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Table 1. Candidate genesin the aetiology of Parkinson’ s disease

1. Park 1 (o-synuclein gene)
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Candidate gene Result/comment

Dopamine D2 receptor (DRD2) Possible association with Parkinsoh s disease

Monoamine oxidase (MAO)-A No association found

MAO-B An increased frequency of a polymorphism was demonstrated
in first study, but was not confirmed

CYP2D6 An increased frequency of amutant allele, but no increase in the
number of poor metabolizers was reported. A second study
noted an increased frequency of poor metabolizers, but not an
excess of the mutant alele

CYP2E1 No association found

Nicotinamide adenine dinucleotide phosphate, reduced form
(NADPH) menadione reductase

Glutathione transferasesM1 and T1
NAT2

Mitochondrial polymorphisms

Dihydrolipoamide succinyltransferase, a specific subunit of
human o-ketoglutarate dehydrogenase complex

Dopamine transporter

o-Synuclein and APO-g4

No association found

No association found

An excess of slow metabolizer phenotype was described; this
has been supported in one study (in early onset disease) but
refuted in another.

A number of polymorphismsin this molecule have been reported
in Parkinson' s disease patients. These remain either unconfirmed
or refuted

Using an intragenic marker of this subunit, a significantly higher
frequency of one allele was found in Parkinson’ s disease
patients. This awaits confiration

11-copy alele may confer susceptibility to PD for some

Korean patients

An association between this combination of polymorphisms has
recently been described. This awaits confirmation
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Gene Locus Inhertance Phenotype Lewy bodies
o-Synuclein 40921-923 AD Slightly early onset +
Parkin 6025.2-q27 AR Juvenile onset ?
UCH-L1 4p14-15.1 AD Typical PD ?
PARK3 2p13 AD Typica PD +
PARK4 4p15 AD PD/essential tremor +
PARK6 1P35-P36 AR Early onset ?
PARK7 1p35-p36 AR Early onset ?
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Figure 2. parkin and ubiquitin-proteasome system
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Table 1. Advantages and disadvantages of dopamine agonists

Advantages
- Antiparkinsonian effects when used as monotherapy or as
an adjunct to levodopa
- Reduced risk for developing levodopa-rel ated motor com-
plications
- Do not generate oxidative metabolites
- Potential neuroprotective effects

Disadvantages

- Neuropsychiatric side effects (especially halluciations and
psychosis)

- Agonist-specific side effects (erythromelalgia, ankle
edema)

- Sedative side effects

- Do not completely prevent development of levodopa-
related motor complications

- Do not treat all features of PD, such as freezing, postural
instability, autonomic dysfunction, dementia

- Do not stop disease progression
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Table 2. Relative affinity of currently used dopamine agonists
for brain dopamine receptors

Drug D1 D2 D3 D4 D5
Bromocriptine - ++ ++ + +
Lisuride + ++ 2 2 )
Pergolide + +++ +++ ? +
Cabergoline 0 +++ ? 2 2
Ropinirole 0 +++ ++++ + 0
Pramipexole 0 +++ ++++ ++ 2

- = antagonist, 0 = no activity, + = agonist,
+ to ++++ = increasing potency

Table 3. Dopamine agonists: pharmacokinetics and dose ranges
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O.0000 OO OO0 bromocriptine 7.5-30
mg/day, pergolide 0.75-6 mg/day, lisuride 1-2
mg/day, cagergoline 0.5-5 mg/day, pramipexole
1.5-4.5 mg/day, ropinirole 9-24 mg/day 00O
(Table 3).
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Drug Initial dose (mg) Usual dose range T1/2 (hours) Clearance
Bromocriptine 1.25 bid-tid 7.5-30 mg/day 6 Hepatic
Pergolide 0.05qd 0.75-6 mg/day 12-27 Hepatic
Pramipexole 0.125tid 1.5-4.5 mg/day 8-12 Renal
Ropinirole 0.25tid 9-24 mg/day 4-6 Hepatic
Cabergoline 0.25qd 0.5-5 mg/day 65+ Hepatic
Lisuride 0.2qd 1-2 mg/day 2 Hepatic
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Figure 1. Schematic of levodopa levodopa metabolism. 3-MT
= 3-methoxytyramine; 3-OMD = 3-O-methyldopa; COMT =
catechol-O-methyltransferase; DDC = dopa decarboxylase;
DOPAC = 3,4-dihydroxyphenylacetic acid; HVA = homovanil-
lic acid; MAO = monoamine oxidase. Peripherally adminis-
tered levodopa is metabolized by both DDC and COMT. DDC
and COMT inhibition can be used in conjunction with lev-
odopa to reduce peripheral metabolism and increase brain
availability.
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Table 4. Advantages and disadvantages of COMT inhibitors

Advantages

No titration; easy to administer

Decreased’ off” time, increased’ on” time, and enhanced
motor responses in patients with levodopa motor fluctua-
tions

Improved motor and ADL scoresin stable

levodopa responders

May reduce risk for motor complications if used from onset

of levodopa therapy

Disadvantages

Dopaminergic side effects, especially dyskinesia

Discoloration of urine

Tolcapone associated with explosive diarrhea in 5-10% of
cases

Tolcapone associated with liver toxicity

ad

oo o000 bboooo bobbb oo ob oooo

ub obobO oooo oog boooo oo o oo o
oooogoooDb.

Table 400 COMT U000 O0OO OODODO.
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Figure 1. Vim Recording for Thalamotomy

Figure 2. MR Imaging after Thalmotomy
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(1) image-guided stereotactic localization
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0 000 00000 000 00 oooo, MRO GPi
0O 000 00 0000 OD00 0000 0o oooo.
0O, AC-PCO00 axiaDOOO AC-P@OOO0OOO
0000 external accessory lamina (GPi-GPe)J 3
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COTHAL FIRST ;
VICROELECTRODE TRACK—""

OFTRIA, 5T
STEMEOTACTIC
TARGET —

Figure 3. Location of desired stereotactic target on atracing
from the Schaltenbrand and Bailey human brain atlas. The
point is on the lateral 20-mm parasagittal plane of the atlas, at
the superior border of the optic tract. The dotted line shows the
microelectrode trajectory approaching this point in the
parasagittal plane at a60 angle from the anterior-posterior
commissural line.

mmJ 0000 X, YOOOO, AC-PC 0000 OO0
coronall 000 optic tractd] OO OO OOOO OO
0 0OD.000O OO ODOOO microelectrode map-
pind 0 0000 OO0 OODOO.

(@ 00000 000 oooo oo
(Microelectrode recording and stimulation)
doooo (semimicroelectrode) 000 O0O0O0O
single cell activityll 00O multiunit activityD 0O
000 ODOooog, ODo00oo0O ooo g0 neural
noisé amplitude 000 O 0000 O0O0OOO O
00 O O00. white matter bundlel 00 00000
00 00 noisél] 0 OOODO. OD0OODO ODOO OO
000000 00,000 000 oo oog, 0o
000 000 0000 000 000 0 ooo0 oooo

ooo oo.

Jo00d0 OO0 000 00 ooooooo ooo
00 00000 0000 0D000 GPO OO0 OO O
0O 00 00000 0000 0000 o0od goooo
000000 OO0 oO0oo, 000 GPiO OOO OO
0 sensorimotar 0000 OO0O0OO O0OO OO0
0O 0000. 0000 striatal 00000 OO0 OO
spontaneous discharge ratell 000 000 000
0 000 1HzODOOO 0000 OO0 ODO0O O O0O.
GpPeOOOO O O OO spontaneous dischage
rates (40—60 Hz)O 0000 00000 burst or
pausing pattertl O0O0O. GRPiIDOOOO OO O
0, O0O00d(tonic)l spontaneous discharge rates
(60—80 Hz)O patterrhl O0O00O. GPed GPi OO0
0000 OO0 white matter laminae0O 00 OO OO
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00 30—40 HzO dischargeé OO border cell0O
0000, nucleus basalisl 00000 OO0 OOO
000 . Optic tractd light-evoked axonal dis-
chargél 000 OO0 O O0O.000 OO OO OO
oooo Oooo oooog, GPid OO OOO00O0Od
audio monitor] 00O high-frequendy noisél 0
00 0000 synchronous OO0 OO0 OO0O
light-evoked axonal discharged 0 OO optic
tractl 000 OO0 O O0O.

0 00 000 0D0000 deep muscle pressurel]
GPi] sensorimotor subdivisionD 00O 0O 000 O
0, microstimulationd 0 GPO OO optic tractd O
GPIO OO corticospinal tractd OO0 O0O00O0O0O, O
0O 0000 000 0000 akinesid 00O OO0O0O0O
00000 o oo.

(@) 00000 (Macrostimulation)

lesio OO probél OO0 O OO0 OOOOO O
ogodd boob oo 0o 0 oobo oboo
OO0 00QU0OoOoCo.O0oooooo ooooo oo oo
00 000 00000 UDO0O UDO0O0 Ooooo oo
000 00 00 000 OO0 oo. 0000 oooo
corticospinal tract, optic tract 0 00O O00O0O0O OO
00 000000000000 00.000 0000
000 0000 OoOooo ooooo oo ooooo

00 000 OO0 OO0 (corticospinal tract; 1.0 mA
04d, optic tract; 0.5 mA O00). OO corticospinal

tractl 000 000 OOOODO lesion electroded O
00 oo, 0000, optictract OO0 OO0 OO
o000 0oooo oo ooo oooo oo.

Lesion making

O000000 000 GPed motorl OOOO GPi

0O OO0 DO00O0O00 GPIO sensorimotor portiond
go0O 0 OO0 OoDO00 Ooobo oobo.oboog 3-44
O 000 0000 000 ooo0 oo ogo ooo
O 00 (Fig- 4).

2) 0000000 oogo

0000000 000000 000 00 off1 0”0
00 0000 (bradykinesia) 00 000 OO0,

Figure 4. MR Imaging after Pallidotomy
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gd, 00, motor fluctuationO O, L-dopa-induced
dyskinesia 0000 0O0O0O0O O0OO0O OO.O000OO
0 axial symptom (gait, posture, falling, freez-
ing)] 00000 OO0 DO0O. laconodd 859% 10
000 0000 000, LaitinenDd OO O O0OO0O
0O 0 90%, 00 0 000 80%]0 OO0 Oodo, O
00 00 0D0000 O 0DO00o0O 00O 0oobO 0ooo
oo ooooo. ooo, oo oo oboo ogo
000 oob 0oooo, 0000 000 0o, oo od
00 00 OO0 000 ODO0O.0000o0o0o0 ooo
“on00"0 00 0OD0O0O 0OOODonOO"000 OO
000000000000 00000 oo oooao
oo.

00 0000 00 0000 optic tractd 000 OO
0ooooo. o000 oo 2-15%10 00000 00
oo, 00 00O oooo, ooogo, ood, cor-
ticospinal tract0 0, 00 00O 00O 0O 00O 00O
0000 0o0oo ooooo (hypotonus) 0OOO0O
o0 ooo ouooo oo.

O00o0oo0 (Deep Brain Stimulation)

goob O0ddo bbooo, oobobbooo oo
0000 00000 oooooob oo o oo.odg
0 OO0 OO0 000 oooo(subthalamic nucle-
us)] 0000000 OO O0ODO 0000 0O ogd
ooo.

U0 oobodb bobh b0 oo bog sponta
neous and evoked neuronal firing patternd
stimulation 000 0000 OO0 DOODOOO OO
oo obb o000 oo oub bboboo ooo boo
Oooooooogd.

Subthalamic nucleus (STN)

STNO MRO OO localizationd OO O0O0O0O.
STND AC-PCIOO 00 1/30000 OO0 0O—6mm
o0o0o, 0000 Doooooo 10-15 mm OO0 O
Oo00.00, 000 000 00 STND red nucleus
O1—-2mm0Od, SNrO0 2—=3mm O, 00 OO OO
OO0, 0000 internal capsulel OO, 00O
mamillary bodyld 00 000000 (Fig. 5). STN
0 OOO0O0O frozen situationd OO O0O0O0O OO0
akinesidl motor performance ratesC] 00 000
0O 0000oooOo0.0o0o00o0oooogo oo
0oooooo0O0OO0OU0oU0UooO,0oUoooo oo
000 passive rigidityDDl 00O OO O O O0O.

O0000 OO0 O0oOoo sTNOO 00 oooo
neuronal firing ratell O00O0O0 OO O O OO.
STND 0000 O0O00000OO0 large, asymmetrical
spikes with a high-frequency firing rate (35.2+
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8.8 Hz)OO D000 OO OOOOQO biphasic spikes
with lower rate (11.1+ 2.3 Hz)O O0O00O. STNO

Figure 5. Custom made software (K-Neuroplan version 1.0) to
localize the anatomical target and to plot on the appropriate
Schaltenbratt and Wahren sagittal brain atlas. The location in
the trajectory of each recorded cell was noted and the neurons
plotted on the appropriate brain map.
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Neurosurgical Management of Parkinson’s disease

neuronal dischargel 000 OO0 passive move-
ment] OO0 O0O00O OO0 O O OO.STNOO OOO
OO0 SNO OOoOoOo
with a lower, irregular firing rated OO0 O O
00,0 0000 O0O0O0O passive movementd 00
000 Oooo ooo (Fig- 6).

larger, symmetrical spikes

1) 00O00DoOoo oo

Recording and Stimulation

AC-PCI00 OO0 OO0 OO0 OO DOODOO OOO
00 O O00 spontaneous, evoked single-unit
neuronal activitiesd 0000. stimulationd OO
00 0000 OO0O00 0O ooo oooo. od
stimulating or recording OO0 OO0 OOOO O
00 sagittal 000 OO chronic DBS electrodel
000 0000 000 ooooo goo.

Chronic electrode insertion and internalization of

stimulator

000 O0O0O0O0O 400 OOOO OO tetrapolar
electrode 0000 fluoroscope OO electrode tip
0O OO0 OO0 0O OO0 DoOd. electroded O
test stimulatord O0O0O0O OO0 0000 O0O0O O

A Fatn Hest pgr.am

il

B. Pt gk Srviiy il Heil D lim

.

£ gk peorroloaliam

& Bala Fird e
k2

Figure 6. Microelectrode recording of subthalamic nucleus for Idiopathic Parkinson’ s disease.

A. Bursting discharges recorded in subthalamic nucleus which correspond with the frequency of patient’ s tremor, B. Example of
autocorrelogram of a tremor corresponding cell in subthalamic nucleus, C. Bursting discharges of subthalamic nucleus which was
activated by the contralateral elbow extension, D. Example of movement-related activity (bottom) and the autocorrelogram of a

bursting cell.
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Figure 7. Chronic bilateral subthalamic DBS for idiopathic Parkinson’ s disease.
Skull lateral view (A) and brain CT scan (B) demonstrate the bilateral electrode in the subhalamus of the brain.

0000 0 00 O0.000 0000 oo gooog
O0odo0o0 programmable stimulus generatord [
000 000 00 000 ood electrode 00 O
0o00. 000 00 00000 00 000D oooo.
Chronic electrode] OO0O0 OO0 O OO0 two-
stagédl] stimulator internalizationd 000 OO0 O
O (Fig. 7).

Postoperative management

0000 OO0 00 000 OO0O0o oood stimula
tord O O0O0O OO, 00 O OOO OO, 000 OO
000 00 0O o000 stimulaton“ on'0“ offO
goooo oo.

2)000ooooo ooo

STN stimulationd 00 0000 hemiballisi O
00 000 00 00000 OO0 obo 0O o do.
0000 stimulator, extension, connectorld 000
ooo oo oo, oooo oooo, ooo oo,
paresthesia, dystoniall 00 O 000 OO ablative
surgery 00 000 OO0 OO0 OO0 0O0O0O DOO.
000 00 0000 ooooooo ooo 300 ood
00 0000 000 00obO (ooo oo oo, oog
O00) 000 00 0DO0 0O0DO DOOooOo ooo.
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Tremoll antagonistO0 OO0 OO 00O OO
00 0000 O0do, oscillatoryd OO OO0 OO0
OO0 U0oooooooooood. Tremord OO0OO,
0Uooo, 00 00 000 OO0 D00 O 0OoOo oo
000000 rest tremord action tremorl OO OO
OO0 00 0O O0. Action tremor 000 voluntary
000 00000 postural, kinetic, task OO post
tion-specific D00 isometric tremord] 0O0O0O0.
Tremol 0000 O0O0OO OO UO0OOO OO, 0,0
oo, 00 b0o0 o0b0o bOo. 00 oob b b oo
O 4—10 HzOO OO tremod 2—3 HzO 0O O O
0. slow tremoid 1—3 HzO“ myorhythmia 0O
00 00 00 000 oogogg* fast tremor’d
11—-20 HzO 00O OO0 OO0 OO0 OO0 OO0 oo
o0oo o0.

Physiological tremord 00 0000 OOOOO O
000 mechanical-reflex0O OOO0O oscillator
000 ODO0O00 oscillatiordO. 00000 O0OO
10(8—12) HzOO OO0O0O OOO0O 0000 OoOo
ooo oo.od, 00,000 OoU00 OO0 oo oo
ogpoodb 0b0b oboob oDobo O 0 Oobooo o
0" enhanced physiologic tremor’d OO .

Table 1. Enhanced physiologic tremor

a. stress-induced :emotion, exercise, fatigue, anxiety, fever
b. endocrine :hypoglycemia, thyrotoxicosis, Pheochromocytoma,
adrenocorticosteroids

c. drugs: beta agonist(theophylline, terbutaline, epinephrine, etc)
dopaminergic drugs(levodopa, dopamine agonists)
stimulants(amphetamines)
psychiatric drugs(lithium, neuroleptics, tricyclics)
methylxanthines(coffee, tea), valproic acid
cyclosporin, interferon
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d. toxins : Hg, Pb, As, Bi, Br, acohol-withdrawal

Rest 00 re-emergent tremor OO0 oscillatar
00 0000 000 000 000 000 Ooog ood
000 00000 0O0D OO0 000 00. Re-emer-
gent tremor] 000 O0O0O0 OO OO0 reseti0O
O rest tremor00 O0O0O0O rest tremord] OOOOO
3—-6HzOUOO 000 OO0 OO0 O O0D00O0O.

000 0000 Postural tremord physiologic
tremor] 000 mass loadingd 0 0000 000 O
0 00 000 0000 DOoo0O0. 0000 inferior
olive nucleus] 00O O00O0O0O0O0O O0OOOQODO OOO
PET O fMRI OOO OO0O olive nucleus 000
cerebellud 00 000 00 0O OO0 OO0 OOO
00.0 000 000 000 D000 tandem gaitd
gOo0o00O0 000 postural instabilityll 00000
000 00 000 OO0 00 000 000 0oo od
000 000 000 OD000O0 D00 00O ooo od
OO0 000 oo0o.

Kinetic tremor] O0O0OO0O cerebellar outflow
pathwayl 000 00000 5—~11 HzO 00O OO
00 high brainstem O0OOO0O 5—7 Hz, lower
brainstemm 00000 8—11 HzO OO0 OOO. OO
000 0000 midbrain (red nucleus) tremor(
00000 00 2—=3HzO 000 O0O0O.

Rest tremorD O00O0 ODO0O0O O0O0OO OO OO
0O 000 0000000000000 000 ooo
00 O 000?000 000 OOO0OO0OO0 OoDOOO
0?2000 resttremord 00 00O OOOO OOO
0?00 OO0 O0OO ODOOO0O. Cerebellar outflow
tremor(midbrain tremor)d OO rest tremord O
OO0 000 OO0 nigrostriatal pathwayll 0000
0000 000 0000 00 00000 trauma,
stroke, multiple sclerosis, Wilson's diseasel] [
oo.

Myorhythmia 00 1—-3 HzO O0O0O0O OO0 O
0 000 0000 0000 0Do0 oooo.oooo o
000 00000 OO0 O O0. Palatal myoclonus
000000000 0000 oooo.oo oo o
00 flexion-extensialdOO. O0O0O0 OO0 O
00 000 ooo oo.

Spasmus-nutang] (1)nystagmus, (2)000
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Table 2. Behavioral classification of tremor

Type of tremor

Definition

Example of circumstances

Rest tremor

Postural tremor

Kinetic tremor

|sometric tremor

Action tremor

Occursin abody part that is supported in
such away that skeletal muscle activation
is neither necessary nor intended

Occursin an attempt to hold a body part
motionless against the force of gravity

Occurs during a voluntary movement

Occurs during a muscle contraction against
arigid stationary object

Occurs during any voluntary contraction
of skeletal muscle

he patient is recumbent on a bed or seated on a couch, with the

Thody part supported. Tremor is often enhanced by the e

performanc of cognitive tasks or morto tasks with other body

parts, and it is often suppressed, at least temporarily,

by voluntary muscle contraction

Extending the upper limbs horizontally; pointing at objects;

sitting erect without support for the upper body; protruding

the tongue

Nose-finger-nose testing; heel-knee-shin testing; reaching;

writing; drawing; pouring water into a cup; drinking from a

cup; eating with utensils; speaking

Pushing against awall; flexing the wrist against atable;
making afist

May be any combination of postural, kinetic,

and isometric tremor

Table 3. Classification and Differential Diagnosis of Tremor

1. Rest tremors
a Parkinson’ s disease
b. Other parkinsonian syndromes
c¢. Midbrain (Rubral) tremor
d. Wilson' sdisease
e. Acquired hepatocerebral degeneration
f. Essential tremor
2. Postural and action (terminal) tremors
a. Physiological tremor
b. Exaggerated physiological tremor
(1) Stress, fatigue, anxiety, emotion

(2) Endocrine : hypoglycemia, thyrotoxicosis, adrenocorcicosteroids
(3) Drugs and toxin : beta agonist, dopamine agonist, amphetamine, lithium tricyclic antidepressant, neuroleptics,
theophylline, caffeine valproic acid, alcohol withdrawal, mercury, lead, arsenic

c. Essential tremor (familial or sporadic) subtypes
d. Primary writing tremor
e. With other CNS disorders
(1) Parkinson’ s disease
(2) Other akinetic-rigid syndromes
(3) Idiopathic dystonia, including focal dystonias
f. With peripheral neuropathy
(1) Charcot-Marie-Tooth(Roussy-Levy syndrome)
(2) Variety of other peripheral neuropathies
g. Cerebellar tremor
3. Kinetic (intention) tremor

Disease of cerebellat outflow” (dentate nucleus and superior cerebellar peduncle) :MS, trauma, tumor, vascular,
Wilson' s disease, acquired hepatocerebral degeneration, drugs, toxins, others

4. Miscellaneous rhythmical movement disorders
a. Psychogenic tremor
b. Orthostatic tremor
¢. Rhythmical movementsin dystonia (dystonic tremor)
d. Rhythmical myoclonus (segmental myoclonus)
e. Oscillatory myoclonus
f. Asterixis
g. Clonus
h. Epilepsia partialia continua
i. Hereditary chin quivering
j- Spamus nutans
k. Head bobbing with third ventricular cysts
I. Nystagmus

18
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Table4. OD0OO@OO)0DO0OOOOOO

Differential Diagnosis of Tremor

Definite

Bilateral arm tremor with >2+ amplitude rating in at least one arm and >1+in the other arm

or

1. Predominant cranial-cervical tremor with (2+amplitude rating and (1+ rating in at least one arm. The head tremor is rhythmic,
without directiona preponderance, and without asymmetry of cervical muscles.
2. Exclude obvious secondary causes of tremor: physiologic, drug-induced, CMT, PD, etc. (Co-existent dystoniais allowed, but

co-existent PD is not)

Probable:
1. 1+ arm tremor bilaterally.
or

2. Isolated cranial-cervical tremor with (2+amplitude rating.

or
3. Convincing history of ET.

4. Exclude obvious secondary causes of tremor: physiologic, drug-induced, CMT, etc.
(Co-existent dystoniais allowed; co-existent PD isalowed if thereis aconvincing history of pre-existing ET).

Possible:
1. Isolated 1 + crania-cervical tremor.
2. Task/position specific hand/arm tremor.
3. Unilateral arm tremor.
4. Orthostatic tremor.

Explanation of tremor rating:
0 = none perceived.
1 =dlight (barely noticeable).

2 = moderate, noticeable, probably not disabling (<2 cm excursions).

3 = marked, probably partially disabling (2-4 cm excursions).

4 = severe, coarse, disabling (more than 4 cm excursions).

head position, (3)J 000 multi-directional head
nodding 00 000 O0O0OO OO0 O0OOO. OO
4—1200000 OO0D0O0O0O 1 -20000 0000
self-limiting 0000

Postural tremors

00 000 enhanced physiologic tremord pos-
tural tremord 00O 00O OO0 OOOO. Postural
tremod 000000 OO OOOOO OO0 OO O
0O 00 0ODOO0OO0. D000 DOO0OO0O0O oooooo
(MDmass loadingDl 00 OO0 OOOO OO0 load
ingd 000 00 8HZIODO OO OO0 OO 0000
10HZ1 00O 0000 00000 OO0 (2700 0oo
0000 limd OO0 OO0 000 OO0 o000 O
000 000 00 00 00.00 0000 0000
0 postural tremord 000 0O OO0 DOOO
enhanced physiologic tremor0 0 OO0 O0O0O0O
o000 OOODO OOOO OO0 re-emergent clas-
sical tremor0] 00 0000 O0O0O0O OO0 OO OO
0. Orthostatic tremor] 00 (14-16Hz) OO0OO O
0O 000 000 0000 000000 000 o O00.
0 00 0000 O 000 000 OO(ecramp) 00
00 000 000 oooo.
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Kinetic tremors

Kinetic tremor] 00000 cerebellum O OO
000 000 00O0O0. 000 0000 intention
tremofl O0O0O0O0O OO0 OO0 DOOOO oscillation
0o00O 0oD0oo 0o 0o go.

00 4-5HZ] 000 OO0 O0O0OO0O OO0 OO0
0 0000 000 visually guidedtrackingdl 000
000 000 D000 0000 action tremord 0.

Neuropathic tremors

00 0000 O0ooD oDoOo ooo ciIbA dys
gammaglobulinemic polyneuropathyd 0000
distal postural tremord OOOO. OO HMSNIO
000 000 000 000 D000 o0o oooo.
00000 00000 OO0 D000 ooo oo.

Tremors caused by trauma or stroke

000000 OO0 0000 postural 000 Kinetic
tremofr] 000O0. Dentatothalamic 0000 OO0
dentate nucleus 000 thalamus OO OO O0OO
0 00 OO0OO 000 OO0 0000 neuropathic
tremod OOOO O0O.
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Table5. 000 O0ODO0O diagnostic classification schema

Diagnostic classification Inclusion criteria Exclusion criteria

Classic essential tremor  Bilateral postural or kinetic tremor of Other abnormal neurologic signs or history of recent
the hands and forearms or Isolated hea neurologic trauma preceding the onset of tremor.
tremor without evidence of dystonia Presence of known causes of enhanced physiologic

tremor(e.g., drugs, anxiety, depression, hyperthyroidism).
History of presence of psychogenic tremor.

Sudden onset or stepwise progression.

Primary orthostatic tremor.

I solated position-specific or task-specific tremors.
Including occupational tremors and primary writing tremor.
Isolated tremorin the voice, tongue, chin, or legs

Indeterminate tremor Bilateral postural or kinetic tremor of Recent neurologic trauma preceding the onset of tremor.
Syndrome the hands and forearms or isolated Presence of known causes of enhanced physiologic tremor
head tremor, and Equivocal neurologic (e.g., drugs, anxiety, depression, hyperthyroidism).
signs or concomitant neurologic signs History or presence of psychogenic tremor.
of doubtful significance (e.g., amildly Sudden onset or stepwise progression.
unsteady gait, mild dementiain an Primary orthostatic tremor.
elderly patient, and mild I solated position-specific or task-specific tremors,

extrapyramidal signs such ashypomimia, indluding occupational tremors and primary writing tremor.
reduced arm swing, and mild bradykinesia) |solated tremor in the voice, tongue, chin, or legs

Possible essential Patients who once met all criteriafor

Tremor (typel) classic essentia tremor but now have
clinical evidence of a second neurologic
condition, such as Parkinson’ s disease,
dystonia, myoclonus, peripheral ne
uropathy, or restless legs syndrome,
that developed after the onset of
monosymptomatic tremor

Possible essential Monosymptomatic and isolated tremors Other abnormal neurologic signs (e.g., dystonia) or history
Tremor (typell) of uncertain relationship to essential of recent neurologic trauma preceding the onset of tremor.
tremor: Isolated position-specific or Presence of known causes of enhanced physiologic tremor
task-specific tremors, including (e.g., drugs, anxiety, depression, hyperthyroidism).
occupational tremors and primary Histroy or presence of psychogenic tremor.
writing tremor. Sudden onset or stepwise progression.
Isolated tremor in the voice, tongue, Primary orthostatic tremor.s
chin, or legs

11) 00 0000 000 0ooo oo
Psychogenic tremor 12) 000000 0000 00
Psychogenic tremor{d neurogenic tremor] [0
O OO OO0O0. Psychogenic tremord 000 OO0

o0 oooobo booo oo ooo oo b oboo. REFERENCES
1) 000 000 OO 1. Elble RJ: Diagnostic criteria for essential tremor and dif-
2) 00000 static 0 O ferential diagnosis. Neurology 2000:54(suppl 4):S2-S6.
3) 00000 0000 OO0 2. Jankovic J: Essential tremor: clinical characteristics.

Neurology. 2000:54(suppl 4): S21-S25.

4) 00 00000 OoO0oOO0 Oooo coooo o ) i
3. Louis ED: Essential tremor. NEJM 2001: 345(12):887-

oo oo

891.
5 000D oon ooo 4. LouisED, Ford B, Lee Helen, Andrew H, Cameron G :
e)unbuoouooono Arch Neurol. 1998:55:823-828.
nooooooooooooo 5. Stanley fahn, Mark Hallett, Joseph Jankovic, Peter Jenner
8) Ul (attentior) 0 OO0 OO0 OOO0O OO : A comprehensive review of Movement Diosrders, for the
9) 000 00000 OD00 000 oooo od clinical practitioner, 10" annual course, 913-961.

10) placebod OO0 OO OO
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Table 6. Types of tremor that can be confused with essential tremor

Differential Diagnosis of Tremor

Etiology Tremor type and distribution Features that are uncharacteristic of essential tremor
Thyrotosicosis and Enhanced physiologic tremor The frequency of tremor and associated motor unit
hyperadrenergic entrainment maydecrease by more than 1 Hz when large
conditions inertial loads are applied to the limb

Focal, generalized, Action tremor in the affected body part and  Dystonia

and taskspecific in other body parts, with little or no

dystonias apparent dystonia

Parkinson’ s disease

Orthostatic tremor

Cerebellar unclear
outflow Tract lesions
(deepcerebellar nuclei
conjunctivum)
andbrachium

Neuropathic tremor

Toxic or drug-induced
Tremor

Cortical tremor

Rubral or midbrain
tremor (ak.a
Holmes' tremor)

Mixture of rest and action tremors;
occasionally, action tremor alone

Postural tremor in the torso and lower limbs
while standing, may also occur in the upper
limbs. Suppressed by walking

Intention tremor in the upper or lower limbs.
Little postural tremor except when limb
position is guided by avisual target

(e.g., pouring)

Postural and kinetic tremor in the involved
extremities, but not alwaysin proportion to
the severity of the neuropathy

Usually amixture of postural and kinetic
tremor, but rest tremor and intention
tremor may accur, depending upon the

offending drug and severity of intosication
Irregular high-frequency(>7 Hz) postural
and kinetic tremor associated withaction
myoclonus

A mixture of rest, postural, and intention
tremor, usually caused by lesionsin the
vicinity of the red nucleus, causing an
interruption of nigrostriatal and brachium
conjunctival pathways

Bradykinesia, rigidity, shuffling gait, Hypophonia,
hypomimia, pill-rolling rest tremor in the hands, rest tremor
in the lower limbs

High-frequency 14-to 18-Hz entrainment of motor unit
activity that is synchronous among ipsilateral and
contralateral muscles

Other signs of cerebellar ataxia, except whenthelesionisin
the vicinity of the ventrolateral thalamus

Other signs of peripheral neuropathy. Visible involvement of
the lower limbs and lack of involvement of the head and
voice

Irregular rhythm with asterixis and myoclonus.
Diffuse and fairly uniform bodily distribution in many
patients

Action myoclonus, giant somatosensory cortical-evoked
potentials, and enhanced |ong-loop somatosensory reflexes
(C-reflex)

Always associated with other signs of brainstem or cerebel
lar damage, most commonly produced by stroke or trauma.
May ve unilateral.

Frequency is2to 5 Hz

Table7. 000 00O OO*
VARIABLE N (%)
GENDER 179M / 171F 350
AGE AT EVALUATION(YR) 58.4(16.4 350
DURATION OF SYMPTOM (YR) 18.7 (175 326
FAMILY HISTORY 350
1st degree relative(s) 219 (62.5%)
Other relatives 25 (7.1%)
ASSOCIATED DISORDERS 350
Dystonia 165 (47.1%)
Cervical dystonia 94 (26.8%)
Writer’ s cramp 48 (13.7%)
Blepharospasm 26 (7.4%)
Laryngeal dystonia 14 (4.0%)
Others 21 (6.0%)
Parkinsonism 72 (20.2%)
Myoclonus 8 (2.2%)
IMPROVEMENT WITH DRUGS
Alcohol 96/144 (66.7%)
Propranolol (N=147)+ 22/32 (68.0%)
Primidone (N=126)+ 13/18 (72.1%)

* Lou and Jankovic; Neurology 1991;41:234-238
+Only datain patients with adequate follow-up
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I. Overview of dystonia

Definition

Dystonia is sustained muscle contractions, frequently causing twisting and repetitive movements, or abnormal pos-
tures [Fahn, 1988]

Phenomenology
Dystonic movements are almost alway's aggravated during voluntary movement. The appearance of dystonic movements

with voluntary movement isreferred to as “ action dystonia” . Primary dystonia commonly begins with a specific action
dystonia, that is, the abnormal movements appear with a special action (task-gpecific). As the dystonic condition progresses,
less specific voluntary motor actions of the involved limb can bring out the dystonic movements. With the further evolution,
actionsin other parts of the body can induce dystonic movements of the involved limb, so-called “ over flow” .

Much less common than action dystonia or overflow dystonia is the reverse phenomenon, for dystonia at rest to be
improved by talking or other voluntary active movements, so-called “ paradoxical dystonia”. The focal dystonia most
commonly decreased by voluntary motor activity is blepharospasm.

One of the characteristic and almost unique features of dystonic movementsis that they can be diminished by tactile
or proprioceptive “ sensory tricks’ (geste antagoniste).

Pain is uncommon in dystonia except in cervical dystonia; 75% of patients with cervical dystonia have pain. There
are basicaly two types of tremors seen in dystonic patients: 1) accompanying postural/action tremor that resembles
Essential tremor or Enhanced physiologic tremor, 2) a tremor that is a rhythmical expression of rapid dystonic move-
ments, which is less regular then essential tremor. Tics is another type of involuntary movement that appears to occur
more commonly in patients with dystonia than in the general population.

Classification of dystonia

By age at onset

A. Childhood-onset: 0-12 years

B. Adolescent-onset: 13-20 years

C. Adult-onset: > 20 years
By distribution

A. Focal 50%

B. Segmental 34%

C. Multifocal

D. Generdized 16% in Columbia Medical center
E. Hemidystonia

* Address for correspondence
Won YongLee, M.D.
Department of Nuclear Medicine,
Samsung Medical Center, Sungkyunkwan University,
School of Medicine
50 Ilwon-dong, Kangnam-gu, Seoul, 135-710, Korea
Tel : +82-2-3410-3593  Fax : +82-2-3410-0052
E-mail : wylee@smc.samsung.co.kr
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A. Primary (idiopathic) dystonia

B. Dystonia-Plus syndromes

C. Secondary dystonia

Dystonia: Diagnosis and Classification

Oppenheim’ sdystonia(DYT1)
Child/adult onset, cranial/limb (DY T6)
Adult-onset familial torticollis (DY T7)
Adult-onset, cervical/cranial

Sporadic, adult-onset

Dopa-responsive dystonia (DRD: DY T5)
Dopamine agonist-responsive dystonia
Rapid-onset dystonia-parkinsonism (RDP)
Myoclonus-Dystonia

Perinatal injury, encephalitis, Head trauma, Primary antiphospholipid syndrome, Hypoxia, vascular, MS, posteri-
or fossatumor, syringomyelia, peripheral injury, drug-induced (L-DOPA, D2 blocker, ergotism, AED),
Toxin (Mn, CO, CS2, cyanide), metabolic(hypoparathyroidism), psychogenic

D. Heredodegenerative disease

Lubag (DY T3), juvenile parkinsonism, HD, SCA3, DRPLA, Wilson' s disease, aminoacid disorders, lipid disor-
ders, neuroacanthocytosis, mitochondrial disease, atypical parkinsonism (IPD, PSP, MSA, CBGD)

Genetic classification of Dystonia

DYT1 934
DYT2 ?
DYT3 Xq13.1
DYT4

DYT5 14q22.1
DYT6 8q21-22
DYT7 18p
DYTS 2033-35
DYT9 1p21
DYT10 16pll.2-ql2.1
DYT11 7q21-23
DYT12 19q

TorsinA AD Oppenheim

AR

XR Lubag

whispering dysphonia

GTPCH1 AD DRD

AD mixed type

AD f-torticollis

AD PNKD

AD par. dyskinesia with spasticity

AD PKD

AD myoclonus-dyst

AD RODP

Pathophysiology and biochemistry of Dystonia
EMG Co-contraction of agonists and antagonists, with overflow of activity in inapproapriate muscles

Overactivity Premotor, supplementary motor
Medial/prefrontal cortex
Receptive field of sensorimotor cortex
Lentiform nucleus

Underactivity Primary motor cortex

Thalamus

Evaluation of childhood dystonia

Medical History
Birth injury
Hypoxic injury
Head/neck trauma
Encephalitis

Prior exposure to neuroleptics

Family history for dystonia, tremor, or degenerative disorders

Blood Studies
Ceruloplasmin/copper
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Complete blood count with ESR

ANA
Protein electroctreing
Arterial bood gas

Metabolic Screening

Other Studies
MRI
EEG
Muscle biopsy

Psychometric testing

Lactatc/PyruPyruvate, urine for Organic acid, Olgosacchardes, Amino, acid, PBS

Il. Medical Treatment of Dystonia

Pharmacologic Agent

Efficacy and Comment

Side Effects

Anticholinergic/Antihistaminic

Trihexyphenidyl
Benztropine
Procyclidine
Diphenhydramine
Ethopropazine

Baclofen

Clonazepam

Dopamine agonists
Carbidopa/Levodopa

Muscle relaxants
Tizanidine
Cyclobenzaprine
Antiepileptic medications
Carbamazepine
Gabapentin
Dopamine-depleting agents
Tetrabenazine

Dopamine antagonists
Clozapine
Other antipsychotics

* Effective in approximately 40% of patients
* Benefit limited by side effects

* Requires slow upward titration

* Good for pain

* Effective in approximately 20% of patients

* High doses tolerated in children

* Benefits limited by side effectsi; ntrathecal
baclofen minimally successful

* Withdrawal effects on sudden discontinuation

* Effective in approximately 15% of patients

* Possibility for addiction

* Withdrawal effects of sudden
discontinuation

* Dramatic response in the dopa
responsive form of dystonia

* Effective in 10-15% of patients

* More rapid upward titration possible

* Limited benefit in some patients
* Side effects frequent*

* Benefit in < 10% of patients

* Not availablein the USA,;
available in Europe/Canada

* Requires avery slow upward titration
(4 weeks between dose increases)

* Effective in up to 25% of patients
* Clozapine requires weekly blood counts and
may cause life- threatening agranulocytosis

* Dry mouth (may lead to dental caries)
* Blurred vision

* Exacerbation of acute angle glaucoma
* Urinary retention

* Memory problems

* Sedation

* Confusion

* Hallucinations

* Heat intolerance

* Nausea

* Sedation

* Dysphoria

* Muscle weakness(in those with
associated spasticity)

* Sedation

* Depression

* Confusion

* Dependence

* Nausea(especially at initiation of therapy)

* May worsen dystonia

* Rapid discontinuation possible

* Sedation
* Dysphoria

* Ataxia
* Sedation

* Depression
* Dysphoria
* Parkinsonism

* The possibility of tardive dyskinesia
and the other adverse effects from this
class of medications severely limits
usefulness.

* Not recommended for dystonia

24
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Ill. Surgical treatment of Dystonia

Dystonia: Diagnosis and Classification

Procedure

Indications

Peripheral denervation

Pallidotomy

Deep-brain stimulation

Thalamotomy

Myectomy

Rhizotomy

* Cervical dystonia unresponsive to
medical therapy or botulinum toxin

* Only recently reported in dystonia

* |nterval between surgery and outcome

* Regarded as experimenta and only
performed in certain medical centers

* Anticipate similar outcome as with
pallidotomy, but not yet reported

* Requires frequent adjustments of
stimulator

* Initialy reported as effective in the 1960s

* Usually requires bilateral procedures for
generalized or axial dystonia

* May be beneficial for blepharospasm

* Minimally effective for cervical dystonia

* Not indicated in other forms of dystonia

* | argely abandoned for the treatment of
cervical dystonia because of lack of
improvement

* Experienced surgeon essential

* Only effective in some patients

* May require multiple procedures

* Requires considerable postoperative rehabilitation
* Neck weakness may be permanent in some

* Experienced surgeon essential
* Destruction of brain tissue

* No destruction of brain tissue
* Expensive

* Hemiparesis

* Dysarthria

* Other neurologic sequelae
* Weakness

* Disfigurement

Figure 1. The sequential events of botulinum toxin

Figure 2. Diagram of synaptic vesicle proteins and their postu-

lated receptors and functions

Table 1. Botulinum toxin serotypes and substrates

NEUROTOXIN SUBSTRATE LOCALIZATION

BTX-A,E SNAP-25 Presynaptic plasma membrane
BTX-B,G VAMP/synaptobrevin Synaptic vesicle membrane
BTX-C SNAP-25, Syntaxin Presynaptic plasma membrane
BTX-D,F VVAMP/synaptobrevin Synaptic vesicle membrane

Cellubrevin

J Korean Neurol Assoc / Volume 20 / Suppl 2, 2002
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CLINICAL APPLICATIONS OF BOTULINUM TOXIN

A. Dystonia
Blepharospasm (lid apraxia’)
Oromandibular-facial-lingual dystonia
Cervical dystonia (torticollis)
Laryngeal dystonia (spasmodic dysphonia), stridor
Limb dystonia
Task-specific dystonia (e.g. writer’ sor other occupational cramps)
Other focal/segmental dystonias (primary, secondary)

B. Other Involuntary Movements
Hemifacial spasm
Limb, head, voice, chin tremor
Palatal myoclonus
Ticsand coprolaia
Nystagmus and oscillopsia
Myokymia

C. Inappropriate Contractions
Spasticity (stroke, cerebral palsy, head injury, multiple sclerosis)
Painful rigidity
Strabismus
Bruxism and temporo-mandibular joint syndrome
Stuttering
Muscle contraction headaches
Lumbosacral strain and back spasms
Radiculopathy with secondary muscle spasm
Myofascial pain syndromes
Achalasia (lower esophageal sphincter spasm)
Spasm of the inferior constrictor of the pharynx (cricopharyngeal muscle)
Spasm of the sphincter of Oddi
Spastic bladder, detrusor-sphincter dyssenergia
Anismus
Vaginismus

D. Other Applications
Protective ptosis
Sialorrhea
Hyperhidrosis
Gustatory sweating
Anal fissure
Constipation
Obesity (distal stomach)
Cosmetic (wrinkles, brow furrows, frown lines, crow’ sfeet”, platysmalines, facial asymmetry)
Tennis elbow and other sportsinjuries
Debarking dogs
Migraine, tension headache
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Table 1. Classification of myoclonus

I. Clinical features
A. Distribution
1) foca
2) segmental
3) multifocal : many different parts of the body affected,
not necessarily at the sametime

4) generalized : whole body or most of it affected in a

singlejerk
B. Timing
1) spontaneous
2) action : on maintaining a posture, or on movement
3) reflex : visual, auditory, somaesthetic (touch, pin-
prick, muscle stretch)

* Address for correspondence
Joo-Hyuk Im, M.D.
Department of Neurology, Asan Medica Center
Univerdity of Ulsan College of Medicine
Songpa P.O. Box 145, Seoul, 138-600, Korea
Tel : +82-2-3010-3440 Fax : +82-2-474-4691
E-mail : jhim@amc.seoul .kr
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I1. Pathophysiology
A. Cortical
1) foca
2) multifocal
3) generalized
4) epilepsia partialis continua
B. Thalamic
C. Brainstem
1) reticular
2) startle
3) palatal
D. Spina
1) segmental
2) propriospina
E. Periphera

[11. Causes
A. Physiological myoclonus (normal subjects)
1) sleep jerks (hypnic jerks)
2) anxiety-induced
3) exercise-induced
4) hiccup
5) benign infantile myoclonus with feeding
B. Essential myoclonus (no known cause and no other
gross neurological deficit)
1) hereditary
2) sporadic
C. Epileptic myoclonus (seizures dominate and no
encephalopathy, at least initialy)
1) Fragments of epilepsy
isolated epileptic myoclonic jerks
photosensitive myoclonus
myoclonic absencesin petit mal
epilepsia partialis continua
2) Childhood myoclonic epilepsies
infantile spasms
myoclonic astatic epilepsy (Lennox-Gastaut)
cryptogenic myoclonus epilepsy (Aicardi)
juvenile myoclonic epilepsy of Janz
3) Benign familial myoclonic epilepsy (Rabot)
4) Progressive myaclonic epilepsy (Unverricht-Lundborg)
D. Symptomatic myoclonus (progressive or static encepha-
lopathy dominates)
1) Storage disease
Laforabody disease
Lipidoses, eg., GM1 and GM2 gangliosidosis, Krabbe's
Ceroid-lipofuscinosis (Batten)
Sialidosis (cherry-red spot)
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2) Spinocerebellar degeneration

Torsion dystonia
Hallervorden-Spatz disease
Progressive supranuclear palsy

Alzheimer’ sdisease

5) Viral encephal opathies

Subacute sclerosing panencephalitis
Encephalitis lethargica

Arbovirus encephalitis

Herpes simplex encephalitis
Post-infectious encephalitis

Table 2. Appropriate dosages of agents for the treatment of

Unverricht-Lundborg disease myoclonus

Ataxiatelangiectasia Dru Dosae

Adult-onset cerebellar ataxias g 9
Baclofen 15-100 mg/day

ADCA typel .

) Benztropine 4-9 mg/day
Sporadic OPCA .
L Carbamazepine up to 2000 mg/day
Coeliac disease
) . Clonazepam up to 15 mg/day
3) Basal ganglia degenerations .

Wilson' s disease Diazepam 5-30 mg/day

5-Hydroxytryptophan up to 3 g/day (in combination with

peripheral aromatic amino acid
decarboxylase inhibitor)

. Phenobarbital 50-100 mg/day
Multiple system atrophy Phenytoin 250-325 mg/day
Huntington’ s disease )

. . Piracetam 2.4-16.8 g/day
Corticobasal degeneration o
Dentatorubropallidoluysian atroph Primidone 500-750 mg/day

. \ p W i Tetrabenazine 50-200 mg/day
Parkinson’ s disease . .

. Trihexyphenidyl up to 35 mg/day
4) Dementias Valproic acid 1200-2000 mg/d
Creutzfeldt-Jakob disease P id

(From Brown P. Myoclonus: a practical guide to drug therapy.

CNS drugs 1995;3:22-29)

Table 3. Drug treatment for specific types of myoclonus

Type of myoclonus

Drugs of first choice Other agents

o | | d Cortical myoclonus Valproic acid Primidone
WF;?OC lo?us(—jrnyoc onus syndrome Clonazepam Phenobarbital
o e 5 ciseees Piraoetam
) Het 0 'fc i 5-HTP
epatic ,al ure Brainstem reticular myoclonus Valproic acid 5-HTP
Renal failure
Dialvs d Clonazepam
! ySIssyn. rome Hyperekplexia Clonazepam Carbamazepine
Hyponatremia .
Hypoglycemia Phenytoin
| )f/p t‘%‘ly oni halopath Palatal myoclonus Phenytoin 5-HTP
nrantiie myoc onic encep opathy Carbamazepine Sumatriptan
Nonketotic hyperglycemia
. . Clonazepam
Mitochondrial encephalomyopathy Diazepam
M.UH.:I ple cqboxylase deficiency Trihexyphenidyl
Biotin deficiency
7) Toxic encephal opathies Baclofen
. ; " Propriospinal myoclonus Clonazepam
Toxins : bismuth, heavy metals, glue sniffing ) .
. Segmental spinal myoclonus  Clonazepam Diazepam
Methyl bromide, DDT ;
Drugs: antid ts, anesthetics, anticonvulsant Carbamezepine
rugs : antidepressants, an ics, anticonvulsants, Tetrabenazine

withdrawal of benzodiazepines and propra-
nolol, lithium, MAQ inhibitors, levodopa,
gabapentin
8) Physical encephalopathies
Posthypoxic (Lance-Adams)
Post-traumatic
Heat stroke
Electric shock
Decompression injury
9) Focal CNS damage
Post-stroke
Post-thalamotomy
Tumor
Trauma
Dentato-olivary lesions
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Table 1. Common causes of Chorea

Hereditary
Huntington' s disease
Neuroacanthocytosis
Dentatorubropallidoluysian atrophy (DRPLA)
Benign hereditary chorea
Paroxysmal chorea
Wilson' s disease
Post-I nfecti ous/I nfectious/|mmunol ogic
Sydenham’ s chorea
Systemic lupus erythematosus
Acquired immunodeficiency syndrome
Endocrinologic
Hyperthyroidism
Chorea gravidarum
Drug-induced Chorea
Levodopa
Stimulants
Anticonvulsants
Antidepressants
Neuroleptics
Oral contraceptives
Vascular
Stroke
Polycythemiavera
Other
Neoplastic
Paraneoplastic
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Table 2. Diagnostic evaluation for Chorea

Laboratory Testing
CBC with manual differential
Electrolytes
Liver function studies
Sedimentation rate
Anti-nuclear antibody studies
Thyroid function studies
Ceruloplasmin
Quantitative copper (24-hr urine collection)
Anti-streptolysin O titers
Paraneopl astic antibody assessment
Imaging
MRI of brain/enhanced
Other
Slit lamp examination

1) 00 0000 0000 000 ooogo oooo
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Table 3. Drug-Induced Chorea, including Tardive Dyskinesia
and Orofacial Dyskinesia

Drugs Responsible
APDS ++
Metoclopramide ++
Levodopa ++
Direct DA agonists ++
Indirect DA Agonists and other ++
Catecholaminergic Drugs

Anticholinergics +
Antihistaminics +
Oral Contraceptives +
Phenytoin (M+
Carbamazepine (T)+-
Ethosuximide +/-
Phenobarbital (T)+/-
Lithium (T)+/-
Benzodiazepines +/-
MAOQO inhibitors +/-
Tricyclic antidepressants +/-
Methyldopa +-
Methadone +/-
Digoxin +/-
Alcohol withdrawal +/-
Toluene (glue) sniffing +-
Flunarizine and cinnarizine +/-

++ = Well documented; common or not infrequent

+ = Relatively well documented; uncommon

+/- = Not well documented or only small humber of cases in
literature

T = Usually other evidence of drug toxicity present (including
serum drug levels)

APDs = antipsychotic drugs(see Table 4)
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Table 4. Antipsychotic Drugs and Other Neuroleptic Agents

General Class

Examples

Phenothiazines

Aliphatic Chlorpromazine
Promazine
Triflupromazine
Piperazine Prochlorperazine
Fluphenazine
Trifluoperazine
Piperidine Thioridazine
Mesoridazine
Butyrophenones Haloperidol
Diphenylbutyl piperidines Pimozide
Thioxanthines Chlorprothixene
Thiothixine
Substituted benzamides Metoclopramide
Sulpiride
Oxyperomide
Dibenzoxazepines Loxapine
Dibenzodiazepines Clozapine
Indolic derivatives Molindone
*
Rauwolfia alkaloids Reserpine
Benzoquinolizines Tetrabenazine
Indole derivative (with Oxypertine

phenypiperazine side chain)
Tyrosine hydroxylase inhibitor ~ o-Methylparatyrosine (AMPT)

* The mgjor action of drugs above the line isto block receptors
for dopamine. Drugs below the line act primarily as dopamine
depleting agents (presynaptic dopamine antagonists).

(distraction) 0000 OO0 O O0O. 000 ODOOO
00 0000 0000 000 0000 oooo ooo
00 0D 0000 O0O0O0o 0 150 0od 2000 O
000 00 000 0000 oooo.

oobood oobodob oobo oo ooo oo ooo
(30—50%) 0 OO OO0 o000 oo o0 ooo
000, 000000000 OO0 OoO0O0.0000 10
000500 100 00 0000 0000 ooo od
0O OOD00OO Venezueld Maracibo OO O0O0O0O
00 0000 00000000 0 40 0000 OO
(4P )0 0000 Huntingtin O0OO0O cytosine-
adenosine-guanine(CAG)O 00O OO0 OOOO
0000 ODOO0O0.oooooo oo 190d(9—341)d
000 0000 00000 400 OO0 DOoOO.o0Od
000 00000 00000 0000 ooo ooo o
00*®* 00000 000 OO0 0000 ooooo o
0 0000 OO0 oo.*280 000 OOOOO OO
00 0O0O0O0O0O 000 00000 0oooo oooo
000 00000 OO0 000 anticipation OO0
00 00000 00 oooo.

00000 O MRO CTOOOOO OOOOO OO
0 (candate nucleus)J 0 O 0O(putamen) 00O O
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000 0000000 00 ooog.

00000 000000 0o0o0oD 0ooo ooooo
0000 000 OD0 0000 OO0 ooboOo ooboo
0O 00000 0000 Oooooo ooo oo o o
O. 0000 coenzyme Q,, NMDA OO0 O0OOO
Remacemide hydrochlorided OO O0O0O, OOOO
000 0000 000 199510 200 0000 OO0
00 0000 0O 00000 ODoo* 00 ooooo o
00 0000 000 200 00000 OO0 OO0 O
00 oooo oot

2. 00000 O0OO(neuroacanthocytosis)

000 000 0000 00 OO0 Ooboo ooo o
000 00 00000 000 0D00D0O obOoooD od
0O 0000000 amyotrophy O 0000 00000
00000 00 0000 OO0 O oo oooo. oo
00 00 creatine phosphokinese 00 0000 OO
000000 000 000 00000 oooo.
000000 000 000 000 (dystonia), tic,
akinetic-rigidity 00 0000 000O0O0 OO O0OO
0,00 00 000 000 O OO0 0oDooo 0ooo
ooo.

00000 DO0O0O0O o000 00O 90 0O O0d.
000000 0o0ooo0o oooog good oo o
00 00 000 O 90 D0d@@apU 0ooo ood
O 0000000000 oooooo ooo o oo
0,0000 0000 0000 ooooooooo gg
00odo, O0(scanning) 000000 OO0 O0O. 0O
0000000 0000 o000 Oooo oooo gg
0 000 0 000 ODoo0oooD oog, ooo ogo
0 small and medium sized neuron 0 000 OO
OO0 00oooo oooo, 00dindbrainy OO0
ooogd od.

3. Dentatorubropallidoluysian atrophy(DRPLA)

Jo0ooo OO0 0000 DODoDo0OoD oo ooo
0 0000 00000 00o00. 000 00 oboo
god o0 00 o0ooo boboo, boooo
(myoclonus), 000 (ataxia), OO OO0 OO OO
0000, 00000 0000 cAGOODOO0O 491
00 530 0000 000020 120 0000 ood
000 Atrophin- 0000 00000 Huntingtin
0 00000000000 0000 o ooo oo o
0.0 MRIOOO ODODOODO O0OO OO0 OO OO
(tegmentum) OO0 O00. 00000 OOO
(dentate nucleus), 00 (red nucleus), 0000 O
0000 00000 Doogogliosis) D000 OO0
0000 0000 00 D0O000 OO0O0. juvenile
DRPLA] CAGUUODO O OO OO O0ODOO OoOoOOo
00 00D0oo oogo.
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4. 00 000 000 (benign hereditary chorea)

ugb ooo bo ooob ooobob oooob boob O
0 50 00 ooobO. 000 oobo obbboboo 0ooo
0o ooooo obob 0bo. 000 ooo bbb oo o
oo bbb ooo oo, oooboo, ooobobb ooo
0 000 0000 OO0 00000 ooo* 0 000
0 0ooooob bob ooobob oo obooo oo

5. 000 OO0 (paroxysmal chorea)

0000 ooooOO0o ood 0O paroxysmal Kine-
sigenic choreoathetosis(PKC) O paroxysmal dys-
tonic choreoathetosis(PDC)0] OO O0O0O0O O0O.

0O 00 000 00 0o0b0 ooooo oooooo
(dystoniad) 00O ODOOOODO.

PKCO OO0 OO0 OO0 OO OD0OO OO0 O O
0000 ooodo 200 00 000 ooog ooo
0O OOO0O0.PDCO UDOODO OOOOO ODODO OO
0 0000 O0O(excercisd) O0O0O0O ODO0OO O0O0Od
OO0 PKOO OO.

PKCO OOUOUOOO PDOI ODODOOOOO OOO OO
000 ooo, oodoo 0 o0o o0o ooo ooo
0000 Oooooo og 2

5. 000 (Wilsons disease)

000000 0000 000 000o0ooog oooo
00 000 0OO0D0 00000 OO0 0o0OO0o oood
000 0Do0oo oo.

0000 OO0 000 o000 0O 130 gooo oo
0000 O0. 000 ODO0OO0 ATPase 0O O0OOO
00 ceruloplasmind O0OO0O OO, OO OOOO
0dodd. 0D 400 OO0 O0OOD OO 1000 OO
000000 00 0000 000D 000 oooo o
00 OD00 000000 000 00 0O MRO OOO
0 oooooo. ,oooooo oo, oog, oo,
000 000 00 00 0D0oobO0o ooo o oo.d
0O 00000 0000 000000 OO0 oboooog

0000 (cornea limbus)d 000 Keyser-Fleisher

ring 0 00000 O00O0O OOOOO 1000 20 O
000 000 0000 00000 oo obooo oo o
000 00 0000 o0 Oooo oo oooo. oo
00 copper chelating 000 D-penicillamine O
o000 trientine OO0 OO0 OO zincOO O
0 oo.dooo oo g o o,0o0o0, 000, 0
O,000,00000000C000O0O0O0O0.

32

goono ood
(nonhereditary causes of chorea)

1. 00/000 000 (infectious/postinfectious)

Sydenharts chorea(rheumatic chorea, St Vitus
Dance)l group A B-hemolytic streptoccocal 000
0 20—30%0 00O OO 0DOOOO OOO O0OOO
ogoodod oooo oo oooooo oo oog o
0O 00000 000 0o00o0.000 oobo oooo o
000 000 00.00 00000 000000 oo.

00 100(G—151)o00do 0 D00 500 150
000 00000 0O 20900 0000 ODO0O OO. O
0 Sydenham’s choreall 000 000 O0O0O
(chorea gravidarum)O O OO0 OO OOO0OOO
(estrogen) OOO0O OO0OO ODOOO.

00000 D000 000 000 00 odo ooo
0000 0000 000 000 OO0 0oDOOo oo
0000 00.00 0000 000 100 600 OO
0 0o0od ooooo ooobodob oob oooo
00 (ESR, antistreptolysin Ab, antistreptococcal
Ab tite)D OO0 OO0 OO O OO0, 00 O0O0OO
00 00O 000 0000 00 00 0d. o0 MROO
00 0000 0000 T,00ODODOO 0Doo ooo gg
0 00.0000 000 oooo, ooooo ooo o
00 O0O.0000 OO D000 00O 000 penk
cilliml0O 0O0O00OD 0000 OO0 0000 OO0 OO
0O 00.0000 000000 oood Sydenhams
choredal OOUO0D O0O0O0O OO0 OO OO0 OOOO
00000000 0000 000 0o0ooDO ooo og
0 000000 00 0O00. 000 Oboo boooo
00000000 0000000 0oDooo oo.

2. 000 oooooo
(systemic lupus erythematosus : SLE)

SLH] 0O 1% 00 2% 00 0000 DOoOoOo2 00
000 000D 0000 025910 SLE] OO0 OO
0000 OO0 000 000000 000 0000
ogooood oooo Oobo 0o bbb oooboo oo
0O 0O000.0000 o00DO0 Dooooo oooo
0000 . Antiphospholipid OO (APLA), anticardi-
olipin 00O OO O00O0OO Antiphospholipid 0000
0000 00000 000 00O o000 oooo gg
0 d00O. SLE, chorea gravidarumO O 0000 O0O.

3. 00000 oo ooo
(Acqtuired immunodeficiency symdrome ; AIDS)
AIDS] 00000 00 OoOOo0OO0 ooodo oogo
O retrid 0000 OO OO ODOOO progressive
mulitifocal leukoencephalopathy OOCOOO0O OO
00 0ooo ooooo .2

J Korean Neurol Assoc / Volume 20 / Suppl 2, 2002



000 O0Od(endocrinological)

1. 00000 0O00OChyperthyroidism)

000 000 0oo OO 0b0oo oo oooo o
000 0000 0000 O00O0o oog O 2% O0d
00 OD0O0000 000 Oood@remor) 0O OOO
00000000 0000 00 OO0 0000 ogo
0 0000b0 o0 oboob ooboo bo.ooo
000000 0obo0o ooo oobooo oboo oo o
g0 oo oob 0obbo b oboob oo oo,

2. 00000 (chorea gravidarum)

uog obobo ooob ooob goooob oo

0 0odoo booob boo oooo bbb oo o
000 000 0000. sydenhamO OO, SLEO OO
b0 oo.oobboo oobbb ob oooo.

3. 000 00 OOo
(acquired hepatocerebral degeneration)

00 00 00 boboo oo 0o booooo oood
dd0O0(asterixis)d 0000 OOO OO OOOO
000 0 000 obo bobobo oo oooo. o
0 0do0ooob0oo oo Ob oobo oo-000 0o
(porto-systemic shunt)d 00O OO0 O0O. O
MRI T, 000000 OO0 DOO0O(pallidun) OO0
0 000 000 0ob 0o bobooo 0O ogg T,
ogooooono o000 ooo bob . 0o oooo
000 00 000 oo obooo oooag.

000 O00O0 000 (drug-induced chorea)

0000 000 0000 ooooo oooo ogo

000 ooooo, D000 D00 cooo oo ooo
00000000 . 00 00 D000 OO0 DOoooo o
000 000 00 0000 oUoOg 0ood Table 3
O Table 4 O OOOOO.

00000 (neuroleptics) 0 OOO0O0O0O OO OO
000 000000 ODo0oU0oo ooo ooo oo o
00 00000 ardive dyskinesia) O0O0O0O. 00O
O haloperidol OO OO0 OO0OOOO 00O D, 00O
00 OO0 OODOODOO OO0OO0O00(denervation
hypersensitivity) 0000 OO00O0O. 00 OO OO
0000000 O0oogoooooooooooooao
00 0O0O0.000 OO0 oooood(clozapind) O
0 00000 000000 000 000 000 ooo
000 0oooo0oo Ooo0 o0 oo oo oo o
0.0000 000000 ooo oooo, oo oo
000 0000 (metoclopramide), 0000 (pheny
toin, carbamazepine), OOOO, OO0 OO OOO

J Korean Neurol Assoc / Volume 20 / Suppl 2, 2002

Chorea (Differential diagnosis)

O0o0O Ooooo.0o0o0oo ooo ooo ooo oo
0o0@ooo o)oboo O 0oodo.oboo oogao
0 terabenazine 00O OO0 00000 ODOOOO.

Oo00 ooo
(vascular accident induced chorea)

1. 00O 0d(stroke)

goobO oo 0 0o 0O o000 oooob oo
o0 ooob 000 booo bbb ooo bo. oo
u,oo00 000 ooob ooo, ogda, oo oo
gooobh ooob ob oo bbbb oob 0oooo
gooobD oo bbbooo oobooo obooo oo o
ugbo ooo oob bo oooob ooobb boob oo
go. 0000 0 o0 o000 obbbb oobb 0ooo
U0o0oooooooobobb ob oooo.

goob ooo oo, 0000 oog, bbb ooo
goo oo.obbb 0ob oob o000 oooo o
0 0O 000 000 ogo/0000 ODOoOoO ooo
MRI OO0 OO0OO0OO0OO0O OO0 0oOod oob 12000
000 000 ooo ooo 2

goob ob ooobb ooob boooboboooo g
o ooobbobobboo oo oobobb, o
0 00ooobbbooobo boooobb oooo.

2. 00000000 (polcythemia vera)

ooobb0oobD b0 D000 Doob 1% 00d
000 0000 0002200000 0000000
U o000 oobb bo0oob.oboo ob booo
ugobod.dodoo bbb ooo ob ooo oooob o
oo ooob bbb oooooooo.

00 00 O0(other)

0000 000 0000 0000 000 ooo oo
00 0 0oOoo0O. 000 00 ooo oog oo oo
U0 000 00000 00 OO0 Oooood((parane
oplastic) 0 0000 OOO O OOO DOOOO O
OO0 00000 o000 ooo o oo.

00 00 0O0D0OOd((small cell carcinoma of
lung) 00 0O0.000 OO0 00O O0oOO0OO0O0
ooo, oo, ooooo, Doooo, boooo, -»
00000, 0000 00000 0O 000 OO0 oOooo
oooo oooo.?

Hallervorden Spatz[l[0 00O OO00O0O0O0O0O OOO
0O 000 0000 0DO0O00. T, 000000 O(diron)
0000 0000 000 ooo ooo goo.
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ooo0 oooo 00 oooo oo ooobb ooo
ooo b0 obbb 00 bbb 00 b0 ooo oooo
ub oooo oobo b ob.obb oobo ooo og
ooo oboo 0o bbooo oobob. 0 0000 o
oo oooob oooo, ooobo, oo oo odg
ugb ooob, ooo, ooob 00 bo OO ooo b
ob 000 oobobboo o000 ooo 0o MRO
oo obob ooobobo bboodo 0o 0oo oo
oo oob bo b oo.
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goobo oooo booooo

O

O

O

O(Ticy 0?2

ubooooboboboboooobooooboo oo,
goo, bbobb, 000 oo 00 0bog bob odg
oo 0ot ooo oooo obb ooo.o00 odg
O 00 D0O0O0C 00O O (motor tic)DO OO, OO
0 000 OO0 OO0 Ooobo booo oo g (vocal
ticyy OO 0OO. 000 OoUCQ oo o0 0o0 oooo
0Ooob00o0oboooob oo oo.obbbo ob o
0o ooo,oobbo, b 0b oo oo ooo o o
00 000000 00000 0000 o0oooo O
goo,obbo oo bo b b0 oooo bbb o
.o oooboooobob bbb 0oogo oo
U oooobb.0o0 oo ooo bbb ooooob, o
00000000000 bbooo obobb oooo
goooboo oo oooob ooo ooob oooo
goob.bb0 ooobb ooobo bo bbooo oo
0 0opbOoo, D000 000 000 boobo oo@), d
gooo oooo booo oo oooo bob. oo o
gooo bbb oooo bbb oooo oo oo oo
0000000 0ooo ooog .t

o0 oog obb oogo?

000000 OO0 00O OO o oo g(delonic
tic)d 000 O0OD0OO0O O O0O0OO0OOOd 0O(dystonic
tic) 0 00002000 U0 0000 0o oo o
0O O@imple tic)D OO0 00000 OO0OOO OO O
0O 00 O(complex tic)d O O0OO0O.

00 000 00 000 oooo, 0 0Dooo ooo
00 000 00 o0obo, 00 OD00oo0oo oo ood
0000, 000O0(oculogyri€)d, 000, OO OO
00,00 0000000000 QCOO0.o00 oo
00 00 00000 OO 000D 0000 OooOo oo
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000000 00 00 0o00. 00 ooo oo oo o
0o ooo oo bbb, U0db oo oo oo
0O 000 0O 0O00 0oo0 oobD ooo oo o oo
000. 00 00 00O 000 ODooo, 0Do0oDO Oooo
ooo goooo oo, oooo ooo, oo, oo, o
O 0000000000 000 ooog oo.g o
0O 00000000 00 0000 000 ooog o
Ooooo.

00 oo0O0oD0Oo0oo0 oo oooooo, oo, o
0, 00 (squeaking), OO (screaming), . 00O
(blowing), 00 OO OO O O0O0OOO OoOOQO.O
000000000, 0000 0000000000
O 0o00o,0000oooodooooooooo
O(coprolalia), 00 OO0 OO OO0O OOO OOO
0O OO0OOO(echolalia), OO0 O0O0OO OO O OO
0 00 0O0OQ0O00 OO0 oboo oo ooo ooodg
O(palialia 0 00O. 00 OO0 OO0OO COOO OO
0000 000D 0000 00 000 000 ooo o
oooo, oo* 00 O0"(blocking tic)D OO OO .2

0000 000 00 000 ooooo oo oo o
oo gobob, 00 0obo bbb 0 oboo oo
(Premonitory urge)d 000 0O(sensory tic)dO0O
DD.4'5

00 00 000 0007 (Table 1)

g obbdo ooooo oobboboo oo 00 ooo
Uo0 000 000 ooobo oooobo 0o o boo
oo bbb 00 bbb ooobo.obooboobbo o
gbooooobobobbboo oo bboooo
oo.dodoo bbboo 00 b0 o000 booo bo
gbdoo.goobob0bobbbb oo oo boo
oo oooo oobo ob obob ooob og. oo
o0 ooob b0 ooo b0 bbb, 000 ooo bo
b oob bbobo ooo oo.

DSM-I\D 000 0000 00 000 ob ogg
000 0000 000 oo oooo oo s

oo o ob:-000 0 000 10 00 10 go
gooo obo, b0 00 ooob b0 0000 ooo
b o0 ooo b bbb oob0 oo ooo goo. o
U obooooob oo booobo ooo og.
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Table1.0OO0ODOD

1.00oo
A.000000O0OO0ODOOOO
B.OOOOO (habitspasm)
In.ooo
A.000@DO)
1L000000
200000000
30000000
B. O 0O O (inherited)
100000
20000
3.000 00000 O (torsion dystonia)
4.00-00000000 (Neurocanthocytosis)
cU000ooOooooooUOopoooooo

1.00; 00, Creutzfeldt-Jakob disease, Sydenham O 00 O
2.00;00000 00 (methylphenidate, anphetamine, cocaine),
levodopa, 0 OO 0O,000000 (O0OOO ;tardivetic)

3.0000,00000

4.00000;00000 (staticencephaopathy)

500;0000,000,000,000,00-00000,

ooooo,0o0000,000000

D.OODODDOO
L0000
200000 (excessivestartle)
30000000
4., Jumping Frenchmen, Latah, myriachit

000 0O0:00 10 00 oooOo, 00oOo od
00,00000 0000000000000 000
0000000 ooooo oo.
O0O0O00O(Tourettes disorder): OO0 OO0 OO
o 00 10 00 000 00 obo bob oo
O 0oooooo.

go0o0O OO DOO0(tic disorder not otherwise
specified): 00000 40 00 OO0, 180 OO O
00 oooo.

00 O00(Tourettés syndrome)d O ?

00 OD0O(Tourettes syndrome)d] OO0O0O OO
OO0 000 00 00 OO0 oog,oooo@Eoon),
0000 00 0O 000 OO0 00 00 OO0 ooo
O 0000 0o0oo0.00 o000 oodo ooogo
0,00 0000 OO0 OO0 Oo0oOg ooooog o
000000 0O0.0000D00 000 D0ODO OO0 O
O 000D0OO0O0o0oU0o0oboogo oo.ogo
000 000 00 000 OD00ob0 ooo oo ooo
0 0000,00 00000 000 0000 OO0 O
OO0 oooog.

000000 DOD 00,00 000 O00(Tourette

syndrome study group)d 00 000 (definite) 00O O
OOooooooooooools

36

1. 000 OO0 OO OO0 OO0 0o b ooo
00 000 OO0 00 booo ob. oo oo
gobbo booo ooob bog.

2. 00 OO0 OO0 ODbh oo, 00 OO OO 1000
b0 0b boboob0o ougb ob.

3.00 OUoO00o oo, 4do, oo, oo, 0O oo
00 000 00b boo oo ooo oo.

4. 00 00O 0O0ODO 210 oooo oOo.

5.0000 000 0O0bbO OO0 Oob ooo oo
00000 000 oo.

6. 00 OO0 OO OO OO OO0 oobb boobo
o0 oo boooo, 0bb bboooo ooogg
0 od.

000 OO 000 10 (probable TS type 1)0 OO
300 40 0 OO0 OO0 0O OO0 OObO OO boo oo
oobod.booobboobbb 200 100 OOOo ¢
U oooooobbobo;,b0bobboooboboodg
00 0000 OO0 OO ObO 0000 (possible) 00O
oo oo oggg.

000 000 00 Odo 19941 O0OO DsM-I\O
000 0 00000000000 000000
Ugbooodoboobooo,0bobb ooooob boda
oo oo ooo, 00 OO0 O obobbbo bobooo
goo.
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00 o000 bbo oob oboog»

00 0000 00 00 00 0000, 0000 00
0 000 0000 0000.00 000 0 000 00
0000 00000 000 0000 00.00 00 O
000 00 000 000 000 0000 00 000
D.8

00 00 0000 00 000 210 000 0000
0 00000, 00 0000 000 1200 00 00
0.00 0000 000 000 000 00 00000
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Table 1. Consensus criteriafor the clinical diagnosis of dementiawith Lewy bodies (DLB)

The central feature is progressive cognitive decline.

Two of the following core features are essential for adiagnosis of probable DLB, and oneis essential for possible DLB
Fluctuating cognition with pronounced variationsin attention and alertness
Recurrent visual hallucinations that are typically well formed and detailed

Spontaneous motor features of parkinsonism

Features supportive of the diagnosis are
Repeated falls
Syncope
Transient loss of consciousness
Neuroleptic sensitivity
Systematized delusions
Hallucinations in other modalities

A diagnosis of DLB islesslikely in presence of

Stroke disease, evident as focal neurologic signs or on brain imaging
Evidence on physical examination and investigation of any
physical illness or other brain disorder sufficient to account for the clinical picture.
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