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SUMMARY

Objective: To determine the predictors of cognitive function in patients with drug-
resistant gelastic seizures (GS) related to hypothalamic hamartoma (HH) before and
after stereotactic radiofrequency thermocoagulation surgery (SRT).

Methods: We studied 88 patients with HH who underwent SRT between October 1997
and December 2014. Patients received neuropsychological tests preoperatively and post-
operatively. Based on the preoperative measures, patients were categorized as ‘high-
functioning” (full-scale intelligence quotient [FSIQ] >70; n = 48) and “low-functioning”
group (FSIQ <70; n = 40). Univariate and multivariate linear regression analyses deter-
mined the clinical, electroencephalography (EEG), and imaging factors associated with
preoperative cognitive function as well as postoperative cognitive change.

Results: Eighty-seven patients (98.8%) were followed postoperatively for an average of
3.3 years, and 75 (85.2%) of them achieved GS remission at the last hospital visit. Neu-
ropsychological performance was significantly improved after surgery in both groups.
Multivariate linear regression analysis showed that a smaller HH size (p = 0.002) and a
smaller number of antiepileptic drugs (p < 0.001) were preoperatively associated with
staff neurosurgeon at better neuropsychological pel:fortnance. Multiv'ariate 'Ii'near regressi.on ana'.lysis
Nishi-Niigata Chuo showed that Petter p'ostoperatlve improvement in cognition was associated with a
shorter duration of epilepsy (p = 0.03).

Significance: Cognitive impairment related to epileptic encephalopathy may improve
following SRT in substantial proportions of HH patients. Reduced improvement in
postoperative cognitive function in patients with longer duration of epilepsy warrants
further studies to determine if earlier SRT provides a greater chance of postoperative
cognitive improvement in patients with HH.

KEY WORDS: Cognition, Epileptic encephalopathy, Hypothalamic hamartoma,
Gelastic seizure, Stereotactic radiofrequency thermocoagulation, Predictive analysis.
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Hypothalamic hamartoma (HH) is a rare congenital brain ~ cognitive impairment and behavioral disorders, referred to
lesion." Whereas one hallmark of HH syndrome is intract-  as epileptic encephalopathy.”* Both drug-resistant GS and
able gelastic seizures (GS), about half of HH patients exhibit  epileptic encephalopathy caused by HH are believed to be
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KEY POINTS

Patients with intrahypothalamic type HH have better
preoperative cognitive function

e Excessive medication with AEDs affects preoperative
FSIQ

SRT is effective not only for intractable GS but also
for cognitive deficits caused by HH

Patients with a shorter duration of epilepsy experience
cognitive improvement following SRT

surgically treatable.”* Stereotactic radiofrequency thermo-
coagulation surgery (SRT) is now recognized as an estab-
lished therapy for intractable GS related to HH?; however,
the predictors of cognitive profiles before and after SRT
remain unclear. Previous studies of patients with HH who
underwent open or gamma knife surgeries reported that
postoperative cognitive function was associated with sev-
eral factors, including “anatomical features of HH,” “age at
epilepsy onset,” “age at surgery,” “duration of epilepsy,”
“presence of central precocious puberty,” “number of
antiepileptic drugs,” and “preoperative cognitive func-
tion.”””” Because relatively small numbers of patients with
HH were included in the past studies, we expected that our
longitudinal data derived from a large number of patients
uniformly undergoing SRT would independently determine
the factors predictive of cognitive function in patients with
HH. Our central hypothesis, based on our clinical practice
and the previous reports noted earlier, was that patients with
a shorter duration of epilepsy would benefit from cognitive
improvement following SRT more than patients with a
longer duration of disease. In other words, we hypothesized
that the cognitive impairment in patients with severe epilep-
tic encephalopathy may be less reversible, even after remis-
sion of GS by SRT. Univariate and multivariate analyses
were employed to determine the clinical, imaging, and elec-
troencephalographic factors independently predictive of
cognitive function before and after SRT.

MATERIALS AND METHODS

Patient selection

A total of 127 patients with HH underwent SRT for drug-
resistant GS between October 1997 and December 2014 in
the Hypothalamic Hamartoma Center, Nishi-Niigata Chuo
National Hospital, Niigata, Japan. The present study
included 88 Japanese patients. We excluded 39 patients
who were unable to undergo the Wechsler Adult Intelli-
gence Scale-Third Edition (WAIS-III), Wechsler Intelli-
gence Scale for Children-Third Edition (WISC-II), or
Tanaka-Binet Intelligence Scale (TBIS), because of the
presence of severe cognitive deficit or because their primary
language was other than Japanese. Clinical and neuropsy-
chological data at 1 year and at the last hospital visit

following SRT were reviewed. One patient was followed at
another hospital postoperatively. Thereby, the mean follow-
up period for 87 patients was 3.38 years (standard deviation
[SD] 1.8 years). One-year postoperative follow-up data
were available for 84 of the 87 patients. All patients (or par-
ents of pediatric patients) gave written informed consent
before presurgical evaluation and surgical treatment.

Clinical history and video-electroencephalography (EEG)
monitoring characterized GS and non-GS type seizures
including complex partial seizures, tonic—clonic seizures,
atypical absence, tonic seizures, atonic seizures, myoclonic
seizures, and spasms. Video-EEG, recorded with the
EEG1100 system (Nihon Kohden, Tokyo, Japan), deter-
mined the distribution of interictal epileptiform discharges.
Preoperative evaluation also included neuropsychological
tests, ictal/interictal single-photon emission computed tomog-
raphy (SPECT) with *™Tc-ethyl cysteinate dimer using the
Symbia S system (Siemens Japan, Tokyo, Japan), and mag-
netic resonance imaging (MRI) using the Signa HDxt 1.5T
system (GE Healthcare Japan, Tokyo, Japan). The MRI
sequences included three-dimensional (3D) T1-weighted and
fluid-attenuated inversion recovery (FLAIR) images. MRI
subtypes were categorized as intrahypothalamic, parahy-
pothalamic, or mixed hypothalamic type according to the
MRI criteria in the previous report.

Neuropsychological examination

A neuropsychologist examined each patient’s cognitive
function with WAIS-III, WISC-III, or TBIS. In general,
patients who were <7 years old were exclusively examined
with TBIS; patients between 7 and 15 years old were
examined with WISC-III, and patients >16 years were
examined with WAIS-III. Patients with severe mental
retardation who could not be examined with WISC-III or
WAIS-IIT were examined with TBIS, even if they were
>7 years old. In this study below, “FSIQ” was defined as
“full-scale intelligence quotient” on WISC-III and WAIS-
IIT or “IQ” on TBIS. “Postoperative cognitive change” was
defined as subtraction of “preoperative FSIQ” from “FSIQ
at 1 year after surgery or at the last hospital visit.” The
outcome measures of interest included “preoperative
FSIQ” and “postoperative cognitive change.”

Patient categories

Based on the result of 1Q tests employed preoperatively,
patients were categorized into the “high-functioning” group
(FSIQ >70; n = 48) and “low-functioning” group (FSIQ
<70; n = 40) because mental retardation is defined by the
criterion of mental retardation in International Classifica-
tions of Diseases, 10th Revision (ICD—IO).8

Statistical analysis

Continuous variables were reported as mean and standard
deviation (SD), and categorical variables were reported as a
number and percentage. The two-sample r-test was used to
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compare the distributions of continuous variables (e.g., clini-
cal profiles such as age) between the two patient groups. Fish-
er’s exact test was used to test the equality of proportions of
categorical variable (e.g.: gender) between two groups. The
paired r-test was used to compare distributions in the same
patient between two time points (i.e., before and after sur-
gery). Univariate and multivariate linear regression analyses
using the variable reduction method were performed to deter-
mine the factors independently predictive of “preoperative
FSIQ” and “postoperative cognitive change.”® The predictor
variables, incorporated into the regression analyses, included
the following: (1) age at onset of GS, (2) duration of GS, (3)
duration of non-GS type seizures, (4) maximum diameter of
HH, and (5) number of antiepileptic drugs (AEDs) before sur-
gery. The following categorical variables were also incorpo-
rated in the regression model: (6) gender, (7) attachment side
of HH (bilateral attachment treated as attachment to both left
and right side), (8) presence of precocious puberty, and (9)
presence of preoperative interictal scalp EEG interictal
epileptiform discharges. In addition to the aforementioned
variables, (10) preoperative FSIQs were incorporated in the
regression model to determine the factor independently pre-
dictive of “postoperative cognitive change.”

Furthermore, we determined the factor independently
predictive of the verbal intelligence quotient (VIQ) and per-
formance intelligence quotient (PIQ) by employing regres-
sion analyses in patients who were examined with WISC-III
and WAIS-III. And in Appendix S1, we discussed the
results of analyses of VIQ and PIQ (Fig. S1).

Statistical analyses were conducted with EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan).

EZR is a graphical user interface for R (The R Foundation
for Statistical Computing, Vienna, Austria).10 Statistical
significance was setat p < 0.05.

RESULTS

Patient profiles

Univariate analyses suggested difference in clinical pro-
files between the patient groups (Table 1). Those in the
“high-functioning” group had a shorter duration of non-GS
than those in the “low-functioning” group (p = 0.009; two-
sample 7-test). Seventy-seven patients with HH had non-GS
type seizures. The percentage of patients showing interictal
epileptiform discharges on scalp EEG was significantly
higher in the “low-functioning” group than in the “high-
functioning” group (p = 0.005; Fisher’s exact test). Preop-
eratively, patients in the “high-functioning” group took a
smaller number of AEDs than those in the “low-function-
ing” group (p = 0.006; two-sample 7-test).

Preoperative cognitive function and cognitive change
following SRT

Eighty-four patients (95%), including 46 in the “high-
functioning” group and 38 in the “low-functioning” group,
were evaluated at 1-year follow-up. The mean postoperative
follow-up period between SRT and the last visit was
3.4 years. FSIQ in each patient group was significantly
improved postoperatively at 1 year as well as at the last hos-
pital visit (Fig. 1A and Table 2). Between the groups, there
was no significant difference in the degree of improvement
in FSIQ at postoperative 1 year or at the last visit (Table 2).

Table I. Clinical characteristics of patients

High-functioning group

Low-functioning group

All patients (preoperative FSIQ >70) (preoperative FSIQ <70)
n =88 n =48 n =40
Clinical features Mean (SD) Mean (SD) Mean (SD)
Sex, female, n (%) 31 (35) 17 (35) 14 (35)
Age at surgery, years 16.2 (11.5) 15.3(11.5) 17.3(11.5)
Age at onset of GS/non-GS, years 2.3(2.8)/6.9 (5.1) 2.6 (3.2)/7.8(5.4) 2.0 (2.1)/5.9 (4.7)

Duration of GS/non-GS, years

Maximum diameter of HH, mm

Attachment side, n (%), right/bilateral/left

MRI subtype, n (%), intra/mixed/para

No interictal epileptiform discharges on scalp EEG, n (%)

Precocious puberty, n (%)

Number of preoperative of AEDs, n (%)
History of non-SRT interventions, n (%)

Seizure remission, n (%)

At POY I: GS/All types of seizure
At last visit: GS/All types of seizure

13.9(11.1)/8.5 (9.3)
15.8(7.1)
24 (27)/41 (47)/23 (26)
24 (27)/58 (66)/6 (7)
12 (14)
26 (30)
2.1 (1.1
24 (27)

75 (85)/58 (66)
75 (85)/57 (65)

12.7 (11.1)/6.1 (1.9)
14.8 (6.6)
15 (31)/20 (42)/13 (27)
17 (37)/28(58)/3 (6)
11(23)
11(23)
1.7 (1.0)
11(23)

40 (83)/34(71)
42 (88)/38 (79)

154 (11.1)/11.3 (10.1)
16.9 (7.7)
9 (23)/21 (53)/1031)
7 (18)/30 (75)/3 (8)
13)
15 (38)
2.4(1.0)
13(33)

35 (88)/24 (60)
33 (85)/19 (49)

AEDs, antiepileptic drugs; FSIQ, full-scale intelligence quotient; GS, gelastic seizures; HH, hypothalamic hamartoma; Intra, intrahypothalamic type;
mixed, mixed hypothalamic type; MRI, magnetic resonance imaging’ non-GS, nongelastic seizures; para, parahypothalamic type; POY, postoperative year;
PR, partial resection of HH; SD, standard deviation; SRT, stereotactic radiofrequency thermocoagulation.

Bolded format represents statistically significant findings in comparison between patients in “high-functioning” group and those in “low-functioning” group

(p < 0.05).
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Figure 1.

A. Detailed scatter plots of preoperative and postoperative full-scale intelligence quotient (IQ) in order of preoperative full-scale 1Q
(FSIQ) of individual patients. B. Detailed scatterplots of postoperative change in FSIQ in order of duration of nongelastic seizures (non-
GS). Black points show preoperative FSIQ; gray points show FSIQ postoperatively at | year; and white points show FSIQ at last visit after
stereotactic radiofrequency thermocoagulation surgery (SRT). O = “high-functioning” group; A = “low-functioning” group. C. Bar chart
of mean postoperative change in FSIQ in order of preoperative FSIQ. Gray bars show FSIQ postoperatively at year | and black bars show
FSIQ at last visit.

Epilepsia © ILAE
Table 2. Comparison of preoperative versus postoperative FSIQ
POYI Last visit
n =84 n =87 Postoperative change
Preoperative vs. Preoperative vs. Preoperative POY| Last visit
Group Mean (SD) Mean (SD) t(df) p-Value Mean (SD) t(df) p-Value Mean (SD) Mean (SD)
All patients 72.2(24.6) 78.6 (25.7) 11.3(83) <0.001 79.8 (26.5) 8.36 (86) <0.001 6.98 (5.65) 7.61 (8.49)
High-functioning 90.4 (12.6)° 97.0 (12.1) 8.83 (45) <0.001 98.2(13.4) 7.02 (47) <0.001 7.07 (5.43) 7.83(7.73)
Low-functioning 50.3 (16.4) 56.3 (19.3) 7.07 (37) <0.001 57.2(20.4) 4.86 (38) <0.001 6.87 (5.99) 7.33(9.43)
d.f., degrees of freedom; FSIQ, full-scale intelligence quotient; 1Q, intelligence quotient; POY |, postoperative year |; SD, standard deviation.
Bolded format represents statistically significant findings in comparison with preoperative cognitive function.
9 < 0.05, vs. in the “low-functioning” group.

Significant postoperative improvement in FSIQ was
noted in those with GS remission after SRT (preoperative:
72.8 4+ 25.1 vs. postoperative at the last visit: 81.2 £ 26.7;
p < 0.001; paired #-test) but not in those failing to achieve
GS remission (preoperative: 68.8 £ 23.3 vs. postoperative
at the last visit 71.1 & 24.1: p = 0.36; paired z-test).

Patients with a history of non-SRT interventions, includ-
ing partial removal of HH, gamma knife surgery, focused
resection, corpus callosotomy, and biopsy, had lower preop-
erative FSIQ than those without (no past intervention:
75.7 £ 22.1 vs. with past intervention: 62.7 £ 28.9;
p = 0.03; two-sample r-test). Nonetheless, SRT improved
postoperative FSIQ, even in patients with a previous history
of non-SRT interventions (preoperative: 62.7 + 28.9 vs.
postoperative at last visit 72.5 + 31.6; p < 0.001; paired #-
test). There was no statistically significant difference in the
postoperative change in FSIQ between patients with and
without past non-SRT interventions (past non-SRT inter-
ventions 9.9 £ 7.3 vs. no past intervention: 6.7 + 8.8;
p = 0.13; two-sample #-test).

We have provided the detailed results of neuropsycholog-
ical measures other than FSIQ in online supplementary doc-
uments (Table S1).

Predictive factors of postoperative cognitive changes

Univariate linear regression analysis, employed for 84
patients, showed that duration of non-GS type seizures
(p = 0.03) and preoperative number of AEDs (p = 0.03)
predicted postoperative change of FSIQ at 1 year following
SRT. These predictor variables were negatively correlated
with the outcome measure. Multivariate linear regression
analysis showed that duration of non-GS type seizures
(p = 0.03) independently predicted postoperative change of
FSIQat 1 year following SRT (Table 3).

Univariate linear regression analysis, employed to the
“high-functioning” group, showed that preoperative FSIQ
(p = 0.04) predicted postoperative change of FSIQ at 1 year
following SRT. Multivariate linear regression analysis
showed that preoperative FSIQ (p = 0.01), interictal epilep-
tiform discharges (p = 0.04), and mixed hypothalamic type

Epilepsia, 58(9):1556-1565,2017
doi: 10.1111/epi.13838



1560

C
Lo d
L7
S
°
o
S
o
s

panunuo>

5335 uo sadueydsip

170 (8¥e)L61l— L10 (66'9) SE8— 950 (L9 591 ¥0'0 (89'1)99°¢  L00 (eI)ere wuondayide [ed1Iy|
0€0  (85°€)9L€ ¥s0 (0D vl 1£0 (€57 €60 se0  (081)TI0— apIs Yy
ss0 (199 L1t~ 50 (€D ¥veI— 500 FED 19— o WLrse— apis a1
HH 0 opIs 3uswydeny
10 (££9)L1T 680  (59'€) 050 1T0 (09)91's 600  (#8°€)€L9 adA oiwrejeypodAyeeq
8c0  (65°€)8I°€E 680 (zed)zeo—  1000>  (1007)TL'L—  $0°0 (90°7) 08'9— oo  (6v° 1) 11°€— 2o (9NDysT—  2dhdiweeyiodAy paxiy
610 (bI'p)TSS— s60 (0910 100 (61D 16'S o0 (891 ErI adA1 awrejeypodAye.nu)
adkigns [y
oco  (0z0) 170 ss0  (£1'0)800 €€°0 (£1'0) £1'0— s¥0  (T1°0) 60°0— HH Jo J313Weip wnwixel,
6€0 (sro)erro—  Looo  (600)¥T0— 900  (6000)810— 950 (¥1'0) 80'0— 6c0 (1o zro— $9-uou jo uone.nQg
650  (¥1°0)80°0— oo (600510~ 80 (010)z00 50 (80°0)¥00— $D jo uoneing
siro (120)90°1 9000 (zv'0) 1T'1 ¥0'0  (¥°0) 06°0 8€0 (se0) 1€0 90 (9zo)€lo S9 Jo19su01e 33y
800 (WlI'e)uhe— w80 (0T LkO— 01’0 (6T0) 18°€ yzo  (s91)s6l aeway
aneA-d  (35) 8oy anjep-d (35) 30y anjeA (35) 30y anjeA (35) 30y anjeA (35) 32y anjeA (35) 30y anfep-d (35) 30y anjeA (35) 30y s9|qelieA Juapuadapu]
-d -d -d -d
eLIBARIN|A a1elIBAIUN a1eLIRARN]Y d3elIBAIUN 1eLIBARINL d1elIBAIUN d1elIRARN}Y eLIBAIUN
oy =u g =u 8y =u 9y =u
AsIAISE] Jeaf | sanessdoisog ASIAISE] Jeak | sAnesadolsoy
(02> DIs4 @Anetadoaud) dno.d Zujuonouny-mo (0£Z OIs4 @aneaadoa.d) dnous Buluonsuny-ydiy
L1'8 JueIsuU0D
o #00) 100 89°0 (€00) 100 Ol54 2Aneaadoaly
010 (¥80) 0’1 — £0°0 (9s°0) €T’ 1— 53V @Anetadoaud jo JaquinN
wo (66'1)09'1 0€0 (senovl faagnd snooda.ig
860 (§9°7) 900~ 870 (91161 5335 uo seueydsip wuoynda)ids [e1d1u]
€0 (607 60T 120 (1) zs0 apis 3ysry
£0°0 (107 59— ST0 (8€°1)85'1— apis e
HH jO ®pIs Juswydeny
1€0 (65°€) ¥9°€ ST0 (097 00°€ adA3 s1weeyyodAyeaey
1o (16'1) L0€— 170 (e 91— adA3 ojwereyzodAy paxily
LT0 (907) 0€T V0 (11 701 adA3 s1wepeypodAyeau)
adkigns |y
$8°0 (€1'0) 200 960 (60°0) 5000~ HH J0 J213WeIp wnwixey
LT0 010110 €0°0 (L00) v1°0— £0°0 (L00) v1°0— $D-uou jo uoneing
LL0 (80°0) T0'0— 01’0 (90°0) 60'0— $9 jo uoneinQg
[k (€€0) 150 €10 (ez0) s€0 SO jo39su0 e 33y
L0 (16'1) 950 150 (8T°1)98°0 a[eway
anjepA-d (3s) 3oy anjep-d (3s) 3oy anjeA-d (35) 3oy anjeA-d (3s) 3oy s3|qelieA 3uspuadapu|
2elieAlR|N| lelIBAIUN @eleAlR|N| lelIBAIUN
88 =Uu pg =u
SIAISE] | Jeak sAnesadoisoy

sasA|eue uoissa.a3au Jeaul| ajelieAl3|nW pue 3jeLieAlun Aq adueyd sAnesadolsod jo si103d1padd °§ d|qel

1556-1565, 2017
10.1111/epi.13838

Epilepsia, 58(9)

do

i:



1561

Cognition in Hypothalamic Hamartoma

Table 3. Continued.

Low-functioning group (preoperative FSIQ <70)

270)

High-functioning group (preoperative FSIQ

Postoperative | year Last visit

Last visit

Postoperative | year

n =40

n =38

n =48

n =46

Multivariate

Multivariate Univariate Multivariate Univariate Multivariate Univariate

Univariate

p-Value

Reg (SE) p-Value Reg (SE) Value Reg (SE) Value Reg (SE) Value Reg (SE) Value Reg (SE) p-Value  Reg(SE)

Value

Reg (SE)

Independent variables

0.35

293(3.11)
~2.83(141)

0.75

0.66 (2.01)
~1.95(0.89)

0.87
0.76

0.45 (2.68)
~0.33(1.10)

0.21
0.3

247 (1.93)
~0.80(0.76)

Precocious puberty

0.05

0.04

Number of

preoperative AEDs

23

0.

0.11 (0.09)

0.03

0.13 (0.06)

7.19

0.03

~0.18 (0.08)

0.19
28.69

~0.12(0.09)

0.01

~0.16 (0.06)

20.36

0.04

~0.13 (0.06)

Preoperative FSIQ

Constant

AEDs, preoperative antiepileptic drugs; FSIQ, full-scale intelligence quotient; GS, gelastic seizures; HH, hypothalamic hamartoma; MRI, magnetic resonance imaging; non-GS, nongelastic seizures; Reg, estimated

regression coefficient; SE, standard error; sEEG, scalp electroencephalography.

Bolded format represents statistically significant findings.

of HH (p = 0.04) independently predicted the change in
FSIQ postoperatively at 1 year. Likewise, the postoperative
FSIQ change at last visit can be independently predicted by
preoperative FSIQ (p = 0.03) and mixed hypothalamic type
of HH (p < 0.001) (Table 3).

Univariate linear regression analysis, employed for the
“low-functioning” group, showed that preoperative FSIQ
(p = 0.03), age at onset of GS (p = 0.04), and number of
preoperative  AEDs (p = 0.04) predicted postoperative
FSIQ change at 1 year following SRT. Multivariate linear
regression analysis showed that duration of non-GS
(p = 0.007) and age at onset of GS (p = 0.006) predicted
the postoperative FSIQ change at 1 year (Table 3).

Table S2 provides the results of univariate and multivari-
ate linear regression analyses to determine the factors inde-
pendently predictive of the changes in FSIQ, VIQ, and PIQ.

Predictive factors associated with preoperative cognitive
function

Univariate linear regression analysis, employed for all
88 patients, showed that interictal epileptiform discharges
on scalp EEG (p = 0.03), intrahypothalamic type of HH
(p = 0.003), mixed hypothalamic type of HH (p = 0.02),
preoperative number of AEDs (p = 0.002), maximum
HH diameter (p =0.01), and precocious puberty
(p = 0.04) maintained their independent predictive vari-
able status for preoperative FSIQ. Multiple linear regres-
sion analysis showed that preoperative number of AEDs
(p < 0.001) and maximum HH diameter (p = 0.002) pre-
dicted preoperative FSIQ (Table 4). These predictor vari-
ables were negatively correlated with preoperative FSIQ.
Univariate linear regression analysis, employed for the
“low-functioning” group, showed that age at onset of GS
(p = 0.04) and maximum HH diameter (p = 0.04) pre-
dicted preoperative FSIQ. Multiple linear regression anal-
ysis showed that age at onset of GS (p = 0.006),
duration of GS (p =0.04), duration of non-GS
(p = 0.04), and intrahypothalamic type of HH (p = 0.03)
predicted preoperative FSIQ (Table 4).

Table S3 provides the results of univariate and multivari-
ate linear regression analyses employed for the patients
examined with WISC-III and WAIS-III, to determine the
factors independently predictive of preoperative FSIQ,
VIQ, and PIQ.

DI1SCUSSION

To our knowledge, this is the first large case-series to
report the changes in cognitive function among patients
with HH following SRT. Thereby, we determined the pre-
dictors of postoperative cognitive change. Our findings may
help to identify patients with HH who are more likely to
benefit from SRT in terms of cognitive function, and may
also help to explain the pathophysiologic mechanism of
epileptic encephalopathy associated with HH.
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Predictors of postoperative cognitive changes

The results of our multivariate regression analyses led
to the following hypotheses. Ultimately, we hypothesize
that early intervention will optimize the degree of post-
operative cognitive improvement following SRT. The
present study provided some evidence that warrants early
intervention with SRT for intractable GS with HH. First,
SRT surgery improved cognition in patients with a
shorter duration of epilepsy more than in those with a
longer duration (Tables 2 and S2; Fig. 1B). Patients with
intractable GS related to HH have increased risk of pro-
gressive worsening of EEG abnormalities and secondary
epileptogenesis.'"'> Their academic performance and
social skills tend to be impaired by such disease progres-
sion, similar to patients with childhood-onset temporal
lobe epilepsy."?

We also hypothesize that severe epileptic encephalopa-
thy may be irreversible, even after achieving GS freedom
(Table 3 and Fig. 1C). Our study showed that cognitive
function of “low-functioning” patients remained lower,
even after SRT, than those of ‘“high-functioning”
patients. Among “low-functioning” patients, poor preop-
erative FSIQ was associated with reduced cognitive
improvement following SRT (Fig. 1A,C). In contrast,
regression analyses, employed for the ‘“high-functioning”
group alone, revealed that patients with lower preopera-
tive FSIQ enjoyed greater cognitive improvement follow-
ing SRT (Fig. 1A,C). Our observations are consistent
with those in previous studies in other institutions. For
example, Wethe et al.® reported that patients with lower
preoperative cognition improved more than those with
higher cognitive function, and their study population can
be treated as “high-functioning,” based on our study cri-
teria. Lack of cognitive improvement in patients with the
most severe cognitive deficit in the “low-functioning”
group warrants further studies to determine if earlier
SRT provides a greater likelihood of postoperative cogni-
tive improvement in the patients with HH. Taken
together,'*'*> we wish to propose that we should consider
early intervention for patients with HH before they
develop severe and irreversible cognitive deficits.

Patients with interictal epileptiform discharges on scalp
EEG had lower preoperative cognition than those without
interictal epileptiform discharges in the present study. The
relationship between the severity of cognitive deficit and
interictal EEG abnormality has been reported by previous
studies of HH,*'® as well as in the other epilepsy syn-
dromes.'”'® Cognitive deficits associated with focal sei-
zures and focal epilepsies may be related to the dysfunction
of a network of cortical and subcortical brain structures
induced by epileptic activity.'”?® Among the “high-func-
tioning” patients, the presence of interictal epileptiform dis-
charges on scalp EEG was associated with better cognitive
improvement following SRT. This finding may be attribu-
ted to the notion that SRT terminated propagation of

epileptic discharges from HH to other structures. We previ-
ously proposed that the mediodorsal nucleus of the thalamus
is important for epileptic encephalopathy associated with
HH because this region has been implicated as the key
nucleus in intractable GS with HH.?' EEG—functional MRI
study in patients with HH also supports our hypothesis.*>
Schizophrenia and Korsakoff’s syndrome, which are often
associated with cognitive dysfunction and behavior disor-
ders, also involve dysfunction of the mediodorsal thala-
mus.”** The observation that inhibition of the thalamic
mediodorsal nucleus impairs cognition of animals also sup-
ports our hypothesis.>> Further investigation into the precise
pathophysiologic mechanism of epileptic encephalopathy
caused by HH is needed.

Clinical change in cognitive function following SRT

The goal and strategy for patients with intractable GS
associated with HH are GS remission after SRT and the
expectation of cognitive improvement. We believe that
freedom from GS may be an important key to optimize
the cognitive improvement following SRT, whereas a
previous study reported that postoperative seizure out-
come was not necessarily associated with postoperative
cognitive improvement.® Univariate analysis, in the pre-
sent study, suggested that failure to achieve GS remission
at the last visit was associated with reduced cognitive
improvement after SRT. History of past surgical inter-
vention did not negatively impact the cognitive improve-
ment following SRT.

Predictors of preoperative cognitive function

The present study found that larger HHs were associated
with poorer preoperative cognitive function, as has been
reported previously.? In our previous study, the maximum
diameter of the HH, once associated with poor preoperative
FSIQ (Table 4), was instead a positive predictor of postop-
erative cognitive change in VIQ and PIQ (Table S2).
Although larger HHs are perceived to be difficult to treat
surgically,?® we have a track record of successful treatment
of patients with giant HH with diameter of >30 mm.?’

In concurrence with our previous report,”® the findings of
the current study support the classification of HH as being
well correlated with preoperative cognitive function.
Specifically, intrahypothalamic type HH was associated
with better intellectual function compared to the other types
(Tables 4 and S3). We also found that mixed hypothalamic
type HH was associated not only with lower preoperative
cognition but also with lower postoperative change of cog-
nitive function (Table 3).

The use of multiple AEDs is associated with worse cogni-
tive function.” Most patients with GS take multiple AEDs
prior to surgery because GS is usually resistant to AEDs.*®
We hypothesize that early intervention by SRT would
reduce the risk of cognitive decline attributed to the effects
of multiple AEDs.

Epilepsia, 58(9):1556-1565,2017
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Limitations

The results of this study need to be interpreted in light of
several limitations. First, our findings were limited to patients
who were examined, in Japanese, with WAIS-III, WISC-III,
or TBIS. Patients who do not speak Japanese (i.e., most
patients from foreign countries) were excluded from this
study. Second, the outcome measures were derived from the
WISC-III/WAIS-IIT and IQs from the TBIS and all were
defined as “FSIQ.” A previous study reported a strong correla-
tion between FSIQ on WISC-III and IQ on TBIS.?® Third, we
could not exclude a practice effect in long-term follow-up.
Therefore, we compared the degree of postoperative improve-
ment in the patients with postoperative GS remission versus
those without. Although WISC and WALIS are susceptible to
practice effects,® the cognitive improvement in our series
could not be explained only by practice effects because the
degree of cognitive improvement was significantly better in
patients with GS remission after SRT. Fourth, the outcome
measures in the present study did not include memory or exec-
utive function, which might have been positively or negatively
altered by epilepsy surgery.® Memory function was measured
with the Wechsler Memory Scale only in 31.8% (28/88) of
patients; thus we focused on FSIQ in the present study. We
plan to collect more pre- and postoperative measures on such
neuropsychological subtests to better characterize the effect of
SRT on cognitive function. Finally, we did not incorporate
behavioral disorders as covariables, although behavioral disor-
der is one of the typical symptoms in epileptic encephalopathy
caused by HH.%"~! Further research is clearly needed to enroll
participants with a definitive behavioral disorder diagnosis,
based on the formal assessment to explore the relationship
between cognitive change after SRT and such disorders.*

CONCLUSION

The main aim of this study was to clarify the predictors
that contribute to cognitive change following SRT. Cogni-
tive impairment may improve following SRT in substantial
proportions of HH patients. Patients with a longer duration
of epilepsy or those with severe mental retardation had a
smaller degree of cognitive improvement following SRT.
Further studies will determine whether earlier SRT provides
more postoperative cognitive improvement in patients with
HH.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article:

Figure S1. (A) Detailed scatterplots of preoperative and
postoperative verbal IQ (VIQ) and performance 1Q (PIQ) in

order of preoperative PIQ in individual patients (n = 64).
Black plots show preoperative VIQ or PIQ; gray plots show
VIQ or PIQ postoperatively at year 1; and white plots show
VIQ or PIQ at the last visit after SRT. & = PIQ; O = VIQ.
(B) Detailed scatter plots of postoperative change in VIQ in
order of preoperative VIQ in individual patients (n = 64).
Gray plots show VIQ postoperatively at year 1 and white
plots show VIQ at last visit after SRT. O = patients with
left attachment HH; A = patients with right attachment HH.

Table S1. Comparison of preoperative versus postopera-
tive cognitive function in the patients examined with WAIS/
WISC.

Table S2. Predictors of postoperative change in FSIQ,
VIQ, and PIQ in the patients examined with WAIS/WISC
by univariate and multivariate linear regression analyses.

Table S3. Predictors of preoperative of FSIQ, VIQ, and
PIQ in the patients examined with WAIS/WISC by univari-
ate and multivariate linear regression analyses.

Appendix S1. Discussion about VIQ and PIQ in patients
who were examined with WAIS/WISC.
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