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

Methods. We“studied 88HH patientswho underwentSRT between October 1997 and
December 2014 Patients received neuropsychological tests preoperatively and
postoperativelyBased onthe preoperative measures, patients were categorizetiigis-
functioning®,full-scale intelligence quotiefftSIQ] >70; n=48) and ‘low-functioning” group
(FSIQ <7Q n=40) Univariate and multivariatéinear regression anabsdetermine the
clinical, electroencephalogragh(EEG), and imagingfactors associated wittpreoperative
cognitive fanctionas well agpostoperative cognitive change.

Results: Eightyseven (98.%) patients were followegostoperativelyfor an average a8.3
yeas, and 75 (85.20) of them achieved GS remission at the last hospital visit.
Neuropsychological performance was significantly improved aftegery in bothgroups.
Multivariate linear regression analysis showed #whaller HH siz€p=0.002) andch smaller
number ofwantiepileptic druggp<0.001) were preoperatively associatedwith better
neuropsychological performancdelultivariate linear regression analysis showed thegdter
postoperative improvement in cognition was associated avithorter duration of epilepsy
(p=0.03),

Significance: Cagnitive impairment related tepileptic encephalopathy may improve
following _SRT in substantial proportions of HH patientReduced improveent in
podoperative cognitive functiom patients with longer duration of epilepsyrrants further
studies to determine if earlier SRIrovidesa greater chance of postoperative cognitive

improvement irpatients with HH.

This article is protected by copyright. All rights reserved



Sonoda et al. 4

INTRODUCTION

Hypothalamic hamartomaH@) is a rare congenital braitesion’ Whereasone
hallmark of"HHysyndrome is intractable gelasseizures(GS), abouthalf of HH patients
exhibit _cognitive impairment and behavioral disordengferred to as epileptic
encephalopath¥?® Both drugresistantGS and epileptic encephalopathyaused by HHare
believed towbesurgically treatablé* Stereotactic radiofrequency thermocoagulation surgery
(SRT) is now recognized asn established therapy for intractatS related toHH:?
however, the prediots of cognitiveprofiles before andafter SRT remain unclealPrevious
studies of" HHpatients who underwent operor gamma knife surgeries reported that
postoperative_cagnitive function was associated with several factonsdimgl’anatomical
features oHH", " age at epilepsgnset”, “age asurgery, “duration of epilepsy “presence
of central precocious pubetty number of antiepileptic drufjsand “preoperative cognitive
function”.>’ Since relatively small numbers of Hphtients were included in tipaststudies,
we expectedsthat our longitudindhta derived from a large number of patiemtsformly
undergoingSRT would independently determine the factors predictive of cognitive function
in patients with HH Our centralhypothesisbased on our clinical practice and {hrevious
reportsnoted.abovewas that patients with shorter duration of epilepsy would bendfam
cognitive improvement following SRT more than those waitbnger duratiorof diseaseln
otherwords;»we hypothesized thiie cognitive impairmentn patients withsevereepileptic
encephalopathy'may be less reversibleen after remission of GS by SRInivariate and

multivariate analyess were employed to determine the clinical, imaging, and
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eledroencephalographitactors independently predictive of cognitive function before and

after SRT

MATERIAESAND METHODS
Patient selection
A total"of 127 patients with HHundekvent SRT for drugresistant GSbetween
October 1997 .and December 2014 in the Hypothalamic Hamartoma CenterNNhisitéa
Chuo National Hospital, Niigata, Japdrhe present studyncluded 88Japanesepatients We
excluded 9 patients who were unable to undergo Wechsler Adult Intelgence Scale
Third Edition (WAISIII), Wechsler Intelligence Scale for Childrdtnird Edition (WISGCIII),
or TanakaBinet Intelligence Scale (TBIShecause of the presencesefrere cognitiveeficit
or becauséheir primarylanguage was other thdapanese. @lical and neuropsychological
dataat 1 yearand at the last hospitalvisit following SRT were reviewedOne patient was
followed at amother hospitalpostoperatively Theeby, the mean followup period for 87
patients was=3:38 years (standard deviation [SD]: 1.8 years)y€angostoperative follow
up data was available in 84 out of the 87 patieAts.patients (or parents of pediatric
patients)gave written informed consengfiore presurgical evaluation and surgical treatment.
Clinical history and vide@lectroencephalographyfeEG) monitoring characterized
GS and norGS) type seizures inluding complex partial seizures, tordtonic seizures,
atypical absence, tonic seizures, atonic seizangegcloric seizuresand spass Video-EEG,
recorded with the EEG1100 system (Nihon hden, Tokyo, Japan), determined the
distribution of interictal epilepiform discharges Preoperative evaluatiomlso included

neuropsychological tests, ictakerictal singlephoton emission computed tomography
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(SPECT) with **™Tc-ethyl cysteinate dimeusing theSymbia Ssystem(Siemens Japan,
Tokyo, Japan), anthagneticresonance imagingvRI) using theSigna HDxt 1.5T system
(GE Healthcare Japan, Tokyo, Japd)e MRI sequences included3D T1-weighted and
fluid-attenyated, inversion recoverymages MRI subtypes were categorizeds
intrahypothalamic, parahypothalamior mixed hypothalamic typeccordingto the MRI

criteriain thé"previous repaft

Neuropsychological examination

A neuropsychologist examined each patient’s cognitive function Wi&iS-III,
WISCHII, or TBIS. In general, ptientswho were<7 yearsold were exclusively examined
with TBIS; patients between 7 and 15 yeald were examined with WIS@I, and patients
>16 years were examined with WAIB. Patients with severe mental retardation who could
not be examined with WISGI or WAIS-III were examined witiBIS, even if they were7
years old In this study below;FSIQ” was definedas “full-scaleintelligence gotient on
WISCHII andsWAIS-IIT or “IQ” on TBIS. “Postoperativecognitive change”was definedas
subtraction of “preoperative FSIQ” fronkSQ at 1 year after surgergr atthe lasthospital
visit”. The outcome measures of interest included “preoperative FSIQ"pastbperative

cognitive.change”.

Patient categories
Based on the result df) tests employed preoperatively, patients were categorized
into “high-functioning” group (FSIQ70; n=48) and *“low-functioning” group (FSIQ <70

n=40)because mental retardation is definedH®ycriterion of mental retardation in ICID 2
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Statistical analysis

Continuous variables wereportedas mearand SD, and categorical variables were
reportedasr@a number and percentage. Thwo-sample t-test was usedto compare the
distributions of continuousariables (e.g.: clinical profiles such as agefweenthe two
patientgroupsiFisheis exacttest was used to test the equality of proportioinsategorical
variable (e.g...«.gender) between two group$he paired test was used to compare
distributions /in_the same patient between two time points fefore andafter surgery.
Univariate and multivariatéinear regression analgsusing thevariable reduction method
wereperformed tadetermine the factoiadependently predictivef “preoperative FSIQ” and
“postoperative cognitive changéThe predictorvariables, incorporated into the regression
analysesjncluded:(1) age at onset d&S, (2) duration ofGS (3) duration ofnon-GS type
seizures(4) maximum diameter dfiH, and(5) number of antiepileptic drugs (AEDBgfore
surgery The followingcategorical variables werdso incorporated in the regression model:
(6) gendery (Fattachment side dfiH (bilateral attachmertteated as attachment to both left
and right side), (Bpresence oprecociougpuberty, and9) presence opreoperativenterictal
scalp EEG interictal epileptiform dischargesn addition to theaforementionedrariables,
(10) preoperative FISQvere also incorporated in the regression mddetietermine the
factor independently predictive of “postoperative cognitive change”.

In__addition, we determined the factor independently predictive of thexbal
intelligence quotient (VIQ) and performance intelligence quotient (Ri®)employing
regression analysen patientswho wereexaminedvith WISC-III and WAIS-II.

Statistical analyses were conducted with EZR (Saitama Medical Center, Jichi Medical
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University, Saitama, JapprEZR is a graphical user interface for R (The R Foundation for

Statistical Computing, Vienna, Austrif)Statistical significance was set at p <0.05.

RESULTS
Patient profiles

Univariate analyses suggestédferencein clinical profiles betweenthe patient
groups(Table. 1) Those in the High-functioning” group hada shorter duration ohon-GS
than those_in thelow-functioning” group(p =0.009 two-sample {tes). Seventyseven
patients with HH had neGS typeseizures.The percentage ofgpientsshowinginterictal
epileptiform discharge®n scalp EEG was significantly higher in the “kwnctioning”
group than_inthe “high-functioning” group(p =0.00% Fisher’'sexacttes). Preoperatively,
patients inthe *high-functioning” grouptook a smaller number of AEDs than thosehe

“low-functioning” group (p=0.006two-sample {tes).

Preoperativeieognitive function and cognitive change following SRT

Eighty-four patients(95%), including 46 inthe “high-functioning” groupand 38in
the “low-functioning” groupwere evaluatedat a tyearfollow-up. The mearpostoperative
follow-up.period between SRT aride last vist was 3.4years.FSIQ in eachpatientgroup
wassignificantly improvedoostoperativelyat 1year as well aat the lasthospitalvisit (Fig.
1A and Table 2)Between the groupshere was no significant difference in the degree of
improvement iIn'FSIQ at postoperative 1 yeeat the last visi{Table 2).

Significant postoperative improvement in FSIQ was noted in those with GS remission

after SRT (preoperative: 72.8 £ 25.1 vs. postoperative at the last visit: 81.2 + 26.7; g <0.001
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paired ttes) but not in those failing to achieve GS remissipre¢peratie: 68.8 + 23.3 vs.
postoperative at the last visit 71.1 + 24.1: p=0&6red ttes).

Patients with aistory of noRSRT interventions, including partial removal of HH,
gamma knife“surgery, focused resection, corpus callosotomy, and biopsy, had lower
preoperative FSIQ than those without (no past interventiéh7 + 22.1 vs.with past
intervention:™62.7 + 28.9 p=0.03 two-sample 4ites). Nonetheless, SRTimproved
postoperativeESIQ even in patients with a previous history of r@RT interventions
(preoperative: 62.7 + 28.9 vgostoperativat last visit 72.5 + 31;6 <0.001 paired ttes).
Therewas no difference in the postoperative change in FSIQ between patients with and
without past no+BRT interventions (past néBRT interventions 9.9 + 7.8s. no past
intervention: 6.7+ 8.80=0.13 two-sample ites).

We have provided the detailed results of neuropsychological measures other than

FSIQ in online_supplementary documefitableS1).

Predictive factors of postoperative cognitive changes

Univariatelinear regression analysiemployed to 8 patients,showed thatluration
of nonGS typeseizures(p=0.03) andpreoperative number of AED§=0.03) predicted
postoperative,.change of FSIQ at 1 year following SRAese predictor variables were
negatively correlated to thmutcome measuréultivariatelinear regressioanalysis showed
thatdurationsof NnorGS typeseizureqp=0.03) independentlgredictedpostoperative change
of FSIQ at 1 year following SR{ITable 3.

Univariate linear regression analysi€mployed tothe *high-functioning” group,

showed that preoperative FSIR=0.04)predicted postoperative change of FSIQ at 1 year
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following SRT. Multivariate linear regression analysis showed tlpaeoperative FSIQ
(p=0.01), interictal epileptiform discharge§y=0.04),and mixed hypothalamic type of HH
(p=0.04) independently predictéide change irFSIQ postoperatively at 1 year. Likewighe
postoperativd=SIQ change at last visitanbe independently predicted pyeoperative FSIQ
(p=0.03) and mixed hypothalamic type of Kipx0.001) (Table 3).

Univariate linear regression analysis, employed to the "ffmmctioning” group,
showed that_preoperative FSI(p=0.03) age at onset of G§=0.04) and preoperative
number of AEDR (p=0.04) predicted postoperatiSIQ change at 1 year following SRT.
Multivariatelinear regression analysis showed tlatration of norGS (p=0.007)and age at
onset of G§p=0.006) predicted thpostoperativé-SIQ change at 1 year (Table 3).

Supplementary Table S2 provides the results of univariatenantivariate linear
regression analyses to determine the factors independently predictive ofrigechnaFSIQ,

VIQ, and PIQ.

Predictive factors associated with preoperative cognitive function

Univariate linear regressioranalysis employed to all 88 patientshowed that
interictal epileptiform dischargesn scalp EEG(p=0.03) intrahypothalamic type of HH
(p=0.003). mixed hypothalamic type of HHp=0.02), peoperative number of AEDs
(p=0.002), maximum HH diameter(p=0.01) andprecocious pubertyp=0.04) maintained
their independent predictive varialdtatusfor preoperative FSIQ. Multiple linear regression
analysis showed that preoperative number of AGB®.001)and maximum HH diameter
(p=0.002)predicted preoperative FSI(Jable 4) Thesepredictorvariableswere negatively

correlated to preoperative FSIQ. Univariate linear regression analysis, employed to the "low
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functioning” group, showed thatge atonset of GS (p=0.04) and maximum HH diameter
(p=0.04) predictegbreoperative FSIQMultiple linear regression analysis showed that age at
onset of GS (p=0.006) duration of GS (p=0.04), that ohonGS (p=0.04) and
intrahypothalamic type of HH (p=0.03) prettd preoperative FSITable 4).

Supplementary Table S3 provides the results of univariate and multivariate linea
regression-analyses, employed to the patients examinedVW8iC-111 and WAIS-III, to

determine the. factors independently predictive of preoperative FSIQ, VIQ)@nd P

DISCUSSION

To our knowledge, this ithe firstlarge caseseries gidy to reportthe changes in
cognitive functionamong patients with HHfollowing SRT. Thereby, we determined the
predictors of postoperative cognitigchange Our findings may help to identify patients with
HH who are more likely to benefit from SRT in terms of cognitive fungtemmd may also
help to explain the pathophysiological mechanism of epileptic encephalopsgbgiated

with HH.

Predictors(of postoperative cognitive changes

The results of our multivariate regression analyses letiedollowing hypotheses.
Ultimately, we hypothesize that early intervention will optimize the degfgmstoperative
cognitive_improvement following SRT. The present study provided sewence that
warrants early interventiowith SRT for intractable GS with HH. First of aBRT surgey
improved cognition irpatients witha shorter duration of epilepsy more thianthosewith a

longer duration Tables 2 andS2, Fig.1B). Ratientswith intractable GSelated toHH has
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increased risk of progressive worsening of EEG abnormalities and secondary
epileptogenesi§-'? Their academicperformance and social skiltend to beimpaired by
such disease progressjaimilar to patients with childhoeohset temporal lobe epilep$y.

We qaalsonhypothesize that sevesgileptic encephalopathynay beirreversible even
afterachievingGS 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 “lowiunctioning” patients, poor preoperative FSIQ was
associated with/reduced cognitive improvement following $Rd@.1A and 1C)In contrast,
regression analyses, employted‘high-functioning” group alonesevealed thapatients with
lower pregperative FSIQ enjoyed greater cognitive improvement following(BigT1Aand
1C). Our observations are consistent with those in previous studies in othertiorstit-or
example,Wetheet al reportedthat patients withlower preoperative cognition improved
more than those withighercognitive functiorf andtheir study population can be treated as
“high-functioning”, based on our study criterid.ack of cognitive improvemeni patients
with the m@st.severe cognitive deficit in tHew-functioning” group warrants further studies
to determine if earlier SRT provides a greater chance of postoperative cognitive improvement
to thepatients with HHTaken togethel?*°we wish to propose that we should consietety
intervention.for. patients with HH before they develop severe awedeirsible cognitive
deficits

Patients withinterictal epileptiform discharges on scalp EB&I lower preoperative
cognition than those withoutnterictal epileptiform discharges the present studyThe
relationship betweethe severity of cognitive deficit and interictal EEG abnormatias been

reported by previous studieof HH*'® as well as in the other epilepsy
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syndromes/*8Cognitive deficis associated with focal seizures and focal epilepsiagbe
relatad to the dysfunction of a network of cortical and subcortical brain struanatasedby
epileptic activity">*® Among the "highfunctioning" patients,the presence ofnterictal
epileptiform™discharges on scalp EB@&s associated with betteognitive improvement
following SRT. Thisfinding may be attributed to the notion that SRT termingexgbagation
of epileptic“dischargesrom HH to other structuresWe previously proposedhat the
mediodorsal. nucleus of the thalamus is important for epileptic encephalopathy tagsocia
with HH because thenediodorsal nucleus of the thalamuess been implicated as the key
nucleus in intractable GS with HH.EEG-functional MRI study in patients with HH also
supports OUF“Rypothesis. Schizophrenia and Korsakb& syndrome, whichare often
associaté with_cegnitive dysfunction and behavior disorgjeiso involve dysfunction of the
mediodorsal thalamu§?* The observationthat inhibition of the thalamic mediodorsal
nucleusimpairsicognition of animalsalso supports our hypothe&tsFurther hvestigation
into theprecise pathophysiological mechanisimepileptic encephalopathy caused by 4H

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 improveriémbelieve that freedom
from GS_may be an important key to optimize the cognitive improvement following SRT
whereasa previous study reported that postoperative seizure outcome was not necessarily
associated with postoperative cognitive improverfiddhivariate analysis in the present

study, suggested that failure to achi€v8 remission at the last visitas associated with
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reducedcognitive improvementfter SRT History of past surgical interventiodid not

negatively impact the cognitive improvement following SRT.

Predictors ofpregperative cognitive function

The present study found that larger HHs were associated with poorer preoperative
cognitive funetion,as has beemrevioudy repored® In our previous studythe maximum
diameter oftheHH, once associated with poor preoperative FESIgble 4) wasinsteada
positive predictar of postoperative cognitive chanmg®/IQ and PIQ(Table S2) Although
larger HHs are perceived to balifficult to treatsurgically®® we have a track record of
successfulitféatment of giant HH of which diameter is greater than 33 mm

In concurrence with our previous repBithe findings of the current study support the
classification of HH as being well correlated with preoperative cognitive function.
Specifically, ntrahypothalamictype HH wasassociated with better intellectual function
compared to the other typ€Bables 4 andS4) We also found that mixed hypothalamic type
HH was asseociatedhot only with lower preoperative cognition but also with lower
postoperative change of cognitive functi@mable3).

The use of mltiple AEDs is associated with worse cognitive functidviost patients
with GS itake.miiltiple AEDs prior to surgebgcausess is usually resistant to AEBSWe
hypothesize that early intervention by SRT would reduce the risk of cognitive decline

attributed testhe effects of multiple AEDs.

Limitations
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The results of this study need to be interpreted in light of several limitations. First, our
findings were limited to patientsho were examined, in Japanese, with WANISWISCHII,
or TBIS. Patients who do not spediapanese (i.emostpatients from foreign countriesjere
excluded fromuthis studySecond, the outcommeasures were derivedom the WISC-
HI/WAIS-1Il_and 1Qs fom the TBIS and defined them all as “FSIQ\"previous study
reporteda strong correlation between FS6Q WISC-Il and IQon TBIS.? Third, we could
not excludea practice effect iHongterm follow-up. Therefore, weompared the degree of
postoperative improvemeitt the patients witlpostoperativésS remissiorvs.those without.
Although WISC ‘and WAIS are susceptible to practice eff€dtse cognitive improvement in
our seriesfcould not be explained ohly practice effects becausiee degree ofcognitive
improvementwas significantly better in patients witlcS remissiorafter SRT.Fouth, the
outcome measures in the present study did not include memory or executive function, which
might have béén positively or negatively altered by epilepsy sutddsmory function was
measured wititheWechsler Memory Scalenly in 31.8% (28/88)of patients; thus, we
focused oAESIQ: in the present studyWe plan tocollect more pre and postperative
measures, osuch neuropsychological stists in order to better characterize the effect of
SRT on cognitive functionFinally, we did not incorporatebehavioral disordergs co
variables,although behavioral disorder is one of the typical symptoms in epileptic
encepalopathycaused by HH:."** Furtherresearch is clearly needed to enroll participants
with a definitive behavioral disorder diagngdiased on the formal assessntergxplore the

relationship betWeen cognitive change after SRTsarnth disorder¥

CONCLUSION
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The main aim of this study was to claritye predictors that contribute tmgnitive
changefollowing SRT. Cognitive impairment may improve following SRT in substantial
proportions of HH patientPatients with longer duration of epilepsy or those with severe
mental retardation benefited smaller degree of cognitive improvement following Gfier
studies will determinewhether earlier SRT provides a greatelegreeof postoperative

cognitive improvement ipatientswith HH.
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KEY POINTS

® Patients,with intrahypothalamic type HH have better preoperative cognitivéofunct

® Excessive'medication with AEDs affects preoperative FSIQ

® SRT is.effective not only for intractable GS but also for cognitive deficitsezhby HH

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

SRT

This article is protected by copyright. All rights reserved



Sonoda et al. 22

SUPPORTING INFORMATION

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

Figure S1. (A) Detailed scatter plots of preoperative and postitper verbal 1Q
(VIQ) and perfarmance 1Q (PIQn order of preoperativel® in individual patients (n=64).
Black plotsshow preoperative VI@r PIQ; gray plots show VIQr PIQ postoperatively at
year land'white'plots show VIQr PIQatthelast visit after SRT> = PIQ; (1 =VIQ (B)
Detailed scatter plots of postoperative changélQ in order of preoperativEIQ in
individual patientsr{=64). Gray plots show VIQ postoperatively at yeandl white plots
show VIQ at lastvisit after SRTD = patients with left attachment HH} = patients with
right attachmenitiH

Table S1..Comparison of preoperative vs. postoperative cognitive function in the
patients examined witWAlIS/WISC.

Table S2:Predictors of postoperative changd-BIQ, VIQ andPIQ in the patients
examined withWAIS/WISC by univariate andhultivariate linearegression analyses.

TableS3-Predictors of preoperative BSIQ, VIQ andPIQ in the patients examined
with WAIS/WISC by univariate and multivariate linear regression analyses

Appendix S1. Discussion about VIQ and@® in patients who were examined with

WAIS/WISC:
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Table 1. Clinical characteristics of patients

High-functioning group Low-functioning group

Clinical features All patients _ .
(Preoperative FSIEY0) (Preoperative FSIQ<7(
n=88 n=48 n=40
Mean (SD) Mean (SD) Mean (SD)
Sex, female, n (%) 31 (35) 17 (35) 14 (35)
Age at surgery, y 16.2 (11.5) 15.3 (11.5) 17.3 (11.5)

Age at onset of GS/non-GS, y 2.3 (2.8)/6.9 (5.1) 2.6(3.2)/7.8 (5.4) 2.0 (2.1)/5.9 (4.7)
Durationref-GS/non-GS, y 13.9(11.1)/8.5 (9.3) 12.7 (11.1%.1(7.9)  15.4 (11.)/11.3(10.1)
Maximum diameter of HH, mm 15.8 (7.1) 14.8 (6.6) 16.9 (7.7)
Attachment side, n (%), right/bilateral/left 24 (27)/41 (47)/23 (26 15 (31)/20 (42)/13 (27, 9 (23)/21 (53)/ 10(31)

MR subtype, n (%), intra/mixed/para 24 (27)/58 (66)/6 (7) 17 (37)/28(58)/3 (6) 7 (18)/30 (75)/3 (8)

No interictal epileptiform discharges on scalp EEG, n 12 (14) 11 (23) 1(3)

Precocious,puberty, n (%) 26 (30) 11 (23) 15 (38)
Number of preoperative of AEDS (%) 2.1(1.1) 1.7 (1.0) 2.4 (1.0)
History-0f-non-SRT interventions, n (%) 24 (27) 11 (23) 13 (33)

Seizure_remission, n (%)
At POY2:GS/All types of seizure
At lastwisit: GS/AIl types of seizure

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

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

35 (88)/24 (60)
33 (85)19 (49)
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Bolded format represents statistically significant findings in comparison between patténghifunctioning group and those itflow-
functioning” group (p<0.05). AEDs: antiepileptic drugs. FSIQ: full-scale intelligence quoGé&hgelastic seizure$iH: hypothalamic
hamartoma._Intra: intrahypothalamic type. mixetked hypothalamic type. MRmagnetic resonance imaging. nGi®: non-gelastic seizures
type seizures. parparahypothalamic type. POY: postoperative yB&.partial resection dfiH. SD: standard deviation. SRT: stereotactic

radiofrequency thermocoagulation.
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Table 2. Comparison of preoperative vs. postoper ative FSIQ

) POY1 Last visit )
Preoperative Postoperative change
n=84 n=87
VS. preoperative VS. preoperative POY1 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(265)  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(134)  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(204) 4.86(38) <0.001 6.87 (5.99) 7.33(9.43)

Bolded format represents statistically significant findings in comparison with preoperative cognitive function.
p <0.05,"vs. in the "low-functioning" group

df, degrees of freedom; FSIQ, full-scale intelligence quatléntintelligence quotient; POY1, postoperative 1 year; SD, standard deviation
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Table 3. Predictor s of postoper ative change by univariate and multivariate linear regression analyses

Postoperative 1 year Last visit
n=84 n=88
Univariate Multivariate Univariate Multivariate
Independent-variables Reg pvalue Reg pvalue Reg pvalue Reg pvalue
(SE) (SE) (SE) (SE)
Female 0.86 0.51 0.56 0.77
(1.28) (1.91)
Age at onset of GS 0.35 0.13 0.51 0.12
(0.23) (0.33)
Duration 0f GS -0.09 0.10 -0.02 0.77
(0.06) (0.08)
Duration of.nonGS -0.14 0.03 -0.14 0.03 -0.11 0.27
(0.07) (0.07) (0.10)
Maximum:diameter of HH -0.005 0.96 0.02 0.85
(0.09) (0.13)
MRI subtype
Intrahypothalamic type  1.02 0.47 2.30 0.27
(1.41) (2.06)
Mixed hypothalamic type -1.67 0.21 -3.07 0.11
(1.32) (1.91)
Parahypothalamic typ  3.00 0.25 3.64 0.31
(2.60) (3.59)
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Attachment side of HH
Left side

Right side

Interictal interictal epileptiform discharges on sEl

Precocious puberty

Number of ‘preoperative AEDs

Preoperative FSIQ

~1.58
(1.38)
0.52
(1.41)
1.91
(1.76)
1.40
(1.35)
-1.23
(0.56)
0.01
(0.03)

0.25

0.71

0.28

0.30

0.03

0.68

~3.65
(2.01)

2.09
(2.09)
~0.06
(2.65)

1.60
(1.99)
~1.40
(0.84)

0.01
(0.04)

0.07

0.32

0.98

0.42

0.10

0.72

Constant

8.17
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Table 3. Continued.
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High-functioning group

(Preoperative FSI870)

Low-functioning group
(Preoperative FSIQ<70)

Postoperative 1 year Last visit Postoperative 1 year Last visit
n=46 n=48 n=38 n=40
Univariate Multivariate Univariate Multivariate Univariate Multivariate Univariate Multivariate
Independent Reg p Reg p Reg p Reg p Reg p Reg p Reg p Reg p
variables (SE) value (SE) value (SE) value (SE) value (SE) value (SE) value (SE) value (SE) value
Female 1.95 0.24 3.81 0.10 -0.47 0.82 -3.42 0.28
(1.65) (2.29) (2.04) (3.14)
Age at onset of GS 0.13 0.62 0.31 0.38 0.90 0.04 121 0.006 1.06 0.15
(0.26) (0.35) (0.44) (0.42) (0.72)
Duration of GS -0.04 0.52 0.02 0.82 -0.15 0.10 -0.08 0.59
(0.08) (0.10) (0.09) (0.14)
Duration of nonéS  -0.12 0.29 -0.08 0.56 -0.18 0.06 -024 0007 -0.13 0.39
(0.11) (0.14) (0.09) (0.09) (0.15)
Maximum..diameter -0.09 0.45 -0.17 0.33 0.08 0.55 0.21 0.30
of HH (0.12) (0.17) (0.13) (0.20)
MRI subtype
|ntrahypotha|amic 1.43 0.40 5.91 0.01 0.16 0.95 -5.52 0.19
type (1.68) (2.19) (2.70) (4.14)
Mixed hypothalamic -2.54 012 -311 004 -6.80 004 -772 <0001 -0.32 0.89 3.18 0.38
type (1.61) (1.49) (2.06) (2.01) (2.32) (3.59)
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Parahypothalamic 6.73 0.09 5.16 0.27 0.50 0.89 2.17 0.71
type (3.84) (4.60) (3.65) (5.73)
Attachment™side o
HH
Left side -1.75 0.32 -4.61 0.05 -1.34 0.57 -2.17 0.55
(1.74) (2.34) (2.31) (3.61)
Right side —0.12 0.95 0.93 0.71 1.43 0.54 3.76 0.30
(1.80) (2.53) (2.30) (3.58)
interictal 3.43 0.07 3.66 0.04 1.55 0.56 -8.35 0.17 - 0.21
epileptiform (1.82) (1.68) (2.67) (5.99) 11.97(
9.48)

discharges on seEC

Precocious puberty 2.47 0.21 0.45 0.87 0.66 0.75 2.93 0.35
(1.93) (2.68) (2.01) (3.11)
Number of -0.80 031 033  0.76 -1.95 0.04 —2.83  0.05
preoperative AEDs ~ (0-76) (1.10) (0.89) (1.41)
Preoperative’FSIQ  -0.13 004 -0.16 001 -012 019 -018 0.03 0.13 0.03 011 023
(0.06) (0.06) (0.09) (0.08) (0.06) (0.09)
Constant 20.36 28.69 7.19

Bolded format represents statistically significant findings.
AEDs, preoperative antiepileptic drugs; FSIQ, full-scale intelligence quotient; GS, gelastic seizures; HH, hypothalamic hamartoma; MR,

magnetic resonance imaging; non-GS, non-gelastic seizures type sdRegyestimated regression coefficient; SE, standard esExG, scalp
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electroencephalogram
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All patients High-functioning group Low-functioning group
(Preoperative FSIZY0) (Preoperative FSIQ<70)
n=88 n=40
n=48
Univariate  Multivariate Univariate  Multivariate Univariate  Multivariate
Independentwariables Reg pvalue Reg pvalue Reg pvalue Reg pvalue Reg pvalue Reg p value
(SE) (SE) (SE) (SE) (SE) (SE)
Female -2.45 0.66 -3.31 0.39 -1.82 0.74
(5.53) (3.80) (5.49)
Age at onsetof GS 1.37 0.15 -0.12 0.83 2.46 004 351 0.006
(0.95) (0.57) (1.20) (1.22)
Duration-of GS 0.02 0.92 0.27 0.11 0.23 034 111 0.04
(0.24) (0.16) (0.24) (0.51)
Duration of honGS -0.39 0.17 0.35 0.13 0.13 0.63 -1.23 0.04
(0.28) (0.23) (0.26) (0.58)
Maximum diameter of HH -0.91 001 -1.08 0.002 -0.31 0.27 —-0.69 0.04
(0.36) (0.34) (0.28) (0.33)
MRI subtype
Intrahypothalamic type 17.30 0.003 7.34 0.05 11.21 0.10 14.04 0.03
(5.63) (3.67) (6.65) (6.20)
Mixed hypothalamic type -12.94 0.02 -5.10 0.17 -6.77 0.26
(5.40) (3.64) (5.95)
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Parahypothalamic typt  -8.23 0.43 -7.51 0.32 -5.04 0.61
(10.44) (7.48) (9.91)
Attachment side of HH
Left side -8.82 0.14 -4.88 0.21 -3.88 0.54
(5.86) (3.88) (6.24)
Right side -0.59 0.92 2.10 0.61 -1.57 0.80
(6.01) (4.11) (6.05)
Interictal epileptiform discharges on sEE -16.59 0.03 2.73 0.53 -17.10 0.31
(7.49) (4.34) (16.55)
Precocious puberty -11.98 0.04 -2.02 0.64 -7.99 0.14
(5.65) (4.35) (5.26)
Number of AEDs -7.41 0.002 -836 <0.001 -0.06 0.97 -4.64 0.07
(2.34) (2.24) (1.79) (2.46)
Constant 106.4 37.75

Bolded format represents statistically significant findings.
AEDs,antiepileptic drugs; FSIQ, full-scale intelligence quotient; GS, gelastic seizures; HH, hypothalamic hamartoma; MRI, magnetic resonance
imaging; non-GS, non-gelastic seizures type seizures; Reg, estimated regression coefficient; SE, standard error; SEEG, scalp

electroencephalogram
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