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Paresthesia and weakness (l1): iatrogenic or nutritional deficiencies

Jee-Eun Kim, MD, PhD

Department of Neurology, College of Medicine, Ewha Womans University, Seoul, Republic of Korea

Neurologists are frequently consulted for paresthesia and weakness in patients that developed in various medical or sur-
gical conditions. These neurological findings can be result from both central nervous system (CNS) and peripheral nerv-
ous system (PNS) disease. Here we focus on neuromuscular disease that develop in association with other medical con-
ditions (nutrition deficiency or iatrogenic causes) and frequently asked for their evaluation and treatment to neurologist
in clinical practice. We summarized methods of clinical approach and guide to make some recommendation in these
patients. Neuromuscular diseases that included in this review are as followings: nutritional and alcoholic neuropathies,
ICU acquired weakness, metabolic and endocrine neuropathies and myopathies, drug induced toxic neuropathies.
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1. EX|ZASFLICF (ICU acquired weakness, critical

illness polyneuropathy with/without myopathy)
YA ZANA ALSRA 2R} Hedste] 4173 oAkt

Table 1.

Thiamine (vitamin B1) deficiency

SIUMENSH KRS0 LT 2 QU MYHS

Pyridoxine (vitamin B6) deficiency
Cobalamin (vitamin B12) deficiency
Folate deficiency

Vitamin E deficiency

Copper deficiency
Hypophosphatemia
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Table 2. TilZetnt st e +~ U= LEES

Connective tissue disease (Sjdgren syndrome, rheumatoid
arthritis, systemic lupus erythematous, scleroderma, mixed
connective tissue disease)

Sarcoidosis

Celiac disease

Inflammatory bowel disease (Crohn’s disease, ulcerative colitis)
Hypereosinophilic syndrome

Liver disease

Primary biliary sclerosis

Uremia, Whipple disease

Gout

Critical illness polyneuropathy

Amyloidosis (familial, acquired)

Vasculitis (Isolated peripheral nerve vasculitis, Vasculitis
associated with systemic disease (granulomatosis with
angiitis, polyarteritis nodosa, Churg—Strauss syndrome,
microscopic polyangiitis)

Infection (HIV, HTLV1, CMV, EBV, Syphilis)
Cancer (Direct tumor invasion to nerves, paraneoplastic)

Endocrinopathies
Diabetic Mellitus
Distal symmetric sensory and sensorimotor polyneuropathy
Autonomic neuropathy
Polyradiculoplexus neuropathy
Mononeuropathy/multiple mononeuropathies
Diabetic neuropathic cachexia
Acute treatment—induced painful neuropathy
Hypoglycemia/Hyperinsulinemia
Generalized sensory or sensorimotor polyneuropathy
Hypothyroidism
Generalized sensory or sensorimotor polyneuropathy
Carpal tunnel syndrome
Acromegaly
Generalized sensory or sensorimotor polyneuropathy
Carpal tunnel syndrome

FTARATHSFO R FolstA dot. HSA2AHTHS
7| 5ol @502 7Y o) 714 71 & &
‘_Z}«] 1/3001 4 Agsk= A 02 27l vh /o
et A 29 9okl sigsh= 2 ]
9 9 F e}t wistof wet YA A BLSH, HAS
55, ASARAEY, YSNEFHIAANELEE (a-
cute necrotizing myopathy of intensive care)2 JL&28F 4=
ULt HASA R AT RS A AL, L7 fiofe] 544
o, T ZFIFE BRI 0] 7|AIE] A A7 ol Y A& <l
A=) 7] % gtk Aoy oH, IS 2 iAo
etk Y85 18T, SPLSAY AH R0 E ARG, 1L
g, IHFAEE, 4, AGEREF, I 2 22 UA|
h2 YSABATH R T o] e IAteltt. A =4
AA] 25417 9] B8 854 Y(compound muscle ac-
tion potential, CMAP)7} 3 A A L= 241y kAl A4
% Rele T3] B2t 2840) FHHE A9 ABo] 27,
motor unit action potential @] X|&A|7to] ZHAE FE7F 2
Azof A FEEh 28 AL AFXN B YA o] AR
714 Al7dsAgo] AAS 7FsAdel =AU, anti-SRP,
anti-HMGCRO] A7} &Rl == 73-F, AN HARESS
o] o4 E= A5 A Ystale A w B Aol F7H41 A
HE FX] o= 7397t Yot BE AlsHA] okert’ 28 4
2 AgPsl= AL uvkA] 28 A8 9= (diffuse Type 2 fiber
atrophy), 54 v}o|Al&ATSH (acute myosin-loss
myopathy), JAREEH (necrotizing myopathy) 5-2] o8
F= B 4 Ak FSAEA FHAF Azt B
EHAEEA, 27| o5 AL, LTS AF40=E
ZASH =Y, o]= 38 A AT AgtEh HFAEA
FHRIY 1/29] AP HEA A 52 & F/F5 Qo] I

{o
I r]o _L‘

)
r1r
OE, ;L mE

flof oz T

[¢]
=

UEEOITOJQL

Table 3. MAIRIS}F HUSI0 grAist

Thyroid disease(Thyrotoxic myopathy; Hypothyroid myopathy)
Hyperparathyroidism

Adrenal disorders

Steroid myopathy

Diabetic mellitus (Diabetic muscle infarction)

Myopathies associated with electrolyte imbalance (Hypo—/
Hyperkalemia, Hypophosphatemia, Hypomagnesemia,
hypo—/Hypercalcemia)

Myopathies associated with malignancy

Other myopathies secondary to systemic disease (amyloid
myopathy, critical illness myopathy etc)
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1) glotHl (vitamin Bl) =
Elojy] B2 (W2 29g) T3 ¢2E& S5 A
2 Q1 1/ E, 7|7 v AT Y, =] AgHE Alo],

QATA| 42& (bariatric surgery)©] 2J3] A <= 9t ]
opql ¥ R0l ofsf WY St= Beriberi B2 41543} 614

20| SLEAO] 2, o] Z43o] Sl e wet Beriber,
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/Jo] L9 SHA = &= A EH, o]o] A= AAYSHA
Bk Ao A4 AR i 550 RE 20 4t
off thet A5kt P A= F-910fl (stocking) Urehte 74
A AT LRI Sl W 4
0 204 Eloltl 58 25k A oA A=) &
] gt} o] K= erythrocyte transketolase AL E
ZX3lAY thiamine pyrophosphateE 7} & eryth-
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2) Pyridoxine (Vitamin B6) ¥

Pyridoxine & H-8A] A7 542 HolH, BHAof=

A5 PP ESE Y 4= Aot Pyridoxine 52
7] isoniazid T+ hydralazine 2| 5.9} Q=] o] EAYsHH,

T YA ES5N 2 JEESAAH A T W B9 E
A8 k= 739 LAY 4= 9let' Pyridoxine 2% 42 5o
Ho|x| OB, £ ZAHT 712 B4k B S eAe], 4
AR EAANAL 2 A AR Ho] g Alsk 24ty 717 =)
A7AHZ PeS B oIt} Ao A Vitamin B6E &5t
Adshy, 2251 81219 42 1Y 50-100mg/d9] vitamin
B6E &35t} Isoniazidy hydralazine 2| 52 A8st=
SHAt= Pyridoxine: o2 0 = Zro] Foigfof gttt

3) Vitamin B12(Cobalamin) &

Vitamin B12 £2-2 megaloblastic anemia 2} 515}
CNS&} PNS o2 7H4E 4= ok o|& oFad At
(subacute combined degeneration, SCD)2.& H21, H]
A gl A &3] v 4= AUt Vitamin B12 REA] A4
5 7]%(posterior column) 7|5 AA 2 74z} o] Atolu) 7z
A Az7}Zukg 22 9lon n]@22g o ol5) 7A A
floko] Lk &= it} &5k oY} Vitamin B12 RHA|=
OJA A5t FREE 4= 9lom, T/} Vitamin B12 F-= €4}
A= CNS 2 PNS 2ol Al gl 497} ol 1%
2oy AL3tzto] 4445kl Romberg &7t /o™,

z Pt 245k B4 of
719}4 AAL BY 4 Qi) Wt vt
29 5 15 82 Bl

RSN
HAITh: Mol $2 2FF YR 20| F 5 9)
L 39 Lhermitte A%7} Yt
"}*“ S Ut} Vitamin B12+= FAE F
2 A5}, FLo|ut o), =o)L gick. Vitamin B12

o] F57] fIsiAl= o5 mi7lQl 9] parietal Ao A &

3171, A,
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H|E]% intrinsic factor7} @ Q35}c}. Vitamin B12 £
AAT AAFARL fEAY A S0l 23t parietal Al
E £4Fo] FHkE= oAdHE (pernicious anemia)ofA] L
Eftb= intrinsic factor 55, stE-IAEA|, WHISFEH
S(sprue)d2 F54o S, BEHor ol gt
blind loop syndromet} 7|/853 <, vl 5ol AR8-0h= =
L7} ‘Nitrous oxide o] HHE- 0 2 &&= <
2= 9Jt}.! Vitamin B12 24| AAHZ 4
HAYSH= A of| tisfiAf= oF2] 243] A UAA = R

DNA 3§+, myelin phospholipids®] methylation T4 5
O = 3t w4 24 (myelination)o] HH71HC 2
A7tE]o] Atk @3 Vitamin B12E Xt glgesl @o
], B EApA] Vitamin B12 @3 27} /4 H oA
ZAto] wrAystc), wahA] Vitamin B129] thAHE-Q1 methyl-
malonic acid2} homocysteine2 &4 3= A o] ¢ 2t
T-%o] "t Vitamin B127} 300pg/ml 91 8212 5-10%0]]
Al methylmalonic acid2} homocysteine 717} =]
™, A x]o] Vitamin B12 300pg/ml o]A}el 3219 0.1-1%
o A= methylmalonic acid2} homocysteineZ} &7}%] o]
e}’ wekA FAsHA ST thAl S 4}, E3] &
oA F4ol 7AW HpH Fhbe] iEH= B
Vitamin B12 &30 YRV} 9= AL Vitamin B12
9} BE-0] methylmalonic acid2} homocysteineE 70|
AAH= Aol 8381t} ESE copper 25 vitamin B12
BEA] A7) AT o4 il fAR BALE Hol
2 Vitamin B12 £ ©J3F PNS Ei= CNS o] o4
= AL copper, ceruloplasmin, zincg Zro] A= A
o] 2Ath. /54 1A dgo] §l= A%, Vitamin
B12%%o] SE ghol A oul8 (pernicious ane-
mia)e] BHHAEAE F IS Bt glk’ ol o
ARl R R A 7 o) IS A 4] &7] "
o|t}. Schilling HAR= TA o= 2H/dHIE Zeto]] A=Y
O}, o9 B9 HAPEALE AR = A9 AREEA| et
% intrinsic factor PA|= /g HE Ato]] Ego] E|ut, of
A& 31x}9] 50%0f A gt &=} Gastrin I} &} parietal
A2 FAIE o] S4sh= Z°] Vitamin B12 £52] A2l
Agto 2 oPguId S Aetet=t| ¥ ko] "t ABAE
HARN A= SNAP Z1Zo] 2| o & I A 4%, CMAP
ZZL2 A H 0= oF7F AR AL ARl A Bt
+5 9 A7 e 2 ARAES = A B A
ot ol AT Helth A+ Al A= central
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5) Copper =

Copper ££2 myeloneuropathy, 471404, 483
2AE Fitehel, AAATEO) B QAL Vitamin
B12 2] olgt QApAbat S Al o] 79t
Aok} AL Spel LA, 9ok, A @ BPgole
4% Large fiber 22715 &4, ZAWIAR @4, ke
HRARZE Al O 2 UERd 4 Qltt Y& light touch, pin-
prick 77} &43o] SR, AB A= HAVS S48 A2
& A HS FHE BRIt F51o] BhtEE A%
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Table 4. =4 LIEES

g N7 Q¥ M Ny Heladt NFRHEANAZ

Metronidaz =3 E35, large & small fiber Axonal degeneration Low-amplitude or absent SNAPs
ole ZtZE0|AF, ST 9|0k with normal CMAP

Chloguine & Amphiphilic properties?t
hydroxychl drug-lipid S&HIE &4,
oroguine  autophagic vacuoles X

odt

a2

Amiodarone Amphiphilic properties?t £5
drug-lipid S&AE g4,

[}

length—dependent pattern
large & small fiber Zf2+0| A,
Lt olor,
ength—dependent pattern,
2H30)

9l A, large & small
fiber 212{0|, Ete 9o},
t —_—

autophagic vacuoles 8 length-dependent pattern,
odt

M
4% 29 ook S
Colchicine microtubule L{ 2| ZZEAA QI 0| A,
tubulin® length-dependent pattern
polymerizationg large fiber ZZtA& A, ZHZ0|
goHolil, axoplasmic  StHE £ O, 0] 2 2%
flow &4 Qo st
Pyridoxine =3 Ol b2t 2l ZHZEAIX larger
iber ZtzF A
O o
|soniazid pyridoxal phosphokinase  O|AtzZt2t 3l ZF2ZEA X larger
715 9H|Z pyridoxine iber ZtZh &4

HZXOS Odf
THEE T2

Ethambutol s

Phenytoin =24

Lithium =34

Carbon S3H4
disulfide

Organopho neuropathy target
sphates  esteraself| Z&5l0 7|5

ZZNot 2 large fiber Z2f& 4
22t A5t % large fiber 24242

22K 3t 2 large fiber 244

length—dependent pattern
27EX5H 2 M2zt UThe 245
[ R | OXOF EI_HI?Iv7 oy o =
T| 1oL |'o

Z7|: neuromuscular
blockaded Ofat HAIS|o}, &7]:

of | ZAS 217t QENHHE

Lead =24, 0|EZC2|0F LHYE, 2atdE3
J|sKotet e 2402 (finger/wrist drop HE|Z

3 QBHABSI QAR HE2

LIEHL} 7| = BHC}), autonomic

neuropathy, bluish—black
discoloration of gum

Mercury S, sulfhydryl 123  ££, nephrotic syndrome,
odg soz 23 S5, ME, 220l

Gold saty U 2A20/Y, BE 22 )5

{0}

Axonal degeneration with
autophagic vacuoles (nerve
& muscle fiber)

Axonal degeneration &
segmental demyelination
with myeloid inclusions in
nerves and muscle fibers

Axonal degeneration,
muscle fiber with vacuoles

Marked loss of sensory
axons and cell bodies in
dorsal root ganglia

Marked loss of sensory
axons and cell bodies in
dorsal root ganglia, dorsal
column degeneration

Axonal degeneration

Axonal degeneration &
segmental demyelination

Axonal degeneration

Axonal swelling with
accumulation of
neurofilamanets

Axonal degeneration with
degeneration of gracile
fasciculus & corticospinal
tract

Axonal degeneration of
motor axons

Axonal degeneration,
degeneration of dorsal root
ganglia, calcarine, cerebellar

cortex

Axonal degeneration

Low-amplitude or absent SNAPs
with normal or reduced CMAPs,
distal denervation on EMG,
irritability & myopthic MUAPs
(toxic myopathy SHt=l Z42)

Low—amplitude or absent SNAPs
with normal or reduced CMAP,,
(FEZI NCV slowing St £
oICH); distal denervation on EMG,
irritability & myopthic MUAPs
(toxic myopathy SHt=l Z42)

Low—amplitude or absent SNAPs
with normal or reduced CMAP,,
(FEZI NCV slowing St £
QICH); distal denervation on EMG,
irritability & myopthic MUAPs
(toxic myopathy SHt=l Z42)

Low—amplitude or absent SNAPs

Low-amplitude or absent SNAPs
(+- lesser extent CMAPs)

Low-amplitude or absent SNAPs

Low—amplitude or absent SNAPs
with normal or reduced CMAPs

Low-amplitude or absent SNAPs
with normal or reduced CMAPs

Low-amplitude or absent SNAPs
with normal or reduced CMAPs

Early: repetitive firing of CMAPs
and decremental response in
repetitive nerve stimulation; Late:
axonal sensorimotor
polyneuropathy

Reduction of CMAP amplitudes
with active denervatino on EMG

Low-amplitude or absent SNAPs
with normal or reduced CMAPs

Low-amplitude or absent SNAPs
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2204 9o (I): ol E=
Table 5. 54 245"
Yol 25 o= ANAY LAtAA Helad
Necrotizing =Y AHZE Kot UX| M T= MMG| gdst=s CKAZ, EMG (fibs, PSWs, Ct4=9| necrotizing fiber,
myopathy 2E Qof 22E myotonia)(statins, endomysial inflammatory cell
. cyclosporine), myopathy ZHO WX 2.
Cyclosporine MUAPs)
Labetalol
Propofol
Alcohol
Amphiphilic Chloroquine =48 E= AAD| YEole  CKMZ, EI\/I(G (fibs, PSV\)/S, Autophagic vacuoles !
. 28 L T 2o ARE myotonia (chloroguine inclusion0| & 42| muscle fiber
LTI x<2CT 7=, % 3 =
Hydroxychloroquine “ " myopathy MUAPs) E= Schwann MZ0A ZEE.
Amiodarone
Antimicrotubul Cochicine 24 = MANo| gHote CK-A4 E= H4 EMG Autophagic vacuoles 2!
ar Qe dl gttt ojoF A2E  (fibg, PSWSs, myotonia  inclusion0] & 742 muscle fiber
Vincristine (colchicine), myopathy &= Schwann M| Z0jjAf ZHAHE .
APs) AZZE A axonal
degeneration
Mitochondrial Zidovudine =4 E= MAo| st CK-As& TE HAb, ragged red fibers, COX-negative
myopathy 2YEYS, 2 E, EMG- HM EE= fiber, inflammatory cell
522801, painful myopathic; NCS-axonal  infiltrates, cytoplasmic bodies
Other HIV related gzcaols, P MY '
: : sensory neuropathy senosry nemaline rods
antiretroviral agents neuropathy/neuronopathy
Inflammatory L-tryptophan =28 = MG Yo CKAZE EMG-fibs, PSWs, Preivacsular, perimysial or
myopathy ooR 2 Y 2RE myopathic MUAPs endomysial inflammatory cell
D-penicillamine infiltrates
cimetidine
—dopa
Phenytoin
Lamotrigine
Alpha-interferon
Tumor necrosis
alpha-blockers
Hydroxyurea
Imatinib
Hypokalemic Diuretics a8 E= AAS| YHole  CK-MAM E= AMs 88K scattered necrotic fibers2}
myopathy 2R EE T 9% 295 2N vacuoles B 4 9IS,
Laxatives
Amphotericin
Toluene abuse
Licorice
Corticosteroids
Alcohol abuse
Critical illness Corticosteroids 24 Ko 5528 HEst CK-HA E= A4; NCS- Atrophy of muscle fibers,
myopathy A Q|ok low amplitude CMAPS scattered necrotic fibers,
with relatively normal absence of myosin thick
Nondeoolariz SNAPs; EMG- fibs, PSWs, filaments
ondepolarizing myopathic MUAPs or on
neuromuscular blocking voluntary MUAPs
agents
Unknown Omeprazole o4 E= AMo| dole  CK-Ho T= Z0st 45 Type Il muscle fiber atrophys
DB £= MM 9oF 28, EMG- myopathic MUAPS: U4 UB.
sensorimotor NCS-axonal sensry
polyneuropathy neuropathy
103

CHEHAIZITIEES] 2020HIE RIBOE EAHBHETHS] - 20| -



axe |

Table 5. Continued

delx 28 o2 IrER, ANaz ERrs:
|sotretinoin =4 E.EEl_ N A3 %%8}? CK-HA E= At Atrophy of fibers
292 EE HA 90 295
Finasterid 295 9o U 9/

CK-H4: EMG-myopathic Variability in fiber size type Il fiber
MUAPs atrophy, increased internalized
nuclei

CK, creatine kinase: fib, fibrillation; MUAP, motor unit action potential; PSW, positive sharp waves
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