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Imuseuifieudnsinisifedinaaslsanaanionanasuan (1 60 — | 62, ICD 10) a1nlsaNEIUIAAWE L
Uszinalne Tnegilsonenunadidnadiaeninmessuudszan ( neurosurgical ICU, NSICU) fiulsswenuna
fldvaguaeninimly (General 1cU) liualuwnisandnsinisidedialuduielsanasniionanatunn
niola

uan1sAnwnulungalsonenunagud 33 ure Alsowe1una A7 NSICU 17 uvie fifieesan 166
\Res G9lalfl NSICU 16 uvie amsinsidedinainlsanaaniondnaunn ﬁ'}ﬂ'i’]sluﬂfiu NSICU agngfivkees
§1Aty (22.64 U 33.71%) wazdinuinisfivies NSICU Wiiadw vinldsnsnsidedinanas

@

widnsAnunigeddadnianiedaya uanan1sauanieana1Aty 2090158 NSICU Tulsanenuna

AuaNAnsiiaan1sUssamaaerans Zedreanansinisiiedinaecdlsanaanionanasunnlas

Abstract

Relationship between the number of neurosurgical ICU and hemorrhagic stroke mortality in advance
level hospital in Thailand)

Naruepak Russameyoongtong, M.D., Kullapat Veerasarn, M.D.

Neurosurgical Division, Neurological Institute of Thailand. Department of Medical Services,

Ministry of Public Health, Thailand

Hemorrhagic stroke is not only a common neurological disease but also being a leading cause of
death. The authors explored the mortality of hemorrhagic stroke patients in the advance level hospital who
have neurosurgical ICU (NSICU) compared to the hospital without neurosurgical ICU (GenICU) to find out
how much better the stroke mortality is.

Of all advance level hospital in Thailand, there are 17 hospitals have NSICU with total beds of 166,
no NSICU (using GenICU) 16 hospitals. The mortality in the NSICU group is 22.64 significantly better than
GenlCU group (33.71 % ). The more NSICU beds, the less mortality for hemorrhagic stroke the hospital
will get.

Despite the limitation of the clinical data of the patients, this study find out the important of neuro-
surgical ICU to improve the mortality of hemorrhagic stroke in advance level hospital in Thailand.
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WD ANYIAIMNTNAWE Iz HINDRIIA82095 U8
nfilsAnaamdonaNaILAn (non traumatic intrace-
rebral hemorrhage) wazsnwimfeslunagiaeingm
Wisueauszring nagUaedngaussamAasnsas
(Neurosurgical ICU - NSICU) waz wagieinganaly
(General ICU) 39NN 1%IWLAINILANIZANTIRTURD
HUreingauszanAaenssy

38ANTUN1SIVY
FOYANUINITATIEA NN IUTDYAZDINTH
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p8 code 160-162 (ICD10) TanfulnsFnsiludauais

uInLAesaaInagUisingaussaImAasnsINgin

ICD 10 DEFINITION
160 Nontraumatic subarachnoid hemorrhage
161 Nontraumatic intracerebral hemorrhage

162 Other and unspecified nontraumatic intracranial hemorrhage
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T5eneUNagIE NSENTUEITUED YNUHITIUTZNA
\NudayalaeAwnIAIe 160-162 91Ndayazad
NINABUEBWUTNTHININ Tadefiaulada LIRFENIN
Tsonenuagug SwinguienilsAnasndenauas
wan Smssaonan Swamiedlunadiaeings
AaBN3IN 91wInEUeLdedInuazUfiasn155nun
flhefiiedin vuan Ussannissmineinge

[

96 9NWILATIZRADNARY SPSS version 16.0 lag

al

as =]

NIAHANAWE 3211198 RN LA AIRA U WA B
Tuwnagiheingaraenss iWisuifisuansinisidedis
seninelsoneunaguduazsznitalsanenunadifne
JUaeingmuszamAasnssn (NSICU) waznagilae

Snganalyu (Genlcu)

wan1sAnuY

I5aWeUIaABENIUSZINARNIANR 33 WA

$rwan 17ure AfinedUaeingaussamAaensn
(NSICU) waz 16 ury filaifineguiedingmussann
Aagnsss (Gen ICU) fuaeidensanluanasionyn
10,559 A% H 1,026 AK (10%) UHLA61159nE1
2,564 A (25.13%) Lde¥3n lungalsoweunadi
fviodUleingauszainAdasnssn (NSICU) 91475
\feasan 166 LHes dwiwdeaiesiigade 5 Lied
(Tsawgruray3sad) anfign Ae 24 Lies
(Tsaneunaassndnduszaer) 1ade 10 thes lu
amsfinagUaeingaaludaenssn (Gen IcU) §
\feasan 438 LHes Swambesiosfigafe 11 Hed
(T5aMg1U1aamI512ASAI55INI1E) WInfige Ae
52 iee (Tsaneunaidinazenensny) i 24 e

(miwﬁ 3 ez 4)

A15197 2 Swanuazsesazaegiieiiensanlwanssduwnaindoyaniluaaclsoneuiagug

Factors Total (%) Min(%) Max(%) Median(%)
IIWINLFEY NSICU 166 5 24 10
41%IAE9 GenlCU 438 11 52 24
31%U8 ICH

* NSICU 6,336 122 837 324

e Gen ICU 4,193 113 564 241
dihelasdaslasunissnw

e NSICU 815 (12.86) 5(2) 143 (26) 25 (11.48)

e Gen ICU 211 (5.08) 0 (0) 96 (22) 13 (4.33)
wIngiaeLdedin

e NSICU 1,420 (22.41) 18 (10) 321 (54) 67 (20)

e Gen ICU 1,234 (29.43) 31 (14.36) 147 (90.68) | 80 (28.70)
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A15199 3 sedalsanenuiaguduazdiwambios NSicU Tu

Useind
LURFUNN Tsanguna UIULAYY

1 TINAIBITEUTTIRATIER 7
1 TW.81U79 10
1 IN.HATNIA 8
2 TNQATAR 8
2 TN.WNGIUINY 12
5 TN.WATUH 8
5 TNINIYT 8
6 TNIAY3 8
7 IN. FWGIOWLIN 6
7 S.50818m 10
8 IN.ANAKAT 12
8 TN.9A551% 10
9 TW.HAITIIBATIIIRHN 10
9 INYTING 5
10 IN.AIINENTUS AR 24
12 WAL 10
12 IN.EZAN 10

EREY 166

m1997 4 Tedalsowenuiaguduazsiwiniiies Genicu lu

Ussind
LURFUNN Honuaoau UIULFE ICU

3 IW.899AUSEENSNY 24
4 TW.NIZHENET 44
4 TN WIEHWATATOETEN 24
4 TN.HIYT 32
5 INLIINTZEENIY 52
5 TN.AHNTAIAT 27
6 SW.NszUNLNED 45
6 INLTNITBNDABHIUAS 32
6 w.ymolass 28
6 IN.AYNIUIINTG 23
6 IN. 52809 20
9 TN.G3UNS 24
11 swadseQiia 18
11 TN.gI¥Y 51 12
11 IN.HAITIIWAIATOITHIY 11
12 TN.R5 22

ERIY 438

lsawenunagudisnadiieingauszamiasnssy
f31wangUaeniazidennanluanasninninlss
wenuafifrediaeingailudaensss widnsne
nduaInitegefiteesdfn Taeshsmerasyn
veftheingauszamAasnssy adil 22.64% Tuans
finefiheinganaludasnssn Ao 33.71% AT1eh
78 Mann-Whitney test WU P value 11NAU 0.007

(m'ﬁfmﬁ 4)

A15190 5 N1SARAT Mann-Whitney test Laz8n31n15L88 235

Mann-Whitney test: % death

NICU Gen ICU
Median 19.672 28.701
IQR 14.187-25.400 24.479-34.946
P value 0.007

amANEN RS TN IeTwIBA B uaZE AT
AM8F8 Linear regression Tungulsoneu1aguens
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Abstract

Pedicle Screw Insertion with Intraoperative Triggered Electromyography Monitoring: A Review Article

Nattawut Niljianskul, M.D.
Division of Neurosurgery, Department of Surgery, Faculty of Medicine Vajira Hospital, Navamindradhiraj
University, Dusit, Bangkok 10300, Thailand

The placement of pedicle screws (PS) has commonly used to treatment spinal pathologies including
trauma, degenerative disease, scoliosis, and tumors. Accuracy for PS placement is very important and chal-
lenge due to malposition of PS and breached pedicle walls could lead to serious complication such as nerve
root injury, spinal cord injury, vascular injury, dural laceration, visceral injury, pseudarthrosis, and instrument
failure. Especially the nerve injury was the most common complication that confronted with spine surgeon.
Despite technical advances over the last decades, PS placement is still associated with risk of complica-
tions. Intraoperative triggered electromyography (tEMG) is another intervention used to precisely place PS and
avoiding nerve root injury. Intraoperative tEMG had the ability to detect pedicle breaches with fair sensitivity
and high specificity. The probability of medial breach pedicle screw and post-operative neural integrity injury
were correlated with low stimulation threshold.

Keywords: nerve root injury, pedicle breach, pedicle screw fixation, triggered electromyography
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nasus:liju cerebrovascular reserve
TudiUos chronic cerebrovascular insufficiency
lnonisls resting state hemodynamic parameter
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Cerebrovascular reserve (CVR) 18% hemodynamic parameter fiflunumanAnlunisuszfingtassues
edonzasilneduasanissnewinasnianeinsallsazasgiaeluszezens n1sUssdin cerebrovascular
reserve Im&lmmﬂ’mﬁ]ﬂ‘ﬁ)ﬂﬁﬁ’l acetazolamide challenge test %38 CO, inhalation test densansisaraneli
\iRAN2zuNnsndanann19vin wazfidednianaanals n15UsELEY cerebrovascular reserve n198anlagnS
14 resting state hemodynamic parameter S9tdwn1oLdanffuaznanzanNdnsUAnITWA Ll asaUsLfin
cerebrovascular reserve Ima'ﬁ%mmgwﬂﬁ

‘U‘Vlm’lNﬁLﬂ%m’iﬂUW)WJﬁmﬂﬁNLﬁmﬂ%ﬁlmﬁﬁm resting hemodynamic parameter AUNT9I/ cere-
brovascular reserve (CVR)IEIEJ%%N’IGIig']%V[ﬁ"fl’ﬂﬂ?ﬂ'i'] resting hemodynamic parameter ﬁﬁmwﬁaﬁuéﬁu
cvritldannnisinlaeisannsgiw adnefiviednAnyAa mean transit ime (MTT) lwsaauzdi cerebral blood flow
(CBF) waz cerebral blood volume (CBV) lalldidamingriu cvR Aildainn1sinlaeisanagiuwadnefivied Ay

AIEIARY: ANDIAIALADALIDS

Abstract

Cerebrovascular reserve (CVR) is an important hemodynamic parameter for evaluating patients with
chronic cerebrovascular insufficiency regarding both treatment options and long-term prognosis. Acetazolamide
challenge test and CO2 inhalation test are standard methods for CVR evaluation. However, both methods
have several complications and limitations. Indirect measurement of CVR by resting hemodynamic parameter
is an alternative diagnostic tool especially in the center where direct CVR measurements are unavailable. In
this article, we review literatures that compare resting hemodynamic parameters to direct measurement of
CVR. We found that among resting hemodynamic parameters including mean transit time (MTT), cerebral
blood flow (CBF), and cerebral blood volume (CBV), only mean transit time (MTT) is significantly correlated
with direct measurement of CVR.

Keyword: chronic cerebrovascular insufficiency
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Physiology of cerebrovascular hemodynamic and

cerebrovascular reserve

I~ ) aa o @ | o
supallnaienznfinsldnasugesaifoinasn
1 [ I £% a v s
1381 319n1esndwsasinalnlunisliansnassn
wAtaLtaaNaslaani1sddanN L AEIaNDI LB RS

U52H1% 50 ml/min/100g 209.hail8aanad 49 cere-
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bral blood flow 811 flwdasfn1s3nwIszaURRALHIN
cerebral perfusion pressure %Lﬁuﬁu‘n%aammﬁmm
Lfl;a\‘ﬁnﬂmﬂ cerebral blood flow aAAYANDIALLARNTT
2adon Tun19nduiwnIn cerebral blood flow L
NN Az RRNIzENDIUIN NeoeaRnEenaanly
anaals

AMHNANNHS2BINT INAIeu2a9LE0RNY cere-
bral perfusion pressure WA cerebral vascular resis-

tance WWIURTNANATT

Cerebral blood flow = Cerebral perfusion pressure/

cerebral vascular resistance

nsAruRNUSHaLRenfAgsanaslrAed
aunsavinlalaenaln cerebral autoregulation nanl
Ao Léja cerebral perfusion pressure ARAY ﬂET'lNLi{a
Turassndonsznanesuiioldivasndonsenamads
ALY cerebral vascular resistance aRad MAN1INAU
%R cerebral perfusion pressure Lﬁuﬁuﬂﬁ”’lmﬁa
Tunaamdonsznasnmiialivasnionnasiding
1% cerebral vascular resistance Lﬁs‘l?i”w?iﬂwaqmﬁ'mﬁa
cerebral blood flow %ﬁﬁi'lmﬁ Lfia cerebral perfusion
pressure BElWI29 50-150 mmHg lRevaonLian
d?%ﬁﬁUﬂUﬁﬂiu cerebral autoregulation Nﬁﬂ‘ﬁlﬂﬂﬁa
precapillary arteriole®®'°
Cerebrovascular reserve BR18HIAITNEINITE
gaenasaLdanlun1saessndianaliiia cerebral
autoregulation'® ¥inn cerebral perfusion pressure &g
a0LfiwnInd autoregulation azAUANLE 19neRzd
nalnlun1sususalaenisufia oxygen extraction frac-
tion ABNTIIAALET oxygen pananLBeniindwanuni
iatlesinlaildanoann oxygen?®
\Hoanasinne1Ban Nd% cerebral trauma,
ischemic stroke #1358 intracerebral hemorrhage nabn

cerebral autoregulation fazueainsaniely wiee1a

A&7 cerebrovascular reserve aRRY ﬁadma‘lﬁ' GEXRN

lulRanfiA1anaina Nbe I wnan AL oA ARNITAR

(%

51 M lAviaanlAannAcA7 d9NaLY cerebral blood flow

CBF “(ml/min/IOOg)

Cerebral autoregulation

v

- 100 150
CPP (mmHg)

sUN 1 N3MUARY autoregulation §9snmdn Tugag CPP
50 -150 mmHg CBF 9zHA1IRIN (AALUaIAIN

Monica et al.’)

> CPP (mmHg)
OEF
A

100

50

CPP (mmHg)

30 60

sUN 2 nIWudaRIANNANTILE 2N Oxygen extraction
R
fraction NEWHAWLND cerebral perfusion pressure

anad (ARLUAIIINPower et al.?)

\Hessanisanadansinduiiias perfusion pressure
anag’"'?
#ONINVIRaALREAENEIIAN1SUSURIABNNS
WaewuUadrad cerebral perfusion pressure ka3 KABA
\RamgIinN1SAOUALDIRBIEAU carbon dioxide Twldan
sae Tneiila co, lwdanfAfunaundaiolunaan
\RamaziinnsAanesi Knlinasnidonzenefl doua

14 cerebral blood flow LaW Twnenaurin vin €O,
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BIZ2IN mwmmm‘l%mimauauawawaamﬁam&ia
o = g a ! )
3enU CO, T%Lﬁaﬁl%l,’iﬁlﬂ'ﬂ CO, reactivity

CBF (ml/min/100g)
A
CO, R

eactivity
75

50

25

25 50 100
PaCO; (mmHg)

3UN 3 N9MLARIATNENNSIzNIN 32AU CO, Twmdon
bae cerebral blood flow (ﬁmmmﬁl’m Monica et
al.”)

ﬁy’\‘mav[,ﬂsluﬂ’ﬁl,ﬁm cerebral autoregulation L%
CO2 reactivity A19ATWAUAITHNEINITALATTAGTEGA
waznAsAAIRaUSUUaswauIATasnaa AL o ALY
LR8I cerebral autoregulation, cerebrovascular re-
serve Waz CO, reactivity JRANNTNNUBSADAW NE1I
Favn CO, reactivity tiae (naanLdonaenefkoeli
H3zAU COﬂ%LﬁE}ﬂﬁLﬁN%%) cerebrovascular reserve 1l
azvpennlUse ﬁodwaalﬁ’ cerebral autoregulation uel
aaluse Beudanadununsiazlalmdunsusin
M39L3918% (non linear relationship) \iie9a1n auto-
regulation LInn1smoUaResIaINg NLianaanLdon
TnemsssausadonamnnaswiiUiowulas Tuams
ii CO, reactivity Hunismevaussasnanatitonasn
\domsasnsiaiilnesl endothelial cellliraAedasdae
aenalsnmaluntspdfinadinnsnld co, reactivity v
N13U92N104 cerebrovascular reserve Wazcerebral

=213,14,15

autoregulation Taiduadnen
powdrArylunnonaiinuev cerebrovascular re-
serve [UN"9: chronic cerebrovascular insufficiency

n19RA19 impaired cerebrovascular reserve

LEAIAIAINETNITOLNITSNWIT2AU cerebral blood

o 4 @ o 4 a
flow NamaAd ﬁﬂtﬂ%ﬁﬁ]ﬁ]mﬂﬁlﬂ%ﬂ’ﬁmﬂﬂ’]’JZﬂNEJ\‘I?I'm
& o o ) a a

Ham wazaaldiduidasenitelun1siaiswidannns
%’nu’llﬂﬁlmi&hﬁm extracranial-intracranial bypass

4 a4 a a 4 &
LNBLNNUS NI UL A AN NILARIE N

1%§ﬂ'sﬁlﬁﬁm?$ intracranial Lag extracranial ICA

stenosis 910 atherosclerosis N158 impaired cerebro-
vascular reserve $3aHN1SLNNIWADS oxygen extraction
fraction ﬁ'ﬂ%ﬂfiu symptomatic LLae asymptomatic 9
WnlanaLin ischemic stoke lu#9szesiian 5 ¥
=] s 1 dld dl o 1 o
WNBUNUNGHNH cerebrovascular reserve NUNA ae19N
WA NIIA DB Iﬁlﬂnfiuﬁﬁ impaired cerebrovascular
reserve QxﬁIﬂﬂﬂﬂLﬁm ischemic stroke 13-17% /% 1%
ﬂmzﬁﬂﬁjuﬁ cerebrovascular reserve UnG ‘[ammﬁm
ischemic stroke 3-4% /U (P < 0.05)'®71819.2021.2223

#9N15HAR extracranial- intracranial bypass 1%@"1_']38

o
=]

nguitazanlanialiia ischemic stroke aIUGNATLGIES
Ild ar o s Qﬁzs

TufedAynedia

I%Q’ﬂw{‘m Moyamoya RN impaired cere-
brovascular reserve agl:LLﬁl Ima@’ﬁﬂm'sz impaired
cerebrovascular reserve ﬁ@%LL’iG%ﬁIE}ﬂ’IﬁLﬁM isch-
emic event %Q\‘m’j?mjuﬁ impaired cerebrovascular
reserve Laiguwusd (lanatiim ischemic eventlutaa 3
o T d ) i o o
U15.6% SL%ﬂan‘ﬂ severe impaired CVR LN8UNU 1.5%
lungui CVR Lielaiguuse P < 0.05)%

Twsuzain135nw1lsA Moyamoya n15USeLR
cerebrovascular reserve bHLARUNUINNINTEATHAT
AANWIAE1GA STA-MCA bypass LagamlnnAasunng

o v o 1 Qs | 3 >3
wnndazananlasnanainain1saedteduwnan lne
HeawAUEnI TN 1 cerebrovascular reserve
Tunsandwlae1an®>2® luanwnisidanusimlunsg
H1B/ STA-MCA bypass N36anaanLianlhuSLIuns
cerebrovascular reserve 5N3¢LfiR angiogenesis HANIN
NN3FENABRALEBRAWUSIIMT cerebrovascular reserve
Anunflanin®

%anmnm‘ﬂﬁ cerebrovascular reserve 1uﬂ’l’i
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wensaiaadelunsiinanasnaiionluaniam
wazldlunisiianusiialunisinsenaaniionua?
N19U52L 8% cerebrovascular reserve Gl%rgl'ﬂm Moyamoya
fiuszlertlmioonisussfinanadeslunisinde
unsndansznine uaznasingnsnsae lneguieds
Impaired cerebrovascular reserve ﬁEHLLiﬂ azflana
LB perioperative ischemic stroke L& post operative
hyper-perfusion syndrome N’]ﬂﬂ’j’]ﬂ@:Nﬁ impaired

cerebrovascular reserve v[,ai?mlﬁazs’zg’so

n1suUs:lidu cerebrovascular reserve

mmgmelumﬁm cerebrovascular reserve 111161
Tnenauiinszau co lwmdenzaedtae udaninin ce-
rebral blood flow fawuAENAINIIAN CO, NI
AdilaanuFeuifisuiu Inen1afinszsu co, Twian
pnavinlalaensl Acetazolamide MnevaamianmnG
Acetazolamide 2ZUNWSHTW blood-brain barrier 13711
6l enzyme carbonic anhydrase 1w brain daualy co,
firngetu wioonarinlalaenisligvae gannelaien
fing co, i lulmemss daun153m cerebral blood flow
wuwsnansnrilananeds aun n1sld e perfusion,
MR perfusion, SPECT, PET 158 transcranial doppler
ultrasound®’

N19%11 acetazolamide challenge ¥inlAlaens
1% acetazolamide 16-18 mg/kg (Uneantinanale
aw1ne11g wnnlugUiennsne) nerasaianan
Inenaonidenazisaaenasf 5 wifindslien uazas
Ag8FININTgAT 10 wifl uazqnBenaznanluings
20 w1l TuAwUNG cerebral blood flow ansnsaLRnTs
NNLHN 30-60%

AN cerebrovascular reserve §13150AWINLATN

RENAR

CVR — CBF, postacetozolamide — CBF, preacetozolamide % 100
CBF, preacetozolamide

daleUSeuaas acetazolamide challenge La'jal,‘ﬁsm
flun13¥i1 CO, Inhalation Aalaidonasia Systemic blood
pressure, heart rate LLag respiratory rate®'
HadaLAE991nN15 1 acetazolamide THlagia9
anunsanulpveslsun annsanseusailuin wiezn
Uaneslauaewindenuls 51.4%, onn1suanfsweny
15 42.4%, ann1staaizuaenuls 13.5%, 8115
manldwuls 12.7%, sn1ssamndenuls 10.6%,
n135usafaung 7.2% dounnineanisiraninula

1 Y 1 =] o Id o
ABWANININ LLE]L‘lJ%LWEJ\‘Iﬁ'JﬂT]'JLLﬂSVLNNa%lﬂi']ﬁl

31,32,38
PITIEN

FaunIndounquussann1slesu acetazolamide
7RN1591891%LA.AN5LAA pulmonary edema, cardio-
respiratory arrest FawulauaanIn (<1 %) LAZVINNA
\inlugUaenfiongainndl 70 Y4

N15L0/ ischemic stroke 310 steal phenomenon

oV vao X 1 a o d
NAILASU acetazolamide (NA1IMBNISNHAABALADR
AUunRRNSPEem luaME viaanieananUns Ly
dwnsazenenalannl#iaengn shunt aanainuiim
da a a & a & I
NinUnfananadlwusiiuwwinnisanaten) 1w
U 2 s o 1 [~3 a wa
Fafesziolunnangud] agrelsiainlunizljun
UVL Iad =) o L4 1 31,36
g9 LN HI129T1BN5ARNTILAINGT?
U a Qs nﬂl £ U v

HANANNNATILABIRIN LANE1LULAD acetazol-

amide 89RUfRSeNAUeNBwNABINSZS TAuA
. o v 63 ! < a

acetazolamide m%i‘]amazLﬂumamazmumi
AU lithium, quinidine, procainamide, methe- namine,
phenobarbital WAz salicylates NN 1HILAUINAFIHAAR
BANABOIINNITARTLAVEIUNFAIWASHIUHE1E
1 JwmA19ua7 acetazolamide SIAINITALNNTEAU
&7 cyclosporine ¥NAN151I5INAW Feanavinlwiia
nephrotoxicity 16 waz acetazolamide GaviinlaniaLin
digitalis toxicity 8ns18 WAZWINA3U acetazolamide
INAU salicylate 2LiIRN172 metabolic acidosis L&
CNS depression L&°'

BANLRTHAIINADFADLYDY acetazolamide NNAD
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Mg Fad1Anfid1Anfigadimiunisin aceta-
zolamide challenge TuUssindlngda Tiin151iuaen
intravenous acetazolamide

N19¥1 CO, inhalation test Wi lelnanislwgiae
gARN CO, ANNLINIY 3 - 5 % LAIVIIN19IA cerebral
blood flow TmelwAnUn Paco, fifiadnh 1 mmHg 92
11194 cerebral blood flow %L‘WIN?T% 0.01-0.02 mLsg/
min  WAN1SPENEEIDINAD AT DAL ATIUTNGS
gAAN CO, wazvasALdaAvzNaUgN1IzUnfaE g
FIAFTINAINEAGAAN CO,

AN cerebrovascular reserve 818130AIWIRLADIN

Gtk

CBFpoxt—COz - CBFpre—COz
CBF, pre—CO>
100

P, Apre—CO2 — P Apost—CO2

CVR =

Namsl,‘ﬁ'aq cerebral blood flow 31nN19%11 COo,
inhalation test 92188131 115711 acetazolamide chal-
lenge BE19NIN WeNINHNI1 CO, inhalation test
SofiuatradaslaudnisiUdswutas heart rate uas
systemic blood pressure Iﬂﬁl blood pressure §1H158
iiaEnlegaie 10 mmHg

[GEER G CO, inhalation test ﬁﬁy'umaumsﬁ']
fidudound uazlduafidnawtoendi acetazolamide

challenge®’

nasus:lidu cerebrovascular reserve lnon1sls

resting state hemodynamic parameter

nfina1rundresuasfinlddn n1susefin
cerebrovascular reserve WUUN1A3F WlHI19zlABN13
#11 acetazolamide challenge %38113%11 CO, inhala-
tion test Fanfawnanfidudaunasuais fuadiaded
uazdadnninegdlanes vinlrluwunsusainaliainisn

U521 cerebrovascular reserve 118350113319

nismnoidendulunisus:idu cerebrovascular
reserve Hoiduus:lestiogoun

1wl A.A. 1984 Gibbs WAzAME HILNANUIT Thh
HUI8MaaRALAaALAY internal carotid AUAWUIIIIBDL
finsiinduzas mean transit time (MTT) lugaued]
A1 cerebral blood flow (CBF) WazA1 cerebral blood
volume (CBV) 8olallufenutas uamsliifind resting
state hemodynamic parameter (CBF, CBV, MTT) WAAY
safinaliliinaulunsussduanadesluniaia
dnoeaaLien laefi MTT a1atsuanienissl impaired
cerebrovascular reserve b5’

U A.A. 2000 Kim wazAelAs1891BANSANEN
WSguneun1sIn resting hemodynamic parameter 310
n15911 MRI perfusion WgUNUNISIA cerebrovascular
reserve (CVR) 311N15%1 acetazolamide challenge
99mTc-HMPAO SPECT Twgae unilateral ICA occlu-
sion 10 518WUIT mean transit time (MTT) &NWWS
flu CVR ae19f%edAg (1= 0.69, P<0.05) Tnamz
it cBv, cBF TaladninsiucvR adnofivedAn™

U A.A. 2002 Kikuchi wazAmelAI1891BAS
AnwUSeutisuni1sim resting hemodynamic pa-
rameter 311N15%1 MRI perfusion \N8UNUNISIA
cerebrovascular reserve (CVR) 311N13%1 acetazol-
amide challenge Xe SPECT 1%@’1]3&1 chronic occlusive
cerebrovascular disease 17 518 (34 hemisphere) WU
el ﬂziu'vdllaj severe impair CVR (CBF increase < 0% ) &
MTT gan'j’ma;:u moderate impair CVR (CBF increase
> 0%, < 15%) waznguuns (CBF increase > 15%)
ag19led1AY (p = 0.0004 WA p < 0.0001 AN
a16U) TReMTTA R8I WdaAHSAU CVR fianasadis
#ned1Any (r = -0.789, P < 0.0001) &9uA" CBF,
cBv luusiazngulalaunnsronnedrefivedAy 39

7 A.A. 2002 Kaneko LazAmzlA1891%NSFHNY
WSguneun1sIn resting hemodynamic parameter 310

N19%1 MRI perfusion WguUAUNISIR oxygen extraction
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fraction ( OEF ) 910 150-PETIuNgwns18619 17 318
Feunznaumae {18 asymptomatic ICA stenosis 11
318 LaLNEaNASUNR 6 518 MTT SNNWSNU OEF
agefied1Aty (r= 0.81, P < 0.001) luamefl CBF,
cBv lalaansinsnu OEF agnefivadmAmy™

U A.A. 2006 Tanaka wazAmelA51891HAS
AnwdSeuneunisin resting hemodynamic param-
eter 91NN15%11 MRI perfusion W18UAUNTISIA oxygen
extraction fraction ( OEF ) 910 "°0-PETlug128l Moy-
moya disease 36 318 WU MTT §HWWS iU OEF 7
\induagnefied1Aty (R®= 0.61, P<0.001) laefi
CBV, CBF llaanAwsAu OEF agefsiedA®

U A.A. 2008 Rim wazAMlAS189TBANTANEN
WSeULNEUNI9IR resting hemodynamic parameter 310
n19711 CT perfusion WiguNUNI9Im cerebrovascular
reserve (CVR) 31NN19%11 acetazolamide challenge
SPECTGL%;J:‘tlJ’JEI Moymoya disease 19 318 WU MTT
dNnEnU CVR agsfsedAnluwusSians MCA territory,
basal ganglia area L watershed area (r= -0.56 to -

[

0.43,P<0.05) CBV &NWW5AU CVR aealned 1ALy
1anz1uuS1Ioe watershed area (r= -0.65, P< 0.05)
sauA CBF [ lsaaiusiu cvR agsdiviedrAglumgn
uSaw*

¥ A.A. 2008 Amita WazAME [HI189TBNNTANET
WSgueuni9in resting hemodynamic parameter 310
A5 CT perfusion WgUAUNISIA oxygen extraction
fraction (OEF) 91n '°0-PETIw g8 cervical carotid
occlusion 6 518 (12 hemispheres) WU MTT §NWWE
flu OEF agnefivearty (R? = 0.590, p<0.001) lu
aguzdi CBV, CBF Lol dainsiu OEF agnsfindAey*

U A.A. 2009 Kim wazAmzlAs189Iw1SAnET
WSEULNEUNT9IR resting hemodynamic parameter 310
A1391 CT perfusion 1guAUN15IA CVR IAg acetazol-
amide challenge 99mTc SPECT 1%@‘0’;8“7;31 unilateral

ICA ¥i58 MCA stenosis 371%3% 23 518 WU MTT ALiNN

Fua1nUnBALA 1.5 w7 duud 11U 155 impair CVR
(CBF amad > 15% 1184 bA3U acetazolamide) aeafive
ARty (sensitivity 88%, specificity 70% P < 0.001)**

U A.A. 2010 Park wazAMelAs1891BA15ANLN
WSeuieun15Im resting hemodynamic parameter
97NN19%1 CT perfusion LguAun13m CVR lae ac-
etazolamide challenge SPECT Tugtae 35 snefilesu
N19H1AR STA-MCA bypass (Moyamoya disease 26
918, atherosclerosis 9 i'lEl) ﬁauﬂhﬁm, early post op
(mean6.6 days), late post op (mean 6.4 months)
WUIIHAIHIGR (late post op) CVR TsdaTiE S RE A
aeafinea1AY (P < 0.001) LAz MTT §NWWSAU CVR
ag1elviadnAty 1w pre op (r = 0.343, p<0.001)
ez late post op (r = 0.365, p < 0.001) Tned CBV,
cBF TulaanAwsAu CVR agelisedAn®

9 A.A. 2010 Eicker kazAmMelA51891%A15AN BN
WSEULNBUNT9IR resting hemodynamic parameter 310
A13%11 CT perfusion LgunRUN15IA CVR 1Ae acetazol-
amide challenge SPECT s[,%lgl'ﬂi'&l 13378 (symptomatic
ICA/ MCA occlusion 9 518 WAz Moyamoya 4 518)NU
91 MTT wae TTP ANWHEAUNNS impaired CVR aen9i1be
At (P < 0.005) luamizii cBv, CBF lalladuning
AluN"9 impaired CVR a819f%ea1Ay*

U A.A. 2016 Kawano LazAMlA1891BANTANY
WSguLneun1sIn resting hemodynamic parameter
97AN15%1 MRl perfusion LAiguniun1sim CVR lag
acetazolamide challenge SPECT e[,w;;l'ﬂ:]ﬂ Moyamoya
33 578

WUIN MTT dNAWSAU CVR adnalitiedAnl
US04 ACA territory (r = —0.5154, p < 0.0001) k@
MCA territory (r = —0.5636, p < 0.0001) &%l
US1I0 basal ganglia MTT THlAFNABSAU CVR aene
fiednAny Taen1s® MTT flena2w aransariiuienis
H impaired CVR 1o Tned sensitivity 68.4%, specificity

91.2%, positive predictive value 68.4% LLAs nega-
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tive predictive value 91.2% Iwanuz# CBF, cBv lalg
ANWWGAU CVR ae1edveaAy*’

¥ A.A. 2017 Hashimoto uazAMzlAI189%
N19AN®ILUSEULNEUNISIA resting hemodynamic

parameter 1AN19%11 CT perfusion tABUAUNISIA

CVR 8 acetazolamide challenge '231-IMP SPECT 11
#1798 unilateral ICA %38 MCA stenosis 20 318 WU
MTT dNW®GAU CVR ag1elwedAy (r= 0.717, p <
0.001) luaszii CBF, cBv Tulagnwusiu CVR age

Aned1mAny*®

A1919% 1 HAN1SAN®INISIR resting state hemodynamic parameter W gUAUN15IR CVR

Author No. of cases Disease Method of measure Method of measure Result
resting hemodynamic CVR/ OEF
Kim et al. 10 cases unilateral ICA MR perfusion acetazolamide MTT correlate with CVR
2000 occlusion challenge SPECT
Kikuchi et al. 17 cases chronic occlusive MR perfusion acetazolamide MTT correlate with CVR
2002 (34 hemisphere) cerebrovascular challenge SPECT
disease
Kaneko et al. 17 cases asymptomatic ICA MR perfusion OEF ""0-PET MTT correlate with OEF
2002 stenosis 11 cases
normal volunteer
6 cases
Tanaka et al. 36 cases Moyamoya disease MR perfusion OEF '"0-PET MTT correlate with OEF
2006
Rim et al. 19 cases Moyamoya disease CT perfusion acetazolamide MTT correlate with CVR
2008 challenge SPECT  in MCA, basal ganglia &
watershed area
Amita et al. 6 cases cervical carotid CT perfusion OEF '"°0-PET MTT correlate with OEF
2008 (12 hemisphere)  occlusion
Kim et al. 23 cases unilateral ICA/MCA CT perfusion acetazolamide MTT correlate with CVR
2009 stenosis challenge SPECT  (Sensitivity 88%,
specificity 70%)
Eicker et al. 13 cases symptomatic ICA/MCA  CT perfusion acetazolamide MTT, TTP correlate with
2010 occlusion 9 cases challenge SPECT  CVR
Moyamoya 4 cases
Kawano et al. 33 cases Moyamoya MR perfusion acetazolamide MTT correlate with CVR
2016 challenge SPECT in MCA, ACA but not
basal ganglia
(Sensitivity 68.4%,
specificity 91.2 %)
Hashimoto 20 cases unilateral ICA/MCA CT perfusion acetazolamide MTT correlate with CVR
et al. stenosis challenge SPECT

2017
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TuA1u289n15ANYIANNANAWS 289 MTT AU
a1n19n19AsAnlaenseEm

U A.A. 2016 Robert LAZAMZIIBIIBAITANE
N9/ resting hemodynamic parameter 1NN19911 PET
Elmj’ﬂ'm Symptomatic ICA occlusion 68 318 Wa3
AARINASLARA ischemic stroke T1d2913871 5 T waavin
cox regression analysis WU MTT ﬁLﬁuﬁuﬁNﬁJuﬁ‘rﬁJv
N19L7iA recurrent stroke agNgdREAIALY (P < 0.01)
sensitivity 77.8%, specificity 76.3%"*°

U A.F. 2016 Hirai LAZAMZIIEITBANTANYINIT
16 resting hemodynamic parameter 21AN15%11 MRI
perfusion Iuﬁﬂ’fl&l Moyamoya disease AIWIN 122 518
(157 hemisphere) %aLLﬂonfcjumwmmﬁmmﬁﬁn
by asymptomatic, hemorrhagic, infarction Lag TIA
WU MTT Tuﬂduﬁﬂmmi (TIA, hemorrhage, infarct)
§ MTT Tuyn area &nL% thalamus ¥1NN91 NGH as-
ymptomatic 8819 significant (P < 0.01) UazNgH TIA
§ MTTI%US a0 frontal lobe 87179077 hemorrhage 2819

o o s

ned1Agy (P < 0.05)%

unasu

s

n15U92L {1 Cerebrovascular reserve HAITNAIALY
aﬁiwmﬂi%ﬂéjuﬁﬂw chronic cerebrovascular insuf-
ficiency ﬁ'ﬂunzﬁu atherosclerosis LLae Moyamoya dis-
ease ﬁﬂflﬂﬁlmmgﬂ% Cerebrovascular reserve 8151310
Uszifinlaainnis¥n acetazolamide challenge VED)
CO, inhalation @9N9d8ITRNAMNLELY Lazdadinag
NOFANAIT N5 resting hemodynamic parameter Aa
MTT 21AN15%11 CT perfusion 38 MR perfusion HAI1H
ANWWS AU Cerebrovascular reserve Lagf sensitivity
WA specificity E[,uﬂ’l’iﬂ’ixLﬁuﬂ'l'Jz impaired cerebro-
vascular reserve agiﬁ 68.4-88% WAz 70-91.2%

13 s 1 [~} = =1 v v
ANARU aghelsimunisAnwiviatenisanu lale
3 a o . .
WwnN151U38ULNYU resting state hemodynamic pa-

rameter NUN153/ Cerebrovascular reserve Imslﬂ'l‘ée[,‘zgi’

acetazolamide challenge lagim59 waban1siUSeuLieu
AUN15IM oxygen extraction fraction WN% N1SUUANGEY
FasAstededadiimmanti uazluowinnaisfiazsinig
AnwiisnBaifieafuanaisdatesnsnisly resting
hemodynamic state Twn15Us2L8in Cerebrovascular
reserve 11nnIAFuilagtn agnolsinaluanitug
fFadnimlun1sin CVR InelBunsgin n151e resting
hemodynamic parameter Ag MTT Lﬁlaﬂmm%m’iﬁ’ﬁl

cVR lngdSa1magn anavialssienaseadnszio
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Abstract

Prediction of Intraoperative CSF Leakage Associated with Transsphenoidal Pituitary Adenoma Surgery
using Artificial Intelligence
Kusawadee Juengsirakulwit, MD., Rungsak Siwanuwatn, MD.

Neurosurgery Division, Department of Surgery, Faculty of Medicine, Chulalongkorn University

Objectives: This study was to using artificial intelligence for prediction of intraoperative CSF leak in
transsphenoidal surgery for pituitary adenoma.

Material and Methods: Retrospective study of the pituitary adenoma patients who underwent transs-
phenoidal surgery in KCMH during 1/1/2015 — 31/12/2020, this study included patients. The associated
intraoperative Cerebrospinal fluid (CSF) leak with demographic data, tumor characteristics, and operative
techniques were analyzed. Two different algorithms were lined up for comparison of the accuracy (Iogistic
regression and random forest model).

Result: The rate of intra operative CSF leak in the series was 24.6%. The risk factors were height of
tumor, hydrocephalus, previous surgery, secretory tumor, age, radiation treatment, sex, BMI, and attempt

to gross total resection. The logistic regression model was more accuracy than random forest model. (F1

score 0.43 VS 0.40)

Conclusion: This study was analyzed all the risk factors for CSF leakage after surgery via artificial
intelligence. This logistic regression model presents better F1 score and offers a valuable tool for prediction

of intraoperative CSF leakage after transsphenoidal surgery in pituitary tumor

Keywords: intraoperative CSF leakage, pituitary adenoma, transsphenoidal surgery, artificial intelligence
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Evaluation Metrics

Description

Sensitivity True Positive Rate (TPR) = When it's actually yes, how often does it predict yes?
True Positive Rate = True Positives
rue Positive Rate = True Positives + False Negatives
Fall-Out False Positive Rate (FPR) = When it's actually no, how often does it predict yes?
Faise Positive Rate = False Positives
alse Positive Rate = False Positives + True Negatives
ROC Curve Receiver Operating Characteristic Curve = Plot of Sensitivity (y-axis) against Fall-Out (x-axis) for
different thresholds
- Curve with higher Area Under Curve (AUC) has better performance
Precision When it predicts yes, how often is it correct?
Precision = True Positives
recision = True Positives + False Positives
Recall Same as Sensitivity or TPR

Precision-Recall Curve

Plot of Precision (y-axis) against Recall (x-axis) for different thresholds

- Curve with higher Area Under Curve (AUC) has better performance

F1-Score The weighted average of the precision and recall.
precision X recall
F1—Score=12 X ( — )
precision + recall
Accuracy

How often is the model correct?

True Positives + True Negatives
All Positives + All Negatives

Accuracy =
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Abstract

Background: Quality of life is worse in patients with epilepsy as compared to that of general popu-
lation. Although seizure freedom is the ultimate treatment goal in epilepsy surgery, patient’s expectations
and improvement in quality of life may also include other social aspects such as education, employment,
income, driving and social relationships.

Objective: To investigated social outcomes, quality of life, social factors influencing quality of life,
presurgical patient’s expectation and patient’s satisfaction after temporal lobe epilepsy (TLE) surgery.

Methods: Seventy-three patients with medically refractory hippocampal sclerosis (HS) who underwent
epilepsy surgery between January 2014 and December 2019 at King Chulalongkorn Memorial Hospital
(KCMH) were evaluated. The socioeconomic data was collected from the subjects and their caregivers by
a questionnaire—interview. All patients had completed at least 2-year postoperative follow-up.

Results: There were 27 males (37%) and 46 females (63%) with mean age of 35.82 + 10.14
years at the time of surgery. Seventy-one (97%) patients underwent standard anterior temporal lobectomy.
Sixty-six (90.41 %) patients reported excellent seizure outcome (ILAE Class I). For social outcome, there
were significant changes in driving status (45.21 vs 60.27%, p = 0.008) but there was no significant
change in other aspects (education, employment, income, marital status) after surgery. All patients reported
excellent postoperative quality of life. The factors which were associated with better quality of life following
surgery were employment (p = 0.036) and ability to drive (p = 0.006). Sixty-four (88%) patients cited
seizure control as their main expectation. Sixty-seven (91 .78%) patients were satisfied with surgery and
would suggest other patients to pursue similar surgical treatment.

Conclusions: Surgery for medically refractory temporal lobe epilepsy improves social outcomes in
driving aspect. Gaining employment and ability to drive after surgery are important factors influencing better
quality of life. Vocational and driving rehabilitation program should be included in comprehensive epilepsy
treatment program in order to enhance postoperative quality of life in TLE patients.

Keywords: Temporal lobe epilepsy, Hippocampal sclerosis, Epilepsy surgery, Social outcome, Quality
of life
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Introduction trial showed superiority of surgery over medical therapy

Temporal lobe epilepsy (TLE) is the most common
form of focal epilepsy'. Hippocampal sclerosis (HS) isa
common pathology encountered in TLE?. Quality of life is
generally lower in patients with epilepsy as compared to

that of general populationg. The randomized controlled

in terms of seizure control, quality of life, and rates
of employment among patients with medical refrac-
tory TLE*®. Seizure freedom was 40-80% after TLE
surgery in long term follow up (5-10 years)®. Although

seizure freedom is the ultimate treatment goal in epi-
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lepsy surgery, patient’s expectations may go beyond
seizure control. Epilepsy patients have lower rates of
employment, lower socioeconomic status, and lower
income compared to the general population”’. Thus,
their expectations may also include improvement of
other aspects such as education, employment, income,
driving, and social relationships. Educational outcomes
may be related to the location of surgery, duration of
epilepsy prior to surgery, and age at onset of seizures'°.
Memory impairment is the most common cognitive
adverse effect of TLE surgery and may have a negative
impact on a patient’s educational capability especially
after dominant temporal lobe resections''. For em-
ployment outcomes after epilepsy surgery, the data
are inconsistent. Some studies showed no change

12-14

in employment status , while others reported

increased employment'®'®

. The factors predicting
favorable employment outcomes include younger age,
shorter duration of epilepsy, pre-existing employment,

and favorable seizure outcome'®"'*"?

. There are only a
few studies exploring changes in income after epilepsy
surgery. One study showed an increase in average an-
nual incomes per capita of 45.08% after surgery'°,
while another study did not show a significant increase
of financial independence after surgery (72% vs 80%,
p > 0.05). However, the patients who had surgery
were financially better as compared to the medically
treated patients (80% vs 52%)'’. The ability to drive
is another important aspect with a significant impact on
daily living including employment, socializing, and health

10,12

care visits . Obstacles for driving in post-surgery TLE

patient include visual field defect, persistent seizure
after surgery, and older age at the time of surgery'®'®.
People with epilepsy have lower marriage rates, higher
social isolation rates. They are less likely to live in-

dependently and less likely to have children than the

general population'®. After surgery, TLE patients had

higher marriage rates than those with extratemporal
lobe epilepsy and seizure-free patients had higher
marriage rates than those with recurrent seizures®.
Recently, there are a few studies investigating social
outcome and quality of life after epilepsy surgery in TLE
patients. To the best of authors’ knowledge, this data
is lacking in Thailand. Therefore, this study is aimed to
evaluate the social outcome, quality of life and patient’s

satisfaction after epilepsy surgery in Thai TLE patients.

Materials and Methods

This is a descriptive, cross sectional study review-
ing database of the Chulalongkorn Comprehensive Epi-
lepsy Center of Excellence (CCEC), King Chulalongkorn
Memorial Hospital (KCMH), Thai Red Cross Society.
This study involving human participants was approved
by the Institutional Review Board (IRB No. 861/63
and COA No. 060/2021)

Patients

This study recruited 73 patients who were over
18 years old with medically refractory hippocampal
sclerosis and underwent epilepsy surgery between
January 2014 and December 2019. All patients had
at least 2 years of post-surgery follow-up. Patients
who were unable to complete the questionnaires were

excluded.

Data collection

The demographic data were retrieved and col-
lected from the database. Socioeconomic data was
obtained from the subjects and their caregivers by the
questionnaire—interview at CCEC or by a telephone
interview during COVID-19 pandemic situation.

The questionnaires consist of 3 parts. Firstly,
socioeconomic status includes pre- and post-operative

data of educational level, employment status, incomes,
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marital status, and driving. Secondly, the quality of life
as measured by EQ-5D-5L (Thai version for Thailand).
Lastly, presurgical expectations and postsurgical sat-

isfaction as evaluated by the subjects.

Outcome measures

The occupation was classified by using modified
kuppuswamy’s scale®’ into professional, semi-profes-
sional, arithmetic skill job, skilled worker, semi-skilled
worker, unskilled worker, and unemployed. Change in
employment status after surgery was categorized into
improved, worsened, or unchanged.

EQ-5D-5L consists of two parts. First part of
the descriptive system comprises five dimensions:
mobility, self-care, usual activities, pain/discomfort,
and anxiety/depression. Each dimension is graded
into 5 levels: no problems, slight problems, moderate
problems, severe problems, and extreme problems.
This utility score of this part was calculated by Thai
population-based preference scores®®. Second part
is the EQ VAS which is the patient’s self-rated health

report on a vertical visual analogue scale (0-100).

Statistical analysis

Descriptive categorical data were presented as
frequency and percentage, whereas continuous data
the central tendency with associated data dispersion
was reported as mean with standard deviation (SD)
or median with interquartile range (IQR) depending
on distribution normality of the data. McNemar’s test
was used to test association of the social outcomes
pre- versus post-operative period. For a test of the dif-
ference of the visual analog scale score of the quality-
of-life assessment at postoperative period between
positive and negative social outcomes, unpaired t-test

was employed. To assess the factors influencing better

quality of life at postoperative period, univariate and
multivariate linear regression model, adjusted with all
other social outcomes, was used. Level of statistical

significance was set to < 0.05 in all analyses.

Result

Baseline characteristics

There were 27 (37%) males and 46 (63%)
females with a mean age of 35.82 + 10.14 years at
the time of surgery. The mean age at onset of epilepsy
was 12.64 + 6.95 years and the mean duration of
epilepsy prior to surgery was 23.26 £+ 10.16 years.
The median of monthly seizure frequency was 30 (IQR
= 50). A mean post-surgery follow-up duration was
4.38 + 1.72 (range 1.54 — 7.73) years. At the time
of the last follow up, 66 (90.41%) patients reported
seizure freedom (ILAE Class 1). Details of clinical data

are presented in Table 1.

Social outcome and quality of life

Education level

There was only 1 patient with higher educational
level after the surgery. Overall, there was no significant
difference of educational level between pre- and post-
operative period. Details of education level before and
after surgery are shown in Table 2.
Employment outcome

Prior to surgery, 55 (75.34%) patients were
employed. After surgery, 5 (6.8% ) additional patients
were employed but the difference of pre- and post-
operative employment did not reach statistical signifi-
cance (75.34% vs 82.19%, P = 0.059). Details of
employment status are shown in Table 2.

In both pre- and post-surgery period, over 50%

of patients were in the semi- skilled worker (e.g. farmer
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Table 1 Clinical data of patients (N =73)

Characteristics Results

History of febrile seizure, n (%) 29 (39.73)
History of CNS infection, n (%) 5 (6.85)
History of head injury, n (%) 13 (17.81)
History of status epilepticus, n (%) 8 (11.11)
Intellectual disability, n (%) 0 (0)
Abnormal neurological signs, n (%) 5 (6.94)
Psychiatric comorbidity, n (%) 4 (5.48)
Family history of epilepsy, n (%) 17 (23.29)
Type of surgery, n (%)

Standard anterior temporal lobectomy 71 (97.26)

Selective amygdalo-hippocampectomy 1 (1.37)

Lesionectomy 1(1.37)
Pathological findings, n (%)

HS only 30 (41.10)

HS with gliosis 42 (57.54)

HS with benign-tumor 1(1.37)

and factory worker) and unskilled worker (e.g. mer-
chant, housekeeper) group. After surgery, the number
of patient who were in skilled worker group or above

had increased from 36 (49.32%) to 39 (53.42%).

Table 2 Social outcomes

However, there is no significant change in class of oc-
cupation in after surgery. The class of occupations are
detailed in Table 2.
Income

Majority of the patients had average monthly
income ranging from 5,000 to 30,000 baht. The
number of patients with income has increased from
48 (65.8%) to 52 (71.2%) postoperatively but that
did not reach statistically significance (p = 0.206).
Details of patient’s income are shown in Table 2.
Other aspects

There was a significant increase of driving status
after surgery (45.21 vs 60.27%, p = 0.008) but there
was no significant change of marital or parental status
between pre- and post- operative period. Details are
shown in Table 2.
Quality of life

After surgery at the time of the questionnaire-
interview, median of EQ-5D-5L score of all five di-
mensions (mobility, self-care, usual activities, pain/

discomfort and anxiety/depression) were 1 and mean

Social outcomes Pre-surgery Post-surgery p values
Education, n (%)
Primary school 15 (20.55) 14 (19.18) NA
Secondary school (high school) 28 (38.36) 29 (39.73)
Vocational certificate 9 (12.33) 9 (12.33)
Bachelor degree or higher 21 (28.77) 21 (28.77)
Education category, n (%)
Primary school 15 (20.55) 14 (19.18) 0.317
Higher than primary school 58 (79.45) 59 (80.82)
Employment, n (%)
Employed 55 (75.34) 60 (82.19) 0.059
Unemployed 18 (24.66) 13 (17.81)
Occupation, n (%)
Professional 3 (5.45) 2 (8.33) NA
Semi-professional 5 (9.09) 6 (10.00)
Arithmetic skill job 3 (5.45) 4 (6.67)
Skilled worker 10 (18.18) 8 (13.33)
Semi-skilled worker 15 (27.27) 19 (31.67)
Unskilled worker 13 (23.64) 14 (23.33)
Monk 6 (10.91) 7(11.67)
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Table 2 Social outcomes (cont.)

Social outcomes Pre-surgery Post-surgery p values
Occupation category, n (%)
Professional/Skilled worker 36 (49.32) 39 (53.42) 0.317
Unskilled worker /monk/unemployed 37 (50.68) 34 (46.58)
Income per month (Baht), n (%)
No income 25 (34.35) 21 (28.77) NA
1,000 - 5,000 9 (12.33) 12 (16.44)
> 5,000 - 10,000 17 (23.29) 16 (21.92)
> 10,000 - 30,000 16 (21.92) 17 (23.29)
> 30,000 - 50,000 6 (8.22) 5 (6.85)
> 50,000 0 (0) 2 (2.74)
Income category, n (%) 0.206
No income 25 (34.25) 21 (28.77)
Having income 48 (65.75) 52 (71.23)
Marital status, n (%)
Single 46 (63.01) 42 (57.53) NA
Married 22 (30.14) 23 (31.51)
Divorced 5 (6.85) 8 (10.96)
Marital category, n (%)
Single/divorced 51 (69.86) 50 (68.49) 0.706
Marriage 22 (30.14) 23 (31.51)
Having a child, n (%)
Yes 20 (27.40) 24 (32.88) 0.103
No 53 (72.60) 49 (67.12)
Driving, n (%)
Yes 33 (45.21) 44 (60.27) 0.008*
No 40 (54.79) 29 (39.73)
Median EQ-5D-5L score (range)
Mobility 1(1-4)
Self-care 1(1-2)
Usual activity 1(1-3)
Pain/discomfort 1(1-3)
Anxiety/depression 1(1-4)
Mean utility (SD) 0.95 (0.08)

Mean EQ visual analog scale score (SD)

85.77 (13.89)

utility score was 0.95 £+ 0.08. Mean EQ visual analog
scale score was 85.77 + 13.89. (see Table 2).
Impact of Covid—19 outbreak on employment status
and income after surgery (Figure 1)

Although Covid 19 pandemic did not significantly
affect employment rate of the patients in this study
(94.52% vs 97.26% p = 0.414), the number of
patients reported postoperative loss of income has
increased significantly as compared to pre-pandemic

period (2.74% vs 16.64%, p = 0.008) (see Figure

1.

Social factors and postoperative quality of life

The factors influencing better quality of life at
postoperative period are shown in Figure 2. Compared
by EQ VAS score, patients with higher EQ VAS were
employed (mean EQ VAS 87.35 vs 78.46, p=0.036)
and were able to drive (mean EQ VAS 89.36 vs 80.31,
p = 0.006). Other social factors including education
level, income, marital status, and parental status do

not show significant impact on the quality of life.
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Figure 1 Impact of Covid-19 outbreak on employment and incomes

Association of social outcomes and quality of life

Yes [ No

Education (higher than primary school)
Occupation (employment)

Income (having income)

P =0.036*

Marriage
Having a child
Drivi
ing P = 0.006*
72 74 76 78 80 82 84 86 88 90 92
Figure 2 Factors influencing on better quality of life at postoperative period
Table 3 Best model to predict better quality of life upon multivariate analysis
Factors Adjusted R-square [-coefficient (95% CI) p value
Driving 11.23 7.95 (1.57 - 14.34) 0.015
Employment 6.78 (-1.39 - 14.94) 0.102
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Preoperative expectations and postoperative pa-
tient’s satisfaction

The distributions of patient’s expectations of epi-
lepsy surgery are shown in Table 4. Their main goals
were to become seizure-free, to live independently,
and to be employed in 87.67%, 76.71%, 75.34%,

respectively. Sixty-seven (91.8%) patients were

satisfied with the surgical outcome and they would
advise others suffering from epilepsy to pursue surgi-
cal treatment. There was one patient who would not
advise others to seek surgical treatment because she
suffered from memory impairment and hemiparesis
after surgery. Five (6.85%) patients were not sure if

they would advise others to pursue surgical treatment.

Table 4 Expectations and patient’s satisfaction after the surgery in each aspect and suggestions for others to pursue the

surgery

Aspects

At pre-surgery period

Satisfactions after the surgery

who expected improvements with

Number of patients

Likert median score (range)

the surgery in each aspect (%)

Seizure control
Self-care
Ability to work
Marriage

Education

Suggestions for others to pursue the surgery

64 (87.67) 6 (4-6)
56 (76.71) 6 (3-6)
55 (75.34) 6 (3-6)
15 (20.55) 5 (3-6)
12 (16.44) 5 (3-6)
Yes, n (%) 67 (91.78)
No, n (%) 1(1.37)
Not sure, n (%) 5 (6.85)

Discussions

To the best of the author’s knowledge, this is
the first study exploring a social outcome and qual-
ity of life after epilepsy surgery in Thai TLE patients.
Among various studied social outcomes, there was
significant change in driving status only which is similar
to those earlier studies from the United States'*'"?°
and Sweden®*. Other social outcomes in this study
(education, employment, income, marital status) were
not significantly changed after surgery.

Despite the average age of seizure onset of 12

years and a high seizure freedom rate in our series,

there was almost no change in educational outcome.

This is likely due to the fact that the mean age at
surgery was 35 years which is well beyond studying
age for the general population. Instead, they might be
more interested in pursuing employment rather than
an academic degree after a successful surgery. In the
future study, it is worthwhile investigating if earlier
surgical intervention during a patient’s academic year
would improve their educational outcome.

Although the number of patients who were em-
ployed had increased after surgery, it did not reach a
statistically significant difference. In previous studies,
the results were contradicting where some studies

12-14

showed no change in employment , while others re-
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ported increased employment'>'®

. The previous study in
Thailand by Locharernkul et al.'®, has shown significant
improvement of employment status following epilepsy
surgery from unemployed to higher categories of pro-
fessional achievement. The number of unemployed and
no income individuals decreased from 66 to 25 cases
(62.1 % reduction rate) after surgery (p < 0.001). The
conflicting results among studies may be a result of a
different population. Lincy et al. reported that younger
age at surgery, shorter duration of epilepsy, longer
follow-up duration, and lower income were associated
with favorable employment outcomes, however, only
shorter duration of epilepsy was independently predic -
tive in multivariate models'®. In the large prospective
study by Edelvik et al., preoperative educational level
and preoperative vocational status were associated
with favorable employment outcomes'®.

Due to Covid-19 pandemic in Thailand, the
government imposed a national lockdown in April-May
2020 followed by COVID-19 Prevention & Response
Policy to limit the spread. The pandemic had affected
the economy in many ways. This study evaluated the
association of Covid-19 outbreak with employment
and income in TLE patient and our findings showed that
the number of patients who reported monthly income
loss had increased significantly during Covid-19 out-
break (2.74% vs 16.64%, p = 0.008) but Covid-19
outbreak did not significant impact on employment.
In the nationwide cross-sectional study in Thailand
by Ruengorn et al.®, on how Covid 19 affected the
general population. Forty-nine percent of the general
population reported income losses and 11.4% had
lost employment which led to adverse mental health
outcomes.

Overall, the quality of life of our patients was ex-

cellent. This study showed the factors influencing better

quality of life at postoperative period were employment
and ability to drive. The patients who were employed
and able to drive tended to have better quality of life
than those who were not. In the study by Auriel et al.
employment was an important outcome measure that
has been positively correlated with quality of life®.
Study by Lee et al. suggested that unemployment was
a contributing factor to depression®’. In addition, the
ability to drive had a significant impact on daily life. It
allows a patient to live independently and as well as
promotes employment and social activities. Seizure
attacks while driving diminished QOL in epilepsy pa-
tients even though they only suffered minor injuries®®.
Therefore, improvement in driving status is a very
important patient expectation of epilepsy surgery out-
come. Results of previous and our studies support that
gaining employment and ability to drive after surgery
may improve quality of life.

For a majority of our patients, seizure control
appeared to be the main goal of surgical treatment,
followed by living independently, and being employed.
Social relationship and education were of less concern.
This is similar to the study by Lincy et al."® from India,
a developing country’s perspective. Interestingly, the
results from the developed countries were different.
Bower et al.?® from the United States, showed driving
was the most important aim. In the study by Taylor et
al.*° from Ireland, desire for work and driving were the
main goals of the patients.

Overall, from this study result, surgery for medi-
cally refractory temporal lobe epilepsy improves social
outcomes only in driving. Gaining employment and abil -
ity to drive after surgery are important factors influencing
a better quality of life. Therefore, the vocational and
driving rehabilitation program after epilepsy surgery

was important. To enhance the employment outcome,
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patients require occupational assessment to identify
their individual abilities, limitations, and goals before
epilepsy surgery. After surgery, they require continued
support in vocational training and employment support.

There are several limitations in this study. First,
the retrospective single-center study may incur pa-
tient selection bias. Second, a small sample size
of a heterogeneous population certainly limits the
statistical power of the analysis. Third, the patient’s
opinion about the expectation of epilepsy surgery for
more than 2 years after having had surgery might not
truly represent the opinions they had before surgery.
Lastly, the COVID-19 pandemic situation in Thailand
since January 2020 may be a confounding factor of
socioeconomic outcome and quality of life of epilepsy
patients in this study. Further prospective multicenter
study could provide more definitive information on this

topic.

Conclusion

Surgery for medically refractory temporal lobe
epilepsy improves social outcomes only in driving
status. Gaining employment and ability to drive after
surgery are important factors which have a positive
impact on the quality of life. Therefore, vocational and
driving rehabilitation programs should be included in a
comprehensive epilepsy treatment program to promote

quality of life improvement in TLE patients after surgery.
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