ticlid) , 268   
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  Arachnoiditis , 339–340   
  Argatroban (Acova) , 269   
  Aseptic meningitis , 339   
  Aspirin and salicylate medications , 267    

  B 
  Baclofen (Lioresal) , 73, 218–219, 230, 242, 354   
  Benzodiazepines 

 detoxifi cation , 54  
 muscle relaxant medications , 73–74  
 opioid withdrawal , 48  
 urine toxicology screen , 41, 42   

  Bisphosphonates , 175  
 cancer pain , 193  
 pregnancy and breast-feeding patients , 241–242   

  Bleeding risk assessment 
 hemarthrosis , 274  
 hemophilia , 275  
 increased bleeding risk , 273  
 ITP , 275  
 liver disease , 275  
 peripheral joint injections , 273  
 renal disease , 276  
 spinal bleeding , 274  
 VWD , 274–275   

  Bowel obstruction , 200–201   
  Breast-feeding , 238   
  Budapest criteria , 172   
  Bupivacaine , 354   
  Bupoprion , 81   
  Buprenorphine (Butrans, Suboxone, Subutex) , 50–51, 95, 221–223, 

232, 241, 256, 261   
  Bupropion (Wellbutrin) , 81   
  Butorphanol (Stadol) , 95    

  C 
  Cachexia , 201   
  Cancer pain 

 acetaminophen , 191  
 anticonvulsants , 192–193  
 bisphosphonates , 193  
 corticosteroids , 192  
 dose titration , 192  
 dosing intervals , 192  
 high intensity focused ultrasound , 194  
 imaging modalities , 189  
 intrathecal drug delivery , 194  
 medication administration route , 191–192  
 metastasis , 189  
 mild pain , 190  
 neuromodulation , 194  
 non-opioid analgesia , 190  
 NSAID , 191–193  
 opioid analgesia , 190  
 pain prevention , 192  
 peripheral nerve injection , 193  
 pertinent history , 189–190  
 prevalence , 189  
 radiofrequency ablation , 194  
 sympathetic blockade , 193  
 TCA , 192   

  Carbamazepine (Tegretol) , 86–87, 175, 217, 240   
  Carisoprodol (Soma) , 72, 219, 230, 242   
  Carpal tunnel syndrome , 17–18, 358, 360   

  Caudal epidural steroid injections 
 anatomy , 321  
 complications , 322  
 fl uoroscopy , 321  
 indications , 321  
 medications administered , 322  
 procedure , 321–322   

  Caudal equina syndrome , 35, 340   
  Causalgia , 171   
  Celiac plexus block 

 adverse effects , 330  
 anatomy , 328–329  
 complications , 330  
 contraindications , 330  
 indications , 328  
 patient position , 329  
 procedure , 329  
 retrocrural splanchnic nerve block , 330  
 transcrural celiac plexus block , 329   

  Central amplifi cation of pain perception (CAPP) , 179   
  Central post-stroke pain , 114, 117   
  Cervical injections 

 CMBB    see   (Cervical medial branch blocks (CMBB)) 
 facet joint injections 

 anatomy , 291  
 contraindications , 291  
 fl uoroscopy , 291  
 indications , 291  
 medications injected , 292  
 procedure , 292  

 IL-CESI 
 anatomy , 290  
 blood/cerebrospinal fl uid , 290–291  
 contraindications , 291  
 fl uoroscopy , 290  
 indications , 289  
 medications injected , 291  
 Tuohy needle tip placement , 290  

 patient positioning , 289  
 RFA 

 anatomy , 294  
 contraindications , 294  
 fl uoroscopy , 294  
 indications , 294  
 medications injected , 295  
 needle placement , 294–295   

  Cervical medial branch blocks (CMBB) 
 anatomy , 292–293  
 contraindications , 292  
 fl uoroscopy , 293  
 indications , 292  
 medications injected , 293  
 procedure , 293–294   

  Cervicogenic headache , 111   
  Chlorzoxazone (Parafon Forte) , 71, 218, 229–230, 242   
  Chronic endometriosis , 157–158   
  Chronic migraine , 108   
  Chronic non-cancerous pain (CNCP) , 92   
  Chronic opioid therapy (COT) , 92   
  Chronic painful cholecystitis , 164–165   
  Chronic pelvic pain (CPP) , 30   
  Cilastozal (Pletal) , 268   
  Clonazepam (Klonipin) , 88   
  Clonidine , 53, 354, 355, 362   
  Clopidogrel (Plavix) , 268   
  Cluster headache (CH) , 110–111   

Index



379

  Coccyx (Coccygodynia) , 151   
  Codeine (Tylenol #3, Tylenol #4) , 95, 219, 230–231, 240   
  Cognitive behavioral therapy (CBT) , 174, 182   
  Complex regional pain syndrome (CRPS) , 3  

 classifi cation , 171  
 clinical diagnostic criteria , 172  
 diagnostic studies , 173–174  
 differential diagnosis , 173  
 epidemiology and causes , 172  
 interventional , 175  
 lab study , 173  
 medications , 174–175  
 pathophysiology , 171  
 pediatric , 176  
 physical and occupational therapy , 174  
 physical exam , 173  
 physiologic staging , 172  
 preventive measures , 174  
 recreational therapy , 174  
 surgical , 176  
 symptoms , 172  
 treatment , 174  
 types and severity , 172  
 vocational rehabilitation and counseling , 174   

  Constipation , 200   
  Corticosteroids 

 adverse effects/toxicity , 281–282  
 anti-infl ammatory properties , 281  
 cancer pain , 192  
 chemical structure , 281  
 contraindications , 282  
 mechanism of action , 281   

  CRPS.    See  Complex regional pain syndrome (CRPS)  
  Current procedural terminology (CPT) , 347   
  Cyclobenzaprine (Flexeril) , 72, 218, 230, 242    

  D 
  Dabigatron (Pradax) , 269   
  Dantrolene Sodium (Dantrium) , 73   
  Deep tendon refl ex (DTR) grading scale , 13   
  Delirium 

 benzodiazepines , 202  
 dry mouth , 202  
 etiology , 201–202  
 haldol , 202  
 hyperactive , 201  
 hypoactive , 201  
 lorazepam , 202  
 olanzapine , 202  
 quetiapine , 202  
 risperidone , 202   

  Desipramine 
 pregnancy and breast-feeding patients , 238–239  
 renal impairment , 215   

  Detoxifi cation 
 AAOD , 51–52  
 benzodiazepine , 54  
 contraindications , 51  
 defi nition , 49  
 gradual taper , 50  
 indications , 51  
 management of complications , 53–54  
 methadone/buprenorphine , 50–51  
 methodology , 52–53  
 treatment , 50   

  Diarthroses.    See  Joint pain  
  Diclofenac Epolamine Topical Patch (Flector Patch) , 215   
  Dimethyl Sulfoxide (DMSO) , 101   
  Dipyridamole (Persantine) , 268   
  Dipyridamole/ASA (Aggrenox) , 268   
  Divalproex sodium , 127   
  Doxepin , 100, 101   
  Drug Enforcement Administration (DEA) , 92   
  Duloxetine (Cymbalta) , 182, 215–216   
  Dyspnea 

 etiology and treatment 
 airway edema , 198  
 anemia , 199  
 bronchospasm , 198  
 clogged tracheostomy/airway obstruction , 198–199  
 copious mucous secretions , 198–199  
 effusion , 199  
 opioids , 199  
 volume overload , 199  

 mild-to-moderate dyspnea , 199    

  E 
  Elbow 

 epicondyle injections , 367  
 pain 

 lateral epicondylitis (tennis elbow) , 135  
 medial epicondylitis (golfer’s elbow) , 135  
 olecranon bursitis , 135–136  
 osteoarthritis , 135  
 UCL sprain , 135   

  Epidural spinal injections (ESI) 
 arachnoiditis , 339–340  
 aseptic meningitis , 339  
 cauda equina syndrome , 340  
 contrast exposure , 336  
 corticosteroids , 336  
 Cushing syndrome , 337  
 glucocorticoids , 337  
 hematoma , 337  
 hiccup , 337, 338  
 lipomatosis , 337  
 local anesthetics , 336–337  
 PDPH , 336  
 post-procedure instructions , 340, 341  
 pre-procedure checklist , 340  
 spinal cord injury , 340  
 vasovagal response , 335–336  
 vertebrobasilar infarction , 340   

  Episodic migraine , 108   
  Ergots , 108   
  ESI.    See  Epidural spinal injections (ESI)   

  F 
  Facet joint injections 

 cervical injections 
 anatomy , 291  
 contraindications , 291  
 fl uoroscopy , 291  
 indications , 291  
 medications injected , 292  
 procedure , 292  

 lumbar injections 
 anatomy , 310, 311  
 fl uoroscopy , 310  
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 Facet joint injections (cont.) 
 indications , 310  
 medications injected , 311  
 procedure , 310–311  

 thoracic injections 
 anatomy , 299  
 contraindications , 299  
 fl uoroscopy , 299  
 indications , 299  
 medications injected , 299  
 procedure , 299   

  Facial pain 
 craniofacial pain 

 anesthesia dolorosa , 114–116  
 central post-stroke pain , 114, 117  
 defi nition , 113  
 diagnosis , 114  
 etiology , 114  
 imaging , 114  
 pathophysiology , 114  
 persistent idiopathic facial pain , 117  
 symptoms , 114  

 dental/oral causes , 122  
 diagnostic radiology , 27  
 facial paralysis , 121  
 musculoskeletal causes 

 facial spasms , 121  
 myofascial pain , 120–121  
 temporomandibular disorders , 119–120  

 neoplastic , 122  
 peripheral causes 

 defi nition , 117  
 etiology , 117  
 glossopharyngeal neuralgia , 118  
 nervus intermedius/geniculate ganglion neuralgia , 118–119  
 pathophysiology , 117  
 PHN , 119  
 trigeminal neuralgia , 117–118  

 primary headaches , 122  
 systemic conditions , 122  
 vascular conditions , 122   

  Facial spasms , 121   
  FAST.    See  Functional assessment staging (FAST)  
  Fentanyl (Duragesic) , 93–94, 221, 232, 241   
  Fibrinolytic/Thrombolytic drugs , 269   
  Fibromyalgia 

 clinical diagnostic criteria , 179, 180  
 diagnostic studies , 182  
 differential diagnoses , 181  
 educational materials , 184  
 epidemiology , 179  
 history , 181  
 interventional treatment , 183  
 non-pharmacological , 182  
 pathophysiology , 179–180  
 pharmacological 

 analgesics/opioids , 183  
 antidepressants , 182–183  
 antiepileptics , 183  
 dopamine agonists , 183  
 muscle relaxants , 183  
 sedative-hypnotics , 183  

 physical exam , 181–182  
 prognosis , 181  
 risk factors , 180–181  
 symptom-tracking tools , 182  
 tailored pharmaco-therapy , 183   

  Fluoxetine , 80, 182   
  Functional assessment staging (FAST) 

 adult failure , 208  
 debility unspecifi ed , 208  
 end stage AIDS , 209   

  Functional gastrointestinal disorders , 165–166    

  G 
  Gabapentin (Neurontin) , 87, 127, 143, 175, 216, 239, 354   
  Gate control theory , 343   
  Geriatric patients 

 American Geriatrics Society Guidelines , 246, 247  
 avoid intramuscular medications , 245–246  
 cognitive impairment , 246–248  
 nonpharmacological pain management , 251  
 pain assessment, older adults , 246  
 pain medication classes 

 Acetaminophen (Tylenol) , 248  
 anticonvulsants , 250  
 neuropathic pain medications , 250  
 NSAIDs , 248  
 opioids , 248–250  
 seizure medications , 250  
 topical analgesic medications , 251  
 tricyclic antidepressants , 250  

 pain syndromes , 246  
 physiologic changes , 245   

  Glossopharyngeal neuralgia , 118   
  Golfer’s elbow , 135, 367   
  Greater trochanteric pain syndrome , 137   
  Groin pain.    See  Pelvic pain   

  H 
  Haldol , 202   
  Headache 

 chronic , 29  
 diagnostic tests , 106–107  
 history and examination , 106  
 immune compromised , 29  
 non-immunocompromised , 29  
 primary 

 cluster headache , 110–111  
 hypnic headache , 111  
 migraine   ( see  Migraine) 
 NDPH , 111  
 stabbing headache , 111  
 thunderclap headache , 111  
 TTH , 110  

 secondary , 107  
 SNOOP , 106   

  Hemarthrosis , 274   
  Hemicrania continua (HC) , 111   
  Hemifacial spasm (HFS) , 121   
  Hemophilia , 275   
  Heparin , 268   
  Hepatic impairment 

 Acetaminophen (Tylenol) , 228  
 anticonvulsants , 229  
 Child–Turcotte–Pugh score , 228  
 cirrhosis effects , 227–228  
 muscle relaxants 

 baclofen , 230  
 benzodiazepines , 230  
 Carisoprodol (Soma) , 230  
 Chlorzoxazone (Parafon Forte) , 229–230  
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 Cyclobenzaprine (Flexeril) , 230  
 Metaxalone (Skelaxin) , 229  
 Methocarbamol (Robaxin) , 229  
 Orphenadrine (Norfl ex) , 230  
 Tizanidine (Zanafl ex) , 229  

 NSAIDs , 228  
 opioids 

 Buprenorphine (Butrans patch, Suboxone) , 232  
 codeine , 230–231  
 Fentanyl (Duragesic) , 232  
 hydrocodone , 231  
 Hydromorphone (Dilaudid) , 232  
 Meperidine (Demerol) , 232–233  
 methadone , 232  
 morphine , 231  
 oxycodone , 231  
 Oxymorphone (Opana) , 231–232  
 Tapentadol (Nucynta) , 231  
 Tramadol (Ultram) , 230  

 pharmacokinetics , 227  
 SNRIs , 229  
 topical medications , 228  
 tricyclic antidepressants , 228–229   

  Herpes zoster (HZ) 
 antivirals , 128  
 clinical presentation , 126  
 defi nition , 125  
 epidemiology and risk factors , 125  
 pathophysiology , 125  
 symptoms , 126  
 treatment , 127  
 vaccination , 128   

  High intensity focused ultrasound , 194   
  Hip pain 

 greater trochanteric bursitis , 137  
 labral tears , 136–137  
 meralgia paresthetica , 236–237  
 osteoarthritis , 136  
 osteonecrosis , 236  
 transient osteoporosis , 236   

  Hospice medicine 
 Alzheimer’s disease , 208  
 benefi ts , 205  
 cancer/malignancy , 207  
 cardiac disease , 207  
 coma , 207–208  
 co-morbidities , 206  
 death pronouncement , 210  
 FAST 

 adult failure , 208  
 debility unspecifi ed , 208  
 end stage AIDS , 209  

 inpatient hospice care , 209  
 KPS , 206  
 liver disease , 207  
 myths , 205–206  
 patient pronouncement , 210  
 psychosocial considerations 

 family dynamics , 209  
 imminently dying and end of life care , 209–210  
 religion/spirituality , 209  

 pulmonary disease , 207  
 renal disease , 207   

  Hydrocodone (Lorcet, Lortab, Norco, Vicodin) , 95, 220   
  Hydromorphone (Dilaudid) , 94, 220–221, 232, 241, 255, 354   
  Hydroxyurea , 186   
  Hypnic headache , 111   

  Hypogastric plexus block 
 adverse effects , 333  
 anatomy , 332–333  
 contraindications , 333  
 indications , 332   

  HZ.    See  Herpes zoster (HZ)   

  I 
  IDDS.    See  Intrathecal drug delivery systems (IDDS)  
  Iliotibial band (ITB) syndrome , 139   
  Immune thrombocytopenic purpura (ITP) , 275   
  Inguinal neuraglia , 161–162   
  Intercostal nerve block , 302   
  Interlaminar cervical epidural steroid injection (IL-CESI) 

 anatomy , 290  
 blood/cerebrospinal fl uid , 290–291  
 contraindications , 291  
 fl uoroscopy , 290  
 indications , 289  
 medications injected , 291  
 Tuohy needle tip placement , 290   

  Interlaminar thoracic epidural steroid injection (IL-TESI) 
 anatomy , 298  
 fl uoroscopy , 298  
 indications , 297–298  
 interlaminar approach , 298  
 medications injected , 299  
 paramedian approach , 298  
 posterior approach , 298  
 procedure , 298–299  
 transforaminal approach , 298   

  Internal disc disruption (IDD) , 145–146   
  International Headache Society (IHS) criteria 

 migraine , 108  
 TTH , 110   

  Interstitial cystitis/bladder pain syndrome , 158–159   
  Intrathecal drug delivery systems (IDDS) 

 complications , 359–362  
 contraindications , 351–352  
 CPT codes for , 363  
 implantable pump system , 356–357  
 indications , 351  
 ITP implantation procedure , 357–358  
 medications , 354–356  
 neuraxial analgesia , 352  
 outcomes , 362  
 pain types/conditions , 351  
 patient selection , 352  
 postoperative care/follow-up , 358–359  
 trialing , 352–354, 356   

  Irritable bowel syndrome , 165    

  J 
  Joint pain 

 anatomy , 131, 132  
 diagnostic radiology , 30  
 elbow , 135–136  
 hip pain , 136–137  
 knee   ( see  Knee, pain) 
 shoulder pain 

 AC joint sprain , 131–132  
 adhesive capsulitis , 133  
 biceps tendonitis , 134  
 glenohumeral subluxation, dislocation , 132–133  
 labral tears , 133  
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 Joint pain (cont.) 
 osteoarthritis , 133–134  
 rotator cuff impingement and tears , 134  

 structure and physiology , 131    

  K 
  Karnofsky Performance Scale (KPS) , 206   
  Ketoprofen , 100   
  Ketorolac , 254, 260, 354   
  Knee 

 intra-articular injection , 365–366  
 pain 

 ITB , 139  
 ligament sprains/tears , 138  
 meniscal tears , 138–139  
 osteoarthritis , 136–138  
 PFPS , 138  
 quadriceps and patellar tendinitis , 139  
 rheumatoid arthritis diagnosis and workup , 139–140    

  L 
  Lamotrigine , 88–89   
  Levorphanol (Levo-Dromoran) , 94   
  Lidocaine , 100, 101, 215   
  Lorazepam , 202   
  Low molecular weight heparin (LMWH) , 259, 269   
  Lumbar injections 

 complications , 305–306  
 contraindications , 305  
 facet joint injection 

 anatomy , 310, 311  
 fl uoroscopy , 310  
 indications , 310  
 medications injected , 311  
 procedure , 310–311  

 LESI   ( see  Lumbar interlaminar epidural 
steroid injection (LESI)) 

 lumbar medial branch nerves 
 anatomy , 311  
 fl uoroscopy , 311  
 indications , 311  
 medications injected , 312  
 procedure , 311–312  

 patient positioning , 305  
 radiofrequency ablation 

 anatomy , 312  
 complications , 313  
 contraindications , 312  
 fl uorescopy , 313  
 indications , 312  
 medications injected , 313  
 procedure , 313  

 TFESI 
 anatomy , 308, 309  
 fl uoroscopy , 309  
 indications , 308–309  
 interlaminar approach , 308  
 local anesthesia , 308  
 medications injected , 310  
 procedure , 309–310  
 transforaminal approach , 308   

  Lumbar interlaminar epidural steroid injection (LESI) 
 aspiration , 306, 308  
 blood/cerebrospinal fl uid , 306, 308  

 fl uoroscopy , 306, 307  
 indications , 306  
 interlaminar approach , 306  
 lateral view , 306, 307  
 medications injected , 307  
 needle placement , 306, 307  
 paramedian approach , 306  
 posterior approach , 306   

  Lumbar medial branch nerves 
 anatomy , 311  
 fl uoroscopy , 311  
 indications , 311  
 medications injected , 312  
 procedure , 311–312   

  Lumbar sympathetic block 
 adverse effects , 332  
 anatomy , 330–331  
 complications , 330  
 contraindications , 332  
 indications , 330  
 patient position , 329  
 procedure , 329  
 retrocrural splanchnic nerve block , 330  
 signs , 332  
 transcrural celiac plexus block , 329    

  M 
  Medication overuse headache (MOH) , 107   
  Meperidine (Demerol) , 94, 221, 232–233, 256   
  Metaxalone (Skelaxin) , 72, 218, 229, 242   
  Methadone , 50, 94–95, 221, 232, 241, 255   
  Methocarbamol (Robaxin) , 72–73, 218, 229, 242   
  Methylsalicylate , 100   
  Migraine 

 chronic , 108  
 episodic , 108  
 pathophysiology , 108  
 prevalence , 108  
 preventive drugs , 109–110  
 treatment , 108–109   

  Milnacipran (Savella) , 182, 216   
  Monamine oxidase inhibitors , 82   
  Morphine (MSContin, Avinza, Kadian) , 95, 219–220, 

231, 240, 255   
  Multifactorial pain syndromes , 152–153   
  Muscle relaxants 

 hepatic impairment 
 baclofen , 230  
 benzodiazepines , 230  
 Carisoprodol (Soma) , 230  
 Chlorzoxazone (Parafon Forte) , 229–230  
 Cyclobenzaprine (Flexeril) , 230  
 Metaxalone (Skelaxin) , 229  
 Methocarbamol (Robaxin) , 229  
 Orphenadrine (Norfl ex) , 230  
 Tizanidine (Zanafl ex) , 229  

 medications 
 Baclofen (Lioresal) , 73  
 benzodiazepines , 73–74  
 carisoprodol , 72  
 chlorzoxazone , 71  
 cyclobenzaprine , 72  
 Dantrolene Sodium (Dantrium) , 73  
 metaxalone , 72  
 Methocarbamol (Robaxin) , 72–73  
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 Orphenadrine citrate (Norfl ex) , 73  
 Tizanidine (Zanafl ex) , 73  

 pregnancy and breast-feeding patients 
 baclofen , 242  
 Carisoprodol (Soma) , 242  
 Chlorzoxazone (Parafon Forte) , 242  
 Cyclobenzaprine (Flexeril) , 242  
 Metaxalone (Skelaxin) , 242  
 Methocarbamol (Robaxin) , 242  
 Orphenadrine (Norfl ex) , 242  
 Tizanidine (Zanafl ex) , 242  

 renal impairment 
 Baclofen (Lioresal) , 218–219  
 Carisoprodol (Soma, Soprodal, Vanadom) , 219  
 Chlorzoxazone (Lorzone; Parafon Forte DSC) , 218  
 Cyclobenzaprine (Amrix, Flexeril, Fexmid) , 218  
 Metaxalone (Skelaxin) , 218  
 Methocarbamol (Robaxin) , 218  
 Orphenadrine (Norfl ex) , 219  
 Tizanidine (Zanafl ex) , 218   

  Muscle-tendon complex and ligament , 149–150   
  Mycobacterium avium complex (MAC) , 209   
  Myoclonus (MC) , 121   
  Myofascial pain , 120–121    

  N 
  Naloxone , 46–48, 256   
  Nausea and vomiting 

 avoid eating/drinking , 199  
 cerebellar disease , 200  
 chemical/metabolic , 200  
 impaired gastric emptying , 200  
 liquid diet , 199  
 oral hygiene , 200  
 vestibular system , 200   

  Neostigmine , 354   
  Nervus intermedius/geniculate ganglion neuralgia , 118–119   
  Neurochemistry, pain , 5   
  Neuromodulation 

 contraindications , 344  
 gate control theory , 343  
 history , 343  
 indications , 343–344  
 lead placement , 344, 345  
 SCS   ( see  Spinal cord stimulator (SCS))  

  Neuropathic anticonvulsant medications 
 anti-epileptic drugs , 85  
 carbamazepine , 86–87  
 clonazepam , 88  
 gabapentin , 87  
 lamotrigine , 88–89  
 Phenytoin (Dilantin) , 85–86  
 pregabalin , 87–88  
 topiramate , 89  
 valproic acid , 87   

  Neuropathic antidepressant medications 
 antidepressant drug , 75–78  
 atypical antidepressants 

 Bupropion (Wellbutrin) , 81  
 monamine oxidase inhibitors , 82  
 Trazodone (Desyrel) , 81–82  

 tricyclic antidepressants 
 amitriptyline , 79–80  
 SNRIs , 80–81  
 SSRIs , 80   

  Neuropathic pain 
 acupuncture , 170  
 biopsy , 168, 170  
 causes , 167, 168  
 diagnosis , 168  
 electrodiagnostic testing , 168, 169  
 history , 167–168  
 intrathecal therapies , 347  
 lab study , 168  
 pathophysiology , 167  
 psychological treatment , 170  
 surgical options , 170  
 TENS unit , 170  
 treatment , 170    ( see also  Topical analgesic)  

  New Daily Persistent Headache (NDPH) , 111   
  Nociceptive pain , 355   
  Nonsteroidal anti-infl ammatory drugs (NSAIDs) 

 antiplatelet medications , 267–268  
 cancer pain , 191–193  
 categories , 65, 66  
 geriatric patients , 249  
 hepatic impairment , 228  
 mechanism of action , 65–66  
 precautions/contraindications , 67, 68  
 pregnancy and breast-feeding patients , 238  
 renal impairment 

 dosing recommendation , 214  
 mechanism , 214  
 side effects , 214  

 side effects/adverse effects , 66–67   
  Norepinephrine , 5   
  Nortriptyline 

 pregnancy and breast-feeding patients , 238  
 renal impairment , 215   

  Numerical rating scale , 10    

  O 
  Olanzapine , 202   
  Olecranon bursitis , 367   
  Opioid 

 activity classifi cation , 91–92  
 chemical classifi cation , 91  
 clinical maintenance , 96  
 controlled substance act , 92  
 conversion chart , 93–95  
 CRPS , 175  
 defi nition , 91  
 detoxifi cation 

 AAOD , 51–52  
 contraindications , 51  
 defi nitions , 49  
 gradual taper , 50  
 indications , 51  
 management of complications , 53–54  
 methadone/buprenorphine , 50–51  
 methodology , 52–53  
 treatment , 50  

 drugs schedule 
 constipation , 92–93  
 COT , 92  
 duration of action , 92  
 managing pain , 92  
 nausea and vomiting , 93  
 OIH , 93  
 opioid rotation , 93  
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 Opioid (cont.) 
 overdose , 93  
 pruritis , 93  
 respiratory depression , 93  
 sedation/impaired cognition , 93  
 therapy changes , 93  
 urinary retention , 93  

 equianalgesic doses , 93–95  
 geriatric patients , 249–251  
 hepatic impairment 

 Buprenorphine (Butrans patch, Suboxone) , 232  
 codeine , 230–231  
 Fentanyl (Duragesic) , 232  
 hydrocodone , 231  
 Hydromorphone (Dilaudid) , 232  
 Meperidine (Demerol) , 232  
 methadone , 232  
 morphine , 231  
 oxycodone , 231  
 Oxymorphone (Opana) , 231–232  
 Tapentadol (Nucynta) , 231  
 Tramadol (Ultram) , 230  

 mechanism of action , 91  
 overdose 

 differential diagnosis , 46  
 epidemiology , 45  
 history , 45  
 lab study and imaging , 46  
 naloxone , 46, 47  
 physical exam , 45  
 serum half-life ( t 1/2) , 45, 46  
 treatment , 46  

 partial agonists and mixed agonist/antagonists , 95  
 PHN , 128  
 pregnancy and breast-feeding patients 

 buprenorphine , 241  
 codeine , 240  
 fentanyl , 241  
 hydrocodone , 240  
 hydromorphone , 241  
 meperidine , 241  
 methadone , 241  
 morphine , 240  
 oxycodone , 241  
 Oxymorphone (Opana) , 241  
 tapentadol , 240–241  
 tramadol , 240  

 receptors , 91  
 renal/hepatic dysfunction , 96  
 renal impairment 

 Buprenorphine Transdermal (Butrans patch) , 221–223  
 codeine , 219  
 Fentanyl (Duragesic) , 221  
 Hydrocodone (Vicodin, Norco) , 220  
 Hydromorphone (Dilaudid) , 220–221  
 Meperidine (Demerol) , 221  
 methadone , 221  
 morphine , 219–220  
 oxycodone , 220  
 Tapentadol (Nucynta) , 220  
 Tramadol (Ultram) , 219  

 route of administration , 96  
 usage , 91  
 withdrawal 

 benzodiazepine , 48  
 differential diagnosis , 47  

 etiology , 47  
 physical exam , 47  
 treatment , 47–48   

  Opioid-induced hyperalgesia (OIH) , 93, 250   
  Opioid-induced neurotoxicity (OIN) , 250   
  Orphenadrine (Norfl ex) , 73, 219, 230, 242   
  Osteoarthritis (OA) 

 elbow , 135  
 hip pain , 136–137  
 knee pain , 136–138  
 shoulder , 133–134   
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