PNS Demyelination

Last updatedSeptember 5, 2017
GUILLAIN -BARRE SYNDROME (GBS),ACUTE INFLAMMATORY DEMYELINATING

POLYRADICULONEUROPATH Y (AIDP) ..eeuiiiii it eeeeeeee ettt e e e e e e e e 1
N O] o N (@] P 1
EPIDEMIOLOGY ..ttt ettt ettt e e et e s mmme et e et e e e e et e e mmme e e n e e e e e e e e e e e rnnn s 2
O N oY I o 71Ny 0 = 2
(D7 N0 ] £ 3
IR Y= PP 4
PROGINOSIS. ..ottt ettt ettt e e et et smeea e e e e e e e e e e e e e e e et n s n e e e e e e nn e e e e e e e nnamn e 4

CHRONIC INFLAMMATORY DEMYELINATING POLYRADICULONEUROPATH Y (CIDP) ...coviiiiieieee. 5
PATHOPHYSIOLOGY ... iieettii e e ettt eeem s e e e et s e e e e e e s e smmms e e e e e e e s a e e e e e e e e s s ammmn e e e e e eennnnseeeeennen )
] = 1Y 1T I 1 2 5
CLINICAL FEATURES. ... cieeiiii ettt eeee ettt e e e et smmms s e e e e e e ea e e e e e e e e e s s s e e e e e nnnnneeeennes a
12X € N 1] PP 5
L= 1Y 1= PP S
L@ TN 1] PP 5

MULTIFOCAL M OTOR NEUROPATHY, S. MNMCB (MOTOR NEUROPATHY WIT H MULTIPLE

CONDUCTION BLOCKS )t tteeeeetiieeeeeeetttttssmmmeeeeeeeeesssssssss s e smmms s s e ss s n e e e e e e e e e e e e amnnannsaeaeeaeeeeeeeeeeeees 5

CONGENITAL HYPOMYELINATING NEUROPATHY ..ettuiieiiiettiiaeeeseesimmmeessn s e eeeessnnaseeeseemmmseessnnnaeees 6

Segmental demyelination (SD) damage to myelin sheathe
1) primary SD - only myelin is affected; axon is spared.
2) secondarySDchanges i n axon Y damage to myelin.

SD produces
1) NEGATIVE EFFECTS CONDUCTION ABNORMALI TIES( s | owi n g musclebveakredsdrge Y

fiber sensory loss
I motor aspects conduction slowing (vs. block) does not produce clinical weakness
when it affects motor axons (fact that nerve impulseseaiching muscle fibers few
milliseconds later than normal is of no significance!).
I sensory aspects

a) uniform(vs. differential)conduction slowingloes not have clinical sensory
correlate.

b) differential conduction slowinfdifferent in different types of fibers) may be
detected by certain examination techniques that require transmission of highl
synchronized nerve volleys (e.g. deep tendon reflexes, vibratory sensation).

2) POSITIVE EFFECTS ECTOPIC IMPULSE GENE RATION , ABNORMAL " CROSSTALK" between
demyelinated axon¥ fasciculations myokymig cramps paresthesias

Familial SD polyneuropathies- length-dependenpolyneuropathies with predictable presentations
(vary only in process severity):
1) lower extremityis affected edier and more severely than upper extremity.
2) distal partssuffer first and ultimately most severely.
3) sensory componertends to be involved earlier and more severely than motor.
4) contralaterallimbs are affected equally.
5) along any specific nerve, conducticate abnormalities atsiform

Acquired SD polyradiculoneuropathies(N.B. rootsare always affected in acquired SD cases!):
A) presentatiomdentical to familial SD polyneuropathiege.g. CIDP, AIDP in recovery stages).
B) specific presentationge.g. AIDP axrly in its course):

1) may be more severe in upper extremities (e.g. sural nerve may be normal,
whereas median nerve may be grossly abnormal).

2) motor component may be more abnormal than sensory.

3) abnormalities may be (multi)focal (vs. generalizefical conduction slowing.

4) nerves of same type, in same limb, at same level, often show very dissimilar
findings.

5) homologous nerves in contralateral limbs may be affected differently.

1 in AcuTE SD polyradiculoneuropathiespnduction blocksdominate, whereas LHRONIC
SD polyradiculoneuropathiespnduction slowings prominent.

CLASSIFICATION

Acquired SD polyradiculoneuropathies
I. Acute - Guillain-Barré syndrome:
1. Acute inflammatorydemyelinating polyradiculoneuropathy (AIDP)
2. Axonal form of GBS:
a) motor (i.e.acute motor axonal neuropathy)
b) motorsensory (i.e. acute motsensory axonal neuropathy)
[I. Chronic
Chronic inflammatory demyelinating polyradiculopathy (CIDP)
CIDP-like disorders:
CIDP with multiple myeloma
CIDP with osteosclerotic myeloma
CIDP with Wabtenstrom macroglobulinemia
Monoclonal gammopathies of undetermined significance (MGUS):
MGUS IgM neuropathy with antlAC antibody
MGUS IgG, IgA, IgM neuropathy without arlAG antibody
Motor neuropathy with multifocal conduction block

Guillain -Barré Syndrome (GBS), Acute Inflammatory
Demyelinating Polyradiculoneuropathy(AIDP)

- different autoimmune disorders withpidly evolving sensorimotor polyradiculoneuropathy
resulting from widespread:

a) inflammatory PNS demyelination (AIDP)

b) noninflammatory PNS axon loss(axonal form of GBS

PATHOPHYSIOLOGY

- autoimmune diseasegainst various components of peripheral nerve fibers.

Endoneural perivascular (mainly perivenous) lymphocytic infiltrates
Z
segmental demyelinatiori wallerian degeneration
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N.B. there isno dominant antigefiantibody reaction(any number of myelin and axonal elements
may be involved in inciting immune reactjon

AIDP - myelin sheaths specific target structure.

1 bothhumoral << cell-mediatedfactors- macrophages penetrate basaiilza surrounding
axon, displace Schwann cell from myelin sheath, and then phagocytose myelin lamellae.

1 circumscribed inflammatory perivenular and endoneunéiltrates (lymphocytes,
macrophages) aridcalizeddemyelination scattered throughout PNS (roots + distal
peripheral nerve fibers).

1 predilection (at least soon after onset)rfastsanddistal peripheral nerve fibers

! someaxon lossalso occurs.

1 during recovery, remyelination occurs, but lymphocytic infiltrates magigte

Axonal form of GBS:
1 wallerian degenerationaxon loss
1 rootsaffected far more extensively than peripheral nerves:
acute motor axon neuropathy- ventralroots alone;
acute motor-sensory axonal neuropathy bothventralanddorsalroots.
1 in surviving axons, macrophages are present within periaxonal spaces, surrounding
compressed but otherwise norraglpearing, axons.
1 some sparseéemyelinatioralso occurs.

EPIDEMIOLOGY

>

IDP
most common acquired demyelinating neuropathgi®ENCE 1-2 per 100,000 population).
males > females.
any ageg(incidence is higher in elderly).
any time of year.
most cases agporadic, butclustershave been reported (derive from obvious trigger factor, such
as antirabies vaccination).
1 no clear relationshigvith HLA.

E

Axonal form of GBS

1 small proportion of GBS cases in North America and Europe.

1 occurs principally asummer epidemicsin China (associated witlcampylobacter jejuni
1 typically childrenandyoung adults

ANTECEDENT EVENTS (RIGGERS)- associatd wi t h GBS i n &3webk% c as
before onset of symptoms):

Viral - CMV*, EpsteinBarr virus*, HIV*, herpes, influenza, hepatitis.

Bacterial - Campylobacter jejurii(gastroenteritis)Mycoplasma pneumoni&eBorrelia

burgdorferi
Vaccination - rabies (some strains), vaccinia, influenza.
Surgery
*strong association

CAUSE-AND-EFFECT RELATIONSHIPSeems very likely withd1V infection (test all patients for HIV),
Hodgkin's disease

CLINICAL FEATURES

| AscendingVEAKNESS AREFLEXIA, PARESTHESIASWIth little sensory loss|

AIDP andaxonal form of GBSare clinically indistinguishable and have similar CSF profiles!

1 most patients are essentially well and lack systemic symptoms (incl. fewphadenopathy [may
be sign of trigger evenl]

Initial neurolaical symptoms vary

A) 50% patient$ distal symmetricabARESTHESIAS( ipi ns and n eteedd fiegdy) i |
spread proximally (but seldom beyond ankles and wrig&)oral paresthesias are less common.
N.B. do not mistake for hyperventilation sgtoms!
B) symmetricaWEAKNESS can be presenting feature (but more often it is first noted few days after
paresthesias beginpegins inproximal lower extremitiessoon spreads (ascends) to upper
extremities, AREFLEXIA is one of earliest finding&@sp. in aonal form)

\ Normal ankle and knee reflexes in weak lower extremity virtually rules out diagdosis!

Progressive phadasts few days +-& weeks (50% patients reach nadir by 2 week€@a- by 3
weeks); prominent features arstor!
71 flaccid weaknessvaries considerably (often profound, ascending all four limbs, trunk,
respiratory, bulbar, and facial musclesanDRY's ascending paralysi}.
Facial diplegiais seen in 50% patients!!!
I because spinal roots are prominently involved, GBS can involverstroes
(e.g. intercostal, cranial) as well as long ones.
I sphincters are spared.
i may even cause nonreactive pupils.
occasionafasciculations
deep, poorly localizedain commonly occurs;
I most severe in shoulder girdle, back, and posterior thighs.
i more sevee at night.
I sometimes accompanied bhyscle cramping
1 sensory abnormalities (sensory loasy found infrequently (vs. sensory symptoms)
vibration and proprioception are most severely affected (up to sensory ataxia and
pseudoathetosis), esp. in distalremities.
1 DYSAUTONOMIA (Occurs to some extent in majority of patientsgvere paroxysmal
hypertension, orthostatic hypotension, cardiac arrhythmias (of all types) be life
threatening
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Peaked symptoms persist unchanged féneeks plateau phseY begin t o recede
variable fashion (over-@2 months).
1 improvement followgyradient inverseo direction of involvement (recovery of bulbar
function YYY |l ower extremity weakness re
1 tendon reflexeare usually last function tecover.

Acute axonal form of GBS- more rapid onset, more sevéearly denervation atrphypoor ultimate
recovery.

MILLER -FISHER syndrome (benign disorder does not require specific immune therapgjanial
nerveinvolvement predominates:
1) ophthalmoplegia anttGQ1bis found in almost all patients with ophthalmoplegia
2) ataxia
1) areflexia.
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PNSDEMYELINATION Deml @)
No limb weakness!
Pathophysiologic, clinical, diagnostic stages:
7 Pathogenesis —_—

Clinical phase 1
Tingling of
hands and feet

Phase 3
Areflexia, weakness,
distal sensory loss

Phase 2
Difficulty
in arising
from chair

Syndrome
, Nerve conduction velocity N | Electromyography——, Prognosis
Response of hypothenar muscles to ulnar nerve stimulation
Response  Response (Normal conduction velocity) Voluntary
to stimulus to stimulus activity
at wrlst at elbow
F wave normal Excellent
St|mulus ,\ '\ + At rest
""""""" Normal number
Milliseconds 25 of motor units
Response Response (Normal conduction velocity) Voluntary
to stimulus to stimulus activity
at wrist at elbow
F wave
delayed
St|mu|us ,‘ n * At rest Excellent
IR I S S G 0 B B 0 0 U 0 B T ST Slight dropout
Mllllseconds 38 of motor units
Voluntary
Response Response : ; '
¥ atilis t6 slimitiue (Slow conduction velocity) activity
at wrist at elbow
Stimulus l l At rest Good
* /\,\\' j\'\ No F wave
S S S S S S S S S S Greater dropout
0 6 17 Milliseconds of motor units
Voluntary
Response No response (Conduction velocity activity
to stimulus to stimulus not calculable)
at wrist at elbow Fair
Stimulus l l At rest o
good
No F wave .._/\,J\,.J\hlip
s Fibrillations ;
....... Rare single
0 6 Milliseconds motor unit firing
Phase 4 Phase 5 Phase 6
. Respiratory Mechanical Recovery,
j monitoring ventilation W full activity

Frank H.

Source opictures:

Two critical laboratory studies

1. CSFanalysisipr ot ei n¥
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DIAGNOSIS

wi t h (albummmnouyologioalelissbciat)o u n t

Phar mac

1 CSF proteiny (46-400 mg/dl) is seen after first week of illness; in 10% patients (esp. mild

cases) CSF protein is normal.

N.B. CSF cell countmay be elevated (up & lymphocytes / mR) if GBS is
superimposed oHIV infection or Lyme disease!

2. Electrophysiologic (EDX)examinationi segmental demyelinatiazhangegconduction block
differential slowing) in one or several nerves (esp. motor, vs. sensory).
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1 prolonged Fwave latenciesndicate proximal demyelination.
1 EMG - acute muscle denervation.
1 conduction slowing maygssist for months + years after clinical recovery.

N.B. both CSF analysis and EDX studies are least helpful dueinginitial phase of illneswhich is
period when specific treatment can be initiated.

MRI (with IV gadolinium)- enhancement of rootgs rather specific in making diagnosis.

Antibodies:
i ant-rGM; ganglioside in axonal form of GB%esp. with preceding Campylobacter)
i antrGQup ganglioside in all ophthalmoplegigatients

ESRis normal per se (unless elevated by trigger illness)

TREATMENT

Two components
(1) supportive care- remains cornerstone of therapy (major reduction in deaths over past few
decades has been due to advances in supportive care!).
(2) specific therapy.

Supportive Carei monitoring, prophylaxis and treatment of complioas.
1 patients with suspected GBSust be hospitalizeregardless of how mild disorder appears
initially!) - rapid deterioration has been reported.

\ Monitor: 1) vital capacity 2) ability to swallovd) ECG \

1 RESPIRATORY COMPROMI SE - most serious and most common complicatiareakness of
respiratory musclegesp. diaphragm) + weaknesshofibar muscles pulmonary complications
(atelectasis, pneumonia, pulmonary embolism);

i vital capacityis best measure of respiratory compromise degree.
i vital capacity O 15 m25tmHD) ( &r iinn supiar a to
I intratracheal intubatiormay be complicated because of:
(1) dysautonomidhypotension, arrhythmias due to drugs and airway
manipulaion);
(2) severehyperkalemianduced by succinylcholine because of denervated
musculature.
i tracheostomieperformed only if airway assistance is still needed at endoieek.
1 CARDIOVASCULAR DYSAU TONOMIA :
a) paroxysmal hypertensiorshortacting agentstitratd agai nst pati en
blockers).
N.B. one of main death causes is iatrogenic hypotension!
b) hypotensior{esp. in patients on respiratersompromised venous return)
Trendelenburg position, 1V fluids, + vasopressors.
c) cardiac arrhythmias cardiacmonitoring is necessary!; treat gingerly because
conduction abnormality may change very rapidly!

f  PULMONARY EMBOLISM (in 5% patients after"dweek of immobilization); H: subcutaneous
HEPARIN, intermittent calf pneumatic compression; passiveruilge jont movement are started
immediately, active exercises begin when acute symptoms subside.

1 PAIN T ASPIRIN (antidepressants and anticonvulsants generally not effective), single IM injection ¢
40-60 mgMETHYLPREDNISOLONE cold or hot packs, gentle massagablirepositioning in slight
flexion.

1 PSYCHOLOGICAL TRAUMA on essentially paralyzed GBS patients.

Specific Therapyi use one or another (not both):
1. PLASMAPHERESIS - treatment of choice (measurable objective improvement in at least 50% treate
patients);
f must be instituted early (preferably withift week no effect after 2 weeksindication
i loss of ambulation.
1 150250 ml/kg over 710 days.
1 no effect on mortality or relapse rates.
2. INTRAVENOUS IMMUNQGLO BULIN: (IV1g)) (0.4 g/kg/d for 5 days)bulk displaement of
pathogenetic antibodies from myelin
1 equally effective to plasmapheresis!
1 treatment of choice in children.

N.B. clinical improvement that follows IVIg or plasma exchange usually cannot be readily discernec
in individual patient, i.e., it ispparent only by comparing large groups of treated and untreated
patients

1 immunosuppressantsorticosteroids, ACTH are not effectivé ACTH is actually detrimental!),
vs. CIDP!

*high-dose corticosteroids could conceivably be of benefit.
PREGNANCYaspects
i 1%tand 29trimesters nothing special.
i supportive care becomes crucial duriffitBmester- increased respiratory demand.
i GBS is not indication for cesarean section.
i infants do not acquire GBS, even transiently, from their affected mothers.

Excellent article:
http://mww.medscape.com/viewarticle/730670?src=mp&spon=26&uac=121060BZ

PROGNOSIS

1 most patients areospitalizedor at least 1 month:
no artificial ventilation- average 5 weeks in hospital,
with respiratory supportaverage 21 weeks.
10% patientsbiphasicillness( par t i al recovery Y relapse).
recurrenceaf t er f ul | recovery occurs in a 2% pat
2-5% patientslie (ARDS, respiratory insufficiencyardiovascular collap3e
75-90% patients recovervithout serious neurological residuals
7-15% patients haveermanent, substantial neurological sequelage.g. bilateral footdrop,
intrinsic hand muscle weakness and wasting, sensory ataxia, burning dysesthesias).
1 risk factors for poor recovery
1) age > 60
2) rapid, early evolution (quadriparesigthin week)
3) very low motor NCS amplitudes on distal stimulations early in course of diseas
(severe axon loss or severe distal SD conduction blediksyle most reliable
outcome predictor!

= =4 -4 -8 -9
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CHRONIC INFLAMMATORY DEMYELINATING
POLYRADICULONEUROPAT HY (CIDP)

Very resembles GuillaiBarré syndrome, with following differences
1) no identifiable trigger events
2) chronic course witthypertrophicnerve thickening
3) response to immunosuppression with corticosteroids

PATHOPHYSIOLOGY

- autoimmunedisorder of PNS (spal roots, peripheral nerves; occasionally, cranial nerves and
sympathetic trunks).

\ Predilection forootsandproximal nerve trunk$

mononuclear infiltration in endoneurium and epineurium.

segmentatlemyelination + some degree afxon loss

1 hypertrophiednervesmay be pal pated (recurrent segment
Schwann cell proliferation and collagen deposition).

f hypertrophied spinalroottnay act as masses (Y spinal cor

= =4

EPIDEMIOLOGY

any age (mean age of onset’" decade).

HLA with increased risk of CIDP: AW30, AW31, Al, B8, DRw3.
onsetor relapseson occasion argiggeredby infection, vaccination
mayrelapseor worsenduring pregnancyandpostpartum periad

E R

CLINICAL FEATURES

- chronic sensorimotor polyradic@ineuropathythatevolves slowlyf © 8 weeks for s
reach peak*): *vs. 4 weeks for GBS

a) progressivenonophasic our se (& 66 %)

b) cyclicalrelapsingcour se (a 33%) .

Weaknesswith areflexia predominate over sensory symptoms.
1 weakness distribution
a) as typical polyneuropathysymmetrical, lower extremities > upper extremities, distal
muscles > proximal muscles.
b) asymmetrical, more prominent proximally; cranial nerves may be affected.
1 weakness degrearies markedly mild + severe (in majority, mildrioderate); in severe cases,
respiratory failure.

Sensorysymptoms mild paresthesia, modest sensory loss (stoegloge pattern, with all modalities
affected).

1 pain (< 20% patients).

{1 occasional sensory ataxia.

Autonomic symptoms are uncommon (e.g. incontinence, impotence).

DIAGNOSIS

1 electrophysiology(key in diagnosis normal results essentially exclude diagnosiéhdings
consistent witracquired SD(vs. axon loss).
7 CSFproteiny (to moder6dang/diiegree: 23
I in 10% patients, CSF protein may be normal.
1 sural nerve biopsy(not pathognomonic)inflammation & demyelination, wellleveloped onion
bulb structures, prominent variability of abnormalities among nerve fascicles!
I may be normal in 25% patients.

Critical component is to excluqeIn]sRIINe[Se]{e[sVi:

1) lymphoproliferative disordersmultiple myeloma, osteosclerotic myeloma (incl. POEMS
syndrome- polyneuropathyprganomegalyendocrinopathy [hirsutism, testicular atrophiy];
protein,skin changes), MGUS, Wdénstrom macroglobulinemia.

1 screen serum & urine for Mroteins + skeletal Xay.

2) HIV infection
1 HIV testing is indicated in all patients at risk!
N.B. CIDP may be presenting feature of HIV, preceding seroconversion for up to 6
months (repeat HIV testingrGonths after onset of CIDkke disorder!).

TREATMENT

CIDP isvery treatable disorder
1) plasmapheresi{ t wi ce weekly for 3 weeks Y once o
2) VIg: (400 mg/kg/day over 5 consecutive days or 400 mg/kg/day once per week&ver 6
consecutive weeks).
GAaMUNEX (FDA approvedor CIPD) - 10% human Ig for IVI : 2 g/kg loading (at rate
2 mg/ kg/min) Y 1 g/kg maintenance (at
3) various forms ofmmunosuppression(vs. GuillainBarrésyndrome!!!!)i corticosteroids,
azathioprine, cyclophosphamide

patients with minimal symptoms may not require treatment.
relapseY single dose of |1 VIlIg or single plasma
physical therapy, orth otic devices

E g ]

PROGNOSIS

- favorable for most patients.

MULTIFOCAL MOTOR NEU ROPATHY, s.MNMCB
(motor neuropathy with multiple conduction blocks)

1 tends to begin igoung adults
1 men > women.
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CLINICAL FEATURES

- chronicslowly progressive or stabssymmetrianotor mononeuropathy multiplée.g. unilateral

wristdrop followed by footdrop on other side).

1 often begins in upper extremities.

1 tendon reflexesnay be preserveor may be lost outside weakness distribution.

1 some weakened muscles mayab®phc, other involved muscles may beradrmal bulk

(suggesting that SD conduction block is mechanism of weakness rather than axon loss).

1 sensory examination is normeven in weak limbs!
N.B. weakness & atrophy without sensory disturbaneg mimic ALS (MNMCB progresses
more slowly- little disability after 5 years of symptoms)

PATHOLOGY

- inflammatory demyelination(immunemediated mechanism):

highly focal (not at sites of entrapment neuropathy!!!).
proximal and distaberipheral nervesoccasionallycranial nerves
largely sparesensory nerve fibers

perivascular lymphocytic infiltrates.

DIAGNOSIS

1 electrophysiology(key to diagnosis! persistentonduction block(focal demyelination).
Strict criteria > 50% fall in amplitude with < 50% increaseduaration of response.
1 markedly increasednti-GM 1 ganglioside antibodiesn serum (70% caseshot specific to
MNMCB and not required for diagnosis.
1 CSF normal.
N.B. MNMCB may represent variant of CIDP (evaluate patients in same fashion as patients
with possible CIDP)

TREATMENT

- responds favorably t/1g;, immunosuppressivetherapy (azathioprine, cyclophosphamide).
N.B. corticosteroidandplasmapheresineffective!

CONGENITAL HYPOMYELI NATING NEUROPATHY

- lack of normal myelination* of peripheraénves (motor and sensory) but not of CNS white matter.
*not degeneration or loss of previously formed myelin.

autosomal recessive inheritance.
Schwann cells are preserved, axons are normal.
myelination proceeds at slow rate and remains incomfpedgressive condition?).
present from birth
1) hypotonia, developmental delay.
2) absent tendon reflexes.
3) arthrogryposis (50%).
4) cranial nerves inconsistently involved.
5) respiratory distress and dysphagia are rare complications.

DIAGNOSIS

M slownerveconductionvelocities

1 sural nerve biopsy- lack of myelination of large and small fibers; no inflammation; + interstitial
hypertrophic reactive changes.

1 muscle biopsy- mild neurogenic atrophy, no inflammation.

E ]
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