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abrachiocephalia n1lfuanliAsweun
ALA .

abrachiocephalus n1snlfuanliAsuswm
ALA .

abrachius ARlFuauLAREA .

abrade Tagunanean n.

abrasion o. N1TNABN U. NTANUTBTLINTIIVETE
Wulnenszuaun1gelsnf w. saanaan W. U3
Efmﬁw%ﬁqLﬁ@ﬂq@@ﬂﬂ@mmnmzmumﬂ%a
naallsng

abrasive 6. ¥I0NAAN 2. . A179A U.

abreaction Ufjisentaunans w. uan1sLiniin
213N AZAINN AR

abrism mf;xﬁtn,uﬁmmnﬂ;mwk& . U
Luﬁmmmﬁ'ﬂmwg

abrosia N7eA21M7 U, A iasannlald
2111ANNNIZIUANT

abruptio N17a8NU4A 1. N1THUNABNAINTU

= a 1 A
abscess W U. UFnnuazanvruasulLaite

Vol.38 ¢ NO.2 » 2022

& A a a A A o \ | aM ya
\unsyqniinniiane visefedanwsine wuill4fa
| o
WU
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nanlWan wagdmiud 12, anniawilaainaesen
iy aaftingda Geeenauanalanszaninams,
g1Au 1 enaiTeLeTin enguiiudn dudu
Tneenfuawnivinlfifanas neutropenia lLiat

Tutlszmag sl Hseeugiifnisnizanisiia
N19¥ neutropenia /1NN 1.6-9.2 iﬁﬂﬁi@ﬂ?z‘ﬁ’miwjﬁ
a1uau douluilszmAaiinidsenugiianisnd
284N194ANI9E neutropenia AINYNGINTIAS
2.4-15.4 sesadsranmiediuan’ * wazniay
agranulocytosis annenilylgaaitaiia
(non-chemotherapy drugs) 5 sesatsranswil
A1uan’ A91e91ugiiinisalnia@adanuanngn
Satiaz 57 lnsanizhgeenyfifllsasan F6menis
AT Fauar 5-20° doululszinalnainaeuly
Nzidanelalinanen wugiEnisalaedning febrile
neutropenia WftlaefldFuenaditinin Yeraz 14.9°

NSIUNS:AUADIUSUIISYIOTND:
neutropenia

Iﬂmfll/fﬂﬂﬂmzmeutropenia ldseanu ANC
waendn 1.5x 1071 %q@xﬁ‘umwgmm%ﬁmﬁuﬁﬁu
nRnide LL@zﬁmmmi@ﬁ%mﬁLﬁmga%ummﬁﬂﬁu
ANNIDULNAINgBLE L 3 sEAL’ Fap19797 1

A15199 1 ﬂ’]ﬁ‘LL‘LII\‘i‘l_]i‘BLﬂV]ﬁ')’]Nﬁ;uLL?\‘Iﬂl‘ﬂ\‘iﬂ’m:ﬁ

neutropenia ANANAL ANC

AAMNTULLTY szAL Absolute neutrophil count
(x 10°/L)
Mild 1.0-1.5
Moderate 0.5-1.0
Severe #aeandn 0.5

Agranulocytosis A8 N9 severe neutropenia FalA1 ANC

$ia81n41 500 cells/mcl’ ¥38 0.5 x 10%/L2

Drug-induced neutropenia

= = LA a
mLﬂumu\ﬂummewuuaw@mmm?mm

N9 neutropenia iy eLANLINTRA B1%NTe BNgH

o o 1% 2 k% 2% 3| k% o dl
NN ElﬁﬁanLVI‘J‘@F;Iﬁ #1A11LATT LTURAY AIANTINN 2

Imennqneutropenia A1nen aznugagalu

gilasanguinndn 65 U waznuluwmandgauinnan

WA LL@mqm”mH@m@mummﬁmnﬁmﬂ'w

WurzunlaesaUINNIHANEIA1UL 672 FIENIU

AINANUIULLIY 980 AW AN 125 TiA° WLGIERI

n19iAANIIzagranulocytosis AMNANTNLITEZLIAN

FawA bAFUENaUNILiItade Aa 2-60 AU LATITEY

AINIFNANINNGT 1 1AAL A Faeas 71°

= PR ° v a . 13
M99 2 guigainlFinan19y neutropenia "™

7,9,10

Antiepileptics drugs

valproic acid
carbamazepine
phenytoin
ethosuximide

levetiracetam

Analgesics/anti-inflammatory

agents
indomethacin
ibuprofen
aspirin
mesalazine
aminopyrine

phenylbutazone

Antimicrobials

penicillins
vancomycin
cephalosporins
chloramphenicol
gentamicin
metronidazole
isoniazid
pyrimethamine
sulfonamides
dapsone
chloroquine
acyclovir
zidovudine
ciprofloxacin
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P - ~ ° v a 1,3
M990 2 EI'WlmuEIfJuﬂmﬂmﬂ’nx neutropenia ™

7,9,10( !

F19)

Antipsychotics and

Cardiovascular drugs

antidepressants captopril
clozapine propanolol
risperidone hydralazine
imipramine methyldopa
haloperidol nifedipine
Antithyroid drugs ticlopidine
propylthiouracil quinidine
methimazole Chemotherapy
Antihistaminics melphalan
cimetidine busulfan
ranitidine methotrexate
brompheniramine carboplatin
Diuretic drugs cisplatin
thiazides paclitaxel
furosemide doxorubicin

spironolactone

cyclophosphamide

acetazolamide etoposide

Miscellaneous drugs Heavy metals

allopurinol gold compounds
colchicine arsenic compounds
tamoxifen mercury compounds
retinoic acid

ethanol

levodopa

NAMNNISING Drug-induced neutropenia’

doulugjiinanszuugiANiu (immune) B9
wananalnassialily

1. Hapten nalniwauAaumieatinlfiinnng

shaneuRLenasesuindestnTiniatnia
A lmiAanNinaednaena1 WU e1lungy
penicillin

2. N1IANLLRIEARRLNTINIELL (apoptosis)
Ae nalnidiaidenanaaiafialnafla Han1saieaes
\Ta LI 81 clozapine

3. nsadNsruLRANAuLULFUFew (immune
complexes) M lFAAN T UTLIEAREATNTHA
Aalnsila waziianisvinanaidniaena1a1in

falnsfla Teanalnid wuqdfian1sa519uauRuan

antineutrophilic w&id1aznelAEILAY
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4. mMaiafelngnaFesiaiedinaes (direct
toxicity for myeloid precursors) Lﬁmﬂiwqumiﬁuéﬂ
nstnauremadFuindafianunsaniaiauas
Wanwluimad (pluripotent stem cells) wuulsinnas
fadanasianisnalanszgn wazdinasenisaing
WAREATIY 13 &1 busulfan, &1 ticlopidine

5. nsfuffanszuIun1IafIainldenan9
granulopoiesis et uiuannen (dose dependent
inhibition ofgranulop0|e3|s Tmamwumwmmum
Ay mumuﬂ‘wmmmﬁ?ﬁl‘umLLUﬁmLiﬂmﬂ%umiﬂ
Tudin@ena19 granulocytes Waz macrophage i
lanszgn inliRAnsaala@ena19 granulocytes
LAY macrophage AaAAY L1 81 lWNgH antiepileptic
drugs, #1lunga beta-lactams

nsIansiDogIKtudUNTRIRaNTD:

neutropenia> "% ' 12

1. ngpeniasdedniuanmg

2. wuzth e liinwnanare1aresianie
Mﬁﬂﬁmmiﬁuﬁm’jﬂwﬁm‘%@ ﬁ*uﬂixmumm?ﬁzgﬂ
avenm duaanden iedunistlesiunisiaide

3. Iﬁﬂﬁmﬁmﬂmﬂﬂﬂqwmmd (broad -spectrum
antibiotics) IumﬂqamamwmmmmmmLm@ﬂsnﬂu

4. Na130u1 1% Granulocyte Colony-Stimulating
Factor (G-CSF) lugftlaeinase NOAAIZELIANNNT
\IANTIL neutropenia

andaya’ NUTNTTETRAN LRI AN
neutropenia AuUNTEIIAT ANC nduuludlng
BETTNIN 4-24 U

Levetiracetam

mZ
@)

ch : NH2
\/\‘g

NN 1 gn3lAsaadg Levetiracetam gasiuiana;
CH NO %@ﬂ’]?ﬁ’]; Keppra®
8 14 2 2
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Jounly'* "

¢ Levetiracetam T85Un1stumeidlensludiosiald
Fasiolali]

1. M dugfeadusuinmneinisinaia
partial onset Tug{luajuazdefu Faust 16 TaulUle
funisaiadadnflulsrandnae

2. Wiiluensanlunsinendasielilil

2.1 81n13dnalin partial onset Tuglug)
TeIfu waziiniitoelulsnandn

2.2 @1n19dnuiin myoclonic Tuglunjuay
Fufuanedous 12 TR Thlsnasdngiin juvenile
myoclonic

2.3 an19dinTia primary generalized
tonic-clonic luglury Sesu uazdnengsous 5 Ty
TUffhilsnandnaiia idiopathic generalized

YaNaNHEN Levetiracetam fla@nansaldiflu
guandaildg (off-label use) 16 status epilepticus,
seizure prophylaxis in subarachnoid hemorrhage',

rapid-cycling bipolar disorder Tugluey" iflusiu

naiNM1sooNnNS (Mechanism of Action)'> 7%

ﬂ@iﬂﬂ’]?@‘ﬂﬂq%%ﬂm\‘iﬂ"l Levetiracetam el
NIULUTA N1INAADY in vitro WA in vivo WL918N
Levetiracetam il 10aeuntaednenizianis
‘ﬁuﬁsmmmmmﬁ’ Laznnsaelsramaulng Aedn
1nazifinan 3 natn

1. nsAnE lunynuen F;I"I@@ﬂq%é‘%/‘]_lﬁ/‘]_l
binding site ‘1'7; synaptic vesicle protein 2A (SV2A)
me@@ﬂqm%rﬁué\amsﬁwmmm SV2A (SV2A
antagonist) Nuavinlfldinanisandaes glutamate
panuaNITad AIfannsnld

2. In vitro W18 Levetiracetam ﬁmmﬁ”ué’q
N-type Ca®‘currents uaaulagannistlantlass
Ca”"ann intraneuronal stores

3. WAL Levetiracetam TUIUIAZY 411190

(%
o o

e11EN AMPA receptor 161

Thai * Journal * of ® Neurology

Depolarization

Excitatory
presynaptic
terminal

Levetiracetam

HVA Ca?* % ‘ ‘
channel? P S
™ L]

®
° @
L Glutamate A %

Vesicular release

eana,
T,

= o
T SV 2A,
eerana,, »*

O"“.‘

"'...

kY

AMPA
receptor Postsynaptic neuron

DN 2 ﬂ@iﬂﬂ’]iﬂ@ﬂqmﬁmmm Levetiracetam
o813
ol
nsldidugnnaadmiunisinengdlungjuas

o

wguang s 16 Taull auinenzusulildas 250

Faandu Tuaz 2 A5 Wunan 2 duanf antiuang

' '
a =

finauaenilddusuGudunisineuty 500
faAn3L Fuay 2 A%s TunagnenaLiannld AR
az 250 fladniu fuaz 2 A9 N° 2 &l Tufunis
AALIAUBNINAANN TUIALNGIGAR 1,500 HAAN5H
Fuaz 2 A% (3,000 Na@anFuFAIL)
mﬂ%ﬁlﬂuméfmziﬂm“umﬁﬂmcjﬂmgmq%qLwi
18 Tul uasdejueny 12-17 3 Afhinminaadous
50 Alansuauly auneRlddminnnsBusuns3E
Aa 500 TaANL uAT 2 AX TUNALNTHANNNID BN
| AT T AEN AT
nllEE 1,500 Tiaanu fuas 2 A (3,000 Haaniu
Aadw) FUALINNIAOLAUEINATEN LAZNNIVFaLN
geefulae nsldasuudassuiaendaanisiia
videan a1ansnvinlénisas 500 fiadniu fuas 2 A
g7 2 Flanyi™ delaineudelomfidaan lunnsld
WNATNNNGN 3,000 fadnTuseiu Hfjtlaeunese
fimauauasronnldd auisafinaunnanldis
4,000 HadANFNARTU WARNRAZIAANNIY residual
breakthrough seizures & Faviuunndalsnazuiin
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AYNNIALNTB9BINIIENAEL (seizure exacerbation)
Tunnsldenaunnge™
[
AN
14 = ° o o o 1=y
nsldifusnmaadniunisinundsliideys
pupNLaeaieLazlssanEHan19Aatn®
nsldiiuendondmiunisinendiloean 4-11 1
1 v
wazdagu 12-17 U Advwindadeand 50 Alani
AN IENAUNNE Afsaz 10 Haaniu/nlaniy
v ¥
Fuaz 2 AT TUaEALUNIRALAUBILAZNINUGDE

1afLaeauaildanainl e 30 Haaniu/Alanin

Vol.38 ¢ NO.2 » 2022

o > = Y S
Fuaz 2 AT ManlazuLlasnaedaaniafinize
v
anaun3nrinATiayldiiu 10 Faaniu/Alaniu Juay
v 1
2 AT NN 2 dUaf 1 eeNINTigaAe 60 HaAn3N
siafilaniusiadu uazmsliaunataanganasly
Ferlse@naninlunisinm
1 1 v

e g ludnARswingaunngn 50 Alaniu
Tldwiniuauiaenluglug

Ngaane

uu Q

wiztn s uaunnen MWN@ﬂ’]WﬂﬁTﬁWQ’]uﬂ@Giﬁl

A919% 3 Lansrunae et il dduiuanuade sy

AUNANLTFIAR
AF982 30 NN./NN. AUAT 2 ASS

dutnma AUNATEENAUNTENEN
ASaaz 10 an/nn. Juaz 2 A%

15 N, 150 1N, Juaz 2 AN

20 nn. 200 1. Fuaz 2 A

25 Nn. 250 un. Fuaz 2 AR

fla 50 nn. 500 1n. Fuaz 2 A

450 WN. AL 2 AT
600 1n. Fuaz 2 ASs
750 un. Fuaz 2 A
1,500 §N. TUAE 2 nis

A19199 4 nstFuawnnenludisenlavinauunnges

ngugilan

Creatinine clearance

(NR./UN/1.73 B9.4.)

YUNALNLASAITND LWNF b e

Una

ANN9Lae

21M1911UNAaY

AINNTULIN
frleiilulsalaludugaineidesdnda

>80
50-79
30-49
<30

500-1,500 1n. uaz 2 AT
500-1,000 {n. Jua 2 nis
250-750 N, Suay 2 As
250-500 1N, Sz 2 ASs
500-1,000 . Fupzass

o Nslulivds:ava?’

M1519% 5 mmﬂaiﬁqﬂi:mﬁmmm Levetiracetam

WUNINNTNSaLAE 10

wusasaz 1-10

v 1 1 9
WUUBENANTREURE 1

faunan Saeaz 11-15
hndsuy Saaaz 14-19
dn9uau Feeaz 11-15
dnstiu Faeay 2-23
néwiiteseudn feray 10-11
{Heamns Seuay 3-13
aynuazAedniaL feeaz 7-15
la ¥aeaz 2-11

A9 Feeay 5-9
WAUIA Foraz 2-10
1999 Feuay 2-3
ANNNALADN FREaY 2

a v
W Seeay 3
A Fasas 2-5
=3 73 %
Wiunwgau fasay 2

AUIUIAREATN8ARS
nnawdeLlgLAN
NNV NIUIBIALRALNG
toxic epidermal necrolysis

steven johnson syndrome
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Keppra induced neutropenia

nalnnanadlidaian faqiiuaindniaziin
AuiusiuszuunNANTuYeadlay (immunologic
mechanism)®

nslANEN

¥ =3 IS o o ?:// |

gilaednanelnaeng 5 T unFunsinusiaus
Jun 8 wonAN Waduil 13 Hguiew in febrile

neutropenia

RSN 6 NANTATIANIRIL]LTRNS

Thai * Journal * of ® Neurology

. (=3 1
szannigsiauiligluanm
ﬁ:fﬂ'mmmﬂ?:zﬁﬁﬁq univentricular heart with
mild pulmonary stenosis (UVH with PS) GRY
pulmonary artery banding (PAB) WAz bidirectional
Glenn (BDG) Wa
o 1 a v a
1 Junauunlaaneug M@ﬁmﬂmzﬁ\i lofaune
a 9o/ a Y v
Nuyn WALNUBYNT b ATRsAY
aa (=3 [ L
dszdnnisiauilaeluilaqiiy
o pry \ A Ay
Qﬂ’mmu’aﬂ ARULNAL :HVLMQ

Laboratory
22/5 25/5 31/5 1/6

U/ Hau
11/6 13/6 15/6 1716 22/6 25/6 28/6 30/6

WBC (5-15.5x10%/L) - 2.85 3.98 3.12
Abs neutrophils (1.5-8.5x10%L) 3.79 217 292 1.88
% Neutrophils (32.3-76.9%) 51.0 760 734 603
% Lymphocytes (14.3-50.6%) 40.0 19.0 158 29.8

% Monocytes (4.2-13.3%) 8.0 2.0 10.3 9.3
% Eosinophils (0-4%) = = = =

% Basophils (0-1.1%) - - 0.5 0.6
Hemoglobin (11.5-13.5 g/dL) 195 202 221 21.8
Hematocrit (34-40%) 66.7 692 746 743

Rbc count (3.3-4.9 x10°%/uL) 8.11 838 9008 9.09

425 330 162 148 195 433 612 124
210 051 0.04 0.16 0.2 1.82 4.07 7.42
495 155 3.4 11.0 102 421 665 522
33.6 682 839 720 785 494 188 13.0
4.0 3.0 6.7 " 10.3 6.2 3.8 1.1
122 127 4.2 1.0 = 0.2 8.8 25
0.7 0.6 0.8 - 1.0 21 21 1.1
19.0 194 175 187 17.7 191 179 179
66.2 669 596 643 623 665 623 624
781 78 712 767 720 779 726 7.15

WNNLMe WBC Aallinldana1a (White blood cells), RBC g Lialdanwas (Red blood cells)

NANI9/AFIATINNE

Vital sign: BP 91/48 mmHg, PR 129 beats/min, RR
28 beats/min, T 38.5°C, O2 sat 80%

Lungs: clear, equal breath sound

Heart: SEM grade 2 at LUPSB, normal 81,82
Abdomen: soft, no distension, no hepato-megaly
HEENT: not pale conjunctiva

Extremities: clubbing finger, no lympha-denopathy
Neurolgical examination: E4V5M6 with good
consciousness, motor grade 5 all reflex 2+all

Meningeal sign: no stiffneck, no clonus

onudsigwa

HANT9MIIAIWNNNLFINAUAIM T RIL RN S

o a [ % . -:ll N an v
wnneilade neutropenia Ann1sNgaaildgs
! I ! ° (g !
BAUNAE LAZAY ANC A1 WANEAUMIEATLIER ARG

ANALNAAINYN

Us:iguaninaangn

Tufiassneil anfasdadnfia drug-induced

. . .:4'
neutropenia AR Levetiracetam (AW 3)
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n191A Levetiracetam induced neutropenia
delsnaunalnniafinuidn usaindayas drug-
induced neutropenia HaneauAAAINEINgNILEN
16 doulnngdnifaduiusiussuugRAniuaesdilog
LLmqw%rmamzﬁ“ﬁmm (dose-dependent inhibition
of granulopoiesis)’

AINNITNUNIUIITTUNITH W89 Ui ]lozae
a1g) 58 U 181113 brain injury AABINNSENLLL
partial seizure LLWVIETGI‘NEI’] levetiracetam Tilm
Futlsgnau 500 mg Tuaz 2 p%s Memds 2 ey
MI9aNLIA1 ANC 1.1 x 10%L wazdn 1 heudaun
WUIA1 ANC aaLuae 0.17 x 10%L INANT9E severe
neutropenia LLWV]?TLszumLmﬁuﬁﬁﬂﬁlﬁmquﬁ
uneRansnLAe e Valproic acid Wudn 1
Aaudamn ANC ndLgnlng wenannifeineau
filanane ang 52 T RegtRmganneivduazd

A1N1TUNALRLAANEY (traumatic brain injury) AN

fiansaunlsien Levetiracetam tiatlasiuainisdn
(post-traumatic seizure) 1ng G?Isfl,ﬁ Levetiracetam IV
1000mg loading dose aniulFudy 500mg Tuay
2 A% ndaannldenlthlezanns 3 9 A1 ANC fadin
1095lae 8.93 x 107L anaeman 0.2 x 10°/L fiAn1ay
severe neutropenia wazgUaaildsausaaiin febrie
neutropenia wnnenangoun i broad-spectrum
antibiotics tan1s¥n®n wnnellszidu Naranjo
adverse drug reaction A1n&1 levetiracetam WLAN
duriusinazld (propable) LmeﬁwqmmLLmLﬂﬁﬂu
eniflu Phenytoin a1ntiu 2-3 §u F1 ANC NAaLgAn
1N famanedi 7

Adeyaa1NIe9Uua99 The Food and Drug
Administration (FDA)* gtlae 5,633 AL LFFUEn
Levetiracetam & 77 Al (Getiaz 1.37) 10A neutropenia
d'luiﬁﬂqﬂﬁm@ﬁﬂ’]ig/\iLLﬁiLﬁﬂuLLiﬂ‘ﬁlﬁl‘NH’] (Faunz
80.95) waznely 1-6 hau (5eeay 19.05) wnlu
wAng (Faeay 55.59) WAL TUWANTN (Faaaz 44.21)
Tnedaunnidafuiasfiangunndt 60 THuluas

ﬁmﬁm;umwzﬁuﬂmﬂmq (moderate)

Thai * Journal * of ® Neurology

zﬁwi“uﬁﬂfmmmjﬁﬂmmﬂﬁ gilaadannisdn
LLWV]EJM@WEIEH Levetiracetam IV 250mg ‘1/m
12 mim (40 MKDay), BW 12 kg m\uwmumuw
22 W.A. TULTAUAY ANC 3.79 x 1091 annsiudui 31
w.a. uwnelfuaunentuy Levetiracetam IV
360mg N 12 41139 (60 MKDay) ﬁi@mé’ﬂwﬁ;mﬁm
N19% neutropenia p¥ausniiledudl 13 .8, A1 ANC
0.51 x 10°/L LL@mmvaﬂé’i%gm ludufi 15 8.6, ANC
0.04 x 10%L 1finng severe neutropenia Ko
pmaiien seuman uaxilldge T 38.5°C udsan
Fudud 20 fa. wnndliuanauinanas mae
Levetiracetam IV 180mg )n 12 %Tm (30 MKDay)
A ANC mmé’ﬂqmﬁm‘%u Fufi 21 f.. ANC 0.12 x
10°/L uaz it 22 .61, ANC 0.2 x 10°/L slasnuii 24
H.e. wnndiansauveaen ANHLATIANLAN ANC
Lﬁmqﬁumuéﬂﬁmuﬂﬁuqﬂ'ﬂﬂﬂﬁ LAzIMITE
geundresdianniu dein ANC sasgilaaiinan
Fuwusiunisfinvdeanauinen Levetiracetam
PAMNINT 4 Imﬂﬁﬂfmmﬂﬁlﬁm neutropenia NANAY
1#5uan Levetiracetam 1uiaan 23 41 a1nnns
ﬂ@ﬁim’]mmaﬁlu Vi en39nvesElae 81 Meropenem
filddanfuiiqifinisalniaiin neutropenia ‘I8
nauaslien Meropenem sa WuU31 A1 ANC
T &uiusiuen Meropenem aglugsdaannen
Meropenem mu%\ﬁmﬂizfﬁﬁﬁwmﬁjﬂfmvl,simmﬁi@
N"19% neutropenia #3UunneRilage Levetiracetam
induced neutropenia

NAN1TUIENUTEALAMNANNUETZUIN9RINT
LyiftaszasiiRatuiueaniiadelagld Naranjo ‘s
algorithm WUANANWUEUD9N Levetiracetam Lag
drug-induced neutropenia Ae 1nazld (probable)
pranni 5 nsldinistdunamandanssuuigilas
MeiAe entRnAeuieadnaAL neutropenia
annslden Levetiracetam waztiuiinilsedmlussuy

PRILTINYILND
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unBulAz Levetiracetam 250mg IV 12 hrs (40 MKDay)
4 /

Levetiracetam 360mg IV q12 hrs (60 MKDay)

ANC (x10%/L)

1.5
Levetiracetam 180mg IV g12 hrs (30 MKDay)

0.5

0

Fud 22 W.A. 31 w.a. 13 1.8l 15 3.8, 22 3.8l

A

Discontinued

ANT 4 NMLAAIANANFUSTZI919A absolute neutrophil count (ANC x10%/L)

o o Al v . o P
ﬂmuwim‘um Levetiracetam ‘ﬂ@\iﬁgﬂ‘aﬁlﬂimﬂﬂ‘kﬂ

fﬂ'a:l,“ﬂu/fﬂ Hilog Tsamily  a1ms AuIpgIEa  szez A1 ANC A1 ANC  AN9aAnng FEASLIAN
(212 Fduen U 1981 baseline Jufitin i ANC
LA) Levetiracetam 115 (x10°L) @1n9 NAUgAN
ol (x10°1L) n#
Teresa g1¢el  Brain injury Partial seizure Au 500 mg 2-3 * 0.17 1eIMEIN Levetiracetam dezanmy
Taberner 581 bid LAt waeenifly valproic 1 18w
Bonastre acid
LazADLY/
2014
Kristen 918 Traumatic Post-traumatic IV 1,000mg 394  8.93 0.2 neAn Levetiracetam 2-3 4
Bunnelland 521 brain injury seizure loading dose Lﬂﬁlﬂumlﬂu
Francesco and 500 mg Phenytoin LLay
Pucci/ 2013 bid mainte- Lﬁmmmﬁﬂaﬂﬂmmi
nance dose febrile neutropenia

Aali broad-spectrum
antibiotics $auA3e

il dayaseanu
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Aanu 14 Tadld lainsu wa
1. wedagLvieseunisUiseniunudoviel +1 0 0 +1
2. anslalfeLlszasdiiitumendannldiueinndniuamgielsl +2 A 0 +2
3. emslaiftelszasdmtuilevgamniinan el Wenduiidunnzanzas +1 0 0 +1
(specific antagonist) wizalal
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ANHUSNIIARLN U (Sa81R2)
Sex
Male 118 (56.19)
Female 92 (43.81)
Age: Mean = SD: years
Mean + SD 46.69 = 19.62
Median (Min: Max) 46 (15: 91)
Age of onset : years
Mean = SD 38.11+£22.22
Median (Min: Max) 36 (1: 89)
Duration of disease
Mean + SD 8.67+8.08
Median (Min: Max) 6.33 (1: 61)
Type of seizures
Partial seizures 115 (54.76)
Simple motor seizures 1(18.26)
Complex partial seizures 3 (28.70)
Secondary to generalized seizures (53.04)
Generalized seizures 5 (45.24)
Generalized tonic clonic seizures 4 (88.42)
Atonic seizures 1 (1 05)
Tonic seizures 8(8.42)
Myoclonic seizures 2 (2.11)
Etiology of epilepsy
Post craniotomy/craniectomy 42 (20.00)
Post traumatic brain injury 34 (16.19)
Post stroke seizures 29 (13.81)
Calcification 17 (8.10)
Congenital disease 8 (3.81)
Encephalomalacia 7 (3.33)
Encephalitis 5(2.38)
Meningitis 5(2.38)
Cysticercosis 6 (2.86)
Hypoxic ischemic encephalopathy/post 4 (1.90)
cardiac arrest
Subarachnoid hemorrhage 3(1.43)
Brain abscess 2 (0.95)
Hippocampal sclerosis 2 (0.95)
Dementia 2 (0.95)
Others 59 (28.10)
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racetam Sandoz
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Other antiepileptic drug used during study period

No
Yes (Idenfudndondaauinnan 1 4iin)
Sodium valproate
Phenytoin
Clonazepam
Lamotrigine
Topiramate
Phenobarbital
Gabapentin
Carbamazepine
Diazepam
Comorbidity
No
Yes (H1#unndn 1 lzagan)
Hypertension
Dyslipidemia
Diabetes
Chronic kidney disease
Coronary heart disease
Chronic liver disease
Systemic lupus erythematosus
Chronic obstructive pulmonary disease
Gout
Thalassemia
Glaucoma
Asthma
Others
History of seizures-related injury
No
Yes
Drive a car/motorcycle
No
Yes
History of traffic accident
No
Yes

69 (32.86)
141 (67.14)
5(53.19)
4(31.21)
7 (19.15)
6 (18.44)
1(14.89)
6 (11.35)
16 (11.35)
8 (5.67)
2 (1.42)

64 (30.48)
146 (69.52)
46 (31.51)
39 (26.71)
17 (11.64)
14 (9.59)
7 (4.79)
7 (4.79)
6 (4.11)
5(3.42)
2(1.37)
2 (1.37)
2(1.37)
1(0.68)
117 (80.14)

191 (90.95)
19 (9.05)

143 (68.10)
67 (31.90)

201 (95.71)
9 (4.29)

Frequency of seizures per week

(4 weeks prior start Levetiracetam Sandoz)

0 193 (91.90)
0.25 (1 attack per 4 weeks) 3(1.43)
0.50 (2 attacks per 4 weeks) 3(1.43)
1 3(1.43)
2 4 (1.90)
3 1(0.48)
7 1(0.48)
14 2(0.95)
Seizure attack per prior start Levetiracetam Sandoz
No 193 (91.90)
Yes 17 (8.10)

Frequency of seizures per week (after start Levetiracetam

Sandoz)
0 187 (89.05)
0.25 (1 attack per 4 weeks) 8(3.81)
0.50 (2 attacks per 4 weeks) 5(2.38)
1 3(1.43)
2 1(0.48)
3 2(0.95)
7 3(1.43)
14 1(0.48)
Seizure attack after start Levetiracetam Sandoz
No 187 (89.05)
Yes 23 (10.95)
Adverse events after start Levetiracetam Sandoz
No 202 (96.19)
Yes 8 (3.81)
Palpitation 1(12.50)
Dizziness 2 (15.00)
Insomnia and agitation 3 (37.50)
Lip swelling and itching 1(12.50)
Headache 1(12.50)
Do patient switching back to Keppra?
No 208 (99.05)
Yes 2 (0.95)
Insomnia and agitation 1 (50.00)
Lip swelling and itching 1(50.00)
History of status epilepticus
No 188 (89.52)
Yes 2 (10.48)
Before Levetiracetam Sandoz 14 (63.64)

After Levetiracetam Sandoz

8 (36.36)
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History of emergency room visit during Levetiracetam
Sandoz

No 171 (81.43)
Yes: times 39 (18.57)
1 20 (51.28)
2 5(12.82)
3 6 (15.38)
4 6 (15.38)
5 1(2.56)
9 1(2.56)
Laboratory abnormality after start Levetiracetam Sandoz
No 161 (76.67)
Yes (Ranfnnnndn 1 naedl) 9 (23.33)
Anemia 5 (51.02)
Cr 1(42.86)
BUN 9 (38.78)
ALT (12 24)
AST 6 (12.24)
Platelet decreased 5(10.20)
LFT 4 (8.16)
Bilirubin 4 (8.16)
ALK 3(6.12)
Leukopenia 2 (4.08)

Dosage of Levetiracetam Sandoz (mg/day)
Mean + SD 1345.24 £ 632.44
Median (Min: Max) 1000 (500: 3000)
Dosage of Keppra (mg/day)
Mean + SD 1265.48 + 581.36
Median (Min: Max) 1000 (500: 3000)

Overall rating scale for satisfaction of Levetiracetam
Sandoz by physician

Mean + SD 9.47 +1.23
Median (Min: Max) 10 (5: 10)
Overall rating scale for satisfaction of Levetiracetam Sandoz
by patient or family
Mean + SD
Median (Min: Max)

9.69 +£0.83
10 (4: 10)

NANNTLLTEUN U UIWATIIRIN3TNT9 4
ddpndf nauEnlden wazuaslden Levetiracetam

Sandoz wudnldumnsneiueeneldad Aty nieana
(P=0.070) AIA9I797 3

Vol.38 ¢ NO.2 » 2022

AN5197 3 LAANNIFLFUNEUNIITNABULAZUAS

Iein Levetiracetam Sandoz

Before After 7-D p-value
Frequency of 0.070
seizures per week
0 193 (91.90%) 187 (89.05%)
>0 17 (8.10%) 23 (10.95%)

WL - &0 McNemar Test

39Sl

HANNIANENTINLIEAVENINNIIALANEINNIEN
AANEIN Levetiracetam Sandoz 1up§ﬂ0ﬂ 210 ALY
wWagueniuwdnann Keppra iu Levetiracetam
Sandoz 11 wuIRUsLAnsawldwmnmneny 71
ANUILATIUBINITNNDULAZUAILLALIUEN N19LAA
N9z status epilepticus kazNensn1glaswnauly
Wlugniudn Keppra A 491LNea 2 9181913 AN
1% = Aa X o o o
F19AENAATL A AN9zueUlNUAY LazaIdea1nng

v s dl ) = o
wiesALlsTnaLese easanngilaadainisfuses
rnuaziinuon danaliAiaziuua uianala

& Y v o U dld 1 o o
2RUNNEE N33 wazUqenisasniudn
Levetiracetam Sandoz HANWNALU 9.47 LAY 9.69
ANNANAL

YUNAURIENAUTNN IFWLI BUNAURIEN TN
Keppra HUAININIUNALa98NUEN Levetiracetam
Sandoz Lanyas A lHauNIARaTYN ANRARIWINAL
1265.48 + 581.36 waxr 1345.24 + 632.44 mg/day
FANANAL TedlAN s g ulaiuansineiu Wiy 1000

[y P a P a
mg/day NATI9LALNANL WULNES 8 918 AALlu
fasay 3.81 N19UsziNumANLlaanfaaa9eNiWgn
Levetiracetam Sandoz AR8IN17ATIAUNNLANN9TD
ﬂﬁﬁﬁm?wudﬁﬁmmﬁmﬂﬂﬁ ]NU 49 718 AR
Zasiay 23.33 BIAUNA LHHAN1TLAAININARTIN LAY
Tuidanasanissnmn TulamnlERnN 95U Aseniy
e Ao o = M My e o
in nérArynrsdnildlAiudeyarasnansaanig
1 a oa o | APy o o
WesdimAnnsdananqluanenldanduin Keppra
asinlildannnsnseylauiueudnnanismsaany



Vol.38 « NO.2 » 2022

v
ANNAALNAYIAIN1TATIALADAAINAIITUNAAN
¢nfudn Levetiracetam Sandoz Iaeima viawlunag

1 v
NNTATIANNLANNRAUNAFILARY N1z eTudn
2 6 v o o P ) \
Keppra Wuldinmainisdnlugieenilsnson gu
o d‘ =K 21 [ 1 LN
Tamiu T3aln Tsannisdnunil Anudndiaalsaas

o a

dnilandangade 146 A Faraz 69.52 wazludils

D

nulanson wududuningladuluaengs 39 au
Sauaz 26.71 Taplaiden 14 Au Jeuaz 9.59 uas
Tsndiu 7 au Senax 4.79 ednslsfimanlsziduiliy
AefiFeainnaludilaenaeitinsdfundeusia
SN

e Levetiracetam tufinsAnsannan
dszwa ldun nsAneaindsemaliuaud o
Bosak M wazmnzlull 2560 Hilaalsaandnaiuau
159 Au T@asuenadin original lugn generic
$1uau 151 au Faemauaiiaspnenfigs wudndlas
a9 A (Baeaz 6) Senmsdnunniundnia waz
filog 2 Auseendunnldanaila original gilag 6 AW
(Faeay 4) NANATINALN TN A938UATYY 918
aziduavesdilaanguiildaaiia original deuay
mﬁuﬁma‘ﬂmﬂum generic

nsAn lutlsuinaaiiau tae Olsson P uas
anszlull 2562 AnmAmNINTIRMELLLL TLEY
wnzlsnandn QOLIE-31 vesgilaalsnaudn’den
Levetiracetam Tiin original LLaxLﬂgﬂummﬂ original
\uen generic Tugtlaedanuan 32 Au wikuilu 2 ngue
AT 16 AU NGN 1 wiasuuen generic ﬂ@jmﬁl 2 1lu
&1 original WLILAN WLFa 2 nguiudannwaRR
Taiumnsinaiuluynsnu BT TRt STV RTaRP 1

nsAnEaInsznAsana Tne Trimboli M way
anszlull 2561 filaadiuan 180 9e ldaniudn
Levetiracetam @ila original LL@?&ﬁﬁﬂ%ﬂﬂ@Nﬁl 1
suan 125 aulaudusnaiia generic 4 59
(Faaar 47) AU Tda1uUL monotherapy Was 66
(Feray 53) Au LY polytherapy Hilaengud 2

MU 55 AU FaAslden Levetiracetam wiin original

Thai * Journal * of ® Neurology

1 v v
siali Taelanlaauen wudndiaavis 2 nquiiuiiug
v v

n5nen lauansnafuisanIuATInisin waznadna
Weredeniudn seaziBen AIRNTNN 4 LAAINA

o o L ale oo . ~
mamm;&ﬂwnthm Levetiracetam LNgIg
aliaAen Faaantiia original Wauiuaiia generic
duszazinaunueds 24-48 e WLIRANTINEN

v v 1
209714 2 nguTinliuansneiu ilafansuenIThg
dnaAeaaseniidn Levetiracetam 18 original WAz
generic wuanlaliAnuLANANaiL

nnsaneludszinAiniud laa Lee GH
wazanzlul 2561 filog 109 an148 Au (Faeas
73.6) luflannisdnnewiaziaauiluen generic
wudngulaaanuan 105 ArlafansdnuuLmEnne
waannasuen Jdaudnuen 7 aan 148 Au

1 v
((asaz 4.8) Ja1n199NIANIY WAz 10 AN 148 AL
v = o n:'ll a L2 31/ 1
(Faray 6.8) Hannnsdnana iafanuElaeisngs
Aa -, A o~ a
1 seizure free wazlid seizure free ialinilaan
gudn Levetiracetam angila original tfuniia
.2 L oAy A )
generic WU wudgiaunguitlail seizure free
1 seizure free WNNNNTU LazilaRanuTusze
WAL NUdEEAN seizure free AN 109 Lu
113 Au waz il seizure free anasann 39 11 35 AL
= Ao o o = =<

nsAnERd1AyannisAneuileluilszine
8m1a Tnel Contin M wazanuzludl 2559 Aa N1sReIa
o o o o o = o \ oy
Tnszaveniuinlugisepunaaiuludasaainlden
original LA generic AU 362 AU WLGN19TZALILN

v v

Tutaananldan Levetiracetam 914 2 afiatiuly
AN

nsAnelulsemAanna Tae Fanella M uaz
Aoy lutl 2560 Filag 36 A 37 Aulasuen original
\lu generic WudngUaaa w3 an 36 AURNG
7 a a é( N = a =
drapeainty gilaedn 33 Auainisrsan lddna
draiAen wazlleRamuszAugTudnnudn ldlaag
wANFA1eTY Aemaniaasunduuniduan original

Sasaz 8

45



46 21sasUs:andneniiiods:inelng Vol.38 ¢ NO.2 » 2022

AN9199 4 LanITEaziaan 6 N1sAneilasuaniudn Levetiracetam 1%im original L generic 291013

= ¥ X
ANIATIL
NISANEN Bosak M Olsson P Trimboli M Lee GH Contin M Fanella M Tiamkao S
&
nsANEY
uaudtasandn : Au 159 32 125 148 147 36 210
gnfutnga RN 5088¥ 9.9 15AU  Seuav 47  seea 45.3 = . Saeay 32.86
gniudnunnngn 1 1im ¥eear 90.1 17 AU FReaY 53 Seuay 54.7 - - Saeaz 67.14
fnsnnlasunduen Setav e 1l (R fpeay 4.8 FnNINTU - fpear 8 Famaz 0.95
v = v ] i ] 1 ] v
NATN9LAEN Saaar 4 lald Tdwpnsng  Taiumnsing - 3 AU 8 AU, 5981a 3.81
ADLNNTT6 - wiaiu - - - -
syFUsNgn - - - - Tdumnnsng Taumnsing - -

WathdeyaresnisAneinudnianuudihe Tunisinsdiagasslsamenuianinisasundin
210 978 WlunIFAE AN A uTNNeNTRALRE, 3898 AuEn
69 3181 ¥asiay 32.86 HUATNULALNINEN 8 378 LAZFDY J
Anndasunavliidusniudn Keppra Wies 2 918 as
Wit S uunliuAdaiu 6 nnsAnEdnady o - y
8INfwtin Levetiracetam Sandoz 18190 kN
U 1 L7 o
Arurldaneseclsanaiialunisd AV gaudn Keppra L6 TnedidszAnsninnisasuny
o o o 1 = o L o s ]
gfudnAsnaranienisinendiloslsnandnis  gnqsdnlaiuansneti uasiisnsniaaeundudy

WUdW?’]ﬂWﬂWﬁTNWEWUW@%@Q"Iﬂ‘].l?‘i::f/ﬂ/]é@oq‘ﬁu"lﬁlﬂlﬂ\? ﬂqﬁuaﬁ/ﬂ Keppra Lﬁﬁ\‘i%‘lﬂﬁﬂt 095 LLW‘V]&T LL@zEjﬂqﬂﬁ

81 Keppra Lae Levetiracetam Sandoz $1AFBLIA AruNanalalusefuaannmanisld antudn

2117 500 HAANTH WNY 26.94 kv 9.80 UMM | gyetiracetam Sandoz anAnldanaaealsenenung

AnLluAnldde 1 Ausiemeneeden Keppra WL 1ynqsdpvnanfudnlddilas 210 318 18 winfw

26.94 U x 1,265/500 x 30 WNMU 2,044.75 U 3.159.802 UNNAaTI

#911949 Levetiracetam Sandoz Winfiu 9.8 LN x

1,345/500 x 30 Winfiu 790.86 LU Anldaneaaasen  1ONAISOINON

nun Keppra g9n11 Levetiracetam Sandoz 783 nsAnE@aduya (Bioequivalence Study). NBIAILIANEN.

éﬂ’)ﬁl 1 AUABLADL WINFL 1,253.89 U YR http://www.app1.fda.moph.go.th/be/rule.htm

15,046.68 ‘]_I’Wlﬁll‘ﬂﬂuﬂ"ﬂﬂ 5Wﬁ§ﬂQﬂ?QN 210 AU 2. Andermann F, Duh MS, Gosselin A, et al. Compulsory

| ] o o o o ! eneric switching of antiepileptic drugs: high switchback

'&’1&]’1?‘0@ﬁﬂ’ﬂ‘ﬁ“ﬂ’]ﬂiuﬂfliqﬂﬁ’]ﬁl’\ﬂu"ﬂﬂ@\?ﬂ@'ﬁ’)llﬁ ¢ . priep 9o

Do rates to branded compounds compared with other drug

I9NWNY 3,159,802 LW ) classes. Epilepsia 2007:48:464-9.
f@'ﬁﬂﬁm‘ﬂ@\‘iﬂﬁiﬁﬂ‘]ﬂ’]ﬁ ﬁ@ L‘]j uﬂ’]ﬁ‘ﬁﬂ‘]ﬂ’] 3. BenetLZ, Goyan JE. Bioequivalence and narrow therapeutic

wuuilde unndgl¥nisfneuazglaaidiniinng index drugs. Pharmacotherapy 1995;15:433-40.
4. Berg MJ. What's the problem with generic antiepileptic
drugs?: A call action. Neurology 2007;68:1245-6.

Bosak M, Slowik A, Turaj W. Safety of switching from

U5ulasueniudnain Keppra lu Levetiracetam

Sandoz warlaifinsnsadnsziveniudndidinig o
= = Ly oA A =

Lﬂ@ﬁuLLﬂﬂ\‘i‘M?ﬂiN AN AR L‘]j UNITANIAN brand-name to generic levetiracetam in patients with

Lqﬂﬁﬁﬁﬁq’?qﬁiﬁﬂqﬁ’ﬂﬂq éﬂfm 3\1mmmﬁﬁ1ﬂ%’lﬁ epilepsy. Drug Design, Development and Therapy 2017;
11:2287-91.



10.

11.

12.

13.

Vol.38 « NO.2 » 2022

Contin M, Alberghini L, Candela C, et al. Intrapatient
variation in antiepileptic drug plasma concentration
after generic substitution vs stable brand-name drug
regimens. Epilepsy Research 2016;122:79-83.
Crawford P, Feely M, Guberman A, Kramer G. Are there
potential problems with generic substitution of
antiepileptic drugs? A review of issues. Seizure 2006;
15:165-76.

Fanella M, Morano A,Fattouch J, et al. Switch from
originator to equivalent drug in the era of generic
antiepileptic drugs: study of keppra versus epitiram
clinical equivalence. Clin Neuropharm 2017;40:239-42.
Gidal BE, Tomson T, Debate: substitution of generic
drugs in epilepsy: Is there cause for concern? Epilepsia
2008;49(suppl9):56-62.

Guidance for industry. Bioavailability and bioequivalences
studies for orally administered drug products-general
considerations. FDA center for drug evaluation and
research. March.

Available at http://www.fda.gov/cder/guidance/5356fnl.
pdf. Accessed April 29,2010Wittayalertpanya S.
Bioequivalence study. Thai J Pharmacol 2002;24:2-3:
97-100.

Haskins LS, Tomaszewski KJ, Crawford P. Patient and
physician reactions to generic antiepileptic substitution
in the treatment of epilepsy. Epilepsy & Behavior 2005:
98-105.

Heaney DC, Sander JW. Antiepileptic drugs: generic
versus branded treatments. Neurology 2007;6:465-8.

14.

15.

16.

17.

18.

19.

20.

21.

Thai * Journal * of ® Neurology

Lee GH, Jung DS. Brand name to generic substitution
of levetiracetam in patients with epilepsy. Seizure:
European Journal of Epilepsy 2018;60: 127-31.
Medicines and Healthcare Products Regulatory Agency.
Antiepileptic drugs: changing between different
manufacturers’ products. 11 November 2013.

Olsson P, Reimers A, Kallen K. Quality of life after
switching to generic levetiracetam-A prospective
comparative study. Epilepsy & Behavior 2019;96:169-74.
Tiamkoa S. Generic vs original antiepileptic drugs.
North-Eastern Thai Journal of Neuroscience 2007;2:1-7.
Tiamkao S, Thanasatirakul P, Kongbunkiat K,
Sawanyawisuth K, Tiamkao S. Patient adherence to
generic gabapentin: A pragmatic study. First Journal of
Generic Medicine : Published September 23, 2014.
Tiamkao S, Suthipinijtham P. Budget impact analysis of
extended-release phenytoin capsules compared with
immediate-release phenytoin capsules for epilepsy
patients in Thailand.Value Health Reg Issues 2019
18;21:22-8.

Trimboli M, Russo E, Mumoli L, et al. Brand-to-generic
levetiracetam switching: a 4-year prospective
observational real-life study. European Journal of
Neurology 2018, 25: 666-71.

Wongjirattikarn R, Sawanyawisuth K, Pranboon S,
Tiamkao S, Tiamkao S. Can generic intravenous
levetiracetam be used for acute repetitive convulsive
seizure or status epilepticus? A randomized controlled

trial. Neurol Ther 2019;8:425-31.

47



ORIGINAL ARTICLE

48

91sasUs:anangnurvus:nalng

Vol.38 ¢ NO.2 » 2022

Incidence of Pneumonia
and Associated Factors in
Ischemic Stroke Patient
Admitted in Rajavithi
Stroke Unit

Sasarak Kijtorntham,
Damrongvit Sukajintanakarn

Sasarak Kijtorntham, Damrongvit Sukajintanakarn
Division of Neurology, Rajavithi Hospital, Department of Medical
Senvices, Ministry of Public Health, Bangkok, Thailand

Corresponding author:

Sasarak Kijtorntham

Division of Neurology, Rajavithi Hospital, Department of Medical
Services, Ministry of Public Health, Bangkok, Thailand

Tel: 022 062 900-63 (30628) Fax: 023 547 587

Email: sasarak kij@gmail.com

Susuati 31 Juran 2564, Uililsuatiy 31 gaiaN 2564, ABLFLAURLTLANNI 2 WOAINEL 2564



Vol.38 « NO.2 » 2022

Thai * Journal * of ® Neurology

49

Introduction

Ischemic stroke is one of the common
diseases, the first cause of death in women and the
third in men, in Thailand. The disease also extends
the period of hospital stay to 2.75 times, as recorded
from 1997. 10% of the patients with ischemic stroke
die and 50-60% leaves the hospital with a disability.
In this high medical innovation era, the patients are
still confounded to the 4.5 hours golden period
counting from the first symptoms to hospital arrival.
To preserve the penumbra, the thrombolytic agent
will be given or mechanical thrombectomy will be
performed as indicated. Somehow some patients
do not respond to the specific treatment or arrived
at a hospital later than the golden period, which may
result in a higher tendency of disability. Despite the
weakness, the most common disability, dysphagia,
also has affected their quality of life.

Arnold et al. finds, patient with dysphagia has
an average of NIHSS at 9.8+7.02 which is a risk
factor of stroke associated pneumonia and
aspirated pneumonia. Patient with ischemic stroke
also has a comorbid underlying disease such as
hypertension, diabetes mellitus, dyslipidemia, etc.
Smoking also increases the severity of pneumonia,
which increases the length of hospital stay,
mortality, and disability.

It is known that developing pneumonia in the
first week of stroke is multifactorial and dysphagia is
also one. Dysphagia presented in 58.5% of the
admissions, in the study of Emily et al. respiratory
infections developed in 17% of the patients with
dysphagia.' As the speaks of dysphagia, itis frequently
found in the patients with a moderate to severe
National Institutes of Health Stroke Scale (NIHSS).
Because dysarthria can score 1-2 points in NIHSS,
and dysphagia may be involved in dysarthria. The
NIHSS can score from 0 to 5 points (NIHSS 0-4 =0,
5-15=3, 216=5).

Other than NIHSS, the A2DS2 score was
presented as a predictor for stroke-associated
pneumonia. The A2DS2 score includes age, atrial
fibrillation, dysphagia, sex, and NIHSS. The
research from Sarah et al shows that the proportion
of pneumonia and A2DS2 score is varied between
0.3% in patients with a score of 0 points with 39.4%
in patients with a score of 10 points.”

Therefore it is expected that the more severe
of the disease, by NIHSS or A2DS2 score, the more
incidence of pneumonia. It also aims to find the
relationships of stroke associated pneumonia and
other associated variables in patients admitted in
Rajavithi stroke unit. With the expectation that by
knowing or be able to predict the incidence of
pneumonia. We could prevent or decrease
pneumonia incidence and may reduce the length

of hospital stay and disability.
Subjects and Methods

1. Data collections

Data were randomly collected in even
numbers, from 304 ischemic stroke patients
admitted in Rajavithi stroke unit, from the September
1%, 2019 to August 31%, 2020. Therefore, with the
inclusion and exclusion criteria, there were 149
patients to be involved.

2. Investigated factors

Demographic data: gender, age, underlying
diseases, and a risk factor of atherosclerosis which
is smoking.

Stroke associated data: NIHSS, the onset of
disease, dysphagia, and A2DS2 score at the arrival.

Specific treatment: thrombolytic agents, in
patients who arrived at the hospital in the golden
period and had no contraindications for the

treatment.
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3. Study population

It retrospectively analyzed 149 patients with the
diagnosis of ischemic stroke by a neurologist and
admitted them for more than 3 days in Rajavithi stroke
unit from September 1%, 2019 to August 31%, 2020.
This study excluded the patients who were intubated
at the Emergency Department, history of the previous
stroke with a current nasogastric tube feeding, an
underlying of asthma, a chronic lung disease which
is undergoing treatment, or died during the admission.

Demographic data from 149 ischemic stroke
patients, age ranged from 26 to 91 years old, where
the mean age is 60.15 (¥13.86) years old. There
were 71 females (47.7%) and 78 males (52.3%).
Hypertension was the most common comorbidity in
this study, presented in 96 patients which are
64.4%. Followed by diabetes mellitus, 62 patients
counted as 41.6%. For the first-hand smoker, there
were 21 patients which are 14.1%.

The onset of ischemic stroke ranged from 3
minutes to 10 days, where the mean is 18.32
(£32.42) hours. The NIHSS during the arrival ranged

from 0 to 23, where the mean is 5.75 (+4.72) score.

Vol.38 ¢ NO.2 » 2022

19 patients (12.8%) had dysphagia and required
oromotor rehabilitation. For the A2DS2 score of 10,
ranging from 0 to 9, mean 2.65 (£2.25).

Patients who arrived in the golden period,
within 4.5 hours of onset, were indicated for
thrombolytic agents. Without contraindications,
there were 19 patients (12.8%) who received
Alteplase as the specific treatment. 130 patients
received the standard treatment for acute ischemic
stroke included antiplatelet, intravenous hydration,
and rehabilitation and swallowing evaluations.

4. Diagnosis of stroke-associated pneumonia’

Stroke-associated pneumonia (SAP) is
diagnosed by the Modified Centers for Disease
Control and Prevention (CDC) criteria, (Table 1):

Probable SAP:

All CDC criteria are met, but initial CXR and
serial/repeat CXR nonconfirmatory (or not under-
taken), and no alternative diagnosis or explanation

Definite SAP:

All CDC criteria are met, including diagnosis

CXR changes (on the least one)

Table 1 Recommended diagnostic criteria for definite and probable SAP in patients not receiving

mechanical ventilation based on the CDC criteria

At least 1 of the followings:
1. Fever (> 38°C) with no other recognized cause

2. Leukopenia (< 4000 WBC/mm3) or leukocytosis (> 12000 WBC/mm?3)
3. For adults = 70 years old, altered mental status with no other recognized cause

And at least 2 of the followings:

1. New onset of purulent sputum, or change in character of sputum over a 24 hours period, or increased respiratory

secretions, or increased suctioning requirements

2. New onset or worsening cough, or dyspnea, or tachypnea (respiratory rate > 25/min)

3. Rales, crackles, or bronchial breath sounds

4. Worsening gas exchange (eg, O2 desaturation [eg, PaO2/FiO2 < 240], increased oxygen requirements*)

And > 2 serial chest radiographs with at least 1 of the followings:
New or progressive and persistent infiltrate, consolidation, or cavitation
Note: In patients without underlying pulmonary or cardiac disease, 1 definitive chest radiograph is acceptable

Probable SAP: all CDC criteria are met, BUT initial CXR and serial/repeat CXR nonconfirmatory (or not undertaken), and no

alternative diagnosis or explanation.

Definite SAP: ALL CDC criteria met, including diagnostic CXR changes (on at least one). CDC indicated Centers for
Disease Control and Prevention; CXR, Chest x-ray; FiOz, fraction of inspired oxygen; Paoz, partial pressure oxygen; SAP,

Stroke-associated pneumonia; and WBC, white blood cell.
*Category of increased ventilator demand removed.

tCDC recommendation is for repeat CXR at days 27 if initial CXR negative.
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5. Statistical analysis

The correlation metric was used to investigate
on the assumption of all of the variables. Therefore,
the multiple hierarchical regressions with the remove
technique were used to analyze the cause-effected
relationships between the independent variables and
the dependent variables. The independent variables
in this study were demographic data, disease and
treatment, and A2DS2 scoring. The dependent
variables were the incidence of stroke-associated-

pneumonia and length of hospital stay.

Results

Incidence of disease (Table 2)

Among randomly collected 149 patients were
admitted to Rajavithi stroke unit from September 1%,
2019 to August 31%, 2020. The severity of ischemic

Table 2 Data of the Patients on arrival

Thai * Journal * of ® Neurology

stroke at the arrival, NIHSS score, had been
classified into 3 groups as in A2DS2 scoring. There
are 0-4, 5-15, and = 16 scores which are 76 (51.1%),
63 (42.3%), and 10 (6.7%) patients respectively. By
the bedside swallowing examination and assigned
for oromotor rehabilitation by a physician, there
were 19 (12.8%) patients with dysphagia. Then
there were 8 patients (5.4%) who were diagnosed
and treated with pneumonia. There was one
patient (0.7%) who was treated for 3 episodes of
pneumonia, 2 patients (1.4%) had 2 episodes of
pneumonia, and 5 patients (3.4%) with an episode
of pneumonia. For the length of hospital stay, there
were 36 (24.2%) patients who stayed longer than 7
days of the acute ischemic stroke period. And, 113
(75.8%) patients stayed in the hospital for less than
7 days.

Characteristics Number of patients (149) Percentage
Sex

Male 78 02.35
Female Il 47.65
Underlying diseases

Hypertension 96 64.43
Diabetes mellitus 60 40.27
Atrial fibrillation 12 8.05
Smoking 21 14.09
NIHSS

0-4 points 76 51.01
5-15 points 63 42.28
>16 points 10 6.71
Dysphagia 19 12.75
Length of hospital stay

<7days 113 75.84
>7days 36 24.16

The data were analyzed with the multiple
regression methods, to find any relationship

between all of the variables. By the correlation

metrices, the result showed only NIHSS and A2DS2
score has 0.829 (>0.8) correlation coefficient.
(Table 3)
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Table 3 Data correlations

Vol.38 ¢ NO.2 » 2022

Gender Age Smoking DM HT AF

DLP Stroke Onset Pneumonia NIHSS Dysphagia A2DS2 Length

score of Stay

Gender 1223 -232* 0.067 0.091 0.014 0.104 -0.016 0.075 0.010 0.056 0.038 -0.115 0.145
Age 1 -175* 0109 .357** 177 .308** .174* 0.059 0.044 0.003 0.114  0.134 0.089
Smoking 1 0.010 -0.142 0.122 -233** -0.020 -0.114 -0.087 -0.020 0.019  -0.014 -0.101
DM 1 400* -0.100 .218** 0.059 .183* 0.145 -0.057 0.085 0.016 0.013
HT 1 0.014 .263* 0.113 0.105 -0.027 -0.105 0.032 -0.016 -0.056
AF 1 A71%0.094 -0.102 -0.063 0.147  0.109  .300** 0.006
DLP .164* 0.114  -0.107 -0.062 0.000  0.035 -0.080
Stroke 1 201 0.028 0.055 0.080 0.029 0.061
Onset 1 -0.033  0.025 -0.024  0.033 -0.053
Pneumonia 1 220*  .400**  225%  .672*
NIHSS 1 460* 829 .306**
Dysphagia 1 536** .463**
A2DS2 score 1 .333*
Length of Stay 1

**Correlation is significant at the 0.01 level (2-tailed)

**Correlation is significant at the 0.05 level (2-tailed)

Relationships of disease severity, A2DS2
scoring, specific treatment, and length of hospital
stay with pneumonia (Table 4)

The R square test of the independent variable
of disease severity; NIHSS, the onset of disease,
dysphagia, A2DS2 score at the arrival, specific
treatment and length of hospital stay, and pneumonia
was statistically significant at p-value < 0.05 level
(F =11.606). With the multiple regression methods,
only dysphagia and length of stay were statistically
significant with p-value of 0.022 and < 0.001,
respectively.

Relationships of demographic variables and
smoking with pneumonia (Table 4)

The Rsquare test of every independent variable;
demographic data and smoking were statistically
significant at p-value < 0.05 level (F = 6.682). Other
than dysphagia and the length of hospital stay,
diabetes mellitus was also significant with the

p-value at 0.018.

Table 4 Results of the multiple regression,

pneumonia as the dependent variable

Sig. (p-value < 0.05)

Disease associated factors

Onset of ischemic stroke 0.710
NIHSS 0.590
Dysphagia 0.022
A2DS2 score 0.323
Length of hospital stay 0.000
Demographic data and smoking

Sex 0.123
Age 0.402
Hypertension 0.548
Diabetes Mellitus 0.018
Atrial fibrillation 0.609
Dyslipidemia 0.242
Smoking 0.173

Relationships of disease severity, A2DS2
scoring, and pneumonia with the length of hospital
stay (Table 5)

The R square test of independent variables of
disease severity; NIHSS, the onset of disease,
dysphagia, A2DS2 score at the arrival, specific

treatment and pneumonia, and length of hospital
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stay was significant at p-value <0.05 level (F = 14.215).
With the multiple regression methods, dysphagia
and pneumonia had their significant results. For
dysphagia, the p-value was < 0.01 and the p-value

for pneumonia is 0.014.

Table 5 Results of the multiple regression, length of

hospital stay as the dependent variable

Sig. (p-value < 0.05)

Disease associated factors

Onset of ischemic stroke 0.355
NIHSS 0.863
Dysphagia 0.014
A2DS2 score 0.321
Pneumonia 0.000

Relationships of demographic variables and
smoking with the length of hospital stay

The R square test of every independent variable;
demographic data and smoking and length of hospital

stay were not statistically significant (F =1.312).
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Discussion

As the studies reviewed about stroke-associated
pneumonia, the incidence had a range of 4.1% -
56.6%4 and costs more in a visit. Furthermore, the
disease severity, the NIHSS as an indicator, the
higher score, the more incidence of respiratory tract
infection, and disability. Most of the patient with high
NIHSS usually had dysphagia. Therefore, it
increases the length of hospital stay for 4.4+2.8
more days compared to those without dysphagia.’

As patients are unlikely to present with just one
problem of ischemic stroke. They usually present
with multiple comorbidities, therefore we think the
multiple regression methods could suit well in this
study. Also, the coexist underlying, metabolic

diseases is the risk factor of ischemic stroke.

Medical records of ischemic stroke patients Admitted in

Rajavithi Stroke unit
From 150 July 2019 to 315! August 2020 (n=304)

\4

Simple randomization, even patient number (n=152)

Excluded by Length of stay less than 3

\ 4

days due to referred out (n=3)

Ischemic Stroke

patient (n=149)

\ 4

Without pneumonia
(n=141)

Y

With pneumonia
(n=8)

Figure 1 Study flow diagram
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In this study, the ischemic stroke patient in
Rajavithi stroke unit had an incidence of pneumonia
at 5.4% which was a small numbers compared to
the previous studies. From the independent
variables that had been studied, diabetes mellitus,
dysphagia and length of hospital stay have
a relationship with pneumonia significantly.
Normally, the higher NIHSS, the more possibility
that a patient would have dysphagia, but a patient
with dysphagia may not have a high NIHSS. The
A2DS2 score with NIHSS as one of the scoring
factors also has no correlations with pneumonia
incidence. The patient who has pneumonia also
shows a relationship between a longer period of
hospital stay because of the treatment. Diagnosis
of pneumonia, antibiotics are required for at least
4-7 days, intravenous. The relationship is significant
due to the treatment guidelines.

Moreover, for the patient with dysphagia and
pneumonia, the result is a vice versa with dysphagia
in common, to have a longer length of stay. Despite
dysphagia and the length of hospital stay, it is shown
diabetes mellitus significantly has a relationship with
pneumonia. It supports the result of Rubo et al.’
Because diabetes mellitus has its known complication
of microvascular, macrovascular, and immune
dysfunctions. Suzane et al. stated that some
microorganisms become more virulent in a high
glucose environment. And another mechanism
which can lead to the increased prevalence of
infections in diabetic patient is an increase
adherence of microorganisms to diabetic compared
to nondiabetic cells.” Thus, one of those complications
or other factors about diabetes mellitus is the risk
of pneumonia in patients who presented with other

diseases, should be further studied.

Vol.38 ¢ NO.2 » 2022

Unfortunately, we did not study other factors
such as an ability to move, daily basis status, the
modified ranking scale, etc. which can also be
associated with pneumonia. And from the hypoth-
esis that the higher NIHSS or the more severe of the
ischemic stroke may increase the incidence of
pneumonia. It turns out that they were neither

related in this study, nor the length of hospital stays.
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Conclusion: Complex regional pain syndrome
might be a precipitate cause of deep vein
thrombosis in neurological disorder patients due to
interrelated inflammation-thrombosis mechanism.

Keywords: chronic regional pain syndrome,

deep vein thrombosis, leg edema

Introduction

Patients with neurological disease was found
that some of these patients had leg swelling and
pain. Differential diagnosis in these patients with leg
swelling is important. This is because treatment
approaches are different and could affect other
serious complications, such as acute pulmonary
embolism from deep vein thrombosis. Deep vein
thrombosis is most common in immobilized patients,
especially in the leg and in the recovery period.
Patients with neurological disorders often experienced
weakness in one or both legs'®, and caused
swelling of the legs and the possibility of deep vein
thrombosis. Some patients experienced swelling and
painfrom complexregional pain syndrome, which could
not distinguish by clinical symptoms alone. While the
exact incidence is not clearly known.*® Although
these two conditions shared some risk factors, such
as surgery, leg weakness, but the relationship
between these two conditions is not clearly known.””
The aim of this research is to determine the
incidence, risk factor and the association of deep vein
thrombosis and complex regional pain syndrome in

neurological disorder patients with leg edema.

Materials and Methods

Study population
This study is retrospective cohort study of
unilateral leg edema patients in Neurological

institute of Thailand between January 2559-

Vol.38 ¢ NO.2 » 2022

December 2563. We retrospectively examined the
clinical and risk factors of unilateral edema patients
from medical records. We collected demographic
data and clinical risk factors such as age, sex,
history of malignancy or active cancer, history of
cerebrovascular disease, history of spinal cord
disease, history of nerve root disease, history of
paralysis or paresis, type of surgery, D-dimer level.

Definitions

Unilateral leg edema was defined as patient who
detected leg swelling by measuring in the mid-thigh
circumference or mid-calf circumference, with a
circumference of atleast 3 cm greater than the other leg.

Deep vein thrombosis was defined as clinical
symptoms, signs and results of the doppler
ultrasound examination.

Complex regional pain syndrome was defined
as clinical symptoms and signs depending on

Budapest criteria™

1. Continuous pain disproportionate to the event that
caused it

2. Symptoms (must meet at least one symptom in three of
the four categories)

Sensory: hyperesthesia and/or allodynia

Vasomotor: asymmetry in skin temperature and/or
asymmetry of skin colour and/or changes in skin colour
Sudomotor: edema and/or sweating changes and/or
asymmetric sweating

Motor: decreased range of motion and/or motor dysfunction
(tremor, dystonia, weakness) and/or trophic changes (skin,
hair, nails)

3. Signs (must meet at least one sign in two or more of the
four categories)

Sensory: evidence of hyperalgesia (to puncture) and/or
allodynia (touch/temperature/deep pressure/joint movement)
Vasomotor: asymmetry in skin temperature >1 °C and/or
asymmetry of skin colour and/or changes in skin colour
Sudomotor: evidence of edema and/or sweating changes
and/or asymmetric sweating

Motor: evidence of decreased range of motion and/or motor
dysfunction (tremor, dystonia, weakness) and/or trophic
changes (skin, hair, nails)

4. Rule out other conditions that may explain the previous
symptoms and signs.
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Statistical Analysis

Sample size calculation

By using data from previous study'""

, by
substituting P1=0.069, P2=0.168, and the proportion
of both populations (r)=2, sample size by using
continuity correction=435 people was obtained.
Sample size calculation based on following

formula."

2
g Va4 1)+ /g + 32

Nezposure = A

p, = P(outcome|exposure),q =1—p,

n, = P(outcome|unexposure),q, = 1 — p,

p=" g =1 pr = e

Continuous variables were presented as the
mean. Categorical variables were described as
percentages. The difference in baseline characteristic
were analyzed using t test for continuous variables
and the chi-square test for categorical variables.

Multiple logistic regression analyses were used
to identify the risk factors of unilateral leg edema.
The predictor variable included in multiple logistic
regression model were malignancy, cerebrovascular
disease, spinal cord disease, complex regional pain
syndrome, nerve root surgery. Odd ratios and 95%
confidence interval were used to illustrate the
association.

The level of significance was set at a value of
P less than 0.05. All statistical analyses were

performed using SPSS for windows version 16.0
(IBM, Armonk, NY).
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Results

Baseline characteristic of this study are
summarized in Table1. A total of 480 unilateral leg
edema patients (245 men, 235 women) with mean
age 68.2 years were included in this study. All of
patients had neurological disorders such as
malignancy in nervous system, cerebrovascular
disease, spinal cord disease or nerve root disease.
Incidence of deep vein thrombosis was 22.1 case/
person-year and incidence of complex regional pain
syndrome was 9.7 case/person-year. The proportion
of malignancy, cerebrovascular disease, spinal
cord disease and nerve root disease were 17.7%,
23.1%, 24.3%, 34.8% respectively. The average
mean of D- dimer level was 875.0 microgram per
liter in deep vein thrombosis group and 934.5
microgram per liter in no deep vein thrombosis
group respectively. In univariate analysis, malignancy
(p=0.042; OR,1.52; 95%Cl,1.04-1.74), cerebrovascular
disease (p<0.001; OR,2.17; 95%CI,1.49-4.01),
spinal cord disease (p=0.021; OR,0.79; 95%Cl,0.61-
0.96), complex regional pain syndrome (p<0.001;
OR,4.25; 95%CI,1.99-6.43) and nerve root surgery
(p=0.034; OR,1.54; 95%CI,1.02-3.43) associated
with deep vein thrombosis (Table1).

Table 2 shows multiple logistic regression
analysis, complex regional pain syndrome was a
significant predictor of deep vein thrombosis in the final
multiple logistic regression model (p<0.001;
OR,3.46 95%Cl,2.02-6.95). In addition, cerebrovascular
disease (p<0.001; OR,2.13; 95%Cl, 1.05-3.49) also
had significant association in this multiple logistic

regression.
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Table 1 Demographic data of study population
Characteristic Total Deep vein No Deep vein P value OR 95%Cl
(N=480) thrombosis thrombosis
group group
(N=87) (N=393)
Male gender, N(%) 245(51.0) 44(50.6) 201(51.1) 0.845 0.95 0.62-1.65
Age (years, mean) 68.2 67.1 68.4 0.534 0.99 0.98-1.02
Diabetes mellitus, N(%) 267(55.6) 45(51.7) 222(56.5) 0.787 0.98  0.97-1.04
Malignancy, N(%) 85(17.7) 19(21.8) 66(16.8) 0.042 152  1.04-1.74
Cerebrovascular disease, N(%) 111(23.1) 32(36.8) 79(20.1) <0.001 217 1.49-4.01
Spinal cord disease, N(%) 117(24.3) 13(14.9) 104(26.5) 0.021 0.79  0.61-0.96
Nerve root disease, N(%) 167(34.8) 23(26.4) 144(36.6) 0.556 0.96  0.92-1.02
Complex regional pain syndrome, (%) 47(9.7) 26(31.0) 21(5.3) <0.001 4.25 1.99-6.43
Paralysis or paresis of lower limb, (%) 480(100.0) 87(100.0) 393(100.0) - - -
Brain surgery, (%) 116(24.2) 23(26.4) 93(23.7) 0.834 1.12  0.62-1.36
Spinal cord surgery, (%) 31(6.5) 6(6.9) 25(6.3) 0.659 1.00 0.99-1.01
Nerve root surgery, (%) 70(14.6) 18(20.7) 52(13.2) 0.034 1.54 1.02-3.43
D-dimer, (microgram/liter, mean) 892.5 875.0 934.5 0.748 0.98 0.96-1.02

Table 2 Associations between the risk factors and deep vein thrombosis by multiple logistic regression

analysis
Covariate Coeff(b) SE(b) p value OR 95%ClI
Malignancy 0.027 0.024 0.255 1.03 0.98-1.08
Cerebrovascular disease 2.255 0.416 <0.001 2.13 1.05-3.49
Spinal cord disease -0.027 0.038 0.475 0.87 0.75-1.05
Complex regional pain syndrome 1.500 0.407 <0.001 3.46 2.02-6.95
Nerve root surgery 0.92 0.385 0.811 1.10 0.52-2.33

Discussion

The results of our study suggested that
complex regional pain syndrome (p<0.001;
OR,3.46; 95%Cl,2.02-6.95) and cerebrovascular
disease (p<0.001; OR,2.13; 95%Cl,1.05-3.49) were
a significant predictor of deep vein thrombosis in
the final multivariate logistic regression model.
Stroke patients had a deep vein thrombosis
incidence up to 80% and pulmonary embolism
incidence up to 16%."* In previous study'®, complex
regional pain syndrome coexistence with deep vein

thrombosis could occurred in hemorrhagic stroke

patients. In our study, cerebrovascular disease
such as intracerebral hemorrhage or subarachnoid
hemorrhage had significant higher in deep vein
thrombosis group by univariate analysis and
multiple logistic regression model, cerebrovascular
disease might be predictor of deep vein thrombosis
due to severe immobilized mechanism and a risk
factor for complex regional pain syndrome due to
location of disease that affecting central pain such
as thalamus in thalamic hemorrhage patient who
had uncontrol hypertension.

In previous study, malignancy is strong risk

factor of deep vein thrombosis. A recent meta-
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analysis'® found that pancreatic cancer displayed
the highest rate of venous thromboembolism, while
other studies suggest that the highest incidence
rates occur in mucin-producing adenocarcinomas
of the pancreas, lung, and gastrointestinal tract."”
In our study, malignancy was not associated with
deep vein thrombosis in final multiple logistic
regression model. This finding might be because
our study was an observational study, thus,
attending physician tended to select patients with
early stage of malignancy for treatment by surgical
treatment alone and all of these patients had brain
tumor and no any patients with pancreatic cancer
or mucin-producing adenocarcinomas tumor
included in our study.

Patients with nerve root disease mostly had leg
paralyzed that limited walking activity. In addition,
nerve root surgery can cause complex regional pain
syndrome due to traumatic mechanism. Nociceptive
sensitization occurs early on, driven by the release
of pro-inflammatory mediators such as tumor necrosis
factor-alpha (TNF-a) and prostaglandin E2." This
sensitization leads to a decrease in the depolarization
threshold locally, likely contributing to hyperalgesia
in these patients." In our study, nerve root surgery
associated with deep vein thrombosis but not
statistically significance in final multiple logistic
regression model that might be because of low
proportion of nerve root surgery in our study.

D-dimer is detectable in patients with deep
venous thrombosis, as it is a marker of endogenous
fibrinolysis.” Clinicians must be aware that D-dimer
is increased in many conditions. Physiologic causes
of D-dimer elevation include pregnancy and
puerperium, increasing age (>65 years), African
American heritage, cigarette smoking, recent

trauma, and the postoperative period.”" In our studly,
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D-dimer level was not associated with deep vein
thrombosis, because in our study mostly patients
who identified D-dimer level had leg edema after
postoperative period, mostly patients in our study
had old age and high proportion of cerebrovascular
disease.

Deep vein thrombosis is a significant healthcare
problem in general populations, especially in the
paretic or paralysis patients. For the past 150 years,
thoughts on the of venous thromboembolism
centered on Virchow’s triad of stasis, changes in
the vessel wall, and thrombogenic changes in the
blood. However, in the early 1970s, through the
pioneering theories of Gwendylen Stewart,
a relationship between thrombosis and inflammation
was suggested. Stasis by itself, although an
important factor, is usually not enough to produce
thrombosis and should be considered a permissive
factor in thrombogenesis for the other events that
are required for thrombosis to occur.” Inflammation
and thrombosis are interrelated. For example,
inflammation increases tissue factor, platelet
reactivity, fibrinogen, and leads to exposure of
increased levels of phosphatidylserine, while
decreasing thrombomodulin and inhibiting
fibrinolysis (by increasing PAI-1).** Microparticles
(MPs) are involved in the thrombotic process and
the amplification of thrombosis. MPs are small (less
than 1 micrometer, about the size of a bacterium),
phospho-lipid vesicles shed from platelets,
leukocytes, and endothelial cells in a calcium
dependent fashion.”**® MPs are a normal constituent
of blood and can be isolated from plasma by
ultracentrifugation. MPs lack DNA and recent
evidence suggests they may carry RNA”, and they
are protein rich. Subpopulations of MPs rich in TF

and phosphatidylserine have been identified.”**
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Several circulating markers of inflammation once
thought to be soluble are actually carried by MPs.*
MP contribute to inflammation via their influence on
cell-cell interactions and cytokine release, and MP
also function in mediating vascular tone. In several
disease states characterized by inflammation and
vascular dysfunction, MP subpopulations are
elevated, correlate with clinical events, and may
have important roles in pathogenesis.”’

Complex regional pain syndrome (CRPS) is a
chronic neurologic condition resulting from a
multiple insult, with a prevalence of approximately
5.4-26.2 per 100 000 person years.” It can be
further divided into two subtypes, based on the
absence (CRPS I, previously known as reflex
sympathetic dystrophy) or presence (CRPS II,
previously known as causalgia) of a major nerve
injury. This condition is enigmatic in nature. It has
been historically difficult to diagnose and the
pathophysiologic mechanism behind its
development has not been clearly defined. CRPS is
thought to be an elaborate combination of different
factors that begin to take place at the time of initial
injury, including nervous system sensitization,
autonomic dysfunction, and inflammatory

changes.”

In our study, all of patients had
neurological disorders. This study showed that
CRPS is a neurological condition and may be risk
factor for deep vein thrombosis due to interrelated

inflammation- thrombosis theory.

Conclusion

This present study suggests that the complex
regional pain syndrome and cerebrovascular
disease were predictors of deep vein thrombosis in

neurological disorder patients. More patients need
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in further study to prove hypothesis that interrelated
inflammation-thrombosis theory can cause deep

vein thrombosis.
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Introduction

Creutzfeldt-Jakob disease (CJD) belongs to
the group of human prion diseases. These are
inevitably fatal disorders that are characterized
clinically by progressive neuropsychiatric
symptoms."? Prion diseases also are called
transmissible spongiform encephalopathies
(TSEs)', due to the finding of the spongiform change
in the cerebral and cerebellar cortex and being
transmissible. This is associated with the deposition
in the brain of an abnormal conformer of the cellular
prion protein (PrP°, where C indicates cellular).
Prion diseases affect animal. It also includes the
natural scrapie in sheep and goats.

PrP® is synthesised in the endoplasmic
reticulum, and after the procession in the Golgi
apparatus, it is carried to the cell surface where it
is mainly found in lipid rafts.’ PrP® has endogenously
truncated fragments: a role in neurogenesis,
synaptogenesis, neuritogenesis, anti-and
pro-apoptotic functions, copper binding, redox
homoeostasis, and functions related to
hematopoietic cells has been suggested.” PrP° is
the major PrP form in the normal non-diseased brain
but can still be found in the prion diseased brain as
well. The structure of PrP® is a-helix predominant;
indeed, a conformational change is the major
difference between PrP® and the disease-associated
form named PrP*® (where Sc refers to scrapie,
a prion disease of sheep).' PrP* features a
predominantly B-pleated structure, it is detergent-
insoluble, and resistant to protease treatment
(in immunoblotting it is indicated as PrP™).’
Interestingly, detergent-insoluble and protease-
resistant PrP has been reported in non-diseased

brains; it was proposed that this may represent

dormant infectivity (PrP’).° On the other hand,
conformation-dependent immunoassay detected
protease-sensitive (PrP**") but disease-associated
transitional forms. In summary, at least four forms
of PrP can be defined, which has diagnostic
implications: (1) PrP®, (2) PrP’, (3) PrP* (PrP™),
and (4) PrP**". The first two are detectable in
non-diseased brains, the first and the last two in
diseased brains.

The most frequent form of CJD is sporadic
(idiopathic); in this form yet mysterious events lead
to the production of disease-associated PrP.’
Acquired forms (i.e., where the etiology is recognized
with high probability) are the following: (1) Kuru: this
is related to ritualistic cannibalism and thought to
be extinct; (2) Variant CJD: this is associated with
consuming BSE-infected tissue or with receiving
transfusion from variant CJD blood donors;’
(3) latrogenic CJD: this is related to medical
procedures, including human growth hormone or
gonadotrophin hormone therapy, neurosurgery,
dura transplant, cornea transplants, and deep
electrodes. Finally, genetic (familial) forms are also
known, which are associated with mutations in the
PrP gene (PRNP). This can be further classified as
follows (1) Point mutations associated with
spongiform encephalopathy (genetic CJD); (2) The
point mutation D178N associated with methionine
at codon 129 is associated with selective thalamic
neurodegeneration called FFI; (3) Further mutations
are related to prominent amyloid deposits, which
are called Gerstmann-Straussler-Scheinker disease
(GSS) or PrP amyloidosis. It is characterised by the
appearance of multicentric amyloid plaques and
biochemically by a low-molecular-weight band in
Western blot. Amyloid can appear in the vessels as

PrP cerebral amyloid angiopathy. It should be
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noted that base pair insertions in the PRNP may
associate with atypical disorders but may also show
a CJD or GSS phenotype.

The incidence of CJD in the United States is
estimated to be 1-1.5 per million per year."
In Thailand, there are no official statistics on or
national surveillance of CJD. It was estimated that
no more than 30 cases had been diagnosed in the
previous 20 years."" The age of onset is usually
between 55-75 years, median 68 years, and both
genders are an affected equally. There are four
subtypes of CJD: sporadic, familial, iatrogenic, and
variant form."

Sporadic CJD is the most common form of
prion diseases accounting for 90% of all CJD
cases.'’ Clinical presentation is manifested by
rapidly progressive dementia and varied associated
neuropsychiatric manifestations like myoclonus,
cerebellar ataxia, visual symptoms, pyramidal and
extrapyramidal signs, and akinetic mutism. The
median duration of survival is approximately 4.5
months from onset of symptoms, with 90% of
patients surviving less than one year.” There is a
considerable amount of variability in the presenting
symptoms of sCJD, but several studies support the
existence of distinct clinical phenotypes that differ
from the classic CJD presentation. The sCJD
variants include the classic CJD variant, Heidenhain
variant, the Oppenheimer-Brownell variant, the
cognitive variant, the affective variant and the
indeterminate variant.'* In a prior meta-analytic
review,”” we confirmed an earlier observation made
by Wall and colleagues,'® that neuropsychiatric
symptoms are among the most common symptoms
of sCJD, particularly in its early stages, which
suggests the possible existence of neuropsychiatric

sCJD variants.
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A new variant of Creutzfeldt-Jakob disease

was first reported in 1996,"

and compelling
evidence now exists that this new disease is caused
by exposure of humans to the agent that causes
bovine spongiform encephalopathy. The initial
description of variant Creutzfeldt-Jakob disease—
based on the first 10 cases diagnosed—reported a
predominantly psychiatric initial presentation, as
distinct from the usual clinical course of sporadic
Creutzfeldt-Jakob disease. A study of the first 14
cases of variant Creutzfeldt-Jakob disease in the
United Kingdom, of which 13 patients had been
seen by a psychiatrist early in the clinical course,
revealed that all 14 patients had early psychiatric
features.' Typical presentations were depression,
anxiety, and behavioural change. The psychiatric
symptoms did not disclose specific features that
differentiated variant Creutzfeldt-Jakob disease, at
the time of presentation, from more common
psychiatric disorders, although subsequent
neurological and cognitive deterioration led to the
eventual clinical suspicion of Creutzfeldt-dakob
disease.

The tools for the clinical diagnosis of CJD
include the demonstration of altered signals on MR
diffusion-weighted imaging,'® periodic sharp wave
complexes (PSWC) on electroencephalography
(EEG) recording and presence of the 14-3-3 protein
in CSF.”® In Thailand, there are only two previous
reports of CJD cases that include Creutzfeldt-dJakob
disease: review of experience at Siriraj Hospital*’
and case series from Faculty of Medicine, Thammasat
University."" There are under-registration and
recognition of the disease due to lack of strong
clinical suspicion and paucity of centres or
laboratories diagnostic tests. The study was aimed

at 1) providing more data on clinical, radiological
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and electroencephalographic characteristics of
cases of CJD in Siriraj Hospital by reviewing cases
encountered in our hospital over the past ten years
(between January 1, 2005, and December 31,
2015), and 2) calculating the prevalence of CJD
during that period.

Materials and Methods

Subjects

This study was an IRB-approved retrospective
medical record review of all patients with encephalitis
(ICD code G04, n = 192,095). Eighteen diagnosed
with CJD as found in Siriraj Hospital between
January 1, 2005, and December 31, 2015. This
record system includes inpatient. The subjects
were identified using encoded diagnoses of
Creutzfeldt-Jakob disease (ICD-10 A81.09).

Inclusion Criteria

The criteria used for inclusion of patients as
positive for CJD according to World Health
Organization (WHO) criteria.”” Two criteria were
used to determine a clinical diagnosis of sCJD and
vCJD in cases that did not have neuropathologic
material available for analysis.

- Cases were diagnosed as probable sCJD
using the 1998 WHO criteria® if there was evidence
of progressive dementia and at least 2 of the
following symptoms: myoclonus, visual or
cerebellar disturbance, pyramidal or extrapyramidal
dysfunction, and akinetic mutism. Probable sCJD
cases (by WHO criteria) also had either periodic
sharp wave complexes on electroencephalography
(EEG) or a cerebrospinal fluid (CSF) assay positive
for the 14-3-3 protein with a survival time shorter

than two years. Cases that met the mentioned
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symptom criteria for probable sCJD but that did not
demonstrate a positive 14-3-3 protein analysis or
periodic sharp wave complexes on EEG or did not
undergo these studies were classified as probable
sCJD according to the University of California-
San Francisco criteria® if they had subcortical
hyperdensity or cortical ribboning on diffusion-
weighted imaging.

- Cases were diagnosed as vCJD using the
1998 WHO criteria if patient with a progressive
neuropsychiatric disorder with

I All of the following features: progressive
psychiatric disorder, clinical duration >6 months
age at onset <50 years, routine investigations do
not suggest an alternative diagnosis, no history of
potential iatrogenic exposure, no evidence of a
familial form of TSE (transmissible spongiform
encephalopathies ), the EEG does not show the
typical periodic appearance, routine investigations
that do not suggest an alternative diagnosisand an
MRI showing abnormal bilateral high signal from the
pulvinar on axial T2- and/or proton-density-weighted
images.

[l. Atleast 5 out of the following 6 clinical
features: early psychiatric symptoms, early
persistent paresthesia/dysesthesia, ataxia, chorea/
dystonia or myoclonus, dementia and kinetic mutism.

Variant CJD cannot be diagnosed with
certainty on clinical criteria alone; this requires
neuropathological confirmation. The following
combinations of signs, symptoms and clinical
investigations serve to define possible, probable
and definite vCJD: The probable vCJD also had

- All of I.

- At least four items under II.

- Bilateral pulvinar high signal on MRI brain

65



66

21sasUs:andneniiiods:inelng

scan

- EEG dose not show the typical appearance
of sporadic CJD although generalized periodic
complexes may occasionally be seen at the later
stages of the disease.

Data Collection

Neurologists(NK,VS) comprehensively
reviewed medical records, and data were
abstracted for demographic characteristics and
illness chronology. Results of brain MRI, EEG and
CSF analysis were collected as well. Data were
abstracted from medical records using the same
abstraction instrument for all cases. Case histories
were reviewed and classified into five predetermined
sCJD variants and indeterminate group™

Further clinical information was gathered to
include the date of CJD symptom onset as defined
by the clinical documentation, future date of CJD
diagnosis, date of death, and whether there was a
family history positive for CJD. Patients’ clinical
charts were also reviewed for evidence of a past
psychiatric and neurological history. Neurological
symptoms (date of onset and type) during disease
course and presenting symptoms (date of onset
and type) were recorded in each case. Prodromal
or presenting symptoms were defined as the
clinical signs and symptoms that led the patient to
seek medical attention and were retrospectively
recognised as the initial manifestations of the
disease course. History of surgical procedure or

head trauma, past medical history, medications
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were recorded in each case. Demographic
information regarding each patient’s date of birth,
sex, occupation, and place of residence was also
included. Results of biological workup were also
recorded: Complete blood count, electrolytes,
liver function test, renal function tests including
blood urea nitrogen and creatinine, erythrocyte
sedimentation rate (ESR), calcium, phosphorus,
thyroid function test, vitamin B12 level, folate level,
human immunodeficiency virus (HIV) screening test,
hepatitis B profile, serum Venereal Disease
Research Laboratory (VDRL) test, anti-nuclear
antibody (ANA), anti-thyroid peroxidase
antibodies (anti-TPO) level, anti-thyroglobulin level,
urinalysis, cerebrospinal fluid (CSF) analysis
including cell count, cell type, protein, glucose,
bacteriological, virological studies including Total
Tau, Phosphorylated Tau and Beta amyloid protein
level in CSF. All patients underwent 1.5 Tesla brain
magnetic resonance imaging (MRI) including
diffusion-weighted (DWI) and fluid attenuated
inversion recovery (FLAIR) sequences. EEG was
carried out using the International 10-20 system and
EEG abnormalities was recorded in detail. The final
clinical outcome of each patient was recorded.
SPSS, version 18.0 (SPSS Inc, Chicago, lllinois)
was used to perform the statistical analyses. Survival
data were calculated using descriptive statistics,

mean, minimum, maximum and percentage.

Table 1 Characteristics of 5 sCJD variants
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sCJD variant

Characteristics

Onset of cognitive symptoms (cognitive decline, amnesia, language impairment, executive dysfunction,

and/or disorientation) and ataxia at illness onset, without visual disturbances

Classic CJD Clinical presentation within 1 mo. of illness onset

Short interval between symptom onset and diagnostic testing (CSF 143-3- protein, EEG, and brain MRI)

Survival time < 3 mo.

Onset of diplopia, blurred vision, cortical blindness, and/or visual hallucinations at illness onset

Heidenhain
Survival time < 4 mo.

Ataxia in the absence of other presenting symptoms at iliness onset

Oppenheimer- . )
Older age at illness onset (median, 67 y)
Brownell

Lack of PSWCs on EEG and basal ganglia hyperintensity on brain MRI

Onset of dementia, memory impairment, language impairment, executive dysfunction, and/or disorientation

at iliness onset in the absence of ataxia and visual disturbances

Cognitive

Clinical presentation 2 mo. after symptom onset

Prolonged interval between illness onset and diagnostic testing

Survival time > 4 mo.

Depression, mood lability, and/or anxiety at illness onset

Age at onset < 65 y Prolonged time to clinical presentation

Affective Prolonged time to diagnostic testing

High rate of positive CSF analyses for 143-3- protein despite duration of illness

Survival time > 6 mo.

Indeterminate The clinical characteristics that could not be classified into 1 of the aforementioned groups

Results

This is the first retrospective, observational,
the hospital-based study which analyses eighteen
cases CJD patients. By screening the hospital
records for the diagnosis of CJD during the study
period, all eighteen cases satisfying the WHO and
the University of California-San Francisco criteria
diagnostic criteria for probable sCJD and probable
vCJD. In cases of sCJD (15/18) were classified as
probable sCJD (12/15) and possible sCJD (3/15)
according to World Health Organization (WHO)
diagnostic criteria for CJD.” Based on the University
of California-San Francisco criteria classified as
probable sCJD (15/15). In cases of vCJD (3/18)
were classified as probable vCJD (3/3) according
to World Health Organization (WHO) diagnostic
criteria for CJD.* During January 2005 to December

2015, 192,095 cases were admitted with suspected
encephalitis, with thorough investigation 18 had the
diagnosis with CJD. The prevalence of CJD at Siriraj
hospital was 0.0000937 (0.0937/1000 population)
(95%Cl 0.0000555, 0.0001481)

The mean age of patients at presentation was
60.72 years (sCJD was 66 years, and vCJD was 34
years). Ten patients were males (M:F = 10:8). In cases
of sCJD were classified into five predetermined
sCJD variants including Heidenhain variants (5/15),
Oppenheimer-Brownell variants (3/15), Cognitive
variants (3/15), Classic variants (1/15), Affective
variants (1/15) and Indeterminate group (2/15).
Demographic, clinical and paraclinical characteristics
of cases are summarised in Table 2 and 3. None of

the patients had the head injury in the past.
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The main clinical manifestations were cognitive
disturbance (18/18) and myoclonus (14/18),
followed by extrapyramidal symptoms/signs
(10/18), ataxia (9/18), behavioural change (6/18)

Vol.38 ¢ NO.2 » 2022

and visual disturbance (5/18).

Table 2 Demographic and clinical feature of sCJD

Case Agel Classification Symptom at Onset to
WHO UCSF Variants death Clinical features
no sex onset
criteria criteria (months)
1 50/M Probable Probable Oppenheimer- Ataxia 6 Ataxia, dementia, myoclonus
Brownell
3  65/M Probable Probable Classic Language 3 Behavioral change, dementia, sleep
impairment disturbance (insomnia), myoclonus, EPS
4 58/M Probable Probable Heidenhain Visual 8 Visual hallucination, sleep disturbance
disturbance (insomnia), behavioral change, myoclonus
5 61/M Probable Probable Affective Hypomania 13 Sleep disturbance (hypersomnolence),
depression, dementia, myoclonus
70/F Probable Probable Heidenhain Dementia Visual disturbance, dementia, EPS, myoclonus
66/F Probable Probable Cognitive Dementia 10 Dementia, memory impairment, sleep
disturbance (insomnia), myoclonus, EPS,
akinetic mutism
8 77/F Possible Probable Oppenheimer- Ataxia 10 Ataxia, dementia, EPS, akinetic mutism
Brownell
9 58/F Probable Probable Oppenheimer- Ataxia 5 Ataxia, dementia, EPS, visual disturbance
Brownell
10  74/F Possible Probable Cognitive Language 7 Memory impairment, sleep disturbance
impairment (hypersomnolence), akinetic mutism, EPS
11 75/M Possible Probable Indeterminate Visual 6 Ataxia, visual disturbance, EPS, myoclonus,
disturbance akinetic mutism
12 58/F Probable Probable Heidenhain Visual 5 Dementia, behavioral change, EPS, myoclonus
disturbance
13 64/M Probable Probable Indeterminate Visual 14 Visual hallucination, ataxia, myoclonus
hallucination
14  73/F Probable Probable Heidenhain Visual 5 Visual hallucination, dementia, EPS, myoclonus
hallucination
15 69/M Probable Probable Heidenhain Visual 4 Visual disturbance, dementia, sleep disturbance
disturbance (insomnia), ataxia, akinetic mutism
17 73/F Probable Probable Cognitive Dementia 2 Behavioral change, dementia, akinetic

mutism, myoclonus

The phenotype with the largest percentage of cases was the Heidenhain variant (n=5 [33.33%]); 3

cases (20%) were classified as the Oppenheimer-
Brownell variant; 3 cases (20%) were classified as
the cognitive variant; 1 case (6.67%) was categorized
as the classic variant; 1 case (6.67%) was classified

as the affective variant; and 2 (13.33%) cases were

indeterminate group. The mean age at the onset of
illness across the entire sCJD was 66 years. Patients
with the Heidenhain variant had a mean age of 65.6
years; the Oppenheimer-Brownell variant (61.67

years); the cognitive variant (71 years); the classic
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variant (65 years); the affective variant (61 years)
and the indeterminate group (69.5 years). The age
at disease of vCJD are demonstrated as Figure 1.

The initial symptoms of each group are
presented in Table 2. Four patients (80%) within
the Heidenhain variant presented with visual
disturbance and visual hallucinations. All patients
(100%) within the Oppenheimer-Brownell variant
presented with ataxia. Dementia was the primary
presenting symptom in those with the cognitive
variant of sCJD (n=2 [66.67%]). Patients with
indeterminate cases presented with symptoms of
visual impairment and ataxia. In cases of sCJD has
been characterised by prominent neuropsychiatric
symptoms; the affective variant (n=1) present with

hypomania; the cognitive variant (n=3) present with
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behavioural change and nearly one-half of the sCJD
patients (7/15) were affected by sleep disturbances,
ranging from profound hypersomnolence to
insomnia.

The classic CJD cases have the shortest
mean survival time from symptom onset (3 months),
while the affective variant (13 months) had the
longest median survival times. The Heidenhain,
Oppenheimer-Brownell, cognitive and indeterminate
variant had mean survival times of 6.2 months, 7
months, 6.33 months and 10 months, respectively.
The symptoms and characteristics of cases are

summarized in Table 4.

Figure 1: Age at disease onset of sCJD
£ 100
3 (= Cognitive
> -
2
@ ell== Heidenhain
©
®
@ el Affective
< 0
! 2 3 4 ° @ Classic
Case
Table 3 Demographic and clinical feature of vCJD
Case  Age/ Classification Symptom Clinical feature Onset to death
no sex (WHOQO criteria) at onsets (months)
2 42/M Probable Paresthesia Behavioral discontrol (violent), sleep disturbance 14
(insomnia), psychotic symptom (perseveration and
confabulation), ataxia, myoclonus, akinetic mutis
16 36/M Probable Ataxia Loss of interest, irritability, sleep disturbance 11
(insomnia), myoclonus, EPS
18 24/M Probable Behavioral Behavioral change (aggression), dementia, 16
change psychotic symptom (VH), sleep disturbance

(insomnia), ataxia, myoclonus, akinetic mutism
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Table 4 Symptom and characteristics of sCJD variants

sCJD variant (n=15)

Heidenhain Oppenheimer- Cognitive  Classic Affective Indeterminate Total
(n=5) Brownell (n=3) (n=1) (n=1) (n=2) n(%)
(%) (n=3) (%) (%) (%) (%) (%)
Initial symptom
Visual disturbance 3(60) - - - - 1(50) 4 (26.67)
Dementia 1(20) - 2 (66.67) - - - 3 (20.00)
Visual hallucination 1(20) - - - - 1(50) 2 (13.33)
Ataxia - 3(100) - - - - 3(20.00)
Language impairment - - 1(33.33) 1(100) - - 2(13.33)
Hypomania - - - - 1 (100) - 1(6.67)
Onset to death (months) 6.2 7 6.33 3 13 10

The three patient were classified as the
probable vCJD according to World Health Organization
(WHO) diagnostic criteria for CJD.* The mean age
of patients at presentation was 34 years (range 24
- 42). All of the cases were males (M = 3). In this
population, 3/3 patients were categorised as having
at least one psychiatric manifestation during illness.
Symptom onset and timing were determined by
noting the documented date of the first symptoms
observed as reported by the physician. A neuropsy-
chiatric manifestation in the prodromal or presenting
phase of the illness was recorded in 3/3 (100%) of
the cases. The most commonly reported symptoms
are sleep disturbance (3/3); insomnia more common
than hypersomnolence. The mean survival time from
symptom onset to death of vCJD was 13.67 months.
The demographic and clinical feature of vCJD was
summarised in Table 3.

Brain MRI abnormalities were noted in

seventeen of our eighteen patients (94%). The brain

MRI of twelve patients (66.67%) showed MRI FLAIR
with hyperintensities in bilateral caudate and puta-
men. Three patient (16.67%) had FLAIR hyperinten-
sity in pulvinar nucleus of bilateral thalami being
compatible with the pulvinar sign. DWI hyperinten-
sities and apparent diffusion coefficient (ADC) hy-
pointensities were seen in the head of left caudate,
left putamen and bilateral parietooccipital region in
one patient. DWI hyperintensities and ADC hyper-
intensities were noted in bilateral frontotemporal and
parietooccipital regions (four patients[22.22%]),
bilateral parietal-temporal and occipital region (two
patients[11.11%]) and bilateral parietooccipital and
temporal regions (one patient[5.5%]).  Only one
patient had brain MRI revealed only diffuse cerebral
atrophy predominately at bilateral parietal lobe.
Figures 2 and 3 show the characteristic brain MR
abnormalities of selected cases. Brain MRI charac-
teristics of individual patient are summarized in

Table 5.
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Table 5 Brain MRI findings and EEG characteristics
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Case no Brain MRI findings EEG characteristics

1 FLAIR hyperintensities in bilateral caudate, lentiform nucleus and Periodic sharp wave complex
thalamus.

2 FLAIR hyperintensities in bilateral caudate, putamen and pulvinar Generalized diffuse slow wave
nucleus of bilateral thalami.

& DWI and ADC hyperintensities in bilatertal fronto-temporal and Periodic sharp wave complex
parieto-occipital regions.

4 FLAIR hyperintensities in bilateral caudate and putamen. Periodic sharp wave complex

5 FLAIR hyperintensities in bilateral caudate and putamen. Periodic sharp wave complex

6 Diffuse cerebral atrophy predominately at bilateral parietal lobe Periodic sharp wave complex

7 FLAIR hyperintensities in bilateral caudate and putamen. Periodic sharp wave complex

8 FLAIR hyperintensities in bilateral caudate and putamen. Normal awake EEG

9 DWI and ADC hyperintensities in bilatertal fronto-temporal and Generalized periodic sharp wave
parieto-occipital regions. complex

10 DWI and ADC hyperintensities in bilatertal fronto-temporal and Generalized diffuse slow wave
parieto-occipital regions.

11 DWI and ADC hyperintensities in bilateral fronto-temporal and Generalized diffuse slow wave
parieto-occipital regions.

12 FLAIR hyperintensities in bilateral caudate and putamen. Generalized periodic sharp wave
DWI and ADC hyperintensities in bilatertal parieto-temporal and complex
occipital region.

13 FLAIR hyperintensities in subcortical white matter of bilateral Generalized periodic sharp wave
fronto-parieto-temporal region. complex

14 FLAIR hyperintensities in bilateral caudate and putamen. Periodic sharp wave complex
DWI and ADC hyperintensities in bilatertal parieto-temporal and
occipital region.

15 DWI and ADC hyperintensities in bilateral parieto-occipital and right ~ Generalized periodic sharp wave
temporal regions. complex

16 FLAIR hyperintensities in bilateral caudate, putamen and pulvinar Generalized diffuse slow wave
nucleus of bilateral thalami.

17 FLAIR hyperintensities with DWI hyperintensities and ADC Periodic sharp wave complex
hypointensities suggestive of restriction in head of left caudate,
left putamen and bilateral parieto-occipital region.

18 FLAIR hyperintensities in bilateral caudate, putamen and pulvinar Generalized diffuse slow wave

nucleus of bilateral thalami.

n
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Figure 2 Axial MRI brain (inner back cover)

A) DWI showing hyperintense signal in fronto-
parieto-temporo-occipital lobe.

B) ADC showing hypointense signal in fronto-
parieto-temporo-occipital lobe.

C) FLAIR showing hyperintense signal in bilateral

Figure 3: Axial MRI brain (inner back cover)

D) FLAIR showing hyperintense signal in bilateral

caudate, putamen and pulvina nucleus of

bilateral thalami.
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CSF analysis was carried out in all patients,
which showed normal to mildly elevated protein,
cell count within normal limits and negative
bacteriological/virological studies. The CSF 14-3-3
protein assay was not carried out in all patients, but
the total tau protein assay was performed in four
patients and active in all of them.

Classical EEG abnormalities in the form of
periodic sharp wave complex were seen in eight
patients (8/18). EEG showed generalized periodic

sharp wave complex in four patients, generalised
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diffuse slow wave in five patient and normal awake
electroencephalographic finding in only one patient.
Figure 4 shows the characteristic EEG abnormalities
of selected cases. One patient was given intravenous
immunoglobulin with clinical suspicion of immune-
mediated encephalopathy but with no improvement.
Postmortem brain examination for confirmation of
diagnosis could not be carried out in any of the
patients. A comparison of clinical, radiological and
electroencephalographic characteristics of sCJD
and vCJD is illustrated in Tables 6.
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Figure 4 A. EEG showing periodic sharp wave complexes at 1-2/sec with slowing of background rhythm.

B. EEG showing generalized diffuse slow wave.

73



74 21sasUs:andneniiiods:inelng

Vol.38 ¢ NO.2 » 2022

Table 6 Comparison of clinical, radiological and electroencephalographic characteristics between sCJD

and vCJD

Clinical characteristics

Probable sCJD

Probable vCJD

Mean age in years (range)
Gender (male) (n) 7

Typical presentation

Interval between onset to death 713 (2-14)
(months) (range)
Family history Negative

Brain MRI finding

caudate and putamen

- DWI hyperintensities in cortex (cortical

ribbon sign)
EEG characterisitc

66 (4277-)

Progressive dementia, ataxia, myoclonus

- FLAIR hyperintensities in bilateral

Periodic sharp wave complex and

34 (2442-)
3
Psychiatric and behavioral symptoms
13.66 (11 - 16)

Negative
- FLAIR hyperintensities in bilateral
caudate, putamen and pulvinar nucleus

of bilateral thalami (pulvinar sign).

Generalized diffuse slow wave

Generalized periodic sharp wave complex

Discussion

Clinical suspicion of prion disease is usually
raised when rapidly progressive dementia is
observed. Although cognitive decline is certainly a
major symptom, due to the widespread involvement
of different anatomical structures, prion diseases
show various combinations of clinical signs.

CJDisahuman prion disease with characteristic
clinical and diagnostic features. That has a long
asymptomatic period and a fatal outcome. There
are four subtypes of CJD: sporadic, familial, iatrogenic,
and variant form."

sCJD is the most common type of CJD,
accounting for 90% of all CJD cases.'’ The disease
course is usually less than two years (generally
about 4-7 months). In addition to dementia,
cerebellar symptoms (ataxia), visual complaints
(including cortical blindness), movement disorders
(parkinsonism, dystonia, as well as chorea),
pyramidal signs, and particularly myoclonus are the
most characteristic, however, in various
combinations. Indeed, diagnostic criteria require

the detection of rapidly progressive dementia

(<2 years) and at least two further symptoms
mentioned above.” In the terminal phase, akinetic
mutism is observed.

Variant CJD presents at an earlier age;”
distinguishing clinical features are the unusual and
early sensory (e.g., dysaesthesia, paraesthesia)
and psychiatric (e.g., depression, paranoid
components, agitation, aggressivity) symptoms™?°
Later dementia and myoclonus evolves, but chorea,
pyramidal signs, cerebellar symptoms and rigidity,
and vertical gaze weakness are also described.”

In fact, there are only small case series of
CJD in Southeast Asia. A literature search on the
epidemiology of CJD in south-east Asia revealed
only 18 cases from Singapore (1998-2008)*"
Four cases from Thailand (1983-2015)""*" and
4 cases from Malaysia (2014). Kandiah et al.
described the largest case series in Singapore
involved four definite CJD and ten probable CJD
over a period of 7 years.” There are no published
reports of CJD in other Southeast Asia countries.
This raises the question of whether CJD is

under-reported or rare in Southeast Asia.
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In Thailand, CJD has been underreported
and misdiagnosed. Published cases of CJD in
Thailand include one case from Siriraj Hospital”'
(1983) and three cases from The Neurology
Division, Department of Internal Medicine, Faculty
of Medicine, Thammasat University, Pathumthani."’
There is no regional or national surveillance system
for CJD in Thailand. Also, the knowledge of this
disease is limited to medical specialists. The public
awareness, an efficient reporting system, advanced
medical education, laboratory, neurological and
neuropathological diagnostic capacity are critical.

The mean age of sCJD patients was 66 years.
In the case series by Lolekha, et al.”’, the patient
seemed to be younger (57 years). The comparing
mean age between studies to be cautions because
the sample size is small and the apparent differences
in the average age are due to random fluctuations.
We found male predominance (10/18) in our series.
All of our patients had rapidly progressive dementia
and followed by myoclonus. Other clinical
manifestations were behavioural disturbances,
ataxia, and extrapyramidal symptoms. Similar
observations were noted in the case series by
Lolekha, et al."" All of our patients were evaluated
with other relevant investigations to rule out other
causes for encephalopathy like infective, metabolic,
paraneoplastic and autoimmune etiologies.

Behavioural change in CJD occurs in 30% of
patients at the onset of disease and in 57% at later
stages.'” But it was seen in 50% of patients in our
series. None of the patients had a family history of
similar disease. The time interval between the onset
of symptoms and diagnosis varied from 2 month to
16 months with the mean of 7.13 months in probable
sCJD and 13.66 months in probable vCJD which

was not similar to findings in case series by Lolekha,
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etal." (20 months). Although sCJD is known to have
a range of clinical symptoms, our results indicate
that differences in initial symptoms may delineate
clinical clusters of cases. It is also significant that
the sCJD variants differ on age at symptom onset
and survival time, indicating a difference in disease
pathology and expression. Differences in survival
time not only imply differences in the natural history
of the iliness but also suggest the possibility of
differences in the underlying pathologic process of
the disease. Clinical sCJD variants may be a
reflection of PrP*® type and PRNP codon 129
genotypes as previously reported.””™ The
formalisation of sCJD phenotypes is valuable for
some reasons. The heterogeneity of clinical
presentations observed in sCJD and vCJD
frequently results in the delayed diagnosis or
misdiagnosis of prion diseases. Thus, it is
reasonable to conclude that the delineation of
various sCJD subtypes and vCJD can be used to
educate clinicians about the variability of clinical
symptoms that are commonly observed in CJD in
addition to the disease’s propensity to be
misdiagnosed. Our data may help to provide a
basis for developing clinical identification of sCJD
variants and vCJD, which would aid in clinical
detection and diagnosis.

Due to the unspecific initial complaints, the
suspicion of prion disease is usually raised later
when already dramatic clinical symptoms are seen.
Clinicians desperately search for reversible or
curable disorders, but the inevitably following
course strengthens the suspicion of CJD. From
previous clinical feature of prion disease has
been reported. Depending on the early clinical
features, like rapidly progressive cognitive decline,

neuropsychiatric symptoms (behavioural dyscontrol,
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depressive symptoms and psychotic symptoms),”®  disease can be already predicted. We propose flow
sleep disorder, or movement disorder (parkinsonism, chart of the prediction of human prion disease types

ataxia, or other)," the likelihood of the type of prion based on the early symptoms is illustrated in figure 5

CBS, PSP, Hyperkinetic

4

sCJD > gCJD,

s: sporadic; v; variant, i: iatrogenic; g: genetic CJD (Creutzfeldt- Jakob disease), CBS: corticobasal syndrome,

Parkinsonism Ataxia

sCJID > gCJD, sCID > gCID

bl

PSP: progressive supranuclear palsy, GSS: Gertsmann-Straussler-Scheinker disease; FFI: fatal familial insomnia.

Figure 5 Prediction of human prion disease types based on the early symptoms
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The brain MRI changes in CJD has been
demonstrated to precede EEG or CSF abnormalities.
However, it may be without abnormality early in the
disease course. High signals in T2-weighted/FLAIR
sequences have been linked to astrogliosis.*
Combined cortical and deep gray matter (basal
ganglia and putamen) hyperintensity and isolated
cortical hyperintensity are the two patterns of DWI
and/or FLAIR abnormality that have been
described.” DWI is more sensitive than FLAIR in
the detection of cortical abnormalities in early
stages of CJD. The DWI hyperintensities are due to
restricted diffusion and thus are often hypointense
(dark) on the ADC map. This restricted diffusion is
due to PrP°® deposition, vacuolation, or a
combination of the two.*® DWI has higher sensitivity
(92%) and specificity (93%) in the diagnosis of CJD
regardless of PSWCs.” Involvement of deep gray
matter is associated with shorter disease course
with rapidly progressing neurologic deterioration
whereas absence of basal ganglia involvement
correlates with delayed onset of dementia and
longer disease course.” The caution is FLAIR MRIs
had findings that overlap with those seen in CJD,
but whose DWI/ADC sequences did not show
these results. These patients usually had
non-prion disorders, often treatable autoimmune
encephalopathies.**

Our twelve patients had hyperintensities in
caudate and putamen on FLAIR images. DWI
hyperintensities were noted in parietooccipital in all
six DWI hyperintensities were observed in bilateral
frontotemporal and parietooccipital regions in four,
bilateral parietal-temporal and occipital region in
two and bilateral parietooccipital and temporal
regions in one patients. But the corresponding ADC

maps in these cortical areas were hyperintense
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suggesting no diffusion restriction. Two our patient
had bilateral basal ganglia and putamen
hyperintensities on FLAIR with diffusion restriction
with no cortical hyperintensities or restriction on
DWI/ADC. Similarly, brain MRI of seven patients with
CJD studied by Gonzalez-Duarte et al.*’ One our
patient had FLAIR hyperintensities with DW!I
hyperintensities and ADC hypointensities
suggestive of restriction in head of left caudate, left
putamen and bilateral parietooccipital region.
Similarly, brain MRI of ten patients with CJD studied
by Biswas et al.”” Brain MRI of one patients showed
only cortical atrophy without classical changes of
CJD. The patient diagnosed to have extrapyramidal
symptom with dementia with myoclonus and
visual disturbance (Case 6). The reason for MRI
negativity was the brain MRI was done during the
terminal stage of illness (9-10 months after onset)
wherein the typical MRI abnormalities might have
disappeared.**

The classical EEG changes (PSWC and
triphasic waves) were observed in twelve the
patients except in six, whose EEG showed the
diffuse slowing of background activity and normal
awake EEG. EEG has a sensitivity of 67% and
specificity of 74-86% in the diagnosis of CJD.*"*
Repeated EEG during disease increases the
probability of demonstrating characteristic EEG
abnormality.” EEG abnormalities are rarely seen in
patients with other cause of dementia like
Alzheimer’s or vascular dementia.

CSF examination was carried out in all
patients except one patient (case 3) because
patient’s family was denied to perform the lumbar
puncture. All of seventeen cases, the CSF did not
reveal pleocytosis. The detection of the 14-3-3

protein in CSF has been one of the markers for
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diagnosis of CJD.* In our series, the assay was not
carried out in all eighteen patients. In our series
used brain MRI typical finding to additional
diagnosed CJD, according to Zerr et, al.*’ reported
that MRI results are equivalent to elevated levels of
the 14-3-3 protein in the diagnosis of probable
sporadic CJD.

This study represents a single-center
experience from Thailand. All our eighteen patients
were the resident of Thailand. This geographical
clustering assumes significance. This study
demonstrates the fact that CJD is prevalent in
Thailand. There is a need for spreading awareness
about early suspicion and recognition of this fatal
disease among the treating general medical
practitioner, physicians and psychiatrist. The prompt
referral to the tertiary centre with neuroscience
expertise is also warranted. However, we need
further research and national surveillance in
Thailand. The CJD surveillance in Thailand has to
be improved utilising availability of advanced tests
like CSF biomarkers, facilities for antemortem
diagnosis of CJD and prion protein genotyping
which is lacking.

The limitation of our study. Firstly, postmortem
brain examination for confirmation of diagnosis
could not be carried out in any of the patients.
Histological examination and immunostaining for
protease-resistant protein (PrPSc) are the gold
standard for the diagnosis. As a result, all our
cases were suggestive of prion pathy due to lack
of histological confirmation. We suggest multicenter
study with postmortem evaluation in the future
study. Secondly, the 14-3-3 protein assay could
not be carried out in all patients due to financial
constraints and logistic problems for transferring to

a foreign laboratory. Recently, Total tau has been
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the purpose of their good relationship with CJD. Five
cases of this study had high elevated of total tau in
CSF level.

Conclusion

CJD is the fatal neurodegenerative disease.
It has a broad range of clinical manifestations
including cognitive decline, myoclonus, ataxia,
pyramidal and extrapyramidal signs/symptoms,
behavioural abnormalities and psychosis. The
diagnosis is based on the constellation of clinical
symptoms, CSF biomarkers like 14-3-3 protein,
CSF-tau and neuron-specific enolase level, periodic
sharp waves in EEG, and signal alterations in brain
MRI. A high clinical suspicion together with
characteristic MRI and EEG abnormalities despite
low availability of the CSF 14-3-3 protein assay are
essential in the timely diagnosis of this fatal disease.

Finally, although there is no currently known
treatment for CJD, the quality of life for the patient
and caregivers may be improved with symptomatic
treatment of neuropsychiatric manifestations.
Consequently, close observation and early
intervention may improve the quality of care for

those with this lethal and terrifying disease.
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Interesting case

A 60-year-old man, retired, lives in the Nakhon

Ratchasima province.
Chief complaint

Sudden onset headache with transient

confusion for 1 day
Present illness

Five days before admission, he had a
headache coming up immediately in the center of
the head. The headache was sudden onset without
radiation to other sites and severe exacerbations
within 2-3 minutes accompanied by nausea. The
pain occurred while at rest (10-point of visual analog
scale) without any pre-monitory symptoms but when
coughing made the headache worse. The headache
disappeared on its own without any treatment.
No photophobia or phonophobia, blurred vision and
any limbs weakness.

One day before admission, he had severe
headache in the second time in the same site. The
pain severity was aggravated to a severe intense
level within the same amount of time without
precipitating symptoms. His wife said he was
transient memory impaired at times while having a
recurring headache. No neck pain, no loss of
conscious, no dysarthria and no abnormal sensation

associated with the headache.
Past illness

He was diagnosed with high blood pressure
but had not been treated.

No alcohol consumption and quit smoking for
5 years

Refuse to use vasoconstrictive drugs compound

No history of migraine
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Family history
Unknown coronary heart disease in his family
Physical examinations

General appearance: A Thai aged man, alert but
disoriented to time

Vital signs: BT 37.2 C, HR 90 bpm regular, RR 20
bpm, BP 180/70 mmHg

HEENT: pink conjuctiva, anicteric sclera, no skin
lesion, no lymphadenopathy, no thyroid gland
enlargement, absent carotid bruit

Heart and Lungs: unremarkable

Abdomen: soft, not tender, no hepatosplenomegaly
Extremities: no pitting edema, no rash
Neurological examination: E4V5M6, alert,
orientation to time, place and person

Cranial nerves: CN I: normal, CN II: pupil 2 mm
RTLBE, no RAPD, no visual field defect, CN IlI, IV,
VI: extraocular muscles movement were intact, CN
V: normal mastication muscles, intact corneal reflex,
intact pin prick and temperature sensation, CN VII:
no facial droop, complete closed eyes, CN VIII:
normal, CN IX, X: equally palatal movement,
positive gag reflex, CN Xl: head turning and
shoulder shrug were intact, CN XlI: no tongue
atrophy, normal tongue movement

Motor: no muscle atrophy, no fasciculation, normal
muscle tone, motor power grade V/V both sides
Sensory: intact pin prick, fine touch and proprioception
DTR: 2+ all limbs

Cerebellar signs: intact FTNF, no dysdiadochokinesia,
normal gait

Babinski sign: plantar response

Clonus: negative

Meningeal signs: negative

Speech examination: normal motor speech,

comprehension and repetition

Vol.38 ¢ NO.2 » 2022

TMSE: 28/30 (impaired three-things recall),
MOCA test: incomplete examination at admission

but 28/30 in the next day (impaired recall).
Positive findings

1. Thunderclap headache
2. Transient memory impaired

3. Hypertension
Investigations (At admission)

Complete blood count: Hb 13.4 g/dL, Hct 38.7%,
WBC 7,400 /uL (PMN 64%, L 26%, Mono 6%, E 4%),
Plt 141,000 /uL, MCV 80.2 (80-98) fL, MCH 27.4
(25.6-32.2) pg/cell, MCHC 34.2 (32.2-36.5) g/dL,
RDW 13.6% (11-14)

Chemistry: BS 101 mg/dL, BUN 13.7 mg/dL, Cr 1.05
mg%, Na 140 mmol/L, K 4.2 mmol/L, Cl 104 mmol/L,
002 24 mmol/L, Ca 9.2 mg/dL, P 2.8 mg/dL,
Mg 2.2 mg%

Liver function test: TP 8.2 g%, Alb 4.4 g%, Glb 3.8
g/dL, TB 0.4 mg%, DB 0.2 mg%, AST 17 U/L, ALT
23 U/L, ALP 84 U/L

Lipid profile: CHO 203 mg%, TG 134 mg%, HDL 37
mg%, LDL 139.2 mg%

Anti-HIV: non-reactive, ANA: negative, VDRL:
non-reactive, ESR: 8 mm/hr

EKG: normal sinus rhythm, rate 85/min regular, no
ischemic pattern, no chamber enlargement

CXR: normal cardio-thoracic ratio, normal
parenchymal of both lungs

CSF analysis: OP 16 cmHZO, clear, colorless, no
WBC, RBC 10 cell/mm®, protein 40 mg/dL, normal

glucose ratio

Discussion

An elderly male patient had an acute, severe

headache in the first attack. He also had transient
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memory dysfunction and nausea while having a
headache. The neurological examinations revealed
no significant abnormalities. The headache
characteristic was an extremely severe intensity in
a short period of time. The secondary headache
was concerned in the patient’s problem. The
possible diagnosis include: intracranial vascular
disorders (hemorrhage, inflammation, thrombosis),
localized pachymeningitis, intracranial mass,
pituitary apoplexy, cerebral vasospasm and cerebral
venous sinus thrombosis. Blood test results were

normal, except hypercholesterolemia. Neuroimaging
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studies were demonstrated in the figures.

Neuroimaging: At admission (in Figure 1-4)

Figure 1 Initial non-contrast CT brain axial view
showed thin subarachnoid hemorrhage (SAH) at
left high frontal lobe region (white arrow)

Figure 2 MRI brain showed thin SAH at left high frontal lobe region on axial FLAIR fat suppression image

(A) with blooming artifact on axial SWI (B). Axial 3D T1W post gadolinium administration showed

leptomeningeal collateral at the left frontal lobe sulci, where the SAH was found (C). (front cover)

Figure 3 MRI brain showed hyper Sl at the left parietal cortex on axial FLAIR FS image(A) without restrict

diffusion on axial DWI (C) and ADC (D) images. Axial 3D T1W post gadolinium administration showed

gyral enhancement at this region (E). Lacunar infarctions at corona radiata of the left frontoparietal region

were present on the axial FLAIR FS image (B). (front cover)
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Figure 4 CT angiography showed abrupt tapering at the inferior branch of left M1 MCA post bifurcation

segment on axial MIP CTA (A) and 3DVRT (B). Relatively increase cortical vasculature was found in axial

MIP CTA (C).

Management

After the initial neuroimages, the possible
diagnoses include: primary angiitis of the CNS
(PACNS), CNS vasculitis and reversible cerebral
vasoconstriction syndrome (RCVS). He was treated
with antihypertensive medication by calcium
channel blocker. A few days later, his headache
improved (from 10-point to zero of VAS) and no
residual neurological symptoms. He was discharged
from the hospital within two weeks and his blood

pressure was controlled between 120/70 to 130/80

Initial presentation 3 months follow up

mmHg. The antihypertensive and lipid lowering
agents were given to be taken at home. He was
advised to observe headaches and neurological
disorders.

About 3-month follow up at OPD, he had no
more headaches, no limb weakness, no visual
dysfunction or other neurological deficits. His blood
pressure was 135/70 mmHg. The neurological
examinations were intact. The TMSE and MOCA test
were 30/30 point at all. The follow up neuroimages

were shown in the Figure 5.

\
4 months follow ;4

Figure 5 Follow-up imaging on 3 months and 4 months showed more recanalization of the inferior branch

of left M1 MCA post bifurcation segment but still visualized stenosis.
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Diagnostic dilemma

From a radiologist's perspective, the initial
image finding of isolated acute nontraumatic cortical
subarachnoid hemorrhage', stenosis of the inferior
branch of the left M1 MCA post bifurcation segment
and no evidence of arterial aneurysm or cortical
venous thrombosis (Figure 1-4) raised concern of
RCVS. However, the stenosis segment of the post-
bifurcation left MTMCA was a quite long segmental,
non-beaded and single location that do not follow
RCVS imaging criteria.? Other differential diagnoses
such as PACNS, CNS vasculitis, intracranial
atherosclerotic vascular disease (ASVD), arterial
dissection and thrombosis were included.

Interestingly, the area where the SAH was
shown, also seen leptomeningeal collateral
(Figure 2) and increased cortical vasculature at high
left frontoparietal lobes (Figure 4) could be the clue
that these areas were impending infarction with
compensatory leptomeningeal collateral.*®
Additional findings of some lacunar infarctions at
the left frontoparietal lobes and subacute cortical
infarction at the left parietal lobe might support the
hypothesis (Figure 3). Unfortunately, our institute
cannot perform high-resolution vessel wall imaging®
to characterize vessel wall disease at the post
bifurcation left MTMCA and arterial nearby the left
frontal lobe where the subarachnoid hemorrhage
was found, no available cerebral angiography® and
cannot perform perfusion imaging for evaluating
brain perfusion at this region. As described are our
limitations.

Follow-up MRA brain showed more
recanalization of the inferior branch of left M1 MCA
post bifurcation segment in the latest study on

4 months after the onset of disease but still
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visualized stenosis (Figure 5) which was probably
to be vasculitis or primary angiitis of the CNS or
recanalization of the occluded lumen from stroke or
dissection. Less likely to be RCVS of the post
bifurcation left M1 MCA due to lack of reversible
within 12 weeks after onset criteria.” However, no
definite evidence that subarachnoid hemorrhage at
the left frontal region was the same or different
etiology from the stenosis of the post bifurcation left
M1 MCA.

From a neurologist’'s perspective, the
provisional diagnosis in this patient suspected RCVS
supported by thunderclap headache, non-traumatic
convexity SAH and even if found incomplete of
reversible vasospasm in follow up imaging. Although
it was not a clear precipitating factors with the
vasoconstrictive agents. The absence of evidence
of inflammation in the CNS lead to less thinking about
the inflammatory process. Interestingly, his clinical
symptoms returned to normal with full recovery

without residual neurological deficits.

Review RCVS

RCVS is used to describe a multitude of
pathologies encompassing the clinical terms
thunderclap headache with reversible vasospasm.*®
The diagnosed based on key clinical features
of thunderclap headache or severe recurrent
headache, cerebral vasoconstriction on imaging in
at least 2 different arteries and resolution of
vasoconstriction by 3 months.>'® RCVS is possibly
caused by a transient dysregulation of cerebral
vascular tone, leading to multi-focal arterial
constriction and dilation.® The main clinical
manifestation is recurrent sudden-onset and severe
(thunderclap) headaches over 1-3 weeks, often

accompanied by nausea, vomiting, photophobia,
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confusion and blurred vision.*" The major
complications are localized convexity
non-aneurysmal subarachnoid hemorrhage (22%)
and ischemic stroke or intracerebral hemorrhage
(7%), which may leave permanent residual
neurological deficits."*"® The evidence to suggest
that many factors associated with vasospasm from
subarachnoid hemorrhage including catecholamines,
endothelin-1, calcium, serotonin, nitric oxide and
prostaglandins may play a similar role in the
pathophysiology of vasoconstriction in RCVS.***
Blood-brain barrier breakdown is another proposed
mechanism of RCVS, given the pathophysiological
mechanisms of sympathetic overactivity and
dysregulation of cerebrovascular tone.

In a study comparing 110 patients with PACNS
to 173 patients with RCVS, 70% of RCVS patients
had a precipitating factor (drug induced, alcohol
consumption, direct vascular injury and physical/
sexual activity). Parenchymal imaging by cranial CT
or MRI was abnormal in all PACNS patients and in
only 31% of RCVS patients.” There are multiple
imaging modalities used in the diagnosis,

monitoring, and management of RCVS. Luminal and
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parenchymal biomarkers of RCVS have been
established, whereas other imaging findings bare
associations in the context of the clinical diagnostic
criteria for RCVS."™ Cerebral catheter digital
subtraction angiography (DSA) is considered the
gold standard in visualizing vasoconstriction and
detecting abnormalities, especially in distal vessels
with a sensitivity of 100% with 2-dimensional DSA.
Compared with the gold standard, CTA and MRA
both share a detection sensitivity of about 80% in
RCVS-related cerebral vasoconstriction.™ Cranial
CT and CTA can effectively screen for
non-aneurysmal cortical/convexity SAH, an early
parenchymal biomarker of RCVS when capture
of vasoconstriction lags which is the same as seen
in this patient. Also found that presence of
hyperintense vessels on MRI fluid-attenuated
inversion recovery have been hypothesized to be
a biomarker for RCVS because they are a result of
abnormal flow in small vessels. In a study of
95 patients with RCVS, 22.1% had HI with
significantly higher MCA and PCA." The difference
characteristics between RCVS and PACNS are

shown in the table 1.

Table 1 The difference characteristics between RCVS and PACNS

Characteristics RCVS PACNS
Symptoms develop rapidly more slowly
Headache onset severe abrupt gradual
Associated neurological deficits Confusion, seizure, blurred vision, cognitive deficit same RCVS

CSF analysis abnormalities
Neuroimaging abnormalities
Reversibility within 3 months

Clinical prognosis

minimal
less frequent
more frequent
self-limited

90% or more
more frequent
less frequent

progressive

Conclusion

The combination of both clinical history and

diagnostic imaging remains crucial to not only

include a diagnosis between RCVS and PACNS but
also to exclude other diagnoses that require
different treatment strategies.®" It is important to

follow up with the patient if the persistent cerebral
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vasoconstriction. Imaging modality selection should
be based on anticipated diagnostic and therapeutic
benefit balanced by patient-specific safety concerns.
| really hope that there will be more systematic
reviews and RCT trials to support the exact
pathogenesis and criteria for the diagnosis for RCVS

in the future.
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Sensory neuropathy can cause by several

etiologies, including vitamin B6 or pyridoxine that
either a deficiency or an excess.

Pyridoxine must be obtained from the diet
because humans cannot synthesize it. Vitamin B6
and its derivative pyridoxal 5’-phosphate (PLP) are
essentialto over 100 enzymes mostly involved in protein

metabolism. In the nervous system, PLP catalyzes
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the synthesis of two major neurotransmitters:
serotonin and dopamine. Other neurotransmitters,
including glycine, glutamate, histamine, and
v-aminobutyric acid (GABA), are also synthesized
in reactions catalyzed by PLP-dependent enzymes.’

Pyridoxine toxicity is a recognized cause of
sensory neuropathy. Schaumburg et al” described
sensory neuropathy after pyridoxine misuse in 1983.
Severe sensory peripheral neuropathy in individuals
following ingestion of large doses of vitamin B6.
Symptoms of toxicity include hyperaesthesia,
paraesthesia, muscle weakness, numbness and
loss of proprioception and vibration sense.
Electrophysiological measurements and examination

of nervous tissue by biopsy in some individuals have

demonstrated nerve damage. The lowest dose
reported to have been followed by symptoms
consistent with sensory nerve damage is 50 mg per
day. The data from EUROPEAN COMMISSION
HEALTH & CONSUMER PROTECTION DIRECTO-
RATE-GENERAL Opinion of the Scientific Committee
on Food on the Tolerable Upper Intake Level of
Vitamin B6 (expressed on 19 October 2000) indi-
cate that severe toxicity can be produced at doses
of 500 mg/day or more, and that minor neurological
symptoms may be apparent at doses of 100 mg/
day or more if consumed for long periods.’ The US
National Institute of Healths has established Upper
Intake Levels for vitamin B6 that apply to both food

and supplement intakes®

Upper Intake Levels for vitamin B6 that apply to both food and supplement intakes

Age Male

Female

Pregnancy Lactation

Birth to 6 months Not possible to establish* Not possible to establish*

7-12 months

1-3 years 30 mg
4-8 years 40 mg
9-13 years 60 mg
14—18 years ~ 80mg
19+ years ~ 100 mg

‘Not possible to establish* Not possible to establish*

30 mg

40 mg

60 mg

80 mg 80 mg 80 mg
100 mg 100mg 100 mg

*Breast milk, formula, and food should be the only sources of vitamin B6 for infants.

High intakes of vitamin B6 from food sources
have not been reported to cause adverse effects.”

Turmeric (Curcuma longa) is grown throughout
India, other parts of Asia, and Central America.
Historically, turmeric has been used in Ayurvedic
medicine.

Today, turmeric is used as a dietary
supplement for inflammation, arthritis, stomach,

skin, liver, and gallbladder problems, cancer and

other conditions.® Turmeric is very rich source of
many vitamins including pyridoxine. The data from
USDA National Nutrient data base indicates that
turmeric 100 g contained pyridoxine 1.8 mg’ which
may too excess from Recommended Dietary
Allowances.

This case report presents sensory neuropathy
with vitamin B6 toxicity that may be associated with

long term turmeric consumption.
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Recommended Dietary Allowances. B6 table

Age Male Female Pregnancy Lactation

Birth to 6 months 0.1 mg* 0.1 mg*

7-12 months 0.3 mg* 0.3 mg*
1-3 years 0.5mg 0.5mg
4-8 years 0.6 mg 0.6 mg
9-13 years 1.0mg 1.0mg
14-18 years 1.3mg 1.2mg 1.9 mg 2.0mg
19-50 years 1.3mg 1.3mg 1.9 mg 2.0 mg
51+ years 1.7mg 1.5mg

* Adequate Intake (Al)

Case Presentation

A-76 years old woman visited out patient
department with the progressive difficult gait
problem for 3 years. She was sent to the neurology
clinic. She had progressive unsteady when walking
for 3years ago. One year ago, she cannot walk without
her tripods cane. She didn't have any weakness,
numbness or tingling. She didn’t have dizziness,
nausea or vomiting. She didn’thave hearing problem.

She had many underlying diseases; hypertension,
coronary artery disease with bypass graft and
hyperlipidemia. Her current medication are aspirin,
atorvastatin, carvedilol and omeprazole.

Physical examination showed that she could
walk slowly without cane. Her gait was slightly wide.
Her motor tone was normal and her motor power
was full all extremities. Romberg test was positive.
Cerebellar signs were normal. Her deep tendon
reflexes reduced both knees and absent both
ankles. Babiski signs were plantar flexion. Pain and
temperature sensation were normal, but impaired
vibration both feet.

Nerve conduction study include motor nerve
conduction (right median nerve, right ulnar nerve,
both peroneal nerves and both tibial nerves),
sensory nerve conduction (right median nerve, right

ulnar nerve and both sural nerves) and F-wave
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study (right tibial nerve) were done. The
electrophysiologic study showed normal motor
conduction in all tested nerves and normal F-wave
study at right tibial nerve. The sensory nerve action
potentials (SNAP) were abnormal in all tested
nerves; mildly increased peak latency and reduced
peak amplitude in right median nerve, mildly
increased peak latency in right ulnar nerve and
absent response in both sural nerves.

Laboratory work up included: vitamin B1, B6,
B12level, copperlevel, serumimmunoelectrophoresis
were done. All result was normal except vitamin B6
level, It was higher than normal (41.02 microgram/L;
normal range 8.70-27.20)

We evaluated her medication use include herbal
andfood supplementuse. She had the “turmeric power”
2 capsules (each capsule contains turmeric powder
500 mg) every day for 5 years and didn’t have any
other pyridoxine supplement before. She told that
she bought the turmeric powder from the Thai
traditional herbs shop for “improve bone condition”.

We advised the patient to stop using the
turmeric powder and follow-up 2 months later. She
still complaint “not improved” her difficult gait so we
re-evaluated the sensory conduction test (right
median nerve, right ulnar nerve and both sural
nerves). The results were the sensory conduction
of right ulnar nerve was normal, but other nerves
still same as compared to previous study. We also
follow-up vitamin B6 level, it showed higher level
compared to previous study (50.08 microgram/L
(compared to previous 41.02); normal range
8.70-27.20 microgram/L). She confirmed stopping
“turmeric powder capsule” but later she confessed
that had taking Gingko biloba leaves extract
capsules (2 capsules per day for 2 months) and the

“unknown vitamin” to relive her symptoms from the
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pharmacy shop. The Ginkgo biloba contained
“Gingkotoxin” the neurotoxin which structured
related to vitamin B6 and can interfered serum
vitamin B6 level. The “Unknown vitamin” that can
buy over the counter in Thailand included vitamin
B1, B6, B12, Vitamin B complex and Vitamin C.

The patient already took the all “unknown vitamin”

Thai * Journal * of ® Neurology

and thrown away all its packages. We strongly
advised her to stop using all herbals and vitamin
supplements and follow-up next 2 months.

Her serum vitamin B6 level at the next 2 months
showed lower level compared to previous study
(30.24 microgram/L (compared to previous 50.08);

normal range 8.70-27.20 microgram/L).

First electrodiagnostic study

SNC
Nerve / Sites Rec. Site Onset Lat Peak Lat NP Amp PP Amp Segments Distance Velocity Intensity
ms ms pv VvV mm m/s

R Median - Digit Il (Antidromic)

Wrist Dig |l 3.13 3.70 13.9 18.0 Wrist - Dig Il 136 44 12.5mA
Ref. <3.40 >15.0 >20.0 Ref.

R Ulnar - Digit V (Antidromic)

Wrist Dig V 2.50 3.18 11.2 14.8 Wrist - Dig V 113 45 6.67mA
Ref. <3.10 >10.0 >15.0 Ref.

R Sural - Ankle (Calf)

Calf Ankle NR NR NR Calf - Ankle 140 NR 15.7mA
Ref. <4.20 >5.0 >5.0 Ref.

L Sural - Ankle (Calf)

Calf Ankle NR NR NR Calf - Ankle 140 NR 22.4mA
Ref. <4.20 >5.0 >5.0 Ref.

R Median - Digit Il ( R Ulnar - Digit V (Antidromic)

R Sural - Ankle (Calf) L Sural - Ankle (Calf)

200V . 20ms 200V . 20ms
st 1
" 12.5mA

" Elbow 2 o 7 'BElbow2

Mid palm 3 oo T "AEIbow 3

08 . 20ms 08 . 20ms

Calf 1

MNC
Nerve / Sites  Muscle Latency Amplitude Rel Amp  Duration Segments Distance Lat Diff Velocity Area Stim.
ms mV % ms mm ms m/s mVms

R Median - APB

Wrist APB 3.65 7.46 100 4.64 Wrist - APB 59 20.89  28.2mA
Ref. <4.40 >4.00 Ref.
Elbow APB 7.50 6.07 81.4 4.64 Elbow - Wrist 21 3.85 54.75 15.34  41.6mA
Ref. Ref. >49.00

R Ulnar - ADM

Wrist ADM 2.40 6.37 100 6.20 Wrist - ADM 49 2240  34.1mA
Ref. <3.60 >5.00 Ref.
B.Elbow ADM 5.94 573 90 6.72 B.Elbow - Wrist 191 3.54 53.93 22.00 43.5mA
Ref. Ref. >49.00

A.Elbow ADM 6.88 5.85 102 6.93 A.Elbow - B.Elbow 60 0.94 64.00 23.39  43.5mA
Ref. Ref. >49.00
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Nerve / Sites  Muscle Latency Amplitude  Rel Amp  Duration Segments Distance Lat Diff  Velocity Area Stim.
ms mV % ms mm ms m/s mVms
R Peroneal - EDB
Ankle EDB 4.90 2.84 100 4.84 Ankle - EDB 80 7.73 63.1mA
Ref. <6.20 22.00 Ref.
Pop fossa EDB 13.44 2.61 91.8 5.47 Pop fossa - Ankle 350 8.54 40.98 7.71 52.9mA
L Peroneal - EDB
Ankle EDB 3.59 5.64 100 5.05 Ankle - EDB 56 16.83  72.7mA
Ref. <6.20 >2.00 Ref.
Pop fossa EDB 11.67 5.32 94.4 5.68 Pop fossa - Ankle 360 8.07 44.59 18.15  65.7mA
R Tibial - AH
Ankle AH 4.43 11.09 100 5.42 Ankle - AH 69 23.69  53.3mA
Ref. <6.00 >3.00 Ref.
Pop fossa AH 13.33 6.16 55.5 6.20 Pop fossa - Ankle 370 8.91 41.54 16.51  79.3mA
Ref. Ref. >39.00
L Tibial - AH
Ankle AH 4.43 8.57 100 5.57 Ankle - AH 77 16.53  65.7mA
Ref. <6.00 23.00 Ref.
Pop fossa AH 13.13 7.23 84.4 6.41 Pop fossa - Ankle 352 8.70 40.47 1748  92.4mA
Ref. Ref. >39.00
R Median - APB R Ulnar - ADM R Tibial - AH R Peroneal - EDB
Smv, 20ms Smv, 20ms Smv. Soms Smv. Soms
— —sond —g5nA
Bton2 S S
— N natmg e

L Tibial - AH L Peroneal - EDB
smv. 50ms, smv. 50ms,
VAT " Ankle 1 T " Ankle 1
LJXM . ” 65]:1/\ ﬂ/ T727mA
e N e
F Wave
Nerve FLat Ref. MLat Ref. F-M Lat
ms ms ms ms ms
R Tibial - AH 51.7 <58.0 56 <32.0 46.0
R Tibial - AH
y . ' ' ' ) ’ '1.1
| A\ ——in
14
A —
7 N,_, Vo
.
M
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Follow up study
SNC
Nerve / Rec. Onset Lat Peak Lat NP Amp PP Amp Segments Distance Velocity ~ Temp. Intensity
Sites Site
ms ms VvV VvV mm m/s °C
R Median - Digit Il (Antidromic)
Wrist Dig I 3.02 3.80 20.7 31.0 Wrist - Dig I 149 49 31.2 19.6mA
Ref. <3.40 >15.0 >20.0 Ref.
R Ulnar - Digit V (Antidromic)
Wrist Dig V 2.03 2.92 11.6 16.8 Wrist - Dig V 111 55 8.3 11.8mA
Ref. <3.10 >10.0 >15.0 Ref.
R Sural - Ankle (Calf)
Calf Ankle NR NR NR NR Calf - Ankle 140 NR 30.8 9.80mA
Ref. <4.20 >5.0 >5.0 Ref.
L Sural - Ankle (Calf)
Calf Ankle NR NR NR NR Calf - Ankle 140 NR 31.9 7.45mA
Ref. <4.20 >5.0 >5.0 Ref.
R Median - Digit Il (Antidromic) R Ulnar - Digit V (Antidromic) R Sural - Ankle (Calf) L Sural - Ankle (Calf)
0wV . ., 20ms 0w, ., 20ms 0w, ., 20ms 0wV . ., 20ms

| Wrist 1

4

" Elbow 2

Mid palm 3

© Wrist 1

4

"B.Elbow 2

"AElbow 3

Calf 1

Discussion

From this case, the sensory conduction was
slightly better after stop using the turmeric powder
that we suspected the source of pyridoxine
supplement but the serum vitamin B6 level still high
maybe interfered from Gingkotoxin from Gingko
biloba extract’. We suspected that the long term
use of turmeric were the cause of vitamin B6 toxicity
induced sensory neuropathy.

Vitamin B6 toxicity from food sources have not
been widely report. The dosage of vitamin B6 that
this patient received per day was lower that any
report (She had turmeric powder 1,000 mg/day
(0.018 mg of pyridoxine) for 5 years. So we
suspected that

+ Vitamin B6 from food source can cause

neurotoxicity

* Long term use, small dose of vitamin B6
can cause sensory neuropathy

The result from previous study shown that the
effect of vitamin B6 toxicity persist for up to 6 months

for recovery.
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