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AAN, American Academy of Neurology; A-CIDP, acute-onset CIDP; AD, autosomal dominant; AIDP, acute inflamma-
tory demyelinating polyradiculoneuropathy; AIP, acute intermittent porphyria; AL, amyloidosis light-chain; ALS, amy-
otrophic lateral sclerosis; AMAN, acute motor axonal neuropathy; APOAI1, apolipoprotein Al; AMSAN, acute
motor-sensory axonal neuropathy; AR, autosomal recessive; BBE, Bickerstaff’s brain-stem encephalitis; BMI, body
mass index; C, campylobacter; CAN, cardiovascular autonomic neuropathy; CB, conduction block; CDAS, CIDP dis-
ease activity status; CIDP, chronic inflammatory demyelinating polyradiculoneuropathy; CMAP, compound motor
action potential; CMT, Charcot-Marie-Tooth (CMTX=X-dominant CMT, CMTI=demyelinating subtypes,
CMT2=axonal subtypes); CMT-NS, CMT-neuropathy score; CMV, cytomegalovirus; CNS, central nervous system;
CB, conduction block; cPAN, cutaneous polyarteritis nodosa; CSA, cross-sectional area; CSF, cerebrospinal fluid; CTS,
carpal tunnel syndrome; CV,conduction velocity; DM, diabetes mellitus; DML, distal motor latency; dSMA, distal
spinal muscular atrophy; DSP, distal symmetric polyneuropathy; EFNS, European Federation of Neurological Societies;
EDX, electrodiagnosis; EMG, electromyography; ENG, electroneurography; ERT, fibrillation potentials, enzyme
replacement therapy; FAP, familial amyloid polyneuropathies; FP, fibrillation potential; GBS, Guillain-Barré syndrome;
GSN, gelsolin; HMSN, hereditary motor sensory neuropathies; HNA, hereditary neuralgic amyotrophy; HNPP, heredi-
tary neuropathy with liability to pressure palsies; HRV, heart rate variability; HSAN, hereditary sensory and autonomic
neuropathies; HSCT, allogenic hematopoietic stem cell transplantation; HSP, hereditary spastic paraplegias; IVIg, intra-
venous immunoglobulin; LLN, lower limit of normal; LSRP, radiculoplexopathy; MAG, myelin associated glycopro-
tein; MFS, Miller-Fisher syndrome; MGUS, monoclonal gammopathy of undetermined significance; MNGIE,
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mitochondrial neurogastrointestinal encephalopathy; MRC, Medical Research Council; MRI, magnetic resonance
imaging; MU, motor unit; NCV, nerve conduction velocities, (M =motor, S=sensory); NSAIDs, non-steroidal anti-
inflammatory drugs; NSVN, non-systemic vasculitic neuropathy; PE, plasma exchange; OLT, orthotopic liver trans-
plantation; PNI, peripheral nerve injury; PNS, peripheral nervous system; POEMS, peripheral neuropathy, organomegaly,
endocrinopathy, M-protein, and skin changes; QSART, quantitative sudomotor axon reflex testing; QST, quantitative
sensory testing; SAP, sensory action potentials; SC, Schwann cell; SFN, small-fiber-neuropathy; SNAP, sensory nerve
action potential; SW, sharp waves; SVN, systemic vasculitic neuropathies; TIDM and T2DM, type 1 DM and type2
DM; TTR, transthyretin; ULN, upper limit of normal; US, ultrasonography; VEGF, vascular endothelial growth factor;
WM, Waldenstrom macroglobulinemia

35.1 Title: Hereditary Neuropathies

Key Facts

Definition

Heritable genetic defects that affect selectively the
peripheral nervous system (PNS) [myelin sheath,
Schwann cell (SC), axon] or the PNS plus the cen-
tral nervous system (CNS) and/or other organs [1]
Demographics

Rare disorders with prevalence less than 1:2000
when considered singly. All ages may be affected
from birth to late adulthood.

Clinical features and terminology (Table 35.1)

(1) Chronic length-dependent polyneuropathies:
hereditary motor-sensory neuropathies (alias CMT);
distal hereditary motor neuropathies [({HMN), alias
spinal CMT or distal spinal muscular atrophy
(dSMA)]; hereditary sensory and autonomic neu-
ropathies (HSAN). (2) Relapsing/progressive
motor-sensory polyneuropathies (Refsum disease).
(3) Chronic, progressive, motor-sensory polyneu-
ropathies with early small-fiber involvement (e.g.,
familial amyloid polyneuropathies). (4) Painful neu-
ropathies (Fabry disease). (5) Acute generalized
polyneuropathies (porphyrias). (6) Chronic sensory
neuronopathies associated with hereditary ataxias.
(7) Chronic sensory (and motor) neuropathies due to
mitochondrial disorders [2]. Recurrent focal
neuropathies/plexopathies: hereditary neuropathy

with liability to pressure palsies (HNPP); hereditary

neuralgic amyotrophy (HNA).

Diagnostic markers

— Clinical picture; neurophysiology; DNA testing;
other laboratory tests in selected disorders: blood
biochemical tests; MRI and or ultrasonography
(US); CSF analysis; nerve biopsy.

Top differential diagnosis

Phenotypically convergent acquired neuropathies.

Prognosis

— Principles of treatment — Rehabilitation; symp-
tomatic treatments (e.g., pain). Disease-
modifying therapies available for selected forms,
e.g., FAP (liver transplantation; pharmacother-
apy; gene therapy); Fabry disease [Enzyme
replacement therapy (ERT)]; acute intermittent
porphyria [(AIP): hematine, glucose]; Refsum
disease [diet; plasma exchange (PE); mitochon-
drial  neurogastrointestinal  encephalopathy
[MNGIE: ERT, allogenic hematopoietic stem
cell transplantation (HSCT)]. Disease-modifying
therapies under investigation for many forms,
e.g., CMT.

— Outcome and disability — Variable, from minor
disability throughout life (e.g., CMT) to relentless
fatal course over years if untreated (e.g., FAP).
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35 Disorders of Peripheral Nerves

35.1.1 Charcot-Marie-Tooth
Disease (CMT)

35.1.1.1 Terminology
Alias: Hereditary Motor and Sensory Neuropathy
(HMSN) or peroneal muscular atrophy.

35.1.1.2 Demographics

The most frequent hereditary neuromuscular disor-
der with a general prevalence of about 1:2500. All
modes of Mendelian inheritance are possible. In
most European and US populations, 90 % of cases
are autosomal dominant or X-dominant (CMTX),
while 10 % are autosomal recessive. Autosomal
dominant CMT: demyelinating subtypes (CMT1)
more common (60 %) than the axonal subtypes
(CMT2) (40 %), but the true prevalence of CMT2
is unknown and approximately 70 % of the CMT2
genes remain unidentified [3].

35.1.1.3 Clinical Features

Common Phenotype associated to CMTI,
CMTX, and CMT2: onset in infancy or child-
hood, difficulty in running, twisting of ankles,
pes cavus (planus at onset) and hammertoes, pro-
gressive peroneal atrophy with steppage gait,
foot drop, mild sensory ataxia, weakness/wasting
of hand intrinsic muscles, stocking-glove multi-
modal sensory loss.

Clinical clues: positive family history, presenta-
tion in the first-second decade, long and slow
progression, foot deformities, paucity of posi-
tive sensory symptoms, degree of functional
impairment milder than neurophysiological
involvement. Postural tremor may be promi-
nent independently of genetic subtypes
(Roussy-Lévy syndrome).

Caveats: truly isolated cases may occur, caused
by de novo dominant mutations. Dominant
forms may be associated to age-independent
intrafamilial phenotypical variability, from
asymptomatic to severe disease. CMTX may
be suggested by pedigree analysis (no male-
to-male transmission; males affected, females
asymptomatic or mildly affected) but a few
CMTX females may be severely affected.

a11

Early-Infantile Phenotype with perinatal onset,
hypotonia, and breathing difficulties, or with
delay of motor milestones. Severe weakness and
wasting of distal and proximal muscles, sensory
ataxia, foot and spine deformities, possible cranial
involvement (mild ophthalmoparesis, facial
weakness, neurosensorial hearing loss, vocal cord
paralysis). Inheritance may be autosomal domi-
nant with most cases isolated due to de novo
mutations (demyelinating CMT?3 alias Dejerine-
Sottas disease), or autosomal recessive (demye-
linating CMT4, or axonal AR-CMT2).

Adult Onset Phenotype Associated to CMTIB,
CMTX women, CMT2. Symptoms develop after
40-50 years.

Special phenotypes CMTX may be suggested
by marked involvement of abductor pollicis bre-
vis; exceptional CMTX cases may present acute
transitory leukoencephalopathies. Adult onset
CMT2 may be associated with pupillary abnor-
malities, hearing loss and/or paresthesias/pain
(CMT21/J). CMT2 may be associated with optic
neuritis/optic atrophy (CMT2-VI) or with brisk
reflexes in the upper and proximal lower limbs
(CMT2-V). Some genetic subtypes of CMT2
have a prevalent motor (CMT2F) or sensory
involvement (CMT2B) that may affect preva-
lently the arms (CMT2D), or cause vocal cord
paralysis (CMT2C).

35.1.1.4 Diagnostic Markers
Blood No biochemical markers available.

DNA Causal genes have been increasingly identi-
fied (more than 50 genes known, updated database
at http://www.molgen.ua.ac.be/CMTMutations/).
Many genes are tested currently by Sanger sequenc-
ing using a single-gene approach based on muta-
tional frequencies; high throughput mutational
analysis done by next-generation-sequencing tech-
niques is becoming available for diagnostic pur-
poses. Approximately 80-90 % of CMT1 have the
duplication of chromosome 17p12 (PMP22 gene),
the remaining have mutations (mostly point muta-
tions) in GJBI/Cx32 (CMTI1X, 6-20 %), MPZ/PO
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(CMTI1B, 5 %), EGR2, PMP22, LITAF/SIMPLE.
Only 25-30 % of CMT?2 receive a molecular diag-
nosis having mutations of MFN2 (CMT2A,
1020 % of all cases), GJBI/Cx32 (CMTX),
MPZ/PO (CMT2J), NEFL (CMT2E), GDAPI
(CMT2K), HSPBI (CMT2F), TRPV4 (CMT20),
GARS (CMT2D), or even other rarer genes.
Dominant intermediate CMT is most frequently
reported to be associated with GJBI (CMTX),
NEFL (CMT2E), and DNM2 (CMT2M).
Autosomal recessive CMT is most frequently asso-
ciated with mutation of SH3TC2 (CMT4C, early,
prominent kyphoscoliosis), GDAPI (CMT4A,
AR-CMT2, AR- CMT intermediate), HINT] (pre-
dominant motor +neuromyotonia).

CSF Is not analyzed with exception of the dif-
ferential diagnosis with acquired neuropathies,
when molecular investigations are negative, or
for the diagnosis of an acquired disorder super-
imposed onto a known genetic neuropathy.
Mildly increased protein content is occasionally
found in CMT1 and CMT3, without any clear-cut
boundary levels with chronic inflammatory
demyelinating polyradiculoneuropathy (CIDP).

Imaging In CMT1-CMT3 inversion recovery
(STIR)-MRI neurography may disclose hyper-
trophy £ MRI contrast enhancement of spinal
roots, cauda equina, plexuses and/of median and
ulnar nerves; ultrasound (US) discloses marked
and diffuse increase of the cross-sectional area
(CSA).

Neurophysiology Autosomal dominant CMT]1
and CMT3, and autosomal recessive CMT4: uni-
formly slow nerve conduction velocities (NCV)
with  median and wulnar motor NCV
(MNCV)<38 m/s (below 12 m/s in CMT3) and
proportionate delay in distal motor latencies and
F-wave latencies. There is a relative preservation
of CMAP while SAP decreases or is absent. In
CMT1, NCV changes are fully penetrant inde-
pendently of the clinical status. Autosomal domi-
nant CMT2 and autosomal recessive AR-CMT2:
NCV is preserved or mildly decreased (usually
median or ulnar MNCV > 38 m/s), while CMAP
and SAP are reduced. In CMT?2, the electrodiag-
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nostic changes may have incomplete penetrance.
CMTI1X male and rare autosomal dominant
intermediate DI-CMT: median or ulnar MNCV
between 25 and 45 m/s; MNCV is normal or
slightly reduced in CMT1X women. In CMT1X,
nerve conduction abnormalities may be non-
uniform between and within nerve trunks with
excessive temporal dispersion and conduction
blocks.

35.1.1.5 Pathology

A sural nerve biopsy is no longer indicated unless
for a differential diagnosis with other inherited
neuropathies or with various, eventually super-
imposed, acquired neuropathies.

Besides demonstrating hypertrophic
de-remyelination (CMT1, CMT4), hypo-
amyelination (CMT3), or a chronic axonal neu-
ropathy (CMT2), nerve biopsy may disclose
additional pathological abnormalities of peculiar
genetic forms: outfoldings and myelin uncom-
paction in CMT1B; prominent myelin outfold-
ings and/or basal-lamina SC onion bulbs in some
CMT4 subtypes; giant axons in CMT2E.

35.1.1.6 Top Differential Diagnoses

CMTI1: CIDP, anti-MAG neuropathy, familial
amyloid polyneuropathies (FAP).

CMT3: metachromatic leukodystrophy, heredi-
tary ataxias, Refsum disease, mitochondrial
encephalomyopathies (MNGIE).

CMT?2: acquired axonal neuropathies, FAP, distal
myopathy, dHMN, HSAN, spinal dysraphism,
mitochondrial encephalomyopathies (MNGIE,
POLGI mutations), GAN.

CMTS5: hereditary spastic paraplegias (HSP).

35.1.1.7 Therapy

There are no specific medical therapies for any of
the genetic subtypes. Treatment is supportive with
rehabilitation and orthotics. Mild-to-moderate
exercise is safe and likely effective. Effects of
high-resistance training are controversial because
it could result in overwork-weakness. Passive
stretching is advised to prevent and counteract
tendon retractions. Plantar and/or custom-fitted
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ankle-foot orthoses are prescribed to correct foot
position and to overcome foot drop.

Different surgical interventions
deformities.

Symptomatic therapy of neuropathic pain,
joint/bone pain, paresthesias, cramps, fatigue,
and restless leg syndrome is done as for other
neuropathies.

for foot

35.1.1.8 Prognosis

Genetic counseling of probands and families is
mandatory for diagnostic, predictive, prenatal,
and pre-implantation testing.

Independently of the primary demyelinating
or axonal process, evolution is associated with
axonal loss. CMT-neuropathy score (CMT-NS), a
composite clinical and neurophysiological score,
is a validated tool for natural-history studies;
patients are classified as mild (<10), moderate
(11-20), or severe (>20); in CMTI1A the mean
annual progression is 0.69 points/year. Most
patients with CMT1A and CMT1X do not require
ambulation aids beyond ankle-foot orthoses.
CMT3 patients may require above-the-knee brac-
ing, walkers, or wheelchairs by 20 years of age.

Periods of self-limiting worsenings may be
related to growth in childhood and adolescence.
Acute or subacute worsenings should prompt to
exclude a superimposed, treatable, acquired neu-
ropathy (e.g., GBS, CIDP, diabetic neuropathy).

Guillain-Barré syndrome or GBS-like syn-
dromes have been reported after chemotherapy;
cancer in CMT should be treated with less neuro-
toxic chemotherapeutic agents.

Some patients report faster deterioration dur-
ing pregnancy, usually but not always, with
recovery.

Anesthetics are well tolerated but regional anes-
thesias are considered somewhat contraindicated.

35.1.2 Hereditary Neuropathy
with Liability to Pressure
Palsy (HNPP)

35.1.2.1 Terminology and Definitions
HNPP (alias tomaculous neuropathy) is an auto-
somal dominant demyelinating polyneuropathy
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manifesting most frequently with acute/subacute
painless palsies at common entrapment sites,
caused by haploinsufficiency of PMP22 (com-
monly associated to the 1.4 Mb deletion of chro-
mosome 17p12).

35.1.2.2 Demographics

Prevalence is theoretically similar to CMT1A. Up
to 25 % of the carriers of the 17p12 deletion may
be asymptomatic, having a subclinical polyneu-
ropathy. All ages are involved; the first episode is
usually in the second-third decade, occasionally
in childhood.

35.1.2.3 Clinical Features

Typical Presentation (Approximately Two-
Thirds of Patients) episodic, painless, recurrent
focal, and motor palsies affecting variably the
median, ulnar, peroneal nerves or brachial plexus
often preceded by minor compression or trauma
at vulnerable sites (wrist, elbow, knee, shoulder).
Palsies may be debilitating and last for days or
weeks (or rarely months). Besides episodes,
patients often complain of positional acropares-
thesias and disclose reduced or absent deep ten-
don reflexes and mild pes cavus.

Atypical Presentations may occur in up 30 %
of patients and include: chronic sensory polyneu-
ropathies, CMT1-like polyneuropathies, chronic
ulnar neuropathies, acute syndromes with multi-
ple limbs involved, carpal tunnel syndromes.

35.1.2.4 Pathophysiology
Haploinsufficiency associated to the common
deletion of PMP22 (90-95 % of cases) or to rare
micromutations cause a mild chronic demyelinat-
ing polyneuropathy marked by sausage-like
“tomaculous” focal thickenings of the myelin
sheath. Focal constrictions of axons segments
enclosed by tomacula may predispose to mechan-
ically induced CB and acute clinical deficits.

35.1.2.5 Diagnostic Markers

Blood DNA The most common molecular lesion
is the 1.4 Mb 17p12 (PMP22) deletion. A minority
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of cases (approximately 5 %) have micromutations
of PMP22 (nonsense or frameshifting mutations).

Imaging US may disclose nerve enlargements
at multiple sites of entrapment but its sensitivity
and specificity is still limited.

Neurophysiology Neurophysiological testing
provides a reliable picture even in asymptomatic
cases. Distal motor latencies (DML) are prolonged
in median, ulnar nerves, and peroneal nerves with
only mild slowing in the distal segments (median
MNCYV usually above 38 m/s); SAPs are diffusely
reduced; coNduction blocks CB over entrapment
sites are characteristic in symptomatic nerves.

35.1.2.6 Pathology

Sural nerve biopsy has full specificity and almost
complete sensitivity but is no longer indicated. It
discloses a chronic demyelinating polyneuropa-
thy with a variable number of tomacula (sausage-
like myelin thickenings) in semithin and ultrathin
sections and in teased fibers.

35.1.2.7 Top Differential Diagnoses
Entrapment neuropathies. Vasculitic neuropathies.
Familial carpal tunnel syndrome (CTS). Idiopathic
and hereditary neuralgic amyotrophy (HNA).
HNA is an autosomal dominant disorder caused
by mutations or intragenic duplications of the
septin 9 (SEPT9) gene that manifests with recur-
rent attacks of pain, weakness, and sensory distur-
bance with predilection for the brachial plexus. It
progresses 2—3 weeks after the onset of pain and
involves, in some cases, the phrenic nerves and/or
cranial nerves VII and X. Associated features
include: short stature, hypotelorism, long nasal
bridge, cleft palate, epicanthal folds, facial asym-
metry, and partial syndactyly. HNA may develop
in all ages (most commonly in the second-third
decade), possibly triggered by periods of physical
(partum), immunological, or emotional stress.

35.1.2.8 Prognosis and Therapy

Management is mainly preventive: employ-
ment or recreational activities which increase
the risk of nerve compression should be
avoided. Obstetricians and surgeons should be
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informed of the diagnosis, to avoid prolonged
positioning of the body and limbs. Peripheral
regional anesthesia is somewhat contraindi-
cated. Surgery is sometimes offered for nerve
entrapment release but any benefit tends to be
short-lived.

Life expectancy is normal and most patients
have a good quality of life. About 10 % of patients
make an incomplete recovery from episodes of
nerve palsy due to persistent CBs. Age-related
irreversible motor axonal damage may ensue at
entrapment sites [4].

Management is mainly preventive: employ-
ments or recreational activities with increased
risk of nerve compression should be avoided.
Obstetricians and surgeons should be informed
of the diagnosis to avoid prolonged positioning
of the body and limbs.

35.1.3 Familial Amyloid
Polyneuropathies (FAP)

35.1.3.1 Terminology and Definitions

Autosomal dominant disorders associated with
the extracellular deposition of amyloid fibrils
made of the mutated proteins: transthyretin
(TTR), apolipoprotein Al (APOA1), or gelsolin
(GSN). TTR is a plasma transporter for thyroxine
and vitamin A produced predominantly by liver.

35.1.3.2 Demographics

TTR-FAP variants are world widely distributed:
incidence in the USA is 1:100,000 individuals;
the Val30Met variant is endemic in some areas
of northern Portugal (incidence 1 in 538 indi-
viduals), northern Sweden, Japan, and Brazil.
GSN-FAP has some clusters in southeastern
Finland and it is very rare in other European
countries, USA, and Japan. APOAI-FAP,
described in an Iowa kindred with British
extraction, was also reported in rare families
with different ancestries [5].

35.1.3.3 Clinical Features

TTR-FAP Val30Met in endemic areas: onset in
third-fourth decade, relentless sensory-motor-
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autonomic polyneuropathy with superimposed
CTS, cardiac and kidney dysfunction.

Clues to diagnosis: stabbing lancinating pain,
gastrointestinal motility disturbances, erectile
dysfunction, orthostatic hypotension, neurogenic
bladder, bulbar involvement, cardiomyopathy
with thickened ventricular walls, advanced atrio-
ventricular block, cotton-wool inclusions of vit-
reous body, glaucoma, albuminuria,
hyperazotemia.

Val30Met in non-endemic areas and other
molecular variants: reduced penetrance (less than
50 %), later adult onset (up to seventh decade,
mean age 55-60 years), lack of familiarity, CIDP
or Amyotrophic Lateral Sclerosis (ALS)-like
evolution with fasciculations, lack of pain or dys-
autonomia, much later multi-system involve-
ment, isolated CTS preceding polyneuropathy of
several years. A minority of TTR mutations may
lead to selective oculo-leptomeningeal amyloido-
sis (stroke, seizures, hydrocephalus, spinal cord
infarction, vitreous opacities) or cardiac amyloi-
dosis (restrictive cardiomyopathy).

GSN-FAP Onset in third-fourth decades.
Corneal lattice dystrophy, multiple cranial neu-
ropathies (facial and bulbar weakness), cutis laxa.
Late generalized polyneuropathy. Symptoms gen-
erally worsen with age.

APOA1-FAP Onset in the third-fourth decades.
Painful, autonomic, sensorimotor polyneuropathy.
Early renal involvement, peptic ulcer disease.

35.1.3.4 Diagnosis
In non-endemic areas the mean interval from
onset to diagnosis of TTR-FAP is 3—4 years.

35.1.3.5 Laboratory

Blood DNA Mutational analysis of involved
genes.

CSF Analysis is not indicated; when done may be
misleading revealing an increased protein content.

Blood TTR-FAP Some serum variants of TTR
may be detected by mass spectrometry (not rou-
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tinely); plasma NT-proBNP, high sensitivity tro-
ponin, creatinine clearance and albuminuria (for
evaluating cardiac and renal progression).

Neurophysiology 7TR-FAP: NCV studies con-
sistent with an axonal polyneuropathy + CTS,
sometimes with a demyelinating polyneuropathy
[6]. EMG: denervation. Autonomic tests: sympa-
thetic skin reflex, quantitative sensory testing
(QST), beat-to-beat heart rate variability (HRV:
ECG rate monitoring while breathing in-and-out
at six breaths per minute).

ECG and Two-Dimensional Echocardiography
TTR-FAP: cardiac assessment and non-invasive
diagnosis of amyloidotic cardiomyopathy.

Imaging TTR-FAP: cardiac magnetic resonance
(delayed gadolinium enhancement to detect amy-
loid in the myocardial interstitium).

Scintigraphy with *"Tc-DPD to image amy-
loid in the myocardium. Scintigraphy with
12]-MIBG to reveal loss of sympathetic nerve
endings in heart. Scintigraphy with 'ZI-SAP to
evaluate extent and distribution of amyloid
deposits in soft tissues and visceral organs except
heart.

Biopsies TTR-FAP: demonstration of amyloid
deposits by Congo red staining (green birefrin-
gence under polarized light) and electron micros-
copy is essential for eligibility for liver
transplantation. Sensitivity is as follows: subcu-
taneous fat approximately 60 % (repeatable);
sural nerve or gastrointestinal mucosa approxi-
mately 80 %. Immunohistochemistry with anti-
TTR antibodies is mandatory to characterize the
biochemical nature of the amyloid fibrils. Liquid
chromatography-tandem mass spectrometry may
also identify precursor proteins of amyloid fibrils,
including variant TTR.

35.1.3.6 Top Differential Diagnoses

TTR-FAP AL (amyloid light chain)-amyloi-
dosis.  Diabetic, alcoholic  neuropathies.
CIDP. Paraneoplastic neuropathies. CMT?2.
Fabry disease. ALS.
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35.1.3.7 Therapy

Disease-Modifying Treatments

Orthotopic liver transplantation (OLT) is the first
line therapy, removing approximately 95 % of
mutant blood TTR. OLT is indicated in early
stages with bioptically proven amyloidosis [7];
[see also Familial Amyloidotic Polyneuropathy
world Transplant Registry and Domino Liver
Transplant Registry (www.fapwtr.org)].

Life expectancy is better in Val30Met patients
(10-year survival approximately 74 % compared
with 44 % in non-Val30Met patients), in patients
transplanted earlier in the disease, in patients <50
years. Low modified body mass index (<600) is a
negative predictor. Besides life expectancy, some
Val30Met patients reported improvement of gas-
trointestinal, autonomic, peripheral-nerve symp-
toms, but recovery of nerve function does not
occur. Patients in later stages and some non-
Val30Met patients disclose progression after
transplantation due to continued deposition of
wild type TTR and/or of the mutant TTR in heart
(progressive restrictive cardiomyopathy, cardiac
autonomic denervation) and PNS.

OLT is not indicated in predominantly lepto-
meningeal amyloidosis.

Combined heart and liver transplant is indi-
cated in severe heart failure due to amyloidotic
cardiomyopathy in patients without advanced
neurologic involvement. Liver transplant is also
an option for non-Val30Met candidates with
echocardiographic evidence of cardiomyopathy.

Domino liver transplant of FAP-livers in
patients with liver failure is an accepted proce-
dure but it may lead to TTR-FAP in the recipients
after 810 years.

The following pharmacotherapies are a sec-
ond line option for patients not eligible for OLT
or waiting for OLT in early stages of disease [8]:
kinetic stabilizers (tafamidis, authorized for
marketing in Europe for early stages of disease;
diflunisal); fibril disruptors (oxycycline/
tauroursodeoxycholic  acid).  Gene-therapy
approaches are becoming available including
antisense oligonucleotides (ASO) and RNA
interference-based molecules vehicled by lipid
nanoparticles.
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Symptomatic Treatments

Neuropathic pain (see Chap. 27) and autonomic
dysfunction are treated as in other neuropathies
(see Chap. 24).

35.1.3.8 Prognosis

TTR-FAP is relentlessly progressive. Untreated
patients with the classical Portuguese phenotype
die 1015 years after onset because of malnutri-
tion, cardiac or renal failure, or cardiac arrhyth-
mias (Transthyretin Amyloidosis Outcomes
Survey -THAOS — www.thaos.net).

Follow-up should be done every 6 months
including neurological disability scores, full neu-
rophysiological and cardiological laboratory
tests, and evaluation of the modified body mass
index (BMI) (BMI multiplied by serum albumin
level). Degrees of clinical involvement: O=no
symptoms, variant TTR form, evidence of amy-
loid deposits; I=unimpaired ambulation; mostly
mild sensory, motor, and autonomic neuropathy
in the lower limbs; III=assistance with ambula-
tion required; mostly moderate impairment pro-
gression to the lower limbs, upper limbs, and
trunk; III=wheelchair-bound or bedridden;
severe sensory, motor, and autonomic involve-
ment of all limbs.

35.1.4 Porphiric Neuropathy

35.1.4.1 Terminology and Definitions

Acute neuropathy resembling Guillain-Barré
syndrome (GBS), associated to dysfunction of
the autonomic and central nervous systems.
Neuropathic porphyrias are caused by the follow-
ing autosomal dominant enzymatic defects in the
hepatic biosynthesis of heme: porphobilinogen
(PBG) deaminase (acute intermittent porphyria —
AIP); copro oxidase (hereditary coproporphyria —
HCP); proto oxidase (variegate porphyria — VP).

35.1.4.2 Demographics

Carriers of the genetic defect are estimated to be
1/80.000 people; prevalence was 20-times higher
in the psychiatric hospital populations in the
USA. Ten to forty percent of carriers may develop
neuropathy. Attacks are five times more frequent
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in women and manifest usually in the third and
fourth decades.

35.1.4.3 Pathophysiology

Predominantly proximal motor axonal damage
with Wallerian degeneration and secondary
demyelination. Peripheral and central neuronal
involvement might result from impaired energy
metabolism due to heme deficiency and/or toxic-
ity by the common precursor d-aminolevulinic
acid (ALA).

35.1.4.4 Clinical Features
Acute attacks are often triggered by fasting,
porphyrinogenic treatments (estrogen/proges-
terone contraceptives, barbiturates, sulfon-
amides, antiepileptics, any drug that is
metabolized by the P450 system), sepsis or
alcohol (possibly misinterpreted as acute intox-
ication). Attacks feature the classic triad of
abdominal pain, psychosis, and neuropathy.
They manifest as an autonomic neuropathy
(resting tachycardia, papillary abnormalities,
abdominal pain, nausea, vomiting, and severe
constipation mimicking a surgical abdomen)
and neuropsychiatric changes (anxiety, insom-
nia, seizures, hallucinations, sudden changes in
behavior; the recurrence during the luteal phase
may be misdiagnosed as a bipolar disorder).
Motor neuropathy manifests subacutely 3-75
after onset (within 1 month in 80 % of cases)
and progresses symmetrically for over 1 month;
at nadir total quadriplegia and respiratory insuf-
ficiency may ensue requiring ventilatory sup-
port; facial and bulbar weakness are common.
Evolution may be descendent from arms to legs
with rapid muscle wasting. Sensory symptoms
may be associated or not to distal sensory loss;
tendon reflexes are diminished or absent, rarely
retained. Atypical presentations include pro-
gressive motor neuropathies, mostly affecting
the upper limbs, without abdominal pain.
Patients with HCP and VP may develop cuta-
neous photosensitivity in adult life.

35.1.4.5 Top Differential Diagnosis
GBS, vasculitis, heavy metal intoxication,
poliomyelitis.
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35.1.4.6 Diagnostic Markers
CSF Proteins can be normal or mildly elevated.

Blood and Urine The diagnosis of porphiric
attack is made revealing a marked elevation of
PBG and ALA in blood, urine, and stool. During
an attack, urine may be brown reflecting high
concentration ~of  porphyrin  metabolites.
Enzymatic assays may identify and distinguish
among hepatic porphyrias, but the results may be
misleading.

Neurophysiology NCV studies show an axonal
neuropathy with decreased amplitudes of motor
responses and possible slowing of conduction
velocities secondary to large-fiber loss, without
CB or abnormal temporal dispersion; sensory
function is relatively or completely spared. EMG
demonstrates prominent fibrillation potentials
within weeks of onset, most prominent in proxi-
mal muscles.

35.1.4.7 Prognosis and Therapies

Once aborted, the prognosis of a single attack is
generally good with rapid resolution of the
autonomic and psychiatric symptoms. Recovery
of neuropathy is slower, often occurring over
many months (approximately 10 months for
proximal muscles and 20 for distal muscles), usu-
ally with incomplete recovery. Sixty-eighty per-
cent of patients have a single acute attack of
porphyria. Since cumulative fixed deficits may
ensue after repeated attacks, the long-term prog-
nosis depends on successful prevention of
attacks.

The prognosis of AIP is good even in severe,
acute attacks. Anyway, AIP carries a potentiality
fatal outcome due to motor and autonomic
involvement with respiratory and bulbar paraly-
sis and/or cardiac arrhythmias.

Prevention is based by awareness and avoid-
ance of precipitating drugs and situations. During
an attack abortive therapies include IV glucose
(10-20 g/h) followed, if there is no improvement,
by IV hematin (1-5 mg/kg/day infused over
30-60 min); supportive therapies are discussed in
the following section of GBS. **
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35.2 Title:Immunomediated

Neuropathies

G.M. Fabrizi and G. Zanette

Key Facts

Terminology and definitions

— Acute forms — GBS: acute inflammatory polyra-
diculoneuropathies reaching their maximal sever-
ity within 4 weeks. Variants AIDP, AMAN, acute
motor-conduction-block neuropathy, AMSAN,
acute sensory neuronopathy, MFS, GBS-MFS
overlaps, acute panautonomic neuropathy. MFS:
acute ataxia, with ophthalmoplegia and areflexia.

— Chronic forms CIDP = Acquired demyelinating
neuropathy reaching maximal severity in at least
8 weeks.:

— MMN=Peripheral neuropathy with slowly pro-
gressive or remitting asymmetric distal weak-
ness and persistent motor conduction blocks,
without significant sensory loss.

Clinical features

— Acute forms — Incidence: 1.8/100,000 for GBS;
0.1/100,000 for MF'S. Gastrointestinal or respira-
tory upper-tract infection before onset in 66 % of
patients. Progressive weakness of both legs and
arms with areflexia characterize AIDP,
AMSANm AMAN. In MFS ophthalmoparesis
may develop asymmetrically but often becomes
complete; pupillary involvement is uncommon.

— Chronic forms — CIDP prevalence: 1.97—
4.77/100,000. Typical forms (80 % of cases) are
characterized by symmetrical distal and proxi-
mal weakness, sensory loss and paresthesias,
absent deep tendon reflexes with progressive or
relapsing/remitting course. MMN prevalence:
1-2/100,000. MMN show weakness developing
over months or years with a multifocal asymmet-
ric distribution in individual nerves and usually
prominent in the distal arms.

Diagnostic markers

— Blood - Ig auto-Ab anti-GM1 in: AMAN,
AMSAN, and acute motor-conduction-block
neuropathy. MFS: Ab anti-GQl1b in 95 % of
patients.

35.2.1 Guillain-Barré

35.2.1.1

Syndrome (GBS)

Definition and Terminology

GBS is an acute, inflammatory, areflexic paraly-
sis with variable degree of weakness that reaches
maximal severity within 4 weeks, usually with an
ascending progression from lower to upper limbs
and cranial nerves, and albuminocytologic disso-
ciation [9].

MMN - IgM auto-Ab anti-GM1 in 40-50 % of

patients.

— CSF - Albumin-cytologic dissociation. Normal
in MMN.

— MRI - Possible enhancement and/or hypertro-
phy of the cauda equina, lumbosacral nerve
roots, brachial and lumbosacral plexuses.

— Neurophysiology — Demyelination and CBs in
AIDP and CIDP; axonopathy in AMAN.

Top Differential Diagnoses

— Acute forms — Polymyositis, myasthenia gravis,
CIDP. MFS: Brainstem ischemia, Wernicke’s
encephalopathy.

— Chronic forms — CIDP: Polyneuropathies of
different cause; Myopathies.

MMN: Motor neuron disorders. CIDP. Myopathies.

Prognosis and Principles of treatment

— Acute forms — PE or IVIg within the first 24
weeks from onset.

— Chronic forms — CIDP: Steroids, PE and IVIg.
MMN: IglIV are effective in 79-86 % of patients.
Steroids are contraindicated in MMN.

Disability

— Acute forms — GBS: 5 % of patients die, 5-10 %
remain disabled or severely fatigued, 15 % are
asymptomatic 1-2 years after onset. MFS:
mostly benign. Recovery takes a median of 1-3
months. By 6 months, most patients are free
from ataxia and ophthalmoparesis.

— Chronic forms — CIDP: age <45 years predicts
a better outcome; axonal loss is associated with
poorer prognosis. In the long term, mortality
ranges from 1.3 to 9 %; 40 % of patients have
no or non-disabling symptoms, 75 % are able
to work, 24 % carry severe handicap.

MMN: very uncommon spontaneous remissions.

In the long term, 1/3 of patients improves, 1/3 is

IgG dependent, and 1/3 continues to be

non-responsive.

Clinical and/or electrophysiological variants:

. Acute inflammatory demyelinating polyra-

diculoneuropathy (AIDP)

. Acute motor axonal neuropathy (AMAN)
. Acute motor-conduction-block neuropathy
. Acute motor-sensory axonal

neuropathy
(AMSAN)

. Acute sensory neuronopathy
. Miller-Fisher syndrome (MFS)
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7. GBS-MFS overlaps
8. Acute panautonomic neuropathy

35.2.1.2 Demographics

Worldwide mean annual incidence is 1.8 per
100,000 for GBS (ranging from 0.8 for age <18
years to 3.2 for age >60 years) and 0.1 per
100,000 for MFS. Males are affected more fre-
quently than females (1.5:1). AIDP accounts for
90 % of cases in North America and Europe;
AMAN accounts for 3047 % of cases in Asia
and Central and South America and 5 % of cases
in Western countries. AIDP is non-seasonal;
AMAN may occur in summer epidemics in
northern China affecting children and young
adults and is likely associated with Campylobacter
(C.) jejuni infections.

Two-thirds of patients report an event 1-4
weeks before onset, most frequently symptoms
or signs of gastrointestinal or respiratory upper-
tract infection: C. jejuni (30 %), cytomegalovirus
(CMV) (10 %), Epstein-Barr virus, Varicella-
zoster virus, HIV, Mycoplasma pneumoniae,
Haemophilus influenzae.

Incidence of GBS is 0.25-0.65 per 1000 cases
of C. jejuni infection and 0.6-2.2 per 1000 cases
of primary CMYV infection. Less frequent ante-
cedents: vaccinations (only brain-derived rabies
vaccines have been associated with elevated risk
above the background incidence), drugs (heroin,
streptokinase, suramin, gangliosides), or surgical
procedures.

35.2.1.3 Pathophysiology
Immune-mediated disorders resulting from gen-
eration of autoimmune antibodies and/or inflam-
matory cells which cross-react with epitopes on
peripheral nerves and roots, leading to demyelin-
ation or axonal damage or both. Molecular mim-
icry may involve ganglioside epitopes of myelin
(AIDP) or axonal membranes (AMAN) and lipo-
polysaccharide epitopes of infectious agents.
Antiganglioside antibodies that cross-react with
C. jejuni are common in AMAN and AMSAN
(anti-GML1 in 65 % of patients); MFS (anti-GQ1b
in more than 90 % of patients) and acute sensory
neuronopathy (anti-GD1B).
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In AIDP anti-myelin antibodies directed
against epitopes on the abaxonal SC membrane
may lead to demyelination with activation of
complement and recruitment of macrophages,
followed by secondary axonal degeneration. In
AMAN anti-GM1 antibodies react against epit-
opes at nodes of Ranvier and along the axolemma
of motor fibers; activation of complement and
recruited macrophages lead to Wallerian
degeneration.

35.2.1.4 Diagnosis

Diagnosis is based on clinical characteristics and
ancillary laboratory investigations [10]. New cri-
teria to better identify patients for vaccine safety
studies are under validation [11].

Clinical Criteria

AIDP Required features: progressive weakness
of both legs and arms; areflexia. Supportive fea-
tures: progression over days to 4 weeks (more
often with ascending evolution); relative symme-
try of symptoms and signs; mild sensory symp-
toms or signs (distally decreased vibration sense);
moderate-severe pain in extremities, interscapu-
lar area or back (in up 89 % of patients in the
acute phase); bifacial palsies (45-75 % of
patients, whereas involvement of extraocular
muscles and lower cranial nerve is less common);
autonomic instability (in up to 65 % of patients);
monophasic evolution pattern with recovery
beginning 2—4 weeks after progression ceases.

AMSAN and AMAN overlap clinically with
AIDP (AMAN have non-sensory signs or symp-
toms) but diverge in electrodiagnostic features
and prognosis.

35.2.1.5 Diagnostic Markers
Supportive Criteria

CSF elevated protein with <10 cells/pl in 80 %
of patients after 2 weeks (pleocytosis >10 lym-
phocytes/pl should prompt to consider Lyme dis-
ease, recent HIV infection, sarcoidosis, and
poliomyelitis).
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Neurophysiology Electrodiagnostic (EDX) is
aimed at detecting signs of multifocal demyelin-
ation (AIDP) or axonopathy (AMAN), showing
signs of polyneuropathy in the arms when weak-
ness is only in the legs, excluding other
diagnoses.

AIDP EDX criteria are at least one of the fol-
lowing in each of at least two nerves, or at least
two of the following in one nerve, if all others are
inexcitable and CMAP is >10 % of lower limit of
normal (LLN): MNCV <90 % LLN (85 % if
dCMAP <50 % LLN). DML >110 % of upper
limit of normal (ULN) (>120 % if dCMAP
<100 % LLN). pCMAP/dCMAP (ratio between
CMAP obtained after proximal and distal stimu-
lation) <0.5 and CMAP >20 % LLN. F-response
latency >120 % ULN. Sensory conduction stud-
ies: sural SAPs are frequently normal in spite of
reduced or absent SAPs in the upper limbs.
Needle EMG is mostly complementary showing
decreased motor unit recruitment; fibrillation
potentials appear 2—4 weeks after onset if axonal
degeneration occur.

AMSAN: none of the features of AIDP except one
demyelinating feature allowed in one nerve if
dCMAP <10 % LLN. SAPs<LLN.

AMAN: none of the features of AIDP except one
demyelinating feature allowed in one nerve if
dCMAP <10 % LLN. SAPs normal. dCMAP
absent in all nerves or present in only one
nerve with dCMAP <10%LLN.

Serial recordings are indicated for proper
diagnosis and prognosis. In the very early course
electroneurography (ENG) may be normal in up
to 15 % of patients and may not distinguish
different electrophysiological subtypes. In AIDP
delayed DML, delayed or absent F waves and
temporal dispersion may be more sensitive indi-
cators than conduction slowing and CB in the
intermediate nerve segments; the nadir of con-
duction slowing is 3—-6 weeks after onset, corre-
sponding to the clinical recovery stage and
remyelination. AMAN may disclose transient
conduction slowing and block within 3 weeks
after onset and rapid normalization in parallel
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with clinical recovery; CMAP amplitudes have a
rapid progressive decrement and gradually
improve with clinically recovery without prolon-
gation of DML, conduction slowing or excessive
temporal dispersion. In acute motor-conduction-
block neuropathy, an aborted form of AMAN,
CBs rapidly resolve without excessive temporal
dispersion or conduction slowing.

Other Laboratory Features

Antiganglioside antibodies are not specific or
prognostic and not always suitable clinically. Ig
anti-GM1 antibodies may be detected in the
majority (64 %) of AMAN patients and in
AMSAN as well as in AMSAN and acute motor-
conduction-block neuropathy.

Liver function tests are often elevated.

35.2.1.6 Top Differential Diagnoses

Muscle: critical illness myopathy, polymyosi-
tis, rabdomyolysis, hypokalemia,
hypophosphatemia.

Neuromuscular junction: myasthenia gravis
(crisis), botulism, organophosphate poison-
ings, tick paralysis.

Polyneuropathies: AIP, critical illness polyneu-
ropathy, vasculitis, diphtheria, heavy metals,
or drug intoxications.

Polyradiculopathies: inflammatory or neoplastic
meningoradiculopathies, CMV lumbosacral
radiculomyelopathy.

Central Nervous System: West Nile and enterovi-
rus poliomyelitis, transverse myelitis.

35.2.1.7 Therapy

Immunotherapy

In all patients, even if only mildly affected and
able to walk with or without assistance, plasma
exchange (PE) or IVIg (preferred in many centers
because of greater convenience and availability)
should be started early, preferably within the first
2 weeks. They are equally effective in improving
the disability grade after 4 weeks as well as the
duration of mechanical ventilation, mortality, and
residual disability. PE: four to six alternate-day
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exchanges (24 L each). IVIg: 2.0 g/kg body
weight infused over 5 days.

In patients who continue to worsen, a repeated
course of [VIg might be effective (not proven, tri-
als and observational studies ongoing); combina-
tion of PE followed with IVIg is not superior
compared to PE or IVIg alone. Combination of
IVIg and intravenous methylprednisolone is no
more effective than IVIg alone.

In patients who deteriorate after initial
improvement (treatment-related clinical fluctua-
tions in 5-10 % of cases), a second IVIg is given
(2 g/kg in 2-5 days).

Three or more episodes of deterioration after 9
weeks from onset suggest Acute-onset CIDP
(A.CIDP), which should be treated accordingly.

Indications for ICU Admission

Rapidly progressive severe weakness often with
impaired respiration. Need for artificial ventila-
tion (elective intubation if forced vital capacity
less than 15 ml/kg or negative inspiratory force
less than —20/-30 cm H,0). Severe autonomic
dysfunction (cardiac arrhythmias, marked fluc-
tuations of blood pressure).

Supportive Care

35.2.1.8 Prognosis
Maximal weakness is reached within 4 weeks (at
least 50 % of patients reach a nadir by 2 weeks).
About 5 % of patients initially diagnosed with
GBS have longer progression over 8 weeks
(A-CIDP). Following the plateau phase, which
lasts from several days to weeks, most patients
recover a satisfactory function over several
months, but only about 15 % of patients are
asymptomatic 1-2 years after onset and 5-10 %
remain persistently disabled or severely fatigued.
GBS is potentially fatal: about 25 % of patients
require artificial ventilation during a period of
days to months, about 5 % die due to respiratory
failure or distress syndrome, aspiration pneumo-
nia, pulmonary embolism, cardiac arrhythmias,
or sepsis related to acquired infections.

AIDP tend to have a longer progression and
later nadir (18 vs 11.5 days), facial weakness
(71 % vs 9 %), and more frequent need of artifi-
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cial ventilation (27 % vs 9 %) in comparison to
AMAN.

RiskPredictorsfor Artificial Ventilation The
risk was found to be relatively lower (less than
2.5 %) in patients without CB of the common
peroneal nerve and with a vital capacity of
more than 81 % [12]. Days between onset of
weakness and admission, Medical Research
Council (MRC) sum score, and presence of
facial and/or bulbar weakness were the main
predictors of mechanical ventilation in the
Erasmus GBS Respiratory Insufficiency Scale
(EGRIS) [13].

Outcome Predictors The modified Erasmus
GBS Outcome scale (mMEGOS) takes into account
the patient’s age, presence or absence of preced-
ing diarrhea, and disease severity; advanced age,
preceding diarrhea, and low MRC sum score, cal-
culated at admission and at 1 week, are indepen-
dently associated with inability to walk at 1, 3,
and 6 months [14].

35.2.2 Miller-Fisher Syndrome (MFS)

35.2.2.1 Definition
Acute syndrome of ataxia, ophthalmoplegia, are-
flexia with median peak at 1 week after onset.

35.2.2.2 Demographics

Incidence estimated at 0.09 per 100,000. More
frequent in eastern Asia (20 % and 25 % of GBS
in Taiwan and Japan) with male predominance (2
to 1) and mean age of onset in early forties. Onset
is most common in spring. Most patients have an
antecedent respiratory or gastrointestinal infec-
tion 1-3 weeks before onset (C. jejuni 20 %,
Haemophilus influenzae 8 %). MFS is also anec-
dotally associated with autoimmune and neoplas-
tic conditions.

35.2.2.3 Pathophysiology

Anti-GQ1b antibodies raised through molecular
mimicry are detectable in most patients and may
interact with GQ1b ganglioside concentrated in
the oculomotor, trochlear, and abducens nerves
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as well as in limb muscle spindles. Primary path-
ological changes of the uncomplicated form are
unclear but early sensory nerve conduction stud-
ies are consistent with nerve demyelination or
conduction failure along the axons rather than
axonal loss. Sensory ataxia may be caused by
selective  involvement of muscle-spindle
afferents.

35.2.2.4 Diagnosis

Clinical Features

Ophthalmoparesis may develop asymmetrically
but becomes often complete; pupillary involve-
ment is uncommon. Diplopia is the most fre-
quent symptom at onset (39 %). Ataxia is
evident in 21 % of patients at onset. Areflexia is
detectable in 82 % of patients. Associated fea-
tures may be facial diparesis (57 %), dysphagia
(40 %), and dysarthria (13 %), distal paresthe-
sias. Some patients may have MFS-AIDP over-
lap with limb weakness and respiratory
involvement or incomplete forms with various
combinations of ophthalmoplegia, facial or bul-
bar palsy, and sensory neuropathy. Overlap of
MFS with Bickerstaff’s brain-stem encephalitis
(BBE) may have additional features of CNS
involvement such as drowsiness and extensor
plantar responses.

35.2.2.5 Top Differential Diagnosis
Other anti-GQ1b antibody syndromes: acute
ophthalmoparesis, acute ataxic neuropathy,
pharyngeal-cervical-brachial weakness, and BBE
(ophthalmoplegia, ataxia, hypereflexia, and dis-
turbed consciousness, associated to Ig anti-GQ1b
antibodies in 66 % of cases). Brainstem stroke.
Wernicke’s encephalopathy, myasthenia gravis,
botulism.

35.2.2.6 Diagnostic Markers
Blood IgG anti-GQ1b antibodies are detectable

in up to 95 % of patients but are not specific or
prognostic; they are not always suitable clinically.
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CSF Most patients have elevated CSF proteins
without significant pleocytosis; normal CSF pro-
teins do not exclude the diagnosis.

MRI Imaging is unremarkable in most cases.
Singleton cases may disclose brainstem
abnormalities.

Neurophysiology SNAPs are initially reduced
alone or out of proportion to prolongation of
DML or slowing of sensory conduction veloci-
ties and return to normal with clinical improve-
ment. CMAPs in arms and legs are usually
normal. Blink reflex may be abnormal and
reduced facial CMAP coincides with loss or
mild delay of R1 and R2 responses. In some
cases, abnormalities of visual, auditory, somato-
sensory, and motor-evoked potentials suggest a
combined central and peripheral involvement.
Anti-GQ1b antibody-positive MFS patients
may have abnormal jitters that improve with
clinical recovery and may have evidence of pre-
synaptic neuromuscular transmission defect at
high-frequency repetitive nerve stimulation up
to 3 months after onset.

35.2.2.7 Therapy

There are no randomized, double-blind, placebo-
controlled trials. Anecdotal patients are treated
with IVIg or PE similarly to GBS.

35.2.2.8 Prognosis

Peak is at a median of 1 week. Median interval
between onset and the beginning of recovery is
12—15 days. Recovery from ataxia and from oph-
thalmoplegia takes a median of 1 and 3 months.
By 6 months, most patients are free from ataxia
and ophthalmoparesis. The pure form is mostly
self-limiting and benign. MFS-GBS or MFS-
BBE overlap forms are described, particularly in
children, and may require mechanical ventilation
or lead to serious complications such as coma,
ballism, cardiomyopathy from dysautonomia,
lactic acidosis, and pain. Recurrences are rare but
documented.
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35.2.3 Chronic Inflammatory
Demyelinating
Polyradiculoneuropathy
(CIDP)

35.2.3.1 Definition
Acquired demyelinating neuropathy of presumed
autoimmune origin.

35.2.3.2 Demographics

Prevalence: from 1.97/100,000 (American
Academy of Neurology — AAN research criteria)
to 4.77/100,000 (European Federation of
Neurological Societies and the Peripheral Nerve
Society — EFNS/PNS diagnostic criteria).
Incidence: 0.35/100,000 (AAN research crite-
ria) — 0.70/100,000 (EFNS/PNS diagnostic crite-
ria). Although all ages may be involved (including
infancy), CIDP is most common after 40-years.
Other possibly associated diseases: IgG or IgA
MGUS (monoclonal gammopathy of undeter-
mined significance), IgM MGUS without anti-
MAG antibodies, HIV infection, various
inflammatory or immunomediated systemic dis-
orders. There are no clear-cut differences between
idiopathic CIDP and CIDP associated with others
disorders.

35.2.3.3 Pathophysiology

Both cellular and humoral immunity are impli-
cated in the pathogenesis with variable mecha-
nisms. No pathogenic antibody or definite
triggering antigen have been identified.
Demyelination is caused by macrophages
recruited by activated T-cells and by complement-
fixing immunoglobulins.

35.2.3.4 Clinical Features

Typical CIDP (80 % of cases) Symmetrical dis-
tal and proximal weakness, sensory loss and par-
esthesias, decreased or absent deep tendon
reflexes; rare involvement of cranial nerves, respi-
ratory insufficiency and dysautonomia. Disease
course is steadily progressive or relapsing/
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remitting over at least 8 weeks. In the GBS-like
presentation (A-CIDP) deterioration occurs for
more than 8 weeks after onset or relapse at least
three times; A-CIDP should be suspected with
prominent sensory involvement at presentation.

Atypical CIDP Asymmetric CIDP or Lewis-
Sumner syndrome or multifocal demyelinating
neuropathy with persistent CBs: slowly progres-
sive, asymmetric sensorimotor involvement in
the distribution of two or more peripheral nerves,
usually first in the upper, later in lower limbs and,
rarely, cranial nerves.

Focal CIDP: localized to brachial or lumbosacral
plexus or one or more peripheral nerves in an
upper or lower limb.

Pure motor CIDP: selective involvement of
motor fibers.

Pure sensory CIDP: gait ataxia and paresthesias
(MNCYV slowing and CBs may be present
despite absence of motor symptoms).

Distal Acquired Demyelinating Symmetrical neu-
ropathy (DADS): mainly sensory neuropathy
associated in 2/3 of cases with anti-MAG anti-
bodies (see paraproteinemic neuropathies);
cases without anti-MAG antibodies respond to
immunotherapy similarly to typical CIDP.

Other features: subclinical signs of CNS involve-
ment may occur in up to 50 % of cases (pro-
longed central motor conduction times,
periventricular white matter MRI hyperinten-
sities). Multiple Sclerosis-like syndrome may
rarely occur.

35.2.3.5 Diagnostic Markers

CSF Increased CSF protein content with blood
cell count less than 10/mm?® occurs in approxi-
mately 90-95 %.

Imaging MRI discloses gadolinium enhance-
ment and/or hypertrophy of the cauda equina and
lumbosacral nerve roots, and of brachial and
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lumbosacral plexuses; STIR images are more
sensitive (66.7 %) than T1-weighted images or
gadolinium enhancement. US may reveal nor-
mal, mildly, or regionally enlarged nerves.

Neurophysiology Sensitivity for motor nerves
may be improved by exhaustive studies of the
four limbs including proximal stimulation in the
upper limbs; somatosensory-evoked potentials
may be useful to demonstrate abnormal proximal
sensory conduction.

The EFNS/PNS diagnostic criteria have
81.3 % sensitivity and 96.2 % specificity [15].

Definite CIDP Criteria for definite CIDP
include at least one of the following in two
nerves: at least 30 % reduction of MNCV; at
least 50 % prolongation of DML; at least 30 %
prolongation of F-wave latency; CB with at
least 50 % reduction of the proximal negative
peak CMAP relative to distal; abnormal tempo-
ral dispersion (at least 30 % increase between
the proximal and distal negative peak CMAP);
prolongation of distal CMAP duration (median
nerve 6.6 ms, ulnar 6.7 ms, peroneal 7.6 ms,
tibial 8.8 ms).

Probable CIDP At least 30 % amplitude reduc-
tion of the proximal negative peak CMAP rela-
tive to distal.

Possible CIDP One the abovementioned find-
ings is detectable in only one nerve.

In probable and possible CIDP, supportive cri-
teria may come from other laboratory tests and
from objective clinical improvement after immu-
notherapy [16].

Nerve biopsy Sural or superficial peroneal
nerves are analyzed, if affected. Positive findings
are not specific and negative findings (normal
nerve or chronic axonal degeneration) do not
exclude the diagnosis. Supportive features
include: hypertrophic de-remyelination with
onion-bulb formations (possible overlap with
CMT1), variations between fascicles, endoneu-
rial edema, and endoneurial mononuclear
infiltration.
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35.2.3.6 Therapy
Patients with very mild symptoms who are not
functionally impaired may be monitored without
treatment. Up to 80 % of patients with adulthood
or childhood typical CIDP respond to one of the
three first-line therapies: IVIg, corticosteroids or
PE; whether a combination of IVIg and steroids
may offer additional benefit and greater chance
of remission remains to be proven. IVIg should
be the first choice for motor CIDP; if steroids are
used, patients should be monitored closely for
deterioration. As a general rule, if the first-line
treatment is effective, continuation should be
considered until the maximum benefit is achieved
and then the dose reduced to find the lowest
effective maintenance dose. IVIg is most often
used because of its safer profile and better short-
term efficacy.

1VIg may represent an ideal first-line choice in
severely disabled patients who need rapid
improvement provided that there are no absolute
(IgA deficiency) or relative (renal failure, hyper-
viscosity syndrome) contraindications [17].
A first course is done by giving 2 g/kg intrave-
nously in 5 days. Long-term management is
empiric: IVIg can be maintained in doses over
1 g/kg over 1-2 days every 3 weeks but the appro-
priate dose and/or frequency is individualized
(0.4-1.2 g/kg every 2—6 weeks). Once recovery is
complete or stable (usually within 2—4 months)
the therapy should be tapered and eventually dis-
continued as patients may have a monophasic
course without relapse for months or years.

Corticosteroids represent an ideal first-line
choice in patients with milder disease and with-
out contraindications due to the higher likelihood
of long-term remission. In long-term mainte-
nance therapy, patients should be monitored for
steroid-related side effects and complications.
There is no consensus about whether to use oral
daily or alternate-day regimens or intermittent
pulsed intravenous or oral regimens. Prednisone
1-1.5 mg/kg is given daily as a single oral dose;
once improvement begins, usually within 2—4
weeks, tapering the daily to alternate-day treat-
ment (1-1.5 mg/kg every other day until com-
plete or stable recovery) will lessen potential
side-effects; further tapering, usually after
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6 months, may be done by decreasing the dose by
5 mg every 2-3 weeks. Pulsed oral dexametha-
sone is given at a dosage of 40 mg daily for 4
days repeated at 4 weekly intervals for 6 months
and then tapered over another 6 months [18].
Intermittent intravenous methylprednisolone is
used at a dosage of 1000 mg daily for 3-5 days
and then 1000 mg monthly.

Plasma-exchange (PE). Because the response
is transient and CIDP may worsen after stopping
it, PE needs to be combined with other treatments
for stabilization or may be considered as a second-
line temporary measure in the treatment of IVIg
and steroid-unresponsive CIDP. A regimen of five
to six exchanges over 2 weeks (total exchanged
plasma 200-250 mL/kg) may be beneficial over
the short term (1-2 months) in inducing a rapid
remission in patients without contraindications.

If the response of the first-line treatment is
inadequate or the maintenance doses of the initial
treatment result in adverse effects, therapy should
be shifted to another first-line treatment. Second or
third-line immunosuppressive therapies should be
reserved for severely affected patients refractory to
any of the first-line treatments; the efficacy of
these therapies has yet to be proven (see Chap. 25).

35.2.3.7 Prognosis

Onset is progressive (symptoms develop for
more than 8 weeks) in the majority of patients
(~80 %), acute (symptoms develop within less
than 4 weeks), or subacute (symptoms develop
within 4-8 weeks). The course is relapsing-
remitting (“two episodes with remission and
relapse unrelated to therapeutical changes”)
in~15 % of patients and progressive in the
remaining cases [19].

Progressive course, CNS involvement, patho-
logically active demyelination, and severe axonal
loss are associated with poorer long-term prog-
nosis and disability [20]. Significant disability
may result also from symptoms such as fatigue
(severe in up to three quarters of patients), pain
(up to one third), and refractory tremor (more
than half of patients). Mild autonomic genitouri-
nary or gastrointestinal symptoms are relatively
common, but severe autonomic dysfunction
should raise doubts about the diagnosis of CIDP.
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In a recent retrospective series, approximately
40 % of patients had no or non-disabling symp-
toms, 75 % were able to work and walk, and 24 %
had a severe handicap (Rankin score >2). Long-
term mortality due to neurological deficits (bulbar
involvement and respiratory failure) ranged from
1.3t0 9 %. Ventilatory involvement was relatively
rare, but abnormal phrenic nerve conductions
were evident in the majority of patients [21].
A-CIDP may have had a higher risk of ventilatory
failure with a mortality rate similar to GBS.

Around 80 % of patients are responders to
therapies but 40 % of treated patients remain
treatment-dependent in the long term [19]; 1 year
after initiating IVIg, up to 60 % patients need
regular courses of therapy. Treatment-dependence
may be associated with IVIg responsiveness and
corticosteroids resistance, longer delay from
onset to effective therapy, and with multifocal
clinical presentation; steroids might be associ-
ated with more frequent treatment withdrawal
[17, 22]. IVIg is less often discontinued due to
inefficacy, adverse events, or intolerance when
compared with IV methylprednisolone.

Patients responding to IV methylpredniso-
lone have fewer relapses after discontinuation of
treatment compared to responders to IVIg. By
evaluating the CDAS (CIDP Disease Activity
Status) score in more than 100 patients, the
long-term (mean duration=6.4 years) outcome
was as follows: 11 % of patients were “cured”
(off treatment for >5 years with a stable exami-
nation), 20 % “in remission” (stable and off
treatment with a follow up <5 years), 44 % had
a “stable active disease” (requiring ongoing
therapy for at least 1 year), 7 % had an improve-
ment after recent initiation of therapy (for at
least 3 months but less than 1 year), 18 % had an
unstable active disease (treatment naive or treat-
ment refractory) [23].

CDAS may be a useful tool in order to identify
patients with long-term inactive disease off ther-
apy (CDAS 1 and 2) and those who are treatment
refractory (CDAS 5B and CDAS 5C) as well as
to avoid overtreatments.

CIDP variants may have different courses and
sometimes response to treatment compared to
typical CIDP.
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Pure sensory CIDP (up to 35 % of CIDP cases, the
most frequent atypical CIDP), which includes
CISP (chronic inflammatory sensory polyra-
diculoneuropathy with predominant sensory
ataxia in lower limbs) may be either progres-
sive or monophasic and respond either to IVIg
or corticosteroids. Pure-motor CIDP (~10 % of
CIDP cases) has a good response to IVIg and
may deteriorate after corticosteroid treatment.

Asymmetric CIDP (15 % of CIDP cases) has fre-
quent involvement of cranial nerves (25 % of
cases) and progressive course (~ three quar-
ters of cases). Despite treatment (corticoste-
roids and IVIg seem to be equally effective),
the course is more often slowly progressive.

Focal CIDP has a slowly progressive course over
one to several years, without progression to
other limbs and is equally responsive to IVIg
or corticosteroids.

A relatively small subgroup of treatment-
resistant patients mostly affected by a rapidly
progressive course with predominantly motor
involvement and/or disabling tremor, were asso-
ciated recently with immunoglobulin G4 (IgG4)
immune reactivity and serum Ab against neuro-
fascin 155, contactinl (CNTN1) and contactinl-
associated protein-1 (CASPR1) which bind
paranodes and are detectable by immunocyto-
chemistry and ELISA. Rituximab was an effec-
tive rescue therapy in those patients [24].

In childhood, the majority of patients (60 %)
have a chronic onset and a relapsing course
(70 %), and respond similarly (approximately
80 %) to corticosteroids or IVIg (most frequently
used first-line monotherapy). Childhood CIDP
usually has a favorable course [25].

35.2.4 Multifocal Motor
Neuropathy (MMN)

35.2.4.1 Definition

A treatable immune-mediated peripheral neurop-
athy which frequently mimics a motor neuron
disease, characterized by slowly progressive
asymmetric distal weakness without significant
sensory loss, persistent motor CB, evidence of
IgM anti-GM1 in about 50 % of cases, and
response to IVIG in up to 90 % of patients.
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35.2.4.2 Demographics

Prevalence: 1-2 per 100,000 with male-to-female
ratio of approximately 2.6:1. Median age of
onset: around 40 years with the majority of cases
presenting between 20 and 50 years. Children
may be exceptionally affected. In some cases,
MMN co-occurs with celiac disease and
Hashimoto’s thyroid disease. First-degree family
members also have higher incidence of type 1
diabetes, celiac disease and Hashimoto’s thyroid
disease.

35.2.4.3 Pathophysiology

A nodo-paranodopathy likely caused by an
immune attack against the node of Ranvier (e.g.,
IgM to GM1) with formation of membrane attack
complexes, which disrupts and displaces ion
channels and paranodal structures, and compro-
mises nerve conduction, resulting finally into
axonal degeneration [26].

35.2.4.4 Diagnosis

Current criteria rely upon clinical and electro-
physiological features reviewed by the Task
Force of EFNS/PNS; the diagnosis may be sup-
ported by laboratory and imaging data [27].

35.2.4.5 Clinical Features

Slow or stepwise progressive weakness devel-
oping over months or years with a multifocal
asymmetric distribution in individual nerves,
usually starting and remaining prominent in the
distal arms. Cramps and fasciculations are fre-
quent in the affected motor nerves with no or
slight amyotrophy in the early stages, reflecting
the clinical expression of CB. Decreased muscle
bulk may develop over time due to secondary
axonal degeneration. Weakness is often exacer-
bated by cold. Predominant lower limb involve-
ment at onset accounts for only 10 % of cases.
Deep tendon reflexes are usually depressed or
absent in affected territories but may be normal
or even brisk in rare cases. Sensory examination
should be normal except for minor vibration
sense abnormalities in the lower limbs. In some
cases, MMN may have a progressive stepwise
course; a few cases may have an AIDP-
mimicking acute onset but further course and
response to treatment are typical of classical
MMN.
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35.2.4.6 Laboratory Features

Immunology The most typical finding, detected in
40-50 % of cases, is significant titers of serum IgM
autoantibodies binding to ganglioside GM1 and,
less frequently, to other glycolipids including asialo-
GM1, GDI1A, or GM2. Serum IgM against NS6S
heparin disaccharide have the same positivity as
that of anti-GM1 antibodies, suggesting that con-
comitant tests for both antibodies would increase
the seropositivity to 64 %, but anti-NS6S antibodies
may be detected also in sensory neuropathies [28].
The accuracy of antibodies has limitations and their
absence does not exclude the diagnosis.

CSF Normal or <1 g/L protein content is a sup-
portive criteria for diagnosis.

MRI Although non-specific, MRI of the bra-
chial plexus may be a supportive criterion
showing increased signal intensity on
T2-weighted scans or contrast-enhancement on
T1 sequences.

Electrophysiology CB in motor nerve fibers out-
side the usual sites of entrapment/compression
with normal SNCV in the same limb segments are
the disease hallmark. Criteria for definite and prob-
able CB have been revised by EFNS/PNS [27].
Some patients with typical MMN have no detect-
able CB probably because CBs are activity depen-
dent or located in segments not assessed by the
routine electrophysiological tests. More sensitive
techniques such as transcranial magnetic stimula-
tion, triple stimulation, and transcutaneous cervical
root stimulation may be useful to detect CB located
in the proximal segments of motor nerves. EMG
reveals reduced recruitment in weak muscles and,
once secondary axonal loss has established, posi-
tive sharp waves and fibrillation potentials.

Other Laboratory Features may be helpful to
discover or rule out concomitant diseases or
alternative causative disorders.

35.2.4.7 Top Differential Diagnosis
Motor neuron disorders. CIDP. Myopathies.
Disorders of nerve roots and plexus.
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35.2.4.8 Therapy

IVIg are the first-line treatment and are effec-
tive in 79-86 % of patients resulting in an
improvement of muscle strength, sometimes
accompanied by disappearance of partial CB
but without correlations with anti-GM1 posi-
tive patients.

IVIg are given at the initial dose of 2 g/kg
given in 5 consecutive days; most responders
require long-term maintenance with varying
intervals and doses. A single course is not suffi-
cient to establish responsiveness to IVIg.

In patients who do not respond to IVIg, in
patients with a declining response to IVIg, in
patients in whom IVIg are contraindicated,
alternative therapies are available. IV cyclo-
phosphamide was reported to be effective in
more than 70 % of patients; experts do not rec-
ommend it because of short- and long-term tox-
icity and lack of clear evidence of efficacy.
Rituximab can be administered at a dose of
375 mg/m? every week to achieve peripheral B
cell depletion.

35.2.4.9 Prognosis

The extent of axonal degeneration may be a
valuable prognostic factor regarding clinical
course and response to treatment. An elevated
titer of anti-GM1 antibodies and definite CB
may be associated with IVIg responsiveness.
Some rare patients achieve spontaneous remis-
sion but more than two-thirds of patients are
IVIg-dependent.

Long-term efficacy of IVIg has been
addressed by numerous retrospective studies
of patients who were under treatment for sev-
eral years. After years the effectiveness of
IVIg often declines due to axonal degenera-
tion [29]. When given at high doses every
month, IVIg improve muscle strength and
functional disability, decrease the number of
CB and the extent of axonal degeneration [30].
Early initiation of IVIg followed by a mainte-
nance treatment is the only intervention that
may prevent axonal loss and a more severe
outcome; [VIg non-responders have often a
longer duration of disease before the first
treatment [31].
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35.2.5 Paraproteinemic
Neuropathies

G.M. Fabrizi and G. Zanette

Key Facts

¢ Terminology and definitions — Clinically and
pathogenetically heterogeneous neuropathies shar-
ing the presence of an abnormal spike of -y serum
proteins.
¢ Clinical features —
MGUS prevalence: 3.2 % in the population above
50 years and 7.5 % above 80 years. CIDP may be
related to MGUS in 15 % of cases.
POEMS: severe predominantly motor and sensory
polyneuropathy most frequently associated with IgG
or IgA monoclonal proteins bearing A light chains.
Anti-MAG IgM-Ab: prevalence of 20-40/100,000 in
older than 50 years. Anti-Mag is a chronic slowly pro-
gressive, mainly sensory and distal demyelinating
neuropathy with tremor (sometimes disabling).
¢ Diagnostic markers
— Blood
POEMS: IgG or IgA monoclonal proteins bear-
ing A light chains.
Anti-MAG neuropathy: IgM antibodies against
the MAG glycoprotein.
— CSF - POEMS increased CSF proteins.

35.2.5.1 Definition

Paraproteinemic neuropathies are a clinically and
pathogenetically heterogeneous group of neuropa-
thies sharing the presence of an abnormal spike in
the p-y region of serum protein electrophoresis
and/or by serum immunofixation. The monoclonal
gammopathy may indicate an underlying clonal
B-cell expansion, which may appear in the context
of an hematological malignancy [multiple
myeloma; heavy chain disease; primary amyloido-
sis (amyloidosis light-chain — AL); Waldenstrom
macroglobulinemia (WM), B cell lymphoma or
chronic lymphocytic leukemia] or, in more than
two thirds of patients, may be not associated with
a lymphoproliferative disorder [monoclonal gam-
mopathy of undetermined significance (MGUS)].
MGUS may evolve into a malignant form after
several years (around 1 %/year of MGUS cases
may progress to malignancy).

Imaging — POEMS: osteosclerotic bone lesions.
— Neurophysiology — Anti-MAG shows reduced
CV with disproportional delay of DML.
POEMS - has diffuse demyelinating neuropathy
with early decrease of CMAP.
» Top differential diagnoses — Hereditary and inflam-
matory demyelinating neuropathies.
* Prognosis
— Principles of treatment
Anti-MAG: no evidence of efficacy and safety
of any long-term therapy.
POEMS - Rx-therapy in the presence of scle-
rotic plasmacytoma. Alkylating-agents. Steroids.
— Disability
Anti-MAG: most patients have a favorable func-
tional prognosis with only 25 % of patients
becoming disabled after 10 years and 50 % after
15-20 years.
POEMS: is chronic and invalidating; 50 % of
patients are bedridden; mean survival ranges
from 12-33 to 165 months. VEGF correlate with
the activity of disease and response to therapy.

35.2.5.2 Demographics

MGUS occurs in 3.2 % in the population above
50 years and in 7.5 % of those above 80 years. In
those individuals the neuropathy is often the only
clinical manifestation and may be symptomatic
in up to 35 % of cases; the prevalence of neuropa-
thy is higher in patients with IgM than with IgG
or IgA MGUS. In hematological malignancies,
neuropathy may occur in up 50 % of patients
with WM (in which it may be the only manifesta-
tion of the disease in up to one third of cases),
15 % of those with multiple myeloma, 20 % with
AL, 8 % with lymphoma [32].

35.2.5.3 Pathophysiology

The mechanisms are heterogeneous and may be
related to infiltration of neoplastic cells, spe-
cific immunoreactivities of the circulating para-
proteins, hyperviscosity, cryoglobulinemia, or
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upregulation of proinflammatory cytokines and
growth factors.

35.2.5.4 Clinical Features

Heterogeneous presentations correlate with dif-
ferent disease mechanisms. Major syndromes are
recognizable.

The most frequent presentation is related to
IgM antibodies reacting against Myelin Associated
Glycoprotein (MAG) with a highly stereotyped
clinical picture of a chronic slowly progressive,
mainly sensory, demyelinating neuropathy.

CIDP may be related to IgG or IgA immuno-
globulins (monoclonal gammopathy can be
detected in up 15 % of CIDP cases).

A rare syndrome of chronic sensory ataxic
neuropathy, ophthalmoplegia and bulbar
dysfunction may be also related to IgM MGUS
with antibodies against disialosyl group shared
by several gangliosides (CANOMAD: chronic

ataxia neuropathy, ophthalmoplegia, IgM
paraprotein, cold agglutinins, disialosyl
antibodies).

A progressive motor-sensory and autonomic
neuropathy with early involvement of small
fibers (painful dysesthesias, diminished pain, and
temperature sensation) is associated with AL
amyloidosis or amyloidosis occurring in the set-
ting of WM, multiple myeloma, or other lympho-
proliferative disorders.

35.2.6 POEMS

POEMS [Peripheral neuropathy, Organomeg-
aly, Endocrinopathy, Monoclonal gammopathy,
and Skin changes (rusty hyperpigmentation,
white nails, hypertrichosis)] is a severe, sub-
acute, predominantly motor neuropathy.
Demyelinating polyradiculoneuropathy, scle-
rotic bone lesions, elevated vascular endothelial
growth factor (VEGF), and the occurrence of
Castleman disease are the major criteria for the
diagnosis.
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POEMS manifests as a neuropathy with early
decrease of CMAP and increased CSF proteins,
possibly related to the upregulation of proin-
flammatory cytokines (markedly increased lev-
els of VEGF correlate with the activity of
disease and response to therapy). Pulmonary
hypertension, renal failure, thrombotic events,
and congestive heart failure may be also syn-
dromic features.

35.2.6.1 Therapy

Rx-therapy is first line in the presence of sclerotic
plasmacytoma. Corticosteroids may be useful,
but alkylating agents are the basis of medical
treatment.

35.2.6.2 Prognosis

POEMS is a chronic and invalidating disease and
many patients (50 %) are bedridden due to the
neuropathy. In available studies the mean survival
ranged from 12 to 33 months [33] to 165 months
in a more recent series [34]. Nail clubbing and
extravascular fluid overload were associated with
shorter survival. Management depends on treat-
ment of the underlying plasma cell dyscrasia and
may include radiation therapy, chemotherapy and/
or hemopoietic cell transplantation. VEGF level
correlates with the activity of the disease.

35.2.7 Neuropathy
with Anti-MAG IgM

35.2.7.1 Definition

Demyelinating neuropathy associated with IgM
antibodies against the MAG glycoprotein mostly
concentrated in uncompact myelin.

35.2.7.2 Demographics

Prevalence in the population above 50 years may
be at least 2040 per 100,000. Almost 80 % of
patients with anti-MAG IgM have IgM MGUS
while most remaining patients have WM which is
frequently indolent.
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35.2.7.3 Pathogenesis
Complement mediated demyelination triggered
by anti-MAG IgM M-proteins

35.2.7.4 Clinical Features

Chronic, slowly progressive, symmetric, distal
predominantly sensory demyelinating neuropa-
thy with paresthesias, hypo-dysesthesia, cramps
of the lower limbs, unsteadiness of gait, often
associated with intentional and postural tremor
in the upper limbs. Examination discloses signs
of large-fiber involvement with ataxia, decreased
distal vibration sense, Romberg’s sign, with
minor distal motor deficit. Tremor may be the
presenting symptom and may be disabling.
Onset is most frequently in the sixth-seventh
decade.

35.2.7.5 Diagnostic Markers

Blood Sera anti-MAG IgM are detectable by
commercially available ELISA systems or by
cumbersome western blot assays against
home-made isolated myelin. Indirect immuno-
fluorescence may detect deposition of IgM,
IgG, IgA heavy and light chains in control
bioptic nerves thus suggesting an immunome-
diated attack event in patients with uncharac-
terized reactivity to nerve [35]. A careful
survey should be done to rule out hematologi-
cal malignancies.

CSF CSF analysis is unnecessary in typical
cases. In almost all patients it discloses increased
proteins in a CIDP-overlapping range of
80-100 mg/dl. Cytofluorimetry may investigate
malignant cells in atypical cases.

Neurophysiology Reduced SNCV and MNCV
with disproportional delay of DML. CBs are rare
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and should raise the suspicion of CIDP. Relevant
reduction of NCV (slowing of MNCYV, often in
the range of 15-25 m/s) diverges from mild clini-
cal impairment.

Nerve biopsy is unnecessary in typical cases. It
discloses a demyelinating neuropathy with typical
ultrastructural widening of outer myelin lamellae
in 90 % of cases; direct immunofluorescence
discloses deposits of IgM at the periphery of
residual myelinated fibers.

35.2.7.6 Therapy

Patients unimpaired in their daily life: symptom-
atic therapy for tremor and paresthesias, neuro-
logical and hematological follow-up. Some
patients with significant functional impairment
may benefit from rituximab (4 weekly infusions
of 375 mg/m?), but placebo control trials failed to
provide any clear evidence of efficacy, even for a
1-year follow-up [36] and indications to treat-
ment should consider potential side-effects
including progressive multifocal leukoencepha-
lopathy (PML). Evidence of long-term term effi-
cacy and safety are lacking also for other immune
therapies.

35.2.7.7 Prognosis

Anti-MAG neuropathy is a prognostically favor-
able disease: patients with neuropathy, IgM para-
protein, and anti-MAG have a lower risk of
evolution into malignancy than patients without
neuropathy or without anti-MAG reactivity. The
neuropathy is slowly progressive and most
patients have a long-term favorable functional
prognosis with only 25 % of patients becoming
disabled after 10 years and 50 % after 15-20
years. A minority of patients have a CIDP-like
faster progression with severe ataxia or motor
involvement.
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35.2.8 Non-systemic Vasculitic
Neuropathy (NSVN)
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Key Facts

¢ Terminology and definitions — Vasculitides are due
to secondary ischemic injury of peripheral nerves
caused by inflammatory infiltration and destruction
of the afferent vessel walls.

¢ Clinical features

e PNS vasculitides annual incidence is 0.6—
1.2/100,000; incidence of NSVN is 5/million.

Vasculitic neuropathies cause subacute or slowly

progressive, sometimes stepwise, multifocal, asym-

metric peripheral neurological deficits. They may
appear as painful multiple mononeuropathy (45 %
of cases), asymmetrical polyneuropathy (30 %), and
distal symmetrical polyneuropathy (25 %).

* Diagnostic markers

— Blood to assess
dysfunction.

— CSF may demonstrate pleocytosis (5 %), ele-
vated CSF proteins (30 %), and oligoclonal
bands in NSVN.

— Nerve biopsy — ‘Definite’ vasculitic neuropathy
shows inflammation within the vessel wall and

non-neurological organ

35.2.8.1 Definition
“Vasculitides” are characterized histologically by
an inflammatory infiltration and destruction of
the vessel walls with secondary ischemic injury
to the involved tissues.

Peripheral nerve vasculitis may occur in up to
60-70 % of patients with systemic vasculitides
which may manifest either as primary diseases
or as secondary disorders related to various dis-
eases ranging from rheumatological conditions
to infections, malignancies, or inflammatory
bowel diseases [37]. Peripheral nerve vasculiti-
des may also occur as non-systemic or localized
vasculitides, which are restricted to PNS over a
prolonged follow-up. Localized vasculitides
encompass: non-systemic vasculitic neuropathy
(NSVN) which includes non-diabetic radiculo-
plexopathy and some cases of Wartenberg’s
migrant sensory neuritis; diabetic radiculo-
plexus-mononeuropathies; localized cutaneous

vascular damage in the epineurium. Perivascular
inflammation and signs of chronic vascular
injury identify definite but inactive vasculitis.

— Neurophysiology consistent with a primary axo-
nal, sensory-motor process; “pseudo-CB” occur
in 10-25 %.

* Top differential diagnoses — CIDP variants, HNPP,
amyloidosis, lymphomatosis; different forms of vas-
culitides (Churg-Strauss, PAN, etc.)

¢ Prognosis
— Principles of treatment — First-line therapy: ste-

roids alone or associated with cyclophosphamide.

— Disability usually not fatal, NSVN may become
systemic in 10 % of patients. Most patients
remain independent in daily activities; 60 %
have chronic pain. Mortality rates: 4—15 % in
NSVN (21-31 % in SVN); 5-year survival:
85 % (75 % in SVN). Relapse rate: 32 % in
NSVN.

vasculitides such as the cutaneous form of poly-
arteritis nodosa (cPAN).

35.2.8.2 Demographics

Incidence and prevalence are not estimated. It
was claimed that PNS vasculitides have an annual
incidence of 0.6—1.2 per 100,000 and NSVN of
five cases per million. In certain series, NSVN
was the most frequent PNS vasculitis, equivalent
to PAN and microscopic polyangiitis [38]. Onset
is around 60 years and women seem to be prefer-
entially affected.

35.2.8.3 Pathophysiology

NSVN is mainly a microvasculitis of the smallest
arterioles (< 40 pm), endoneurial microvessels
(capillaries), and venules. Occasionally NSVN
affectlarge arterioles and small arteries. Vasculitis
is an axonopathy affecting mixed (sensory-
motor) and purely sensory cutaneous nerves.
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Pathogenesis implies a cell-mediated autoim-
mune disorder.

35.2.8.4 Clinical Features

Presentation is similar to systemic vasculitic neu-
ropathies (SVN) developing subacute or slowly
progressive, sometimes stepwise, multifocal
asymmetric neurological deficits. Reported pre-
sentations include: 45 % multiple mononeuropa-
thy, 30 % asymmetrical polyneuropathy
(overlapping multifocal neuropathy), and 25 %
distal symmetrical polyneuropathy. Both motor
and sensory nerves are affected but 15 % of cases
have predominantly sensory findings. Pain occurs
in up to 80-96 % of patients. Systemic symptoms
are uncommon and mild but 30 % of patients have
weight loss and 10-15 % suffer fever. Affected
nerves derive frequently from the lumbosacral
plexus (common peroneal nerve or peroneal divi-
sion of the sciatic); in the upper limbs the ulnar
nerve is more commonly affected than median,
radial and more proximal nerves.

Among clinical variants, cPAN affects the
small-to-medium-sized arteries in the deep der-
mis and panniculus resulting in characteristic,
painful, recurrent, often ulcerated nodes in the
skin of the lower limbs; skin manifestations
include also livedo racemosa, gangrene, urticaria,
and bullae. Multifocal neuropathies in the lower
limbs follow closely the distribution of the skin
lesions. Other variants are represented by dia-
betic lumbosacral radiculoplexopathy (LSRP)
and the analogous “non-diabetic LSRP” which is
distinguished by its progressive evolution from
the rare acute, painful, idiopathic, monophasic
lumbosacral plexopathy syndrome (a regional
variant of brachial neuralgic amyotrophy).

35.2.8.5 Diagnosis
The interval between onset and diagnosis is usu-
ally longer in NSVN (6 months) than in
SVN. Painful, stepwise progressive, distal pre-
dominant, asymmetrical multifocal neuropathies
suggest vasculitis, even if the clinical course is of
several years.

Electrodiagnostic studies should be extensive
in order to assess for asymmetries and non-length-
dependent signs. Neurophysiology is consistent
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with a primary axonal, sensory-motor process;
“pseudo-CBs” occur in 10-25 % of cases reflect-
ing axonal degeneration; persistent, ischemia-
induced, demyelinating partial motor CBs are rare.

Laboratory tests are done to assess non-
neurological organ dysfunction, measure sys-
temic inflammation, and investigate specific
causes of multifocal neuropathy or vasculitis.

CSF Lumbar puncture should be considered
in patients with proximal involvement to rule out
malignancies or meningeal infections; in NSVN
it may demonstrate pleocytosis (5 %), elevated
CSF proteins (30 %), and oligoclonal bands.

Nerve or nervelmuscle biopsy is mandatory.
The sural nerve or the superficial peroneal nerve
plus the peroneus brevis muscle are biopsied
most commonly, provided that they are clinically
and neurophysiologically affected. Pathological
criteria for active definite vasculitic neuropathy
are as follows [39]: evidence of inflammation
within the vessel wall and signs of vascular dam-
age (fibrinoid necrosis, endothelial loss/disrup-
tion, loss/fragmentation of internal elastic lamina,
acute thrombosis, hemorrhage), usually in the
epineurium. Perivascular inflammation and signs
of chronic vascular injury identifies definite but
inactive vasculitis. Sensitivity of a definite nerve
biopsy is 50-60 %; yield of muscle biopsies are
similar. Pathological criteria for probable vascu-
litic neuropathy are not uniform [39].

35.2.8.6 Top Differential Diagnoses
Prior to biopsy: other causes of asymmetrical/
multifocal neuropathy (e.g., CIDP variants,
HNPP, amyloidosis, lymphomatosis).

Pathologically definite/probable vasculitis:
primary (e.g., Churg-Strauss syndrome, essential
mixed non-HCV cryoglobulinemia, PAN) or sec-
ondary (connective tissue disease, e.g., rheuma-
toid arthritis, systemic lupus erythematosus,
Sjogren’s syndrome; infection-related vasculitis,
e.g., HBV, HCV, HIV, CMYV, leprosy, Lyme dis-
ease; malignancy-related vasculitis).

35.2.8.7 Therapy and Prognosis

Natural history of untreated NSVN is unknown,
but approximately 10 % of cases may evolve into
systemic vasculitis.



35 Disorders of Peripheral Nerves

Therapy is mandatory with the exception of
improving and stable patients without recent path-
ological evidence of active vasculitis. Clinical tri-
als are lacking [39]. First-line immunosuppressive
therapies: oral prednisone 1 mg/kg/day or pulse
IV methylprednisolone in severe, rapidly progres-
sive NSVN. Combination therapy with IV cyclo-
phosphamide, methotrexate, or azathioprine is
advised in rapidly progressive NSVN and patients
non-responders to monotherapy. Maintenance
therapy by low-dose prednisone (5-7.5 mg daily)
or azathioprine (1-2 mg/kg/day) or methotrexate
(20-25 mg/week) for 18-24 months is advisable;
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At presentation most patients are still inde-
pendent in activities of daily living.
Approximately 50 % can walk without assis-
tance, 35 % require walking aids, 15 % are
non-ambulatory. NVSVN is usually not fatal:
Most patients remain independent in daily
activities and ambulation, although up to 60 %
have chronic pain. Mortality rates of NSVN
range from 4 to 15 % (21-31 % in SVN);
5-year survival is approximately 85 % (75 % in
SVN). Relapse rate is approximately 32 % in
NSVN; relapses (median interval=15 months
after onset of treatment) may occur either after

probable remission is considered in the absence of ~ discontinued therapy and in maintenance
clinical worsening after a 6-month follow-up. therapy.
35.2.9 Diabetic Neuropathies

Key Facts

¢ Terminology and definitions — Neuropathies asso-
ciated with diabetes DM or prediabetes.

¢ Clinical features — Ten percent present with neu-
ropathy at initial diagnosis of DM and 50 % after 20
years.

* Diagnostic markers — Diabetic neuropathies may
occur as: 1 — Symmetrical neuropathies (DSP; SFN;
autonomic neuropathy); 2 — Radiculoplexopathy;
3 — Cranial neuropathies; 4 — Limb mononeuropa-
thy; 5 — Truncal radiculopathy.

— Blood - Uncontrolled, or
hyperglycemia.

— Neurophysiology — Routine electrodiagnostic
tests may be normal in SFN and in autonomic
neuropathy.

— Autonomic tests — Sympathetic skin reflex,
quantitative sensory testing (QST), beat-to-
beat HRV.

long lasting

35.2.9.1 Definition

Neuropathies associated with diabetes mellitus
(DM) or prediabetes (impaired fasting glucose or
impaired glucose tolerance) after the exclusion of
other causes.

35.2.9.2 Demographics

Approximately two-thirds of patients with type 1
DM (T1DM) and with type 2 DM (T2DM) diabe-
tes have symptoms and/or signs of neuropathy.
The percent of patients with neuropathy is up to

— Skin biopsy — Can demonstrate the reduction of
intraepidermal nerve fiber density in affected
regions in SFN, and in autonomic neuropathies.

* Top differential diagnoses — Mono-plexo and poly-
neuropathies of different origin.

Autonomic Neuropathy: Hereditary amyloidosis;

Idiopathic immune-mediated and Paraneoplastic

autonomic neuropathy.

* Prognosis

— Principles of treatment — Prevention and treat-
ment require an optimum glycemic control.
Supportive and symptomatic medical measures.

— Disability
DSP is slowly progressive; can stabilize or
improve with tight control of diabetes.
Autonomic neuropathy increases the risk of
adverse cardiovascular events. LSRP has a mono-
phasic, self-limiting evolution.

10 % at the time of initial diagnosis of DM and
up to 50 % after 20 years. The prevalence of neu-
ropathy increases with poor glycemic control and
age. Half of diabetics have a distal symmetric
polyneuropathy (DSP), a quarter have carpal tun-
nel syndrome (CTS), 5 % have an autonomic
neuropathy, and 1 % have an asymmetrical proxi-
mal neuropathy. Neuropathic pain occurs in
about 10-20 % of the diabetic population, and in
about 40-60 % of patients with documented neu-
ropathy [40].
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35.2.9.3 Clinical Features
and Terminology

Symmetrical Neuropathies DSP; small-fiber-

neuropathy (SFN); autonomic neuropathy.
Episodic symmetrical neuropathies: treatment-
induced neuropathy; diabetic neuropathic

cachexia (DNC). Asymmetrical/focal and multi-
focal neuropathies; lumbosacral radiculoplexop-
athy (LSRP alias Bruns—Garland syndrome;
diabetic amyotrophy); truncal radiculopathy; cra-
nial neuropathies; limb mononeuropathies; mul-
tiple mononeuropathies.

Distal Symmetric Polyneuropathy (DSP) rep-
resents a continuous clinical spectrum influenced
by the prevalent or mixed involvement of large or
small fibers. It may be silent or manifest, usually
with decreased feeling or tingling in toes, and
evolves according to a stock-and-glove pattern
with burning dysesthesias, allodynia, hyperalge-
sia, and electrical or shooting neuropathic pain.
Thermal sensibility can be reduced in isolation or
combination with diminished muscle stretch
reflexes, light touch sensation, sensibility to pres-
sure and vibration, and decreased joint position
sense with postural instability and, rarely, ataxia.
Distal weakness and wasting are a late event.

Small Fiber Neuropathy (SFN) manifests with
spontaneous pain of a deep, burning, stinging,
aching type, and allodynia to light touch. It is
often accompanied by autonomic neuropathy.

Autonomic Neuropathy ranges from subclini-
cal functional impairment of cardiovascular
reflexes and sudorimotor function to severe car-
diovascular, gastrointestinal, and genitor-urinary
dysfunctions (see Chap. 24).

Radiculoplexopathy (LSRP) affects the lum-
bosacral or, rarely, the cervical plexus. LSRP is
unrelated to the duration of disease; most
patients are middle or old aged and have mild
T2DM and concomitant weight loss. Onset is
acute or subacute with burning or lancinating
pain in the anterior thigh followed by days or
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weeks of difficulty in walking and climbing
stairs with wasting and weakness of the quadri-
ceps, iliopsoas, gluteus and, to a lesser extent,
hamstring and anterior tibialis muscles; knee
and ankle jerks are usually lost. The opposite
leg may become affected is some cases after
days or months. Progression may be steady or
stepwise and may continue for many months
before the disease stabilizes. Up to 60 % of
cases overlap with DSP, disclosing a more
gradual onset.

Cranial Neuropathies Unilateral palsies of the
third and sixth cranial nerves often heralded by
transient frontal pain, with acute onset and pro-
gression over 1-2 days. Third nerve palsy is usu-
ally nearly or fully complete but spares the
pupillary reflex.

Limb Mononeuropathy Entrapment neuropa-
thies of the median, ulnar, or peroneal nerves are
common. Rarer mononeuropathies with abrupt
painful onset followed by weakness and atrophy
are caused by nerve infarction from occlusion of
vasa nervorum; two Or more nerves may be
involved sequentially (multiple mononeuropa-
thies, alias mononeuritis multiplex).

Truncal Radiculopathy is usually unilateral,
may affect spinal roots from T4 through T12 and
manifests with pain and dysesthesias possibly
associated with bulging of abdominal muscles
and focal anhidrosis.

e Pathophysiology of DSP and SFN remains
controversial and the dysmetabolic process
(hyperglycemia leading to production of pro-
inflammatory advanced glycation products
and to accumulation of polyols and reactive
oxygen species with oxidative stress; dyslipi-
damia) may prevail on the ischemic damage.
For LSRP an ischemic damage of the nerves
due to an immune-mediated epineurial micro-
vasculitis has been hypothesized (based on
nerve biopsies) but not proven. Cranial neu-
ropathies are supposed to be due to microvas-
cular infarcts.
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35.2.9.4 Diagnosis

According to the American Diabetes Association,
all patients should be screened for DSP at diag-
nosis of T2DM and 5 years after the diagnosis of
T1DM, and at least annually thereafter [41].

DSP Should not be diagnosed on the basis of
one symptom, sign, or tests alone. At least two
tests [symptoms/signs, nerve conduction studies,
quantitative sensory testing (QST) should be
done]. The diagnosis is made with a Neurological
Disability Score >3 and/or a Vibration Perception
<4/8 at the first metatarsal head by the Rydel-
Seiffer tuning fork. NCS demonstrates a general-
ized, symmetric sensory >motor polyneuropathy
that is primarily axonal.

SFN Routine electrodiagnostic tests are normal
but should be done to rule out subclinical involve-
ment of large fibers. Quantitative sudomotor
axon reflex testing (QSART) assesses the sudo-
motor autonomic function. Skin biopsy is more
sensitive (sensitiveness 88 %) than QSART evi-
dencing the reduction of intraepidermal nerve
fiber density [42].

Autonomic Neuropathy History and examina-
tion may be ineffective for early detection of car-
diovascular autonomic neuropathy (CAN). CAN
may be suggested by resting tachycardia (>
100 bpm) and orthostatic hypotension (fall in
systolic blood pressure >20 mmHg upon stand-
ing) without appropriate heart response. At least
three relatively easy tests are recommended to
assess CAN at the diagnosis of T2DM and 5
years after the diagnosis of T1DM: postural
blood pressure testing; heart rate response (HRV)
to the Valsalva maneuver with analysis of the
R-R intervals. Gastroparesis should be investi-
gated in patients with erratic glucose control.
Bladder function should be investigated in
patients with recurrent urinary infections, incon-
tinence, palpable bladder. LSRP — EMG discloses
low femoral-nerve CMAP, prominent fibrillation
potentials in thoracic and lumbar paraspinal mus-
cles, and active denervation in affected muscles.
CSF proteins are usually mildly increased.
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Erythrocyte sedimentation rates (ESR) may be
increased. MRI of lumbar spine and lumbosacral

plexus may rule out structural radiculo-
plexopathies and demonstrate signs of
inflammation.

35.2.9.5 Top Differential Diagnosis
Neuropathies not-related to DM may include:
CIDP, systemic vasculitides, alcoholic neuropa-
thies, and other miscellaneous polyneuropathies,
mononeuropathies, or radiculopathies [43].

Most frequent non-diabetic causes of DSP
after prediabetes and DM (prediabetes and DM
account for more than half of DSP cases) include
vitamin B12 deficiency, thyroid dysfunction,
alcohol, chemotherapy. Even after careful tests,
DSP remains “idiopathic” in more than one-
fourth of cases [44].

Non-diabetic length-dependent SFN: connec-
tive tissue disease, dysthyroidism, vitamin B12
deficiency, paraproteinemia, HIV infection, hep-
atitis C virus infection, celiac disease, neurotoxic
drug exposure; idiopathic.

Autonomic neuropathy: Hereditary amyloido-
sis. AL amyloidosis. Sjogren syndrome [test for
anti-Ro (SSA) and anti-La (SSB) antibodies;
autonomic neuropathy may be present with nor-
mal serological tests]. Idiopathic
mediated autonomic neuropathy (test for nicotinic
ganglionic acetylcholine receptor antibodies,
present in some patients). Paraneoplastic auto-
nomic neuropathy (test for the most prevalent
anti-Hu antibodies and type 2 Purkinje-cell anti-
bodies and collapsing response mediator protein
5). HSAN.

immune-

Other asymmetrical/focal and multifocal
radiculo-neuropathies: entrapment neuropa-
thies, systemic or non-systemic localized vas-
culitides, traumatic radiculopathies, neoplastic
or infectious polyradiculoneuropathies, com-
pressive radiculopathies, idiopathic plexopa-
thies. Spinal stenosis is common in diabetic
patients and should be distinguished from
LSRP.
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35.2.9.6 Prognosis and Therapy

DSP is slowly progressive and can stabilize or
improve with tight control of diabetes.

Neuropathic pain occurs in about 40-60 %
of patients, representing one of the most dis-
abling symptoms. Neuropathy is one of the
three major risk factors for falls in diabetic
patients (together with retinopathy and vestibu-
lar dysfunction).

Trophic changes of the distal lower limbs and
foot ulcers are a common, potentially severe,
complication which is both neuropathic and isch-
emic in nature, related to unperceived trauma.
Foot ulcer decreases the quality of life and
increases the risk of lower-extremity amputations
and mortality; its prevalence ranges from 2 to
15 %.

Neuropathic osteoarthropathy is a complica-
tion of long-standing diabetic neuropathy, char-
acterized by painless fractures of the metatarsal
bones and disruption of the metatarsophalangeal
joints. Infection of the neuropathic ulcers can
lead to chronic osteomyelitis.

Prevention and treatment require an optimum
glycemic control. Pancreas transplantation may
stabilize or improve the underlying neuropathy.
Symptomatic treatment is devoted to pain con-
trol. Prevention and treatment of “diabetic foot”
is important and usually administered in “foot
clinics.” Commonly used oral antioxidant agents
such as a-lipoic acid demonstrated limited effi-
cacy on neuropathic symptoms and neurophysi-
ological parameters; other available drugs
(“pathogenetic treatments”) such as aldose
reductase inhibitors gave inconclusive results in
clinical trials.

Treatment-Induced Neuropathy is an appar-
ently rare, acute, painful neuropathy with allo-
dynia, which may be precipitated by poor
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metabolic control (ketoacidosis) or by initiation
of treatment with insulin and sudden achieve-
ment of glycemic control (“insulin neuritis”). In
young adults with TIDM it may be associated
with cachexia and depression. Pain has marked
nocturnal exacerbations and may persist for
weeks or months before spontaneous
resolution.

Autonomic Neuropathy CAN may limit exer-
cise capacity and increase the risk of adverse car-
diovascular events during exercise. Patient with
CAN may have difficulties with thermoregula-
tion and should be advised to avoid exercise in
hot or cold environments and stay hydrate. CAN
gives an increased risk of silent myocardial isch-
emia and mortality [45]. If the first evaluation is
negative for CAN, the screening tests should be
repeated annually; if positive, additional cardio-
vascular tests and symptomatic treatments should
be ensured.

LSRP After progressing over several weeks or
months, LSRP stabilizes (monophasic, self-
limiting evolution); spontaneous pain may
decrease rapidly, but prolonged morbidity often
ensues. Long-term prognosis seems not to be
influenced by glycemic control [46]. There is no
evidence from any trial to show whether immu-
notherapies (IVIg, oral prednisone, or intrave-
nous steroids) are effective [47], but small
retrospective studies indicated that IVIg, oral
prednisone, or intravenous methylprednisolone
are effective, particularly in pain control allowing
physical therapy. IVIg should be weighed with
the increased risk of renal failure in diabetics.
Insulin/oral hypoglycemic drugs should be
adjusted during short courses with steroids.

Cranial Neuropathies Usually resolve over
several months.
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35.2.10 Carpal Tunnel Syndrome
(CTS)
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Key Facts

¢ Terminology and definitions — CTS: mono-neu-
ropathy due to median nerve compression in the
Wwrist.

¢ Clinical features — Pain, paresthesias, and late
atrophy in the median nerve distribution of the
hand.

* Diagnostic markers
— Neurophysiology — Prolonged median distal

sensory and/or motor latencies.

35.2.10.1 Definition

Carpal tunnel syndrome (CTS) is a mononeurop-
athy due to median nerve compression in the
wrist.

35.2.10.2 Epidemiology

With a prevalence of 1/1,000 CTS is the most fre-
quent entrapment mono-neuropathy. The risk of
developing CTS is higher in women aged 50-55
years. Usually mild and self-limited forms of
CTS affect 20 % of pregnant women. Diabetes,
obesity, thyroid, kidney diseases, rheumatoid
arthritis, and hand stress are further risk factors.

35.2.10.3 Clinical Features

Pain, tingling, sensory deficits over the median
nerve distribution of the hand, provoked or wors-
ened by sleep, alleviated by changing posture or
by shaking of the hand, are typical. Atrophy of
the thenar eminence is a late sign. Notwithstanding
a high proportion of false positive and false nega-
tive results, Tinel and Phalen tests are very useful
clinical tools for the diagnosis.

35.2.10.4 Diagnostic Markers
Neurophysiology — Median-ulnar palmar sensory
latency difference >0.5 msec (distance of 8 cm),
or prolonged median nerve Distal Motor Latency
>4 msec (mean value+2 SD).

Ultrasound (US) — besides supporting the
diagnosis of idiopathic CTS [increased cross sec-

* Top differential diagnoses — Cervical radiculopa-
thies, proximal median nerve lesions.

¢ Principles of treatment
— Conservative: wrist splints, FANS, oral or

locally injected steroids.

— Surgery: section of transverse carpal ligament

« Disability — Spontaneous improvement in 30 % of
patients; surgery may obtain almost complete heal-
ing in 80-95 % of CTS.

tional area (CSA) proximal to the compression
point where the nerve suddenly flattens (notch
sign), and changes of echotexture], US may help
individuate causes of secondary CTS often sus-
ceptible to therapeutic options.

35.2.10.5 Differential Diagnosis
Cervical radiculopathy, proximal median nerve
lesions, brachial plexopathies

35.2.10.6 Therapy

Conservative Opinion differs as to conservative
treatment of CTS. Wrist splints reduce hand
stress and can give some improvement. There is
no evidence that non-steroidal anti-inflammatory
drugs are useful. Oral steroids are not as effective
as their local injections. Injections of a local
anesthetic can relieve symptoms in the short
term.

Surgery The section of transverse carpal liga-
ment is the most appropriate therapy if pain and
sensory impairment persist after conservative
treatment.

35.2.10.7 Prognosis

CTS symptoms and pain tend to decrease with
time. One-third of patients have spontaneous
improvement.
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Fifty-one to 94 % of patients respond initially
to a single local steroid injection but after 1 year
the percentage of symptom-free patients drops to
only 6.5-33 %, whereas over 80-95 % of surgi-
cally treated patients result asymptomatic. Pain
and weakness usually disappear within 2 months
after operation, but it may take 6 months to a year
to recover [48].

The prognosis of CTS is worse in the presence
of muscle atrophy.

Duration of symptoms, bilateral CTS,
positive Phalen test, age (the odds of

35.2.11 Bell Palsy
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improvement are reduced by 30 % for each 10
additional years) all are negative prognostic
factors [49].

On the contrary, the duration of symptoms is
inversely related to improvement of pain notwith-
standing a possible progressive worsening of the
electrophysiological pattern, symptoms and pain
do not increase as the neurophysiological sever-
ity progresses.

The presence of hand stress at onset is associ-
ated with higher odds of improvement, due to its
relief.

Key Facts

¢ Terminology and definitions — peripheral, unilat-
eral facial palsy of subacute onset.
¢ Clinical features — subacute, unilateral weakness of
an upper and lower emi-face.
* Diagnosis
— Genetics — Autosomal dominant transmission is
detected in some families.
— Imaging — May show seventh nerve contrast
enhancement.

35.2.11.1 Definition

Bell palsy (syn.: facial/seventh nerve palsy,
paralysis a frigore) is a peripheral, unilateral
facial palsy of subacute onset (2-5 days).

35.2.11.2 Epidemiology
Incidence: 20-30 per 100,000 per year that peaks
at age 40-49 years [50].

35.2.11.3 Clinical Features
Unilateral weakness of an upper and lower emi-
face with widening of the palpebral fissure,
drooping of corner of mouth, inability to smile
and close the eye on the affected side. Palsy is
complete in 70 % of patients, pain is present in
60 %, taste changes in 30-50 %, and hyperacusis
in 15-30 %.

Herpes simplex virus (HSV) infection is the
most common cause.

Laboratory Non-significant in isolated palsy

— Neurophysiology — Denervation of affected
muscles.

* Top differential diagnoses — central palsies; auto-
immune neuropathies.

* Prognosis

¢ Principles of treatment — Steroids.

* Disability — Healing occurs within 6 months in
80 % of patients; 15 % of cases display moderate or
severe residual deficits.

Genetic Autosomal dominant transmission is
detected in some families.

Neurophysiology EMG: denervation of affected
muscles. The ipsilateral blink reflex is abnormal

Brain MRI May show seventh nerve contrast
enhancement and excludes central causes.

Differential Diagnosis Seventh nerve palsy of
different origin.

Therapy

Corticosteroids (prednisone 1 mg/kg for 5
days) should be started in the first 72 h from the
onset and tapered within 10 days.

Antivirals are usually considered in severe and
moderate cases (7-day cycle of: valaciclovir
1 gx2/day, or famciclovivir 750 mgx 3/ day, or
acyclovir 400 mg 5x/day), but acyclovir, added
to corticosteroids, does not provide additional
benefit [51].
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35.2.11.4 Surgery

Its efficacy is queried. Seventh nerve decompres-
sion may be performed in severe palsies that do
not make progress. To avoid irreversible nerve
degeneration, patients should be operated on
within the first 2 weeks from the onset.

35.2.11.5 Prognosis

Bell palsy is a self-limited, monophasic disorder that
may recur in 8 % of cases. Healing occurs within
6 months in 80 % of patients; 15 % of cases display
moderate or severe residua. Onset of improvement
usually takes from 10 days to 2 months and reaches
its plateau between 6 weeks and 9 months. Nerve
regeneration may require more than 6 months so
15 % of remissions occur in 3—6 months. Facial
emispasm is a residual disorder in 17 % of cases.

35.2.12 Peripheral Nerve Injury
(PNI)
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Weakness has better evolution in patients
with: 1 —incomplete paralysis, 2 — early improve-
ment, 3 — younger age, and 4 — timely treatment
(£ 3 days).

Poor prognostic factors include A — age over
60 years, B — hypertension, C — impairment of
taste, and D — complete palsy.

Moreover: 1 — absence of improvement at 3
weeks carries poor prognosis. 2 — About 90 % of
patients fully recover if nerve excitability is
maintained at 3 weeks. 3 — Only 20 % recover if
nerve excitability has been lost within the same
period of time [50]; 4 — from 80 to 100 % of
patients regain optimal facial mobility if nerve
degeneration is lesser than 90 %. This percentage
drops to 50 % if nerve degeneration is equal or
greater than 90 %.

Key Facts

¢ Terminology and definitions PNI is a disruption of
anatomo-functional integrity of the nerve.
* Clinical features PNI occurs in 2-5 % of patients
admitted to Level I trauma centers.
* Diagnostic markers
— Laboratory — Non-significant.
— Imaging — Ultrasonography and MRI have a role
in the diagnostic work-up.
— Neurophysiology — Provides essential informa-
tion in the diagnosis and management of PNI.
* Top differential diagnoses — Acute inflammatory
demyelinating polyradiculoneuropathy; cervical
spondylosis; diabetic neuropathies.

Key Facts
35.2.12.1 Definition and Basic Injury
Types

Peripheral Nerve Injury is a total or partial dis-
ruption of anatomo-functional integrity of the
nerve resulting from kinetic energy applied to the
nerve or limb, as in stretch-related injury, lacera-
tion and penetrating trauma, or direct compres-
sion of a nerve.

* Prognosis

— Principles of treatment — Symptomatic; surgi-
cal repair.

— Disability — Neurapraxic lesions usually recover
within a few months. In complete axonotmesis,
recovery is determined by axonal regeneration;
in 2nd degree axonotmesis recovery is complete;
in 3rd and 4th degrees prognosis for spontaneous
regrowth is worse.

— After surgery: the sooner the nerve is repaired the
better the functional recovery will be; recovery is
better in young people.

Stretch-related injuries are the most common
type. Elongation more than 10-15 % produces
nerve ischemia and, beyond the limit of elasticity,
a complete loss of continuity may occur.
Compression is also common and includes acute
compression as in ‘Saturday Night palsy’ and
chronic compression as in entrapment neuropa-
thies. A dose-response relationship between the
duration of compression and neural injury was
noted.
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35.2.12.2 Demographics

PNI occurs in 2-5 % of patients admitted to Level
I trauma centers [52]. In peacetime, young men
are mainly affected (range 15-45 years, ratio
M/F=3:1). PNI commonly results from vehicle
accidents (about 50 %); iatrogenic factors account
for 10-15 % of cases.

PNI classification (Table 35.2)

The extent to which the axons and the connective
sheaths of a nerve are disrupted by injury is funda-
mental to make the prognosis and treatment strategy.

Seddon (1943) proposed three main grades of
nerve injury (see Table 35.2) [53]

Sunderland (1978) added two subclasses to
Seddon’s axonotmesis grade, depending on the
degree of connective tissue involvement (see
Table 35.2) [54].

In grade 3 lesions there is endoneurial disrup-
tion, while perineurium and epineurium are pre-
served. Endoneurial discontinuity prevents full
spontaneous reinnervation, rarely to more than
60-80 % of normal function. Surgical repair is
required in patients with poor functional recovery.

Table 35.2 PNI classification

Sunderland
Seddon Grade

Neuroapraxia 1

Pathology

Myelin injury and/or
ischemia usually
secondary to
compression

Axon loss; stromal
derangement;
endoneurium,
perineurium, and
epineurium intact

Axonotmesis 2

3 Loss of continuity
of axons and
endoneurium;
perineurium and
epineurium intact

4 Loss of continuity
of axons, endoneurial
tubes, perineurium
and fasciculi;
epineurium intact

Loss of continuity
of entire nerve trunk

Neurotmesis 5
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In grade 4 lesions the internal structure (axons
and connective) is completely disrupted, nerve
continuity is maintained by epineurium and scar
tissue. The internal scarring blocks the regenerat-
ing axons (neuroma in continuity). Reinnervation
occurs only with surgical repair.

35.2.12.3 Nerve Response to Injury
Remyelination: is the early and faster mechanism
to promote recovery

Collateral sprouting: in partial axonotmesis,
muscle strength may recover thanks to collateral
sprouting from distal intact axons.

In 4th and 5th degree injuries (Table 35.2) the
scar tissue prevents the regenerating axons from
reaching the distal routes, leading to the forma-
tion of a neuroma-in-continuity in 4th degree
injury and an amputation neuroma in 5th degree

injury.

35.2.12.4 Neurophysiology
It provides essential information in the diagnosis
and management of PNI by:

Prognosis

Excellent recovery in
weeks to months

Good spontaneous
regeneration

Variable reinnervation,
axonal misdirection,
surgery may be
required.

Internal scar tissue
blocks regenerating
axons (neuroma in
continuity). Surgery
required

No spontaneous
recovery, need of
surgical repair

Electrophysiological correlate

Conduction block complete
or partial + conduction
slowing across the site of
lesion

FP; mild reduction to absence
of SNAP and CMAP in
relation to the degree of
axonal loss +varying degree
of slowing and block of
conduction

FP, absent SNAP and CMAP

FP, absent SNAP and CMAP

FP, absent SNAP and CMAP

FP fibrillation potential, SNAP sensory nerve action potential, CMAP compound muscle action potential
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1. Localizing the site of nerve injury. The site of
nerve conduction failure may be detected within
the first week, then it is lost in the case of axonal
discontinuity. Persistence of SAP in the face of
sensory loss invariably means that the lesion is
proximal to the dorsal root ganglion.

2. Discriminating neuroapraxia from axonotme-
sis and quantifying the degree of axonal loss
(after 2-3 weeks post-injury).

3. Recognition and measurement of reinnerva-
tion (after 3—4 months post injury). Early rein-
nervation may be detected in the muscle
proximal to the lesion site by recording the
voluntary recruitment of a few small MU,
before clinical evidence.

Ultrasound (US) and magnetic resonance
(MRI) imaging have a role in the diagnostic
work-up in PNL

High-resolution US may strongly modify the
diagnostic process and therapeutic strategies in
patients with PNI [55].

Magnetic resonance (MRI) is uniquely infor-
mative in the diagnosis of avulsions that fre-
quently occur in closed traction injury of the
brachial plexus [56].

35.2.12.5 Prognosis
Factors affecting prognosis are:

* Clinical severity of PNI. Complete loss of
temperature-pain detection and of autonomic
responses invariably indicates a severe
PNI. The Medical Research Council (MRC)
method of recording muscle power and sensi-
bility offers a practical tool to make a grading
of the PNI and to measure the progress.

* Type of PNI. Neurapraxic lesions have a good
prognosis for recovery within a few months.
Mixed nerve injuries typically have two
phases of recovery: the neurapraxic compo-
nent resolves quickly, but the axonal compo-
nent is slower, because it depends upon axonal
sprouting and the distance to reach the target.
With lesions involving less than 20-30 % of
the axons, recovery occurs over 2—6 months
predominantly by collateral sprouting from
intact axons.
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* In complete axonotmesis, recovery is determined
uniquely by axonal regeneration, which occurs
depending upon the degree of PNI. In 2nd degree
injury, recovery is complete and can be planned
considering the rate of axonal growth (about
1-5 mm/day). The CMAP amplitude provides
some guide to prognosis. In the 3rd and 4th
degrees, prognosis for spontaneous regrowth is
worse. Extensive scarring reduces the growth
rate of regenerating axons and their ability to
cross the lesion to reach the end organs. Since it
is not possible to know the degree of axonot-
metic lesions on the basis of preoperative data, it
is necessary to look for reinnervation in proxi-
mal muscles after 24 months. Lesions with
some spontaneous recovery are usually treated
conservatively, while absence of reinnervation
requires operative exploration. Neurotmesis
requires surgical repair.

e Level of injury: distance from the lesion site to
the end organs determines the functional out-
come. Proximal lesions such as root avulsion,
lumbar-sacral plexus and sciatic nerve injury
have bad prognosis. Root avulsion cannot be
surgically repaired.

* Delay in diagnosis and surgery: the sooner the
nerve is repaired the better the functional
recovery will be. Muscle reinnervation must
occur within 12-18 months (before fibrotic
replacement), while sensory recovery may
continue for a longer period of time.

* Age: recovery is better in young people; older
patients are more likely to develop pain.

* Abnormal Reinnervation: muscle co-contraction
is particularly common in brachial plexus injury.

» Vascular injuries, post-ischemic contracture,
tendon retraction and muscle fibrosis, stiffness
of joints all are negative prognostic factors.

35.2.12.6 Therapy
Symptomatic management. Control of neuro-
pathic pain [57]:

e Mild pain (VAS <5) can be treated with
NSAIDs.

* Topical lidocaine patches are very useful
in localized cutaneous pain
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* In severe pain (VAS more than 5-6) use low-
dose tricyclic agents such as nortriptyline or
antiepileptic drugs (gabapentin/pregabalin,
lamotrigine, and carbamazepine).

* Patients unresponsive to these agents may
require narcotic analgesia. First, it may be
used tramadol, and if ineffective, oxycodone
with increasing doses for not more than 3—4
months (studies on long-term efficacy, safety
and effects on quality of life are lacking).

* Spinal cord or nerve stimulators may be useful
for patients with segmental neuropathic pain.

Patients with weakness and deformity should
be considered for physical and occupational ther-
apy evaluation. Use appropriate assistive devices
such as cock-up wrist splints for radial nerve
injuries and AFO splints for foot drop. Consider
muscle and tendon transfer to improve residual
function in selected cases.

Surgical nerve repair is indicated in 4th or 5th
degree injury. Primary repair is performed
immediately or within 1 month (delayed primary
repair) and secondary repair is performed at
between 3 weeks and 3 months after injury [58].

Immediate end-to-end repair is performed in
nerve transection due to sharp lacerations.
Delayed primary repair in blunt trauma or avul-
sion requires nerve grafting, as the nerve ends are
usually retracted and/or scars need to be resected.
Nerve autografts (sural nerve) remain the gold
standard.

Secondary repair is preferred when the degree
of injury has not yet been ascertained. Surgical
procedure is recommended in absence of reinner-
vation in the proximal muscles within 3—4 months
from injury, as the quality of motor recovery
decreases steadily after a 6-month delay of repair.

Late nerve reconstruction, beyond 6 months,
is generally carried out for pain control, such as
neuroma resection.
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