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Pattern Approach to Neuromuscular Disorders

Ohyun Kwon
Department of Neurology, Eulji Hospital, Eulji University College of Medicine

The diagnosis of some neuromuscular diseases can be frustrating, time consuming and costly. Regardless of neuropathic or my-
opathic processes, integrated bedside assessment with detailed history taking and careful physical/neurological examination, with
attention to the pattern of involvement, the types of nerve fibers most affected, and other aspects of the physical examination, nar-
rows the differential diagnosis and helps to focus the laboratory evaluation.

Key Words: Pattern recognition, Neuromuscular disorders, Neuropathy, Myopathy

AZAA A 7= dAA HH(history of present ill- junction), 123 T8 AWl A3o 2 A= gk
ness), 4 W& (past medical history), 7} (family his- o} AR AARASS R VS EE 25 7)% (motor
tory) 3+ A}F8] & (social history), AAl A% HE (systemic re- function), 7+2}7]%5(sensory function), Z1&]3L &}-&Al
view), 22|31 A17AeA AAE £33 AIA| HAKphysical S(autonomic nervous function)A| 2 HF& & 9}9.1:‘1,
examination) 2 T/}, A8 i 74 A2 4 AASEHTL o] Al 7% 5 @Y 7Isolv B9 75l
(complaints, symptoms)Z} 7 F(findings, signs)®] FJEE et 23] 75 R A (dysfunction)S T8 YA 47102
E3l3}al, o8tz el FE(reasoning)S 53l A EAE & Eismd
3}, 1‘4—‘*61- Fo] 743} Aek(ocalization diagnosis) AREEAZ ] W27 71553 ¢ Al(hierarchy) ol
S AR W& Fk(etiological diagnosis)el] o] &t} wE} A -k,

1N b 74]%:— = (brain) 2} #4(spinal cord) 2] ZF21747] 1. Spinal muscular atrophy and other disorders of motor
vzl Q= A1 (nerve)2}t 21734 (ganglion) 2 T E 013 neurons

o =3 AE E3 Aile] 7H 7|, ZS(muscle), & 2. Disorders of motor nerve roots
&, B (gland) S SFAEA AFget S 3. Disorders of peripheral nerve
9} 2= /1\4 Ale] A xZle] 7L A HI = A3S B3 4. Disorders of neuromuscular transmission
3le] 217528 (neuromuscular disorders)2} A 2] st} 5. Disorders of muscle
2 %j*oﬂ/\ = Y= 25473, AETFol e (neuromuscular 2 upber, ZF 2l njuste] EEE 7249 52

Table 13} 2t} 217394 A%k (neurogenic disorders)= &
ukz o 2 W)z 14 o) 93\0114__ sl B8k 9| =] ule}, o
Oh{(un Kwon, M.D. 2 So], QA EHo] G A= ——rL—ro}O% BETg,
E;:aisz;t of Neurology, Eulji Hospital, Eulji University College of Medicine = ofehs g A }\é S FREOR P 5
68 Hangeulbisuk-ro, Nowon-gu, Seoul, 01830, Korea 3] & 3] o5 A (polymyositis) 5 HER 7
Tel: +82-2-970-8312 Fax: +82-2-974-7785 st} o]E 7Y o)== A AYA Ao HmA T AA

E-mail: koh1407@eulji.ac.kr
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Table 1. Classification of neuromuscular disorders

Sites Motor neuron Root Peripheral nerve Neuromuscular junction Muscle
Example Motor neuron disease, ~ Radiculopathy Peripheral neuropathy Neuromuscular junction  Myopathy, e.g.,
e.g., amyotrophic lateral disorders, e.g., Duchenne muscular
sclerosis myasthenia gravis dystrophy, polymyositis
Distribution Widespread Segmental Distal part Proximal and Proximal part
oculobulbar area
Sensory involvement  Absent Present Present Absent Absent
Tendon reflex Exaggerated, or weak Weak or absent Weak or absent Normal Relatively preserved
or absent
Others Fasciculation Radiating pain Glove and stocking type  Fatigability, fluctuation
of weakness
Laboratory and -EMG: neurogenic -NCS: abnormal findings ~ -RNST (Jolly test): -EMG: myogenic
electrodiagnostic changes -EMG: neurogenic decremental responses  changes
findings changes -Anti-AchR antibody -serum muscle enzymes:
-Nerve biopsy increased

-Muscle biopsy

A3 Ak A4S e e Ao =AY Hxol
o, 2, A ol Ag Aol el BAE A4
3 BRataL, 2ol weh, A ke ARt 217
SARAAL Fo| A Phe Joe AT U
31 10l W} Bhelshs o] A AATelAte] 94l Satol
o HA) §AAH e B ARl SH B S
sgt) BRT2ERY 5 447 Ae] Lad fe,
Q7 Aeto] S A erow, 1 g e WA

FAARAE 0] B A Bk vl PPl
FACIAT, ZhrsbAel A4 Ak QP Al

3l EolstarA} gt
X173 214 23K Neurogenic Disorders)

WSS Hrkek=t ol 25715 A%, Al

s % WHE 7|5 9, AN T A5, el
o) A 2, oIt Bke] ARA §3E A nE A
o] AlAsl st =438} Ztk(localization diagnosis) @} 2173
" (neuronopathy), =35 (myelinopathy), 22|31 21
(axonopathy) 2 == ®WaEld 349 f-3(nerve fiber

loss; axonal degeneration; axonal atrophy; demyelination

Table 2. Classification of neuromuscular disorders' 2

1. Spinal Muscular Atrophy {SMA) and Other Disorders of Motor Neurons
Spinal muscular atrophies
Type 1 (Werdnig-Hoffmann disease)
Type 2 (intermediate SMA)
Type 3 (Kugelberg-Welander disease)
Type 4 (proximal SMA of adult onset)
Other types of SMA
distal SMA
scapuloperoneal SMA
bulbospinal atrophy (Kennedy SMA)
Vialetto-Van La ere syndrome
arthrogryposis syndromes
Fazio-Londe syndrome
restricted forms of SMA (monomelic SMA)
Motor neuron disease
Sporadic amyotrophic lateral sclerosis
Familial amyotrophic lateral sclerosis
Viral disorders
Poliomyelitis and post-polio syndrome
Herpes zoster myelitis
HIV infection
Creutzteldr-Jakob disease
Motor neuron disorders with hyperactivity
Stiff man syndrome
Myoclonic encephalomyelitis
Myokymia
Isaac's syndrome
Tetanus
2. Disorders of Motor Nerve Roots
Physical compression of nerve roots
Disc prolapse
Bony compression
Tumour
Trauma
Radjation
Infective and post-infective
Immunologically mediated radiculopathies
Neoplastic infiltration
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3. Disorders of Peripheral Nerves
Genetically determined polyneuropathies
Charcot-Marie- Tooth (CMT) syndromes (also dlassified by specific
mutations)
CMT 1 (hypertrophic demyelinating)
CMT 2 (neuronal)
CMT 3 (infantile onset: Dejerine-Sottas)
other CMT syndromes (including familial liability to pressure
palsies)
Hereditary sensory and autonomic neuropathies
Hereditary neuropathies with known biochemical abnormalities
Familial amyloid polyneuropathies
Porphyria
Metachromatic leukodystrophy
Refsum's disease
Lipoprotein deficiencies
Others
Miscellaneous hereditary polyneuropathies
Familial liability to pressure palsies (see CMT syndromes)
Giant axonal neuropathy
Friedreich's ataxia
Acquired polyneuropathies
Guillain-Barre syndrome and related disorders
Acute demyelinating or axonal polyneuropathy
Chronic relapsing demyelinating polyneuropathy
Miller- Fisher syndrome
Polyneuropathy with paraproteinaemia or dysproteinaemia
Multiple myeloma
Benign monoclonal gammopathy
Macroglobulinaemia and cryoglobulinaemia
Polyneuropathy with malignant disease
Paraneoplastic neuropathies
Infiltrative polyneuropathy
Polyneuropathy with connective tissue disease
Polyneuropathy with infection
Leprosy
Herpes zoster
HIV
Metabolic polyneuropathies
Nutritional neuropathy
Alcoholic neuropathy
Diabetic neuropathy
Uraemic neuropathy
Hepatic neuropathy
Others
Polyneuropathy with other systemic diseases
Critical care neuropathy
Sarcoidosis
Toxic polyneuropathy
Diphtheria
Heavy metal poisoning
Organic solvent toxicity
Drug toxicity
Polyneuropathies of unknown cause
Mononeuropathies
Physical injury
Trauma
Compression
Radiation
Ischaemic and vasculitic
Haemorrhage

201641 CtAIZISE] M| S31wS

Tumours arising in nerves
4. Disorders of Neuromuscular Transmission
Myasthenia gravis
Lambert-Eaton myasthenic syndrome
Congenital myasthenic syndromes
Botulism and other toxins
Envenomation
5. Disorders of Musde
Genetically determined myopathies
X-linked muscular dystrophies
Dystrophinopathies
Duchenne muscular dystrophy
Becker muscular dystrophy
McLeod syndrome
Scapulo-peroneal myopathy
Centronuclear myopathy
Emery-Dreifuss syndrome
Autosomal muscular dystrophies
Facio-scapulo-humeral muscular dystrophy
Scapulo-peroneal muscular dystrophy
Limb-girdle muscular dystrophy syndromes
Distal muscular dystrophy (Welander disease)
Oculo-pharyngeal muscular dystrophy
Myotonic disorders
Myotonic dystrophy
Congenital myotonic disorders
Childhood myopathies
Central core disease
Nemaline myopathy
Myotubular myopathy
Myopathy with tubular aggregates
Congenital myopathies
Others
Acquired myopathies
Myopathies due to toxins or drugs
Drug-induced myopathies
Steroid myopathy
Alcoholic myopathy
Inflammatory myopathies
Polymyositis
Dermatomyositis
Inclusion body myositis
Paraneoplastic dermatomyositis
Others, e.g. sarcoidosis, granulomatous myositis
Metabolic myopathies
Acquired endocrine myopathies
Dysthyroid myopathies
Osteomalacic myopathy
Cushing's syndrome
Hereditary metabolic myopathies
Glycogen storage diseases
Periodic paralysis
Mitochondrial and lipid storage diseases
Malignant hyperthermia
Rhabdomyolysis syndromes and myoglobinuria

and remyelination and axonal degeneration; segmental de-

myelination; fiber regeneration; nodo-paranodopathy)E- 7}
‘&3P B} (Table 3, 4) 42 3 A ol &4 54
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Table 3. Cateqgorization of neuropathy by dlinical anatomic criteria®

1. Cranial mononeuropathy

2. Multiple cranial mononeuropathies
3. Cranial polyneuropathy

4. Monoradiculopathy

5. Multiple monoradiculopathy
6. Polyradiculopathy

7. Monoganglionopathy

8. Polyganglionopathy

9. Brachial plexopathy

10. Lumbosacral plexopathy

11. Mononeuropathy

12. Multiple mononeuropathy
13. Motor neuron degeneration
14. Motor and sensory neuron degeneration
15. Motor neuropathy

16. Sensory neuropathy

17. Autonomic neuropathy

18. Polyradiculoneuropathy

19. Polyneuropathy

20. Sensorimotor polyneuropathy
21. Other

Table 4. Recommended evaluatlon of chronic, length-depend-
ent peripheral neuropathy'®

* Complete blood cell count

* Renal function

* Liver function tests

« Erythrocyte sedimentation rate (extractable nuclear antigen if dry
eyes/mouth and sensory neuropathy are present)

« Fasting glucose™ (11%) or hemoglobin A1c" (26%)

« Thyroid stimulating hormone

« Monoclonal protein®
(serum protein immunofixation electrophoresis) (10%)

« Vitamin B12 (2%) (with methylmalonic acid 9%)"

« Infectious (if risk factors or endemic region): Lyme disease, human
immunodeficiency virus

« Family history of peripheral neuropathy, pes cavus, hammer toes®

“Indicates highest-yield serologic tests with percentage of cases

identified.

ofabnl, 94 Zake A4 B 7as wddith. $4 &5
Zxpo ook ulm JE|a 29)Eo|n], oy 9= Z=Ape
573 H(cramps), twitching, myokymia©o|t}. ]k 50-80%
o AR 2 W) QA R 4 gl vkl
P S Aee] 27 Aol R hebe 5 glek. 24
2 578 A2 AIsHhypesthesia) L 25 Z(ataxia) of] 2]
3t B8 o]}, B (imbalance) SolH, A 72t A4S

burning or lacinating pain, buzzing, and tingling/paresthesia,

allodynia, hyperalagesia® 2 YERAT}E ASA1HA 7]59]
4L early satiety, bloating, constipation, diarrhea, im-
potence, urinary incontinence, %3l o]’d(hyperhidrosis,
anhidrosis), €o]d o Wz]®gslightheadedness) 5o|™,
vasomotor instability7} 1= 794l 9528 W3l trophic
changesZ Fulehs ap/he el Hushr|w gt o
Y3 42 SAte] Tlellvt oA |ehA] war, g 7]
soll g ERksh=A| EolBes Ax Fasith £24, 7
95 2], Q2= 9] Sl Haht ol g 9
A, 4 %) ol A7t 710 elh] old] ke
2 5 9k ohe Bk 202 o) 4e] wWshl, ¥4
wS-7tof], 2738 ] A5 (radicular pain), AF&A]
2, vjo It ] 7ol e gher] Helsh A

93t} ARslEo 2= Ad@H, H2A, vE, 7]E,
HFEA 5ol 54 =& 7154, sexual history (HIV, hep-
atitis C), PFF ARE, H=gh 5, A4 FE(JAT A4, L
1 FAGFZTEY 23 58 EFsit ofd A E30HA
U ASZ5-S 2 FAskA] Zlvhd, £ S AR
o}, e rfEHo R =
thyroidism), &2, 7-8d3H AR 2223, el i) gl
o} 3}, 722 © 2= bariatric surgery, 12| x}&|2] AH
Sl5b4 A1), A7l T ofe] AHele] 44 S Bols
o}, oAl Bgeist AAHe] walste) Alke BAE BHlek
o}, sista A7} 71 &5t 5407 o] dglelu, quino-
lone 5-2] SAYA ¥ A =FA (u] A 50-1000 mgS e vi-
tamin B6) T AEHS o 4 itk AlF &3 9F
3}, ijxq% ZIHAAE, FRASILE, A7, oF
7harsh) 52 T3kt o3k AxtRE 7)Y A &
=4 Oﬂ o]t W3l (purpura, livedo reticularis), hyper-
pigmentation (POEMS), 77 A% (Behget disease, HIV),
AR ok 7 AZ(sarcoidosis, Sjogren syndrome),
gr}e] €% (hair follicle denervation), $l&-¢] “lead lines”
(F =2) So|t), £E-2] Mee lines= H]’\(arsenic)l% thal-
lium 555 AJAFSHH, &= hypothyroidism, SLE, £-&
thallium Z5-2, curly hairi= giant axonal neuropathy, W&

F&0]

oy 2 N g

é
NO

oo Ml
0. \Em{l
N,

f?:

endocrinopathy (DM, hypo-

Folg]e] Y@EE symmetric axonal polyneuropathyZ AJA}
3k &= 9Jt}. Hammer toes, pes cavus, kyohscoliosist= -3
CHEAAE S AARBIE} 2174 9] H]E(enlargement) = B
Z2278%, AARE] A E, W(eprosy)old B
o}, 21785 2 vk 4= 9l F-91& ulnar grooveE AU
A7, 5 01E 919 2F A5 AveE 83 Solth

;O

i
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A7 o] H7= anosmia (Refsum disease, vitamin B12
deficiency), AlA17 H&5(FFet B2 GF2E W6k
FH2784), anisocorialt thFRIAL Zoll (g8 A =
SAA7FHAD), o 2% Aol(botulism, Miller Fisher
syndrome), SFH  $1°KGBS), AAMAIERZFAA(Sjogren
syndrome) 5= I8t} tjFEo] AlAdHo wEo] ook
< dov|E=R o] UiAlo] WA HHE|o], Aokt
(clawed feet), hammer toes HEIS B &= JQar, Aj7dr}
o] Za 7, 23l oxurere] B 9jok 2o Ul
ol oM 20iA 71 s Evtere] HEl S| 9
oko] 22 2]-&- ¢ & Yyehdt}, Manual muscle testingof| 4] o]
e, el o]z An|st ks elE 4

J

ol gl=
=, 53], toe walking, heel walking, tandem walking,
1] gh old], ik B8 B4 o) e o
U ek B s Ak U U2 o
Zo| g} AXE 3, i d 5 (large-fiber”) 9] 72 715
A%, FEY R, agja 7L 7 o), AAH(“small-fi-
ber’) o] 7+2} 7152 pinprick¥} 2% 7HZto 2 ﬁﬂ7}§l—1i}, 7}
12 Zzke vko od3] 9] mechanoreceptor?] 71
, 2 2 R 5ol 93 AEE}, Monofilament
probe light touchE H7}3}H, stroking= S-S 9] 2] 7+
7} QIAE H7}sk). Pinprick 2 Y7l29 557 3l B
TS 2 A Z3hH w2 9] 9] mechanoreceptorel]
B3] nociceptive fibere] A& AAE} E7te
128-Hz2] tuning fork 2 7AAFEH, S A2le o] Wit
ol 15% o] FE-S 7HA&F 4= Qlojof st} o] Alzke o
%30) 104 Z7ule 12 A% 248 5 oo, T QA
FeolA] 102 o) AEAE ek atehel of=
Solu} u A golct, T o 2 A5l okt 1S 714)
7] 2= oh;],u:] ;g/\Loe jlgqr};_ F ct #4 ‘1’]7‘] Favads

& Sk sk YapsA Foln s L A7)
L} 34 2 ek
A 9] s A= g Zdolo=Ag
(length-dependent) A17dH o] Ax}#| Q1 ZAAL A= Table
49} ¥t
Aol gk 2dst A3 ke HSH E7hee] v
Sk 2ot FaEo| k. ZEA 0 frAksich & 7 Q)
o}, Holo] felA FHiFo g Barohnl} Amato?] & 7]

What Systems are Involved?

What is the Distribution of Weakness?

What is the Nature of the Sensory Involvement?

Is There Evidence of Upper Motor Neuron Involvement?
What is the Temporal Evolution?

Is There Evidence for a Hereditary Neuropathy?
o foRd 5 gl

What Systems are Involved?

ko] S A7 571, IS, AREREA
T, 52 TN o] 23 F o= el k= A A of
= o] wﬁs}v} R A 5750 Nk A, AR
AV ERRe] F3lgt A, & /1A AAHSS 1ET ¢
It} (Table 5, 6)

’

What is the Distribution of Weakness?

Qeko] (1) HZ Fr}e|(distal extremities)Tr AHsH=X]

HEI} B2 (proximal)S BF AHTR=A], (2) T4 1

2 RA1A] of W T2 1A] AuHolo} girt, 5255

% grjels - oR Ashs e dnlelssa
X

[)
(Guillain-Barré syndrome, GBS)Z} #HAd GEe<r2rhahal 7

ol

Table 5. Neuropathic disorders that may have only motor symp-
toms at presentation

Motor neuron disease

Multifocal motor neuropathy

GBS"

Cipp*

Lead intoxication”

Acute porphyria®

Hereditary motor sensory neuropathy” (CMT disease)
Hereditary motor neuropathy

“Usually has sensory signs on examination.

Table 6. Peripheral neuropathies with autonomic nervous system
involvement

Hereditary sensory autonomic neuropathy
Diabetes mellitus

Amyloidosis (familial and acquired)

GBS

Vincristine induced

Porphyria

HIV-related autonomic neuropathy
Idiopathic pandysautonomia




B2] A 78 (chronic inflammatory demyelinating Polyradi-
culoneuropathy, CIDP)2] 54 a{.f%fﬁ.:_‘:}%ﬂ% o]
Solcy, 2912

ALS)-& bulbar, cervical and lumbosacral segment2] o]t]o]|
A she] galo e A & Qov], vAHel 3
= 7}3‘—3}5} iq—’F:L:?-,--‘Hi‘:ﬂ(Spinal muscular atrophy,
A g °]

B(limb girdle)& T2

HVN) 2] 25 121 I Skl S Slch 4
oL MIEh el A HL Holi= A9 ALSE ZE
A, kel dRle] A1 Er‘-’—il i (radiculopathy), 217 L7148
(plexopathy), TPEAJet
Eﬂ'?l’%’d%‘“é(entrapmem mononeuropathies) |4 715
1 HZ o] 7423} % 7% o| A Tukel

2 7hs/do] AL A=l gk vk =
EFE Zlo] Aot Ty, oloH o2, thxe-E Al
74" (multifocal motor neuropathy, MMN)3} multifocal ac-

A A1 74 W (multiple mononeuropathy),

quired demyelinating sensory and motor neuropathy
(MADSAM)2 BIth A o= W% drels szt o
5 A%e wAeAARA wesldl fdslel .
Myelin-associated glycoprotein (MAG)S EA O &2 3=
IgMre ©HEE31A| 9} F4s= DADS-M (distal acquired de-
myelinating symmetric with monoclonal gammopathy) neu-
ropathy k= 5%:-0] 910k 7]9] glo] W&o = A= 7t
7} aloh gloke 3 i 2o e,

What is the Nature of the Sensory Involvement?

7l e X ]'7—} Z2l(numbness), )7+ altered sen-
sation, tingling), & 550 2 YEPd = 9lo o|5 &

£ 70 A0 NS AR 270600 A2k B5o)
“fole} 5 34 ARl £EA ek, e
NE B30 Baje) F 24 Bol il i Aehg 5

Aoz 3HE 4 vt (Table 7) I-5-7Z(propriocep-
t1on)9] )\)\l’ y_sg,] o]-;g 75]1:‘— 71-7_} )‘\‘751_% ?}3 o}—t:}
& A7l Wﬂ'a F o}, TN (disequili-
brium)u} Frte]e] 2Edzrt A A= EE s

<]
=318} = it} A= 72 T Efa| A j‘l Shdxds :\_No] A5}
aL, o] S| FSlskA Hith Ao, o] AL A,
A 73 M| EEH (sensory neuronopathy, gangliopathy)S v}
2 Tejsjol g}, wE PIAAATI e wlo) 57}
oLt 2ol =

o4A] 715 As7h el BEFFF RN L

Table 7. Peripheral neuropathies often associated with pain

Cryptogenic sensory or sensorimotor neuropathy
Diabetes mellitus, e.g. distal polyneuropathy, lumbosacral
radiculoplexopathy (diabetic amyotrophy)

Vasculitis

GBS

Amyloidosis

Toxic (arsenic, thallium)

HIV-related distal symmetric polyneuropathy

Fabry disease

SR E T WSR2} HEA eI, SR
¥H(idiopathic sensory neuronopathy)®|u} cisplatinum@}
2 fAHIES] 4, Vitamin B6 54, HIVel igkel 72141

72} 71%59] o)dE “large-fiber™ “small-fiber”ol] <31 7]
ol ke QA 2L FREEE 7] w s, CSPN
o} Lt By 7 o] 7HAE-g &3] s B, 7F

& ZZ}(light touch), pin, 18] 5 732}o] $h7 Hoix]

a1, ©f 218k 73-9-oll x| afgzte] A ER= o] o
Ll

Is There Evidence of Upper Motor Neuron Involvement

Spol A, 27} 222 o] ofeheF A
E(lower motor neuron, IMN) %2} 7] -5 E
(upper motor neuron, UMN) 57} &7 IthH, o]= ALS
9] A=Al EAoltt LMNe] AZE= AF glo] UMN A=
24t Q)-8 79+ primary lateral sclerosis (PLS), -2 he-
reditary spastic paraparesis (HSP)&] &l okrto|u} Fof&t
HO R 7154o] glth= o2 HSPE A 7= jlom,
o] & HSPZ apparently sporadic HSP2} 3Hc},

o] 247t /g3 A UMNS| 22740 9| Qlebd vita-
min B12 ZAHo] 7P £3F Yelolt}, t}E AL E copper
deficiency, HIV 7+4d, A8l 7+83%) adenomyeloneuropathy

ol 3ok

What is the Temporal Evolution?

oL} ko] AR el whet el Heks 4%
= Q). who] FAUTE o|u), o} FA(4FEolA] 85 Ato)),
BT 2IHRIA, A W (monophasic), X1E4d
(progressive), AZAd(relapsing) Q] 7<] gletslt}l  CIDPUE
porphyriax= o] A= 712 4= 9o, A= 2
Suksl 7+ A3E | vitamin B6 ~4 HEAS L33} oFE
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ARE, 5, TLE]aL 2o] Fakel] sl 2L vl

asit,

%
ﬂF

Aol &

Is There Evidence for a Hereditary Neuropathy?

28 710 24 - 445
ke W% slobg B0 el 7t Sake Al gl
o1 ek, ol A%, 71 el 53] B2 7)ok 310,
77k 213 oA 2 A (foot drop)©] U= A5 2ok
slt}, o]3hA A= 72 4L QA Woletel| A%
7}o] Woizl 797} v, wolu} ubkete] ofHhigh or
flat arches, hammer toes) 123l 232 &1k (scoliosis)=
Ql=r] BAIE 72 olok BhTh, WAk e ko] /5L Al
738t Akt A7 1A g AR ket
o} 22 HiEs AXH, 25715 H 715 2

I AA BE To= oY 7HAY fPo=
t} (Table 8, 9) Z 582 LBk Alste 71 kS A A]
S Qlok LEjan ubA, Hske] At ohE Ak Rk 7t
=8, 8L ZAbellA A= R 2A3E] HE Xk o]
£ < o} (Figure 1)

23214 Z$HMyogenic disorders)

¢

TEARE ek fAlell oJs WAL 5 = vk 74
S2 GAARL Zg-ollAtE Qo A AR AelE
Wehs 2HHSERT] 5 1%10] vk TheFslrh(Table 2).
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Table 8. Ten patterns of neuropathic disorders

Pattem 1: Symmetric proximal and distal weakness with sensory loss
Consider:
Inflammatory demyelinating polyneuropathy (GBS and CIDP)
Pattem 2: Symmetric distal sensory loss with or without distal weakness
Consider:

Cryptogenic sensory polyneuropathy (CSPN)

Metabolic disorders

Drugs, toxins

Hereditary (CMT, amyloidosis, and others)

Pattem 3: Asymmetric distal weakness with sensory loss
Multiple nerves, consider:

Vasculitis

HNPP

MADSAM neuropathy

Infectious (leprosy, Lyme, sarcoid, HIV)

Single nerves/regions, consider:
Compressive mononeuropathy and radiculopathy
Pattem 4: Asymmetric proximal and distal weakness with sensory loss
Consider:

Polyradiculopathy or plexopathy due to diabetes mellitus,
meningeal carcinomatosis or lymphomatosis, sarcoidosis,
amyloidosis, Lyme, idiopathic, hereditary (HNPP, familial)

Pattem 5: Asymmetric distal weakness without sensory loss
With upper motor neuron findings, consider:
Motor neuron disease/ALS/PLS
Without upper motor neuron findings, consider:

PMA
Brachial amyotrophic diplegia
Leg amyotrophic diplegia

Multifocal motor neuropathy

Multifocal acquired motor axonopathy (MAMA)

Juvenile monomelic amyotrophy

Pattem 6: Symmetric sensory loss and distal areflexia with upper motor
neuron findings
Consider:

B12 deficiency and other causes of combined system degeneration
with peripheral neuropathy

Copper deficiency (including zinc toxicity)

Inherited disorders (adrenomyeloneuropathy, metachromatic
leukodystrophy, Friedreich ataxia)

Copper deficiency (including zinc toxicity)

Pattem 7: Symmetric weakness without sensory loss*
Proximal and distal weakness, consider:
SMA
Distal weakness, consider:
Hereditary motor neuropathy
Pattem 8: Focal midline proximal symmetric weakness®
Consider:
Neck extensor weakness: ALS
Bulbar weakness: ALS, PLS
Pattem 9: Asymmetric proprioceptive sensory loss without weakness
Consider:
Sensory neuronopathy (ganglionopathy)
chronic immune sensory Polyradiculopathy (CISP)
Pattem 10: Autonomic symptoms and signs
Consider:
Neuropathies associated with autonomic dysfunction (see Table 6)

“Overlaps with myopathies and neuromuscular junction disorders.



Table 9. Clinical patterns of neuropathic disorders*

Weakness Sensory  Severe UMN  Autonomic Diagnosis
Prox  Distal Asym  Sym Sxs  Proploss  Signs  Sxs/Signs
Pattern 1: symmetric proximal and + + + + GBS/CIDP
distal weakness with sensory loss
Pattern 2: distal sensory loss + + + CSPN, metabolic, drugs,
with/without weakness hereditary
Pattern 3: distal weakness with + + + Multiple: vasculitis, HNPP,
sensory loss MADSAM, infection
Single: mononeuropathy,
radiculopathy
Pattern 4: asymmetric proximal and + + + + Polyradiculopathy,
distal weakness with sensory loss plexopathy
Pattern 5: asymmetric distal + + + LMN and UMN — ALS
weakness without sensory loss Pure UMN - PLS
Pure LMN - MMN, PMA,
BAD, LAD, MAMA
Pattern 6: symmetric sensory loss and + + + + + B12 deficiency, copper
upper motor neuron signs deficiency, Friedreich
ataxia,
adrenomyeloneuropathy
Pattern 7°; symmetric weakness + + + Proximal and distal SMA
without sensory loss Distal SMA
Hereditary motor neuropathy
Pattern 8" focal midline proximal + Neck + + ALS
symmetric weakness + Bulbar + +
Pattern 9: asymmetric proprioceptive + + + Sensory neuronopathy
loss without weakness (ganglionopathy)
Pattern 10: autonomic + HSAN, diabetes, GBS,
dysfunction amyloid, porphyria, Fabry

Abbreviations: ALS, amyotrophic lateral sclerosis; Asym, asymmetric; BAD, brachial amyotrophic diplegia; CIDP, chronic inflammatory demyelinating
polyneuropathy; CSPN, cryptogenic sensory polyneuropathy; GBS, Guillain-Barré syndrome; HNPP, hereditary neuropathy with liability to pressure
palsy; HSAN, hereditary sensory and autonomic neuropathy; LAD, leg amyotrophic diplegia; MADSAM, multifocal acquired demyelinating sensory and
motor; MAMA, multifocal acquired motor axonopathy; MMN, multifocal motor neuropathy; PMA, progressive muscular atrophy; Prop, proprioceptive;
SMA, spinal muscular atrophy; Sxs, symptoms; Sym, symmetric; UMN, upper motor neuron.

* Overlap patterns with myopathy/neuromuscular junction disorders.
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INHERITED ACQUIRED
“MINI"
Metabolic Immune Neoplastic Infectious
Motor or sensorimotor Sensory > Motor Variable
“What" PNSS very common
“Where" Distal, symmetric
“When" Insidious/gradual onset, slow progression Definite date of onset, more rapid progression
“What Setting” Family history, foot deformities, ~ Risk factors, diseases ~ Symptoms of vasculitis Symptoms of cancer?  Symptoms /risks for
foot ulcers or exposures or systemic illness Paraproteinemia? infection?
Differential diagnosis CMT/HMSN Diabetic Non-vasculitic: Paraneoplastic Hepatitis B & C
HNPP Uremic GBS Paraproteinemic Lyme
Alcohol Cipp (monoclonal HIV
B12 deficiency MMN gammopathies) West Nile
B1 deficiency Sarcoid Syphilis
Hypothyroid Sjogren’s Diphtheria
Medications Vasculitic: Leprosy
PAN
Wegner's
Churg-Strauss
SLE
RA

A suggested construct for the approach to neuropathy, using the “what, where, when, and what setting” approach to characterizing the neuropathy
and placing the neuropathy into a presumed etiologic category. PNSS, positive neuropathic sensory symptoms; CMT, Charcot-Marie-Tooth; HMSN,
hereditary motor and sensory neuropathies; HNPP, hereditary neuropathy with liability to pressure palsy; GBS, Guillain-Barre” syndrome; CIDP, chronic
inflammatory demyelinating polyradiculoneuropathy; MMN, multifocal motor neuropathy; PAN, polyarteritis nodosa; SLE, systemic lupus
erythematosus; RA, rheumatoid arthritis. Modified and reprinted with permission from Mauermann ML, Bumns TM. The evaluation of acquired

neuropathies. Semin Neurol 2008;28:133-151.6

Figure 1. Pearls for classification of peripheral neuropathies' %2
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Table 10. Differential diagn

oses of myopathy

Neuropathic problems

Idigpathic inflammatory myopathies  Polymyositis, dermatomyositis, sporadic inclusion body myositis

Muscular dystrophies Duchenne, Becker's, oculopharyngeal, limb-girdle, facioscapulohumeral
Denervating conditions
Neuromuscular junction disorders Myasthenia gravis, Eaton-Lambert syndrome

Neoplasm Paraneoplastic syndromes, Eaton-Lambert syndrome, carcinomatosis

Drug-related conditions

Infections
Viral
Bacterial
Spirochetal
Fungal
Parasitic
Helminthic

Electrolyte disorders

Alcohol, amiodarone, clofibrate, cocaine, colchicine, enalapril, fenofibrate, gemfibrozil, glucocorticoids,
heroin, hydroxychloroquine, ketoconazole, levodopa, lovastatin and other statins, nicotinic acid,
D-penicillamine, phenytoin, valproic acid, zidovudine (AZT)

Adenovirus, coxsackievirus, cytomegalovirus, echovirus, Epstein-Barr, HIV, influenza, rubella
Staphylococcus, Streptococcus, Clostridium welchii, Mycobacterium tuberculosis

Borrelia burgdorferi (Lyme spirochete)

Cryptococcus

Toxoplasma gondii

Trichinella

High or low serum levels of sodium, potassium, calcium, phosphorus, magnesium

Nutritional/metabolic
Uremia
Hepatic failure

Vitamin F or D deficiency

Endocrine disorders

Thyroid disorders, hyperparathyroidism, adrenal disorders, hypopituitarism, aldosteronism, carcinoid,
osteomalacia

Inborn errors of metabolism
Disorders of glycogen Myophosphorylase deficiency (McArdle's disease), brancher enzyme deficiency, phosphorylase b kinase
metabolism or glycolysis deficiency, phosphofructokinase deficiency, phosphoglycerate kinase deficiency, phosphoglycerate

mutase deficiency, aldolase deficiency, lactate dehydrogenase deficiency, acid maltase deficiency

Disorders of lipid metabolism Carnitine deficiency (may also be secondary), camnitine-acylcarnitine translocase deficiency, carnitine

Disorder of purine
Congenital myopathies
Miscellaneous causes

palmitoyltransferase Il deficiency, very long chain acyl-CoA dehydrogenase deficiency, long chain

acyl-CoA dehydrogenase deficiency, short chain acyl-CoA dehydrogenase deficiency, mitochondrial

myopathy, deficiencies in complexes I-1V, succinate dehydrogenase deficiency, cytochrome b deficiency
metabolism Myoadenylate deaminase deficiency

Central core disease, nemaline myopathy, centronuclear (myotubular) myopathy

Sarcopenia of aging, sarcoidosis, atherosclerotic emboli, Behget's disease, fibromyalgia, chronic fatigue

syndrome, psychosomatic

Table 11. Functional assessment of muscle weakness

Location Signs or symptoms of weakness
Facial Inability to bury eyelashes, horizontal smile, inability to whistle
Ocular Double vision, ptosis, dysconjugate eye movements
Bulbar Nasal speech, weak cry, nasal regurgitation of liquids, poor suck, difficulty swallowing, recurrent aspiration pneumonia,
cough during meals
Neck Poor head control
Trunk Scoliosis, lumbar lordosis, protuberant abdomen, difficulty sitting up
Shoulder girdle Difficulty lifting objects overhead, scapular winging
Forearm/hand Inability to make a tight fist, finger or wrist drop, inability to prevent escape from hand grip
Pelvic girdle Difficulty climbing stairs, waddling gait, Gower's sign
Leg/foot Foot drop, inability to walk on heels or toes
Respiratory Use of accessory muscles
12 2016 therAirels] Ml SRu=
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Table 12. Diagnosis of myopathy based on age of onset

Myopathies presenting at birth
Congenital myotonic dystrophy
Centronuclear (myotubular) myopathy
Congenital fiber-type disproportion
Central core disease
Nemaline (rod) myopathy
Congenital muscular dystrophy
Lipid storage diseases (carnitine deficiency)
Glycogen storage diseases (acid maltase and phosphorylase
deficiencies)
Myopathies presenting in childhood
Muscular dystrophies
Duchenne
Becker
Emery-Dreifuss
Facioscapulohumeral
Limb-girdle
Congenital
Inflammatory myopathies
Dermatomyositis
Polymyositis (rarely)
Congenital myopathies
Nemaline
Centronuclear
Central core
Lipid storage diseases (carnitine deficiency)
Glycogen storage diseases (acid maltase deficiency)
Mitochondrial myopathies
Endocrine-metabolic disorders
Hypokalemia
Hypocalcemia
Hypercalcemia
Myopathies presenting in adulthood
Muscular dystrophies
Limb-girdle
Facioscapulohumeral
Becker
Emery-Dreifuss
Inflammatory myopathies
Polymyositis
Dermatomyositis
Inclusion body myositis
Viral (human immunodeficiency virus)
Metabolic myopathies
Acid maltase deficiency
Lipid storage diseases
Debrancher deficiency
Phosphorylase b kinase deficiency
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Mitochondrial myopathies
Endocrine myopathies
Thyroid
Parathyroid
Adrenal
Pituitary disorders
Toxic myopathies
Alcohol
Corticosteroids
Local injections of narcotics
Colchicine
Chloroquine
Statins
Myotonic dystrophy
Distal myopathies
Nemaline myopathy
Centronuclear myopathy
Myopathies presenting at the elderly
Idiopathic inflammatory myopathies
Sporadic inclusion body myositis
Polymyositis
dermatomyositis
Late onset muscular dystrophies
Facioscapulohumeral dystrophy
Oculopharyngeal dystrophy
Late onset limb girdle dystrophy
Late onset mitochondrial myopathy
Axial myopathies
Thoracolumbar kyphosis (bent spine syndrome; camptocormia;
cormoptosis)
Dropped head syndrome
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Table 13. Drug induced muscle disorders':2°

Disorder Inducing drug

Myalgia Suxamethonium, danazol, clofibrate, salbutamol, lithium, captopril, colchicine, procainamide, metolazone, cytotoxics,
zidovudine, isoetherine, zimeldine, labetalol, pindolol, cimetidine, penicillamine, gold, enalapril, rifampicin, tryptophan,
nifedipine

Myotonia Diaz cholesterol, ,B-blockers, B-agonists (fenoterol, ritodrine), clofibrate, diuretics (frusemide, ethacrynic acid, mersalyl,

acetazolamide)
Necrotizing myopathy
Mitochondrial myopathy
Inflammatory myopathy

Alcohol, gemfibrozil, lovastatin, simvastatin, clofibrate, E-aminocaproic acid, cyclosporin, zidovudine, cocaine, emetine
Zidovudine, other HIV-related antiretrovirals
p-penicillamine, tryptophan, cimetidine, phenytoin, lamotrigine, interferon-e, hydroxyurea, imatinib

Autophagic myopathy Chloroquine, vincristine, colchicine, amiodarone, perhexiline

Hypokalemic myopathy Diuretics, laxatives, amphotericin, toluene abuse, licorice, corticosteroids, alcohol abuse
Critical illness myopathy Corticosteroids, nondepolarizing neuromuscular blocking agents

Type 2 atrophy Corticosteroids

Localized myopathy Intramuscular antibiotics, narcotics
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Table 14. Diagnosis of myopathy based on pattern of in-
heritance

X-linked
Duchenne muscular dystrophy
Becker muscular dystrophy
Emery-Dreifuss muscular dystrophy
Autosomal dominant
Facioscapulohumeral dystrophy
Limb-girdle muscular dystrophy
Oculopharyngeal muscular dystrophy
Myotonic dystrophy
Periodic paralysis
Paramyotonia congenital
Thomsen disease
Central core myopathy
Autosomal recessive
Limb-girdle muscular dystrophy
Metabolic myopathies
Becker Myotonia
Maternal transmission
Mitochondrial myopathies
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Table 15. Diagnosis of myopathy based on other system involve-
ment

Cardiac disease
Arrhythmias
Kearns-Sayre syndrome
Anderson’s syndrome
Polymyositis
Muscular dystrophies
Myotonic
Limb-girdle 1B, 2C-2F, 2G
Emery-Dreifuss
Congestive heart failure
Muscular dystrophies
Duchenne
Becker
Emery-Dreifuss
Myotonic
Limb-girdle 1B, 2C-2F, 2G
Nemaline myopathy
Acid maltase deficiency
Carnitine deficiency
Polymyositis
Respiratory insufficiency
Muscular dystrophies
Duchenne
Becker
Emery-Dreifuss
Limb-girdle
Myotonic
Congenital
Metabolic myopathies
Acid maltase deficiency
Camnitine deficiency
Mitochondrial myopathies
Congenital myopathies
Nemaline
Centronuclear
Polymyositis
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Table 16. Myopathies characterized by predominantly distal
weakness

Distal myopathies
Late adult-onset distal myopathy type 1 (Welander)
Late adult-onset distal myopathy type 2 (Markesbery/Udd)
Early adult-onset distal myopathy type 1 (Nonaka)
Early adult-onset distal myopathy type 2 (Miyoshi)
Early adult-onset distal myopathy type 3 (Laing)
Desmin myopathy
Childhood-onset distal myopathy

Myotonic dystrophy

Facioscapulohumeral dystrophy*

Scapuloperoneal myopathy

Oculopharyngeal dystrophy

Emery-Dreifuss humeroperoneal dystrophy

Inflammatory myopathies

Inclusion body myositis

Metabolic myopathies
Debrancher deficiency
Acid-maltase deficiency

Congenital myopathies
Nemaline myopathy
Central core myopathy
Centronuclear myopathy

Scapuloperoneal pattern can occur.
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Table 17. A and B. Ten patterns of myopathic disorders

A.
Pattern 1: Proximal Limb-Girdle Weakness
Most hereditary and acquired myopathies
Pattem 2: Distal Weakness
Distal myopathies
Late-adult-onset distal myopathy type 1 (Welander)
Late-adult-onset distal myopathy type 2 (Markesbery/Udd)
Early-adult-onset distal myopathy type 1 (Nonaka)
Early-adult-onset distal myopathy type 2 (Miyoshi)
Early-adult-onset distal myopathy type 3 (Laing)
Centronuclear myopathy
Debrancher deficiency
Hereditary inclusion body myopathy
Inclusion body myositis
Myofibrillar myopathy
Myotonic dystrophy
Pattem 3: Proximal Am/Distal Leg (Scapuloperoneal) Weakness
Acid maltase deficiency
Central core myopathy
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Emery-Dreifuss humeroperoneal dystrophy
Facioscapulohumeral dystrophy
Limb-girdle dystrophy 2A (calpain), 2C-F (sarcoglycans), 21 (FKRP)
Nemaline myopathy
Scapuloperoneal dystrophy
Central core myopathy
Emery-Dreifuss
Pattem 4: Distal Am/Proximal Leg Weakness
Inclusion body myositis, asymmetric
Myotonic dystrophy type 1, symmetric
Pattemn 5: Ptosis With or Without Ophthalmoparesis
Ptosis Without Ophthalmoparesis
Congenital myopathies
Nemaline myopathy
Central core myopathy
Desmin (myofibrillary) myopathy
Myotonic dystrophy
Ptosis With Ophthalmoparesis
Centronuclear myopathy
Mitochondrial myopathy
Multicore disease
Oculopharyngeal muscular dystrophy
Oculopharyngodistal myopathy
Neuromuscular junction disease (myasthenia gravis,
Lambert-Eaton myasthenic syndrome, botulism)
Pattem 6: Prominent Neck Extensor Weakness
Isolated neck extensor myopathy
Dermatomyositis
Polymyositis
Inclusion body myositis
Carnitine deficiency
Facioscapulohumeral dystrophy
Myotonic dystrophy
Congenital myopathy
Hyperparathyroidism
Dermatomyositis
Pattemn 7: Bulbar Weakness
Oculopharyngeal muscular dystrophy
LGMD type 1A (myotilinopathy)
Neuromuscular junction disease (myasthenia gravis, Lambert-Eaton
myasthenic syndrome)
ALS and other motor neuron disorders
Pattem 8: Episodic Pain, Weakness, and Myoglobinuria
Related to Exercise
"Couch potato” syndrome
Glycogenoses (eg, McArdle disease)
Lipid disorders (carnitine palmitoyltransferase deficiency)
Not Related to Exercise
Central non-neuromuscular causes
Neuroleptic malignant syndrome
Status epilepticus
Drugs/toxins
Malignant hyperthermia
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Polymyositis/dermatomyositis (rarely)
Viral/bacterial infections
Pattem 9: Episodic Weakness Delayed or Unrelated to Exercise

Periodic paralysis

Ca++ channelopathies (hypokalemic)

Na++ channelopathies (hyperkalemic)

Andersen-Tawil syndrome
Secondary periodic paralysis (thyrotoxicosis)
Other: Neuromuscular junction diseases
Pattemn 10: Stiffness and Decreased Ability to Relax

Improves With Exercise

Myotonia: Na or Cl channelopathy
Worsens With Exercise/Cold Sensitivity
Paramyotonia: Na channelopathy

Brody disease
With Fixed Weakness

Myotonic dystrophy (DM 1)
Proximal myotonic myopathy (DM 2)
Becker disease (AR Clchannelopathy)

Other

Malignant hyperthermia

Neuromyotonia
Rippling muscle
Stiff-person syndrome

1) 82 Brfe|olg o] glof

=
Yol 44 0 2 Brhelo] gl glefo] o= 7
[e)

=

&7 Fdolrt. Brte] M 2 YRSHAE £ 25|

el 2 Ag=rt Aujsieh, & 252 A= 3 = B¢

ket o) SEE o] 4 S A 25l

A RIS 5 s Ao R AR Sl wSolHo]
& = vk

W3} vhele) Wz 28 WS Qde] 25
THTable 16), ]2l El-e Welol} 2174344 A4S S
A7WZ o] Basic

3 &5 T THA UE Cf2|Ese] flof

o 9] 25T Folele] U ZHo] F= AHEE=
e =2 oj7mFolz]d FE(scapuloperoneal distribution)
olgkal Bt} (Table 16) 99k Bt AL = Lo of7)
7Y (scapular winging)o] 2+ &z}, o]k sl ot

B.
Pattern Weakness Diagnosis

Proximal  Distal ~ Asymmetric Symmetric Episodic  Trigger
Pattern 1 + + Most myopathies, hereditary and acquired
Limb-girdle (overlap with SMA) *
Pattern 2° + + Distal myopathies (overlap with neuropathies)*
Distal
Pattern 3 + + + + FSHMD, Emery-Dreifuss, acid maltase,
Proximal arm/distal leg Arm Leg FSHMD Others congenital, scapuloperoneal
"scapuloperoneal”
Pattern 4 + + + Inclusion body myositis,
Distal arm/proximal leg Leg Arm myotonic dystrophy
Pattern 5 + + + Oculopharyngeal dystrophy, MG, myotonic
Ptosis/ophthalmoplegia MG Others dystrophy, mitochondrial
Pattern 6 + + Isolated neck extensor myopathy, myasthenia
Neck extensor gravis, (overlapwith ALS)"
Pattern 7 + + MG, LEMS, oculopharyngeal
Bulbar (tongue, pharyngeal) dystrophy (overlap with ALS)*
Pattern 8 + + + + McArdle, camnitine palmitoyltransferase, drugs,
Episodic toxins
weakness/pain/rhabdomyolysis
+ trigger
Pattern 9 + + + +/- Primary periodic paralysis;
Episodic weakness delayed or channelopathies: Na, Ca; secondary periodic
unrelated to exercise paralysis
Pattern 10 + +/- Myotonic dystrophy, channelopathies, rippling

Stiffness/inability to relax

muscle (other: stiff-person, neuromyotonia)

*Overlap patterns with neuropathy/motor neuron disease.
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ek e B g ot BdAS A 2 gk
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) =280f|(ophthalmoplegia) & SHISIALE T17| OF=
Lok

T 252 S Z5E Sl o3 sk w2
Snfu] o] 79 A7} glo] sk 497} Wt “%:Lry
o] fjofo] M U= A97F EEA k. T o] % <hxls)
F, TS|} 84| 1% B Z8-(pharyngeal muscle) 3
ol glom 4l —?‘E%U]*—Eﬂ~ o|slof gt HA st
Fob =2SuH7E 3 o IR 259 FRo] F8
317 gthd v EEE glol-41 g ,=r8ula) glo] orsk
Tt A2 Fe| flofe] ok Y =ER ]| 7157

o] =}, e} HskE ool thE F-9loll Z5-2gke] A5
7} glebd, 284 eF3kE(myogenic prosis)EERk o2} Al
7373, :—°.1—1: ] Al eF8H(neurogenic or mechanical pto-
sis) ] Thokal 1ol mesfof she}

—F—% dropped head syndrome” ]2} &
clokt el shke] 28] gloo] 5
: Hek 7‘01—?* SYEEISH (isolated neck
extensor myopathy)2kil 3t} Z¢&A422 485 =%
areizs 54402 B el ok 7pg 4 Aok

k=3

ole} 2 HHE Helo] Byt B4 IS 2ERIE
A=t =8-H) (Figure 2)' 7 21749 e] §3o] w2
EFAE ST 9o A3 9leke] B #ivk o}, 1]
SFREURZ, AAA fok 252 one 55 1T 73
EF77) 7Fssle] ool & TS F8 4 9lu}. (Table
17)

A Y, 71E5Y 52 E3ek s Y HF, a8l
S5 B e 4 L ATE AAZP R FAHIA|
93 g ZAEANY ZHYHES AAEEaL oof wEf
T3S Ao 7|dighs AL vjdAA ] wodott, gk z+
F ZAAMIA] Y& 2708 T3] WolEolE AT I
A 27300 F3t=A| s Ad3h= A7 E astth

E F

(A) Duchenne and Becker muscular dystrophy. (B) Emery-Dreifuss muscular dystrophy. (C) Limb girdle muscular dystrophy. (D)
Facioscapulohumeral muscular dystrophy. (E) Distal muscular dystrophy. (F) Oculopharyngeal muscular dystrophy. Shading

represents aff ected areas.

Figure 2. Patterns of distribution of weakness in muscular dystrophies
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Find a clue — signs in neuromuscular disorders

Shin, Jin-Hong
Pusan National University Yangsan Hospital

Diagnostic flow in the neuromuscular disorders begins with the meticulous examination of the patient based on history taking. It is
crucial in setting up the initial direction of evaluation as well as the final genotype-phenotype correlation. Assessments of shape and
function, from face to toes, are familiar to the neurologists, while some signs may be subtle to notice without special attentions.
Some signs, like hatchet face with grip myotonia, are so characteristic that are almost diagnostic. Facial asymmetry may help identify
carriers of muscular dystrophy without obvious limb weakness. Axial weakness may herald respiratory weakness before the patients
complain. Neurophysiology, pathology and genetic testing add a great deal of information. However, the physical examination still
lies critical in the final clinical correlation as well as in the follow-up of the patients.

Key Words: Neuromuscular manifestations, Physical examination, Muscle weakness
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Figure 1. High-arched palate.
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Figure 2. Facial asymmetry in FSHD.
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Figure 3. Poly-hill sign (upper panel) and winged scapula (lower
panel) in FSHD
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Figure 4. Calf pseudohypertrophy in spinal muscular atrophy
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Serologic tests for neuromuscular disorders
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Table. Auto-antibodies in neuromuscular disorders.

Auto-antibodies Disease

Note

Neuromuscular junction disorders

Anti-AchR MG
Anti-MusK MG
Anti-LRP4 MG
Anti-agrin MG

Anti-titin/RyR/Kv1.? MG
Anti-VGCC (P/Q type) LEMS

Anti-VGKC Neuromyotonia, Morvan's
syndrome

Sensitivity -50% in ocular MG, 70-80% in generalized MG

Variable sensitivity (0-70%) in anti-AchR-Ab negative generalized MG, but rarely detected in
ocular MG, 1gG subclass (IgG4), often young female, bulbar dominant phenotype, facial
muscles/tongue atrophy, intolerance to ACEI

7-33% of double seronegative MG (Anti-AchR and anti-MuSK), clinical characteristics similar
to anti-AchR rather than anti-MUSK MG, IgG1 (and G2) subclass

Pathgenecity not established
Common in thymomatous MG and late-onset MG

Associated with malignancy in -50% of patients (most commonly associated with small cell
lung cancer)

Mostly autoimmune, but some cases with tumor (thymus and lung), peripheral nerve
hyperexcitability, limbic encephalitis

Peripheral neuropathies

Anti-gangliosides GBS

Anti-GM1 Multifocal motor neuropathy

Anti-MAG Anti-MAG peripheral
neuropathy

Anti-contactin 1 cipp

Anti-NF155 cipp

Anti-AchR (ganglionic) Autonomic neuropathy

GM1/GD1a in AMAN/AMSAN, GQ1b/GT1a in MFS/Bickerstaff's brainstem
encephalitis/Pharyngeal-cervical-brachial variant of GBS

IgM

-50% in polyneuropathy with IgM monoclonal gammopathy, paresthesia and sensory ataxia
followed by a varying degree of sensorimotor deficits

-3% In CIDP, IgG4, subacute sensory ataxia, poor response to IVIG

3-7% in CIDP, 1G4, younger age of onset, associated with ataxia, CNS demyelination,
disabling tremor, poor response to IVIG

idiopathic autoimmune autonomic ganglionopathy

Myopathies

Anti-tRNA synthetase Dermatomyositis or
overlap myositis

Anti-HMGCR, Autoimmune necrotizing
anti-SRP myopathy

Anti-tRNA synthetase syndrome (myositis, interstitial lung disease, arthritis, Raynaud
phenomenon, mechanic's hands), anti-Jo1 (histidyl-tRNA synthetase)

-60% in autoimmune necrotizing myopathy, statin exposure in -50% of anti-HMGCR positive
patients
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How to design electrophysiological tests

Ha Young Shin, MD
Department of Neurology, Yonsei University College of Medicine, Seoul, Korea

The electrodiagnostic studies, consisting of nerve conduction studies and needle electrodiagnosis, provide valuable information to
neuromuscular function for evaluating patients with suspected neuromuscular disorders. The electrodiagnostic studies play an im-
portant role in localization of neuromuscular disorders. In addition, these studies help to define the underlying pathologic processes,
such as demyelination or axonal loss. The techniques of electrodiagnostic studies are standardized. However, potential technical
problems during the studies may interfere with accurate and reliable information acquisition and the data interpretation. The electro-
diagnostic studies must be performed with careful attention to technique and be interpreted in a clinical context. This session will re-
view the basic concept and technical aspects of the nerve conduction studies and needle electromyography. In addition, how to de-
sign electrodiagnostic tests will be discussed.

Key Words: Nerve conduction study, Electromyography, Electrodiagnostic tests
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Histopathology of skeletal muscle and peripheral nerve

Young-Eun Park MD, PhD

Department of Neurology Pusan National University School of Medicine

Biopsy of skeletal muscle and peripheral nerve is not a complex procedure. However, full assessment of clinical manifestation and
laboratory findings should be preceded before we decide whether biopsy is needed. Biopsies performed in an appropriate situation
can be helpful for making some specific diagnoses of myopathy or peripheral neuropathy. Inspection and interpretation of various
pathological changes is required for clinical decisions. Thus, clinicians should be well acquainted with a variety of pathological find-

ings of skeletal muscles and peripheral nerves.

Key Words: Skeletal muscle, Peripheral nerve, Biopsy, Pathology
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Corticosteroid and immunosuprressants in treatment of
immune-mediated neuromuscular diseases

Jee Young Kim

Department of Neurology, Seonam University College of Medicine, Myongji hospital

Immune-mediated neuromuscular disorders including chronic inflammatory demyelinating polyradiculoneuropathy, myasthenia
gravis, or inflammatory myopathy are difficult to treat since they have diverse immunopathological mechanisms and a wide clinical
spectrum. Corticosteroids have been widely used as a mainstay treatment for a long period of time. And various im-
munosuppressants inhibiting proliferation or activation of immune cells by different mechanisms are used as a monotherapy or a ste-
roid-sparing agent. Recently specific monoclonal antibodies targeting different immune cells have been introduced. Since not all
treatments have demonstrated their efficacy by large-scale, randomized controlled trials, and these immunosuppressants are asso-
ciated by various adverse effects, so careful and regular monitoring is necessary.

Key Words: Corticosteroids, Inmunosuppressant, Autoimmune, Neuromuscular disorders

il

T ESMG), ARl (GBS) hlh=ey
5

o
ZTPIE S (CIDP), Th2-5 A1 HS(MMN) 52] ¥
A7l ZAEAEZEe] 2|50 o] 7}%} 7|®o] == A
2 2HRo|=9} of2] HAAAE o] 83 WX 5o|t},
T o3t Aste] Bl =4 go} 7t WX 5] &
ol th3h F2he] )2 ATy} BES | 7} Sajnjc) o1 o
A TF%, X7l thek vheer} thar] uitel] WYX
2ol g3 A = 7po|=alolo] BE=3L &Aoot} i

o] wofel Aol that EnE FA A7 i B
T o7 9 Felnae] Astel oJEaly] uhe] AmE A,

Jee Young Kim, MD

Assistant professor

Department of Neurology, Seonam University College of Medicine,
Myongji Hospital 55, Hwasu-ro 14beon-gil, Deogyang-gu,
Goyang-si, Gyeonggi-do, Korea

Tel: 81-31-810-6130 Fax: 81-31-969-0500

E-mail: nrkjy55@gmail.com

2016 CertAntste] ME9| Sefus

A AR Rlo] A, Al Fetelor 34 Agahe
alo] ohiek wheh) sl szol =i el
9328 Aga] el wefslcl & Al

i o o
i)
R
4

Mo 2 W 9

%
s
L

A7\ A} B 31 84}

—_

.[\)
o H o 1o g9
[§ _13, RV

o
o
i
Lok
2

R
o o
1

ot
Y

i
rl
2

2
bl
il ;_ﬂj_

e 2> )
09:,“

ﬂd
B3

7
s
o,

e r
R
bl
it
it ol
TR

»
o &
iy
ol
21‘4

nt
12
)
O/

filo
kd
A
ol
ol
£
Y
i)
]
_10
Y
i
rx
)
ok
v

re
18
E
i

AA AFslaL S AL

=2 AP S, ol S8 2
5o} gtk Hlolct. 1) @A) Aol Z
el Ak 5 o3 4 8 250
B3}e] A5 ek o4 L 4T,

™

ey

o

>

E w
T

H), s

d rﬂ "

o ofN flo
i
»
2
ox
i

o 0

2,
2
oX
fuj
ES
2L
>{

33



e Roas g s e M M

% Aol &5 Bl
= 252 Aol sttt 3l 9@ B AlelA] WX 29
Ex—h,]. o5, WIS 4 ol Ak 1 FHE dlEEE R
2hg-ol tisf 71491 mUE o] dasiths 23} ol tf
3 EAP7E <2830k sk el val SR o) Ane 3 el
7} dasit,

FLI

x| ge] FFAS] B vFsd whe dxje] 4
24 5= Al ol =EEkeS sfof f‘LEF— oltt. OIE 93 H
A=Azl |

=
T 5 & g, Ay

gal7] g8l gFe = A%t
EHOﬂ ey ks s
2te] Fdol ukef 2AsloF gt
2| 2o| o] g 2-65 (HH o2 dAF o= s, ok
2 HAGAAEL TS 3 Fole 1 a3t =7 JEerd
1ol #H7|7he F ] LA Folok dh}. 2t kAol gl
8-g Farsty) vieitt

Fxfe] FFo] 3|EHaL Fafe] dFAL FAol et
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AP HeAEL U] o e U] 52 & A8 E AT
olE o, o] &8 MAIIAL =
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2 T2 A
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25§74 Foke ol wsb B Rakch AA)sh
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1. Corticosteroid (CS)

CS= Al &t AH S 5 5 dghe] 2|50l glof
o] Holgtt, dSu-eat A Bl 37 deke-S
ejA|she] r A 2w of] G 9f 7k B | XIv EAkA ol
A, Cs= BolgAleh dgtete] BdAlE B/l Al
O o]gste] DNA Wiol Sl ez 2 Reld 2
o} o2 d% % W ukgo] Folshs ofe] FxAkE
L oA B 71 AZSAOA, CSE AT
2 W] olFg A, HET, WA, % TrOWIE

of 7P5-& Wit ” g ANkl olahs Ao 914
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A g2 AAlshs s 5= 5 theksh
Fe i ik B2 [ A=t &
2}, 2 Awo) we} thEA Fofahet], wid
o 2H|2o|= AP BE Fo7IBS AW T35 Ao
FE ARSI, AL Fofsl= e 2eke] Zlgo] m=
A] g2 Aghol AR3taL, AW o 2 HAX S (pulse therapy)
£ sh= A= mEA Pk, 57 FA4 B HoR
o El= AdulslAg Asle] 27X g2 ARe-E)
Auba o 2= w2 def o] =gslr] flsf 8o s Azt
st H=tl, MGo] A5 G bl (25-75%) L8 =
Bl Ro|=A5E A - 3 = ool dr[For 4
o] efshd  Qlrke= A& vle] gk Y Bs Afol|A| drdatal
olofl thet Felg agint” dH o ngF me=LeE
(PD)Z 0.75-1 mg/kg/day Fi= 60-80 mg/day 850 2 o}
H13= 27] 2-657F FAsh= W ol Adaw=t, ob3ol
g7 Tkl HW 2] FolM AdHor AYgue
2| 2o|=9] o} Fr) ¥ Folx] Foldk PD| thAlE 7
A o7 Astal7]aL, &57de], AeEA| 942 PDE] A&
sHH Y2 aNs Oéé 4 9tk TiBo] o}xlel| PDE F
oFSHA| = Aol ACTHS] #H]E & JAIste] 1 g
olzlol] WjolAd FE|Le] By} Ao 7 o]=o]a 2= 9]
o} 3.8 PO EIV Y A, AL uEd ket
e o] o] 21 ZhkS 3| E=t, Shake] Sl w7
AL 2AE Bee 267 1M 0% 157Ul 5-10 mg 7
sla] AA3) Tl o g 7haFslc) 3kxle] Ay ok o
2 SAHEE 317] 93] 10-25 mg AYFA Qo] HAQ
Hog s £ grh "’ vkl pDo|| WEAE] L vhgo] 1
ER}A| o= Aol the WA S Fokslva] PDE
we] A ures vt b 13] AYR Fokshe W
= FAEE A*ﬂo 2 =Y = JARE 2 Ro|=o tf
ki3 EJ4'7]' = UrEMﬂ‘% UP&*EW & F9long
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e FORIAE Qi Mo TS e A
E5g ol Bl ek A0S 994 5 9 4
o] k! HE 500-1000 mg & AWFAKIV)E W) 3-5%7F
FAREHH, 0]F AFA ol 500-1000 mg S-S 270 =
FAVE T A PG HES AT G52
it} o]2fdl BAx 8 BE CIDP, o) ‘%‘11
(paraproteinemic neuropathy), @334 A7 F(vascu-
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GOy 2UZARH AZUN T2ETAHZOISO HAIHA
|
)0 g of & ggolrt. ARG 29N 2g/kg S U 1}

st 2 1 W BYAL AYRE, 2 ALY A g
2 IAEF F 3) WG5S, 4) Lolgirtela] A<, 5)
A= 11 7750k = (_1_5'—5—] Eﬂﬁo

1) SF2AA = F(“fﬂz 54,4

12) 52 28] 9JoF Folu}.

2. Intravenous immunoglobulin (IVig)

IVige §92Q] SHoA L, F7|7F Fojdx v|a3 oF
Hakol QP FHoAE el g 2aA R AR
N2 2L A9t} A8 AsloAs 2gH 2o|mu EAw
=3t T8 a9 Eolon], MMNS 22 Fgtox=
A £ Ao SgHm e, A
FollA GBSY CIDP, 217333152 3K neuromuscular junc-

tion disorder), =4 +=H

¢

é

Z(inflammatory myopathy),

A2 EF T (stiff-person syndrome) SOl = I G307} ¢
Z=%°

Vige] 2871732 getatA] ok, theat 22 o2 %
|718E 2t A 02 IEHAL Uk 1) vekgk i Sol4
(idiotypic)/ &7 EE-0] & (anti-idiotypic) 37} o] WA 2l
ANASS TIA7IAL 2 AP FAIEe] A Takdd 2
h= AL a3ty " 2) BA o] Atsle] BA9) 7% o
Ay, gl FH L3 (membranolytic attack com-
plex) FAE PIL"" 3) WA 2R B} IAAE
(macrophage) ] Fcy =8-A12] Fe Jol d3lste] g5 2
AGYRE-5 w78z Alsnk-go] Sx1==r, ojuf oA/}
4 Fey S8A1e) BAFE Aol nje} 2% Welikgol
ARG FeyRl 9} FeyRIe) E30] S7)shd E21218
= ZZA)7)= v FeyRile] ¥3lo] Z7lshd 22)7)%53}
A -A ZE A o] A HLE. ™ 4) Afo] E7}) (cytokine)
3} B2EE7}(adhesion molecule) 2] AL 7o) RE H °3HH
7Hg SAEA Ak dovle v Fagh s 3
o], Vg AW 2 A Q] A-ellx] &=l vl st /‘}O]
BRI Fatal o] 224 T EE S JAsAY &
FEEE 27l Aoz vyt

e} 22 ohekst 7S B3l Ivige WA rde s
L EE OoFe A8ES ARkt 29 Holal gt
o] olue} FoHE HluA Fhdain 77 Fojolx=
A ]] FARgo] ek 934 o] Atk SWo| & sht

il

i

S|

ol

A1 400 mg/kg/day 2 5L
=), FHZoll= A 9 AEw %]
ME 1g/kg/day® 293t Fofehs W=

Bzkg-o u|w3z Aulsle, 10% B|ete] Shajox FE2kgo|
HEb 0.8 I 555 ] N
S8 Aol Fo] B3, 03, TRE, 7l BBl
A 1A S 8 sdl, o2 3% 3083
5 ol FA3 o] AU AR Bk 58 Al
A 7 ]%O] At At 28] AR SAtollx = w2
e FASFE AL sjok ek, 1 o) Fop % vl w
& s 94Jo] 204} A1 4 9tk Ak Ratgow
EHEF, AAAF, B A28 5o dHAAF A9
7, —‘%?f Hm%‘, IRk, A1gt o g=tE k- (IgA
U= 7B, B APA =B A (acute re-
nal tubular necrosis) =o| e 4 9o v 2 o] st F

o2 qs}

l'.‘l

AR RS H2 A AA

HAAAA| o] 7|3 Foke o dgtolnt 713531 e] 9
S Fket7] wizell, o] =ol#d 7Fs3t
92 Yehle 71 2o 5o g X838 Ao nighz
sict, gl olfst HAAAES dEos TR AL
ZH|2o]|=9] 888 Folx=(steroid-sparing effect) kA=
FoHh 3] S-S v} 2ok 1) DNA 9} RNA
42 9JA|3]= azathioprine (AZA), mycophenolate mofe-
til (MyM), methotrexate (MTX), cyclophosphamide (CP), 2)
TAIES] & AAI8H= cyclosporine A (CyA), tacrolimus
(FK506), 3) ©LE-234]¢] rituximab (RTM), alemtuzumab

= 11
Fo= BRI 4 g

1. Azathioprine (AZA)

T ZFAZ AEF719] FA71(GDHSE DNAE 43
sh= s713Hs SAste] EistA| F2lsh= TA RS} BAIE<]
Z2jo] A > v sl A Hste] o2 Arbw
Azl de] ARg-EaL It} AFolle S0mg/day= A2}

S abn, F2Rgo] globd ATl somgHd SEFetod]
Z—Smg/kg/ day2 frAstH, A= fApe] Al uhet
150-200mg/day 2 F-eFslt} E-o]ekEuk-3-(idosyncratic re-
action) & & 9F 15-20002] FkA}ol|x] FofA| U ZHE] 250]
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= [€)

=2 PN WA F Jlov], 270 FH
d Be sdd g jlemm ArHow AALATAR
(CBC), 715574k, obdebAl 5215 AAlste] Sheletes
3lt}. Thiopurine methyl transferase (TPMT) AH o] U=
FAte] 7 AZAS 8] tiAke = glo] A8 dAlEt
T e Al IS fiEE 5 o B T4
Al TPMTS] 5128 SIS A} £ F 6125 A
o= AZAS] R UERA] 8o, 3 a3t
Rt o7 o] o] ZIRte] Hastug, o] 7|3 o) A
SR} kL A SHehA] s v, o a3
£ FopA & 6-247) Qo] ALfol mekgie) P

ol S Sade] ehd 4 gle)! 1 9le) Hgow
s

2. Mycophenolate mofetil (MMF)

Aeix oz 79 Jde AAleke] THIES} BAZS] 52
& AE " e wedAlAldl vle) 711k Fofllw
Z-g-o] AL jekol ?—8— Aoz 7@‘3&%, 2 AE g
A= MGOlA Xb]
1= e 2B e B Sl 1 Zol
Rt 77} R S 2o } 3;4%1; wejs) & %
AT, 701872 1000 mge 31 28] FeFshe, 19 3000
mg7}A| S 4 gl ke BRI ZelA Aok
o) I}, FH Hgo v WHYE, 1ABF, IFW

X

73, A AETE Fol B 5 3o, F71H 2= CBCot
kBt AALE Aldste] el gt} =8 HET
TS PA gz -] S (progressive multifocal

leukoencephalopathy, PML), ¢}/d&3le] Hxgog B

o o g,

3. Methotrexate (MTX)

Arke] AAAZA BnF obdsle] FubE]aTh gL
Uh2 A7hH g de] AR E AL glon, A5 45
WFolA 2E|Eol = §oe Foli oAl /b Eb A}
5= Ao Aot M EE gk w) Eoubo l A=

"'xoéu_]

32
=
3

AL glo, 7P EsAlE A 3759t ATl @A 7.5
mg & AFShH=t], A5 7.5 mg 12A13F ﬁﬂi 3o

2 U] Fobshvl, 1) 2.5 mgd 1| SF] 157
Aol 13] & 20-25 mgS Bk ). A71ZF MIXE
oh s e Wl 1 mgd) wFET AT
o] A 7+aA] H & 3interstitial lung disease)<

%A 2SSl Abgol Agta 1 9

off o 4
R
= 4>

F2g0 2= U, A S, NEFAS, a4
P, A, 154, o dgol M 4 ek AzA
B} g3t waA e g £ o wE X5 59-2 Ao
oF & wj MTXE 31ef8) & & gleh. MTX oA} o] F 24
Al7F Zof] leucovorin recues FoFshH MTX ] F2H8-8 =

2 % gl

4. Cyclophosphamide (CP)
CPi= DNA9| Fopdel| 47|15 Eol= 43} A=
7P¢ 78 AdAAl o shfolct ! Ao FEwel F
op ol whe} FUFAh AT R TRt 5 ek, UnkA e
2 FAA FoA7E AaEm Alek 32488 Fo|aal B
7 A==, dhdol 13] 0.5-1mg/m o2 671 €1 A
o2 PRI E84 WEAS dEl] HsiA] Fo Aol
SRS FRFFS ok s, EsHAl HAEhE 24l TEE
Zol7] $l8f FEAE Fofsh=

R,
= 0, T, RS, 5

< ) RokslwE Fic) ' e ‘%i?—’?zlﬂ 1500-2000°]3}7}
27 S, FETE 100001817} H4] 92 JuiFa) &
of] 7R, 1044, 1444, 2144 ANHAES AJP3}aL FoF
S A8 Tty @ G@7he A AAE 25 At !

5. Cyclosporine A (CyA)

A E A o] 54 chil d ol Agtate] ZArd AsdES o
A= CyA € FK506S 7]4o] #-AKH, CyA = cyclo-
philindl] FK506-2 FK506-Z23chl doj] Ag}bsict ! TA| 2]
7150l T8k IL-2 9 1 9] thl o] S Hdshe A
T ASHAES A THE S8 Al d9a7}

£ vehfi=dl, o2 WA o 237 A Wekdel

P SR oA T2 AR E ! A Lol 4-6 mg/kg/day S
23] vpro] Fefsln, o] % 3-4 mg/kg/day ©|3t= Folatal
2ok g B0 &3 57} 100-150 ng/mLE FA|EHE = 5
o QPRI AzZART WEA Yeh s Aow °‘E%?<4
ATE. ©F 35% o] o] AL elM FA-8-0 2 FokeAlE
Eq 0}'7“ Q.‘:Eﬂ GQOLJ,]_ }\]E/\—]o] 7]- %—_g_?‘sl- ._,_Z(_]—_g_o]tt],
19 vz AA, olEulE Az Wy So] ubgel 2= gl
o} S50 ZHgske] 21, wkat, §z), 7helg ]

HZ(leukoencephalopathy) & e = Qlo] Fo|= &
gk Y 2752 Fo 2 BUEH ok &b, vz
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6. Tacrolimus (FK506)

FK506-2 CyASh fiA1EE 7148 7hA ), BE MGEAIE
WoR 9 A mupt gl Aow wEEn
3-5 mg/day 8F2 2 Fokaln] CyAd| vlal Al5Ado] ©slA|
ik, A 9§57 Bgo] 1 Faske] Folg 8
st} CyAT) nlFA &, Cytochrome p450 TIAIEFAS A
A B OFE FEAgo] FolE sk gt

7. Rituximab (RTM)

RIME Al/F 7]vlel @dEE28A(chimeric mono-
clonal antibody)E BAM|3E2] FA|x} CD209dl| Eo]Zog 2
ate] dxd N oA BAES A AT A7k
4 BAEE 5olHog 437| whtol A7 =ghe]
2z o] gEar ot M &3] 375 mg/m' O 2 15mch
FARl Z 43]E Fofebn], Unba o2 T2 WA A o
FI7} gl Aol AR akgo 2= ANEY, FA
o} FAHste] 04, &, T=2at, WA, SAF S 0] e
= e, o213k H2-8-2 paramacetol, 35| ~EFTA],
2E| 20|22 M Aste] oued 5= glek. ! RTM} e Tl
SEIAE FAY B, Jero]# = HAAKreplication) & &
Ash= A A Y(humoral immunity)2] #8F= PMLe] Y

B 5 Qome Folg age !

o

8. Alemtuzumab

g% Az 2] CD523 ol AFshs SIS EIAR BA
Eo} THIES AA3] HarA MR EAE e e =,
A PEprkag Qg 7)skide) el Sk
A5l £8-5h= U CIDP $1Akek IBM $batollA] &347} 9}
£ 0w Busgey 2
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Intravenous immunoglobulin and plasmapheresis for the

neurological diseases

Suk-Won Ahn, MD, PhD.

Department of Neurology, Chung—Ang University Hospital, Chung—Ang University College of Medicine, Seoul, Korea

Intravenous immunoglobulin (IVIG) has been used for nearly three decades and is proving to be efficient in a growing number of
neurological diseases. IVIG therapy has been firmly established for the treatment of Guillain—Barré syndrome (GBS), chronic in-
flammatory demyelinating polyneuropathy (CIDP), and multifocal motor neuropathy (MMN), either as first-line therapy or adjunctive
treatment. IVIg is also recommended in patients with worsening myasthenia gravis and is beneficial as a second-line therapy for
dermatomyositis. Therapeutic plasmapheresis has been used for intractable neurological diseases that cannot be cured by conven-
tional immune therapy. Currently, the use of therapeutic plasmapheresis has been approved for immune-medicated neurological
diseases. This review describes current therapeutic mechanisms in the immunobiology and clinical applications of IVIg and plasma-

pheresis in neurological diseases.

Key Words: Intravenous immunoglobulin, IVlg, Plasmapheresis, Plasma exchange, Neuroimmunology

5l B AKIntravenous immunoglobulin; TVIg)
g hﬂﬁ‘r%(plasmaphere%ls) L tjokal WA A1 A
dehe] Az o]&HIL Ut} 53] Vige 2t
(Guillain-Barre syndrome, GBS), W AF e A HS
(chronic inflammatory demyelinaintg neuropathy,CIDP), T}
2734 52173 S (multifocal motor neuropathy, MMN) £}
thAd 2 A(polymyositis), 3|5 (dermatomyositis), HH]
Eo|EZST (Lambert-Faton myasthenic syndrome, LEMS),
535 (myasthenia gravis, MG) 52| H 3 A7
Al AgHSollA Wz kg A gRiglo] WeA ke, o
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A= FEL ATE0IA ol FEAEES YFHL vk %
3kz(plasmapheresis)-& IVIgel] Bl HZAdo] HolA|aL,
F2Rg-o] W7t vlaA] AR W # A A dekeo
A Ag 235 HoF3 Q. AR dA7ER] SR vig
o} duglee] 28714 g A AAAESE

W A8 Foll wsho] golr i} gt

2. Intravenous immunoglobulin (IVIg)
SO0A] QA HE

=2

FApANM IVige B n gk} viR7EA| = v
% Eaheolct, ojn] o2 o=} G AsolN Agme
<2 §37 2] GBS X852 & AYxo] OIE_HL IVIg JA] 1)
SO Al A5 BvE HojFe o2 g Ao =2
o714 GBS o] 2155 $19F A 3ek [vige] &l et A
Ak W7ol AT ARs} RESi) Ve o

Fol Bmest Vg XS Hashs 2ol 217kl X
25 HEoz Adshs Zurt SgalAs e Qoe Jf
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AR, GBSo|A methylprednisolone & TVIgel| F7}5}k¢]
wgke 0 ik o7k ARSI Wk
7} BSsitt. 4o} GBS ko] A-g-oll= Ivige] &3t
7} Ala7kA 2] dlole 2t B i 3kslA] 9kal, Ao} GBS 3
Aol A IVIgS ARl 212 1 &dte] thaf Z|A[skA vk
stk vkl 277} BERe Sl e gl
Vige] of} AglolA FaHe) AR, 2ok GBS FAlol
A IVige] ol g Zoleha Azt sik

CIDP gAle] 24 okl 2 71l A2 g 99 1vig o)
ol w7420 oz delA] k. CIDP X504
IVige] g7Folu} Fof 7|3t & R /2] %7tel] wa}
§ theFsitt. CIDP X5 glof the X|5A|(d: ZH 2ol =,
Wppelnss, AeloldAste] ulae gaxE okt
A A5} 35

MG 2ake] g IVIg = vi-9- B2 02 ARg-Hrt, 5
2 559 MG 85 S8 ARE=T, of= 719 A
o T5 MG $A=S T3 Atol| 7I9kstal gl wet
A, 452l MG EAtollA] IVIg & 288 o P4 84
< 218 gt Alsaof ghrt, Bogk o} 27EA] MG A| 5. 310
WVigst @ uskze] 2|8 835 vlash| o= 277 75
sl

LEMS 22} 10%& o= 3t IVige| &74-= 371843l
< uf $Jk vlarste] IVige & 9 A 28, AE
AIZF (drinking time), 3] &7}ol| o] Az o] G315 H o]
FaL §lo], IVIge LEMS®] A5 &2 atefd & AL, 3pA|vk
g A= BE 5] A B R 9L

Wl X

=

IVIgE MMN€] 2| 5ol wj-¢- 342191 Ao dhefA] gl
ZH|2ol=0] A8 ZA} PFHA| X7 wiell LAt
5 8o ueEnh MMNE AEHQ] A 8E e she
R Agto = opA7hA] F&gh A 2Al el 87, A7 1H o]
U A8 7|3kl disid = 2de 257t fls e otk

Vige ZH|2o|= 7o vkg-o] §IAY HaPst= Aol
ARG Aol ABAR aefE 5 gk, SpARE et
ot} IBM&] 2|59l §lo] Ivige] 43Rl B} deE A
el S EAE XAk thE2 Y] A Aw 2t
& Aog e dierkee] wol SolaL glonyt Uit
A5ARE ZH|Ro|=rt S €t ool vlsl 1BM2] 1Vig
220l thefrl= AAEHA L vhe 2771 2523t

IgM getehi d A DB Sl Vg o] F31§ &
Wt GSHAE XA £, 2 A7) B2 57 Hol, ¥

2 R

[

o X

40

F A& A7} Fesk o= QA &3 9
28] wi A 4= Qi

ZoprhEl S BN VIg A w7} frasirhs A7 2
A= glovt, FEFFF gk el Vigrt A e
2 Faghatol& YeRl A Z3ot B oE dTteae 2
7} 3 2ol T3 glovt ouhul o] E5ol thaiA
igZh E37} QIrhe Aol HaEgirt, soluhul 53 &
Aol 71M Vige] B d Algol] thsjalis A A7} whatek
Wk A7} RIS, ob A7) ofuhul el 1ig
E A vkt X 5A41= gl

9], Gz A A A ES Miller-Fisher 33
oA Ivige] B35 H7kek tix 7= givh

ol
N
o
o

2) MBA 2t Ivige| X|= 71™

IVIgE 3,000-60,000 o] Foxtz2RE] do d4-S cold
ethanol precipitation WHO 2 A Yrksl=d|, A A=
OFEZ AlFEAL QI VIgE [gGE 95%0 )/ (1gG1; 55-70%,
1gG2; 0-6%, 1gGy; 0.7-2.6%), IgAZ 2,5%, IgME S 4% E
ghettt, AakeE IVIg AlFEo] w5, g3t AlAl, IgA 74
H], IgG AlF-T-3u], 2He FollA] hHEhA FdatAlE 22
v, 1 =8 2R 7o) AlEmet A vh2A] et oF
FtH o2 A EH, 2g/kg IVIgE AT3IH A 52 1gG
7} 5e S7FEW, 722417 ol S0 AR s, 2128 5
o= AT 29 Fxe} o} Xt} AA Q] vl 18-32¢Y
olmg, A A Z7] 72AR el SO E s AL d

Table 1. Efficacy of intravenous IgG in neurological diseases: evi-
dence from clinical trials

Indication Level of Evidence
Guillain-Barré syndrome Class |
CIDP Class |
Multifocal motor neuropathy Class |
Myasthenia gravis Class |
Dermatomyositis Class |
Stiff-person syndrome Class |
Polymyositis Class IV
Neuromyelitis optica Class IV
Autoimmune encephalitis Class IV
Reflex sympathetic dystrophy Class IV
Necrotizing autoimmune myositis Class IV

Multiple sclerosis Class | (not effective)
Alzheimer disease Class | (not effective)
Anti-MAG paraproteinemic neuropathy Class | (not effective)
Inclusion body myositis Class | (not effective)

( )

Postpolio syndrome Class | (not effective
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wel= ApiA] =7] wigeldt. 7% 1667} HauA|dl A5 F
27 48M17E E4E, A oAM= 1gG el vt 2= ST}
Hr 157U Fol= Ao s Sok2tt

a. AP71afA[ol| chat 22 (Effect on autoantibodies)

21, AFH IVIGE anti-idiotypic 24 F34-8-2
S}, Ivige] FabRel7h Wel Akl WA Ak
(autoantibodies; anti-acetylcholine receptor, anti-GM1, an-
tithyroglobulin $)ell Zgske] 27 AP7hale] A7ked
(autoantigen) 7o AFS WA= 242 gt EX=
IVige] anti-idiotypic 347} x7FaA] Ao Hedsl=
CD20+ BAE ] thate] AN S E Fof, A7 A o] A3
S AAg} AR VIgE endocytic vesicled]] & pro-
tective transport receptor (FcRn) S X3} A|Z1 o 24 A
o2 e ool A} el He] ZolEA) Fck.

b. BAT riet MEUBHH T 97 28
(Inhibition of complement binding and prevention of
membranolytic attack complex formation)

VIg A5 BAC3, CA) o] F5 % &4E Az
A gk B BA oA W Rkgo] sk Hlr C3o &
37} A=W CS convertase assembly] EAJo] Eol&
3L A= MACS] FlZto] A€},

oX

c. CHAJA| o Chgh 2

(Modulation or blockade of Fc receptors on macrophage)

VIGE A E o EAEH= Fer- 8412 E3H4]7)2L Fer
A0 stw=g HolmdowH th2zhg-& AT
GBS} CIDPlA] thA M| Fe-8A4] 755 HHo =M
FAS el FAAE O] 2 A Lo ofgh T8-S A
ato] th2A 2ol ofgh D23l AR 4 Stk d. Aol
710l 5wz E2A o] oA (Suppression of pathogenic
cytokines and other immunoregulatory molecules)

qrle] Apbae) NBES AT Ao ETtelot 2
ZE-2Hadhesion molecule) o] &XJo] F7lsh=d], IVig=
dose-dependentd}A| IL-1, TNF-¢, IL1B, TGF-B, TGF-$
mRNA, MHC-I, ICAM-1, LFA-13} 2+& Alo]E7Rlo} Fzk
FE2} (adhesion molecule) 2] 442 A8t e qlc}.

e. TM|&oi| chgt 24

(Modulation of T-cell function and antigen recognition)

WIGE TAIES] &9l Q12 7Hdsh= CD4, CDS, HLA-L,
HLA-II, TGF-82 E3F3laL Qo] T 4| X 24|19 7)50 3
25 oAIgt

. kol CHSE 2K (Effect on superantigen)

of AOIET}GLE #HIAA A FEANATRAEE Lo
At Al AEE FEFL MG ol et 433t
TAIE 838 Vi, Vi, Vil & BAIE ZFBRZ, 5
sf3}ele] Aol ol AESY THES] Z7HE oA 5

ek,

9. YHANM|ZERAO| AT 2
(Interaction with antigen-presenting cells)

WIGE A E (dendritic cell) ] B3¢} A48 A3}
o] Ao| =7kl s} G} ABE AFELEL w3l
AAARI, o]gt 71He A g ] A5
# g9},

=
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i
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w2 @AAAEE 63.2- 77.7% A= et guske
spabw e Qwt ol je} 94
2 BIREET S AARE o), Sl AAHE Qo)
QA 7% o) AAFER ol BoASIAAE
7] 98l WA AAFARRE Age
o, Bk oF 10% o)A} 73, Al s o}
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AAE B2 BkEERS(rebound reaction)o] YR H},
WgmBee Dol Qe ek o) 156l 355 A
Feitt AR WL AAE G A A] HE B2
(circulating autoantibodies, immune complexes, cytokines
including chemokines & complement, other inflammatory
mediators) & A At JeRdT}, SEARE QP4 Gih= &
o AjE)Ae k], 7 ol et 2k 3, W &
o) gha] A7) oA whaAel gl Aol o3
A&z ¥R B4o] ghajo] dojutt &4, 7k aele 3
A orle) 2kt @A ARE ©51E 271 412 4 ik A
A, Skelr] AFdso] Dl FA7E A7 Ho2A dae]
o] A5 A7} DN =2 AEH (redistribution) El&= &
Ayo] dkAgsit) wleha] vkE A Q] dAfwskezo] I 30}71] =
o HZ ArolMe Eudao] A A7 Eopue), H
Ao SX4E F7HI71AL, e EEde Atk oEH*l?l
W, A T AES] 755 F3I8kaL, Th1 Th2 Hl=Ee| o
63_0_ ;q]z@a]-r,}jy_ o]-g:];(;" oh—,}
x)8kgol o & R 50 GHY = AANEFEAS A}
830 Baol W A9 g (erystalloid) = s
Z](hydroxyethyl starch, HES) &= ARE-EC) 3xke]
Aelsh AL W B3RO AL EIE S, o)
o 22t AR A 9l 5% R Aslledel

g elolelr) glent, 74Aol g}ow o

F

‘..

o) pge 5wk e sjel holel
7ot Sell=] whgolt T S4de] S18gol ek

4, IVIg9h B4 useol e} Hke

HAFZ 2L )7 2 g/kgE FoJatn] 5U7F Fofsh= A
Autz]olt}, AF<LEE= 200 ml/hr B3 0,08 ml/kg/min
S JA| golof st} vk o g WIG X3¢ Fakg-o] ¥l
T 10% HEot}, Are] Fgo] 7P &5t %‘JJ%O]EL 2
gk 255, 7EE S 5ol AT 1ARFUe A8E = Q131 30
A% AT T Al i) AREAIH, o] B 7§ =&Y
=glA stefok gt AT o] 923k, E, 24l T2 S
< T UL 24K A= A& ET|E g, o] 2§k F2kg-o] 9
FEEHA] ot HA| E/dstd mhE vk 7hsAdo
A sl

o
ok RS, SRR ol AT SuE =

oo L
ol OIH

JW e,

—

E_
=

!

o 7% Vige dole] WEE St 58 hyper
cholesterolemia, cryoglobulinemia, hypergammaglobuline-
mia®] 49 Hee o e = ok o] B9l throm-
boembolic event®] g o] F7}=|o] 74 AZ7dA | o4
A Fo] AT % it
Vgt BFES fuA12 5 Slor e ATE W) gl
39 propranololg Ax|X|3ke] oulslr| e dio), Al
T2 AFEEL IVIgAAl ] H7HIR T3 58] A
o] glom, st X]%Zﬂ of| whg-3kaL th7l= 24-48417F Wil
ol AR Bax ekt
3 wlo] ekl 4 glov]
gA7} AV 74 SEAfEolA
Severe anaphylactic reaction BHASH7 |2 3t} IgA FHhe
H| A Este] &2 1:1,0008%=0]™, IgA 7H4 A} &
ol sk Ao oln Sk} % 209k olelat 37}
go] YR }A] et} IVIG 7128 23 E019)= 1gA7} cir-
culating anti-TgA 34|92} ¥H8-8}e] macromolecular complex
= Q451 ek,

4 /\lAﬂJJ_JJ- IAKRenal tubular necrosis)7} EEA] Al
I g, 9], B 52 A SAbellA] 1/]r
SIck. @4 ellofel o] A5 F 1-102 Aol o] 57}
I TH3IH 2-60Y F At o= IVIgAIA|
F22] sucrosest ¥ 31w ARl 23k Al

o) Asfole). Vigh B4 Ei AFHEE %57
ARF] He A ALgate] Atile) e %
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Vigs} Bgmalee wojol o] olg 2t 21747 Akel
A0l ol 5ol Skt HA WY 2 §2) Wsloh Mgl F
Feha olet. B ol AT AL wEko 2 Vige} B
Amitiel A5 4350 4 Holhn AN, ok
f8A0] BEEA) Fak 277 He] A5l ojs) ke
P 77 aTE TRl fH18%, FelilE, the A
ko] W g-ael whe Eh, ok kA Sl YA
A7} B3] o] o] Aok G,
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Symptomatic Management in Neuromuscular Disorders

Jeeyoung Oh
Department of Neurology, Konkuk University Medical Center

Neuromuscular disorders eventually result in various type of complications as well as progressive neurological deficits. Among them,
neuropathic pain or abnormal sensation and symptoms related with autonomic dysfunction reduce quality of life of the patients and
make them more distressed. This chapter will focus on the common and pharmacologically manageable symptoms facing in the
course of treatment of neuromuscular disorders, especially of peripheral neuropathies.

Key Words: Neuropathy, Pain, Orthostatic intolerance, Gastrointestinal, Lower urinary tract symptoms
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Table 1. Currently recommended first line drugs for neuropathic pain

Drug Total daily dose Major adverse effects Contraindication
TCAs
Amitriptyline Car_diac_cond_uction block, Recovery_phase of n_1yocardia| infarction,
! 25-150 mg anticholinergic effects, arrhythmia, concomitant use of MAO-I,

Nortriptyline

orthostatic hypotension

porphyria

Concomitant use of MAO-|,
uncontrolled hypertension

SNRIs
Duloxetine 60-120 mg Nausea, constipation, anxiety,
Venlafaxine 150-225 mg sedation, dry mouth
Gabapentinoid
Gabapentin 300-3,600 mg Sedation, dizziness, edema
Pregabalin 75-600 mg blurred vision, weight gain

(number needed to treat) 2,5-4.29] £& 3= H IR
ey 2288 WIa IRAERL, Rl SlHol
$17] who) 3%, oln] A1) Bxbel Brlol vhs-
Fofall FeFalof &b, T ATANE Fe SAtele 571
olct. ool ulaf e ATy 2T AEe]
AAe FEdd 7ol 719 s A= NNT 3.4-129]
EHE BT o tNPHER BE S 53 47
SarA|eke] TGl Fefaljof sk, 2 2HHA] = AL
A} sApolAE= ek o) Frt

o] FRAA F ZEAld e «208]7k=2] gabapentin®}
pregabalino] F=AHEET, WIEINFEF, 574 55

o] ApeFA| 2 FHEL} o] 5L T oA} s a-go] 7
o] glo] W8kl =R @daL Aol 7hsaht thit
s w3l HH“EV] wizell Al7]se] Aate SAtolAl=
el Fersith. E9, oA, Fgo] &3t F2Rgoltt.
Rl 7)ol AN GFeH ] HollA] o)z} gl
pregabalin A% 958+S 714 w27 EF =71 S7Fst
n2 e 543t a4 7 ¢ glon, 2 8¢
gabapentin®l] 13| ¢F 6l 2] F50] T},

3. DIFEZISH|

Morphine, oxycodone, tramadols-0] A7AHEFol| A=
o1 QA ATl NNT 4.0-4.79] &322 ® ot L&
U FHZ veEAoA  fentanyl, oxycodone, hydro-
morphone B AW E o Bz o= 27} of#2
BERs Zog ARt o] & Tramadol acet-
aminophenzhe] BIAAZ Ashe 397} we, ok
tramadol o] 35 F7IA]7]7] wjEo]H thE nlekrlEA| 1

2016 CertAntste] ME9| Sefus

o} Aol Agho] gl Holoh, o5 oFEojEA, W], 71

A 5o FAEo R oxf T2 *Li}o‘:xﬂe FAEH, e d
2F HAlE ] A7 Uehtr] A 4143 5 2ol 48
o Fod 4= e}, gk tramadol& o‘?ﬂ R
o] Q= SrlollAl= Fofljof gt

71HAE

2

AeA7dE sk BRAIE SN EASEAE, A8
oFA|(diuretics, amitriptyline, nortriptyline,
3ol S fdd 5 gle e A Y
@Hﬂi%vL k= g<lo] Fasitt. 71H 5 3% ool

F=7] g9} 20 mmHg, o]¢k7] &9} 10 mmHg o4 A}
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Table 2. Treatment of orthostatic hypotension

Nonpharmacological treatment

Reduce or discontinue drugs that potentially induce clinical manifestation of OH

Avoid hot environments, carbohydrate-rich meals, alcohol
Avoid prolonged recumbence during daytime

Take in at least 8 g of NaCl daily

Provide water repletion, 2-2.5 I/day

Move to head-up position slowly

Sit on the edge of the bed for some minutes after recumbence
Use abdominal binders or compression stockings

Regular practice of isotonic exercises and swimming

Activate calf muscle whilst supine

Activate physical counter maneuvers (leg crossing with tension of the thigh, buttock and calf muscle — party

position — bending over forward, squatting)
Provide rapid cool water ingestion
Sleep with elevated bed head (20-30 cm)

Pharmacological treatment
Fludrocortisone acetate 0.1-0.2 mg/day
Erythropoietin 2575 U per kilogram three times a week

Desmopressin acetate nasal spray (10-40 pg/day) or per os (100-800 pg/day)

Midodrine 2.5-10 mg t.i.d.

Yohimbine 5.4 mg/day

Pseudoephedrine 30 mg t.i.d.

Pyridostigmine 60 mg/day

Ergotamine/caffeine 1 mg/100 mg/day

Octreotide subcutaneous 25-50 mcg/day, half an hour before a meal
Droxidopa 600 mg t.i.d.

D AF Foll B} DY trEA e 285 A
o] Zgo| Hu, £ F JAIE |H ol =2 F7}
7Vl 5% st =92 = 5 k!
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) Midodrine
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3) Pyridostigmine
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Figure 1. Recommended treatment of neurogenic lower urinary tract dysfunction®*

Level & extent of lesion, | peripheral Nerve Lesion
history and clinical Sacral Cord/cauda equina lesion

Suprasacral infrapontine lesion

Suprapontine cerebral lesion
Pontine lesion

assessment

Stable or progressive neurological disease

Specialised assessment

- Urodynamic testing (usually videourodynamics)
- Urinary tract imaging

Stress Ul due to

Incontinence associated with poor

Ul due to detrusor overactivity

Diagnosis Sphincteric bladder emptying due to detrusor
Incompetence underactivity/sphincter overactivity ~ With DSD No DSD
Conservative treatiment = Timed voiding -1C ) -IC+AM - Behavioural
- External appliance - a-1 antagonist -IDC + AM -IC+AM
- Straining - BONT-A detrusor +IC | - Triggered voiding
- IDC+ AM
- BONT-A detrusor® +1C
sl - Artificial sphincter - Intraurethral stent - SDAF +IC - Enterocystoplasty
Surgical treatment - Bladder neck sling - TUI spincter - SDAF + SARS (autoaugmentation)
- Autologous sling - BoNT-A to sphincter® - Enterocystoplasty

- Bulking agents
- Bladder neck closure

* At any stage of the care pathway, = (Midurethral ta pe)**

management may need to include
continence products

**If urethral hypermoblhty is the cause of SUI: the long-term risks
of tapes in the g lation are d

*Intravesical BoNT-A injections undertaken according to national
licensing. Sphincteric injections are not currently licensed

(autoaugmentation)

- Intraurethral stent

- TUI spincter

- BoNT-A to sphincter?

Stoma/diversion may be an option in selected cases

AM, antimuscarinics; BoNT-A, botulinum neurotoxin-A; DSD, detrusor sphincter dyssynergia; IC, intermittent catheterization; IDC,
indwelling catheter; PVR, postvoid residual; SARS, sacral anterior-root stimulator; SDAF, sacral deafferentation; TUI, transurethral

incision.
3) 7|Ef
Desmopressin- arginine vasopressin®] $-FA 2 oF
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Neuromuscular Ultrasound

Jae Young An

Department of Neurology, St. Vincent Hospital, The Catholic University of Korea

Ultrasound is a useful tool for examining the peripheral nervous system. It is painless, noninvasive, portable, and inexpensive. Owing
to technological development, ultrasound examination increases its diagnostic sensitivity and specificity for neuromuscular diseases.
In conjunction with electrophysiological studies, ultrasound is highly effective in the evaluation of entrapment neuropathies, and may
be helpful in diagnosing other neuromuscular disorders and the assessment of treatment response. Ultrasound is operator-dependent
and so requires skill, knowledge of anatomy and experience of sonographers for precise understanding and interpretation of the
ultrasound. This review briefly describes basics and variable artifact of ultrasound, sonographic findings of normal nerves and mus-

cles including findings of various neuromuscular disorders.

Key Words: Ultrasonography, Neuromuscular diseases
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Zaru} el w9 WA BolA| H= s 9 53 S0l
2haL gict, ol gk A1 ¢ e A TERES AL
], A% ©Z2|(color Doppler) HAFR F 7HA] 259
&k 0] 7Fssltt
(2) 4 28 2-(posterior acoustic shadowing)Z} ZHr
2-J(lateral shadow)
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HAEEIEE AZ =Z8(color Doppler image) AN}
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23 =Z2|(power Doppler image) 7AAL2 43}, A+
ARl Tz AN = E=E e A7t 1eA] elotof g}, Al

S SIS ol HH H|5o|H] =&Y Aert B

ik wjuta sk mEe] Alsvte] F71E Pk

B 2 et 4= ik, ohelsl WAl oA ek B

4 Hhgo® YR § e d# &¥(vascular con-

gestion) 2 AW @R[V} S7E o] Ao BE = Eepd
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7} 224 o ¢k 9j#d§7](medial epicondyle) 9|2 244
3] Bol7H= E-(dislocation)9} 91 JBE-§7|7HARE o]
&3h= oF T (subluxation) & #&E < k. AHE A=
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demyelinating polyneuropathy, CIDP)
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(2) d3n}g] $37H(Guillain-Barré syndrome)
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(4) 2} 217 ZF(axonal neuropathy)
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(5) AFE=-1}2]-F2H(Charcot-Marie-Tooth disease, CMT)

CMTE 34, F32 o= o]dZ]l Ao 6o7f o
o th2 54 wolr} HauEa 9l Agto|c}” W7 yest
2 A AP emTe] 7o} Jdbel] o713 F ok Ant, 283}
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Hol 253 AR S48 AR Aes A7 eE4,
WA FEws wkdeitta 3 5 YA FaH9 £
%9 H|E Hol:x FHstAIAub|(hereditary neuro-
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ol X T2 79| ofolw= vl =4 AHIY AAs B
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The value of ultrasound in assessment of compressive neuropathy

Jung Im Seok

Department of Neurology, School of Medicine, Catholic University of Daegu

Compressive neuropathy is often diagnosed clinically and confirmed with electrodiagnosis. Although sensitive and specific for diag-
nosing compressive neuropathy, electrodiagnosis also has limitations in that it is uncomfortable and does not directly assess the
anatomy of the affected nerve and surrounding structures. Most potential sites of compressive neuropathy are well visualized by ul-
trasonography with established reference values for nerve cross sectional area. This article reviews sonographic findings and useful-

ness in the evaluation of compressive neuropathies.

Key Words: Ultrasound, Compressive neuropathy, Carpal tunnel syndrome
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Figure 1. On the left is a cross-sectional view of the median nerve (arrow) at the distal wrist crease in a healthy volunteer. The cross-sec-

tional area of the nerve is 9 mm’ andthereisnormalnerveechogenicity. Ontherightisthesameviewfromanindividualwithcarpaltunnel-
syndrome. Thenerveisl9mm2andveryhypoechoic. T=flexortendonsandC=carpalbones.
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Figure 2. Ultrasound (top) and color doppler (bottom) revealed

bifid median nerve (white arrow head) and persistent median ar-
tery (black arrow) of the wrist.
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