INTERESTING TOPIC
Léa\‘l Neuroleptic Malignant Syndrome
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Introduction

Neuroleptic malignant syndrome (NMS) L‘T;luwaLmSﬂSi?auﬁ@umeadmﬂ%m
Snwnlsnia Tannedinyldia LL@iLi‘iaLﬁﬂﬁuuﬁ’smm‘sﬁ'ﬂaz‘gmlﬁoLLa:Lﬂué'umﬂUﬁa
FHale (1)2)(3) mfessuazmssnunlsail vsasarinleonn Wasenwulelivessin
wazanmslitaan sssiudaslanuseunsy elildsumitessuazaansninem

1emurineg

History

- Bufinmsldeninunlsaiaasueil 1952(2)

- 1 1968 Delay and Deniker(1)(2)(3) VL@TT]m’mm\jwa’m’liﬂ’mﬁgmmﬁ]’mmi
lgensnnlsnda %&L‘%ﬂnﬂajumn’ﬁé’oﬂén'jw akinetic hypertonic syndrome
Aowaztaswiln neuroleptic malignant syndrome (3)(4)

- neuroleptic malignant syndrome mmnmmﬂ%ﬁmaﬁﬁ’] “syndrome malin

des neuroleptiques” (2)

Clinical manifestation of NMS

81N13V89 NMS ﬁ?uﬁvl,ﬁ%mﬂgmmu wamduomsnanuazdsivinesde NMs
fo hyperthermia, muscle rigidity, elevated CPK level LLazﬁﬂiz’T@l‘ﬁm%ﬂHﬂiﬂ%@1(2)(3)

§IHOINTOU S]ﬁwu"l@ﬂu NMS @8 (2)(3)

1) altered consciousness %GLﬂuVLﬁé?GLL@iizﬁu decreased awareness %38
confusion A9 coma

2) autonomic dysfunction LT hypertension, postural hypotension, labile blood
pressure, tachycardia, tachypnea, diaphoresis, skin pallor, urinary incontinence

3) neurologic dysfunction @ur tremors, abnormal reflexes, bradykinesia,
chorea, dystonias (%GvLﬁLm' opisthotonos, trismus, blepharospasm and oculogyric crisis)

nystagmus, dysarthria, aphonia and seizures
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) . . .. d J e 1
4) abnormal mental status L% agitation %38 delirium TIN1TUBNIN MSE A9na?
\u NMS wia lsamsdanmauiiduagyinldun
Ly & v & ' A X = o =< =
muscle rigidity Tu NMS nlaaiue tone PWNTULRNUDLIRDITULIT DI
BunIn lead-pipe rigidity FINTLNN tone VBINANLHBAZYINIARAA chest wall compliance
fnarinlsiiia hypoventilation wadl pulmonary infection @NxNle waz muscle rigidity 9
; o : { . v o &
laiguasnau anticholinergic drug uarminusuaninduain NMS lasaandn2)3)
MINTIIINMYIENUINE sign of dehydration L% dry mucous membrane,
sunken eyes, skin turgor wazanawuNAdaazduidian myoglobinuria
Y dl e v g Qi 1 v v
luﬁdﬂ’mﬂadaﬂ NMS sanannazaassndseinuazasiasnsmeliseunauudi ms
1 v a wa [l aaAa g é 1
adm’aﬁlmmadﬂgummn:mUlum'ﬁ’m%aﬂ T3l NMS 2zwu713l skeletal muscle
damage (1INMIAAMVBINIULHDTUI) ¥inl#@n creatinine phosphokinase (CPK)
&/ Qs U v 1 v
FITU lagdnazuinni 1000 U/L LLa:awg\‘]ﬁd 100,000 U/L l& éi1 CPK magﬂ@mﬂmi
davndindaiieniayniiagin (restraint) uddnainazlaigaifin 600 UL n13iasn CPK
Huszezazsislunsfaaumssifiuuedlsa lagen CPK azaaaigunuinuaInsne
& R A o WV v o . . a . a & v &V v
“llmlad;dﬂ’m FIN1 CPK a8 LL@IVL"IJFJG;EGE]%ILL&@G’NQ’]%&J infection LAYV L6
g a & ' 3 o
%anNa1N% WBC ANITFI QLA 10,000-40,000 cell/mm 1n3z18% normal
. . a . A 1= v = s J 1
differential count Wazdl shift to the left %38 kA la a1awUil enzymes UVDIAUFIVH LT
. { a & { ) .
transaminase, LDH, ALP LN % electrolyte Waswulad 1w hyperkalemia and
hypernatremia 311 total body water Naaad
MIEINTIIN AU AN DU gResdaNeaIfaapusnlsn laun urinalysis,
calcium, magnesium, Lumbar puncture Iugﬁméﬁl meningitis, encephalitis Na1nIAaNe
NMS (ﬁﬂﬁ]: normal §1%YU NMS), renal and hepatic function test CT or MRI 215128 rule
out brain abscess %38 structural lesion lunsNaIFe
Blood gases, coagulation factor, blood culture, toxicology screen LLae serum
lithium level RIAIUAMVULRAEHA
8113289 NMS dnaztiadumelu 24 — 72 13lu9(3)@) Basannlasuensnunlya
a & o a o = a & v o % A
FRIDNNINNUNIUTLIWIAVBILN Gli\‘lmfﬂLﬂmuvl,@%mﬁnﬂvlmummuma‘vsq@mvl;ﬂ
Y o -~ o £ o a o
WE? 10 — 20 T(3) uazaawIwN T t11Tu depot form o miﬂ‘lstﬂiﬂﬁ]@lnﬂm
i liiAe NMS 16 32un3 atypical antipsychotics Lo% clozapine, risperidone %380
olanzapine(2)(3)(4)(5)(6) wizninudviliiia NMS Liaufige Aa haloperidol(2) T3813

\luiwaz haloperidol gnlgatauninaonganiduld
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M13197 1 uaasensnliadanvinliiia NMS(@4)

Box 1 : Neuroleptic medications associated with neuroleptic malignant syndrome

Typical neuroleptics Atypical neuroleptic
Haloperidol ~ (+++) Clozapine (+)
Chlorpromazine  (++) Olanzapine (+)
Fluphenazine, long acting  (++) Quetiapine  (+)
Fluphenazine  (++) Risperidone (+)

Levomepromazine  (+)

Loxapine  (+)

+ = rarely associated with NMS, +++ = more commonly associated with NMS

Gni’m‘ﬁ 2 Clinical manifestation of NMS

Physical finding Laboratory finding

Abnormal blood pressure (typically Qreatinine kinase *

hypertension) *

Altered level of consciousness * Leukocytosis, with shift to the left *
Chorea Myoglobinuria *
Diaphoresis * 'I#ansaminase levels

Fever (temperature > 38.5° C)*
Generalized tonic - clonic seizures
Muscle rigidity *

Mutism

Opisthotonos

Positive Babinski’'s sign
Tachycardia *

Tachypnea *

Trismus

* common finding
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Diagnosis

wane anUuld diagnostic criteria 16914 Lazarus and associated &3
hyperthermia and muscle rigidity \J% cardinal features 184 NMS LL&ZQ’ﬂ’JU%@fﬂﬂﬁ%ﬂ
gnsnladanslu 7 WwAauiine1nsaiiany NMS(2)

T NMS mmmmevl@i”ﬂm51mmiu,a:LL@iazmmﬂuLL@iamuﬁﬁmﬂwgmm"[&i

] o ﬁ = ' d' < . <V v & aa @ v

WA BIL1IAKENTLA 2 a1nINLTW cardinal features AL LNTIZRSHWAITIRIDUA DI
TINRUNIRE oI haneiln NMS LLa”’mq@m%”ﬂwﬂiﬂ%mmaﬁﬂﬁmmsmﬁ@ﬁ’]L’%umﬂ

cg/ £ A aa e 1 I =3 o Y Y o Qa t:ll
THVL@] NI ’]'Juﬁ]ﬂElN(ﬂE’]’]ﬂ’ﬁ(ﬂdﬂﬂq?Lﬂ%ﬁ]’]ﬂiiﬂ‘ﬂqdﬂq Elﬂ'i]z“(l']l'ﬂﬁdﬂ') ile(ﬂi‘]Jﬂ’ﬁ‘iﬂH’m
a1

Gni’m“?i 3 LL&®J Criteria for NMS 971 DSM - IV - TR (10)
DSM - IV — TR Research criteria for NMS

A. The development of severe muscle rigidity and elevated temperature associated with

the use of neuroleptic medication

B. Two (or more) of the following
1) diaphoresis
2) dysphagia

3

4

(1)
(2)
(3) tremor

(4) incontinence
(5) changes in level of consciousness ranging from confusion to coma
(6) mutism

(7) tachycardia

(8) elevated or labile blood pressure

(9) leukocytosis

(10)  laboratory evidence of muscle injury (e.g. elevated CPK)

C. The symptoms in Criteria A and B are not due to another substance (e.g.
phencyclidine) or a neurological or other general medical condition (e.g. viral

encephalitis)

D. Symptoms in Criteria A and B are not better accounted for by a mental disorder (e.g.

mood disorder with catatonic features )
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Tasan&e9 (risk factor) NTnslWiAa NMS Swanwogrsdasiu mslfonsnenlsa
Fatltlusmags lasawzlugdunufaasd risk g9 (LIMIAn NI dose 1 aidl
HaLia risk factor)(2)(4) MIRANVIIALWI B8 VUINL18EITIASA, MINYa
antiparkinsonian agents NENUHA, Harit dopamine — depleting agents ﬁl,ﬂuﬂafﬁ'mﬁm
summmgasinmlsadanzriuiunuiniudads ildifa NMs lduddasann nae
dehydration dw risk factor ﬁﬁ’]ﬁmﬂurgﬂ’w NMS S'fﬁﬁma: agitation, poor oral intake
W8z hyperthermia ﬁazﬁanszé}ulﬁl,ﬁ@ dehydration uazLia risk factor 8n LLa:;jﬂwﬁLflu
NMS uaanil risk factor gdﬁanﬂwg’]ﬁﬂ

WANINNAAIZEAN 9 da'lusiaiu risk factors leun alcoholism, organic brain
syndrome, extrapyramidal disorder(Parkinson’s disease, Huntington’s disease), iron

deficiency, catatonia, multiple trauma, operation(2)(3)(4)(7)

Epidemiology

qﬁaﬂ’mﬁwu"lﬁﬂs:mm 0.02 - 3.23 % gt HAANTIUINEN LATULITNEN 3R
a U 1 1 ‘é 1 ¥, |
30 wuldlugthennaty udwuannlugaseny 20 - 50 U(2) (@ilutoagifisSanmms

Ifninmlsniaunign)  wuludmeidusasrinvasfngs  dasinisay (mortality
rate) 10 — 30 % (4)

Pathogenesis of NMS
(1) Central dopamine receptor blockade(2)(3)(4)
Dopamine Jununee central thermoregulation gn5nlsndadadu
dopaminergic receptor antagonism ANATUNIUNNITN UV dopamine 14 central
. > o & o .

thermoregulation lana1uiawazgnasiiulanniInizduas serotonin lu hypotalamus
¢ £> g: [ ] ¥ (% . o n§
%G dopamine f]]JVIU’WIEJ]JEIMJ‘]J’J%ﬂTS@Gﬂﬂ’]’Jﬁ 711 dopamine NMNIURARIINNNDEN
@ a &aA o i o & o a . & v A as
Fnwlinda WAl serotonin aniudskpuatuaziiia hyperthermia Il Tinnugil

) A o . , . Aa . L @ a
auuauui@ummmuwﬂw Parkinson’s disease 1¥ chronic psychosis iwmﬂ LNA
NMS ?J%Luimﬂ(ﬂ dopamlnerglc agonists e L haloperidol dald uaz ‘Wll’nmlm
dopamine receptor “n corpus striatum i l#iAa muscle rigidity LL8s generating heat 611\‘1

agﬂvl,mﬁ NMS Liaa1n dopamine depletion or blockade
(2) Primary skeletal muscle defect(2)(3)(4)

“(lmsrf]‘ﬁl,%a’j’l NMS 1 malignant hyperthermia il pathophysiology Neaane G]ﬁ%
F9aTuneldan
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(2.1) NMS wa malignant hyperthermia (MH) Sanmsuseasfiadrsnion leun
hyperthermia, rigidity, elevated CPK level wazfigasnmsanawa 9iufi 10 — 30%

(2.2) Sodium dantrolene S'fix‘il,‘flu peripheral muscle relaxant mmml‘f%’ﬂmﬁy’a
NMS uaz MH La2aauanaddanssnes laa

(2.3) 119 NMS waz MH 1asinauitasnnagay contractility test (in vitro) Wi
RaUn@milanny LL&zWU’i’lluf{gﬂ’w NMS & multiple defect in skeletal muscle 9
Lﬁ'mﬁaoﬁum‘sﬁ calcium 88ny1AN sacroplasmic reticulum mn%u
(3) Direct toxic effect on skeletal muscle induced by neuroleptic(3)

Tuunsanunnsal 1o exhaustion, psychomotor agitation %30 dehydration &1
snwlinia anafiafulasasida skeletal muscle Waz¥inl#iAia muscle contracture uaz

rhabdomyolysis aUN" b6t

Differential diagnosis(2)

[ =

X AV o [ a o o a A
Ed‘lJ’JEl“/]vl,@]EJ’]SﬂH’]Iiﬂﬁ]@ITJﬁJﬂUE]’m’]SﬂJVL?JLLaz rigidity @1atiaanlsANIgMeane

Ao o & o & 1A A v an e VNee o o a &
ﬂa’]ﬂfyﬂv[vﬂ wANag1adl NMS Din1Ivan VL@]L‘S'JLLQQ%EJ@UWSﬂHWIiﬂﬁ]@LiQLﬂWIQ

=y

NAMTINEN BT INz N 9RINGIBaINIARIY NMS laln

(1) Malignant hyperthermia g128% hyperthermia uaz rigidity 1o dnfidsi@le
anesthetic agent L34 halogenated inhalation %30 succinylcholine LLa:Lﬁ;a\‘lﬁ]’m MH
Lﬂuiiﬂmaﬁ'ugﬂsm%aﬁ'ﬂﬁﬂ‘::i’@ hyperthermia luasaunsy @9 MH 22 response @8
dantrolene LTWLAEAL NMS

(2) Lethal catatonia L‘i‘jumjummiﬁﬂimauﬁw mutism, extreme motor excitement,
fever, autonomic disturbances, stupor coma and death %\‘1 NMS Lﬂua’lm@mﬁd%o
ﬁ’]vl,ﬂgi( lethal catatonia 813N 3aLENaNABIAY lethal catatonia 9150@28 extreme
psychiatric excitement &% NMS 2253&28 muscle rigidity 739 JUAINNIZULNDAN
nnnuwen uwddssdoilingasinmlsndaldiag innzduldldunaly lethal
catatonia

(3) Heat stroke 9zuena1n NMS lasgthofild udazfiouis lifiwdeaanuin mauly
NMS waz'lidl muscle rigidity

(4) Severe extrapyramidal symptoms §13370 NMS Al laig leukocytosis Laz bl
autonomic disturbances

(5) Central nervous system infection L% meningitis, encephalitis, neurosyphillis LN
NMS Tagwuin axfisnannninlu NMS wasna lumbar puncture 9=518uan@lu
NMS ainin@
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(6) Allergic drug reaction 9z31828 14uaz autonomic instability 16 wa bWy rigidity La
WUDINITLLRANVDY allergy fa rash, wheezing, urticaria, eosinophilia NMIINIRELEN

Iﬁﬂﬁ"ﬂ NMS LEAILUANTIN 4

A19191 4 (4)

Differential diagnosis of NMS

Acute lethal catatonia

ASA overdose

Central anticholinergic syndrome

Central nervous system infection (especially acute viral encephalitis)

Drug interaction (e.g. between monoamine oxidase inhibitors and antidepressants or

narcotics)

Heat illness

Heavy metal poisoning (e.g., lead, arsenic)

Lithium toxicity

Malignant hyperthermia

Neuroleptic-related heat stroke

Sepsis

Serotonin syndrome

Tetanus

Thyrotoxicosis

Withdrawal states (alcohol, benzodiazepine, barbiturate withdrawal)

Complication (2)
o 1 . A 9 A = o = o

9Iné131 malignant NagluTazas NMS mmmazLmsﬂsﬁaugmmmm:J"l@ lag
00 UaINE NMS dauuasnasl 1984 fia 25% uaz 11.6% awday a1
Py aa o g P = &£ s o A & . . A
HasunannmiiaseuasmMInwnaiain s9giefiiu organic mental disorder i
2031018210 NMS mﬂﬂ’i’lrgﬂ’w functional psychosis

o { o sy . . . A

m’s:Lmsﬂmauﬁue] WNLUUNAAINNIIN severe rigidity LAz immobilization 94

\unald nsvaisaasnauitesnn dsznauiugtheiuldiay i1z dehydration 9

a . J =3 d' ] . J 2
LN®@ rhabdomyolysis ¥NNVL ILFYIGD acute renal failure NVl
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. . . a & vo -
Deep vein thrombosis LLaz pulmonary embolism 213 aTw laan rigidity,
immobilization LLaz dehydration (8)
Aspiration and pneumonia Lﬁ@ﬁ]’mmiﬁgﬂ’sElfla’m’l‘iﬂauﬁ’m’m chest wall
. L e 4 4 o 9 s A
compliance 8984 37070 MSE Miasuutasly uazuremedadlaramsla Jaiuany
\FEIQINEATD

o A A Y =
WRLLVINDBUDUN mawu"lml,amlu@mﬂm 5

A19191 5 Complications associated with NMS (4)

Complications associated with NMS

Rhabdomyolysis

Acute renal failure

Acute respiratory failure (pulmonary embolism, aspiration pneumonia)

Seizures

Brain damage

Myocardial infarction

Disseminated intravascular coagulation

Hepatic failure

Escherichia coli fasciitis

Sepsis

Treatment

ufinafiaseinin NMS zdasngalfuninmlindaniud wonanii dgiheld
lithium %38 anticholinergic agents ﬁﬂ’;i%g@ﬁ’sm“ﬁuﬁu LL@iﬁ”lgﬂ’mI‘ﬁmﬂéjw dopamine
agonist 174 amantadine fililfdaly iwszdmya aziliainisves NMS asld (2)

%é’amﬂﬁq@Uﬁ%’ﬂﬂﬁlﬁﬂ%@LLﬁaI@Uﬁl'fs"Lﬂmmwm NMS 22Awaa a8 Lszanm
10 1% LL@iawazmuﬂdwfuﬁ@ﬂaﬂvl,ﬁ%'umLLuu long acting

1u;§ﬂwﬁmumm€ﬁmﬁﬁﬁliﬂ NvS Fudulyldarsdnsunssnend IcU adns
wesflugasusnfiaamsunn sml,'b"ug?ﬂaﬂﬁmmif{aw%aﬂmﬂma wIadaifiaayla ld
TALIH IUNTINL stable vital signs, normal cardiopulmonary function, normal renal

function, CPK level <1000 U/L L8 S arer NG Gl

(1)supportive therapies(1)(2)(3)(4)

AWenaald (antipyretics) uazld cooling blanket LAaaagunaiiTINL
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1% intravenous fluid LNauwA luA1az dehydration WLz electrolyte abnormalities

I nutrition tBasanlugthie NMS ldsnansnfiuasld inszane rigidity vilw
a 1 Qs A v ey d 1
\ia esophageal spasm 2uAL4 altered MSE 44031 nutrition NLAINeauLTILaa
e rhabdomyolysis Lae tissue damage b6

04 ] U 04 a . . dl' U a

-3a¥K18 3239N3LNa aspiration Luaamﬂluﬁdﬂw NMS gag reflex azide'ly
A o v Aa . . ¥
Farnlwiia aspiration &

v . . ) . .. v \ o £
-3 antihypertensive drug Lo nifedipine uazld oxygen 81377 alwansaan

-6N3N12 renal failure 81331 Iue a4 dialysis

Specific treatment (1)(2)(3)(4)

Taom lunssih w5 udun135nEnaas supportive care famw uLiAaaugeaIns
yaslsa dluaTuIsmRnsanlioninm

bromocriptine (dopamine agonist) 3886 muscle rigidity lenslwaanlin
2 lus nsiwldfezanasuas BP navanaglwnuaing WnafilFassas 2.5 — 10 mg
oral gid (FNi33ee 2.5 mg oral bid or tid ua2ANaUaNS TN TR 45 mg/d )
NAT9LAEIRI8N baun hypotension, nausea, vomiting, psychosis LLas alteration in
mental status

dantrolene (muscle relaxant) %dlﬂﬁwamu MH inlglunane severe
hyperthermia I@mz"lﬂﬂ'uﬂv’am‘sﬂﬁiaﬂ calcium 8anan sacroplasmic reticulum Va3
nawiie %aa:ﬁﬂﬁﬂﬁﬁmﬁ?ﬂﬂmﬂﬁuLLa:qmeﬁs”mﬂma@m w1@filE 2 mgikg
intravenous %ﬁvlﬁnﬂe] 10 wit sl ualaitin 10 mg/kg/day Fesnazlwluzgas acute
stage (o9 13iA STt

BINMIFNBE1I WL 13k bromocriptine $387Y supportive therapy %38
dantrolene T24NU supportive therapy %‘%aﬁ”’d bromocriptine LLaZ dantrolene TI0NY
supportive therapy JLHZIAN NN LARBIRANITINENTINGN supportive therapy RTHR
28191A87 adNkBEATY

M3l benzodiazepine 1w NMS AfUszlomilasazlusioanarny agitation 3
1% carbamazepine #1189 lanalun1ITnEN NMS 2 718 n3LA benztropine lagann

lazunTnaa rigidity 1 NMs la

Prevention
Ao NMS u,a”aﬂ'@ﬂdﬁ@ﬂﬁ%’ﬂﬂwﬁﬂmiﬁﬂﬁLﬂuaglﬁw@ia"l,ﬂ neritie
T lsadanaziinilaereanvinldiie NMS an 33tlasnuaa lwe1ineilsndaniaing

WIIAININ LB thioridazine ABg LNNLIDLNIT ¢ %%auJﬁﬂu"Lﬂsl“ﬁmﬂﬁisJ atypical
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o

antipsychotic %38 lithium #3a ECT dthenauauaduazidagydasszisnig

dehydration Tugtheynnaeninmdisninmlnia

Pathophysiology Cascade in Neuroleptic Malignant Syndrome (9)

FIGURE 1. Pathophysiology Cascade in Neuroleptic Malignant Syndrome

Psychological Stressor (State Vulnerability) Dopamine Antagonists & Other Pharmacologic Agents
(State Vuinerability)
L .
MENTAL —| CNS (Hypothalamic & Spinal) Dopamine Receptor Perturbation ‘
STATUS
CHANGES
GENETIC PREDISPOSITION (TRAIT VULNERABILI ‘
(Frontal Lobes) ”i T ( &) |
AUTONOMIC DYSFUNCTION
Sympathetic Nervous System Hyperactivity & Dysregulation (Loss of Hierarchical Integration & Control)
Extra-
¥ a BgS hys pyramidal
Autonomous Other SNS Autonomous Autonomous Autonomous Muscle System
Effectors Sudomotor Activity Vasomotor Activity Sympathetic Nerve Activity (Basal
¥ Ganglia)
Direct
Granulocytosis Diaphoresis Labile Increased || Increased Effects
Hypertension Uncoupling || Intracellular
" Protein Calcium
Incontinence Dehydration
‘ Increased
Muscl
Hyperglycemia Impaired Heat Dissipation Elevated Metzsgl;:m
Creatine
1 Phospho-
kinase RIGIDITY
Other HYPERTHERMIA
E Heat
Rhabdomyolysis | | — g
Exothermic Tachypnea
Adrenomedullary Processes Tachycardia’,
Hyperactivity Tremors
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