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Preface

Neuromuscular medicine is constantly advancing in terms of accurate diagnosis,
pathophysiology, and treatment. Many disorders have been discovered within this
field that are either autoimmune or genetic. The classifications of many neuromus-
cular diseases are constantly changing. Neuromuscular medicine is now being recog-
nized as a distinct field in neurology, having its own certification and section in the
American Academy of Neurology. The purpose of this book is to provide the readers
with the latest updates in treatable autoimmune neuromuscular disorders. Due to
page limitations, other autoimmune neuromuscular diseases are not discussed. This
book contains information about the more common and well-known diseases.

I am very grateful to my colleagues for their contributions, providing me with up-
to-date chapters and reviews despite their busy schedules. I am also indebted to
Karger Publishers, who helped me throughout the completion of this project. Lastly,
I would like to thank my medical student, Ms. Raminder Parihar, who helped me in
the preparation of my chapter.

Rahman Pourmand, MD
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Acute Neuropathies

Mark B. Bromberg

Department of Neurology, University of Utah, Salt Lake City, Utah, USA

Abstract

Acute neuropathies, defined as symptoms progressing over 4 weeks with a degree of spontaneous
recovery, include the Guillain-Barré syndrome and its variants and acute brachial and lumbosacral
plexopathies. An immune-mediated mechanism is postulated from clinical features and with the
Guillain-Barré syndrome from direct evidence implicating molecular mimicry between epitopes on
bacteria related to antecedent illnesses and nerve cell gangliosides. There are little data to guide
immune-modulating treatment but there is frequent pain at onset that should be treated aggres-
sively. This chapter will review the clinical features, diagnostic process, pathophysiologic features
and treatment data. Copyright © 2009 S. Karger AG, Basel

This chapter addresses acute immune-mediated neuropathies. The term ‘acute’ is
defined as the time period from symptom onset to maximum impairment, and from
clinical experience is up to 4 weeks. A minority of neuropathies has an abrupt onset
and rapid course of progression making this a unique group of neuropathies. The two
major classes of disorders are the Guillain-Barré syndrome and its variants and acute
brachial and lumbosacral plexopathies. The immune-mediated mechanism is fre-
quently inferred from indirect evidence or from a response to immune-modulating
treatment, but there is an evolving understanding of underlying mechanisms that will
be discussed.

Guillain-Barré Syndrome

The Guillain-Barré syndrome is frequently considered to be a single entity character-
ized clinically by a rapidly progressive ascending symmetric sensorimotor neuropathy
associated with slow nerve conduction velocities and cytoalbuminemic dissociation
in the cerebrospinal fluid. However, this clinical pattern is now considered in a broad
context that includes a number of entities with similar rapid progression but with
differences in which neural elements are involved (table 1) [1]. The broad syndromic
view adds a degree of diagnostic and prognostic clarity.



Table 1. Spectrum of the Guillain-Barré syndrome (modified from Hughes and Cornblath [1])

Clinical condition Distinguishing clinical features

AIDP: Acute inflammatory demyelinating Sensory and motor, multifocal
polyradiculoneuropathy demyelination

® Acute sensory ataxia ® Sensory ataxia

e Acute pan dysautonomia ® Autonomic nervous system

AMAN: Acute motor axonal neuropathy Motor, distal axonal loss

AMSAN: Acute motor and sensory axonal neuropathy Sensory and motor, axonal loss

FV: Fisher variant Ophthalmoplegia, areflexia, ataxia

Clinical Description

Acute inflammatory demyelinating polyradiculoneuropathy (AIDP) was first
described in 1859 by Landry and in 1916 among the French military by Guillain, Barré
and Strohl. It is the prototypic acute ascending neuropathy and is what is intended
with the general use of the term ‘Guillain-Barré syndrome. However, it is clinically
valuable and pathophysiologically appropriate to separate the different forms [1]. The
clinical symptoms of AIDP are a rapid progression of limb weakness and sensory loss,
less commonly including bulbar weakness and respiratory weakness, during which
95% of patients reach their nadir within 4 weeks of symptom onset. Clinical signs are
a roughly symmetric distribution of distal and proximal limb weakness and ataxic gait
(with many patients being unable to ambulate), associated with areflexia (at least in the
legs) and mild sensory loss. Pain (lower back) and autonomic dysfunction (cardiovas-
cular lability and bladder and bowel hypomobility) are common. Variants with asym-
metric weakness and affecting only sensory nerves (ataxic form) or autonomic nerves
(acute dysautonomia) are described (table 1). Laboratory findings are electrodiagnos-
tic evidence for multifocal demyelination and cytoalbuminemic dissociation in most
patients. The clinical course shows spontaneous improvement over many months, with
the extent of improvement dependent upon the degree of underlying axonal loss and
age. The time to improvement may be shortened by immune-modulating treatment
as demonstrated in randomized trials. The time range of 4 weeks to reach the nadir is
somewhat arbitrary but empirically validated, and is intended to separate AIDP from
chronic inflammatory demyelinating polyradiculoneuropathy (CIDP). However, some
patients who go on to have CIDP present with an acute onset and the diagnosis of
CIDP becomes clear with the passage of time. A related issue is the interpretation of an
early relapse of symptoms within the 4-week period while receiving immune-modu-
lating treatment as to whether it reflects a balance between disease momentum versus
immune modulation or a progressive disorder. The incidence is about 1.5/100,000.
Acute motor axonal neuropathy (AMAN) was originally identified in rural areas
in northern China and later in other parts of Asia and South America [2]. Patients
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experience a rapid ascending weakness frequently leading to respiratory failure but
with no sensory loss. Most patients are of childhood age. Electrodiagnostic studies
support diffuse and severe axonal loss of motor nerves. A remarkable feature is a
relatively rapid recovery, especially given the degree of weakness. This was accounted
for by pathologic evidence for distal axonal involvement allowing for short dis-
tances for axonal regeneration [3]. The incidence is 0.6/100,000 in China and Asia
but much lower in North America and Europe. AMAN has been associated with
Campylobacter jejuni gastroenteritis, accounting, in part, for its higher incidence in
rural environment.

Acute motor and sensory axonal neuropathy (AMSAN) refers to fulminant dam-
age to motor and sensory axons over days associated with unexcitable nerves dur-
ing electrodiagnostic testing [4]. It can be considered to be an extreme case of AIDP
where respiratory failure is common leading to a very slow and partial recovery.
There is confusion with the terms ‘axonal Guillain-Barré syndrome’ and AMSAN;
most cases of classic AIDP (or Guillain-Barré syndrome) involve varying degrees of
axonal damage [5], but AMSAN refers to rapid and massive axonal damage.

The Fisher variant (FV) is named after C. Miller Fisher who recognized the triad of
ophthalmoplegia, areflexia and ataxia occurring over an acute time period with com-
plete resolution without treatment as a variant of acute idiopathic polyneuritis [6]. It is
frequently referred to as the Miller-Fisher variant, but nomenclature tradition supports
using only the last name. There has been uncertainty whether it is a disorder of periph-
eral nerve (electrodiagnostic findings are minimal) or of the brainstem and cerebellum
because of similarities with Bickerstaft’s brainstem encephalitis [7]. Ophthalmoplegia
can also occur in clinical cases of AIDP and bulbar weakness can occur with the triad
of ophthalmoplegia, areflexia and ataxia. The variation in clinical features may be
explained, in part, by the presence of antibodies to the ganglioside GQ1b and GTla
and patients who have FV or who have AIDP with features of ophthalmoplegia are
found to have antiGQ1b antibodies. The incidence is 0.1 per 100,000.

Pathophysiology

There are both similarities and differences in the pathologic findings and pathophysi-
ologic mechanisms among the different forms of the Guillain-Barré syndrome.
Pathologic findings in AIDP include multifocal mononuclear cell infiltration along
nerves, including nerve roots, with macrophage invasion of myelin denuding axons
[1, 3]. The initial attack is felt to be on myelin with axonal damage secondary due to
the immune-mediated inflammatory response. In AMAN, the primary target is likely
antibody-mediated attack at the node of Ranvier leading to conduction block as well
as axonal damage. There is Wallerian degeneration of motor but not sensory nerves.
In AMSAN, there is likely an antibody-mediated attack with severe degeneration of
motor and sensory nerves. In both AMAN and AMSAN, there is little evidence for
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inflammatory infiltrates. The FV is more complex as it may be associated with AIDP,
but in the classic form is a benign condition with limited pathologic information
available; however, there is strong evidence for an antibody mechanism. There may
be overlap with brainstem encephalitis.

Molecular mimicry between a bacterial lipooligosaccharide (most frequently asso-
ciated with C. jejuni) and a human ganglioside is a common pathophysiologic theme,
with evidence linked most strongly to AMAN, but also to AMSAN and the FV [1, 8].
This is a very active field of research and results reveal great complexity. The essential
features comprise the following: the nerve cell membrane includes gangliosides, and
for AMAN the important ones are GM1 and GD1a (also GalNAc-GD1) distributed
particularly on motor nerves and for the FV important ones are GQ1b and GT1a dis-
tributed on oculomotor nerves and primary sensory neurons. The cell surface of bac-
terium includes ganglioside-like carbohydrates that serve as possible epitopes for these
antibodies. There are genetic loci in C. jejuni for the synthesis of the ganglioside-like
carbohydrates, and polymorphisms for synthetic enzymes determine the cell surface
epitope and subsequent autoantibody reactivity. Autoantibodies to these gangliosides
are of the IgG class and have a relatively long half-life (21 days). There is evidence for
different clinical prognoses based on the subclass of IgG antibodies and host factors.
Antibody attachment initiates complement and subsequent nerve damage.

There are high percentages of patients with AMAN, and low percentages of patients
with AIDP, who have GM, GD1la and GalNAc-GDla antibodies. The presence of
these antibodies is associated with greater motor axonal damage. The FV is strongly
associated with antibodies to GQ1b and GT1a, found in over 90% of patients. The
expression of GQ1b on oculomotor nerves and primary sensory neurons explains the
clinical distribution of weakness in the FV. Bickerstaff’s brainstem encephalitis can
be considered clinically to be part of a continuum with the FV as GQ1b antibodies
are found in both. It is postulated that the clinical expression along the continuum is
based on host factors such as antibody accessibility. There have been immunologic
investigations of variants of the Guillain-Barré syndrome, including cases with pre-
served reflexes, ophthalmoparesis without ataxia, ataxic (sensory) AIDP, and acute
oropharyngeal palsy, with evidence for both unique bacterial factors and host factors
offered to explain the clinical features. AIDP remains a challenge as it is not strongly
associated with C. jejuni infection. Other infectious agents, including Haemophilus
influenzae, Mycoplasma pneumoniae and cytomegalovirus, have been investigated
and may be involved in molecular mimicry in some patients.

Diagnosis
The diagnosis of all forms of Guillain-Barré syndrome is based on the acute presen-

tation and aided by electrodiagnostic studies and, to a lesser extent, by cerebrospinal
fluid analysis because cytoalbuminemic changes may not be evident early in the course.
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Antibody testing or stool culture for the presence of bacteria involves a laboratory delay
and does not add to the diagnosis in the acute setting where early treatment is important.
In AIDP, the goal of electrodiagnostic studies is to document multifocal primary demy-
elination. Sets of nerve conduction criteria are available to support primary demyelina-
tion, but there is an evolution of abnormalities and a spectrum of severity and criteria
may not be met early in the course and repeat studies may be helpful [5]. In AMAN, the
goal is to demonstrate widespread denervation without involvement of sensory nerves
[2]. In AMSAN, the finds are unexcitable nerves and widespread denervation on needle
electromyography (EMG) [4]. The pure FV is a clinical diagnosis and can be confirmed
by detection of GQ1b antibodies. Nerve conduction studies show very mildly reduced
motor and sensory responses and mildly slowed conduction velocities [9], but when
ophthalmoparesis is part of AIDP nerve conduction findings are more varied.

Differential Diagnosis

The differential diagnosis of acute ascending or diffuse weakness includes hypokalemic
periodic paralysis, tick paralysis, acute intermittent porphyria, acute toxic exposure
(arsenic exposure), and an unusual presentation of botulism (usually considered to
follow a descending progression of weakness). Ophthalmoplegia, ataxia and areflexia
without other neurologic signs is unique but with altered consciousness raises the
question of Bickerstaff’s brainstem encephalitis.

Treatment

There have been a number of randomized trials to treat AIDP and small case series
for AMAN, AMSAN and FV [1]. For AIDP, plasma exchange (4-6 exchanges) and
intravenous immunoglobulin (2 g/kg over 2-5 days) are equally effective when given
during the first 2 weeks from symptom onset. Corticosteroids (oral or intravenous)
are not effective and patients may fare less well. Plasma exchange and intravenous
immunoglobulin reduce the time period at any given level of disability, including
reduction of time on a ventilator or hospital length of stay, and has a positive effect
on long-term prognosis. However, there is better outcome when therapy is started
early, preferably within the first 2 weeks of symptoms. The level of recovery from
AIDP and AMSAN is dependent upon the degree of axonal loss and modified by
patient age. For AIDP, 80% have a good level of function after 1 year whereas a
smaller percentage have some degree of disability. Many patients describe reduced
endurance despite good function. Mortality is up to 10%. AMSAN represents an
extreme degree of axonal loss and patients usual wean from the ventilator but have
marked disability. AMAN, in contrast, has a good prognosis with most achieving
near-normal function attributed to the distal site of axonal damage [2]. The FV also
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has a good prognosis and the original cases completely resolved without treatment.
When AIDP includes ophthalmoplegia there is also a good recovery with treatment
of AIDP.

Acute Plexopathies

The clinical pattern of acute involvement of nerves in the brachial or lumbosacral
plexus is felt to be immune mediated. There appears to be regional involvement with
somewhat distinct syndromes connected to involvement of the brachial or lum-
bosacral plexus, and there is linkage to concurrent diseases such as diabetes melli-
tus especially when the lumbosacral plexus is involved. The condition usually starts
abruptly with marked pain in the region of involvement and subsequent atrophic
weakness followed by gradual improvement in strength over time. Motor nerves are
affected in a patchy distribution within the region and sensory nerves are relatively
spared.

Acute Idiopathic Branchial Plexopathy
Clinical Description

Acute idiopathic brachial plexopathy was first fully described in 1943 by Spillane
under the term localized neuritis of the shoulder girdle, encountered initially among
soldiers. The spectrum of clinical features, including examples from a nonmilitary
setting, was given by Parsonage and Turner in 1948 and 1957, and the disorder
is frequently referred to as the Parsonage-Turner syndrome [10, 11]. More recent
reviews include long-term prognosis [12, 13]. The condition spans a broad age
range, but is more common in middle age, and affects men more than women. It
typically begins with sudden and severe aching pain in the shoulder region, fre-
quently starting in the middle of the night. There may be a radicular component
(radiation down the arm, worse with coughing or sneezing). Pain may also occur
bilaterally, but with marked asymmetry. Pain subsides over days to weeks, but may
persist for months. As it subsides, muscle atrophy and weakness emerge; it is not
clear if weakness is truly a late phenomenon after the onset of pain or whether the
initial pain hinders muscle usage and recognition of weakness. The most common
distribution of weakness involves suprascapular, infrascapular and deltoid muscles,
or the upper trunk followed by the lower trunk and combinations of upper and
middle trunks [14]. There is also recognition that more distal limb muscles may be
affected with frequent concomitant or isolated involvement of median-innervated
muscles (finger and thumb flexor muscles) [15]. It is not uncommon for there to be
mild sensory loss in a chevron distribution over the shoulder due to involvement
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of the circumflex nerve, or diffusely in the arm, but clinically weakness is markedly
out of proportion to any sensory loss. There is a frequent history of antecedent or
concurrent history of vaccination, nonspecific illness (most commonly involving the
upper respiratory tract), unaccustomed strenuous activity, or recent surgery. Most
patients experience cessation of pain but a few have persistent or episodic pain. Up
to 80% report full function after a year but some improve over a 1- to 3-year period
and a small percentage have a degree of persistent weakness or dysfunction. The
incidence is 2-3/100,000.

Acute neuropathies associated with pain at onset and with frequent partial or
good outcome have been noted to involve single nerves in the brachial plexus (long
thoracic nerve) as well as nerves in the head and neck (phrenic, recurrent laryngeal,
vagus, spinal accessory, and hypoglossal nerves) [16]. Thus, acute mononeuropathies
of the brachium, neck and cranial nerves may represent a similar condition as the
acute brachial plexopathy [15].

Pathophysiology

The pathophysiology is not known but an immune-mediated contribution has long
been postulated based on a high incidence of weakness following vaccination. Many
other antecedent events are described in a high percentage of patients but it is not
clear how these trigger events interact with the immune system, since this is not a
fatal disease and pathologic descriptions are rare. Fascicular brachial plexus biopsies
of 4 patients revealed inflammatory infiltrates surrounding epineural and endoneu-
ral vessels and evidence of demyelination with onion bulb formation in 1 patient
[17].

Diagnosis

The clinical history of acute onset of pain followed by atrophic weakness of shoulder
girdle muscles is unique. Involvement restricted to forearm muscles may be more
challenging to diagnose as is involvement of single nerves and leads to a wider differ-
ential diagnosis. Electrodiagnostic studies, primarily needle EMG, optimized after an
interval of at least 3 weeks from symptom onset to fully assess the extent of denerva-
tion, are helpful in defining the patchy distribution of denervation [14]. Clinical bilat-
eral arm involvement is not uncommon, but needle EMG may demonstrate bilateral
involvement when clinical evidence indicates involvement of one arm.

Mild abnormalities in cerebrospinal fluid have been found in a minority of patients
in the form of elevated protein and cell count. Antibodies to gangliosides have been
found (GM1, GM2) in a minority of patients. MRI of the brachial plexus rarely shows
abnormal signals from the plexus [13].
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Differential Diagnosis

The primary alternative consideration is for acute radiculopathy, reinforced in some
patients who describe antecedent exertion or radicular pain. However, the distribu-
tion of weakness and EMG abnormalities spans several roots and is frequently bilat-
eral, an unusual pattern for radiculopathies [14]. An entrapment syndrome may be a
consideration when distal nerves or single nerves are involved (anterior interosseous
syndrome when median-innervated muscles are involved). Involvement of the upper
trunk raises the question of an apical lung tumor. There is a hereditary syndrome
(autosomal dominant) with recurrent and painful plexopathies, and a family history
should be sought. Another consideration, especially among patients who experience
no pain and have a history of other mononeuropathies, such as carpal tunnel syn-
drome and ulnar entrapment at the elbow, is hereditary neuropathy with predisposi-
tion to pressure palsies [18].

Treatment

There are no randomized controlled treatment trials. Among the challenges are the
timeliness of making the diagnosis and thus the uniformity of when patients are
treated. There have been open-label trials of corticosteroids suggesting a positive
response for pain but a lesser effect on long-term outcome [13]. Treatment of pain is
important, and may require narcotic analgesics.

Acute Lumbosacral Plexopathy
Clinical Description

Acute lumbosacral plexopathy was described by Bruns in 1890 and by Garland in
1953. Since the condition is frequently associated with diabetes mellitus it has been
referred to by a large variety of names including proximal diabetic neuropathy or
amyotrophy and diabetic mononeuritis multiplex, but a more descriptive term is
diabetic lumbosacral radiculoplexus neuropathy (DLRPN) or lumbosacral radiculo-
plexus neuropathy when diabetes is not evident (LRPN) [19]. DLRPN is associated
more frequently with type 2 than type 1 diabetes and often heralds the clinical rec-
ognition of diabetes. Furthermore, it is not uncommon for DLRPN to be associated
with rapid weight loss of 5 kg or more. It characteristically begins with sudden and
severe aching pain in a proximal leg (quadriceps muscles) or distally (anterior tibialis
or gastrocnemius muscles) and frequently progresses to involve both proximal and
distal muscles. As pain subsides weakness is detected and frequently is severe enough
to prevent ambulation. There may also be varying degrees of weakness affecting the
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contralateral leg. Sensory loss is much less than motor weakness. While most exam-
ples have a monophasic course some patients experience a stepwise progression of
weakness over several months before a net improvement in strength. There may also
be recurrences. The degree of weakness is related to the degree of denervation and
the weak limb may not regain full strength. In the setting of diabetes there may be
a concomitant peripheral sensorimotor neuropathy. There may also be involvement
of thoracic roots, accounting for the term ‘radiculo, and simultaneous involvement
of individual nerves of the upper extremities (mononeuropathies) and the brachial
plexus have been described [20, 21]. The incidence is approximately 2 per 100,000.
The clinical pattern is similar in the setting of euglycemia (LRPN) [19]. The incidence
of LRPN has not been determined.

Pathophysiology

An inflammatory process is partially inferred from the acute presentation, the patchy
distribution, and pathologic review of involved nerves. The relative lack of sensory
nerve involvement and the relatively rapid recovery support involvement of distal or
terminal motor nerve branches. Pathologic investigations are primarily from distal
nerve biopsies (sural) but are supported by samples of proximal nerves and show
multifocal axonal loss and ischemic changes due to inflammation in microvessels
[19, 22]. This has led to the hypothesis that the pathology is a nonsystemic vasculitis
of nerve. There is evidence of upregulation of inflammatory mediators [23]. These
findings are observed in the setting of diabetes and euglycemia (DLRPN and LRPN).
This leads to uncertainty as to the overall role of hyperglycemia as some nondiabetic
patients eventually develop diabetes, others have impaired glucose tolerance [24], but
a large number remain nondiabetic. Hyperglycemia or the metabolic syndrome is at
least felt to be a risk factor.

Diagnosis

The diagnosis is primarily clinical, as the pattern of sudden pain and subsequent atro-
phic weakness in a patchy distribution in a leg or asymmetric weakness if both legs are
affected is unique. Electrodiagnostic studies are helpful defining the extent of involve-
ment [19]. Needle EMG is most helpful in demonstrating the patchy distribution, but
must be performed 3-4 weeks after pain onset, a period of time to allow full develop-
ment of denervation potentials (positive waves and fibrillation potentials). Evidence for
mild denervation can frequently be detected in corresponding muscles on the contral-
ateral side even if clinically strong and there may be evidence for a length-dependent
sensorimotor neuropathy on nerve conduction studies. The diagnosis is strongly sup-
ported if diabetes is present and tests for diabetes should be performed if not present.
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Differential Diagnosis

The differential diagnosis of acute painful asymmetric lower limb weakness is nar-
row but includes acute radiculopathy; however, the pattern of pain is not radicular in
nature. The common involvement of proximal roots (L,-L,) is unusual for a radicul-
opathy and there is relative sparing of sensory loss for the degree of motor loss. Pelvic
pathology such as hematoma should be considered.

Treatment

There are no randomized controlled treatment trials for pain management or to hasten
or optimize the return of strength. The diagnosis is frequently delayed making treatment
trials in the acute phase difficult, and the degree of denervation is highly variable making
trials later in the disease also difficult. It is important to appreciate that the natural course
is for improvement [25]. Open-label and case-control studies, including patients with and
without diabetes, are generally supportive, given the above variables, of immunotherapy
for better pain control and strength. Oral prednisone, intravenous solumedrol, plasma
exchange, and intravenous immunoglobulin have been used [26, 27]. Pain deserves to be
treated aggressively, as it can be severe, and narcotic analgesics may be indicated.

Conclusion

There are, arguably, more similarities than differences between the examples of acute
neuropathies presented in this chapter. Among the similarities are the acute onset and
frequent antecedent nonspecific illness. This supports a postinfectious etiology, which,
in turn, suggests an immune-mediated response to some aspect of the infectious agent.
This has been best worked out in AMAN based on molecular mimicry between epitopes
on C. jejuni and gangliosides on nerves, and there is also evidence for mimicry for other
bacteria and viruses. The primary pathology in the Guillain-Barré syndrome is directed
toward myelin or the axon. In lumbosacral plexopathies it is directed toward blood ves-
sels with secondary nerve damage resulting in a more prolonged course of nerve dam-
age. There are less data for the pathophysiology of brachial plexopathies and the time
course of maximum nerve damage is shorter suggesting a pathophysiologic mechanism
different than in lumbosacral plexopathies. Acute mononeuropathies of the neck and
head have a similarly short time course and are likely related pathophysiologically.

The diagnosis is primarily based on recognition of the various syndromes and is
aided by electrodiagnostic studies. Firm guiding principles for treatment are avail-
able for the Guillain-Barré syndrome but not for the plexopathies and it is not clear
whether or not to treat them as they frequently show spontaneous recovery. Pain con-
trol should be addressed aggressively.

10 Bromberg
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Chronic Neuropathies - Chronic
Inflammatory Demyelinating
Neuropathy and Its Variants

Sindhu Ramchandren - Richard A. Lewis

Detroit Medical Center Department of Neurology, Wayne State University, Detroit, Mich., USA

Abstract

Background: Chronic neuropathy is a highly prevalent condition, and an enormous burden to soci-
ety, from a health, social and financial standpoint. Identifying new therapeutic strategies that have a
significantimpact on the neuropathy patients’quality of life has been difficult. Objective: This review
presents a brief perspective on clinical evaluation of chronic neuropathies, with a focus on chronic
inflammatory demyelinating neuropathy (CIDP) and its variants. Methods: The diagnosis of CIDP is
based on a careful history and examination, with evidence of peripheral nerve demyelination estab-
lished. Disorders with unique characteristics but similar clinical, electrophysiologic, laboratory and
therapeutic aspects to CIDP, such as Lewis-Sumner syndrome, are considered variants. Conclusion:
Although defined diagnostic criteria for CIDP are now increasingly sensitive and specific, there is still
significant overlap among CIDP and other neuropathies. Further research into the underlying
pathophysiology of CIDP, its variants, and other immune-mediated demyelinating neuropathies will
help us eventually develop targeted therapies that are less toxic and more beneficial than those cur-
rently available. Copyright © 2009 S. Karger AG, Basel

Chronic neuropathy is a common affliction of the peripheral nervous system, affect-
ing over 10% of the older adult population and approximately 20 million people in the
United States alone [1, 2]. Clinically, chronic neuropathy can manifest positive symp-
toms, such as painful dysesthesias, or negative symptoms, such as numbness, and
can lead to varying levels of functional weakness and associated morbidity. Socially,
peripheral neuropathy is well known to decrease the affected individual’s overall
quality of life [3, 4]. The financial cost of peripheral neuropathy is difficult to assess,
as chronic neuropathies can be caused by a myriad of etiologies, with each having its
own costs. However, since diabetic neuropathy is the most common cause of chronic
neuropathy in the United States [5] and diabetic neuropathy alone has annual costs of
between 4 and 14 billion dollars in the United States [6], it is reasonable to conclude



that the costs of chronic neuropathy are enormous to our society. Despite the enor-
mous burden to society from a health, social, and financial standpoint, identifying
new therapeutic strategies to manage chronic neuropathies has been difficult. This
review will present a brief perspective on clinical evaluation of chronic neuropathies,
and then focus on chronic inflammatory demyelinating neuropathy (CIDP) and its
variants.

Clinical Evaluation of Chronic Neuropathies

The differential diagnosis one considers when someone presents with an acute or
subacute neuropathy is relatively small, consisting mainly of Guillain-Barré syndrome
(GBS), vasculitis, acute toxic neuropathies, porphyria and neuropathy related to an
underlying malignancy [7]. The acute neuropathies often manifest within 4 weeks,
with most clinical evaluations being completed within the same time frame. Defining
subacute neuropathies is slightly more difficult: their course can range between 4 and
12 weeks [8]. For the purpose of this review, ‘chronic neuropathy’ will be defined as
those with a clinical course beyond 2 months.

The evaluation of chronic neuropathies, as with any neurologic complaint,
should begin with localization based on history and physical examination.
Chronic neuropathies can be classified as acquired versus inherited, and demy-
elinating versus axonal. Inherited neuropathies typically evolve over decades and
are slowly progressive. Needle electromyography and nerve conduction studies
(EMG/NCS) are needed to determine whether a neuropathy is active or chronic,
and if the underlying mechanism is predominantly axonal or demyelinating.
Electrodiagnostic evidence for polyneuropathy is defined as a nerve conduction
abnormality of the sural sensory nerve and an abnormality in one other separate
nerve [9].

One of the biggest concerns in evaluating patients with chronic neuropathy is
determining the extent of the diagnostic workup, given the ever-growing number
of possible etiologies [10, 11]. While some patients are tested only for underlying
diabetes or vitamin deficiencies, others receive more elaborate panels of tests, some-
times including expensive and often inappropriate genetic testing. The heterogeneity
of etiologies causing chronic neuropathy necessitates some physician autonomy in
the choice of laboratory tests ordered. However, recently published guidelines may
provide a basis for rational test selection [12, 13]. The evidence-based review on
the role of laboratory investigation of polyneuropathy noted that the tests that are
most likely to find an abnormality pertinent to the neuropathy are blood glucose,
serum B, with metabolites (methylmalonic acid with or without homocysteine),
and serum protein immunofixation electrophoresis. The report also mentioned the
potential usefulness of looking for impaired glucose tolerance with a 2-hour glucose
tolerance test [12].
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Chronic Inflammatory Demyelinating Polyneuropathy

CIDP or polyradiculoneuropathy was first described in 1958 [14], and by 1975, its
clinical, electrodiagnostic, and pathologic features had been delineated [15]. Disorders
with unique characteristics but similar clinical, electrophysiologic, laboratory and
therapeutic aspects to CIDP, are considered variants.

Epidemiology

CIDP has an estimated prevalence of 0.8-1.9 per 100,000 in adults [16, 17]. Although
childhood prevalence rates are unknown, one study reported a prevalence of 0.48 per
100,000 among patients under age 20 [17]. No clear genetic predisposition has been
identified.

Clinical Characteristics

The temporal distinction between acute inflammatory demyelinating polyneuropathy,
one of the forms of GBS, and CIDP is a somewhat arbitrary one. Acute inflammatory
demyelinating polyneuropathy is a monophasic disorder with disease progression of
less than 4 weeks. CIDP is a chronic progressive or relapsing disorder that can cause
new symptoms for years if left untreated. Most diagnostic criteria for CIDP arbitrarily
use progression or recurrent relapses that occur more than 8 weeks from onset as the
minimum length of time required to diagnose CIDP. There is a gray zone between
4 and 8 weeks which has been designated as subacute inflammatory demyelinating
polyneuropathy; most of these patients end up having CIDP [18, 19]. The importance
of these distinctions is that GBS, being a monophasic illness, does not require ongo-
ing immunomodulating therapy after the initial 4 weeks. CIDP, on the other hand,
frequently requires long-term immune treatment. Complicating this issue is that
some patients with GBS who are treated with either plasmapheresis or intravenous
immunoglobulin (IVIg) can relapse requiring a repeated treatment. Whether these
patients really have GBS or CIDP with an initial GBS-like onset is frequently difficult
to determine during the 4- to 8-week period [20]. In general, any relapse that occurs
after 4 weeks is most likely CIDP.

Clinically, CIDP typically presents symmetrically in the arms and legs, with pre-
dominantly motor symptoms and reduced or absent deep tendon reflexes. Unlike
other chronic length-dependent neuropathies, CIDP affects proximal as well as distal
muscles of both upper and lower extremities, and is more aggressive in course, point-
ing to a multifocal pathophysiology even at early stages of the disease. Cranial nerve
and bulbar involvement is seen in 10-20% of patients. Vibration and proprioception
are more often affected than pain and temperature sensation, reflecting preferential
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involvement of large myelinated fibers. Autonomic symptoms may be seen, includ-
ing constipation and urinary retention. Rarely, patients can develop lumbar spinal
stenosis and cauda equina syndrome secondary to marked nerve root hypertrophy
[21]. Compared with adults, children present earlier and progress faster; they com-
monly present with gait instability and falls, but up to a third may present with sen-
sory symptoms. Cranial nerve palsy or autonomic dysfunction is not typically seen.
One third to a half of all children with CIDP have a prodromal upper respiratory
infection [22-26].

Immunopathogenesis

CIDP is an autoimmune inflammatory disorder mediated by the cellular and humoral
immune system. Crossing of the blood-nerve barrier by activated T cells has been
demonstrated along with expression of cytokines, tumor necrosis factor, interferon
and interleukins. Immunoglobulin and complement deposition has been seen on
myelinated nerve fibers. Passive transfer of serum or purified IgG from patients who
have CIDP have induced conduction block and demyelination when injected into
rats. However, the immunologic causes of CIDP remain unclear. Although there is
evidence implicating gangliosides and other glycoproteins as target antigens in GBS,
multifocal motor neuropathy (MMN), anti-myelin-associated glycoprotein, and other
neuropathies, specific antigens have not been identified in CIDP [27-29].

Diagnostic Studies

Demyelination is the sine qua non of CIDP, proven by EMG/NCS or by nerve biopsy.
Cerebrospinal fluid (CSF) analysis, neuroimaging and appropriate laboratory studies
can support the clinical diagnosis and exclude other possibilities. MRI of the spine
can reveal enhancement of the nerve roots, likely due to disruption of the blood-brain
barrier secondary to inflammation [26, 30].

Electrophysiologic Studies

EMG/NCS show segmental or nonuniform demyelination of multiple nerves.
Nonuniform features include conduction block (amplitude reduction needed depends
on the distance between stimuli) and temporal dispersion of the duration of the com-
pound motor action potential (CMAP) on proximal stimulation compared with dis-
tal stimulation. Features of demyelination include prolonged distal motor latencies,
prolonged duration of the distal CMAP, and prolonged F wave and H reflex latencies.
Slowed conduction velocities greater than can be explained by axon loss are also seen;
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normal conduction velocities of motor fibers range from 30 to 70 m/s in the arms
and from 25 to 60 m/s in the legs. Velocities less than 30 m/s in the arm and 25 m/s
in the leg can only be due to demyelination. Problems with interpretation arise when
velocities range between 30 and 45 m/s in which careful comparison of velocity and
amplitude, supplemented with needle EMG, is needed. Given these issues, many cri-
teria explicitly stating the parameters of conduction changes have been developed to
assist physicians in diagnosing demyelination [31, 32]. Studying several segments in
all four limbs can improve the diagnostic yield of the EMG/NCS [33].

Laboratory Investigations

Albuminocytologic dissociation in CSF analysis is seen in more than 90% of patients
with CIDP [34]. Although there are no serum markers of CIDP, it is appropriate to
obtain a serum immunofixation electropheresis to look for an associated paraprotein.
Studies to look for associated disorders such as systemic lupus, HIV, hepatitis B or C
are appropriate.

Pathology

Nerve biopsy is not a routine procedure for the diagnosis of CIDP, but can be help-
ful in ruling out diseases with similar findings such as amyloidosis, sarcoidosis
and vasculitis, as well as in finding demyelination when the NCS were equivocal.
Unfortunately, the yield is not high since CIDP is a multifocal disorder and motor
nerves are more affected than the typically biopsied sural sensory nerve [35-37]. The
characteristic finding is segmental demyelination and remyelination at any portion
from the proximal nerve root to the distal nerve ends, as well as onion bulb formation.
Inflammatory infiltrates, including lymphocytes and macrophages, and subperineur-
ial edema can also be seen rarely [34]. Disease severity and functional impairment
is related to axon loss [24]. Although demyelination and conduction block are often
equated, they differ pathologically: block is determined by changes at the paranodes
and nodes of Ranvier [38-41].

Diagnostic Criteria

Much effort has been directed towards developing a set of valid diagnostic criteria
for CIDP, since improved recognition of the disease will help not only in understand-
ing the underlying immunopathogenesis, but also towards enrollment in future trials
of less toxic, more efficacious immunomodulative therapies. Over the past 20 years,
several different criteria have been published for diagnosing CIDP (definite, probable
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and possible categories), based on specific clinical, laboratory and electrodiagnostic
criteria [42-46]. Some are considered specific but not sensitive enough for clinical
use, such as the American Academy of Neurology criteria, developed for research pur-
poses. The European Federation of Neurological Societies/Peripheral Nerve Society
guideline is more clinically relevant and extends the diagnostic criteria to include
other supportive evidence such as neuroimaging.

While some of the classifications of CIDP variants and disorders distinct from
CIDP could be questioned, it remains a useful approach to the disease. Recently, a
novel approach based on blinded retrospective review of 300 cases from 13 investiga-
tors, developed criteria which had 83% sensitivity and 97% specificity in diagnosing
CIDP [47]. The diagnostic rule is that in a patient with a chronic polyneuropathy
that is progressive for more than 8 weeks, who does not have a serum paraprotein or
a genetic neuropathy, the diagnosis of CIDP requires one of the following: (1) at least
75% of the motor nerves studied electrophysiologically have a recordable CMAP and
an abnormal distal motor latency in >50% of nerves or an abnormal motor conduc-
tion velocity in >50% of nerves or an abnormal F wave latency in >50% of nerves;
OR (2) there is a symmetrical onset of motor symptoms and symmetrical weakness
of all four limbs with proximal weakness in at least one limb. The implication is that
the diagnosis of CIDP can be made without electrodiagnostic evidence of segmental
demyelination if the patient presents with a classic clinical picture. Whether this rule
will be utilized appropriately and successfully remains to be determined.

Treatment

Immunomodulation is the treatment of choice for CIDP. Three treatments have been
shown to be effective, IVIg, plasmapheresis, and corticosteroids [48-50]. IVIg is a
first-line therapy, based on randomized controlled trials in adults [51-54], and case
series in children showing clinical improvement after treatment [30, 55-57]. The ini-
tial dose is usually 2 g/kg divided over 2-5 days with maintenance therapy of up to 1
g/kg/day given over 1-2 days every 2-6 weeks [56, 58]. Risks and drawbacks of IVIg
include cost, aseptic meningitis, flu-like symptoms (headaches, nausea, fever, chills)
due to infusion, anaphylaxis in IgA-deficient individuals when non-IgA-depleted
IVIg is used, hemolytic anemia, and thromboembolism.

Plasmapheresis has been shown to be equivalent in efficacy to IVIg [59-61],
but the timing of subsequent courses of pheresis is not as well established as for
IVIg, especially in children [62]. Drawbacks include availability of pheresis centers,
venous access, coagulopathy, hypotension and anemia in those requiring chronic
treatment.

Corticosteroids have been shown to be equivalent to IVIg [63]. Other studies have
reported benefit in both adults and children, and shown that corticosteroids are more
likely to produce clinical remission than IVIg or plasmapheresis [23, 55]. The dosing
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regimen in adults is not agreed upon. There is recent interest in using high-dose pulse
therapy instead of daily or alternate day dosing. The hope is that the pulse therapy
may have less side effects and more benefit. Dosing in children, based on several
recent studies, is 1-2 mg/kg daily or on alternate days followed by a gradual wean as
symptoms improve [25, 55].

Several immunosuppressive therapies have been beneficial in case series. These
include azathioprine, mycophenolate mofetil, methotrexate (MTX), cyclosporine,
tacrolimus and cyclophosphamide. A randomized trial of MTX as a steroid-sparing
agent was negative but there was a remarkably high placebo effect suggesting that
many patients may be taking more corticosteroids than necessary. The role of MTX
in CIDP remains unclear. High-dose cyclophosphamide without stem cell rescue was
helpful in a small series of patients who were refractory to other treatments [64].
However, it is unclear whether this high-dose regimen is superior to lower dose cyclo-
phosphamide which may carry less risk. Interferon-a and etanercept are considered
potential treatments for CIDP, but they can also reportedly cause the disorder [65-69].
The potential role of other monoclonal antibodies such as rituximab (directed against
B cells) and eculizumab (complement inhibitor) is exciting but untested. Multicenter
randomized controlled trials need to be done to prove the safety and efficacy of these
therapies [70].

As we learn more about the immunopathogenesis of CIDP, many of these classi-
fication schemes may become redundant. While the above-mentioned guidelines are
an excellent point of reference, clinicians must ultimately convince themselves of the
diagnosis based on their clinical and diagnostic findings. In some cases, a treatment
trial may be warranted; however, it is important to bear in mind that while response
to immunomodulation is suggestive of an inflammatory or immunologic disease, it is
not diagnostic of a specific disorder. Below, we describe some CIDP variants, defined
as disorders with unique characteristics but similar clinical, electrophysiologic, labo-
ratory and therapeutic aspects to CIDP.

Lewis-Sumner Syndrome

Lewis-Sumner syndrome (LSS) or multifocal acquired demyelinating sensory and
motor neuropathy varies from classic CIDP by its striking multifocal picture. LSS was
originally described as a mononeuropathy multiplex with sensory or motor symp-
toms in named nerve distributions [71]. Several subsequent case series have helped
distinguish LSS from MMN [72-76]; these differences are summarized in table 1.
NCS show sensory abnormalities in LSS, particularly if proximal stimulation is used;
distal sensory responses may be abnormal if the conduction block is distal, or if sec-
ondary Wallerian degeneration has occurred [77]. Except for the multifocal presenta-
tion, LSS is identical to CIDP, including its response to treatments, and can therefore
be reasonably considered a variant of CIDP.
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Table 1. Multifocal motor neuropathy versus Lewis-Sumner syndrome (adapted from Lewis [21])

Multifocal motor neuropathy Lewis-Sumner syndrome

Male > female (2:1) Male = female

No sensory symptoms Sensory symptoms present

No pain or Tinel’s sign Pain and Tinel's present

Normal sensory conduction Abnormal sensory conduction

High anti-GM1 antibody titers in 35-80% Normal anti-GM1 antibody titers
Minimal increase in CSF protein Mild to moderate increase in CSF protein
Normal nerve biopsy Demyelination seen in 90%

Poor response to prednisone Good response to prednisone

No response to plasmapheresis Some respond to plasmapheresis

Sensory Variants

Fifteen percent of patients with CIDP have sensory signs and ataxia as the predomi-
nant feature [78]. Distal acquired demyelinating sensory (DADS) neuropathy, despite
lack of or minimal weakness, shows significant motor conduction slowing and other
demyelinating features [78-80]. DADS neuropathy is frequently associated with an
IgM paraprotein; half of these patients have anti-myelin-associated glycoprotein anti-
bodies. The presence of IgM paraprotein correlates with poor response to standard
CIDP immunomodulatory treatments [81]. DADS neuropathy without IgM parapro-
tein, however, differs from CIDP mainly in its sensory predominant presentation and
responds favorably to standard CIDP treatment, and therefore can be considered a
variant of CIDP.

Other Chronic Inflammatory Demyelinating Neuropathy Variants

Patients with demyelinating neuropathies and IgG or IgA paraproteins are identical
to patients with CIDP in terms of presentation and response to treatment, and are
therefore considered variants. Demyelinating neuropathies with IgM paraproteins,
on the other hand, are distinct from CIDP, in terms of unresponsiveness to standard
treatments. Clinical and electromyographic findings of CIDP have been reported in
patients with central nervous system demyelination of unknown etiology as well as due
to multiple sclerosis, but the true association remains unclear [82-84]. Demyelinating
neuropathies have also been reported in association with systemic disorders such as
hepatitis B or C, HIV, lymphoma, diabetes, systemic lupus erythematosus and other
collagen vascular disorders, thyrotoxicosis, organ or bone marrow transplants, neph-
rotic syndrome and inflammatory bowel disease [21] and are usually considered to be
CIDP associated with other immune-mediated disorders.
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The relationship of CIDP and diabetes mellitus is particularly controversial.
Although some authors have noted a high incidence of CIDP in diabetics [85-87], it
is particularly difficult to differentiate the conduction slowing seen in some diabetics
with the demyelinating features that are an important component of the diagnostic
criteria for CIDP; elevated CSF protein can also be seen in diabetes alone [88]. In our
view, concomitant CIDP may be considered in diabetics who (1) display a significant
motor component to their neuropathy, (2) have a more rapid or aggressive evolution,
(3) exhibit both a proximal and distal neuropathy, (4) have CSF protein levels >150
mg/dl, and (5) unequivocally respond to immunomodulatory treatment.

Some cases of inherited neuropathy can mimic CIDP [89], some patients with
inherited neuropathy have a steroid responsive neuropathy [90], and some patients
have CIDP superimposed on their underlying inherited disorder. It is essential
to emphasize the importance of obtaining a careful family history, but one should
be aware that many patients with genetic mutations have no family history either
because their disorder is recessive, due to a de novo mutation or because of variable
expression of the gene [91].

Immune-Mediated Demyelinating Neuropathies Distinct from Chronic
Inflammatory Demyelinating Neuropathy

Certain demyelinating neuropathies that are immune mediated have distinct proper-
ties such that it is important to distinguish them from CIDP. Most importantly, treat-
ment response is clearly different in these disorders than in CIDP. MMN does not
respond to corticosteroids or plasmapheresis and may actually worsen with steroids.
DADS neuropathy with IgM paraprotein, with or without anti-myelin-associated gly-
coprotein antibodies, does not usually respond to any of the immunosuppressant or
immunomodulatory treatments but does respond to rituximab [92]. POEMS (poly-
neuropathy, organomegaly, endocrinopathy, M-protein and skin changes) is related
to osteosclerotic myeloma and/or Castleman’s syndrome and responds only to treat-
ment of the underlying disease.

Conclusions

The diagnosis of CIDP is based on a careful history and examination, with evi-
dence of peripheral nerve demyelination established by EMG/NCS or nerve biopsy.
Supportive studies include albuminocytologic dissociation in the CSE and laboratory
tests to exclude other etiologies of neuropathy. Although defined diagnostic criteria
for CIDP are now increasingly sensitive and specific, there is still significant overlap
among CIDP and its variants due to our uncertainty regarding the underlying immu-
nopathophysiology. We have provided one way of classifying CIDP and its associated
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Table 2. Classification of the immune-mediated demyelinating neuropathies

(A) CIDP

(B) CIDP variants
Multifocal sensorimotor demyelinating neuropathy with persistent
conduction block
LSS or MADSAM
Sensory variants
DADS without IgM paraprotein
CIDP associated with systemic disorders
SLE and other collagen vascular disorders
Hepatitis B and/or C
Inflammatory bowel disease
HIV
Lymphoma
Inherited neuropathies (Charcot-Marie-Tooth disease)
Diabetes mellitus
IgG or IgA paraprotein (not POEMS)
Thyrotoxicosis
Organ or bone marrow transplants
Nephrotic syndrome

(C) Immune-mediated neuropathies distinct from CIDP
IgM-related demyelinating neuropathy with or without anti-myelin-
associated glycoprotein antibody
POEMS
MMN

MADSAM = Multifocal acquired demyelinating sensory and motor neuropathy; SLE
= systemic lupus erythematosus.

variants, summarized in table 2, based on typical disease progression, electrophysi-
ological findings and response to therapy. While this and other published criteria
may serve as a point of reference, clinicians must ultimately convince themselves of
the diagnosis based on their exam and diagnostic findings. Future efforts need to
be directed towards developing therapies that are more specific, less toxic, and more
beneficial than those currently available.
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Nonsystemic Vasculitic Neuropathy:
Update on Diagnosis, Classification,
Pathogenesis, and Treatment

Michael P. Collins - Isabel Periquet-Collins
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Abstract
The primary systemic vasculitides are autoimmune disorders characterized by chronic immune
responses directed against vascular structures. They commonly affect small or medium-sized vessels
in the peripheral nervous system (PNS), producing vasculitic neuropathies. Some patients develop
vasculitis clinically restricted to the PNS, known as nonsystemic vasculitic neuropathy (NSVN), the
most commonly encountered vasculitic neuropathy in pathologically based series. Diabetic and
nondiabetic radiculoplexus neuropathies are clinical variants of NSVN. NSVN is clinically similar to
systemic vasculitis-associated neuropathies except for reduced severity. Patients most commonly
present with progressive, stepwise pain, weakness, and numbness over multiple months. Almost all
exhibit a multifocal or asymmetric, distally accentuated pattern of involvement. The most commonly
affected nerves are the common peroneal nerve in the leg and the ulnar nerve in the arm.
Sedimentation rate is mildly to moderately elevated in 50%; other markers of systemic inflammation
are generally normal. Electrodiagnostic studies reveal a predominantly axonal, asymmetric, senso-
rimotor polyneuropathy, but pseudo-conduction blocks may occur. Definite diagnosis requires
biopsy evidence of vascular inflammation and signs of active or remote vascular damage. In biopsies
lacking definite vasculitis, the diagnosis is suspected if axonal alterations are accompanied by
perivascular inflammation and such supportive features as Wallerian-like degeneration, asymmetric
fiber loss, hemosiderin, vascular immune deposits, neovascularization, myofiber necrosis/regenera-
tion, focal perineurial damage, and endoneurial purpura. NSVN preferentially affects larger epineur-
ial arterioles. Epineurial infiltrates are composed primarily of T cells and macrophages, suggesting
that cellular cytotoxicity is the primary effector mechanism. Systemic vasculitides with progressive
neuropathy are usually treated with cyclophosphamide and prednisone. No randomized controlled
trial of therapy has been performed in NSVN, but data from retrospective cohorts suggest that com-
bination therapy is more effective than steroid monotherapy. Once remission has been induced,
cyclophosphamide should be replaced with azathioprine or methotrexate. Refractory patients can
be treated with intravenous immunoglobulin, mycophenolate, rituximab, infliximab, or alemtu-
zumab. Although long-term outcome is reasonably good, more than one third of patients relapse,
infrequent patients die from the disease or its treatment, and still others develop chronic pain.
Copyright © 2009 S. Karger AG, Basel



Introduction

The vasculitides are diseases in which blood vessel walls undergo inflammatory
damage with secondary ischemic injury to the involved tissues [1, 2]. Etiologic
triggers include infections, drugs, and cancers, but in many patients, the cause is
unknown and an autoimmune pathogenesis is presumed. The first complete clini-
cal and pathologic description of a patient with systemic vasculitis is credited to
Kussmaal and Maier [3] in 1866 who reported a patient with fever, anemia, neu-
ropathy, nephritis, and necrotizing enteritis whose autopsy showed widespread
inflammatory lesions with small, nodular, aneurysmal thickenings of small and
medium-sized arteries throughout the body. The disease was called ‘periarteritis
nodosa’ because the primary locus of vascular damage was felt to be periadventitial.
Recognizing that the earliest changes typically occur in the media, Ferrari [4] intro-
duced the term ‘polyarteritis acuta nodosa’ in 1903. Over the next 50 years, most
cases of systemic vasculitis were reported as periarteritis or polyarteritis nodosa
(PAN).

Other forms of vasculitis were differentiated from PAN in the late 1800s and
first half of the 20th century. Patients with giant cell or temporal arteritis were first
described by Hutchinson [5] in 1890 and Horton et al. [6] in 1934. A vasculitis char-
acterized by granulomatous inflammation and necrosis of the respiratory tracts
and necrotizing glomerulonephritis was first reported by Klinger [7] in 1931 and
Wegener [8] in 1936; it was established as a distinct entity by Godman and Churg
[9] in 1954 under the label Wegener’s granulomatosis (WG). A ‘microscopic’ vari-
ant of PAN characterized by predominant small vessel involvement and rapidly pro-
gressive glomerulonephritis was first described by Wohlwill [10] in 1929 and more
thoroughly elaborated by Davson et al. [11] in 1948; it is now called microscopic
polyangiitis (MPA). A small-vessel vasculitis triggered by exposure to foreign anti-
gens and primarily involving the skin was distinguished from PAN by Zeek et al.
[12] in 1948 and termed hypersensitivity vasculitis. The vasculitic nature of the long
recognized syndrome of Henoch-Schonlein purpura, defined by the combination
of gastrointestinal (GI) symptoms, arthralgias, palpable purpura, and glomerulone-
phritis in children, was first established by Gairdner [13] in 1948. In 1951, Churg
and Strauss [14] demarcated allergic granulomatosis angiitis, a PAN-like vasculitis
characterized by eosinophilia, asthma, vasculitis, eosinophilic tissue infiltration, and
extravascular granulomas. This form of vasculitis is now referred to as the Churg-
Strauss syndrome (CSS). Vasculitis of the peripheral nervous system (PNS) associ-
ated with rheumatoid arthritis was first reported by Bannatyne [15] in 1898. The
relationship between rheumatoid arthritis and PAN was more firmly established by
several investigators in the early 1950s, notably Ball [16] and Cruickshank [17] in
1954 . Earlier, in 1941, Klemperer et al. [18] had reported PAN in systemic lupus
erythematosus.
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Classification of the Vasculitides

To facilitate understanding and research, classification of the vasculitides is required.
Many classification systems have been proposed based on etiology, size and type of
involved vessels, histopathologic characteristics, spectrum of organ involvement, and
other clinical features. Most schemes have distinguished the ‘primary’ vasculitides —
those of unknown etiology and bearing no relationship to another disease process
- from the ‘secondary’ vasculitides, resulting from a specific cause or associated with
an underlying disease.

At present, the most widely used classification criteria for the primary systemic
vasculitides are those published by the American College of Rheumatology (ACR)
in 1990 for seven forms of vasculitis: PAN, CSS, WG, hypersensitivity vasculitis,
Henoch-Schoénlein purpura, giant cell arteritis, and Takayasu’s arteritis [19]. These
criteria were developed based on discriminant analysis of 678 cases from 48 centers.
The original diagnoses were not challenged and served as the gold standards. The cri-
teria are useful for classifying patients for clinical studies but not for diagnosing new
patients because they do not distinguish vasculitic from nonvasculitic processes. In
1994, the Chapel Hill Consensus Conference (CHCC) proposed a new nomenclature
that has also gained widespread acceptance [20]. Names and definitions for 10 types
of vasculitis were selected based on histopathologic features, vessel size, and - to a
lesser extent — clinical features. Giant cell and Takayasu’s arteritis primarily involve
large vessels, PAN and Kawasaki disease affect small and medium-sized arteries, and
MPA, WG, CSS, Henoch-Schonlein purpura, cutaneous leukocytoclastic angiitis, and
essential cryoglobulinemic vasculitis all predominantly involve the microvascula-
ture (arterioles, capillaries, and venules), although small and medium-sized arteries
are also sometimes affected. Unlike the ACR scheme, this nomenclature recognized
MPA as a distinct entity — a small-vessel, pauci-immune, nongranulomatous vasculi-
tis associated with rapidly progressive glomerulonephritis. On the other hand, PAN
was restricted to cases affecting small to medium-sized arteries alone. Thus, typical
cases of PAN revealing any pathologic involvement of smaller vessels, for example,
in nerves or skin, were designated MPA. In addition, hypersensitivity vasculitis was
excluded as a diagnostic entity. Most patients diagnosed with hypersensitivity vascu-
litis under the ACR classification have MPA or cutaneous leukocytoclastic angiitis
with the CHCC nomenclature. The main drawback of the CHCC definitions is their
reliance on histologic findings, limiting their clinical utility when biopsy specimens
are not available or inconclusive.

Under the CHCC system, PAN has become a vanishingly rare disease, prompting
the French Vasculitis Study Group to derive their own diagnostic criteria for PAN,
wherein PAN is a systemic vasculitis with predominant but not exclusive involve-
ment of small and medium-sized arteries, characterized by renal arteritis, occa-
sional hepatitis B surface antigenemia, visceral angiography-revealed aneurysms,
and mononeuritis multiplex, and with glomerulonephritis, lung involvement, ENT
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signs, antineutrophil cytoplasmic autoantibodies (ANCAs), and cryoglobulins as
relative exclusionary criteria [21]. These criteria have not yet been adopted by other
agencies.

ANCAs are autoantibodies directed against cytoplasmic proteins in neutrophils
and monocytes [22-24]. They are classified as cytoplasmic cANCAs or perinuclear
PANCAs based on their staining pattern with alcohol-fixed neutrophils. Vasculitis-
related cANCAs usually target proteinase 3 (PR3), while pANCAs target myeloper-
oxidase (MPO). PR3 and MPO are constituents of azurophilic granules in neutrophils
and lysosomes in monocytes. ANCAs are also detected in many nonvasculitic con-
ditions, but in these diseases, antigens other than PR3 or MPO are typically recog-
nized. There are three ANCA-associated vasculitides (AAV): WG, MPA, and CSS
[23, 25, 26]. All three tend to affect small vessels and produce few vascular immune
deposits in biopsy material (pauci-immune). ANCAs are found in 80-90% of patients
with active, generalized WG and MPA but only 40% of patients with CSS. cANCAs
directed against PR3 are most strongly associated with WG, while anti-MPO pAN-
CAs occur more commonly in MPA and CSS. ANCAs are believed to be not only
serologic markers of these diseases but also pathogenic mediators [27-29].

MPA is distinguished from CHCC-defined PAN by the frequent occurrence of
rapidly progressive, necrotizing glomerulonephritis (80-90% of cases), palpable pur-
pura in about 50%, pulmonary involvement in 35-40%, ANCA positivity, absence of
visceral aneurysms, rarity of hepatitis B surface antigenemia, and higher relapse rate
(21, 23, 26, 30, 31]. Pathologically, MPA is discriminated from WG by its absence of
granulomas and from hypersensitivity vasculitis by its paucity of vascular immune
deposits.

CSS is characterized by the pathologic findings of (1) eosinophilic tissue infiltration,
(2) extravascular granulomas, and (3) necrotizing vasculitis [14, 23, 25, 32]. However,
these three pathologic lesions rarely occur together in a single biopsy specimen (fig.
1). Therefore, clinical diagnostic criteria have arisen, known as the Lanham criteria,
which require (1) asthma, (2) eosinophilia (>1,500/mm?), and (3) vasculitis involv-
ing two or more extrapulmonary sites [33]. Classically, there are three phases of the
illness [33]. The first is a prodromal period characterized by asthma and other atopic
manifestations. The second is defined by eosinophilia and eosinophilic infiltration of
tissues. In the third and final phase, systemic vasculitis emerges. Cardiac involvement
is common, with congestive heart failure as the most common cause of death [25].

WG is defined by the pathologic triad of necrosis, granulomatous inflammation,
and small-vessel vasculitis predominating in the upper and lower respiratory tracts
and kidneys [9, 23, 27, 31]. Granulomas can be intra- or extravascular. The earli-
est pathologic change is multifocal fibrinoid necrosis of collagen, later evolving into
microabscesses and palisading granulomas. Most patients pass through an indo-
lent initial phase, characterized by granulomatous disease confined to the respira-
tory tracts, and later transition to a generalized or vasculitic phase, marked by the
appearance of constitutional symptoms and featuring pulmonary involvement and
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glomerulonephritis in 75% of patients. The disorder has the highest relapse rate of the
systemic necrotizing vasculitides (approx. 50%).

Significant discordance results when the ACR and CHCC systems are applied to
the same cohorts of patients [34]. For this reason, European vasculitis experts recently
proposed a new consensus methodology for classification of the AAV and PAN for
epidemiological studies that incorporates both the ACR classification criteria and
CHCC definitions [35]. Patients with CSS are first classified using the Lanham or ACR
clinical criteria. Next, patients are classified as having WG if they meet ACR criteria,
satisfy all CHCC pathologic criteria, or exhibit surrogate clinical markers of granu-
lomatous inflammation in the respiratory tracts associated with ANCAs or biopsy
evidence of pauci-immune vasculitis. In the remaining patients, MPA is diagnosed
based on (1) biopsy evidence of small-vessel vasculitis or (2) laboratory markers of
active glomerulonephritis with positive ANCAs, whereas PAN is diagnosed if CHCC
histopathologic criteria are met or visceral angiography shows microaneurysms.

With the exception of cutaneous leukocytoclastic angiitis in the CHCC nomen-
clature, the ACR and CHCC systems do not address the nonsystemic or localized
vasculitides. Localized vasculitis is restricted to a single vascular distribution, tissue,
or organ [36, 37]. Anatomically confined vasculitis has been described in almost all
organs, including the central nervous system (CNS) [38], skin [39], kidneys [40], eyes
[41], skeletal muscles [42], heart [43], lungs [44], GI tract [37, 45], female genital
tract [46], male genital tract [37], breast [47], and aorta [48]. Localized vasculitides
can be classified not only by topography but also vessel size and histopathology (e.g.
PAN, giant cell arteritis, small-vessel vasculitis, and WG subtypes). Progression to
systemic disease is unusual, excision can be curative, and immunosuppressive ther-
apy is often unnecessary unless the affected organ is vital (e.g. brain or kidneys).

Classification of Vasculitic Neuropathies

Vasculitides associated with PNS involvement are classified in table 1. Systemic
vasculitides affecting small to medium-sized vessels commonly infiltrate the PNS.
Neuropathies have been reported in 60% of patients with idiopathic PAN diagnosed
before the CHCC, 60% of patients with MPA diagnosed after the CHCC, 65-70% of
patients with CSS, and 15% of patients with WG [49, 50]. On the other hand, vasculitic
neuropathies are rare in the large-vessel vasculitides such as giant cell or Takayasu’s
arteritis, unreported in Kawasaki disease, and occur very infrequently in hypersen-
sitivity vasculitides such as Henoch-Schonlein purpura. Of the secondary vasculiti-
des, neuropathies occur most commonly in hepatitis B-associated PAN (80%) [51],
hepatitis C-related mixed cryoglobulinemia (approx. 60%) [52, 53], and rheumatoid
vasculitis (40-45%) [54, 55].

In addition to these entities, there is a localized vasculitis of the PNS in which
affected individuals exhibit no clinical evidence of systemic involvement during
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Table 1. Classification of vasculitides associated with neuropathy

(I) Primary systemic vasculitides
(1) Predominantly small-vessel vasculitis
(a) Granulomatous
(i) Churg-Strauss syndrome!
(ii) Wegener’s granulomatosis'
(b) Nongranulomatous
(i) Microscopic polyangiitis’
(ii) Essential mixed cryoglobulinemia (non-HCV)
(iii) Henoch-Schonlein purpura
(2) Predominantly medium-vessel vasculitis
(a) Polyarteritis nodosa
(3) Predominantly large-vessel vasculitis
(a) Giant cell arteritis

(Il) Secondary systemic vasculitides

(1) Vasculitis secondary to connective tissue diseases

(a) Rheumatoid arthritis

(b) Systemic lupus erythematosis

(c) Sjogren’s syndrome

(d) Scleroderma

(e) Dermatomyositis

(f) Mixed connective tissue disease
2
3
4
5
6
7

Sarcoidosis-related vasculitis

Behcet's disease

Infection-related vasculitis (such as HBV, HCV, HIV, CMV, leprosy, Lyme disease, HTLV-I)
Drug-induced vasculitis

Malignancy-related vasculitis

Vasculitis associated with inflammatory bowel disease

—_— = L = = =

(
(
(
(
(
(

(Il Nonsystemic/localized vasculitis
(1) Nonsystemic vasculitic neuropathy
(2) Diabetic radiculoplexus neuropathy
(3) Localized cutaneous/neuropathic vasculitis
(a) Cutaneous polyarteritis nodosa
(b) Others

T ANCA-associated vasculitides.

long-term follow-up. The first complete description of PAN restricted to the PNS has
been credited to Kernohan and Woltman [56] in 1938, but similar cases of ‘multiple
neuritis’ with vascular lesions were reported by German and French investigators
in the late 1800s [57-59]. The concept was revitalized and established as a distinct
clinicopathologic entity by Kissel et al. [60] in 1985 and Dyck et al. [61] in 1987.
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Dyck coined the term ‘nonsystemic vasculitic neuropathy’ (NSVN), which is now the

accepted name for this disorder. Over the past 20-25 years, numerous patients with

NSVN have been reported [49, 62-64]. Diagnostic criteria vary between studies [61,

65-70] but coalesce around the following:

1 clinical and electrodiagnostic evidence of an axonal neuropathy;

2 nerve or muscle biopsy diagnostic of or suspicious for vasculitis;

3 no clinical, laboratory, radiologic, or pathologic evidence of tissue involvement beyond
nerves or muscles;

4 no identified etiology (e.g. hepatitis B, hepatitis C, HIV, Lyme disease, and drugs);

5 no systemic disease potentially predisposing to vasculitis (e.g. connective tissue dis-
ease, malignancy, essential mixed cryoglobulinemia, sarcoidosis).

The nosologic status of the disease is controversial. Some investigators believe
that NSVN is a mild form of systemic necrotizing vasculitis with clinical involve-
ment predominating in the PNS and thus classify it as a localized form of MPA
[26, 71]. Supportive of this theory, many patients with NSVN exhibit subclinical
vascular/perivascular inflammation in regional muscles and possibly skin [71, 72].
Moreover, emerging evidence suggests that patients with NSVN are less likely to
exhibit necrotizing vasculitis than those with a systemic vasculitis-associated neu-
ropathy (SVN) [61, 70, 73]. Others have suggested that the disease is a truly unique,
organ-specific, nonsystemic vasculitis [61, 66], with the understanding that some
patients remain free of systemic involvement over decades of follow-up [61, 74, 75].
Furthermore, the PNS is relatively resistant to ischemia and should thus not be pret-
erentially susceptible to a systemic ischemic process [76]. In patients with protracted
clinical courses, the vasculitis would seem to be directed at vascular epitopes unique
to or enriched in the PNS and, possibly, the adjacent musculocutaneous tissues.

For NSVN, unresolved diagnostic and classification issues persist. First, should
patients with constitutional symptoms be excluded? How should patients with con-
comitant muscle or skin involvement be classified? Should patients with diabetes
mellitus and a multifocal neuropathy be excluded? Should a minimum duration of
symptoms be imposed to filter out patients with a systemic vasculitis presenting in
the PNS? What is the nosologic status of nondiabetic lumbosacral radiculoplexus
neuropathy (LSRPN) vis-a-vis NSVN (see below)? And finally, should laboratory
findings such as ANCAs, monoclonal gammopathies of undetermined significance,
or highly elevated erythrocyte sedimentation rates (ESRs) be exclusionary?

Epidemiology of Vasculitis and Vasculitic Neuropathy

Various epidemiological studies have determined annual incidence rates for the vas-
culitides [77-81]. In general, giant cell arteritis and the predominantly cutaneous vas-
culitides are most common, followed by rheumatoid vasculitis, WG, and MPA. PAN
is rare by CHCC criteria, but using the modified definition of PAN proposed by the
French Vasculitis Study Group, PAN is the most common primary systemic necrotiz-
ing vasculitis in Paris [82]. No study has determined the incidence or prevalence of
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NSVN or, for that matter, any other vasculitic neuropathy. On the other hand, there
are abundant data on the relative prevalence of different types of vasculitic neuropa-
thy, compiled from series dedicated to such patients. In those series, patients were
most commonly ascertained from neuromuscular biopsy databases. A recent review
of all such series showed that the most prevalent vasculitic neuropathies are NSVN
(26%) and those associated with MPA/PAN (25%), rheumatoid vasculitis (12%), and
CSS (10%) [49]. Of note, MPA and PAN are combined because these disorders were
not distinguished in vasculitic neuropathy series published prior to the mid-1990s.
The mean age of onset of NSVN is 59.5 years (range 13-88 years). Reported women
outnumber men by a factor of 5:4 [49, 62].

Although no epidemiological studies of vasculitic neuropathy have been pub-
lished, the prevalence of vasculitic neuropathy associated with MPA and PAN can be
estimated by multiplying the known prevalence of these conditions by the percentage
of patients afflicted with neuropathy (approximately 60%). In France, the estimated
point prevalence of MPA-associated neuropathy is then 0.60 x 30 = 19.5 cases per
million adults, whereas that for PAN-associated neuropathy is 0.60 x 25 = 15.1 cases
per million adults [82]. In southern Sweden, the corresponding figures are 0.60 x 94
= 56 per million inhabitants for MPA and 0.60 x 31 = 19 per million inhabitants for
PAN, and in Australia, 0.60 x 39.1 = 23.5 per million adults for MPA and 0.60 x 22.3
= 13.4 per million adults for PAN [83, 84].

Now, considering the fact that NSVN occurs with roughly equal frequency to
MPA- and PAN-associated neuropathies in series dedicated to vasculitic neuropa-
thy, the estimated prevalence of NSVN in France can be deduced as 34 per million
adults, in southern Sweden as 75 per million inhabitants, and in Australia as 37 per
million adults, which overlaps with the reported prevalence (8.0-77 per million) of
chronic inflammatory demyelinating polyradiculoneuropathy [85]. This derivation
is confounded by the fact that some patients with an SVN are not referred for nerve
biopsy and thus evade ascertainment in series compiled from nerve biopsy reports.
In addition, an unknown number of patients with mild or self-limited NSVN are not
biopsied, similarly escaping ascertainment. Moreover, the point prevalence of vascu-
litic neuropathy in MPA and PAN is probably less than 60%. An accurate determina-
tion of NSVN incidence and prevalence awaits performance of a properly designed
and conducted population-based study.

Clinical Presentation
Signs and Symptoms
The clinical presentation of a patient with peripheral nerve vasculitis depends on the

distribution of involved vessels, severity of the inflammatory process, and spectrum of
extraneurologic involvement. For NSVN, there are no signs or symptoms indicative
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of dysfunction of any organ system, apart from nerves and muscles. Constitutional
symptoms are more common in SVNs than NSVN, but in series and cases for which
these attributes are not specifically excluded, weight loss occurs in 30% of patients with
NSVN and fever in 15% [49]. An ischemic neuropathy has a characteristic clinical pic-
ture whether occurring alone or as part of a systemic vasculitis [60, 61, 86]. This issue
was formally addressed in two studies. Sugiura et al. [69] compared 23 patients with
NSVN to 40 with MPA-associated neuropathy and found no significant differences
in initial symptoms, rate of progression, clinical pattern, presence and distribution of
weakness, presence and distribution of sensory loss, functional involvement, pain, and
cranial nerve involvement, but as a group, the NSVN cohort was less severely affected
(lower disability score). Bennett et al. [70] compared 22 patients with NSVN to 31 with
various SVNs. The groups were similar in pain, clinical course, neuropathy pattern,
cranial nerve involvement, and duration of symptoms prior to biopsy (nonsignificant
trend for NSVN patients to be symptomatic for a longer period of time). In summary,
NSVN is clinically similar to an SVN except for reduced severity.

Although a minority of patients present with acute, easily recognized, multiple
mononeuropathies, most exhibit a more subacutely or chronically progressive, often
stepwise clinical course and accrue ever increasing damage to multiple nerves over
weeks to months. As such, the diagnosis of NSVN is typically delayed for months.
The median duration of symptoms before diagnosis in five series ranged from 5 to 8
months [66, 67, 69, 70, 87]. One patient with NSVN had symptoms for 40 years before
biopsy [75]. Irrespective of tempo, vasculitic neuropathy can produce three patterns
of clinical involvement. The most distinctive is a multifocal neuropathy or multiple
mononeuropathy, ensuing from a succession of ischemic insults to individual nerves.
Patients develop pain, weakness, or numbness in the distribution of a single peripheral
nerve, followed by discrete involvement of other nerves. The second is an overlapping
multiple mononeuropathy or asymmetric polyneuropathy wherein involvement pro-
gresses simultaneously in several individual nerves, yielding diffuse but asymmetric
deficits. An asymmetric polyneuropathy restricted to the lower limbs with proximal
involvement can be categorized as a lumbosacral plexopathy, polyradiculoneuropa-
thy, or radiculoplexus neuropathy. The third reported pattern of PNS vasculitis is a
distal, symmetric polyneuropathy, implying involvement of homologous nerves bilat-
erally, that is essentially symmetric in severity, distribution, and rate of progression,
an improbable development. The reported frequencies of these patterns are highly
variable. In the largest series of NSVN, wherein no asymmetries were discounted,
asymmetric polyneuropathy was most common (77%), followed by multifocal neu-
ropathy (13%), asymmetric LSRPN (8%), and distal symmetric polyneuropathy (2%)
[67]. However, combined incidences from all reported series and cases with such data
are quite different: multifocal neuropathy 45%, asymmetric polyneuropathy 30%, and
distal symmetric polyneuropathy 25% [49, 62]. Thus, many investigators must use a
liberal definition of multifocal neuropathy and disregard minor asymmetries. Despite
the purported 25% prevalence of distal symmetric polyneuropathies, a patient with
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a longstanding, indolent, distal, symmetric, sensory-predominant polyneuropathy is
very unlikely to be suffering from vasculitis [88].

Neurological deficits (weakness and sensory loss) in NSVN are almost always dis-
tally accentuated, but proximal involvement is not uncommon. In the largest cohort,
examination revealed proximal lower limb weakness in 60% of patients and proxi-
mal upper limb weakness in 40% [67]. Certain nerves have a propensity for vasculitic
involvement, probably secondary to poor collateral vascular supply. Although the most
commonly affected nerves are a diffuse admixture of lower limb nerves derived from
the lumbosacral plexus, the most frequently involved single nerve is the common per-
oneal nerve (or peroneal division of the sciatic nerve) [61, 67, 70]. In the upper limbs,
the ulnar nerve is more commonly affected than the median, radial, or more proximal
nerves. Cranial neuropathies occur in 8% of patients with NSVN [49, 62].

Vasculitis is an axonopathy and, as such, tends to affect mixed or purely sensory
cutaneous nerves rather than anterior horn cells or sensory/autonomic ganglia.
Therefore, most patients exhibit mixed motor and sensory deficits, but 15% have
purely Sensory signs and symptoms [61, 67, 69, 70, 87]. Pure motor or autonomic
presentations are vanishingly rare. Sensory dysfunction generally involves all primary
modalities, but exceptional patients have small fiber-predominant deficits [70]. Eighty
percent of reported patients have had pain (96% in one large cohort) [49, 67].

Natural History

Untreated systemic necrotizing vasculitides are nearly always fatal. Prior to 1950,
almost all cases of systemic necrotizing vasculitis were termed PAN, including many
patients who would now be diagnosed with MPA or CSS. Several literature reviews of
these cases and one independent series provide remission and survival data [89-93].
The spontaneous remission rate in the largest review was 9% [89], median survival
in all series ranged from 3 to 5 months, 1-year survival ranged from 6 to 17%, and
5-year survival was 11% [93]. For WG, only limited natural history data are available.
Walton [94] reviewed the literature in 1958 and found 46 cases, including 10 of his
own. Excluding 3 patients who remitted with corticosteroid (CS) therapy, the sponta-
neous remission rate in his compilation was 0%, median survival 4.5 months, 1-year
survival 15%, 2-year survival 6%, and 5-year survival 0%. Some patients with limited
disease follow a more indolent, protracted course, but how these outliers influence
overall survival is not known [95-97].

The natural history of NSVN is unknown because nearly all reported patients
have been treated with immunosuppressive agents, with rare exceptions [56, 74, 75,
98-102]. As revealed by these exceptional cases and reported patients’ clinical courses
prior to treatment, NSVN has the potential to (1) slowly progress for many years; (2)
slowly progress for several years and then stabilize or exacerbate; (3) follow a mono-
phasic course with complete or near-complete recovery; (4) progress in a fulminant,
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acute fashion, producing severe quadriparesis or death over weeks to months, and (5)
spontaneously relapse and remit, with interattack intervals ranging up to ‘decades’
[74]. The relative prevalence of these various ‘spontaneous’ outcomes is unknown.

Clinical Variants of NSVN

In addition to the ‘classic’ form of NSVN detailed above, two other syndromes can
be viewed as clinical variants. The first is vasculitis restricted to nerve and skin, the
best characterized form of which is cutaneous PAN, a localized, necrotizing vasculitis
that affects small to medium-sized arteries in the deep dermis and panniculus [39,
103-106]. Skin manifestations include painful nodules in the legs that often ulcerate,
livedo racemosa, gangrene, urticaria, and bullae. Although localized, arthralgias and
fevers are common accompaniments. The disease typically runs a protracted course,
featuring multiple episodes of reactivation and resolution. About 40% of patients
[50% by electromyography (EMG)] have a multifocal or distal symmetric neuropa-
thy that is usually confined to the lower limbs [49, 106]. The neuropathy is assumed
to be vasculitic, but nerve biopsies are not reported. On the other hand, 5 patients
underwent muscle biopsies in one study, all of which revealed necrotizing vasculitis
[103]. This entity is thus a regionally confined, necrotizing vasculitis predilected for
the skin, nerves, and muscles in the lower limbs.

The second clinical variant is diabetic amyotrophy or LSRPN [49, 107-110]. This
syndrome occurs in 1% of diabetics and features progressive, asymmetric, painful
weakness of the lower limbs. It most commonly affects elderly men with type 2 diabetes
mellitus. Most patients first develop severe pain in their hip and thigh or, less com-
monly, lower leg or entire lower limb. Weakness ensues several days to weeks later. Pain
and weakness typically begin unilaterally and then spread to the contralateral lower
limb after a delay of several days to months in 80-90% of patients. Proximal lower limb
muscles are more commonly affected than distal muscles, but with disease progression,
weakness often spreads to other segments of the same limb. New paresthesias occur but
represent a minor aspect of the illness. Weight loss and autonomic symptoms emerge in
most patients. Some 10-15% develop pain and weakness in their upper limbs, indica-
tive of cervicobrachial involvement [108, 111]. Electrodiagnostic studies reveal active
and chronic denervation affecting multiple lumbosacral nerve roots and peripheral
nerves. Cerebrospinal fluid (CSF) protein is elevated in 85% of patients (mean 90 mg/
dl). The condition is self-limited, but 10% of patients relapse. Symptoms usually prog-
ress over 1 week to 3 years (median 4 months) and then stabilize. Recovery ensues over
the next 1-42 months (median 15 months), pain typically abating before weakness.
Most patients are left with residual distal weakness. Nerve biopsies reveal T cell pre-
dominant perivascular or vascular inflammatory infiltrates involving epineurial more
than endoneurial microvessels, accompanied by changes suspicious for vasculitis, such
as asymmetric fiber loss, neovascularization, hemosiderin deposits, focal perineurial
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thickening, injury neuroma, and complement deposition in vessel walls. These findings
support the proposition that diabetic amyotrophy is a microvascular variant of NSVN,
characterized by severe pain, weight loss, primary lower limb involvement, proximal
weakness, elevated CSF protein, and self-limited course.

Another syndrome that bears discussion in any review of NSVN is nondiabetic
LSRPN. This entity is distinguished from the lumbosacral variant of neuralgic amyo-
trophy by its progressive course [112]. It is essentially indistinguishable from diabetic
LSRPN. The only cohort was assembled by investigators at the Mayo Clinic [113, 114].
Their selection criteria were subacute (days, weeks, or months) onset of pain, weakness,
or paresthesias in one or both lower limbs, EMG abnormalities in muscles supplied by
two or more peripheral nerves and nerve roots, and no identified cause. Upper limb
involvement was not exclusionary. In their 57 patients, median age of onset was 69.4
years (range 27-86). There was no gender preference. All patients developed severe,
acute pain in their lower limbs followed by weakness after an unspecified delay. Median
duration of symptoms prior to diagnosis was 7.0 months. Symptoms usually com-
menced in the proximal or distal lower limb and then spread. Pain and weakness were
initially unilateral in 88% but became bilateral in 89%, predominating proximally in
63% and distally in 37%. Upper limbs were affected in 46%, but excluding entrapments
and single-level radiculopathies, only 10% had a cervical radiculoplexus neuropathy.
Seventy-four percent had weight loss and 86% sensory symptoms. Laboratory findings
included elevated ESR in 9%, positive rheumatoid factor in 15%, positive antinuclear
antibodies (ANA) in 16%, and median CSF protein 66.5 mg/dl. Nerve biopsies revealed
perivascular lymphocytic infiltrates in the epineurium and, to a lesser extent, perineu-
rium and endoneurium in all patients, with predominant microvascular involvement,
and numerous changes suspicious for vasculitis, including inflammation of epineurial
microvessels or ‘microvasculitis’ (51%), asymmetric fiber loss (66%), focal perineur-
ial damage (70%), neovascularization (45%), injury neuroma (34%), and hemosiderin
(53%). Fibrinoid necrosis was rare. The findings were thus suggestive of a non-necrotiz-
ing microvasculitis. Therapeutic interventions were not detailed. After a median of 35.5
montbhs, all patients had improved but 90% were still weak, 55% had pain, and 17% had
relapsed. Therefore, nondiabetic LSRPN might be categorized as a form of NSVN with
weight loss and predominant proximal, polyradicular, and microvascular involvement.
Distal-predominant nondiabetic LSRPN is indistinguishable from typical NSVN.

In another report, Bradley et al. [115] described 17 patients with a progressive,
painful lumbosacral plexopathy, including 5 with diabetic amyotrophy, 5 with nerve
biopsy-proven necrotizing vasculitis, 4 with pathologically probable vasculitis in the
setting of a systemic connective tissue disease, 1 with probable PNS/CNS vasculi-
tis, and 2 with ‘idiopathic’ plexopathies suspicious for PNS vasculitis (elevated ESR
in 2/2; prednisone-responsive in 1/2; epineurial perivascular inflammation in 2/2,
and asymmetric nerve fiber loss in 1/2). The patients with necrotizing vasculitis had
‘similar clinical features, tempo, and progression, laboratory findings, and response
to therapy’ as the diabetic and idiopathic patients. By inference, the great majority
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of progressive, painful, lumbosacral plexopathies are probably vasculitic in origin,
whether or not associated with diabetes mellitus.

Laboratory Workup and Findings

The laboratory investigation of a patient with a clinically suspected vasculitic neu-
ropathy generally incorporates (1) nonspecific markers of systemic inflammation, (2)
nonspecific measures of extraneurologic organ dysfunction, and (3) tests for specific
causes of a multifocal neuropathy or vasculitis. Keeping in mind the differential diag-
nosis of vasculitis and an asymmetric/multifocal neuropathy [49], laboratory tests
worthy of consideration include those detailed in table 2. Lumbar puncture is not
necessary unless polyradicular involvement is suggested by proximal pain or weak-
ness. As malignancies underlie only 2-3% of reported cases of vasculitic neuropathy
[49], cancer screening should be performed only if indicated by other clinical fea-
tures, laboratory findings, or risk factors. None of the commercially available para-
neoplastic antibodies are specific for vasculitic neuropathy.

In NSVN, ESR is elevated in 50% of patients, typically to a mild to moderate degree
(reported mean ranging from 22 to 39 mm/h) [49, 61, 67, 69, 70]. Other systemic
inflammatory markers are only infrequently affected: positive ANA 25%, anemia
25%, leukocytosis 15%, positive rheumatoid factor 10%, and decreased complement
5% [49]. CSF analyses are usually normal, but elevated protein occurs in 30%, oli-
goclonal bands in 10%, and pleocytosis in 5%. Mean CSF protein was 44, 47, and
56 mg/dl in three series [61, 69, 116]. NSVN is not an AAV (ANCAs positive in 3%
of reported patients) [49]. Based on direct comparisons of cohorts of patients with
NSVN and SVNs, the best laboratory predictors of an underlying systemic vasculi-
tis in a patient presenting with vasculitic neuropathy are elevated C-reactive protein
(CRP), elevated ESR, leukocytosis, positive rheumatoid factor, and positive ANCA;
ANA and CSF findings are not generally predictive [69, 70, 86].

Electrodiagnostic Studies

Electrodiagnostic studies are indispensable for documenting non-length-dependent
features of the neuropathy, excluding a primary demyelinating process, and assisting
with the selection of which nerve to biopsy [117-120]. In patients with a vasculitic
neuropathy, electrodiagnostic testing almost always reveals evidence of a predomi-
nantly axonal, sensorimotor process. Thus, sensory and motor nerve conductions of
involved nerves show low-amplitude or absent responses, normal or mildly prolonged
distal latencies, and normal or mildly reduced conduction velocities. Sensory responses
are more pervasively affected than motor responses, and lower limb studies more fre-
quently abnormal than upper limb studies. H reflexes and F waves are low in amplitude
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Table 2. Laboratory tests in multifocal/asymmetric or proven vasculitic neuropathy

Complete blood count

Eosinophil count

Comprehensive metabolic panel

Lactate dehydrogenase

High-density lipoprotein cholesterol (for Tangier disease)
Urinalysis

Two-hour glucose tolerance test

Glycated hemoglobin

Erythrocyte sedimentation rate

C-reactive protein

Antinuclear antibodies

Antibodies against extractable nuclear antigens (SSA, SSB, Sm, RNP, Scl-70, centromeric antibodies)
Rheumatoid factor

Anticyclic citrullinated peptide antibodies

(3, C4, total complement

Antineutrophil cytoplasmic autoantibodies (CANCA, pANCA, anti-PR3, anti-MPO)
Serum protein immunofixation electrophoresis

Angiotensin converting enzyme

Cryoglobulins

Hepatitis B surface antigen

Hepatitis C antibodies

Hepatitis C RNA

Lyme antibodies

Human immunodeficiency virus antibodies

Human T lymphotrophic virus-I/ll antibodies

Porphyria screen (24-hour urine for porphobilinogen and delta-aminolevulinic acid)
DNA for hereditary neuropathy with liability to pressure palsies
Chest X-ray

Chest, abdominal, pelvic computed tomography

Gallium scan

Visceral angiography

Lumbar puncture

or nonreproducible with normal or mildly prolonged latencies. Although persistent,
ischemia-induced, demyelinating partial motor conduction blocks are rarely seen [121],
‘pseudo’ or ‘axon non-continuity’ conduction blocks occur more commonly (10-25% of
patients) [61, 62], resulting from ongoing Wallerian-like degeneration. No conduction
occurs across the site of ischemic damage, but the distal stumps continue to conduct
impulses for another 9-10 days. If nerve conductions are repeated in 1-2 weeks, pseudo-
conduction blocks will disappear due to interval degeneration of the distal stumps [122,
123]. Needle EMG reveals fibrillation potentials in 90% of patients and motor unit
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potential dropout consistent with axon loss in most clinically affected muscles [62]. A
predominance of demyelinating features should suggest an alternate diagnosis.

Appropriately extensive electrodiagnostic studies usually show evidence of a mul-
tifocal or asymmetric, distally accentuated process. That said, to diagnose multiple
mononeuropathy by electrodiagnostic criteria alone, one would need to perform mul-
tiple nerve conductions and examine a full complement of muscles in all four limbs, a
generally unrealistic approach. However, extensive testing of three or four limbs should
be conducted, with attention to asymmetries and other non-length-dependent features
that, when combined with the patient’s signs and symptoms, substantiate the presence
of a multifocal process. Electrodiagnostic findings indicative of a multifocal, axon loss
process include (1) more than 2-fold amplitude difference between right and left motor
or sensory compound action potentials of homologous nerves; (2) significant ampli-
tude reduction in one but not other nerves in the same limb; (3) low-amplitude upper
limb response while amplitudes are normal in the legs; (4) active partial denervation
in any muscle not matched by similar findings in its contralateral homolog; (5) active
partial denervation in upper but not lower limb muscles, and (6) active partial dener-
vation in a proximal muscle [117, 118]. Pre-existing polyneuropathies, entrapments,
and radiculopathies need to be considered when interpreting the data.

Pathology

Considering the broad differential diagnosis of a multifocal/asymmetric neuropathy
and lack of specific laboratory marker for NSVN, patients with clinically suspected
NSVN require nerve biopsy for diagnosis. The most commonly biopsied nerves are
the sural and superficial peroneal nerves. Superficial peroneal nerve biopsy is rou-
tinely combined with a peroneus brevis muscle biopsy, obtained through a single
incision in the distal anterolateral leg [65, 86]. Concomitant sural nerve and muscle
biopsies can also be performed [70, 119, 124]. For patients in whom the sural and
superficial peroneal nerves are not clinically involved, other sensory nerves can be
biopsied, including the superficial radial, lateral antebrachial cutaneous, intermedi-
ate femoral cutaneous, and saphenous nerves. Workers at the Mayo Clinic advocate
targeted fascicular biopsies of mixed proximal nerves in patients with unexplained
neuropathies and abnormal MRIs of a proximal limb nerve, plexus, or root [125].
Most investigators would agree that not all patients with a cryptogenic axonal neu-
ropathy should be biopsied for vasculitis. Sural and superficial peroneal nerve biopsies
are not benign procedures and engender such risks as sensory loss in the distribution
of the biopsied nerve which improves but persists indefinitely in 90% of patients [126—
129]; chronic, albeit generally mild pain in the distribution of the biopsied nerve in
25% after 6 months or several years of follow-up [126-133]; delayed wound healing
in 12% [129, 131, 133, 134], and wound infections in 8% [86, 128-134]. In patients
with unexplained neuropathies, the yield of a nerve biopsy for vasculitis is enhanced
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if the patient has an asymmetric/multifocal clinical or electrodiagnostic pattern [120,
135-137], pain [138], acute onset [137], progressive clinical course (acquires new
neurologic deficits over several months) [138], ANCAs [139], or laboratory markers
indicative of systemic inflammation such as elevated ESR or CRP [137, 138].

The pathologic diagnosis of definite vasculitic neuropathy requires inflamma-
tion within the vessel wall and signs of vascular damage such as fibrinoid necrosis,
endothelial disruption, fragmentation or loss of the internal elastic lamina, degen-
eration or loss of smooth muscle cells in the media, hemorrhage, or acute throm-
bosis (fig. 2) [140, 141]. Definite but inactive vasculitis can be diagnosed in biopsies
revealing perivascular inflammation and signs of more chronic vascular injury such
as hyperplasia/fibrosis of the vessel wall or chronic thrombosis with recanalization
(fig. 3) [66, 119]. To enhance the identification of microvascular injury, Dyck et al.
[113, 114] immunostain their biopsies with antibodies against anti-human smooth
muscle actin, assessing for fragmentation, loss, or destruction of vascular smooth
muscle cells in the arteriolar media, which, if present, permits a diagnosis of true
microvasculitis (fig. 4).

The inflammatory aggregates in NSVN are perivascular and predominate in the
epineurium [142, 143]. They are composed primarily of T cells and macrophages,
with T cells outnumbering macrophages by a factor of 2-3 [69, 144, 145]. B cells com-
prise only 2-3% of the inflammatory cells [69, 144]. NK cells and polymorphonu-
clear leukocytes are rare. The CD4+/CD8+ ratio of the epineurial T cells varies from
study to study [62]. Plasma, dendritic, and T regulatory cell presence has not been
investigated. In general, peripheral nerve vasculitis has a predilection for epineurial
vessels with diameters of 25-300 pm (infrequent perineurial and rare endoneurial
involvement) [61, 65, 66, 69, 73, 140, 146]. NSVN is sometimes classified as a micro-
vasculitis [73, 147]. Microvessels are venules, capillaries, and small arterioles with
only a few layers of smooth muscle and no internal elastic lamina. Maximal small
arteriolar diameters are variably defined as 40 um [147] or 70 um [148, 149]. In the
PNS, all endoneurial and perineurial vessels are microscopic (<40 um), whereas
most epineurial vessels are larger (50-300 pm) [76]. In the only quantitative studies
reported to date, diameters of involved epineurial vessels in NSVN were 88 + 31 and
98 + 87 um [68, 69]. Thus, NSVN has a predilection for smaller epineurial vessels but
not in the defined ranges for a microvasculitis.

With respect to neural elements, nerve biopsies in patients with NSVN and SVN
show changes indicative of an axonopathy because axons are more vulnerable to isch-
emia than Schwann cells, perineurial cells, and fibroblasts [76]. Affected fascicles fea-
ture reduced myelinated nerve fiber density, conspicuous Wallerian-like degeneration,
regenerating axonal clusters, and minor demyelinating/remyelinating changes [69,
150]. For example, in one study of NSVN, teased nerve fiber examinations revealed a
mean of 59% fibers undergoing axonal degeneration versus only 3% exhibiting demy-
elinated/remyelinated internodes [69]. Some investigators have demonstrated prefer-
ential involvement of larger myelinated nerve fibers [150, 151], while others have not
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Fig. 1. Muscle biopsy in patient with CSS showing necrotizing vasculitis (a), granulomatous infla-
mmation (b), and eosinophils within the inflammatory infiltrate (a and b) (hematoxylin and eosin;

fresh-frozen sections).

Fig. 2. Small epineurial artery in a patient with
NSVN showing circumferential fibrinoid necrosis
surrounded by mononuclear inflammatory cell
infiltrate (hematoxylin and eosin; fresh-frozen

section).

Fig. 4. Paraffin section of a small
epineurial vessel stained with
hematoxylin and eosin (a) and
anti-human smooth muscle actin
(Dako) (b) showing lymphocytic
infiltration of vessel wall (a) and
vascular smooth muscle cells that
are fragmented and reduced in
number (b) in a patient with non-
diabetic radiculoplexus neuropa-
thy (reprinted with permission
from Dyck et al. [114]).
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Fig. 3. Epineurial vessel with intimal hyper-
plasia, luminal occlusion, recanalization, peri-
adventitial neovascularization, and perivascular
inflammation, consistent with ‘healed’ or inac-
tive vasculitis (hematoxylin and eosin; paraffin).
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[69, 152]. Axon loss is centrofascicular in proximal watershed areas (e.g. sciatic nerve
bifurcation in the distal thigh) but becomes multifocal in distal parts of the nerve due
to intermingling of the descending fibers [76, 153]. In fulminant vasculitis, all cellular
elements are lost.

Many investigators attempt to augment pathologic sensitivity by defining altera-
tions ‘suggestive’ or ‘suspicious’ for ‘probable’ vasculitic neuropathy in specimens
lacking definite vascular damage [66, 70, 73, 86, 108, 119, 140]. Published criteria
are nonuniform, but most workers require perivascular or vascular inflammation
and one or more changes predictive of active or healed vasculitis, including active
Wallerian-like degeneration (fig. 5) [86], asymmetric nerve fiber loss (fig. 6) [86, 138,
154], hemosiderin deposits (fig. 7) [138, 154, 155], intimal proliferation with narrow-
ing or obliteration of the lumen (fig. 8) [138], vascular immune deposits [156, 157],
epineurial neovascularization (fig. 3, 7, 8) [143], and myofiber necrosis/regeneration
[86]. Focal perineurial degeneration/thickening, injury neuroma, endoneurial pur-
pura (fig. 9), and enlarged axons filled with organelles are also taken as supportive
features by some workers, but the specificity of these changes for vasculitis is not
established [73, 108, 154].

In the absence of an independent reference standard, the true sensitivity of nerve
biopsy for vasculitic neuropathy cannot be determined. However, in patients who
lack definite vasculitic changes on biopsy, clinically probable vasculitic neuropathy
can be diagnosed by recourse to clinical and pathologic criteria [86]. This imperfect
approach has been used to ascertain ‘biopsy-negative’ patients with vasculitis in mul-
tiple series. Assuming these clinically probable cases truly have NSVN, a superficial
peroneal or sural nerve biopsy finding of definite vasculitis has an estimated sensitiv-
ity of about 50% for NSVN [49].

The reported yield of muscle biopsy for vasculitis in NSVN ranges from 0% [70]
to 100% [158], with a mean of about 50%, indicative of heterogeneous definitions of
NSVN [65, 67, 70, 73, 158-160]. Consistent with this heterogeneity, vasculitis was
more common in nerve than muscle in two large series [67, 70], while muscle was
more commonly diagnostic in two others [65, 73]. Recent studies suggest that skin
can also exhibit subclinical involvement in NSVN [72, 161]. Thus, similar to cutane-
ous PAN, NSVN might be viewed as a regionally restricted vasculitis predilected for
peripheral nerves, skin, and muscles.

Pathogenesis

Accrued data support the hypothesis that NSVN and, for that matter, almost all SVNs
are autoimmune disorders mediated primarily by cellular cytotoxicity [69, 144, 145].
In cellular cytotoxicity-mediated vasculitis, effector cells are cytotoxic T lymphocytes
(CTLs) directed against unknown vascular epitopes [162, 163]. CTLs are activated
after major histocompatibility complex-restricted binding to antigen-presenting cells
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Fig. 5. High-power semi-thin plastic section of  Fig. 6. Low-power semi-thin plastic section of
nerve fascicles stained with toluidine blue in a  nerve fascicles in the same patient as in figure 5
patient with vasculitic neuropathy showing demonstrating asymmetric nerve fiber loss
abundant, ongoing, Wallerian-like degeneration.  between and within fascicles.

Fig. 7. Focus of epineurial neovascularization in a patient with probable mixed connective tissue
disease-related vasculitic neuropathy stained with hematoxylin and eosin (a) and Perls’ stain for fer-
ric iron (b), showing epineurial hemosiderin deposits that are infrequent/golden-brown in a and
abundant/blue in b (paraffin).

Fig. 8. Noninflamed epineurial vessel in the same  Fig.9. Sural nerve biopsy in a patient with clinically
patient as in figure 7 with intimal proliferation, probable vasculitic neuropathy secondary to
luminal occlusion, and early recanalization/neovas-  Sjogren’s syndrome showing perivascular endo-
cularization (hematoxylin and eosin; paraffin). neurial purpura (hematoxylin and eosin; paraffin).
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(APCs) such as dendritic cells and activated macrophages, augmented by interleu-
kin (IL)-2, IL-12, type I interferon (INF), and costimulatory molecule signaling [163,
164]. They are usually CD8+ but can be CD4+ [165]. Activated CTLs destroy anti-
gen-bearing target cells by at least three distinct pathways [162, 163, 166]. The first
two require direct cell-to-cell contact. In the granule-exocytosis mechanism - used
preferentially by CD8+ CTLs - CTLs release perforin monomers, granzymes, and
granulysin into the intercellular space [166, 167]. After insertion into target cell mem-
branes, perforin polymerizes into pore-forming aggregates that permit granzymes to
enter the cell. Granzymes are proteolytic enzymes that induce DNA fragmentation
and apoptotic cell death. Granulysin disrupts the target cell membrane, damages
mitochondria, and activates caspase 9 to induce apoptosis [168]. The second, non-
secretory pathway is used preferentially by CD4+ CTLs and requires an interaction
between Fas ligand (CD178) on the CTL and Fas (CD95) on the target cell, triggering
apoptosis through the classical caspase cascade [162, 163, 169]. The third pathway is
antigen-independent, mediated by released cytokines such as tumor necrosis factor
(TNF)-a and INF-y [163].

The theory of primary cell-mediated damage in NSVN is supported by multiple
studies. First, all immunophenotypic investigations demonstrate a marked predomi-
nance of T cells and macrophages in epineurial infiltrates in sural nerve biopsies of
patients with NSVN [69, 144, 145, 170]. Second, many of the T cells express mark-
ers characteristic of CTLs [145, 171]. Third, markers of APCs are upregulated in the
epineurium and, to a lesser extent, endoneurium. For example, expression of man-
nose receptors is markedly increased on epineurial perivascular cells (probably acti-
vated macrophages) [172], and major histocompatibility complex type II molecules,
which present peptide antigens to CD4+ T cells, are inconsistently upregulated on
epineurial T cells, macrophages, Schwann cells, endothelial cells, and perineurial cells
(144, 170, 173, 174]. In addition, CD1la and CD1b molecules, which present lipid
antigens to CD1-restricted T cells, are expressed on some Schwann cells and epineur-
ial macrophages [172, 175]. Fourth, costimulatory molecule CD86, which interacts
with CD28 on naive T cells, is upregulated on endothelial cells in NSVN [175]. Fifth,
costimulatory molecule ICOS (inducible costimulator), which is expressed preferen-
tially by effector and memory CD4+ and CD8+ cells, is upregulated on epineurial T
cells in patients with vasculitic neuropathies [176]. There is a corresponding upregu-
lation of ICOS ligand on macrophages in areas where ICOS-expressing T cells are
found, suggesting that macrophages act as APCs to restimulate activated T cells and
thereby sustain the effector phase of the immune response. Sixth, CD58 - an adhe-
sion/costimulatory molecule that interacts with CD2 on T cells - is also upregulated
on Schwann cells and endothelial cells [175]. Seventh, a DNA microarray analysis of
3 patients with vasculitic neuropathy revealed numerous upregulated immune genes
indicative of T cell and/or macrophage activation [177]. Eighth, allograft inflam-
matory factor-1 expression is upregulated in T cells, macrophages, and vascular
smooth muscle cells in patients with various vasculitic neuropathies, and allograft
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inflammatory factor-1 promotes macrophage and T cell activation, proliferation, and
migration [143].

As one hypothetical model to explain these findings, disease-specific, autoreac-
tive T cells may be recruited to the PNS and activated by self-glycolipid or peptide
antigens presented by macrophages, Schwann cells, and/or endothelial cells with
costimulatory signaling by CD28/CD86 or CD2/CD58, then maturing into CTLs that
damage target cells in epineurial vessels, with periodic restimulation by ICOS-ligand-
expressing macrophages in the epineurium. However, arguing against this model, one
analysis of T cell receptor VP gene utilization in epineurial infiltrates in sural nerve
biopsies of 5 NSVN patients demonstrated no evidence of clonally expanded popula-
tions of T cells, suggesting that polyclonal T cells had been recruited nonspecifically
to the PNS during the course of the inflammatory response [142]. This study sup-
ports the theory that T cells have a nonspecific or regulatory rather than primary
pathogenic role in NSVN [142, 171].

In addition to mononuclear cells, epineurial vessel walls often contain deposits of
immunoglobulin and complement in NSVN and SVN nerve biopsies. In four stud-
ies of NSVN, epineurial vascular deposits of IgM were present in 47% of biopsies,
IgG in 46%, C3 in 72%, and any immunoglobulin or C3 in 87% [66, 68, 144, 158].
For NSVN and SVN combined, eight studies employing direct immunofluorescence
showed vascular IgM in 55%, IgG in 34%, C3 in 65%, and any immunoglobulin or C3
in 74% [66, 144, 146, 156-158, 178-180]. In the only investigation of complement ter-
minal membrane attack complex in NSVN and SVN, epineurial vascular deposits of
membrane attack complex were found in 82% of patients [144]. Therefore, immune
complex deposition or in situ formation with subsequent activation of complement
and recruitment of phagocytic cells might represent another mechanism of vascular
damage in NSVN, with the upregulated APCs and costimulatory molecules detailed
above functioning to support a helper T cell (Th)-dependent humoral response to a
vascular protein antigen in the PNS [181]. However, arguing against immune com-
plex deposition as a primary mechanism, immune deposits are confined to heavily
infiltrated vessels [68, 144] suggestive of nonspecific accumulation in damaged, per-
meable vessels and complement activation by necrosis. Moreover, B cells and poly-
morphonuclear leukocytes are rarely identified.

Irrespective of the primary afferent and efferent pathways in NSVN, many other
inflammatory mediators play important pathogenic roles. Cytokines are a case in
point. Cytokine expression in sural nerve biopsies has been analyzed in two studies
of NSVN and one study of the nondiabetic LSRPN form of NSVN [136, 182, 183].
In both NSVN studies, immunoreactivity for pro-inflammatory cytokines IL-1p and
TNF-a was increased in the endoneurium and epineurium; immunostaining for IL-6
was more prominent than that for IL-1p and TNF-a in one study [136] but weak or
absent in the other [182]. The primary sources of these cytokines were endoneur-
ial macrophages, epineurial T cells, and - to a lesser extent — endoneurial Schwann
cells. Deprez et al. [182] also found increased IL-3 and IL-4 immunoreactivity in
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endoneurial Schwann cells and macrophages. The nondiabetic LSRPN study revealed
significantly increased TNF-a expression in endoneurial macrophages and Schwann
cells and weak immunoreactivity for IL-6 in some epineurial perivascular cells [183].
Confirming the role of IL-6 in some patients with vasculitic neuropathy, Yamamoto
et al. [151] demonstrated increased IL-6 mRNA expression in 22 patients with an
SVN, and Haslbeck et al. [184] showed increased IL-6 immunoreactivity in epineur-
ial and, less prominently, endoneurial mononuclear inflammatory cells (macrophages
more than T cells), perineurial cells, and epineurial/endoneurial vessels in 12 patients
with various vasculitic neuropathies. Saadoun et al. [185] analyzed the expression of
9 cytokine, 7 chemokine, and 4 chemokine receptor genes in 22 patients with hepa-
titis C-related mixed cryoglobulinemia and PAN. They found a significant upregula-
tion of INF-y, TNF-q, IL-8, CCL3, CCL4, and CXCR3 mRNA and nonsignificant
overexpression of CCL2, CCL5, CXCR10, and CCR5, whereas IL-2, IL-4, IL-5, IL-6,
IL-10, and IL-13 were absent or equal to controls. These findings were indicative of
a strongly polarized Th1 response. Thl cytokines such as TNF-a and INF-y activate
macrophages and T cells, fostering cellular immune responses. Th2 cytokines (IL-4,
-5, -10, -13) promote humoral and allergic reactions. Chemokines and chemokine
receptors involved in the migration and activation of T cells and macrophages (CCL2,
CCL3, CCL4, CCL 5, CXCL10, CXCR 3, and CCR 5) were all significantly upreg-
ulated or overexpressed, while expression of chemokines and chemokine receptors
involved in neutrophil migration (CXCR1, CXCR2, CXCL6) was similar to controls.
In summary, these studies demonstrated overexpression of pro-inflammatory cytok-
ines and cytokines, chemokines, and chemokine receptors involved in cell-mediated
immunity in nerve biopsies from patients with NSVN and SVN. Findings on IL-6 and
Th2 cytokines were mixed.

Many other inflammatory mediators are also upregulated or overproduced in
sural nerve specimens from patients with vasculitic neuropathy, including COX-2
(145, 186], nitric oxide [145, 187], matrix metalloproteinase (MMP)-1 [145, 187],
MMP-2 and MMP-9 [160, 187-189], nuclear factor kappa beta [183, 184, 190], recep-
tor for advanced glycation end products [184], various cellular adhesion molecules
(E-selectin, L-selectin, ICAM-I, VCAM-1, LFA-1, LFA-3, and VLA-4) [175, 183, 191],
various oxidative and hypoxic stress-induced proteins [184, 187, 192], and compo-
nents of the plasminogen activator system [187].

Treatment
Evidence in Primary Systemic Vasculitides
Whereas only sparse evidence on treatment of NSVN exists, many studies have

addressed treatment of the primary systemic vasculitides - PAN, MPA, CSS, and WG.
The first advance was the introduction of CS in the early 1950s [193]. In 1967, Hollander
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and Manning [194] reviewed 20 case reports of WG in which patients had been treated
with CS alone. Median survival was 6 months, 1-year survival 47%, and 2-year survival
11%, only marginally improved over Walton’s natural history data. Steroid therapy of
PAN, MPA, and CSS was more clearly beneficial, for example yielding 1-year survivals
of 76 and 90% and 5-year survivals of 55 and 62% in two uncontrolled series, a marked
improvement over the natural history of the diseases [195, 196]. For PAN, MPA, and
CSS, there are also three retrospective cohort surveys in which patients treated with CS
were compared to patients receiving no therapy, and in all three studies, survival was
significantly prolonged in the CS-treated group [197-200].

The next significant advance was the use of immunosuppressive drugs [201]. The
experience in WG was synthesized by Froud and Henderson [202] in 1971 who sum-
marized 18 patients from the literature and 5 of their own who had been treated with
various immunosuppressive agents [most commonly azathioprine (AZA)]. Survival
rates (91% at 1 year, 86% at 2 years, and 36% at 5 years) were dramatically improved
compared to Walton’s natural history data. In a seminal report in 1983, Fauci et al.
[203] reported 85 patients with WG treated at the NIH. Their regimen, which has
since been called ‘standard therapy, consisted of prednisone and oral cyclophosph-
amide (CYC). Prednisone was started at 1.0 mg/kg/day for 2-4 weeks, tapered to 60
mg every other day over 1-2 months, and then more slowly tapered over 12 months.
CYC was dosed at 2.0 mg/kg/day, continued for 1 year after remission, and then
tapered. Complete remission was induced in 93% of patients, and 88% survived dur-
ing a mean follow-up of 51 months, an unassailable improvement over the natural
history documented by Walton. Many other uncontrolled series have corroborated
the efficacy of combined prednisone and CYC to significantly improve the remission
and survival rate of this disease compared to Walton’s natural history evidence [96,
204-206].

For PAN, MPA, and CSS, the added efficacy of CYC plus steroids compared to
steroids alone has been demonstrated less consistently and with a smaller effect
size. Moreover, the available literature is difficult to synthesize because of the non-
uniform manner in which patients have been grouped by diagnosis. One open ran-
domized controlled trial (RCT) and two cohort studies performed by the French
Vasculitis Study Group analyzed the addition of CYC to CS in patients with PAN,
MPA, or CSS diagnosed using pre-CHCC definitions. The RCT randomized 71
patients to treatment with oral CYC, prednisone, and plasma exchange (PE) ver-
sus prednisone and PE alone [207]. There were no significant differences between
the two groups in survival or remission rates, but relapse rates were significantly
lower with CYC, 9 versus 38%. In the first cohort study, there was a nonsignificant
trend towards improved survival in the CYC group [208]. In the second, survival
was significantly prolonged in the cohort of patients having at least two poor prog-
nostic factors (serum creatinine >1.58 mg/dl, proteinuria >1.0 g per day, or CNS,
GI, or cardiac involvement) but not in the whole cohort [209]. When the same
investigators analyzed their data on 85 patients with MPA alone, 80% having renal
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involvement, mortality was significantly less in patients treated with prednisone and
CYC (24%) than those treated with prednisone alone (48%) over a mean follow-up
of 70 months [210]. Three prospective cohort surveys performed at Duke University
also analyzed patients with MPA and renal involvement [211-213]. These studies
showed significantly decreased mortality, increased remission, and reduced relapses
in patients receiving combination therapy compared to those treated with CS alone.
In summary, evidence from a single RCT indicates that combination therapy does
not clearly improve survival in all patients with PAN, MPA, and CSS, but more prob-
lematic evidence suggests that CYC and CS may be more effective than CS alone in
reducing relapses in all such patients, improving survival in those with poor prog-
nostic factors, and increasing remission, reducing relapses, and improving survival
in MPA with renal involvement.

In 1992, Hoffman et al. [214] reported an expanded NIH cohort of 158 patients
with WG followed for a mean of 8 years. Ninety-one percent of patients achieved
complete or partial remission, and only 20% died, but the key finding of this study
was that standard therapy had converted WG into a chronic, relapsing disease, man-
dating long-term drug therapy with considerable drug-related toxicity. One or more
relapses occurred in 50% of patients, serious infections in 47%, and ovarian failure in
50% of women. Compared to the general population, there was a 2.4-fold increase in
all malignancies, 33-fold increase in bladder cancers, and 11-fold increase in lympho-
mas. The increased risk of serious infections, infertility, and cancers with long-term
CYC has been confirmed in many other studies [215-221].

In the 17 years since Hoftman’s report, many new treatment strategies have been
investigated with the goal of minimizing exposure to CYC. One option is to replace
CYC with a safer agent during the induction phase. One such candidate is AZA. Two
uncontrolled series showed greatly improved survival compared to natural history
controls for treatment of WG or MPA with renal involvement using a combination of
CS and AZA [96, 222]. In one retrospective cohort survey of 56 patients with PAN,
MPA, and CSS, combination therapy significantly improved survival compared to CS
alone, and in 15 of the 22 patients receiving combination therapy, the immunosup-
pressive agent was AZA or its active metabolite [200]. Therefore, AZA and CS may
be more effective than no treatment or treatment with CS alone in improving sur-
vival in the primary systemic vasculitides. No RCT has analyzed the relative benefit of
AZA versus CYC for this indication, but one retrospective cohort study did compare
induction with oral CYC versus AZA plus prednisolone in 122 patients with WG or
MPA with renal involvement [219]. Remission rates and survival were similar, but
the AZA-treated group had a much higher relapse rate, 89 versus 40% over a median
follow-up of 55 months, suggesting that AZA is inadequate for this indication.

Methotrexate (MTX) has undergone more extensive study than AZA as an induc-
tion agent for WG, albeit primarily in the form of uncontrolled trials [223-226]. One
open RCT analyzed induction therapy of non-life-threatening WG with MTX versus
oral CYC [227]. In this study, 100 patients were randomized to MTX or oral CYC
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plus prednisolone for 12 months. There was no significant difference in mortality or
remission rate, but relapses were significantly more common in the MTX limb, 70
versus 47% over 18 months of follow-up. Leukopenia was more common with CYC
and liver dysfunction with MTX. Despite the higher relapse rate with MTX, many
vasculitis experts now recommend that non-life-threatening WG be initially treated
with MTX and CS.

The only other controlled study of an alternative to CYC for induction of remis-
sion in newly diagnosed primary systemic vasculitis was an open RCT reported by
Hu et al. [228] that compared mycophenolate mofetil (MFM) and prednisone to CYC
and prednisone in 35 patients with newly diagnosed MPA with mild to moderate
renal involvement. Six-month remission rates were greater with MFM than CYC (78
vs. 62%), but the control group was treated with monthly pulses of intravenous CYC
rather than oral CYC, and 4 of the 17 CYC patients were lost to follow-up, confound-
ing the results. Thus, the findings require verification in a larger study.

As a second approach to minimizing CYC-related toxicity, many studies have
compared pulse intravenous to continuous oral CYC. Five of these trials were ran-
domized, but all five were open, and the largest has only been reported as an abstract
[218, 229-232]. Pulse CYC doses were 0.60-0.75 g/m?* or 15 mg/kg every 2—4 weeks.
No trial showed significant differences in survival or remission rates, although there
was a trend to increased survival with intravenous CYC in the largest study [232].
In addition, one trial revealed a significantly increased relapse rate with pulse CYC
[218], all trials showed significantly reduced cumulative doses of CYC in the pulse
group, and serious side effects were significantly overrepresented in the oral CYC
group in two studies, including serious infections, leukopenia, and gonadal toxicity
[218, 231]. Thus, pulse intravenous CYC is equally effective to oral CYC in reduc-
ing mortality, significantly decreases the total CYC dose, and may be as effective in
inducing remission with less serious infections and other drug-related side effects,
but at the expense of a possibly higher relapse rate. By extrapolation from other stud-
ies, the reduced total dose of CYC should lower the risk of bladder, skin, and hema-
tologic malignancies.

A third approach to minimizing CYC-related toxicity is to switch from oral CYC
to a safer maintenance drug once remission has been induced by standard therapy.
In the Hammersmith protocol, oral CYC is replaced by AZA 2.0 mg/kg/day after the
patient has entered remission [233]. AZA and tapering prednisolone are then con-
tinued for at least 1 year. One open RCT compared AZA maintenance to contin-
ued oral CYC in MPA or WG [234]. After remission was induced in 144 patients by
standard therapy, 71 were switched to AZA 2.0 mg/kg/day, and 73 continued to take
CYC 1.5 mg/kg/day. From 12 to 18 months, both groups were maintained on AZA
1.5 mg/kg/day and low-dose prednisolone (7.5 mg daily). Only 1 patient died during
maintenance. There were no significant differences between the two groups in relapse
rates (15.5% AZA; 13.7% CYC), severe adverse affects (11% AZA, 10% CYC), or any
adverse affects (52% AZA, 53% CYC).
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A retrospective cohort survey also analyzed relapse rates in patients with WG and
MPA maintained on continued CYC versus AZA [235]. For the entire cohort (n =
128), relapse rate and relapse-free survival were similar for AZA and continued CYC.
For the subgroup with PR3-ANCAs (n = 93), relapse rates were again similar for
patients continued on CYC and those switched to AZA if cANCAs were negative at
the time of this switch. On the other hand, patients switched to AZA with persistently
positive cANCAs had a significantly increased risk of relapse (2.6; 95% CI 1.1-8.0)
compared to patients with negative cANCAs, suggesting that maintenance treatment
needs to be more prolonged in this subgroup.

Two additional, open RCTs of maintenance therapy in AAV have been reported
(one only as an abstract). Pagnoux et al. [236] randomized 126 patients with WG or
poor-prognosis MPA to maintenance therapy with MTX 0.3 mg/kg/week or AZA
2.0 mg/kg/day for 12 months. Mortality, relapse-free survival, and severe side effects
were similar in both groups. Metzler et al. [237] randomized 54 patients with WG to
maintenance therapy with MTX 20 mg weekly or leflunomide 30 mg/day for 2 years.
Relapse rate was higher with MTX, 46 versus 23%, including a statistically signifi-
cant increase in major life- or organ-threatening relapses, 25 versus 4%. On the other
hand, significantly more severe adverse effects occurred with leflunomide.

In summary, for patients achieving remission after induction therapy, relapse rates
and severe side effects may be similar with continued CYC, AZA, and MTX over
12-18 months of follow-up, whereas leflunomide may produce more severe side
effects but fewer relapses.

PE has been used for a wide variety of vasculitides dating back to the 1970s, but
only a few controlled studies have been performed. The French Vasculitis Study
Group conducted two open RCTs in patients with PAN, MPA, and CSS in the 1980s
and early 1990s. The first randomized 78 patients to treatment with prednisone and
12 PEs versus prednisone alone [238]. During mean follow-up of 42 months (PE
group) and 46 months (CS group), there were no significant differences in remission,
relapse rate, and survival. The second trial was restricted to patients with at least one
adverse prognostic factor and randomized 62 patients to drug therapy alone (CS and
pulse intravenous CYC) versus drug therapy plus 9 PEs [239]. This study was stopped
after a 5-year interim analysis. There were no significant differences in initial disease
control, final remission rate among survivors, relapse rate, and survival. These stud-
ies showed that PE is not indicated for improvement of survival and probably has no
influence on remission or relapse rate in patients with PAN, MPA, and CSS, including
a subgroup with more severe disease.

Additional controlled trials of PE have been performed in patients with AAV and
rapidly progressive glomerulonephritis, including two RCTs [240, 241]. In the larger
RCT, Jayne et al. [241] randomized 137 patients with WG or MPA with severe renal
involvement (serum creatinine >5.8 mg/dl) to treatment with 7 PEs versus 3 pulses
of intravenous methylprednisolone added to drug therapy (oral CYC, prednisolone,
and maintenance AZA). PE significantly improved renal recovery at 3 and 12 months
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compared to intravenous methylprednisolone. There were no differences in 12-month
survival or serious side effects. Thus, class I evidence favors the use of PE in patients
with AAV complicated by severe glomerulonephritis.

Many other studies enrolling 10 or more patients have analyzed treatment of
patients with refractory disease. One study was a double-blind RCT, while the rest
were uncontrolled. The RCT randomized 34 patients with refractory WG or MPA to
treatment with intravenous immunoglobulin 0.4 g/kg/day for 5 days versus placebo
added to unchanged doses of immunosuppressive drugs [242]. Significantly more
patients responded to intravenous immunoglobulin (82%) than placebo (35%). Two
uncontrolled trials of intravenous immunoglobulin yielded complete remission rates
of 73%, survival in 96 and 100%, and relapse rates of 23 and 62% [243, 244]. Three
uncontrolled trials of MFM and prednisone demonstrated complete remission rates of
60-82%; survival of 78-100%, and relapse rates of 60% [245-247]. Five uncontrolled
trials of rituximab showed complete remission rates of 40-100%; no mortality except
for 13% in one study [248], and relapse rates ranging from 10 to 60% [248-252]. Two
uncontrolled trials of infliximab showed complete remission rates of 82 and 88%; sur-
vival of 91 and 100%, and relapse rates of 21 and 64% [253, 254]. In one long-term
follow-up (mean 5 years) study of alemtuzumab, 65% of 71 patients had a complete
remission, 54% relapsed, and 70% survived at 2 years (60% at 4 years) [255]. Two
uncontrolled trials of 15-deoxyspergualin and one of antithymocyte globulin yielded
lower (<50%) complete remission rates [256-258].

Consensus Approach to Treatment of Primary Systemic Vasculitides

Current treatment recommendations for primary systemic vasculitides are based on
this evidence [259-262]. MPA, PAN, and CSS with adverse prognostic factors (renal,
GI, cardiac, or CNS) are managed similar to WG, while patients lacking in adverse
prognostic factors are treated with CS alone. Patients with mild, generalized (‘early
systemic’) disease with normal or mildly abnormal renal function (creatinine <150
pmol/l) and no organ-threatening manifestations are treated with high-dose CS and
MTX 20-25 mg/week, with the understanding that MTX is associated with a higher
relapse rate than CYC. There are still no data by which to guide CS dosing decisions.
Most workers recommend a starting prednisone dose of 1.0 mg/kg/day for 1 month,
tapered to 10 mg/day by 6 months. Some groups then taper off prednisone in another
few months, whereas others favor continued, long-term use of low-dose (5.0-7.5 mg
daily) prednisone to reduce the risk of relapses. Assuming remission is induced with
this regimen, MTX is continued as the ‘remission maintenance’ drug. Patients with
moderate to severe, generalized disease characterized by threatened organ involve-
ment (including ‘progressive’ neuropathies) are treated with CYC and high-dose
prednisone, sometimes preceded by intravenous methylprednisolone 1.0 g/day for 3
days. CYC can be administered as a continuous oral dose of 2.0 mg/kg/day or periodic
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intravenous pulses (e.g. 15 mg/kg or 0.75 g/m? every 2-3 weeks). Once remission is
induced, CYC is replaced with an agent to maintain remission, usually AZA 1.5-2.0
mg/kg/day, MTX 20-25 mg/week, or leflunomide 20-30 mg/day. For patients with
severe renal disease (creatinine >500 umol/l) or alveolar hemorrhage, this regimen
is augmented with PEs (7 over 2 weeks) [241, 263]. There are no data on the opti-
mal duration of maintenance therapy. Recommendations include 6, 12, 18, 24, and 60
months [259-261, 264].

Treatment of Vasculitic Neuropathy

Vasculitic neuropathies occurring in the primary systemic vasculitides should be
treated in the same manner as the underlying systemic vasculitis. One might argue
that none of these trials has direct relevance to treatment of vasculitic neuropathy, as
the studies did not have primary neuropathic endpoints. However, based on informa-
tion contained in these studies, vasculitic neuropathies generally improve hand in
hand with the nonneurologic manifestations. One study offering explicit support for
the hypothesis that neuropathic and nonneuropathic endpoints correlate positively
during treatment of systemic vasculitis is Danieli et al. [265], who reported 18 patients
with CSS, all but 1 of whom had a neuropathy. Nine were treated with intravenous
immunoglobulin, PE, and standard therapy, and 9 received standard therapy alone.
There was a positive correlation between the final Birmingham Vasculitis Activity
Score - a global measure of vasculitis activity — and the final modified Rankin scale, a
measure of neurologic disability (r = 0.57; p = 0.018; Spearman’s rank correlation).

Whether any of these results can be extrapolated to the treatment of NSVN is an
unanswerable question, but for those who wish to so argue, SVN and NSVN have
indistinguishable pathologic findings and share many immunopathogenic markers
in sural nerve biopsies [69, 144]. Moreover, many patients with NSVN exhibit sub-
clinical involvement of regional skin and muscles. Therefore, NSVN may well share
pathogenic mechanisms with neuropathies occurring in MPA and PAN. That said,
several studies have suggested that NSVN is clinically and pathologically milder than
an SVN, implying that less aggressive therapy may be necessary [69, 70, 73].

No RCT of treatment in NSVN has been performed, but one retrospective cohort
survey analyzed treatment responses and long-term outcomes (median follow-up 63
months) in 48 patients with NSVN [67]. Twenty-eight were initially treated with CS
alone, and 20 received combination therapy (CYC in 18). Combination therapy was
significantly more effective than CS monotherapy in inducing sustained remission
(95 vs. 61%) and improving disability (85 vs. 57%), with additional trends toward
reduced relapse rate (29 vs. 59%), chronic pain (41 vs. 71%), and 5-year mortality. No
patients treated with CYC for more than 6 months relapsed, whereas patients receiv-
ing CYC for 1-6 months had a 54% relapse rate, but CYC was discontinued in 40%
because of adverse effects.
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There are no other controlled trials with which to compare these results, but they
are compatible with data extracted from one other retrospective series, wherein dis-
ability improved in 10/11 patients receiving combination therapy (CS and CYC, AZA,
or MTX) versus 6/11 treated with CS alone (relative risk for improvement with com-
bination therapy versus CS alone 1.67 with 95% CI 0.94-2.95) [66]. More recently,
Mathew et al. [102] reported treatment responses in 10 patients with NSVN followed
for more than 1 year. Seven patients received prednisolone alone, 2 CYC and pred-
nisolone, and 1 no treatment. All 10 improved and had a ‘good’ outcome, but relapse
rate was 2/7 in the prednisolone group versus 0/2 in the CYC group.

This limited evidence suggests that combination therapy is possibly more effec-
tive than CS monotherapy in inducing sustained remission and improving disability
in NSVN. In patients so treated, based on evidence in the systemic vasculitides, it
may be prudent to employ pulse intravenous CYC or replace oral CYC with main-
tenance AZA, MTX, or leflunomide once the neuropathy has remitted (progression
of deficits arrested and signs of improvement) to reduce the risk of CYC-related side
effects. Also extrapolating from the systemic vasculitis literature, treatment options
for refractory patients include intravenous immunoglobulin, rituximab, MEM, inflix-
imab, and alemtuzumab.

Outcome of Treated Nonsystemic Vasculitic Neuropathy

Although no direct comparative studies of mortality have been performed, NSVN
appears to have a better prognosis than the SVNs. Mortality rates for NSVN were 4 and
15% in two cohorts selected for absence of spread to nonneurologic tissues during fol-
low-up [61, 66] and 21 and 31% in two cohorts not excluding such patients [65, 67, 266].
Five-year survival in the latter two studies was 85 and 87%. By comparison, 5-year sur-
vival in modern systemic vasculitis cohorts is typically about 75% [49, 267]. NSVN has
low risk for systemic dissemination, provided no symptoms, signs, or serologic features
of a systemic vasculitis are identified, and immunosuppressive therapy is implemented.
For example, in one large cohort, only 3 of 48 patients developed clinical evidence of
vasculitis in nonneuromuscular organs during median follow-up of 63 months, and
in those 3 patients, spread was limited to the skin [67]. In contrast, 34% of patients in
another cohort developed systemic vasculitis during median follow-up of 5 years, how-
ever, 22% of these patients had hepatitis B surface antigenemia and 80% necrotizing
vasculitis in muscle biopsies at inception, more compatible with an SVN than NSVN
[65, 266]. Similar to the systemic vasculitides, NSVN sometimes relapses. Combining
data from all NSVN series and case reports with 12 months or more of follow-up,
the cumulative relapse rate per treated patient is 32% [49]. Relapses tend to occur in
patients whose therapy has been stopped or reduced to low doses of prednisone. From
a neurologic disability perspective, the final outcome in long-term survivors is reason-
ably good: 17% asymptomatic; 43% with mild symptoms but no restrictions; 21% with
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mild to moderate impairment but independent; 16% requiring assistance with ambula-
tion or activities of daily living, and 3% nonambulatory [66, 67].

Summary and Recommendations

The primary vasculitides are autoimmune disorders characterized by chronic immune
responses directed against vascular structures. The triggering antigens and mecha-
nisms underlying the topographical diversity of vascular involvement remain a mys-
tery. With the exception of WG, the primary systemic necrotizing vasculitides - PAN,
MPA, and CSS - commonly affect small or medium-sized vessels in the PNS, pro-
ducing a vasculitic neuropathy. For obscure reasons, some patients develop a similar,
albeit milder neuropathy that remains clinically restricted to the PNS, with or without
concomitant involvement of nearby muscles and skin. This entity is called NSVN.
It is the most commonly encountered vasculitic neuropathy in pathologically based
series. Although no epidemiological studies have been performed, based on known
prevalences of the systemic vasculitides and their risks for PNS involvement, it can
be deduced that NSVN is at least as prevalent as chronic inflammatory demyelinat-
ing polyneuropathy. Diabetic and nondiabetic LSRPN are clinical variants of NSVN
characterized by predominant proximal, polyradicular, microvascular involvement.
Cutaneous PAN is another variant with necrotizing vasculitis restricted to the skin,
nerves, and muscles of the lower limbs.

Untreated systemic necrotizing vasculitides are nearly always fatal (median sur-
vival 3-5 months). The natural history of NSVN is unknown. In NSVN, there are
no signs or symptoms of nonneurologic involvement, but constitutional symptoms
occur in a minority of patients. NSVN is clinically similar to the SVNs except for
reduced severity. Patients most commonly present with progressive, stepwise pain,
weakness, and numbness over multiple months. Assuming mild asymmetries are
not discounted, almost all patients demonstrate a multifocal or asymmetric, distally
accentuated pattern of involvement. At least 80% of patients have pain. Most have
combined motor and sensory involvement, but 15% show purely sensory signs and
symptoms. The most commonly affected nerves are the common peroneal nerve
in the lower limb and ulnar nerve in the upper limb. ESR is mildly to moderately
elevated in 50% of patients, but other markers of systemic inflammation are gener-
ally normal. The best laboratory predictors of an underlying systemic vasculitis are
elevated ESR, elevated CRP, leukocytosis, positive rheumatoid factor, and positive
ANCA. Electrodiagnostic studies reveal evidence of a predominantly axonal, asym-
metric, sensorimotor polyneuropathy. ‘Pseudo’ partial motor conduction blocks
occur in a minority of patients, unaccompanied by other changes indicative of a
primary demyelinating neuropathy.

Pathologic diagnosis of definite vasculitic neuropathy requires nerve biopsy evi-
dence of inflammation within the wall of at least one blood vessel and signs of active
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or remote vascular damage. In nerve biopsies lacking definite vasculitic changes,
the diagnosis can be suspected if primarily axonal alterations are accompanied by
perivascular inflammation and such supportive features as abundant Wallerian-like
degeneration, asymmetric nerve fiber loss, hemosiderin, vascular immune deposits,
neovascularization, myofiber necrosis/regeneration, intimal thickening, thrombosis
with recanalization, focal perineurial damage, and endoneurial purpura. NSVN is
predilected for larger arterioles and small arteries in the epineurium. Concomitant
muscle biopsies probably augment the diagnostic yield, but reported incidences of
muscle vasculitis in NSVN are disconcertingly variable. Epineurial inflammatory
infiltrates in NSVN and SVN are composed primarily of T cells and macrophages.
Many of the T cells express markers characteristics of CTLs. For these and other rea-
sons, vasculitic neuropathies are postulated to be autoimmune diseases mediated pri-
marily by cellular cytotoxicity, although epineurial vascular immune deposits of IgM,
IgG, and complement also occur in 50-80% of biopsies.

Primary systemic vasculitides accompanied by a progressive neuropathy are usu-
ally treated with CYC and high-dose prednisone, although CS alone or CS plus MTX
are sometimes used. No RCTs of therapy have been performed in NSVN, but limited
data from retrospective cohort surveys suggest that combination therapy (especially
CS and CYC) is more effective than CS monotherapy in inducing sustained remis-
sion and improving disability. Therefore, in the absence of better evidence, patients
with progressive NSVN should be considered for treatment with high-dose predni-
sone (e.g. 1.0 mg/kg/day for 1 month with a prolonged taper) and CYC 2.0 mg/kg/
day or MTX 20-25 mg/week. Based on evidence accrued in the primary systemic
vasculitides, oral CYC can be replaced with pulse intravenous CYC (e.g. 15 mg/kg
or 0.75 g/m? every 2-3 weeks). Once remission has been induced with combination
therapy, CYC should be replaced with AZA 1.5-2.0 mg/kg/day or MTX 20-25 mg/
week for 12-24 months for maintenance of remission. Patients refractory to combi-
nation therapy can be treated with intravenous immunoglobulin, MEFM, rituximab,
infliximab, or alemtuzumab. During tapering of immunosuppressive therapy, the cli-
nician should be attuned to the possibility of neuropathy relapse, which occurs in
more than one third of patients with NSVN. Although long-term outcome is reason-
ably good, patients infrequently die from the disease or its treatment and more fre-
quently develop a chronic pain syndrome.
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Abstract

Dysimmune neuropathy is an etiologically heterogeneous entity with diverse clinical presentations.
The underlying causes encompass several different benign and neoplastic syndromes. Peripheral
nervous system manifestations are common, and in some cases, the initial symptom of the abnor-
mal immune system. Early recognition of the immunologic disturbance or malignancy as the cause
of neuropathy with appropriate diagnostic testing is necessary so that potentially effective therapies
can be initiated. This review discusses evaluation, differential diagnosis, clinical findings, pathophys-
iology, and treatment of disease states with abnormal immunoglobulin production that are associ-
ated with peripheral neuropathies. Copyright © 2009 S. Karger AG, Basel

There are several different types of neuropathies that are associated with an abnor-
mal production of immunoglobulins, and these are frequently lumped under the
term paraproteinemic or dysproteinemic neuropathy. Paraproteinemia is a hetero-
geneous disorder in which the monoclonal gammopathy may be a benign process
with little clinical consequence such as monoclonal gammopathy of unknown sig-
nificance (MGUS). On the other hand, it may indicate the presence of a malignant or
systemic condition such as multiple myeloma (MM), Waldenstrom’s macroglobuline-
mia (WM), POEMS (polyneuropathy, organomegaly, endocrinopathy, monoclonal
gammopathy, and skin changes) syndrome, amyloidosis, and other lymphoprolifera-
tive disorders. Since peripheral neuropathy can occur with monoclonal gammopathy
resulting from both neoplastic and nonneoplastic disorders, and can in fact be the
initial presentation of a hematologic malignancy, a detailed clinical evaluation of neu-
ropathic patients with this laboratory finding is essential.

Overview of Monoclonal Gammopathy

Immunoglobulins consist of 2 identical classes and subclasses of heavy chains and
2 identical light chains. Each chain has a variable and constant region. There are 5



classes of immunoglobulins (IgG, IgA, IgM, IgD, and IgE) that are identified by dif-
ferent amino acid sequences in the constant region of the heavy chains (y, a, g, §, and
e). Each heavy-chain class is associated with either a k or A light chain. Similar to the
heavy chains, k and A light chains differ in their amino acid sequence in the constant
region. A monoclonal protein (M-protein) is composed of immunoglobulins that
have a single heavy and light chain type, and is derived from a single clone of plasma
cell. In paraproteinemia, the immunoglobulin may be polyclonal, monoclonal, or
both. The nature of the paraprotein can vary in different plasma cell disorders. It can
be an intact immunoglobulin or a fragment of the molecule such as a light chain.

Agarose gel electrophoresis is an effective method of detecting M-proteins in the
serum [1]. A broad peak representing the monoclonal spike on serum protein elec-
trophoresis most commonly appears in the gamma globulin region of the electropho-
retic pattern. Immunofixation electrophoresis, however, is the preferred method to
detect the M-protein because of increased sensitivity and the ability to confirm that
the M-protein is in fact monoclonal [1].

Paraproteinemia is not an uncommon laboratory abnormality, and it can be found
on routine serological studies in otherwise healthy individuals. Approximately 1%
of nearly 7,000 individuals older than 25 years have an M-protein without a plasma
cell dyscrasia [2]. Other studies report a prevalence of 1.7% in persons older than 50,
3% in persons older than 70, and 23% in persons aged 75-84 years [3-5]. The risk
for having a monoclonal gammopathy also varies among different ethnic groups. For
example, a higher prevalence of MGUS has been observed in African-American vet-
erans [6]. The potential role of genetics in modulating the risk for developing MGUS
among different ethnic groups is further supported by two recent studies that showed
twice the prevalence of MGUS in Ghanaian men when compared to white men and a
lower prevalence of MGUS in a Japanese population compared to American popula-
tion [7, 8].

Monoclonal Gammopathy of Undetermined Significance and Risk for
Malignant Transformation

MGUS is a premalignant plasma cell disorder, and it is the most common cause of
monoclonal gammopathy. MGUS is defined as follows: M-protein concentration of
less than 3 g/dl; less than 10% plasma cells in the bone marrows; little or no M-proteins
in the urine if tested; absence of lytic bone lesions, anemia, hypercalcemia, and renal
insufficiency related to the proliferation of plasma cells [9]. Over half of patients with
a monoclonal gammopathy have MGUS [10]. The risk for progression from MGUS
to MM or another malignant condition is approximately 1% per year [9]. This rate
does not decline over time and patients remain at risk for progression even after 25
years or more of stable MGUS making long-term follow-up and surveillance for the
development of a malignancy a necessity [11, 12].
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Few studies have evaluated the rate of progression to a malignant condition in
patients who have MGUS and neuropathy. In one study, 7% of patients who were fol-
lowed for a period of 5 years developed non-Hodgkin lymphoma among 15 patients
with IgM MGUS [13]. A much lower rate of hematologic malignancy was detected in
another study where only 3 patients out of 50 cases of MGUS developed a lymphop-
roliferative disorder after 5-42 years of follow-up [14]. In a more recent prospective
study, 17 of 176 patients (9%) with MGUS and polyneuropathy developed a hemato-
logic malignancy after a mean follow-up duration of 3 years suggesting patients with
polyneuropathy and MGUS may be at a higher risk for malignant transformation
when compared to patients who only have MGUS. In this study, risk factors for pro-
gression to MM or other lymphoproliferative disorders include unexplained weight
loss, progression of the polyneuropathy, unexplained fever or night sweats, and rising
M-protein levels [15]. Although the molecular basis which predisposes MGUS to
progress to a malignant state is unknown, certain cytogenetic abnormalities such as
translocations of immunoglobulin heavy-chain gene (IgH), deletion of chromosome
13q14, and numerical chromosomal aberrations have been observed in patients with
IgG MGUS who subsequently developed MM. Similar genetic aberrations have also
been described in patients with B-cell malignancies. Given this association, genetic
alterations may be another risk factor for malignant transformation in patients with
MGUS and polyneuropathy. To answer this question, Eurelings et al. [16] determined
the nature and frequency of cytogenetic abnormalities in 22 patients with polyneu-
ropathy and IgM MGUS and found 6 patients with IgH structural aberration and
1 patient with gain of short arm and loss of the long arm on chromosome 6. All of
the patients with aberration in the IgH gene locus had increased percentage of B-cell
infiltration in the bone marrow that showed the cytogenetic aberrations and could be
reclassified as indolent WM. Interestingly, the patients had otherwise no differences
in their clinical features or antibody reactivity in comparison to patients without
the genetic aberrations [16]. These studies emphasize the importance of a thorough
hematologic evaluation to uncover an indolent neoplastic condition. Furthermore,
they suggest a possible future role for chromosomal analysis in these patients to
exclude the presence of malignancies and determine the risk for the MGUS to evolve
into a neoplastic state.

Neuropathy Associated with Monoclonal Gammopathy of
Undetermined Significance

The association between monoclonal gammopathies and peripheral neuropathy was
first described by Chazot et al. [17] and subsequently by Read et al. [18]. It soon
became clear that M-protein-related neuropathies did not represent a single clini-
cal entity. Instead, it is a heterogeneous disorder with varying pathophysiology and
differing clinical presentations. The spectrum of neuropathic phenotypes includes
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symmetric sensorimotor polyneuropathy, mononeuritis multiplex, mononeuropathy,
and cranial nerve palsies [19].

Given the high prevalence of monoclonal gammopathy and peripheral neuropathy
in persons older than 50 years, there is always the possibility that both conditions pre-
senting in the same patient represent a chance occurrence. An epidemiologic study
evaluating the prevalence of M-protein among patients with peripheral neuropathy
showed that paraproteinemia was four times more common in patients who have
idiopathic neuropathy relative to patients who have neuropathy of known causes
[20]. This suggests that paraproteins may be pathogenic in cases of neuropathy in
which the etiology is undetermined. Subsequent studies showed a disproportionately
increased prevalence of neuropathy in patients who have monoclonal gammopathies
further supporting the association between paraproteins and neuropathy [21, 22].
Other evidence suggesting a link between the two disorders includes the consistent
excess in the number of patients with both conditions who have MGUS of the IgM
heavy-chain class. The most common heavy-chain class in patients with MGUS is
IgG followed by IgM and IgA (70, 15, and 12%, respectively) [23]. In patients who
have MGUS and peripheral neuropathy, however, the frequency of IgM, IgG and IgA
are 48, 37 and 15%, respectively [24]. In fact, the prevalence of IgM among patients
who have MGUS and neuropathy has been reported to be as high as 70% in some case
series [25].

Neuropathy Associated with IgM MGUS

Peripheral neuropathy is a well-established neurological complication of IgM mono-
clonal gammopathy. While several different forms of neuropathy can be associated
with IgM MGUS, most patients have a slowly progressive symmetric sensorimotor
polyneuropathy with characteristically prominent sensory signs and symptoms [26].
The initial symptoms often consist of paresthesia, but can include other sensory
disturbances such as numbness, unsteady gait, prickling, and less often burning or
electric shock like sensation [13, 26-28]. Neurological examination shows abnormal
vibration and joint position sense, decreased pain and temperature sensation, hypo-
active muscle stretch reflexes, and if present, mild distal muscle weakness [27, 28].
Postural tremors in the arms and palpable thickened nerves can be observed [25,
28]. The neuropathy is classified as demyelinating by electrophysiological studies
in most cases; however, nerve conduction studies can show features of both axonal
degeneration and demyelination or less often predominantly axonal degeneration
[26-28]. More pronounced slowing of the distal segments of the peripheral nerve
can be detected on nerve conduction studies which has been suggested to imply a
length-dependent process in [gM MGUS neuropathy [29]. The nerve biopsy shows
findings consistent with demyelination or mixed axonal and demyelinating patholo-
gies [30]. The neuropathy is slowly progressive in most cases, although disability
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related to sensory ataxia and leg muscle weakness is not uncommon [13]. In some
patients, however, the symptoms may stabilize after several years of progression
[31].

Neuropathy with Anti-Myelin-Associated Glycoprotein Antibodies

Monoclonal antibodies in MGUS-related neuropathy can be directed against several
different peripheral nerve antigens including glycolipids, glycoproteins, and ganglio-
sides. The most common and best described target is myelin-associated glycoprotein
(MAG). Approximately 50% of patients with [gM MGUS neuropathy will have serum
that reacts with the carbohydrate moieties on MAG [24, 32, 33]. MAG is a trans-
membrane glycoprotein that can be found in both the central and peripheral nervous
systems. Although it represents a minor component of the myelin accounting for less
than 1% of total myelin protein, MAG plays an important role in the formation and
maintenance of myelin and myelinated axons [34]. MAG contains 5 immunoglobulin-
like domains and can occur as 2 different isoforms resulting from alternatively spliced
mRNA. The smaller isoform is the major subtype found in the nervous system, and it
is localized to the periaxonal Schwann cell membrane, Schmitt-Lanterman incisures,
and paranodal loops of the peripheral myelin [35]. MAG also contains the HNK-1
epitope which is an antigen shared between the immune and nervous system [36].

Neuropathy with anti-MAG antibody is a chronic, slowly progressive distal sym-
metric polyneuropathy. The average age of symptom onset is between the sixth and
seventh decade of life [37, 38]. The clinical symptoms experienced by patients are
predominantly sensory in nature and are similar to those of IgM MGUS neuropathy
[25, 28]. Progressive distal paresthesia, gait ataxia, and muscle weakness are typical.
Neurological examination reveals impaired light touch and vibration, the presence of
Romberg’s sign, hypoactive or absent deep tendon reflexes, intentional tremor, and
mild to moderate distal leg muscle weakness. Although the initial symptoms are mild
and progression of the neuropathy is indolent in most cases, disability related to gait
ataxia and severe hand tremors affected 44% of patients in a longitudinal study after
11 years of follow-up [39].

Anti-MAG antibody can cross-react with the carboyhydrate moiety shared by
other components of the myelin including glycolipid sulfated glucuronyl paraglobo-
side and sulfated glucuronyl lactosaminyl paragloboside [35]. It can also react with
other myelin proteins including PO and PMP-22 [40]. Although anti-MAG antibody
can rarely be detected in patients who do not have neuropathy or IgM MGUS, its
presence is predictive for developing symptomatic neuropathy in patients who have
high titers in the setting of MGUS [41, 42]. The titer of anti-MAG antibody, however,
does not correlate with the severity of the neuropathy [43].

Nerve conduction studies show features of demyelination including slowing of
conduction velocity and prolongation of distal latency. Electromyography reveals
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features of chronic denervation [38]. It has been suggested that a Terminal Latency
Index (TLI) of less than 0.25 may be a useful electrodiagnostic marker distinguish-
ing neuropathy with anti-MAG antibodies from chronic inflammatory demyelinating
polyradiculoneuropathy (CIDP) and Charcot-Marie-Tooth (CMT) polyneuropa-
thy type 1A, but this finding was not demonstrated in a subsequent study [44, 45].
Another study suggests that a combination of median TLI and ulnar distal motor
latency may facilitate differentiation of CMT 1A polyneuropathy from anti-MAG
neuropathy [46]. Visual evoked potential studies reveal prolongation of P100 laten-
cies and there can be increased blink reflex R1 response latency [38].

In anti-MAG neuropathy, the nerve biopsy shows segmental demyelination, thinly
myelinated fiber, and axons surrounded by concentric Schwann cell process consis-
tent with chronic demyelination [38]. There can also be mixed demyelinating and
axonal changes on teased nerve section [43]. Mononuclear cell infiltrates have been
observed in some nerve biopsies [38]. Deposits of IgM on myelin can be detected
by direct immunofluorescence and there is overlap of anti-MAG antibody and IgM
deposits in myelinated fibers when examined under confocal microscopy [43, 47].
Electron microscopy often shows widening of myelin lamellae that affect most of the
myelin sheath or is restricted to the outermost lamellae, and this is suggested to be
a sensitive marker of anti-MAG neuropathy [48, 38]. This characteristic widening of
myelin lamellae is speculated to result from intercalation of the pathological immu-
noglobulins between the concentric layers of the myelin sheath [49]. A morphologi-
cal study of peroneal and sural nerve biopsies in anti-MAG neuropathy demonstrated
correlation between myelin lamellae widening and penetration of IgM into the myelin
sheath confirming that widening of myelin lamellae can be directly attributed to IgM
binding to myelin membrane [50]. The exact pathophysiologic consequence of myelin
lamellae widening remains unclear.

Neuropathy with IgG/IgA Monoclonal Gammopathy

Peripheral neuropathy associated with IgG and IgA monoclonal gammopathy is
heterogeneous in etiology in contrast to neuropathy associated with IgM MGUS, in
particular neuropathy with anti-MAG antibody. IgG monoclonal gammopathy is a
feature of MM and POEMS syndrome in addition to MGUS, and the clinical profile
of the neuropathy seen in these disorders can be diverse. Even in IgG and IgA MGUS,
the neuropathy can be predominantly sensory, sensorimotor, or predominantly motor.
Furthermore, on electrophysiologic studies the neuropathy can be axonal, demyeli-
nating, or mixed type [51, 52]. Comparison of neuropathies associated with IgM and
IgG/IgA MGUS in some studies has shown that these two groups are similar in the
clinical characteristics, symptomology, neurophysiologic attributes, and severity [24,
25, 30]. Other studies, however, have demonstrated differences between these two
groups including more severe worsening of neuropathic signs during longitudinal
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follow-up examination and abnormalities on nerve conduction studies in IgM MGUS
[13,28]. Another study comparing neuropathy with IgG and IgA monoclonal gammo-
pathy with IgM monoclonal gammopathy showed more patients with predominantly
sensory symptoms and more severe nerve conduction study abnormalities in the IgM
group. When patients who have a demyelinating neuropathy and IgG and IgA mono-
clonal gammopathy were selectively compared to patients who had a demyelinating
neuropathy in the IgM cohort, no significant differences in the electrophysiologic
parameters were noted. Despite the similarities, conduction block was noted in the
IgG and IgA groups, but not in the IgM group. In addition, there was heterogeneity in
TLI in the IgG/IgA group indicating demyelination in the proximal, distal, or inter-
mediate motor nerve segments. Furthermore, the patients with IgG/IgA demyelinat-
ing neuropathy had greater motor deficits and milder gait ataxia when compared to
the IgM group [51]. These findings suggest that IgG and IgA neuropathy, specifically
the demyelinating type, is distinctly different from demyelinating neuropathy associ-
ated with IgM monoclonal gammopathy.

The pathophysiological significance of IgG and IgA monoclonal gammopathy
in neuropathy is not fully elucidated. The M-protein may have no reactivity against
peripheral nerve antigens or the antibodies directed against the neural antigen pres-
ent may be unrelated to the principle M-protein [53]. Of note, antibody against neural
antigen can be detected in patients with IgG MGUS who do not have neuropathy thus
raising doubt regarding the pathogenic significance of this finding among patients
with neuropathy [54]. The relevance of these paraproteins in patients with neu-
ropathy cannot be completely dismissed as there are rare reports of IgA M-protein
deposits in the myelin sheath and widening of the myelin lamellae noted on electron
microscopy in patients who have neuropathy and IgG or IgA monoclonal gammopa-
thy. These morphological changes on nerve biopsy implicate a direct pathogenic role
of the monoclonal antibody [55, 56]. The putative antigen bound by these antibodies
in the peripheral nerve remains uncertain.

Pathophysiology

Several lines of evidence suggest a pathogenic role of the M-protein in peripheral neu-
ropathy. Epidemiological studies demonstrating the increased frequency of monoclo-
ncal gammopathy in neuropathy of undetermined cause and overrepresentation of
IgM among neuropathy associated with monoclonal gammopathy provide the basis
for the association [20, 24]. Deposition of M-proteins in the peripheral nerve myelin
and identification of IgM M-proteins reactive against neural antigens such as MAG,
sulfated glucuronyl paragloboside, and sulfatide further support a pathogenic role
for these antibodies [43, 57]. Ultrastructural features such as widening of the myelin
lamellae resulting from selective deposition and penetration of IgM M-protein into
the myelin sheath also favor a dysimmune mechanism for causing the neuropathy
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[56, 58]. Several experiments have demonstrated a passive transfer of the disease to
animals by injecting the serum from patients with MGUS neuropathy. Mice injected
with monoclonal antibodies from patients who have myeloma and MGUS neuropa-
thy developed a demyelinating neuropathy [59]. Injecting chicks with human IgM
anti-MAG antibody resulted in deposition of IgM in the large myelinated fibers, para-
nodal demyelination, segmental demyelination and remyelination, and widening of
the myelin lamellae reminiscent of the human disease [60]. Focal injection of serum
from patients who have neuropathy and IgM monoclonal gammopathy with MAG
reactivity into feline sciatic nerve produced demyelinating lesions. The myelinolytic
effect was abolished by removal of the M-protein [61]. The results of these studies
provide circumstantial evidence for an autoimmune antibody-mediated process as
the cause of neuropathy-associated monoclonal gammopathy.

Treatment

Several different immunomodulatory agents have been used to treat MGUS neuropa-
thy given the putative autoimmune basis for the disorder. However, definitive data
regarding the efficacy of specific agents remain elusive due to the limited number of
randomized controlled trials conducted and the limited number of patients partici-
pating in the trials. Thus, the long-term benefits of most therapeutic interventions on
this slowly progressive disorder remain uncertain. A double-blind randomized trial
of plasma exchange and sham exchanges in patients with IgG, IgA, and IgM MGUS
neuropathy showed improvement in the weakness score of the neuropathic disability
scale, average neuropathy disability score, and compound muscle action potential of
the motor nerve. Patients who had IgG and IgA M-proteins had a better response
to treatment [62]. A trial comparing chlorambucil with or without plasma exchange
showed an improvement in the clinical neuropathy disability scale with treatment,
but combination therapy was not superior to chlorambucil alone [63]. Two random-
ized, double-blind, placebo-controlled studies with intravenous immunoglobulin
demonstrated modest benefits in motor function and sensation as well as a decrease
in the inflammatory neuropathy cause and treatment disability score. Most patients
in both of these trials had monoclonal antibodies reactive against MAG [64, 65].
Corticosteroid as a single agent is ineffective, but there may be improvement in up
to 50% of patients when it is given in conjunction with other immunomodulatory
agents [39].

Several other immunosuppressants have demonstrated efficacy including
interferon-a, cyclophosphamide, fludarabine, and cladribine [66-69]. A double-
blind, randomized, placebo-controlled study of combined oral cyclophosphamide
and prednisone showed no difference in the Revised Rivermead Mobility Index, a rat-
ing of 15 daily activities concerning mobility. There was improvement in the Medical
Research Council sum score and sensory sum score [70]. More recently, rituximab,
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a monoclonal antibody directed against CD20 on B lymphocytes was demonstrated
to be effective in reducing the anti-MAG antibody titer and improving neuropathic
symptoms in patients who had neuropathy associated with anti-MAG antibody [71].
An open-label study of rituximab in patients with anti-MAG-associated neuropa-
thy showed an improvement in the inflammatory neuropathy cause and treatment
sensory sum score and Medical Research Council sum score for muscle strength.
Response to treatment correlated with a lower MAG antibody titer at baseline [72]. A
single course of rituximab was shown to have sustained clinical benefit and reduction
in MAG antibody titer for up to 60% of the patients after 36 months [73]. While this
treatment appears promising, a randomized study with more patients is needed to
confirm the findings.

Neuropathy Associated with Multiple Myeloma

MM is a malignant plasma cell disorder that can evolve from MGUS. It is respon-
sible for 10% of all hematologic neoplasms and 1% of all malignant disorders [74].
The annual incidence of MM is approximately 4 per 100,000, and the age of onset
peaks in the seventh decade of life [75, 76]. Patients with MM most commonly pres-
ent with fatigue, bone pain, and recurrent infections [75]. Abnormal laboratory find-
ings include anemia, hypercalcemia, elevated serum creatinine level, and the presence
of an M-protein. Detection of the monoclonal gammopathy is best achieved by
immunofixation electrophoresis which increases the yield to 93% when compared to
conventional serum protein electrophoresis which has a sensitivity of 82% [76]. The
heavy-chain component is absent in 20% of patients with MM, and only the light-
chain component is identified. This is known as light-chain MM. The M-protein in
these patients is sometimes only found in urine and is undetectable in the serum even
by immunofixation electrophoresis. Thus, in patients suspected of having MM, both
serum and urine immunofixation electrophoresis is necessary [75]. Other abnormal
diagnostic studies include lytic lesions on plain radiograph. The diagnosis of MM
requires greater than 10% plasma cells on bone marrow biopsy (or biopsy-proven
plasmacytoma), M-protein in the serum or urine, and other systemic disorders sec-
ondary to the plasma cell dyscrasia (hypercalcemia, renal insufficiency, anemia, and
osteolytic lesions).

Peripheral neuropathy is an uncommon manifestation of MM. Symptoms of neu-
ropathy can precede, coincide, or follow the diagnosis of myeloma. Only 3% of patients
in a large series were noted to have polyneuropathy, but other studies found a higher
incidence of 13% [77, 78]. In another study, a subclinical neuropathy was detected
in 40-60% of patients based on electrophysiologic or histopathologic studies [79].
The most common peripheral neurological manifestation of MM is radiculopathies
due to nerve root compression by plasmacytomas or foraminal stenosis secondary
to pathologic fractures and collapse of the vertebral body. Spinal cord compression
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resulting from vertebral lesion, and less frequently leptomeningeal disease, can cause
back pain and other symptoms of spinal cord compromise.

Neuropathy associated with MM in the absence of amyloidosis is clinically het-
erogeneous. Patients may have a distal sensorimotor polyneuropathy, pure sensory
neuropathy, or predominantly motor neuropathy. Autonomic neuropathy is not a
feature. The nerve biopsy can show segmental demyelination or axonal degenera-
tion [80]. The exact pathogenesis of the neuropathy is unknown, but several differ-
ent mechanisms have been proposed including production of humoral substance
by the tumor, pathogenic effect of the light chain, or antibody-mediated response
[81-83]. Focal infiltration of the peripheral nerve by plasma cells can rarely present
as an asymmetric neuropathy [84]. An important iatrogenic cause of neuropathy
that may confound the clinical picture is toxicity related to treatment of MM with
chemotherapy. Thalidomide causes a length-dependent sensorimotor polyneuropa-
thy, whereas bortezomib causes a predominantly sensory neuropathy or neuronopa-
thy [85, 86].

Waldenstrom’s Macroglobulinemia

WM is an uncommon chronic B-cell lymphoproliferative disorder characterized by
IgM paraproteinemia and bone marrow infiltration. It is considered a lymphoplasma-
cytic lymphoma as defined by the revised European-American lymphoma classifica-
tion [87]. The diagnosis of WM requires the presence of IgM M-protein irrespective
of the M-protein concentration and bone marrow infiltration by small lymphocytes
that show plasma cell differentiation. Intertrabecular pattern of plasma cell infiltra-
tion and cell surface makers are supportive of but not necessary for the diagnosis
[88]. A bone marrow biopsy is therefore mandatory to differentiate MGUS from WM.
Patients may experience systemic symptoms related to tumor infiltration such as
fever, weight loss, and organomegaly. Other symptoms attributable to the M-protein
include hyperviscosity syndrome, cryoglobulinemia, or neuropathy. Patients are con-
sidered to have symptomatic or asymptomatic WM based on the presence or absence
of these clinical features. A thorough evaluation is required to determine the clinical
status which then dictates whether treatment is necessary [89].

The incidence of peripheral neuropathy in WM ranges from 5 to 46%. Neuropathy
can be the presenting symptom or appear after the diagnosis of the dysglobulinemia
[90, 91]. In some cases, the neuropathy may even precede the diagnosis of WM [92].
The clinical features of neuropathy associated with WM are similar to those of IgM
MGUS. Paresthesia in the distal legs is the most common symptom. Mild to moderate
muscle weakness appears 2-5 years after the sensory symptoms. Postural and kinetic
tremor can be prominent. There is no autonomic dysfunction by history or examina-
tion. Neurological evaluation reveals predominantly distal symmetric large-fiber sen-
sory loss and hypoactive or absent muscle stretch reflexes [93]. Other manifestations
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that have been described include pure motor neuropathy and asymmetric sensorimo-
tor polyneuropathy with preservation of reflexes [91].

Electrophysiologic studies demonstrate slow conduction velocities, prolonged
distal latencies, conduction block and prolonged F-wave latencies compatible with a
demyelinating disorder, although there are cases that have both axonal and demyeli-
nating features on nerve conduction studies [93, 94]. Visual evoked potential can be
abnormal and show prolongation of P100 latencies suggesting subclinical central ner-
vous system involvement [95]. Serologic studies show IgM monoclonal gammopathy
with « light chain in most cases. Fifty percent of patients have serum IgM that reacts
with MAG [93]. Nerve biopsy reveals segmental demyelination and rarely axonal
degeneration. Deposition of IgM in the myelin sheath of large myelinated fibers can
be prominent. Widening of the myelin lamellae can be observed on electron micros-
copy [92]. The laboratory and electrophysiologic studies and nerve biopsy findings all
support a direct role of the monoclonal IgM in the pathogenesis of the neuropathy.

Asymptomatic WM does not require active treatment because the disease can
remain stable for many years [88]. Treatment is initiated in symptomatic patients
who experience systemic and neurological complications related to the underly-
ing lymphoma. Standard primary therapy includes alkylating agents and nucleoside
analogs such as chlorambucil, fludarabine, and cladribine. Splenectomy is an option
for chemotherapy-resistant WM. Intensive plasma exchange in conjunction with
chlorambucil has been successfully used to treat neuropathy related to WM [96]. It
is also effective for managing hyperviscosity syndrome. Other possible therapeutic
interventions include high-dose chemotherapy or total-body irradiation followed by
autologous stem cell transplant or allogenic stem cell transplant, monoclonal anti-
body therapy, interferon-a, thalidomide, and proteasome inhibitors such as borte-
zomib [88, 89]. Of note, worsening of neuropathy may occur following rituximab and
is attributed to a temporary paradoxical increase in IgM level [97].

Polyneuropathy, Organomegaly, Endocrinopathy, Monoclonal Gammopathy, and
Skin Changes Syndrome

POEMS syndrome is a paraneoplastic disorder associated with plasma cell dyscrasia
that has a myriad of clinical features. It is a rare cause of sensorimotor polyneuropa-
thy. The peak incidence occurs in the fifth and sixth decade of life. One of the earliest
descriptions of this syndrome is by Scheinker who reported the autopsy findings of a
39-year-old man who had solitary plasmacytoma, peripheral neuropathy, and hyper-
pigmented and thickened patches of skin. Other names given to this syndrome include
Crow-Fukase syndrome; Takatsuki syndrome; plasma cell dyscrasia, endocrinopathy
and polyneuropathy syndrome, and in 1980, Bardwick et al. [98] coined the acro-
nym POEMS which recognized the most prominent and salient features of this dis-
order [99]. In addition to the traits captured by the acronym, the POEMS syndrome
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can encompass many features including sclerotic bone lesions, papilledema, periph-
eral edema, effusions, hematologic changes (thrombocytosis, polycythemia), and
Castleman’s disease. Thrombotic events, pulmonary hypertension, restrictive lung
disease, and clubbing are additional associated signs [99].

The diagnosis of POEMS syndrome cannot be made by a single diagnostic test.
Establishing diagnostic criteria is complicated by the diverse clinical presentations
and the evolving number of symptoms during the course of the disease. While the
most common and dominant presenting features are polyneuropathy, plasma cell dys-
crasia, and bone lesions, appearance of additional symptoms may be delayed for more
than 10 years after discovery of the plasma cell disorder [100]. Furthermore, new
features can arise even in patients who have responded to treatment. Diagnostic crite-
ria for POEMS syndrome was proposed by Dispenzieri et al. [101] in 2003 requiring
both major criteria — polyneuropathy and monoclonal plasmaproliferative disorder —
and one minor criterion to be met for diagnosis. A limitation of the proposed criteria
is the potential for delay in making the diagnosis when a required criterion is absent
early in the course of the disease and appear later [102, 103].

Neuropathic symptoms are frequently the presenting and most prominent fea-
tures in the disease course, and the neuropathy onset can precede the diagnosis of
the plasma cell dyscrasia by up to 5 years [104]. The initial neuropathic symptom
is mainly sensory consisting of tingling, paresthesia, and coldness in the feet, and is
seldom painful. Motor deficits follow sensory involvement and progress in a length-
dependent manner. Patients may have severe weakness resulting in difficulty climbing
the stairs or rising up from seated position. Unrelenting progression of the neuropa-
thy can cause patients to be confined to a wheelchair or even bed bound. Autonomic
nervous system involvement is not a feature, although sexual dysfunction secondary
to endocrinopathy can occur. Neurological examination reveals symmetric senso-
rimotor polyneuropathy accentuated distally and hypoactive muscle stretch reflexes.
Facial paresis has been reported, although cranial nerves are usually spared, with the
exception of papilledema [99, 104].

The M-protein in POEMS syndrome is usually IgG or IgA, and in a series of 99
patients, the light chains were all A restricted. The size of the monoclonal spike is
small, and may only be detectable by immunofixation electrophoresis. Furthermore,
routine serum protein electrophoresis may not detect the M-protein in up to 1/3 of
the patients reinforcing the necessity of obtaining immunofixation electrophoresis in
suspected cases of POEMS syndrome. Urine immunoelectrophoretic studies mini-
mally increase the yield. Other laboratory abnormalities can include thrombocyto-
sis and polycythemia. Serum erythropoietin levels are low, and vascular endothelial
growth factor (VEGF) levels are elevated in active disease and correlate inversely
with erythropoietin. Abnormal hormone levels reflect underlying endocrinopathy
and most commonly affect the gonadal, thyroid, glucose, and adrenal axes [99, 104].
Autoantibodies against peripheral nerve antigens are not found [105]. Cerebrospinal
fluid shows elevated protein concentration without pleocytosis [99].
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Unlike neuropathy associated with anti-MAG antibody, nerve conduction studies
show moderate slowing of conduction velocity most prominently in the intermedi-
ate rather than distal segments. There is attenuation of the compound muscle action
potential amplitude. Conduction blocks, temporal dispersion, and prolonged distal
latencies are less frequent findings when compared with CIDP. Lower extremity nerves
are more severely involved than those in the upper limbs, and the compound muscle
action potential and sensory nerve action potential responses are absent more often in
the legs. TLI is greater than in normal individuals, as well as in patients with CIDP or
CMT disease 1A, suggesting slowing of conduction at nondistal segments [106, 107].
Needle electromyography shows evidence of acute and chronic neurogenic process
distally. Nerve biopsy exhibits variable decrease in the density of the myelinated nerve
fibers depending on the severity of the neurological deficit. Small foci of epineurial
perivascular inflammatory cells can be present. Amyloid deposits are absent [104].
Teased nerve fiber preparation and ultrastructural examination show a combination
of segmental demyelination and axonal degeneration. Uncompacted myelin lamellae
and immunoglobulin deposits in the endoneurium and myelin sheath can be detected
on electron microscopy [108, 109].

The pathogenesis of POEMS syndrome is complex and abnormal cytokine regula-
tion has been implicated. An elevated level of VEGF is characteristic and may account
for many of the clinical findings associated with this syndrome [110]. VEGF is a mul-
tifunctional cytokine that exerts its effect on several different organ systems. VEGF
is expressed in many cell types including megakaryocytes/platelets, osteoblasts, mac-
rophages, and tumor cells [99]. In addition to angiogenesis and its ability to alter
vascular permeability, VEGF is neurotrophic, oncogenic and has a role in hematopoi-
esis [111]. Excessive VEGF has been shown to be released by aggregated platelets in
POEMS syndrome, but the exact mechanism of how this occurs remains speculative
[112]. Another study demonstrated more severe endoneurial vascular abnormalities
in patients with higher VEGF levels and better response to treatment in patients with
lower VEGF levels at baseline prior to therapy. In addition, there was an increase
in expression of VEGF in epineurial and endoneurial blood vessels as well as non-
myelin-forming Schwann cells implicating a pathogenic role in the neuropathy [113].
Other evidence supporting a causative role for VEGF in POEMS syndrome include a
decrease in the level of VEGF with therapy [113, 114].

There are no prospective treatment trials in patients with POEMS syndrome.
Radiation therapy is recommended for single or multiple osteosclerotic lesions in a
limited area. This can produce improvement in the neuropathy in more than 50% of
patients. Corticosteroid may have short-term benefits in some patients [115]. Systemic
chemotherapy is necessary in patients who have widespread lesions. Alkylating agents
such as melphalan and cyclophosphamide are most commonly used. If effective,
improvement in systemic symptoms precedes that of the neuropathy [99]. High-dose
chemotherapy and autologous peripheral blood stem cell transplant can improve
symptoms of POEMS syndrome and decrease VEGF levels [114]. Other possible

Dysimmune Neuropathy 79



therapeutic options include interferon-a, intravenous gamma globulin, tamoxifen,
trans-retinoic acid, thalidomide, ticlopidine, argatroban, strontium-89, bevacizumab,
and lenalidomide [99].

Conclusion

Immunological dysfunction is an important cause of peripheral neuropathy. The
clinical signs and symptoms are diverse as are the underlying causes. Since the conse-
quences of the primary disorder may be grave, methodical and detailed clinical evalu-
ations are required to determine the exact diagnosis so that appropriate therapy can
be initiated. Further studies are necessary to clarify the mechanism of disease which
will hopefully lead to development of effective targeted treatments.
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Abstract

Autoimmune autonomic ganglionopathy is an idiopathic acquired disorder of the autonomic ner-
vous system associated with antibodies to the ganglionic nicotinic acetylcholine receptor found in
sympathetic, parasympathetic and enteric ganglia. Symptoms and signs reflect diffuse impairment
of autonomic functions. Prominent features are gastrointestinal dysmotility, orthostatic hypoten-
sion, and tonic pupils. Typical cases have a subacute onset (less than 3 months to maximum symp-
toms), are monophasic, and may show partial improvement over the course of several months. Other
cases have a slowly progressive course which can resemble degenerative forms of autonomic failure.
Treatment for milder cases is supportive care for symptom management. Anecdotally, plasma
exchange, intravenous immunoglobulin, corticosteroids or immunosuppression have been used
successfully to treat more severe cases. Autoimmune autonomic ganglionopathy represents one of
a small group of autoimmune neuromuscular disorders that are caused by antibodies against ion
channels. Copyright © 2009 S. Karger AG, Basel

The autonomic nervous system is responsible for maintaining optimal physiologi-
cal conditions in the body. Hence, proper autonomic function is critical for survival.
Patients with severe autonomic failure can be extremely disabled with orthostatic
hypotension, bowel and bladder dysmotility and anhidrosis. A complex central
autonomic network evaluates visceral sensory information and sends commands
to peripheral targets via the extensive network of peripheral autonomic nerves. The
peripheral autonomic nervous system is typically divided into three components: the
sympathetic, the parasympathetic and the enteric nervous system. These are more
than simple relay systems since interneuronal synapses in the periphery can integrate
and distribute nerve signals. In autonomic ganglia, signals from spinal autonomic
neurons synapse with ganglionic neurons. The ganglionic neurons in turn send
axons to innervate target organs (e.g. smooth muscle of blood vessels and gut, cardiac
muscles, sweat glands, and many others). Fast synaptic transmission in all autonomic
ganglia is principally mediated by acetylcholine acting on neuronal nicotinic acetyl-
choline receptors (ganglionic AChR), as shown in figure 1.
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Fig. 1. Autonomic system. The two major limbs of the peripheral autonomic nervous system both
have neuronal cell bodies and synapses in peripherally located ganglia. Acetylcholine acting on nic-
otinic ganglionic AChR (small circles) mediates synaptic transmission in both the parasympathetic
and sympathetic peripheral autonomic ganglia. Postganglionic autonomic neurons innervate mul-
tiple targets. Antibodies against ganglionic AChR could interfere with synaptic transmission in auto-
nomic ganglia and cause diffuse autonomic failure. m = Muscarinic receptor. a and 3 = a and 3
adrenergic receptors.

Many pathological processes can affect the peripheral autonomic nervous system.
Autonomic neuropathy (damage to postganglionic autonomic C fibers) occurs in
any disorder that affects small nerve fibers, notably diabetes, as well as amyloidosis
and HIV. Diabetic autonomic neuropathy has been associated with increased risk of
complications and mortality [1]. Degenerative disorders (including Parkinson dis-
ease, pure autonomic failure and multiple system atrophy) account for many cases of
slowly progressive autonomic neuropathy. Many cases of acute or subacute autonomic
neuropathy can be attributed to autoimmune disorders, notably Sjogren’s syndrome,
paraneoplastic autonomic neuropathy, Guillain-Barré syndrome and autoimmune
autonomic ganglionopathy (AAG).

AAG was first described by Young et al. [2] in 1969 as ‘pure pandysautonomia
with recovery’ and was later described in detail by Suarez et al. [3] in 1994 as idio-
pathic autonomic neuropathy. This disorder has also been known as autoimmune
autonomic neuropathy, pure autonomic variant of Guillain-Barré syndrome or acute
autonomic neuropathy.

AAG is distinct from, but may share many clinical features with, other types of
autoimmune disorders that affect the autonomic nervous system, such as paraneoplas-
tic disorders (e.g. paraneoplastic autonomic neuropathy, paraneoplastic gastroparesis
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or Lambert-Eaton syndrome occurring with small-cell lung cancer), acute inflamma-
tory demyelinating polyradiculoneuropathy (Guillain-Barré syndrome), and diabetic
autonomic neuropathy. AAG spares somatic nerve function and so is distinct from
Guillain-Barré syndrome and from various forms of acute autonomic and sensory
neuropathy.

Autoimmune Autonomic Ganglionopathy
Representative Case Report

A 55-year-old healthy woman developed a flu-like illness with low-grade fever, diar-
rhea and cough. Over the next week, her viral symptoms resolved, but she experi-
enced lightheadedness on standing, dry mouth, visual blurring and anhidrosis. She
also noted severe constipation and loss of appetite due to early satiety. Over the next
3 months, she lost 22.7 kg, but subsequently was able to maintain her weight by eat-
ing frequent small meals and drinking sports drinks. Her examination revealed dry
mouth, dilated pupils which reacted minimally to light, and dry skin. Her strength,
sensation and deep tendon reflexes were normal. Her supine blood pressure was
194/94. On standing, the blood pressure dropped to 80/56 within 3 min associated
with presyncope and posterior cervical headache. The heart rate did not increase sig-
nificantly on standing despite the marked drop in blood pressure. Additional formal
autonomic testing revealed impaired cardiovagal function (minimal change in heart
rate during Valsalva maneuver or paced deep breathing). Plasma norepinephrine
measured in the supine position was 75 pg/ml (normal >90). Ganglionic nicotinic
AChR antibody was detected in serum at 1.31 nmol/l (normal <0.05). This confirmed
the diagnosis of AAG.

Symptoms

In the typical presentation of AAG, as seen in the representative case above, a previ-
ously healthy individual will present with severe pandysautonomia, with little to no
somatic neuropathy. Symptoms will follow a viral prodrome in 60% of cases [4] or
may follow a minor surgical procedure or routine immunization. The viral prodrome
includes upper respiratory or gastrointestinal symptoms with malaise and low-grade
fever. No specific virus is strongly associated, although Epstein-Barr virus has been
the most common reported association.

There is a female predominance, 65% of reported cases are women. The average
age of onset in reported cases is around 55 years, but there is a wide age range. Acute
or subacute autonomic failure can affect children (although children have uniformly
been seronegative for ganglionic AChR antibodies).
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The severity and type of symptoms vary between individuals. The most common
presentation in two thirds of individuals is severe, subacute (developing over 1-3
months) gastrointestinal dysmotility and orthostatic hypotension [2, 4]. Symptoms
can be acute in some cases and slowly progressive in others. Many patients with rapid
onset of symptoms have a monophasic course and show spontaneous recovery. This
improvement, however, is generally incomplete, and most patients have persistent
symptoms.

Autonomic deficits are due to failure of the sympathetic, parasympathetic and
enteric nervous system, with little to no evidence of sensory or motor peripheral
neuropathy. Less common presentations include selective cholinergic (parasympa-
thetic) failure, selective adrenergic neuropathy, or isolated gastrointestinal dysmo-
tility. Sympathetic failure is manifested as orthostatic hypotension and anhidrosis.
Orthostatic symptoms occur in 78% of patients [2] and consist of lightheadedness,
dizziness or syncope upon standing, with loss of postural reflex tachycardia. The most
severely affected patients will only be able to stand for a few minutes or may faint when
sitting up, because of progressive decline in blood pressure without a compensatory
rise in heart rate. Parasympathetic failure manifests as dry eyes and mouth (due to
secretomotor dysfunction) and may initially suggest Sjogren’s syndrome. Other para-
sympathetic symptoms include blurred vision and light sensitivity due to impaired
pupillary light response, impotence (as a common and early manifestation in men),
constipation and urinary retention. When cardiovagal control of heart rate fails, there
may be a resting tachycardia and minimal change of heart rate during deep breathing,
or Valsalva maneuver. Gastrointestinal dysmotility is common (70% of patients) and
manifests as anorexia, early satiety (due to gastroparesis), emesis and constipation
(due to lower bowel hypomotility) or diarrhea and abdominal pain [2, 4]. Patients
may have regurgitation of undigested food hours after consumption. In severe cases,
intestinal pseudo-obstruction is a life-threatening complication. Abdominal plain
films show dilated loops of small bowel and colon. In some cases, laparotomy and
bowel resection have been performed. Patients often lose weight due to decreased
ability to maintain nutrition.

About 25% of patients report neuropathic symptoms, such as tingling in the dis-
tal extremities, but sensory examination and nerve conduction studies are normal.
Formal autonomic function tests show diffuse autonomic impairment corresponding
to the patients’ symptoms. Cerebrospinal fluid analysis, when performed, may show a
modest elevation in protein, but no pleocytosis.

Differential Diagnosis
One must exclude other etiologies causing autonomic failure. Subacute or acute auto-

nomic symptoms can occur with toxin or drug exposure, diabetes or amyloidosis (usu-
ally in association with somatic neuropathy). Lambert-Eaton myasthenia syndrome
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is commonly associated with dry mouth, constipation and impotence, but the auto-
nomic symptoms are mild, and neuromuscular symptoms predominate. The major
differential diagnosis is paraneoplastic autonomic neuropathy which can present with
symptoms identical to AAG. Paraneoplastic dysautonomia is also characterized by
prominent gastrointestinal symptoms and orthostatic hypotension. This syndrome
can be associated with thymoma, small-cell lung carcinoma, or less commonly, breast
cancer or lymphoma [5, 6]. The underlying malignancy is generally occult at the time
of autonomic symptom onset. Antibody testing can help identify paraneoplastic cases,
including anti-Hu (also known as ANNA-1) or collapsing response mediator protein
(CRMP-5, also known as anti-CV-2) [7, 8].

If the patient has acute or subacute autonomic instability associated with weak-
ness, one should consider Guillain-Barré syndrome since many Guillain-Barré syn-
drome patients develop ileus, constipation, and blood pressure fluctuations [9]. If,
on the other hand, the patient has autonomic overactivity (hyperhidrosis, tachy-
cardia) associated with muscle stiffness and spontaneous muscle twitching, one
may consider a diagnosis of autoimmune neuromyotonia or Morvan syndrome [10,
11].

Chronic and progressive onset of autonomic symptoms may suggest disorders such
as diabetes, amyloidosis, or Sjogrens disease. When autonomic symptoms present
insidiously, AAG may be hard to distinguish from degenerative autonomic disorders,
such as pure autonomic failure or multiple system atrophy. Useful distinguishing fea-
tures are presented in table 1. When the time course is unclear, the presence of promi-
nent gastrointestinal dysmotility, and impaired pupillary light reflexes should suggest
a diagnosis of AAG [12, 13].

Ganglionic AChR Antibodies

The diagnosis of AAG is made on clinical grounds after excluding other etiologies.
Serum ganglionic neuronal nicotinic AChR antibodies will be found in up to 50% of
patients with typical features of AAG [14]. A positive serum AChR antibody is specific
for AAG, but a negative test does not rule out the diagnosis. Some patients with para-
neoplastic autonomic neuropathy have ganglionic AChR antibodies, so occult small-
cell cancer or thymoma should be considered (screening computed tomography of the
chest is appropriate in those with subacute, severe symptoms and those with cancer
risk factors).

The nicotinic AChR is a pentameric transmembrane complex consisting of 2 AChR
a subunits in combination with 3 other neuronal AChR B subunits. The ganglionic
AChR contains the a3 subunit, usually in combination with 34 subunits, while the
AChR at the neuromuscular junction contains 2 al subunits (fig. 2).

The ganglionic AChR is required for fast synaptic transmission in all autonomic
ganglia (sympathetic, parasympathetic and enteric ganglia). Although muscle and
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Table 1. Clinical comparison of AAG, pure autonomic failure (PAF) and multiple system atrophy
(MSA)

AAG PAF MSA
Onset subacute or insidious insidious insidious
First symptom multiple, GI, OH OH neurogenic bladder, OH
Gl symptoms common absent uncommon
Pupillary involvement common absent uncommon
CNS involvement absent absent present
Somatic neuropathy  mild/minimal absent present in 15-20%
Sensory symptoms often present absent absent
Autonomic findings widespread limited relatively widespread
(cholinergic > adrenergic) (adrenergic)
Progression often monophasic slow inexorably progressive
Prognosis relatively good relatively good poor
Lesion ganglionic Postganglionic preganglionic; central
Supine plasma NE reduced markedly reduced normal
Electromyogram usually normal normal usually normal
Ganglionic AChRAb  positive (50%) negative negative

NE = Norepinephrine; Gl = gastrointestinal; OH = orthostatic hypotension.

Fig. 2. Nicotinic AChR. These receptors are formed by the association of 5 homologous subunits
around a central pore. a The muscle AChR contains 2 a1 subunits along with 31, 6 and y (* = in the
mature muscle AChR, the y subunit is replaced by €). b Ganglionic AChR contain 2 a3 subunits associ-
ated with 3 other subunits, most commonly 34 (* = a5 or 32 subunits are also expressed by gangli-
onic neurons and can incorporate into the AChR). ¢ The AChR subunits form a transmembrane
complex which has a small intracellular domain and a large extracellular domain (largely formed by
the N-terminal region of the 5 subunit proteins). Antibodies against AChR recognize epitopes on the
extracellular domain. Many of the pathogenic antibodies specifically recognize regions within the a
subunits.
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ganglionic AChR are structurally homologous, antibodies found in patient serum are
quite specific for the AChR subtype. Muscle AChR antibodies, found in myasthenia
gravis patients, rarely recognize the ganglionic AChR, and ganglionic AChR antibod-
ies, found in AAG patients, do not bind to the muscle AChR [15]. There are a handful
of reported patients with both antibodies who had symptoms of both myasthenia
gravis and AAG, often in association with thymoma [16].

In AAG patients, the ganglionic AChR antibody level correlates with the sever-
ity of autonomic signs and symptoms [14, 17]. In those patients with high levels of
ganglionic AChR antibodies, the clinical presentation is often one of subacute onset
with prominent cholinergic dysautonomia (sicca complex, pupillary abnormalities,
gastrointestinal dysmotility, and bladder symptoms) [12].

Lower levels of ganglionic AChR antibody are found in patients with less severe or
restricted autonomic failure and in patients with slowly progressive AAG. Low levels of
ganglionic AChR antibody have also been reported in a small minority of patients with
postural tachycardia syndrome, with isolated idiopathic gastrointestinal dysmotility or
chronic idiopathic anhidrosis [18]. Despite the association with pupil abnormalities,
ganglionic AChR antibodies have not been found in patients with Adie’s syndrome or
Ross syndrome.

Treatment

Initial treatment for AAG is largely symptomatic. This may include volume expan-
sion (fludrocortisone, increased salt consumption, erythropoietin), vasoconstrictors
(midodrine or ephedrine), norepinephrine precursor (L-threo-dihydroxyphenylserine
or droxidopa), and lower extremity support hose for blood pressure support. Bowel
and bladder management and supplemental moisture agents for dry eyes and mouth
are also useful. Pyridostigmine, or other cholinesterase inhibitors, may be beneficial
by improving cholinergic synaptic transmission in autonomic ganglia and muscarinic
transmission at autonomic end organs. Pyridostigmine can stimulate bowel motil-
ity, increase salivation and lacrimation and modestly reduce orthostatic hypotension
[19]. A jejunostomy feeding tube may be required for parenteral nutrition distal to
the stomach if there is upper bowel dysmotility. Patients at risk for hyperthermia due
to anhidrosis will need to avoid extreme heat and use water to cool their skin when
needed.

If the patient has a severe case of AAG of recent onset, one may consider immuno-
modulatory treatment with corticosteroids, plasma exchange or intravenous immu-
noglobulin, as these have been effective in individual case reports [20, 21]. Plasma
exchange seems to produce rapid improvement in symptoms and a prompt reduc-
tion in antibody levels. However, the benefits are short-lived. Maintenance immuno-
suppression therapy (i.e. azathioprine, mycophenolate mofetil or rituximab) has also
been effective in individual cases [20].
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Pathophysiology

AAG is now proven to be an antibody-mediated neurological disorder. The disease
severity correlates with the level of serum ganglionic AChR antibody and treatments
to reduce antibody levels (such as plasma exchange) produce clinical improvement
in many cases. Additionally, clinical features of AAG can be reproduced in animal
models either by immunization with ganglionic AChR protein or passive transfer of
ganglionic AChR antibodies [22, 23]. Purified IgG from patients with AAG inhibits
fast ganglionic synaptic transmission by reducing the number or function of gangli-
onic AChR [24, 25].

Conclusion

AAG is a severe, potentially treatable, form of antibody-mediated autonomic failure,
which manifests as gastrointestinal dysmotility, abnormal pupillary light response,
bladder dysfunction, sicca complex, anhidrosis and orthostatic hypotension.
Detection of ganglionic AChR antibodies and experimental animal models of AAG
have allowed us to elucidate the pathophysiology of this disease. AAG results from
antibody-mediated impairment of fast synaptic transmission of autonomic ganglia.
High levels of ganglionic AChR antibodies are very specific for AAG and are not
found in other neurological disorders. Low levels of ganglionic AChR antibodies
may be found in mild or restricted forms of autonomic failure or in AAG that has
a more indolent course. These antibodies are rarely found in patients with myasthe-
nia gravis, or other paraneoplastic disorders. Although there are no proven therapies,
plasma exchange, intravenous immunoglobulin and acetylcholinesterase inhibitors
can be considered for severe cases of AAG when symptomatic therapies for orthos-
tatic hypotension are insufficient. Since only approx. 50% of patients with the clinical
features of AAG are seropositive for the ganglionic AChR, more research is needed to
detect other potential antibodies or other factors that cause this disease.
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Abstract
Background/Aims: Autoimmune myasthenia gravis (MG) is a disorder of the neuromuscular junc-
tion caused in the majority of patients by autoantibodies directed against the postsynaptic nicotinic
acetylcholine receptor (AChR). The classic clinical presentation of MG has been well characterized as
fluctuating muscle weakness affecting particular muscle groups. Methods: Selective review of the
literature relating to the pathogenesis, diagnosis, and treatment of anti-AChR-positive MG. Results:
Approximately 85% of patients with generalized MG and 50% of patients with purely ocular MG
have anti-AChR antibodies. A number of clinical MG subtypes may be identified amongst those
patients with anti-AChR antibodies, comprising early-onset MG (onset <40 years), late-onset MG
(onset after 40 years), thymoma-associated MG, and ocular MG. ‘Low-affinity’ anti-AChR antibodies
may be found in 66% of patients with generalized MG who are negative for anti-AChR and anti-
muscle-specific receptor tyrosine kinase antibodies by conventional assays. While pathologic
changes in the thymus gland (hyperplasia and neoplasia) almost certainly play a role in the develop-
ment of MG in patients with early-onset disease and thymomatous MG, the pathogenic role of the
thymus remains to be determined in ocular MG, late-onset MG, and generalized MG with low-affinity
anti-AChR antibodies. Conclusion: Autoimmune MG with AChR autoantibodies encompasses sev-
eral disease subtypes defined by clinical presentation and thymic pathology. Treatment options
include thymectomy, cholinesterase inhibitors, immunosuppressive drugs and plasma exchange or
intravenous immunoglobulin, and are tailored according to the clinical presentation.

Copyright © 2009 S. Karger AG, Basel

Autoimmune myasthenia gravis (MG) is the most frequently encountered disorder
of the neuromuscular junction (NMJ). Prevalence rates of MG have increased over
time with recent estimates approaching 20/100,000 in the US population [1]. The
distribution is age and sex related, with women affected nearly three times more fre-
quently than men prior to age 40, while the incidence is roughly equal after the age
of 40 [2]. In more than 80% of patients, antibodies directed against the acetylcholine
receptor (AChR) at the NM]J cause failure of neuromuscular transmission, pathologic



Table 1. Myasthenia Gravis Foundation of America clinical classification [4]

Class | Ocular
Class I Mild generalized

lla Predominantly limb/axial muscles

Ilb Predominantly oropharyngeal/respiratory muscles
Class Il Moderate generalized

llla Predominantly limb/axial muscles

lib Predominantly oropharyngeal/respiratory muscles

Class IV  Severe generalized
IVa Predominantly limb/axial muscles
IVb Predominantly oropharyngeal/respiratory muscles (feeding tube)

ClassV Intubation

fatigue, and weakness [3]. The diagnosis is primarily based on the clinical history and
examination findings demonstrating a distinctive pattern of fatigable weakness, and
may be confirmed by a number of available diagnostic tests, most specifically by the
demonstration of serum anti-AChR antibodies. Although once a severe and often
fatal illness, MG is now treated effectively in the vast majority of patients with mini-
mal long-term morbidity.

Clinical Features

MG causes symptomatic weakness that predominates in certain muscle groups and
typically fluctuates in response to effort and rest. The distribution of weakness in
MG can variably involve ocular, oropharyngeal, axial, limb and respiratory muscles.
Fluctuating unilateral or bilateral ptosis, usually accompanied by diplopia, are the
most common presenting symptoms in MG [2]. In roughly 17% of patients, symp-
toms remain limited to the eyes (ocular MG), but the majority of patients have
additional involvement of the extremity, trunk, facial, oropharyngeal or respiratory
muscles, usually within 2 years of onset of ocular weakness [2]. Initial presentations
with predominant oropharyngeal, extremity, or even respiratory muscle weakness are
less common. The distribution and severity of MG may be classified according to the
Myasthenia Gravis Foundation of America clinical classification [4] (table 1).
Generalized MG with AChR autoantibodies may be divided into early-onset and
late-onset disease (table 2), with early-onset MG usually defined as beginning before
age 40 [5]. These patients are more often female, have anti-AChR antibodies and
enlarged, hyperplastic thymus glands. Patients with onset after age 40 are more often
male and usually have normal or atrophic thymus glands, although the full range of
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Table 2. MG with anti-AChR antibodies: clinical subtypes

MG subtype  Ageatonset Thymic Muscle Treatment considerations’
histology autoantibodies
Early onset <40 years hyperplasia AChR - consider thymectomy

- prednisone (0.75-

1.0 mg/kg/day)

- chronic
immunosuppression?
(possibly discontinue in
thymectomized patients)

Late onset >40 years normal AChR - prednisone (0.75-
titin, ryanodine 1.0 mg/kg/day)
- chronic

immunosuppression?

Thymoma any age; peak neoplasia AChR - thymectomy;
at 40-60 titin, ryanodine - prednisone (0.75-
years 1.0 mg/kg/day)
- chronic

immunosuppression?

Generalized  variable hyperplasiain  antibodies - as for early/late-onset MG
low-affinity some against - role of thymectomy?
AChR clustered AChR

antibodies

Ocular variable unknown AChR (50%) - cholinesterase inhibitors

- corticosteroids (0.25-0.75
mg/kg/day) - taper to
minimum effective dose

T Symptomatic management with pyridostigmine (30-90 mg every 4-6 h) for all subtypes; PE or
IVIg for urgent treatment or to avoid corticosteroid-induced worsening.

2 First line choice for chronic immunosuppression is AZA. Use MMF for patients intolerant of AZA.
Cyclosporine or tacrolimus may be considered in patients intolerant of/refractory to AZA. Taper
prednisone and chronic immunosuppressants to the minimum effective dose over many months.

thymic pathology in these patients is not clear since thymectomy is rarely performed
in patients over the age of 50 unless they have a thymoma. In addition to anti-AChR
antibodies, these patients frequently have antibodies to non-AChR, striated muscle
proteins such as titin and the ryanodine receptor [6], which have been associated with
more severe, generalized or predominantly oropharyngeal weakness [7].

In approximately 10-15% of MG patients, a thymic epithelial tumor (thymoma)
is present. Thymoma-associated MG is equally frequent in males and females, has a

96 Meriggioli



peak onset at age 50, but may occur at any age [8]. With rare exceptions, MG patients
with thymoma have high titers of anti-AChR antibodies, and frequently have anti-
bodies against titin. Other paraneoplasia-associated antibodies (and their related
syndromes) may occur [9]. Clinical presentations tend to be more severe than in
nonthymomatous, early-onset MG, but long-term prognosis is similar to late-onset,
nonthymomatous MG.

Myasthenic weakness that remains limited to the ocular muscles comprises 17%
of all MG in Caucasian populations [2]. If weakness remains limited to the ocular
muscles (ocular MG) after 2 years, there is a 90% likelihood that the disease will not
generalize [2]. Up to 50% of patients with ocular MG have anti-AChR antibodies, but
antibody titers do not predict generalization [10].

Diagnosis

The diagnosis of MG may be challenging due to its fluctuating character, and the fact
that fatigue is a common symptom of many neuromuscular and nonneuromuscular
disorders.

Edrophonium chloride, a short-acting acetylcholinesterase inhibitor that pro-
longs the duration of action of acetylcholine in the NM]J, is the most commonly used
agent for pharmacologic testing of suspected MG. The edrophonium test, consist-
ing of the intravenous administration of edrophonium and subsequent observation
for improvement in muscle strength, is an inherently subjective assessment. Thus,
it can be most objectively and reliably interpreted when resolution of eyelid ptosis
or improvement in strength of a single paretic extraocular muscle are the endpoints
[11]. Published reports indicate that its sensitivity in the diagnosis of MG ranges from
71.5 to 95% for generalized disease [11].

Exhaustion of neuromuscular transmission caused by a reduced number of func-
tional AChRs may be demonstrated by electrophysiologic tests. The most commonly
employed is repetitive nerve stimulation in which repeated supramaximal electrical
stimulation of a nerve is carried out with recording of the compound muscle action
potential in a corresponding muscle. A reduction in the amplitude/area of the com-
pound muscle action potential in response to repetitive nerve stimulation (fig. 1a, b)
is seen in up to 80% of patients with generalized MG, but in less than 50% of those
with ocular disease [12].

Single-fiber electromyography (SFEMG) is a highly specialized technique that
allows for recording of electrical potentials from single muscle fibers. Fluctuation in
the time it takes to reach the threshold for muscle fiber action potential generation
is termed neuromuscular jitter, and can be measured by SFEMG. SFEMG reveals
abnormal jitter in 95-99% of MG patients (fig. 1c, d) if appropriate muscles are
examined [12], but abnormalities are not specific for MG and may be seen in primary
nerve or even muscle disease.
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Fig. 1. a Normal repetitive nerve stimulation studies stimulating the ulnar nerve at 3 Hz and record-
ing from the abductor digiti minimi. b Classic decremental response seen in MG (ulnar nerve: abduc-
tor digiti minimi, as in a). ¢ An example of normal neuromuscular jitter recording from the extensor
digitorum communis muscle; 40 consecutive discharges are superimposed. d Abnormal jitter; 50
consecutive discharges superimposed. ¢, d Reprinted with permission from [48].

Anti-AChR Antibodies

The most commonly available anti-AChR antibody assay uses AChR purified from
extracted human skeletal muscle and labeled with radioiodinated a-bungarotoxin.
The sensitivity of this test is approximately 85% for generalized MG, and 50% for
purely ocular MG [13]. The serum concentration of AChR antibodies varies widely
among patients with similar degrees of weakness, and cannot reliably predict the
severity of disease in individual patients. In general, an elevated concentration of
AChR antibodies in a patient with compatible clinical features essentially confirms
the diagnosis of MG, although AChR antibodies may occasionally be found in auto-
immune liver disease, systemic lupus, patients with rheumatoid arthritis receiving
penicillamine, and in patients with thymoma without MG [14], as well as in neuro-
myelitis optica [15]. Other assays that measure the ability of patient serum to inhibit
binding of cholinergic ligands (AChR-blocking antibodies), or to induce modulation
of AChR in cell cultures (AChR-modulating antibodies) add relatively little to the
diagnostic sensitivity [16].
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Anti-AChR antibodies detected in the serum of patients with MG as described
above are high-affinity antibodies meaning that they bind avidly to extracted AChR.
The presence of low-affinity’ anti-AChR antibodies binding to AChRs clustered on the
surface of a nonmuscle cell line has recently been demonstrated in 66% of generalized
MG patients who were antibody-negative on all conventional (AChR, muscle-specific
receptor tyrosine kinase) assays [17]. These antibodies also showed the ability to activate
complement. This finding suggests that a larger percentage of generalized and possibly
ocular MG patients may be seropositive for antibodies directed against the AChR.

Anti-Striated Muscle Antibodies

Antibodies to striated muscle were the first autoantibodies discovered in MG. They
are highly associated with thymoma, being positive in 75-80% of MG patients with
thymoma, but are also positive in nonthymomatous MG, particularly in older patients
[6]. The presence of anti-titin or anti-ryanodine antibodies may also be associated
with more severe disease in late-onset MG [7]. As a marker of thymoma, they may be
most useful in patients with MG onset prior to age 40.

Immunopathogenesis and Pathophysiology of Myasthenia Gravis

The NMJ has three basic components (fig. 2a): (1) the presynaptic region, consist-
ing of the motor nerve terminal in which acetylcholine is synthesized, stored and
released; (2) the synaptic space, and (3) the postsynaptic membrane which contains
the AChRs. Neuromuscular transmission begins when a nerve action potential enters
the nerve terminal, and triggers the calcium-dependent exocytosis of synaptic vesicles
containing acetylcholine. Acetylcholine molecules then diffuse across the synaptic
cleft and interact with the AChRs clustered on the crests of the postsynaptic folds of
the muscle membrane (fig. 2a), causing a local depolarization, the endplate potential
(EPP). The EPP in normal NMJs is much larger than the threshold for generation of a
muscle fiber action potential; this difference has been termed the safety factor of neu-
romuscular transmission. The action of acetylcholine on the postsynaptic membrane
is then terminated by acetylcholinesterase.

The NMJ in MG

Pathogenic anti-AChR antibodies bind to and reduce the number of functional AChRs
at the motor endplate resulting in a characteristic pattern of fatigable muscle weakness.
Three main mechanisms underlie the loss of functional AChRs [18] (fig. 2b): (1) com-
plement-mediated lysis of the muscle endplate resulting in distortion and simplification
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Fig. 2. a The normal NMJ consists of: (1) the presynaptic nerve terminal, where acetylcholine is
made, stored, and released, (2) the synaptic space, and (3) the postsynaptic membrane. The AChRs
are clustered at the crests of the postsynaptic folds via the actions of rapsyn and the muscle-specific
receptor tyrosine kinase (MuSK). The AChR is composed of 5 subunits; 2 a subunits where the bind-
ing sites for acetylcholine are located. b AChR autoantibodies reduce the numbers of functional
AChRs mainly by three main mechanisms: (1) complement-mediated lysis of the postsynaptic mem-
brane, (2) cross-linking of AChRs causing enhanced degradation, and least commonly, (3) direct
blockade of the acetylcholine binding site on the AChR.

of the postsynaptic muscle membrane, (2) accelerated internalization and degradation of
AChRs caused by cross-linkage of AChRs by IgG, and (3) blockade of the AChR by anti-
bodies attached to acetylcholine binding sites. Although antibodies to the AChR mediate
the destruction of the muscle endplate in MG, the autoantibody response is T cell depen-
dent, with CD4+ T cells providing help for B cells to produce anti-AChR antibodies [19].
In MG, the amount of acetylcholine released from the nerve terminal (quantal content)
is normal, but its effect is reduced as a consequence of the endplate changes described
above. Loss of functional AChRs results in a decrease in the magnitude of the EPP which
falls below the threshold required for muscle fiber action potential generation during
repetitive nerve depolarizations, resulting in neuromuscular transmission failure.

The Thymus Gland

The thymus gland plays an incompletely understood but critical role in the pathogen-
esis of MG with AChR autoantibodies. Most MG patients have thymic abnormalities,
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with greater than 50% of anti-AChR-positive patients having thymic hyperplasia, and
10-15% having a thymic tumor [20]. The hyperplastic thymus glands of MG patients
contain all the functional components (T cells, B cells, and plasma cells, as well as
muscle-like myoid cells that express AChR) for the development of an immune
response to the AChR, and thymocytes in culture spontaneously generate anti-AChR
antibodies [21]. These findings support the concept of an intrathymic pathogenesis
and argue that the hyperplastic thymus is involved in the initiation of the anti-AChR
immune response, specifically in early-onset MG patients with thymic hyperplasia.

Thymoma is a relatively rare neoplasm of thymic epithelial cells which is frequently
associated with autoimmunity, likely due to dysregulation of lymphocyte selection
and presentation of self-antigens expressed by neoplastic cells. Neoplastic epithelial
cells in thymomas express numerous self-like antigens, including AChR-, titin- and
ryanodine receptor-like epitopes [22]. Unlike the case in thymic hyperplasia, there is
no significant autoantibody production within thymomas. However, sensitized auto-
reactive T lymphocytes may proliferate, leave the tumor, and stimulate B cells to pro-
duce autoantibodies.

While the precise mechanism of autosensitization to the AChR is not clear,
abnormalities of the thymic gland (hyperplasia and neoplasia) almost certainly play
a role in many patients. As a primary site for the establishment of immune regula-
tion, derangements in the thymus gland may lead to a defect in the immune system’s
suppression of autoreactive lymphocytes, allowing the development of anti-AChR
immune responses.

Treatment of Myasthenia Gravis

The goal of MG treatment is to return the patient to normal function as rapidly as
possible while minimizing the side effects of therapy. Therapeutic strategies in MG
include: enhancing the effects of acetylcholine (cholinesterase inhibitors), removing
or downregulating pathogenic anti-AChR antibodies [plasma exchange (PE), intrave-
nous immunoglobulin], general immunosuppression, and thymectomy.

Symptomatic Treatment: Cholinesterase Inhibition

The cholinesterase inhibitor pyridostigmine bromide (Mestinon®) temporarily
improves the efficiency of neuromuscular transmission by inhibiting the hydrolytic
cleavage of acetylcholine. The initial oral dose in adults is 15-30 mg every 4-6 h, which
is increased and adjusted to maximize benefit and minimize side effects (diarrhea,
stomach cramps). Pyridostigmine may be administered 30-60 min prior to meals in
patients with bulbar symptoms. Doses exceeding 120 mg every 4 h are rarely effec-
tive and potentially dangerous since these higher doses may overexpose remaining
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functional AChRs to acetylcholine, potentially desensitizing them and exacerbating
weakness. A sustained release form of pyridostigmine (Mestinon Timespan) is usu-
ally reserved for nighttime use in patients who require it. Muscarinic symptoms are
the most common adverse reactions of cholinesterase inhibitors and include stomach
cramps, diarrhea, sweating, bronchial and nasal secretions, bradycardia, nausea, and
vomiting.

Preliminary studies of an antisense oligonucleotide (EN101) that blocks the expres-
sion of a splice isoform of acetylcholinesterase have recently been published [23]. The
drug appears to be safe and the beneficial effects long-lasting — hours compared to
3-5 h for pyridostigmine. Clinical trials of EN101 are ongoing.

Short-Term (Rapid-Onset) Therapies

PE temporarily reduces the levels of circulating antibodies, and produces improve-
ment in a matter of days in the vast majority of patients with acquired MG [24]. PE is
generally used for short-term treatment of severe MG, myasthenic crisis, or in prepa-
ration for surgery (thymectomy). A course of PE usually consists of 5-6 exchanges
administered on an every-other-day basis. Decisions regarding the total number of
exchanges depend upon clinical response and tolerability, but more than 6 exchanges
may be required in some patients. The benefit from a course of PE typically begins
to wear off after 3-4 weeks so longer-lasting immune therapy should be in place to
maintain control of symptoms. Common side effects during PE include paresthesias
from citrate-induced hypocalcemia and symptomatic hypotension. Circulating anti-
AChR pathogenic factors may be specifically removed using immunoadsorption col-
umns, some of which use immobilized AChR to eliminate autoantibodies from MG
serum [25]. Continued development of this technique may provide a more efficient
and safer alternative to PE.

Support for the use of intravenous immunoglobulin (IVIg) comes from random-
ized controlled trials showing comparable efficacy in treatment response compared
to PE [26], and a recent double-blind, placebo-controlled trial in MG patients with
worsening weakness [27]. In the latter study, Zinman et al. [27] showed that IVIg
induced rapid improvement in muscle strength, particularly in patients with mod-
erate to severe MG and worsening myasthenic symptoms. The indications for IVIg
include: inducing rapid improvement in patients with severe disease or crisis, and
reducing perioperative morbidity prior to surgery, as well as for chronic therapy in
selected refractory patients. Although IVIg has demonstrated similar efficacy to PE
in the treatment of MG exacerbations, it may be less effective than PE in true MG cri-
sis, and onset of improvement (7-10 days for IVIg) has not been directly compared.
Common side effects include headaches, chills and fever which usually improve with
slowing the rate of infusion. Serious side effects are rare, but include renal toxicity,
stroke, and aseptic meningitis.
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Long-Term Immunosuppressive Therapies

A number of medications are used in MG based on their ability to nonspecifically
suppress the immune system, and therefore also suppress the anti-AChR immune
response. Because of the nontargeted, global immune suppression, these medications
must be utilized carefully and tapered to the minimum effective dose to reduce long-
term risk and toxicity.

Corticosteroids

Corticosteroids were the first immunosuppressant medications to be widely used in
MG, and remain the most commonly used immune-directed form of therapy today.
Although randomized, controlled studies confirming its efficacy in MG are lacking,
prednisone has generally been used as the first choice for immunosuppressive ther-
apy in MG, and its use is indicated when generalized or ocular symptoms of MG are
not adequately controlled by cholinesterase inhibitors alone. In large patient series,
prednisone has been shown to induce improvement in the majority of MG patients
(28, 29]. Prednisone is usually administered at high doses (0.75-1.0 mg/kg/day) for
several months during the initial treatment of MG, and then it is gradually tapered off
or continued at low doses for many years. The clinical response is relatively rapid with
improvement observed within 2-4 weeks. Transient worsening of weakness has been
reported to occur in approximately one third to one half of patients treated with high-
dose daily prednisone [28]. Hospitalization or administration of PE or IVIg during
steroid initiation is therefore advised, particularly in the setting of significant oropha-
ryngeal or respiratory symptoms. In ocular MG or mild generalized MG, a somewhat
lower initial dose of prednisone (30-40 mg a day) may be as effective in producing
marked improvement or remission. It is recommended by some experts to start pred-
nisone at very low doses (10 mg a day) and then build up the dose gradually thereby
lessening the risk of transient worsening, but the onset of improvement will be sig-
nificantly prolonged. Prednisone is inexpensive, has a quick onset of response and an
established track record in MG. Despite these advantages, the use of prednisone is
limited by the numerous and frequently encountered side effects.

Nonsteroidal Immunosuppressant Drugs

Azathioprine (AZA) is a purine antimetabolite that interferes with T and B cell prolif-
eration. Retrospective studies indicate that AZA is effective in 70-90% of MG patients,
but the onset of benefit may be delayed for as long as 12 months [30]. AZA is used
alone or as a steroid-sparing agent in MG. The latter use is substantiated by a prospec-
tive study showing that patients receiving AZA with prednisolone had fewer relapses
and more frequent remissions, and could be maintained on a lower prednisolone
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dose than those receiving prednisolone alone [31]. AZA therapy is initiated at 50 mg
per day, and in the absence of systemic side effects, the dose is then gradually titrated
upward by 50 mg per week until a dose of 2-3 mg/kg/day is reached. AZA is usually
well tolerated, but 10-15% of patients develop an idiosyncratic reaction character-
ized by fever, nausea, vomiting and abdominal pain or a skin rash, which are reasons
to permanently discontinue AZA as these symptoms resolve quickly with stopping
the drug but recur upon rechallenge. Hepatotoxicity and leukopenia are important
adverse effects but are reversible if detected and the dose of AZA adjusted or discon-
tinued. Long-term use of AZA may increase the risk of developing certain malignan-
cies, so the minimal maintenance dose of AZA required to keep the MG in control
should be used.

As a selective blocker of de novo synthesis of guanosine nucleotides, mycophe-
nolate mofetil (MMF) suppresses both T and B cell proliferation. Clinical efficacy
in MG has been suggested by case series [32] and a retrospective analysis of 85 MG
patients treated with MMF [33]. However, two recently completed controlled trials of
MMEF in MG failed to show additional benefit of MMF over 20 mg daily prednisone
given as initial immunotherapy [34], or a significant steroid-sparing effect of MMF
in patients on prednisone [35]. A number of factors may have contributed to these
negative results, including the generally mild disease status of the patients, the better-
than-expected response to relatively low-dose daily prednisone, and the short dura-
tion of the studies. Nevertheless, the effectiveness of MMF as a steroid-sparing agent
in the long-term treatment of MG has not been assessed, and it continues to be widely
used in the treatment of MG, particularly in patients intolerant of AZA therapy. The
standard MMF dose used in MG is 1,000 mg twice daily, but doses up to 3,000 mg a
day may be used.

Cyclosporine inhibits T cell proliferation via disruption of calcineurin signaling,
which blocks the synthesis of IL-2 and other proteins essential to the function of
CD4+ T cells. Its efficacy in MG has been suggested by a small, randomized, placebo-
controlled clinical trial [36], and a larger retrospective study has supported its use as a
steroid-sparing agent [37]. Cyclosporine is given at a dose of 2-5 mg/kg divided into
two daily doses. Side effects are common and include hirsutism, tremor, gum hyper-
plasia, and anemia, but hypertension and nephrotoxicity are the main treatment-lim-
iting adverse reactions.

A minority of MG patients are refractory to treatment with prednisone in com-
bination with one or more of the immunosuppressive agents described above (with
or without thymectomy). Treatment with cyclophosphamide may be considered
in these patients in whom potential benefit may outweigh the risks of therapy. In a
placebo-controlled, double-blind study, monthly intravenous pulses of cyclophosph-
amide (500 mg/m?) given to MG patients with refractory disease improved muscle
strength and lowered steroid requirement [38]. Remarkable clinical responses have
also been reported in refractory MG patients receiving a one-time, high-dose (50 mg/
kg) intravenous course of cyclophosphamide for 4 days followed by rescue therapy
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[39], with benefit persisting for several years without relapse. Reported side effects of
cyclophosphamide are common and potentially serious, including myelosuppression,
hemorrhagic cystitis, and an increased risk for malignancy.

Evolving New Therapies

Tacrolimus (FK506) has a similar mechanism of action as cyclosporine, and potential
benefit in MG has been suggested by several reports, including a randomized, but
unblinded, study in 36 de novo MG patients [40]. Doses of 3-5 mg per day have been
used in different series, with a side effect profile suggesting that it is less nephrotoxic
than cyclosporine.

Rituximab is a chimeric monoclonal antibody directed against the B cell surface
marker CD20. It effectively reduces circulating B cell counts, and based on its poten-
tial for elimination of autoreactive B cell clones may have a therapeutic role in anti-
body-mediated autoimmune diseases, like MG. Reported effectiveness of rituximab
in MG is mainly limited to case reports in refractory MG patients, and one small pilot
trial [41].

Thymectomy

The only absolute indication for thymectomy is the presence of a thymoma. However,
based on the presumed role of the thymus gland in the pathogenesis of MG, ther-
apeutic removal of the thymus has been performed in MG for nearly 70 years. A
recent evidence-based practice parameter that analyzed all retrospective, controlled,
nonrandomized studies of thymectomy in MG concluded that the benefit associated
with thymectomy was generally small, and results were confounded by baseline dif-
ferences between the surgical and nonsurgical groups [42]. On this basis, the authors
expressed uncertainty as to whether the observed improvement was due to thymec-
tomy or could be explained by differences in these baseline characteristics. An inter-
national prospective, single-blinded randomized trial of thymectomy (controlling for
medical therapy) in nonthymomatous MG is currently ongoing, and will hopefully
clarify this issue. Despite the current uncertainty regarding the efficacy of thymec-
tomy in nonthymomatous MG, most experts consider it as a therapeutic option in
anti-AChR-positive, generalized adult MG patients with disease onset before the age
of 50.

Myasthenic Crisis

The classic definition of myasthenic crisis is weakness from MG that is severe enough
to necessitate intubation for ventilatory support or airway protection [43]. Indications
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for intubation generally include evidence of respiratory muscle fatigue with increas-
ing tachypnea and declining tidal volumes, hypoxemia, hypercapnea, and difficulty
with secretions. Noninvasive mechanical ventilation utilizing bilevel positive pressure
ventilation may circumvent the need for intubation in selected myasthenic patients
who have not developed hypercapnea (pCO, >50 mm Hg), thereby reducing pul-
monary complications and lengths of intensive care unit and hospital stay [44]. A
precipitating factor can be identified in most cases of myasthenic crisis, and most
commonly include one or more of the following: bronchopulmonary infections, aspi-
ration, surgical procedures including thymectomy, corticosteroid-induced worsen-
ing, rapid tapering of immune modulators, and exposure to drugs that may increase
myasthenic weakness. Because of its rapid onset of action, PE is the favored treatment
for myasthenic crisis. Since the effect of PE is short-term, longer-acting immune-
directed treatments (usually high-dose daily prednisone) should be added to confer a
more prolonged therapeutic effect.

In summary, treatment considerations depend upon the MG clinical subtype
(table 2) as well as the severity of disease and medical comorbidities. A minority of
patients (usually with ocular or mild MG) may be adequately managed with cholin-
esterase inhibitors alone. As patient response to therapy is variable in MG, a hierarchy
of treatment choices is necessary in the event that standard drugs are either ineffec-
tive or not tolerated. In patients treated with immunotherapies, the lowest effective
dose should always be determined. Long-term risks of infections and malignancy
are not clearly defined, but both have been associated with the immunosuppressants
commonly used in MG.

Future Perspectives

Therapies targeting various aspects of the immune response in MG continue to be
developed. For instance, complement inhibition has been shown to be effective in
experimental MG [45], and clinical trials in human myasthenia are now underway.
The soluble tumor necrosis factor-a receptor blocker, etanercept, has been used with
some success in small numbers of MG patients as a steroid-sparing agent, but further
studies are needed since disease worsening appears to be a risk [46].

Unfortunately, these therapies as well as current immune-directed therapies for
MG produce global, nonspecific suppression of the immune system, and are therefore
associated with significant long-term risks. The ideal therapy for MG would suppress
the anti-AChR immune response specifically without otherwise affecting the immune
system. Given the heterogeneity of the T and B cell anti-AChR immune responses,
strategies utilizing the immune system’s regulatory network may be most effective
in achieving this goal. The importance of regulatory T lymphocytes in the control of
autoimmunity is now well established in a number of experimental models of auto-
immunity [47], and regulatory T lymphocytes appear to be an essential component
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of immune homeostasis. Isolating and expanding populations of organ-specific regu-
latory T lymphocytes may lead to the identification of a clinically relevant antigen-
specific treatment that may be applied to MG in the future.
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Abstract

Background/Aims: To summarize current understanding of muscle-specific receptor tyrosine kinase
antibody (MuSKAb)-positive and seronegative myasthenia gravis (MG). Methods: We reviewed the
current literature on MuSK and seronegative MG, and placed lighter emphasis on seronegative MG
studies published prior to the discovery of MuSKAb. Results: MuSKADb are detected in approximately
40% of generalized acetylcholine receptor antibody (AChRAb)-negative MG, but the rate of sero-
positivity differs across the globe. MuSK MG patients are predominantly female, have prominent
cranial and bulbar involvement, and tend to have a higher rate of crises than those with other forms
of MG. Disease onset tends to be earlier, with most patients presenting by the third or fourth decade.
The yield of repetitive nerve stimulation on conventional limb muscles is lower in both MuSK MG
and seronegative ocular MG. Including cranial muscles increases the yield. Single-fiber electromyog-
raphy of distal limb muscles tends to have a lower rate of abnormality in MuSK MG than in either
AChRAb-positive or seronegative MG. MuSK MG patients are more likely to display poor tolerance of
or a lack of improvement with anticholinesterase agents; this is not a feature of seronegative myas-
thenia. Both MuSK and seronegative MG patients are managed successfully with immunomodula-
tory therapies, but a higher proportion of MuSK MG patients have a refractory course. Evidence for a
favorable response to thymectomy in both MuSK and seronegative MG is limited. Conclusion: MuSK
and seronegative MG are distinct entities. Clinical characteristics and response to symptomatic and
immunomodulatory treatments show meaningful differences for these two populations when com-
pared to AChRAb-positive MG. Copyright © 2009 S. Karger AG, Basel

Myasthenia gravis (MG) is routinely classified as either acetylcholine receptor antibody
(AChRADb) positive or AChRAb negative. The latter patients are often termed as serone-
gative. In 2001, autoantibodies to muscle-specific receptor tyrosine kinase (MuSKAb)
were identified in patients with generalized seronegative MG [1]. In this review, we
summarize clinical characteristics of both MuSKAb-positive (often referred to as MuSK
MG) and seronegative MG. In this classification which is growing in usage, seronega-
tive patients refer to those myasthenics who harbor neither AChRAb nor MuSKAb.
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Fig. 1. AChR and MuSK receptor complex. Nerve-derived agrin: triggers AChR clustering. Rapsyn:
cytoplasmic peripheral membrane protein that interacts between MuSK and AChR. RATL: rapsyn-
associated transmembrane ligand hypothesized to promote the interaction between MuSK and
rapsyn. MASK: myotube-associated specificity component forms a co-receptor with MuSK. ARIA:
AChR inducing activity protein activates ErbB2/3. This leads to AChR transcription.

MuSK is a surface receptor that plays an essential role in the clustering of AChR
during development (fig. 1). MuSKAb-positive sera inhibit agrin-induced AChR
aggregation, and investigators have hypothesized that disruption of this signaling
pathway is involved in the pathogenesis of MuSKAb-positive MG [2].

With the discovery of MuSKAD earlier this decade and more recent investiga-
tions, the true frequency of seronegative MG is declining. The prevalence of sero-
negative MG was recently estimated at only 5% of the total generalized population
[3]. In the initial report, 70% of generalized seronegative patients were found to have
antibodies to MuSK [1], however the frequency in later series has ranged from 0% in
Norway to 49% in Turkey, with a mean frequency of approximately 35% [4]. Recently
antibodies to rapsyn-clustered AChR were found in 66% of previously seronegative
MG patients [5]. These were mainly IgG1 subclass with the ability to activate com-
plement. Future research will shed more light on the ‘true’ incidence of seronegative
myasthenia.

Demographic Characteristics
A marked female predominance is widely observed for patients with MuSKAb-

positive MG. No major sex difference is noted between seronegative and AChRAb-
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positive MG. Disease onset for MuSK MG is somewhat earlier than for other MG
populations [6, 7] but still ranges from the first through seventh decade in large
series [8, 9]. In one US-based study, the mean age of onset for MuSK MG patients
was 27 years versus 53 years for AChRAb-positive and 51 years for seronegative sub-
jects [10].

Clinical Features

Myasthenic weakness in patients harboring MuSKAD tends to be more severe and
refractory than that observed in patients with other forms of generalized MG [4,
7]. Using the quantitative MG scoring system (QMG), Stickler et al. [10] found
maximum QMG scores to be significantly higher in the 20 MuSK MG patients
compared to 72 with AChRAD. There is some evidence that myasthenic crisis is
also more common in patients with MuSKAb [6]. Seronegative patients are more
likely to have pure ocular MG [11] or milder presentations of generalized disease
[6].

Attempts to relate disease severity with MuSKADb concentration have met with
varying success [7]. In the largest analysis of 83 serum samples from 40 patients, a
correlation was observed between MuSKAD levels and disease severity, measured
as a function of both MG Foundation of America clinical class and QMG score [8].
Furthermore, in a subgroup of 14 patients who had sera measured both before and
after treatment, immunosuppressive therapy significantly reduced antibody titers. Of
note, no appreciable changes were seen after thymectomy.

Three main patterns of generalized disease have been observed in MuSK MG, two
of which may be helpful in distinguishing these patients from AChRAb-positive sub-
jects [7, 9]. One pattern manifests with severe oculobulbar weakness. Profound facial
and tongue atrophy has been observed in some of these cases, probably secondary to
longstanding disease treated with corticosteroids [12]. The second relatively distinc-
tive pattern is notable for prominent neck, shoulder, and respiratory involvement but
without ocular weakness. In these two patterns, limbs appear to be relatively spared
with clear-cut extremity weakness seen in only one third of patients [6]. The third
pattern is indistinguishable from AChRAb-positive MG.

Prominent cranial and bulbar weakness is the most consistent pattern across
MuSK MG series, and appears to be more common in this population than in
other MG subjects. Dysarthria and facial weakness were observed in all MuSK
MG patients in one retrospective study [6]; bulbar-predominant involvement was
significantly more common in MuSKAb-positive patients than in either AChRAb-
positive or seronegative subgroups. Pure extraocular involvement is observed in
25-50% of seronegative MG, a frequency much higher than for other types of MG.
Pure extraocular involvement is only rarely reported in patients with MuSKADb, for
instance [4].
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Diagnostic Features
Anticholinesterase Challenge

Pharmacological challenge with either edrophonium or neostigmine injection is pos-
itive in 50-70% of MuSK MG cases [6, 13], a frequency that is significantly lower
than in either AChRAb-positive or seronegative patients [13]. A tendency for anti-
cholinesterases to worsen myasthenic symptoms or precipitate nicotinic and muscar-
inic side effects such as increased weakness, widespread fasciculation, severe stomach
cramping, or diarrhea is also observed in MuSK patients [6, 13].

Poor responsiveness to anticholinesterase treatment is also a feature of MuSK MG
[7, 14, 15]. Over 70% of MuSKADb-positive patients were nonresponsive to anticho-
linesterase therapy, a significantly higher proportion than for other MG populations
[13]. The response to diagnostic and treatment challenges with anticholinesterase
agents is similar for seronegative and AChRAb MG.

Repetitive Nerve Stimulation

Earlier series suggested that repetitive nerve stimulation (RNS) had a relatively low
yield in MuSKAb-positive patients (table 1) [6, 7]. For instance, RNS of limb muscles
was abnormal in 57% of MuSK MG patients versus 78% of seronegative patients [6].
However, if facial-innervated muscles are recorded, a larger percentage of RNS stud-
ies demonstrate abnormal decrements [10, 13, 16]. The proportion of abnormal facial
RNS studies is significantly greater in MuSKAb-positive MG than in AChRAb-positive
and seronegative populations, and percentage decrements are of greater magnitude
[13, 16]. Including facial muscles in RNS protocols is important when evaluating MG
patients who are potentially MuSK seropositive. Facial RNS abnormalities reflect the
propensity for cranial muscle involvement in this population.

As mentioned earlier, a high proportion of seronegative patients have pure ocular
MG. RNS was abnormal in only one third of pure ocular patients in one study [17].
Even in generalized seronegative MG, a recent study demonstrated a very low rate of
RNS abnormalities, with only 25% showing a decrement when MuSK patients were
excluded [18].

Single-Fiber Electromyography
In parallel to the RNS experience, single-fiber electromyography (SFEMG) of limb
muscles is reported to have a relatively low yield in MuSK MG. In several studies, the

percentage of MuSKAb-positive patients with abnormal jitter on extensor digitorum
communis (EDC) recording is significantly lower than for either AChRAb-positive or
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Table 1. RNS in MuSK MG

Series Patients Abnormal limb RNS Abnormal facial RNS
Evoli et al. [6] 37 21/37 (57)

Sanders et al. [7] 12 2/6 (33)

Padua et al. [22] 25 3/25(12)

Nemoto et al. [18] 4 1/4 (25) 2/4 (50)

Oh etal.[16] 14 5/10 (50) 11/13 (85)

Stickler et al. [10] 20 4/13 (31) 3/4 (75)

Figures in parentheses indicate percentages.

seronegative MG [10, 18-20]. One study, however, found that EDC jitter abnormali-
ties were as common in MuSK MG as in other subgroups, exceeding the 80% level
for all three MG populations [16]. SFEMG of more proximal muscles including the
deltoid, frontalis, orbicularis oculi, or neck extensors may be markedly abnormal in
patients with normal jitter in the EDC [7, 19, 20]. SFEMG is reported abnormal in
97% of seronegative patients, and is often the laboratory study relied upon for a con-
clusive diagnosis [21].

On conventional EMG, a myopathic pattern of short-duration, small-amplitude
recruited motor units has been observed in MuSK MG by several authors [7, 22].
Using quantitative EMG, Farrugia et al. [23] concluded that the facial atrophy seen in
some MuSK MG patients is of myopathic origin, resulting from muscle fiber shrink-
age or muscle fiber loss from motor units.

Pathological Studies

In contrast to AChRAb-positive MG, the thymus gland in MuSK MG is usually nor-
mal or demonstrates mild alterations. In one study, thymic hyperplasia was seen in
35% of seronegative MG, but there were only minimal histological changes in MuSK
MG patients [24]. Perivascular lymphoid cell infiltration was significantly less fre-
quent in MuSK MG than in either seronegative or AChRAb-positive patients. Rare
small germinal centers were observed in 4 of 14 MuSKAb-positive thymi, but this
did not differ significantly from age-matched controls [25]. Thymoma appears to be
exceedingly rare in MuSK MG and may have been coincidental in the one reported
case [26]. Thymoma is also a rare occurrence in seronegative MG [27].
Disease-causing mechanisms of MuSK autoantibodies remain unclear. Intercostal
muscle biopsy from a 34-year-old man with MuSK MG with longstanding facial, bul-
bar and respiratory weakness showed no significant reduction in AChR or MuSK
expression compared to control samples [15]. On electron microscopy, nerve terminals

Seronegative MG 113



and junctional folds were well maintained, although postsynaptic density was mildly
reduced due to simplification of some endplates. Endplate electrophysiologic stud-
ies did demonstrate reduced miniature endplate potential amplitudes and currents
as is observed in AChRAb-positive MG. Biceps muscle biopsies from a larger group
of MuSK MG patients also failed to show significant reduction in AChR or altera-
tions to postsynaptic morphology [28]. Immunoglobulin and complement deposi-
tion was scant in both reports [15, 28]. These findings raise interesting questions on
how autoantibodies to MuSK actually produce postsynaptic transmission failure, but
a downstream effect on the function and distribution of neighboring postsynaptic
molecules remains the leading hypothesis.

In a recent study, sera from MuSK MG patients decreased the number of agrin-
induced AChR clusters, but there was no significant effect on total surface receptor
numbers, AChR subunits or MuSK mRNA [29]. In contrast, sera from seronegative
subjects reduced the numbers of AChR, implying that circulating immunological fac-
tors in these patients produce disease directly through AChR pathways.

Treatment Response
Anticholinesterase Agents

As described earlier, the clinical response to anticholinesterase agents in MuSK MG
has generally been disappointing with only a minority of patients having a favorable
response. Unresponsiveness or actual worsening with standard pyridostigmine dosing
was documented in early reports [6, 7], and this experience has persisted in later ones
[13, 30, 31]. Intolerance manifested by severe muscarinic and nicotinic side effects [30]
and extra repetitive discharges on low-frequency stimulation have been observed [32].
This electrophysiological feature correlates with clinical deterioration and may be a
useful indicator of the adverse potential of anticholinesterase agents in select patients.

Nonresponsiveness to anticholinesterase agents was significantly more common in the
MuSKAb-positive population than in either AChRAb-positive or seronegative subjects
[13]. In this series of 14 MuSK MG patients, only 3 of 14 benefitted from pyridostigmine.
Anticholinesterase nonresponsiveness was noted in the remaining 11 patients, classified
as 4 with no improvement, 4 intolerant due to cholinergic crisis, and 3 hypersensitive
with worsening of myasthenic symptoms. In another series, only 30% of MuSKAb-
positive patients but over 50% of seronegative patients responded to pyridostigmine [9].

Thymectomy
Most reports do not suggest a clinical benefit from thymectomy for patients with

MuSK MG. A review of 14 thymus glands from MuSK MG patients revealed only 4
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to be abnormal, and these demonstrated only rare germinal centers [25]. Meanwhile,
75% of seronegative thymic specimens had lymph node type infiltrates similar to
those described in AChR-positive patients. In another series of MuSK MG patients
who underwent thymectomy, thymus tissue was either normal for age or revealed
atrophy without any germinal centers [6]. Thymectomy did not appear to confer any
benefit on clinical status compared to patients treated with medical therapy alone.
In the initial report of Sanders et al. [7], 7 patients followed for at least 8 months
after thymectomy did not appear to benefit from the procedure. Defining the role of
thymectomy in MuSK MG remains difficult in the absence of controlled and prospec-
tive data. In contrast to other studies, Lavrnic et al. [30] reported significant improve-
ment or remission in a majority of their 9 thymectomized MuSK MG patients. Of
note, 3 of the resected glands had thymic hyperplasia.

The role of thymectomy in seronegative MG is equally cloudy. In a recent
study that used complete stable remission as a primary endpoint in patients with-
out thymoma, the probability of achieving remission was 40% for seronegative
patients and 20% for MuSKAb-positive patients [33]. Meanwhile 51% of AChRAb-
positive patients achieved remission. Mean follow-up was at least 12 years in each
population.

Immunosuppressive Therapy

In contrast to anticholinesterase agents, a majority of MuSKAb-positive patients have
a favorable response to immunosuppressive therapy [6, 7]. However, several groups
have concluded that a robust response to immunosuppressive therapy is less likely in
MuSK MG than for other subpopulations of myasthenia. A variety of immunosuppres-
sive agents have been utilized including corticosteroids, azathioprine, cyclosporine,
mycophenolate mofetil, cyclophosphamide, and rituximab [7, 9, 34-36]. In an early
series of 12 MuSK MG patients, 9 improved with cyclosporine or mycophenolate
mofetil, 5 becoming asymptomatic [7]. Five improved with high-dose daily predni-
sone. No improvement was observed in 4 patients treated with azathioprine for at
least 6 months, although a recent update from this group suggests that azathioprine
is effective in more than half of MuSKAb-positive patients after longer intervals [37].
Various combinations of immunosuppressive therapy produced improvements in vir-
tually all patients [9]. Response rates to various immunomodulatory therapies from
two US-based series are summarized in table 2.

In refractory cases, high-dose cyclophosphamide (50 mg/kg/daily intravenously
for 4 days) has been used safely and effectively with no symptom recurrence for 1.5-
3.5 years [34, 36]. Similarly, rituximab was effective and well tolerated in a refractory
patient with disease stabilization for 12 months after initiation [35].

Seronegative MG patients have responded well to conventional immunosuppres-
sive agents used in the AChRAb-positive population [27].
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Table 2. Favorable response rates to immunotherapy in MuSK MG

Intervention Sanders et al. [37] Wolfe et al.? [4]

Prednisone 15/20' (75) 15/20 (75) 3/4" (75)

Azathioprine 7/13 (54) 4/10 (40)

Mycophenolate mofetil 17/19 (89) 7 responders 4/7 (57) 1 responder
without prednisone without prednisone

Intravenous immunoglobulin 4/9 (44) 3/12 (25)

Plasma exchange 21/23 (91) 6/11 (54)

Figures in parentheses indicate percentages.
T As sole treatment.
2Only includes moderate to excellent improvement.

Plasma exchange

Consistently across studies, plasma exchange has a favorable effect on MuSK MG,
usually producing dramatic improvement [6, 7, 37]. At least transient benefit can be
expected in patients refractory to other modes of therapy [31]. The response rates
to plasma exchange ranged from 54 to 91% in two US series (table 2). Seronegative
patients also respond to this modality [27].

Intravenous Immunoglobulin

Intravenous immunoglobulin (IVIg) has been less effective in MuSK MG than other
immunomodulatory therapies. Favorable responses were seen in only 19% [38] to 44%
[37] of patients. IVIg was effective in a significantly greater proportion of AChRAb
than MuSKAb-positive MG [4]. In select refractory patients, however, it has been an
effective treatment choice; 2 Japanese women dependent on plasma exchange who
were unresponsive to thymectomy, corticosteroids, and tacrolimus demonstrated
both clinical and electrophysiological improvement 3 days after initiation of IVIg
[31]. In a study of IVIg in disease exacerbations that included seronegative patients,
antibody status did not appear to predict responsiveness [39]. Of note, a significant
IVIg treatment effect was observed only in patients with more severe manifestations,
and not in those with pure ocular or mild generalized disease.

Prognosis
The ultimate outcome of MuSKAb-positive patients is generally on a par with that

for other MG subpopulations. Several lines of evidence, however, suggest that higher
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medication doses and longer treatment regimens are necessary in this population.
However, the maintenance dose of corticosteroids in one series was significantly
higher for MuSKAb-positive (30 mg/48 h), than for either AChRAb-positive (18
mg/48 h) or seronegative subjects (10 mg/48 h) [11]. In a preliminary report, a higher
percentage of MuSK MG patients were resistant to immunosuppressive medication
than a comparative AChRAb-positive group [40]. Furthermore, a poor postinterven-
tion status (unchanged or worse according to MG Foundation of America criteria)
was observed in 22% of MuSK MG patients, a proportion that was 1.5-2 times higher
than for other populations, but this difference failed to reach statistical significance
[11].

A common scenario for MuSKAb-positive MG patients is an unstable clinical
course during the first few years after disease onset with periodic cranial, bulbar,
respiratory, and limb exacerbations requiring plasma exchange. Such a pattern may
be observed in approximately 30% of MuSK patients [6]. Nevertheless, with persistent
and aggressive therapeutic intervention, most MuSK MG patients ultimately fare well.
With a mean follow-up of 8 years, one US series demonstrated a poor postinterven-
tion status in only 4 of 21 patients (19%), consisting of 3 unchanged and 1 death [4].
Larger series classify at least three quarters of MuSK MG patients as either improved,
in minimal manifestation status, or in remission [6, 37, 38].

Seronegative MG patients tend to have milder disease when classified according to
clinical grade and have more favorable outcomes when compared to either AChRAb-
or MuSKAb-positive subjects [6, 11]. The lifetime incidence of myasthenic crisis is
also lower for seronegative patients [6, 18].
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Abstract
Lambert-Eaton myasthenic syndrome (LEMS) is an autoimmune neuromuscular disorder affecting
the presynaptic neuromuscular junction. LEMS is considered to be a rare disease, but its clinical rec-
ognition and diagnosis are important due to its high association with underlying lung cancer which
may be detected at the very early stages. The onset is insidious and its clinical features are subtle
which add to the further delay of diagnosis, between months to years.
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Clinical Presentation

The onset of Lambert-Eaton myasthenic syndrome (LEMS) is insidious, presenting
with slowly progressive muscle weakness and fatigue [1-4]. Muscle ache and cramps
are also frequent. The weakness commonly involves proximal muscles symmetrically.
This weakness, however, may not cause significant impairment of a patient’s activities
of daily living. Shoulder muscles are less affected. In contrast to the presentation of
myasthenia gravis (MG), ocular-bulbar muscle impairment is rarely affected [5-8].
Subacute onset can occur, but is very rare. Respiratory symptoms are also rare, but
have been reported [9-12]. The most unique feature of LEMS is autonomic dysfunc-
tion, which may present as dry mouth with metallic taste, constipation, or erectile
dysfunction [2, 4, 5]. This occurs in a majority of patients, and at times can be the
initial presentation of the disease. Even if the patient does not volunteer having these
symptoms, it is important to specifically ask about them. It is not unusual for the
patient to complain of extremity paresthesia, or imbalance since it can be associated
with paraneoplastic neuropathy or cerebellar disorders.

On neurological examination, the hallmarks of LEMS include symmetrical hip
muscle weakness without atrophy and decreased or absent muscle stretch reflexes.
Characteristically, the weakness and the reflexes improve after a brief isometric
muscle contraction (postexercise facilitation). However, lack of facilitation does not



exclude the diagnosis of LEMS. Eyelid ptosis and impairment of extraocular muscle
movement can be seen, but are not as prominent as in patients with MG. Paradoxical
eyelid elevation after a sustained upward gaze has been reported to be a useful sign in
the diagnosis [13]. Autonomic dysfunction can be detected by reduction of salivation,
taste abnormalities, papillary dysfunction, and orthostatic hypotension.

Pathophysiology

The site of pathology in LEMS is in the presynaptic nerve terminals with impairment
of the release of acetylcholine (ACh). The number of presynaptic vesicles (quantum)
and the amount of ACh in the vesicles (quantal content) are normal. Therefore, the
amplitude of end plate potentials is reduced, but the amplitude of miniature end
plate potentials is normal. The impairment of ACh release is due to blockage of P/Q-
type voltage-gated calcium channels (VGCC), and to a lesser degree N-type VGCC.
Blockage of these channels results from antibodies against the active zone particles in
the VGCC [14-19].

Immunoelectron microscopy studies of the neuromuscular junction in LEMS
patients demonstrate disruption and disorganization of active zone particles.
Furthermore, IgG in the serum of patients with LEMS blocks the influx of calcium
into the nerve terminals [20-22]. This antibody is also responsible for impairing the
sympathetic and parasympathetic ganglia [18].

Approximately 50-60% of patients with LEMS have been found to have small-cell
lung cancer (SCLC) [2, 5, 23]. The onset of LEMS often preceded the diagnosis of
cancer within 2-4 years. The major risk factors for SCLC are older men with a history
of smoking and patients with a negative HLA-B8 antigen [24]. Recently, an antibody
called anti-glial nuclear antibody, also known as SOX1 antibody, was found to be
elevated in about 64% of LEMS patients with SCLC [25, 26]. The P/Q-type VGCC is
located on the presynaptic membrane of the nerve terminal and has also been found
in the small cell membrane, alluding to a pathogenetic relationship. Other cancers
have been associated with LEMS, but do not have any role in the pathogenesis of this
disease. In the remaining 40-50% of patients in whom no cancer can be detected
(NCA-LEMS) LEMS is considered to be caused by a general autoimmune process.
The majority of patients with NCA-LEMS has positive HLA-B8 and frequently is
associated with other autoimmune diseases, such as rheumatoid arthritis, pernicious
anemia, thyroid disorders, vitiligo, and Sjogren’s syndrome.

Diagnosis
The diagnosis of LEMS is based on the clinical presentation and confirmed by elec-

trodiagnostic (EDX) studies and the presence of VGCC antibodies. In patients with
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SCLC-LEMS, antibodies against the P/Q-type VGCC are elevated in more than 95%
of patients, whereas antibodies against the N-type VGCC are elevated in about 40%
of patients. In patients with NCA-LEMS, antibodies against the P/Q-type VGCC are
elevated in approximately 70% of patients. Patients with negative P/Q-type VGCC
antibodies could have an antibody against synaptotagmin-1 [19]. A low titer of VGCC
antibodies is seen in other neurological disorders, such as MG, epilepsy, and even
amyotrophic lateral sclerosis [26].

The hallmark of EDX patterns in LEMS includes significant reduction of com-
pound muscle action potential amplitude of motor nerves [2, 5, 27-32]. This is due to
a lack of release of ACh molecules at the junction. The easiest and most reliable way
to repair this transmission defect in a patient is to give a brief isometric voluntary
muscle contraction and measure the compound muscle action potential amplitude
before and after exercise. In typical patients with LEMS, the amplitude increases sig-
nificantly by greater than 100% which establishes the blockage of the neuromuscular
transmission presynaptically. In practice, the increment of the amplitude to greater
than 60% in several muscles can be used to confirm the diagnosis. In patients in
whom exercise is difficult to perform, a higher rate of repetitive nerve stimulation
(RNS) would demonstrate incremental response. A lower rate of RNS (e.g. 2 Hz) may
demonstrate a moderately decremental response. In LEMS patients, nerve conduction
studies may demonstrate features of axonal neuropathy. Concentric needle electro-
myography (EMG) shows unstable motor unit potentials. Single-fiber EMG exhibits a
significant increase in jitter and blocking which characteristically show improvement
by increasing the firing rate. Single-fiber EMG is done when RNS and/or postexercise
facilitation are negative in highly suspicious cases. In patients with clinical features of
LEMS and typical EDX features, there is no need to measure the antibodies.

As soon as the diagnosis of LEMS is established, all patients should be evaluated
for other autoimmune diseases and most importantly, SCLC. The search for cancer
is mandatory, and includes obtaining a chest CT and bronchoscopy. If they are both
negative, a body PET scan should be performed. In patients at a higher risk for can-
cer, if the initial workup is negative, it is recommended that they continue to be evalu-
ated for lung cancer for the next 5-6 years. Specifically, they should get a chest CT
scan every 6 months.

Differential Diagnosis

LEMS should be considered in any patient presenting with insidious onset of proxi-
mal lower extremity weakness, hyporeflexia, and autonomic dysfunction. Among the
population of patients referred to EMG lab for evaluation of myopathy, LEMS should
be considered if the initial amplitude of the motor nerve action potential is very low.
The differential diagnosis includes patients with polymyositis, limb-girdle muscu-
lar dystrophies, and metabolic myopathies. MG is also considered in the differential
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diagnosis if the patient has involvement of the ocular-bulbar muscles. In a few case
reports, there are combinations of MG and LEMS [2, 32]. Chronic inflammatory
demyelinating polyneuropathy shares many clinical features of LEMS but can be eas-
ily differentiated by EDX studies.

Prognosis

LEMS, generally, is a chronic, disabling disease, but does not cause life-threatening
muscle weakness as seen in MG. The prognosis is based upon the underlying cancer
or immunologic disorders. Complete remission can occur if the cancer is detected
early and is treated effectively. It has been stated that SCLC-LEMS has a better prog-
nosis than NCA-LEMS, which may be related to the early detection of cancer [24, 33,
34].

Treatment

The treatment of LEMS is threefold, including detection and treatment of the under-
lying cancer, symptomatic treatment, and immunotherapy. After detection of cancer,
the patient should be treated accordingly. It is important to remember that in LEMS,
very often the cancer is detected in the earlier stages where effective treatment is often
curative. As a result, it is possible for the patient to go into remission [2, 35, 36].

Symptomatic treatment is dependent on the severity of the symptoms. Many
patients with mild symptoms may not require treatment. Several symptomatic treat-
ments are available, such as acetylcholinesterase (AChE) inhibitors (e.g. Mestinon, as
prescribed to patients with MG). The response to AChE inhibitors is often minimal
or suboptimal. Guanidine hydrochloride acts by inhibiting mitochondrial calcium
intake which increases the calcium concentration at the nerve terminal with subse-
quent release of ACh. It can be given alone, or in combination with an AChE inhibi-
tor [1, 2, 37, 38]. The starting dose of guanidine is 5 mg/kg in divided doses with a
maximum of 30 mg/kg per day. However, because of its potential side effects, such as
nephrotoxicity, hepatotoxicity, bone marrow suppression, and cardiotoxicity, it is not
commonly used.

3,4-Diaminopyridine is considered to be a symptomatic drug of choice. It works
by blocking potassium channels in the nerve terminal by prolonging nerve action
potentials. As a result, there is an increase in the influx of calcium into the nerve
terminal, which is subsequently followed by a release of ACh [1, 2, 39-43]. The start-
ing dose is 5-10 mg 3-4 times a day with a maximum dose of 60 mg per day. In
order to obtain optimal symptomatic treatment, a low dose of an AChE inhibitor can
be added. Common side effects include perioral and distal extremity paresthesia,
headaches, and gastrointestinal side effects. It is also recommended that an EKG be
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obtained before starting this drug. This drug is contraindicated in patients with epi-
lepsy. 3,4-Diaminopyridine is not available in the pharmacy, and can only be obtained
from Jacobus Pharmaceutical Company Inc., Princeton, N.J., USA.

Immunotherapy is considered for patients who fail to respond to symptomatic
treatment and also for patients with NCA-LEMS. It includes a combination of corti-
costeroids and immunosuppressive drugs, as prescribed to patients with MG. In more
severe cases, plasmapheresis and/or intravenous immunoglobulin may result in rapid,

but

temporary improvement [44].
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Idiopathic Inflammatory Myopathies
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Abstract
Since the description of the first case of dermatomyositis over a century ago, our understanding of
myositis has evolved. Bohan and Peter in 1975 established diagnostic criteria for polymyositis and
dermatomyositis. Subsequent investigations by Arahata and Engel delineated differences in the
lymphocyte subsets on muscle histopathology distinguishing polymyositis and dermatomyositis.
Following that, myositis-specific antibodies have been reported in association with various myositis
subtypes and with interstitial lung disease. Polymyositis and dermatomyositis are in general respon-
sive to immunosuppressive therapy. Inclusion body myositis (IBM) became recognized as a distinct
entity nearly half a century ago. IBM is clinically and pathologically distinct from the other inflam-
matory myopathies. The weakness in IBM is characteristic, involving both the proximal and distal
muscle groups, such as finger flexion, knee extension and ankle dorsiflexion. Vacuolated fibers,
amyloid deposition, and filaments on electron microscopy are pathologic hallmarks of IBM. IBM is
refractory to corticosteroids and intravenous gamma globulins. This clinical observation and the
pathologic features support the hypothesis that IBM is a muscle-degenerative disease. Most recently,
a fourth inflammatory myopathy subtype called necrotizing myopathy was described. Necrotizing
myopathy may be related to malignancy, other autoimmune diseases, toxic exposure or can be idio-
pathic. The key histopathologic findings of this entity are necrotic fibers undergoing phagocytosis.
Though patients ultimately respond to immunosuppressive therapy, they tend to be more refrac-
tory and therefore often require a more aggressive treatment approach.

Copyright © 2009 S. Karger AG, Basel

The idiopathic inflammatory myopathies (IIM) encompass a group of disorders that
presents acutely, subacutely, or chronically with marked muscle weakness. The IIM
include a heterogeneous group of muscle disorders from the clinical, histopathologi-
cal, pathogenetic, and treatment response standpoints [1]. While dermatomyositis
(DM), polymyositis (PM), and sporadic inclusion body myositis (IBM) have long
been recognized as IIM, more recently necrotizing myopathy (NM) was added to the
group of myositides (table 1). Other less common myositides include granulomatous
myositis, eosinophilic myositis, and infectious myositis. The overall annual incidence
of these disorders, using older diagnostic criteria, is approximately 1 in 100,000. While



Table 1. [IM: clinical and laboratory features

Typical Rash Pattern of Creatine  Muscle Cellular Response Common
age of weakness kinase biopsy infiltrate to immuno- associated
onset suppressive conditions
therapy
Dermato- childhood yes  proximal > elevated perimysialand CD4+Tcells; yes malignancy,
myositis and adult distal (50 x perivascular B cells; myocarditis,
normal)  inflammation; dendritic ILD, CTD,
perifascicular  cells vasculitis
atrophy; MAC (juvenile)
Polymyositis  adult no proximal > elevated endomysial CD8+Tcells; yes myocarditis,
distal (50 x inflammation  macro ILD, vasculitis,
normal) phages CTD
Inclusion elderly no finger normal or rimmed CD8+Tcells; no autoimmune
body (>50) flexors, mildly vacuoles; macro disorder
myositis knee elevated endomysial phages
extensors (<10 % inflammation
normal)
Necrotizing adultand no proximal > elevated necrotic none yes malignancy,
myopathy elderly distal (>10 % muscle fibers; CTD, drug-
normal)  absent induced
inflammatory
infiltrate

Adapted and modified from Amato and Barohn [1]. MAC = Membrane attack complex; CTD = connective tissue disease.

most IIM are idiopathic as the name indicates, they can be associated with cancer or
connective tissue disease. In this review, we discuss contemporary knowledge of the
4 IIM with an emphasis on clinical presentation, associated conditions, laboratory

features, electrophysiology, imaging, histopathology, pathogenesis, and therapy.

Dermatomyositis

Clinical Presentation

DM affects patients from infancy to adulthood. Women are affected more than men.
Adult DM manifests as an acute to insidious progressive, painless, proximal muscle
weakness, a skin rash, or both. Muscle weakness is predominantly proximal, lead-
ing to difficulty raising the arms over the head and rising from a seated or squatted
position. Juvenile DM may present similarly to the adult form or more commonly as
an insidious proximal muscle weakness and pain after a febrile illness and skin rash.
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The pattern of proximal limb weakness does not distinguish DM from many other
myopathies. Involvement of oropharyngeal or masticatory muscles in DM results in
dysphagia, chewing difficulty, and sometimes dysarthria. Multisystem involvement is
common in juvenile DM (see associated conditions).

Muscle weakness is usually preceded by or associated with a characteristic skin
rash, leading to early DM recognition. However, amyopathic DM presents with only
the rash, and adermatopathic DM is histopathologically proven DM without the rash.
A heliotrope rash is the classic purplish discoloration of the eyelids (fig. 1a) often
associated with periorbital edema. Gottron’s papules (fig. 1b), an erythematous papu-
lar scaly rash, can appear on the extensor surface of the hands and fingers. A macu-
lar erythematosus rash can affect the face, neck, and anterior chest (‘V-sign’), upper
back (‘shawl sign’), the extensor surface of the elbows, knuckles (fig. 1b), or knees
(Gottron’s sign). The nail beds have dilated capillary loops. Subcutaneous calcinosis
of the elbows and knees, with or without ulceration, often occurs in juvenile DM but
is uncommon in adult DM. ‘Mechanic’s hands, manifesting as thickened and cracked
skin on the dorsal and ventral surfaces of the hands, is encountered in patients with
the antisynthetase syndrome. Cutaneous symptoms in DM have a high impact on
lowering quality of life in patients and include prominent pruritus [2, 3].

Associated Conditions

In addition to skin abnormalities, DM is commonly associated with two clinical syn-
dromes: interstitial lung disease (ILD) and cancer. Other less common manifestations
include cardiac, joint, gastrointestinal, and even necrotizing vasculitis.

ILD, presenting with dyspnea and cough, affects 10-20% of adult DM patients
and may even occur in childhood DM. Malignancy has been estimated to be associ-
ated with 6-45% of adult DM patients, with age-associated increased risk particu-
larly in those older than 40 years. The most common associated malignancy in older
women is ovarian cancer [4], and that in men is small-cell lung cancer. Treatment of
the malignancy, which may present within 2 years of DM onset, improves muscular
involvement.

Electrocardiographic abnormalities, including conduction defects and arrhyth-
mias, may occur in childhood and adult DM. Pericarditis, myocarditis, and conges-
tive heart failure have been rarely reported. Arthralgia, with or without arthritis, is
typically symmetric and involves both large and small joints. Since pain is relieved
by joint flexion, early mobilization is important to prevent flexion contractures, espe-
cially in juvenile DM. Inflammation of the skeletal and smooth muscles of the gas-
trointestinal tract results in dysphagia, aspiration pneumonia, and delayed gastric
emptying. A necrotizing vasculitis may complicate the gastrointestinal system with
bowel ischemia, necrosis, and perforation, especially in juvenile DM. Vasculitis may
rarely result in a petechial rash or even a muscle infarct.
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Fig. 1. a Heliotrope rash in DM. b Skin rash in DM - Gottron’s papules. ¢ Finger flexor weakness in
IBM. d Quadriceps muscle atrophy and weakness in IBM.

Laboratory Testing

Serum creatine kinase (CK) level is elevated in more than 90% of DM patients, and
the level can be as high as 50 times the normal value. Rarely the CK level may be nor-
mal in patients with insidiously progressive disease and in childhood DM, regardless
of severity. Rarely the serum aldolase level will be elevated in the setting of a normal
CK. When serum CK is elevated, reductions generally occur with successful treat-
ment, and an elevation accompanies a relapse. The antinuclear antibodies (ANA) are
frequently elevated in those with associated connective tissue disorder.

Early in the diagnosis, screening for malignancy includes a CT scan of the chest,
abdomen and pelvis; mammogram, and skin, pelvic, or testicular/prostate examina-
tions. We advocate a pelvic sonogram to better evaluate for ovarian malignancy. In
those over the age of 50, we recommend a colonoscopy rather than a stool occult
blood test.

The chest X-ray in ILD demonstrates diffuse reticulonodular infiltrates and in more
severe cases a ground glass appearance. High-resolution chest CT scan has a higher
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sensitivity in detecting milder cases. Pulmonary function testing reveals a reduction
in the forced vital capacity and the lung diffusion capacity. Fifty percent of myosi-
tis cases associated with ILD have autoantibodies to Jo-1 (histidyl tRNA synthetase)
(5, 6].

Though there are no published prospective studies, current evidence suggests that
the so-called myositis-specific antibodies (MSAs), when present, are good predic-
tors of treatment response and of DM prognosis. However, these antibodies are only
present in a minority of DM patients. The pathogenic role of these antibodies in the
IIM is unknown and controversial. The MSAs include two categories of cytoplasmic
antibodies: those directed against Mi-2 and Mas antigens and others targeting trans-
lational proteins such as various tRNA synthetases and the anti-signal recognition
particle (SRP). While most DM patients have no detectable MSAs, those that have
carry mostly one MSA type in association with specific human leukocyte antigens
(HLAs) [7].

The Jo-1 antibody accounts for the most common antisynthetase syndrome and
is associated with ILD, arthritis, Raynaud’s phenomenon, and mechanic’s hands [6].
While Jo-1 is seen in up to 20% of IIM, upward of 50% of cases associated with ILD
have autoantibodies to Jo-1 [5, 6]. The frequent association of Jo-1 antibodies with
ILD might offer the best explanation for the moderate treatment response and poor
long-term prognosis with Jo-1 antibodies [8]. The other antisynthetases (PL-7, EJ,
KS, OJ, PL-12) occur in fewer than 2-3% of IIM patients.

Nonsynthetase Mi-2 antibodies are found in 15-30% of DM patients. Mi-2 is a
240-kDa nuclear protein of unknown function. The Mi-2 antibodies are associated
with acute onset, erythematous rash, nail bed capillary dilation, good response to
therapy, and favorable prognosis [6, 8]. However, it is unknown whether DM patients
with Mi-2 antibodies respond differently from those without the antibody.

Electrophysiology

The needle electrode examination (NEE) shows at-rest increased insertional and
spontaneous activity, with small-amplitude low-frequency fibrillation potentials and
positive sharp waves, and occasionally pseudo-myotonic and complex repetitive dis-
charges. Muscle fibrosis in advanced cases results in reduced insertional activity. On
activation, the experienced electromyographer may be able to more readily identify
polyphasic motor unit action potentials (MUAPs) of low amplitude and more impor-
tantly of reduced duration. The crisp sound of these MUAPs is distinctive in addition
to the visual phenomenon. With chronicity, reinnervation of split fibers produces
large-duration MUAPs. Activation of MUAPs shows an early recruitment pattern
except in severe cases where recruitment might be reduced.

In addition to its diagnostic utility, NEE is also helpful in assessing relapsing weak-
ness during a corticosteroid (CS) taper. In previously responsive myositis, weakness
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may be due to either steroid-induced myopathy/type 2 muscle fiber atrophy or myosi-
tis activity flare-up. NEE is extremely helpful as it demonstrates normal spontaneous
activity in steroid myopathy and widespread increased spontaneous activity in the
latter.

Imaging

Magnetic resonance imaging (MRI) occasionally provides information on the pattern
of muscle involvement by looking at the cross-sectional area of axial and limb muscles.
MRI fat-suppressed and short tau inversion recovery images may demonstrate increased
signal in affected muscles secondary to inflammation and edema. Muscle MRI cannot
distinguish a myopathic from a neurogenic process. Some have advocated MRI as a
guide to determine which muscle to biopsy. We find a good neuromuscular examina-
tion and the NEE to be most helpful in selecting a target muscle for biopsy.

The use of ultrasound is an emerging trend in evaluating muscle disease. In an
acute inflammatory myopathy, edema increases muscle thickness with some increase
in echo intensity. With disease progression, muscle echo intensity further increases,
and muscle thickness declines due to atrophy [9, 10]. In DM, the latter findings are
equally distributed in the arms and legs. Subcutaneous calcifications in children dem-
onstrate a highly echoic signal.

Muscle Histopathology and Pathogenesis

Muscle biopsies demonstrate perifascicular atrophy on average in 50% of DM patients
(fig. 2a), often without an inflammatory infiltrate. When present, the inflammatory
infiltrate consists of macrophages, B cells, and CD4+ cells (fig. 2a). These infiltrates
are more marked in the perimysial and perivascular areas than in the endomysium.
Despite the inflammatory cells surrounding nonnecrotic and necrotic myofibers,
invasion of nonnecrotic fibers is not prominent.

Recent evidence suggests that the infiltrate, which is less intense in the endomy-
sium, primarily consists of a CD4+ cell subtype referred to as plasmacytoid dendritic
cells [11]. In addition to major histocompatibility complex 1 (MHC 1), muscle cell
surfaces also express interferon-o/p-inducible myxovirus resistance protein A (MxA)
in the perifascicular areas. In DM, muscle microarrays demonstrate an increased
expression of type 1 interferon-inducible genes [11]. Similarly, analysis of peripheral
blood mononuclear cells demonstrates a high interferon-a/f signature which paral-
lels disease activity in DM [12].

An early histological demonstration of the humorally mediated microangiopathy in
DM is deposition of the C5b-9 or membrane attack complex around small blood ves-
sels [13, 14]. This deposition precedes inflammation and other structural abnormalities
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Fig. 2. a Hematoxylin-and-eosin-stained muscle cross-section of quadriceps demonstrating perifas-
cicular atrophy in DM. b Hematoxylin-and-eosin-stained muscle cross-section of quadriceps demon-
strating perimysial inflammation in DM. ¢ IBM muscle biopsy demonstrating vacuoles (hematoxylin
and eosin). d IBM muscle biopsy demonstrating vacuoles (Gomori's one-step trichrome stain).

in the muscle on light microscopy. It is fairly characteristic of DM and may explain the
occasional infarction of muscle fibers. MxA is also expressed on capillaries.

On electron microscopy, the earliest finding is the presence of tubuloreticular
inclusions in the intramuscular arterioles and capillaries [15]. MxA, which is thought
to form tubuloreticular inclusions around RNA viruses, was co-localized to the small
intramuscular blood vessel inclusions [11].

Polymyositis
Since the criteria publication by Bohan and Peter [16] more than three decades ago,

PM has been defined as an exclusionary diagnosis in patients who do not have a rash
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or alternate muscle or nerve disease. Though the existence of PM as a distinct entity
was recently brought into question [17], recent studies have confirmed its existence as
a distinct clinical entity that accounts for 25% of patients with histologically demon-
strable findings of either IBM or PM [18]. It has become more difficult to classify
patients with acquired myopathies whose weakness improves with immunosuppres-
sive therapies and relapses with taper of such therapy but lack the rash and pathologi-
cal features of DM. New and revised classification criteria were recently suggested and
take into account advances in our understanding of the immunopathogenesis [19].

Clinical Presentation

PM usually affects patients over the age of 20 years and is more common in females
[1, 16, 20]. Diagnosis is often delayed when compared to DM. Patients have pro-
gressive neck flexor and symmetric proximal limb muscle weakness, which typically
develops subacutely or insidiously over several weeks to months. Distal muscles are
less involved than the more proximal muscles. Myalgias and tenderness are common
manifestations but are not the presenting complaint. Dysphagia reportedly occurs in
approximately one third of patients, and mild facial weakness is occasionally demon-
strable on examination. Sensation is normal, and muscle stretch reflexes are usually
preserved except in severely weak muscles where reflexes may be attenuated.

Associated Conditions

Cardiac and pulmonary complications of PM are the same as those described under
DM. Like DM, myocarditis, which manifests primarily with conduction abnormali-
ties and less commonly as congestive heart failure, affects up to one third of patients.
SRP antibodies define a fulminant form of refractory PM associated with NM that
rapidly progresses over 1 month to severe weakness and is associated with myocardi-
tis [21]. ILD has been reported in at least 10% of PM patients with the majority hav-
ing Jo-1 antibodies [5, 8]. These autoantibodies are more associated with DM than
with PM. Polyarthritis has been reported in up to 45% of patients with PM at the time
of diagnosis [22]. The risk of malignancy with PM is lower than seen in DM but is in
all likelihood slightly higher than that expected in the general population.

Laboratory Testing
Serum CK level is elevated 5- to 50-fold in the majority of PM patients. Unlike DM

and IBM, serum CK should not be normal in active PM. Serum CK levels in conjunc-
tion with neuromuscular examination are useful in monitoring treatment response.
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As in DM, the degree of CK elevation does not correlate with the severity of weak-
ness. Sedimentation rate is normal in at least half of the patients and does not corre-
late with disease activity. A positive ANA is reported in 16-40% of patients with PM
and alone is of unclear significance. SRP antibodies are specific to PM patients who
present with rapidly progressive proximal weakness that often responds poorly to ste-
roid therapy [23]. Rarely, PM patients may be positive for both the SRP antibody and
a non-Jo-1 antisynthetase antibody [7].

Electrophysiology

NEE findings are identical to those discussed in the section on DM and indicate an
irritative myopathy. NEE is extremely valuable in excluding proximal myotonic myo-
pathy which can mimic PM. In the absence of typical NEE findings, newer PM diag-
nostic criteria require that either muscle MRI be abnormal (see below) or an MSA be
present [19].

Imaging

Muscle MRI findings are similar to those discussed in DM. Short tau inversion recov-
ery images are nonspecific and demonstrate a diffuse or patchy increase in signal.
Regarding muscle ultrasound, there may be a predilection for involvement of the
leg muscles with chronic muscle atrophy (reduced muscle thickness) and increased
muscle echogenicity [9, 10]. The role of muscle ultrasound in the current diagnostic
criteria of PM is yet to be defined.

Muscle Histopathology and Pathogenesis

Muscle biopsy is essential to the confirmation of PM diagnosis and to exclude its mim-
ics (IBM, muscular dystrophy, acid maltase deficiency and NM). The histological fea-
tures of PM are distinct from those seen in DM. PM is the result of an HLA-restricted
cell-mediated cytotoxic muscle immune response. The prominent microscopic fea-
tures are fiber size variability, scattered necrotic and regenerating fibers, and endomy-
sial inflammation. This consists primarily of activated CD8+ (cytotoxic) T cells, and
macrophages that in 63% of cases invade nonnecrotic muscle fibers [18] expressing
MHC-1 antigens. This pattern is not distinctive as it also occurs in IBM patients. In
the Mayo Clinic case series, these pathologic findings indicated PM in 37% of cases
while the remainder had clinical evidence of IBM [18]. These antigens, which are not
constitutively expressed under normal conditions, may even be expressed on the sur-
face of some of the noninvaded muscle fibers. MHC-1 antigens express an unknown
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endogenous peptide which acts as the autoantigen. The endomysial CD8+ T cells
are antigen-specific and destroy myocytes through the perforin pathway. These are
accompanied by abundant myeloid dendritic cells that surround nonnecrotic fibers
and act as antigen-presenting cells [24]. We and others have demonstrated increased
expression of immunoglobulin genes on muscle microarray experiments [25, 26].
The immunoglobulins are secreted by endomysial plasma cells and, unlike in DM, are
not deposited in the muscle blood vessels.

Therapy for DM and PM

Immunosuppressive therapy is the mainstay of treatment in patients with active
disease related to DM or PM (table 2). There are few published randomized con-
trolled trials of immunosuppression in DM or PM comparing placebo to azathioprine
(AZA) [27], plasma exchange [28], or intravenous immunoglobulin (IVIg) [29].
Other randomized controlled trials compared methotrexate (MTX) with AZA [30],
cyclosporine with MTX [31] and intravenous MTX with oral MTX plus AZA [27,
30-32]. The only positive placebo-controlled, randomized trial is a cross-over study
of IVIg in DM [29].

In refractory patients, third-line agents include mycophenolate mofetil [33],
rituximab [34, 35], cyclosporine, tacrolimus [36], chlorambucil [37] and cyclophos-
phamide (table 2). A 1-month randomized controlled trial of 12 plasma exchanges
compared to sham pheresis has not shown any benefit [28]. A clinical trial is ongoing
to clarify the role of rituximab in the treatment of PM and DM.

While no controlled trial has ever been done using CS, there is general agreement
that they are effective in DM and PM. CS can be used in a wide range of regimens and
routes of administration. The most common is prednisone 1 mg/kg/day (60-100 mg)
administered for 4 weeks followed by an abrupt or tapered conversion to every-other-
day schedule. A daily CS schedule is necessary in well-controlled hypertensive or dia-
betic patients. While most patients feel immediately good after taking CS, strength
improvement is delayed by 2-3 months after the onset of treatment. During that time,
the typical adult patient remains on prednisone 60-100 mg every other day or its equiv-
alent. For those who do not improve at 3 months, it is imperative to start a second-line
immunosuppressive agent. For the responders, a slow taper by 20 mg per month until
40 mg every other day then by 10 mg per month will reduce the prednisone dose to 20
mg every other day after 6-8 months from the initiation of therapy. In severe cases,
we admit patients for a 5-day intravenous pulse solumedrol therapy followed by high-
dose oral prednisone and consider simultaneously starting a second-line drug.

Because the risks of long-term CS therapy are numerous, monitoring is an essen-
tial part of the management plan. We obtain a PPD skin test prior to CS initiation to
assess the need for isoniazid. At CS initiation, we request a baseline bone DEXA scan
and ophthalmologic examination, with yearly follow-up. We maintain patients on
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Table 2. Immunosuppressive therapy for inflammatory myopathies

Therapy Route Dose Side effects Monitor
Azathioprine p.o. 2-3 mg/kg/day; flu-like illness, hepatoxicity, pancreatitis, monthly blood
single a.m. dose leukopenia, macrocytosis, neoplasia, count, liver enzymes
infection, teratogenicity
Chlorambucil p.o. 4-6 mg/day, bone marrow suppression, monthly blood
single a.m. dose hepatoxicity, neoplasia, infertility, count, liver enzymes
teratogenicity, infection
Cyclophos- p.o. 1.5-2 mg/kg/day; bone marrow suppression, infertility, monthly blood count,
phamide single a.m. dose hemorrhagic cystitis, alopecia, urinalysis
infections, neoplasia, teratogenicity
iv. 1 g/m? same as p.o. (although more severe), daily to weekly blood
and nausea/vomiting, alopecia count, urinalysis
Cyclosporine p.o. 4-6 mg/kg/day, nephrotoxicity, hypertension, blood pressure,
splitinto two infection, hepatoxicity, hirsutism, monthly cyclosporine
daily doses tremor, gum hyperplasia, level, creatinine/BUN,
teratogenicity liver enzymes
Intravenous i.v. 2 g/kg over 2-5 days; hypotension, arrhythmia, diaphoresis, heart rate, blood
immunoglobulin then every 4-8 flushing, nephrotoxicity, headache, pressure, creatinine/
weeks as needed aseptic meningitis, anaphylaxis, stroke BUN
Methotrexate p.o. 7.5-20 mg weekly, hepatoxicity, pulmonary fibrosis, monthly liver enzymes,
single infection, neoplasia, infertility, blood count
or divided doses; 1 day  leukopenia, alopecia, gastric irritation,
a week dosing stomatitis, teratogenicity
i.v./im. 20-50 mg weekly; same as p.o. same as p.o.
1 day a week dosing
Methyl- i.v. 1gin 100 ml/normal arrhythmia, flushing, dysgeusia, heart rate, blood
prednisone saline over 1-2 h, daily  anxiety, insomnia, fluid and pressure,
or every other day weight gain, hyperglycemia, serum glucose/
for 2-6 doses hypokalemia, infection potassium
Mycophenolate  p.o. 1-1.5 g twice a day myelosuppression, Gl (diarrhea, monthly blood count
mofetil nausea, abdominal pain), peripheral
edema, fever, infection, opportunistic
infection, malignancy, teratogenicicity
Prednisone p.o. 100 mg/day for 2-4 hypertension, fluid and weight gain, weight, blood
weeks, then 100 mg hyperglycemia, hypokalemia, pressure, serum
every other day; single  cataracts, gastric irritation, glucose/potassium,
a.m. dose osteoporosis, infection, aseptic cataract formation,
femoral necrosis DEXA scan
Rituximab iv. 2 doses of 750 mg/m? mild infusion-related adverse events CD 19 counts (< 5%),

administered 2 weeks
apart

(headache, nausea, chills,
hypotension), anaphylaxis,
infection

I9G level (keep above
30% of the lower
normal limit)
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Table 2. Continued

Therapy Route Dose Side effects Monitor
Tacrolimus p.o. 0.1-0.2 mg/kg/day split nephrotoxicity, Gl (diarrhea, abdominal blood pressure,
into 2 daily doses pain), hypertension, electrolyte imbalance, creatinine/BUN, and
tremor, infection, hepatotoxicity, electrolytes, monthly
teratogenicity trough level (aim 5-15
ng/ml)

Gl = Gastrointestinal.

oral calcium 500 mg with vitamin D 2-3 times daily. We ask patients about personal-
ity changes and psychiatric side effects. The patient is advised to be on a low-salt or
low-carbohydrate diet and is followed for changes in blood pressure and serum glu-
cose and potassium. We recommend the pneumococcal vaccine and yearly flu shots.

MTX, a folic acid antagonist that inhibits lymphocyte proliferation, is an effec-
tive rapidly acting second-line steroid-sparing immunosuppressant. MTX is given
once per week in divided doses, with a common starting dose of 7.5 mg/week. The
oral dose is increased by 2.5 mg per week, to reach at least 15 mg per week and up
to a 25-mg weekly dose. We also administer folic acid 1-5 mg per day to prevent
stomatitis.

In addition to stomatitis, potential adverse events include alopecia, pneumonitis,
teratogenicity, induction of malignancy, bone marrow suppression, susceptibility to
infections, and renal and liver toxicity. MTX-induced pneumonitis can be difficult
to distinguish from myositis-associated ILD. We do not use MTX in patients with
known ILD. Monthly laboratory monitoring is essential, including monthly complete
blood count, differential count, and liver function tests.

Therapeutic effects of oral MTX are readily noticeable after 4-6 weeks. If we
observe no improvement by that time and in more severe cases, we recommend MTX
intravenous or intramuscular treatment at a dose of 0.4-0.8 mg/kg weekly infusions
increasing by 5 mg every week to reach up to 60 mg weekly. Leucovorin rescue on the
day after parenteral MTX is needed for doses as high as 50 mg.

AZA, an anti-metabolite that blocks T-lymphocyte proliferation, is a very effec-
tive second-line steroid-sparing immunosuppressant with delayed onset of response.
AZA at a dose of 2-3 mg/kg/day is administered in divided doses. We start with 50
mg per day for a week before gradually increasing the dose as tolerated to 100-250
mg. Onset of response is after 4-8 months and peaks at 1-2 years. It is therefore not
surprising that the 3-month placebo-controlled trial of AZA did not show any effi-
cacy [27]. However, handgrip strength improvement after 1 year was no different
when comparing the AZA to MTX recipients [30]. We monitor complete blood cell
count and liver enzymes every week for 4 weeks, then monthly for 6 months, and
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then at least every 3 months as long as the patient remains on AZA due to the risk
for delayed toxicity. When liver enzymes are markedly elevated (above two times the
normal limit), AZA should be stopped for several months until enzymes normalize
before the patient may be rechallenged, at times successfully.

A reversible acute hypersensitivity reaction affects 12% of users in the first 2 weeks
of therapy. It is characterized by flu-like symptoms (nausea, vomiting, abdominal
pain, diarrhea, fever, malaise, and myalgia), rash, elevation in liver enzymes, and pan-
creatitis. Some may be able to tolerate a rechallenge. Delayed adverse events include
myelosuppression, hepatotoxicity, susceptibility to infection, malignancy, teratoge-
nicity, rash, alopecia, fever, and arthralgias.

The dose is adjusted to treatment response and to keep the white cell count above
3,500 and the absolute lymphocyte count below 1,000. AZA administration must be
interrupted if the white cell count falls below 2,500 or the absolute neutrophil count
is below 1,000. Patients taking allopurinol, an inhibitor of the main detoxification
pathway, require AZA dose reduction to 25-33% of the above. ACE inhibitors must
be avoided due to the serious risk of severe leukopenia.

IVIg, a pooled gamma globulin product from several thousand blood donors, has a
complex mechanism of action thought to be due to modulation of the production and
inhibition of the binding of pathogenetic antibodies, cytokine suppression, Fc recep-
tor blockade, increased macrophage-stimulating factor and monocyte chemotactant
protein-1, alteration in T cell function, decrease in circulating CD54 lymphocytes
and inhibition of cell transmigration into the muscle. A small randomized controlled
trial showed IVIg to be very effective in DM (75%) and as a second-line agent with
onset of action within 3 months [29]. Though prospective controlled trials are lack-
ing, IVIg is felt to be modestly effective in PM [38, 39]. It can be used as the initial
treatment in severely affected patients with a goal of more rapid improvement, occa-
sionally as maintenance therapy in otherwise refractory patients, or most commonly
to reduce long-term CS dose. Dosing is 2 g/kg total initially, given divided over 2-5
days, and then infusions are repeated every 2-4 weeks, with a total dosage of 0.4-2 g/
kg/month.

We closely monitor patients with the first infusion, starting at a very slow rate
of 25-50 ml/h and increasing it progressively by 10 ml/h every 10-20 min up to
150-200 ml/h. Mild reactions (headache, nausea, chills, myalgia, chest discomfort,
back pain) occur in 10% and are improved with slowing the infusion rate and are
preventable with premedication. Moderate rare reactions include chemical men-
ingitis and delayed red, macular skin reaction of the palms, soles and trunk with
desquamation. Acute renal failure is uncommon and related to patient dehydration
and the IVIg sucrose or maltose component. Other severe and rare reactions are
anaphylaxis, stroke, myocardial infarction or pulmonary emboli due to hypervis-
cosity syndrome. The latter is more likely to occur in old age, immobility, diabetes,
thrombocythemia, hypercholesterolemia, hypergammaglobulinemia, and cryo-
globulinemia. We avoid using IVIg in patients with several risk factors and place
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IVIg recipients on low-dose aspirin prophylactically. Patients with IgA deficiency
should not receive IVIg.

Inclusion Body Myositis

IBM is one of the most common myopathies after age 60, ranking second after
sarcopenia. Symptom onset before age 60 occurs in 18-20% of patients [40, 41].
Frequently, the diagnosis of IBM is delayed by a mean of 5-8 years from symptom
onset [40, 42-44]. Men are more frequently affected than women.

Clinical Presentation

The clinical presentation of IBM is quite distinct from that of other IIM. IBM is an
insidiously progressive disorder leading to proximal and distal frequently asymmet-
ric muscle weakness and atrophy [45, 46]. Significant muscle asymmetry or promi-
nent distal (forearm or lower leg) weakness should prompt consideration of IBM.
Asymmetric atrophy and weakness of wrist and finger flexors (fig. 1¢) and quadri-
ceps (fig. 1d) are distinctive, leading to loss of dexterity and early falls. Sparing of
the thenar and hypothenar muscles helps distinguish IBM from amyotrophic lateral
sclerosis. The neuromuscular examination in IBM should focus on careful testing
of specific muscle groups. The wrist and finger flexors are weaker than both of the
corresponding extensors and the shoulder abductors in stark contrast to the proxi-
mal predominant pattern of weakness seen in DM and PM. Similarly at the legs,
the knee extension and ankle dorsiflexion are as affected or even weaker than hip
flexion.

Involvement of the tibialis anterior muscle may occur in 10% of IBM patients.
Dysphagia affects 66% of patients and can be a significant problem [40, 47]. Mild
facial weakness is frequently demonstrated. Although asymptomatic, 30% of patients
may have evidence of a sensory neuropathy on clinical or electrophysiological exami-
nation. Patellar reflexes may be lost due to severe damage to the final effector organ.
Progression of weakness leads to wheelchair confinement in 10-15 years.

Associated Conditions

Autoimmune disorders such as systemic lupus erythematosus, Sjogren’s syndrome,
thrombocytopenia, and sarcoidosis have been reported in up to 15% of patients with
IBM. However, the relationship of IBM with autoimmune disorders, if any, is con-
troversial at best. There is no increase in the incidence of myocarditis, ILD or malig-
nancy in association with IBM.
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Laboratory Testing

Serum CK level may be normal or mildly elevated, usually less than 10 times above
the normal limit. ANA is usually positive in 20% of IBM patients. IBM patients have
a high prevalence of the HLA DR3 *0301/0302 phenotype.

Electrophysiology

In up to 30% of the cases, nerve conduction studies reveal electrophysiological evi-
dence of a mild sensory axon loss peripheral polyneuropathy. Otherwise the NEE
findings in most cases are similar to those found in PM and DM. However, in 1 out
of 3 IBM cases, the motor unit potentials are mixed myopathic and neuropathic, with
the neurogenic changes often overshadowing the myopathic changes. This is due to
reinnervation of denervated and split muscle fibers in this chronic disease. Large-
amplitude polyphasic MUAPs are also likely to be seen in PM and DM with disease
chronicity.

Imaging

The muscle MRI findings are similar to those discussed under DM except for the
asymmetric distribution in distal arm and proximal leg muscles. Muscle ultrasound
in IBM demonstrates more atrophy than that observed in PM or DM and a higher
degree of increased echogenicity. These findings are also asymmetric and most nota-
ble in the distal muscles [9].

Muscle Histopathology and Pathogenesis

It is uncertain whether IBM is primarily an inflammatory myopathy or a degenera-
tive muscle disorder. In addition to endomysial inflammation, the presence of small
groups of atrophic fibers, eosinophilic cytoplasmic inclusions and myofibers with
one or more rimmed vacuoles lined with granular material is highly supportive of a
pathological diagnosis of IBM (fig. 2b). However, these vacuoles may only be detect-
able on second or third muscle biopsies performed on treatment-refractory patients
carrying the phenotype of IBM and histopathologic findings of PM [45].

Congo red staining demonstrates amyloid deposition in vacuolated fibers. There is
an increase in the amount of ragged red fibers and COX-negative fibers. Some nuclei,
which contain eosinophilic inclusions, appear to be enlarged within the vacuoles as if
they are about to explode into the vacuoles. There is an increased likelihood of find-
ing the 15- to 18-nm cytoplasmic and intranuclear tubulofilamentous inclusions on
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electron microscopy when at least three vacuolated fibers are examined. Vacuolated
fibers also contain cytoplasmic clusters of 6- to 10-nm amyloid-like fibrils.

There are several similarities in the type and distribution of the inflammatory infil-
trates seen in PM and IBM [11]. As in PM, myofibers are surrounded and invaded
by endomysial inflammatory cells that consist of macrophages and CD8+ cytotoxic T
cells. Moreover, MHC-1 is also expressed on the surface of necrotic and nonnecrotic
tibers. While the role of endomysial plasma cells is unclear, myeloid dendritic cells
surround nonnecrotic fibers and present antigen to the CD8+ lymphocytes.

Patients who have typical IBM clinical features but few inflammatory cells or
few rimmed vacuoles can be difficult to diagnose [45]. Furthermore, patients who
have steroid-responsive PM syndromes can have a few rimmed vacuoles [48]. Some
patients are mislabeled as PM when no vacuoles are found even though they have the
classic clinical phenotype. These patients require more than one biopsy to find the
typical histopathologic features.

Therapy

There is no known effective treatment for IBM. In general, IBM patients are refractory
to prednisone [40]. Some IBM patients may have a transient and mild improvement in
response to CS. A recent abstract suggested that in rare IBM patients, there may be an
initial dramatic response to CS therapy followed by relative and progressive resistance
to therapy over 3-6 years [49]. Most studies of IVIg administered to IBM patients for
several months did not demonstrate any efficacy. Despite an early encouraging report
[50], our study [51] and subsequent randomized controlled trials of IVIg without CS
[52] and with CS [53] did not identify any benefit from chronic IVIg treatment in
IBM. Two studies by the Muscle Study Group failed to show any efficacy of interferon-
B.. in controlled trials [54, 55]. A randomized controlled trial of prolonged MTX
use also showed it to be ineffective [56]. Despite promising results of anti-thymocyte
globulin in a pilot trial [57], there is no ongoing controlled trial in IBM. A small pilot
randomized trial of oxandrolone, an androgen receptor agonist, suggested the need
for further evaluation of oxandrolone due to a borderline significant effect in improv-
ing whole-body strength and a more significant benefit in the upper extremities maxi-
mal voluntary isometric contraction testing [58]. In a small pilot trial of etanercept,
we did not find a clinically meaningful improvement in handgrip at 12 months, and
no further clinical trials of TNF blockers are to be pursued [59].

Necrotizing Myopathy
NM is a unique immune-mediated myopathy with specific pathologic features that

are distinct from PM and other IIM. It is an increasingly recognized autoimmune
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myopathy that lacks inflammation [19]. In a recent series [7, 60], 19% of IIM cases
were due to NM.

Clinical Presentation

NM usually manifests in patients over the age of 30 with women being more fre-
quently involved than men by a 2-to-1 ratio [7]. NM usually presents with subacute to
insidious progressive proximal muscle weakness. Weakness generally develops more
rapidly as compared to PM and in 30% it is severe [7]. There may be associated myal-
gia. Dysphagia has been reported in NM.

Associated Conditions

Malignancy and autoimmune disorders including scleroderma and mixed connec-
tive tissue disease are frequently associated with NM. Gastrointestinal tract adeno-
carcinoma and small-cell and non-small-cell carcinoma of the lung are the common
malignancies. Certain medications have been associated with toxic autoimmune NM
including statins, fibrates, ezetimibe, cyclosporine, and alcohol. However, there are
patients with NM who have no known associated conditions or precipitating factors,
considered to have an immune-mediated idiopathic myopathy [61].

Laboratory Testing

Serum CK level is often highly elevated 10 or more times above the normal limit.
ANA is positive in those with underlying connective tissue disorder. An MSA may be
present in up to 35% of NM cases and in one report a patient had antibodies to Mi-2
and a non-Jo-1 antisynthetase [7]. NM patients should also be screened for an under-
lying malignancy as discussed under DM.

Electrophysiology
Electromyography demonstrates increased insertional activity, positive sharp waves,

and fibrillation potentials. MUAPs are usually of short duration and low amplitude
with early recruitment similar to other IIM.
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Muscle Pathology

Muscle histopathology plays a critical role in the diagnosis of NM. The most promi-
nent feature of muscle biopsy is the absence of inflammatory infiltrates and the pres-
ence of scattered necrotic myofibers. Features supportive of a humorally mediated
microangiopathy include thick ‘pipestem’ capillaries on routine histochemistry and
electron microscopy as well as microvascular deposits of complement membrane
attack complex [62]. Unlike in DM, perivascular inflammation is scant and endothe-
lial tubuloreticular inclusions are not usually present on electron microscopy

Therapy

NM is often more resistant to immunosuppressive therapy compared to DM and PM,
particularly if there is an underlying malignancy or toxic myopathy. However, immu-
nosuppressants like prednisone in combination with MTX, or AZA are the mainstay
of treatment. For resistant cases, adding IVIg may be helpful.

Conclusion

The most common inflammatory myopathy after age 50 is IBM. It is uncertain if IBM
is primarily a degenerative disorder or an inflammatory muscle disease. IBM presents
with proximal leg and distal arm weakness. IBM has no known effective treatment.
The other IIM typically present with proximal predominance of arm and leg weak-
ness. This clinical distinction is important given the availability of highly effective
therapies for PM, DM and to some extent NM.
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Abstract

Stiff person syndrome (SPS), stiff limb syndrome, jerking SPS and progressive encephalomyelitis with
rigidity and myoclonus (PERM) are a family of rare, insidiously progressive diseases of the central
nervous system. They all share the core clinical features of appendicular and axial rigidity caused by
continuous involuntary motor unit activity, and superimposed stimulus-sensitive spasms. There is
good evidence for a primary auto-immune aetiology. Anti-glutamic acid decarboxylase (anti-GAD)
antibodies, specifically to the GAD65 isoform, are present in serum or cerebrospinal fluid of 60-80%
of patients with SPS and its variants. A paraneoplastic form of SPS is recognized in about 5%, associ-
ated with a different profile of auto-antibodies. Repeated intravenous immunoglobulin is the main-
stay of disease-modifying therapy in SPS. Rigidity and spasms may be treated symptomatically with
benzodiazepines, baclofen, tiagabine and levetiracetam. After an initial progressive phase, patients
with SPS generally stabilize over a period of months to years. However, 10% will require prolonged
admission to intensive care at some stage during the disease. Sudden death has been reported in as
many as 10% of patients because of unexplained metabolic acidosis or autonomic crises. The prog-
nosis in paraneoplastic SPS, jerking SPS and PERM, in terms of mortality, is generally worse than in
primary SPS. Copyright © 2009 S. Karger AG, Basel

Background

Stiff man syndrome was first described in 1956 by Moersch and Woltman [9]. The
index case was a 49-year-old man who farmed in Iowa, hence the original term ‘stiff
man syndrome. Moersch and Woltman went on to present a series of 14 patients
(10 male and 4 female) collected over 32 years with fluctuating rigidity, spasms and
gait disturbance, but without evidence of extrapyramidal or pyramidal disease [6, 9].
The condition is now generally referred to as either stiff person syndrome (SPS) or
Moersch-Woltman syndrome.

SPSisarare, insidiously progressive disease of the central nervous system character-
ized by axial and appendicular rigidity with superimposed stimulus-sensitive spasms.
Classical SPS is considered to be part of a spectrum of related disorders, including
stiff limb syndrome (SLS), jerking SPS and progressive encephalomyelitis with rigid-
ity and myoclonus (PERM), which share clinical, laboratory, electrodiagnostic and



histopathological features (see below). Some patients can present initially with SLS
and progress over a period of years to classical SPS and thence to PERM.

The annual incidence of SPS and its variants is about 1 per million in the European
population [14, 16]. There is no consensus in the literature as to the distribution of
SPS between the sexes; in some series it appears to affect males more than females
(approx. 2:1) [9, 21], whereas in other series the reverse is true (approx.1:3) [16].
Typically the condition first presents in the fourth to sixth decade.

The core features of classical SPS are stiffness and rigidity in axial and proximal
limb muscles with superimposed stimulus-sensitive axial and appendicular spasms, but
without evidence of brainstem, pyramidal, extrapyramidal or lower motor neuron signs,
sphincter disturbance, sensory disturbance or cognitive impairment (for diagnostic cri-
teria see table 1). Spasms can be provoked by stimuli including voluntary movement,
emotional triggers and unexpected somaesthetic or auditory stimuli. They are associ-
ated with intense pain, and can sometimes persist for days (status spasticus). Spasms
can affect facial muscles and larynx causing stridor, and occasionally can be so severe
in the limbs that they cause fractures [25]. Continuous muscle contractions can cause
board-like rigidity in the abdominal muscles, and co-contraction of abdominal and
paraspinal muscles results in an abnormal axial posture, typically lumbar hyperlordosis.
The gait is usually deliberate and slow and examination frequently reveals an exagger-
ated startle and head retraction (or glabellar) reflex which fail to habituate. Paroxysmal
dysautonomia, in the form of hyperpyrexia, diaphoresis, tachypnoea, tachycardia, pupil
abnormalities, and arterial hypertension, can also be a prominent feature.

Ocular abnormalities including auto-immune retinopathy [28] and scleritis [30]
have been described in SPS. Motility disorders, including horizontal diplopia and
nystagmus [31, 32], and vertical diplopia and downbeat nystagmus [33, 34], have also
been described, but only in patients with SPS and ataxia (see below) or co-existent
myasthenia gravis [35].

SPS is often mistaken initially for a psychogenic disorder, and historically, before
Moersch and Woltman reported their series, all cases were considered thus [36].
However, it is also recognized that psychiatric disorders including anxiety, depres-
sion, alcohol abuse [37], agoraphobia [38], paroxysmal fear [16], task-specific pho-
bia (fear and avoidance of situations because of motor symptoms of SPS) and phobic
anxiety without avoidance [39] are frequent amongst patients with SPS. The absence
of premorbid or inherent psychiatric disease [40] would suggest that such disorders
develop in SPS either as a consequence of the condition (and misdiagnosis) or are a
manifestation of the condition.

Pathophysiology
Impaired GABAergic and glycinergic synaptic transmission are central to the

pathophysiology of SPS but the pathological substrate is unclear. It has been proposed
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Table 1. Diagnostic criteria

Core diagnostic criteria
(A) Positive
Stiffness and rigidity in axial muscles
Abnormal axial posture (90% lumbar hyperlordosis)
Stimulus-sensitive spasms (stimuli include voluntary movement, emotional upset,
unexpected somaesthetic or auditory stimuli)
Electromyographic evidence of CMUA in at least one axial muscle (see table 3)

(B) Negative

Absent brainstem, pyramidal, extrapyramidal and lower motor neuron signs
No sphincter disturbance

No sensory disturbance

Absence of chronic pain syndrome

No cognitive impairment (except seizure-related)

Supplementary diagnostic criteria
Stiffness and rigidity in proximal limb muscles
Resolution of rigidity and stiffness with intravenous benzodiazepines
Electromyographic evidence of abnormal exteroceptive reflexes (see table 2)
Serum anti-GADG65 antibodies >20 nmol/I (60-90% of prototypic SPS patients)
CSF protein level >0.6 g/l and/or WBC >5/ul and/or OCBs (60% of prototypic SPS)
CSF anti-GAD antibodies
Non-habituating startle response
Non-habituating head retraction reflex (i.e. glabellar reflex)

Associated clinical features
Ocular signs (see text)
Paroxysmal dysautonomia (hyperpyrexia, diaphoresis, tachypnoea, tachycardia,
pupillomotor, hypertension)
Paroxysmal fear

WBC = White blood cell count; OCBs = oligoclonal bands.

by different authors that this functional impairment is the result of reduced presyn-
aptic transmitter synthesis, immunological destruction of inhibitory interneurons or
reduced postsynaptic receptor number. It remains unclear whether the deficit is a
reversible functional block of synaptic transmission or whether it reflects primary
neuronal loss.

Brain imaging techniques have confirmed a GABAergic deficit in vivo in SPS.
Both magnetic resonance spectroscopic studies and 'C-flumazenil PET have shown
either reduced GABA levels or reduced GABA binding in the sensorimotor and
limbic cortex of patients with SPS [41, 42]. Electrophysiological studies have inter-
rogated various inhibitory spinal reflex pathways in SPS using the Hoffman reflex,
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the electrophysiological equivalent of the stretch reflex. These studies have shown
that both GABAergic inhibition, which mediates vibration-induced inhibition of the
Hoffman reflex, and glycinergic inhibition, which mediates early reciprocal inhibi-
tion and non-reciprocal inhibition, are both impaired within the spinal cord [43].
However, in the same studies the GABAergic pathways mediating the presynaptic
component of reciprocal inhibition, or recurrent (Renshaw) inhibition, were normal.
Such patchy impairment would suggest either a more selective disease process, or
more plausibly that functional variability at the level of the spinal cord, much like
spasticity, is determined by an imbalance in the strength of descending input, as a
consequence of changes in brainstem or intracortical inhibition [13, 14].

Post mortem histological findings have been inconsistent. Initial reports failed to
identify any abnormalities [9]. However, more recent reports have described selec-
tive loss of GABAergic neurons within the cerebellum and spinal cord [44], or a
more aggressive inflammatory picture of perivascular lymphocytic infiltration and
gliosis within the spinal cord, brainstem, basal ganglia and cerebral cortex [45, 46].
An autopsy on one patient, who presented initially with SPS, but died years later of
PERM, showed both GABAergic neuronal attrition and evidence of perivascular lym-
phocytic infiltration and gliosis [47]. These recent reports suggest that, at least in
the later stages of the disease, the functional GABAergic deficit results from frank
neuronal loss.

From the first description of anti-glutamic acid decarboxylase (anti-GAD) anti-
bodies in SPS, there has been controversy as to whether these represent an epiphe-
nomenon to a non-immune primary degenerative pathology, or, even if the disease
is auto-immune, whether the antibodies described to date are themselves pathogenic,
or markers of a hitherto unrecognized primary auto-antigen.

On the basis of existing evidence, however incomplete, current consensus is that
the underlying pathological process in SPS is indeed a humorally mediated auto-
immune response and that the auto-antibodies found (principally anti-GAD) are
pathogenic. This is based on a series of observations.

(1) SPS is associated with other auto-immune diseases (and the presence of other
tissue-specific auto-antibodies).

A common feature of the organ-specific auto-immune diseases is their clustering
within individuals and in families. SPS behaves like a typical auto-immune disease
in this respect with demonstrated association within patients and their first-degree
relatives of type I diabetes mellitus, auto-immune thyroiditis and pernicious anaemia
(48, 49].

Human leucocyte antigen (HLA) restriction has also been shown in SPS, with sig-
nificant associations shown for HLA-DQB1*0201 [50] and HLA-DRB1*0301 [51],
again a typical feature of auto-immunity.

(2) Antibodies against a number of components of GABAergic (and glycinergic) syn-
aptic function (fig. 1a) are found in the serum and cerebrospinal fluid (CSF) of 80-90%
of patients with SPS and can inhibit GABAergic function in vitro.
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While humoral auto-immunity to synaptic targets is a common feature of the
majority of cases investigated, the specificity and mechanism by which the anti-
body interferes with synaptic function appears to vary. Anti-GAD antibodies (the
specificity of which is now refined to the 65-kDa subunit) are found in 60-80% of
SPS patients [16]. GAD catalyzes the conversion of glutamate to GABA and direct
inhibition of this step is proposed as the cause of the majority of SPS cases [52,
53]. An alternative primary auto-antibody, anti-GABA receptor-associated protein
(anti-GABARAP), has recently been described. These antibodies were found in 70%
of SPS cases in a single study and may inhibit trafficking of GABA receptors [54].
Their presence overlaps with anti-GADG65 and the relative importance of this find-
ing remains to be clarified.

The importance of anti-GAD antibodies in SPS has been challenged by their fre-
quent presence in unaffected individuals with other auto-immune conditions, poly-
endocrine syndrome and type I diabetes mellitus. However, it has been shown in
electrophysiological studies that only CSF or serum anti-GADG65 antibodies from
affected SPS patients can reversibly inhibit GABAergic transmission in rat cerebellar
slices [55-59].

The observation that disease severity in anti-GAD-positive SPS is not correlated
with plasma or intrathecal anti-GAD titres [60] might suggest that anti-GAD anti-
bodies do not have a direct pathogenic role. However, plasma levels may not be rel-
evant in SPS because there is preferential intrathecal anti-GAD antibody synthesis.
Although the lack of correlation with CSF levels raises questions, free CSF antibody
titres may not be a reflection of bound pathogenic titres (the pathogenic antibodies
may be those which have been internalized, the determinants of which are unclear;
see below for discussion).

Paraneoplastic SPS accounts for about 5% of cases, and can be associated with anti-
amphiphysin antibodies (thymoma [61]; bronchogenic adenocarcinoma [62, 63];
breast carcinoma [64-67]), anti-Ri (ANNA-2) antibodies (bronchogenic adenocar-
cinoma [68]) and anti-gephyrin antibodies [69] in addition to anti-GAD antibodies
(breast cancer [70]; multiple myeloma [71, 72]; thymoma [61]; renal cell carcinoma
[73]). Postinfectious SPS (e.g. West Nile virus [74]) and drug-induced SPS have also
been described. The latter has only been reported with oral retinoids (e.g. isotretinoin
[75]; etretinate [76, 77]) and resolves following treatment cessation. In paraneoplastic
SPS, anti-gephyrin antibodies and anti-amphiphysin antibodies are likely to affect,
respectively, the anchoring of GABA (and glycine) receptors [69] and recycling of
synaptic vesicles and receptors [65]. The co-localization of all these targets to the syn-
apse suggests a final common pathway to the clinical phenotype.

Additional non-synaptic auto-antibodies have also been described. These include
anti-ICA105 antibodies [78], anti-173-hydroxysteroid dehydrogenase type 4 anti-
bodies [79] and anti-Ri (ANNA?2) antibodies in paraneoplastic SPS, which target a
nuclear antigen within neurons [68]. The significance of these is unclear but they may
represent epitope spreading, often seen in organ-specific auto-immunity.
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Fig. 1. Auto-antibodies target cytosolic proteins in SPS. a Most auto-antibodies in SPS target cyto-
solic proteins responsible for membrane trafficking at synapses and GABAergic synaptic function
(except anti-Ri which targets an unidentified neuronal nuclear antigen). Protein targets are illus-
trated in this simplified diagram of a GABAergic synapse, including presynaptic terminal, synaptic
cleft and postsynaptic membrane. GADG65 is the rate-limiting step in the synthesis of GABA from
glutamate. Amphiphysin interacts with dynamin and cytoskeletal proteins during endocytosis to
close off the vesicle, and is therefore involved in synaptic vesicle formation and receptor recycling.
Gephyrin anchors GABA (and glycine) receptors to the cytoskeleton, both for receptor trafficking
and membrane stabilization. GABARAP (GABA receptor-associated protein) binds to GABA receptors
and is involved in receptor trafficking. There are a number of putative mechanisms by which auto-
antibodies can reach these targets. b GAD65 is a vesicle-associated protein. During exocytosis the
membrane-anchoring element is exposed to the extracellular milieu, presenting a potential target
for antibody-mediated cytotoxic mechanisms. ¢ Alternatively, antibody binds to GAD65 during exo-
cytosis and is then incorporated into synaptic vesicles following endocytosis, where it inhibits GAD65
and prevents vesicle recycling. However, GAD65 antibodies bind to the enzymatic subunit, which is
entirely cytosolic, and is not exposed during exocytosis. d SPS-associated auto-antibodies bind to
specific glycosaminoglycans and are endocytosed via energy-dependent mechanisms. The vesicle
membrane is lysed by unknown mechanisms once the vesicle is intracellular. e SPS-associated auto-
antibodies bind to specific glycosaminoglycans, undergo conformational changes that result in
amphiphatic a-helical structure facilitating their insertion into the lipid bilayer and translocation into
the cytosol.
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(3) Serum antibodies from SPS patients can reproduce clinical features of SPS in rats
in vivo.

Passive transfer of the disease remains the gold standard for establishing an auto-
immune aetiology. This has successfully been shown in a case of paraneoplastic SPS
where intraperitoneal injection of the purified IgG fraction of plasma from a patient
(breast carcinoma and anti-amphiphysin antibodies) caused behavioural and electro-
physiological changes consistent with SPS [80].

While this provides ‘proof of principle’ for an antibody-mediated antisynaptic
pathology, passive transfer has not to date been shown for anti-GADG65. Furthermore,
neonates of affected mothers can have high-titre anti-GAD65 antibodies without
developing the disease [81]. While this phenomenon has been described in less con-
tested humoral auto-immune conditions (such as anti-Ro-mediated heart block), it
may suggest the need for a ‘cofactor’ along with the antibody to make the disease
manifest.

(4) SPS responds to treatment with immunomodulatory agents.

Mechanisms of Auto-Immunity in SPS

The mechanisms which lead to the breaking of tolerance in SPS are not understood.
Generation of the high-affinity, class-switched antibody described [82] requires a
T-cell-dependent germinal centre reaction. Anti-GAD65-reactive T cells have indeed
been isolated from SPS patients [83, 84]. Relative anti-GAD titres are higher in CSF
than blood suggesting that there is intrathecal synthesis of the pathogenic antibody,
circumventing the blood-brain barrier to gain access to the target tissue [60]. Such
a compartmentalized B cell response is now recognized in multiple sclerosis, where
central nervous system B cell follicles have been shown [85] and a locally perpetuated
process can thus be envisioned in SPS, with epitope spreading leading to a diversity of
antibodies within individuals.

As in most auto-immune diseases, the step initiating loss of tolerance is not clear
but clues come from a recently described case where the disease had a clear temporal
link to West Nile virus infection [74]. While polyclonal B cell activation may explain
this, sequence homology between GAD65 and West Nile virus raises the possibility of
molecular mimicry. Sequence analysis also reveals candidate homologous regions in
coxsackievirus [86] and cytomegalovirus [87].

Whether anti-GAD65 antibodies (or any of the other SPS-associated auto-anti-
bodies described to date) directly cause SPS, are markers of auto-immunity, or are an
epiphenomenon of neuronal destruction, as seen in Batten disease (juvenile neuronal
ceroid lipofuscinosis), is unclear. One well-rehearsed argument is that SPS auto-anti-
bodies must be an epiphenomenon, because they target intracellular proteins (fig.
1a), which cannot be accessed because of the plasma membrane. GAD65, which is a
synaptic vesicle-associated protein, is a potential exception to this (fig. 1c). However,
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only the membrane-anchoring component is exposed during exocytosis, and not the
enzymatic unit, which is largely cytosolic.

There is now increasing evidence that some antibodies can penetrate cell mem-
brane of many cell types [88-91], including neurons [92], particularly polyreactive
anti-DNA antibodies containing positively charged lysine and arginine-rich polypep-
tide sequences, as seen in systemic lupus erythematosus [93-95]. These antibodies
bind strongly to specific glycosaminoglycans and enter the cell either by energy-
dependent endocytotic mechanisms (fig. 1d), or energy-independent conformational
changes that result in amphiphatic a-helical structures that facilitate their insertion
into the lipid bilayer (fig. 1e). Pathogenic roles for antibodies directed at intracellular
targets have been accepted in other auto-immune diseases, notably ANCA-mediated
vasculitis [96, 97].

Investigation

Table 2 containsalist of potential differential diagnoses of SPS and SLS, most of which
can be excluded either by a thorough history and examination, or by routine labo-
ratory or radiological investigations. If SPS is suspected, serum should be screened
for anti-GAD antibodies (specifically anti-GADG65 antibodies), anti-GABARAP
antibodies (if available), and paraneoplastic antibodies (anti-Ri, anti-amphiphysin,
anti-gephyrin), and other tissue-specific auto-antibodies (e.g. anti-gastric parietal
cell antibodies, anti-thyroid microsomal antibodies). Serum anti-GAD65 antibody
titres are typically high (>20 nmol/l). Electromyography should demonstrate evi-
dence of continuous motor unit activity in at least one axial muscle (fig. 2a), which
resolves with intravenous benzodiazepines, and abnormal exteroceptive reflexes
(table 3). CSF is abnormal in up to 60% of classical SPS patients (either protein
>0.6 g/l and/or white blood cell count >5/ul and/or oligoclonal bands and/or CSF
anti-GAD antibodies). During initial investigations the MRI of the brain and spine
is normal.

If paraneoplastic antibodies or tumour markers are positive (or conversely if auto-
antibodies, anti-GADG65 and paraneoplastic antibodies are all negative), further inves-
tigations should include CT of the chest, abdomen and pelvis, mammography and
PET, since treatment of an associated malignancy can either stabilize or reverse the
features of SPS. In PERM, the risk of underlying malignancy is approximately 20%,
and therefore all patients should be screened, irrespective of the serology.

Management
Management can be aimed purely at pharmacologically reducing the stiffness and

spasms, or alternatively (or in parallel) targeting the auto-immunity.
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Table 2. Differential diagnosis of axial and appendicular rigidity with continuous involuntary ante-
rior horn cell activity and spasms

SPS (axial rigidity with CMUA + spasms)

Trauma

Cervical syringomyelia
Subacute necrotizing myelopathy
Inflammatory myelopathy
Intrinsic spinal cord neoplasm
Spinal cord infarction/ischaemia
Acute/chronic/relapsing tetanus
Encephalomyelitis lethargica
Strychnine poisoning
Hyperekplexia

Generalized dystonia

cervical spinal cord injury [1]

[2,3]

cervical spinal cord [4]

atypical SPS [7]

cervical spinal cord astrocytoma [10, 11]
anterior spinal artery territory [12]

chronic toxin production in deep wounds [15]
(171

[19]

described in GLRA1 mutations [22]

e.g. DYT1 causing stiff child syndrome [24]

SLS/focal SPS (focal rigidity with CMUA + spasms)

Neuroborreliosis
Acute poliomyelitis

[26]
[27]

Tetanus ascendans see above [15]
Neuromyotonia/lsaac’s syndrome

Focal dystonia

easily differentiated on electromyogram [29]

Rigidity and spasms usually respond to GABA agonists such as benzodiazepines,
baclofen and tiagabine [98]. Gabapentin or pregabalin are often used in addition. We
have found the latter particularly useful in a number of patients, particularly those
with generalized anxiety. Pain crises are usually managed with intravenous or sub-
cutaneous opiates. Patients in whom rigidity and spasms are, or become resistant to
benzodiazepines can benefit from treatment with levetiracetam [99], intravenous
propofol infusion [100], or intrathecal baclofen [101, 102]. Focal intramuscular injec-
tion of botulinum toxin is a useful adjunct for treating severe rigidity [103], as is
muscle afferent block [104].

Patients who continue to progress despite adequate symptomatic therapy, or who
fail to respond symptomatically from the outset should be considered for disease-
modifying therapy with immunomodulatory or immunosuppressive agents. The only
disease-modifying therapy with prospective, randomized, controlled trial evidence
is intravenous immunoglobulins, given regularly [105]. Steroids, cyclophosphamide,
azathioprine, mycophenalate mofetil and plasma exchange [106] have all been used
with varying success. More recently the specific B-cell-depleting monoclonal anti-
body rituximab has been tried with success [107, 108] and is part of an ongoing trial
in the USA.
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Fig. 2. Electrophysiology. a Unrectified electromyogram recorded with a needle electrode from a
lumbar paraspinal muscle in a patient with SPS showing continuous motor unit activity at rest.
Recordings were made while the patient was lying prone and motionless on an examination couch.
The arrow indicates the time at which an auditory stimulus was delivered. Note that the background
firing frequency of the multi-unit recording increases following the auditory stimulus and remains
elevated (time base is 20 s per division and amplitude is 2 mV per division). b The same recording as
illustrated in a but displayed on an expanded time base (10 s per division). ¢ Averaged motor unit
action potentials, generated using the Multimap™ programme, from the recording illustrated in fig-
ure 1. Note the normal duration, amplitude and shape of the averaged motor unit potentials (time
base 50 ms and amplitude 2 mV as indicated by horizontal and vertical bars).

156 Duddy - Baker




Table 3. Electrodiagnostic criteria

Notes
Diagnostic features
CMUA in at least one axial muscle
Cutaneomuscular (exteroceptive) widespread, non-habituating, low-threshold
reflexes responses to stimulation of tibial nerve, with

simultaneous co-contraction of antagonists [5, 6]

Additional features

Non-habituating acoustic startle EMG recorded from axial and leg muscles [8]

reflex

Increased cortical excitability silent period reduced by 20% compared to
controls, increased ICF, and reduced SICl and LICI
[13,14]

Spasmodic reflex (propriospinal) sequence of 1-3 synchronous myoclonic EMG

myoclonus bursts in trunk muscles 60-70 ms after median
nerve stimulation [18]

Blink reflex R2 EMG component of blink reflex does not

suppress after conditioning stimulus, whereas in
controls R2 component suppresses forup to 1's
[20]

Head retraction reflex stimulation of trigeminal nerve produces a 12.5-
to 20-ms response and a 44- to 70-ms response in
trapezius, which does not habituate [23]

EMG = Electromyogram; ICF = intracranial facilitation; SICl = short-interval intracortical inhibition;
LICI = long-interval intracortical inhibition.

Prognosis

Patients with prototypic SPS generally progress and then stabilize over a period of
months to years [21]. However, 10% will require prolonged admission to intensive care
at some stage during the disease, and sudden death has been reported in as many as 10%
of patients with prototypic SPS [16], typically because of unexplained metabolic acido-
sis or autonomic crises. The prognosis in SPS variants is more variable (see below).

Stiff Person Syndrome Variants
SLS or Focal SPS
Atleast 30% of patients with SPS present initially with asymmetrical or unilateral rigid-

ity and spasms in the arm or leg [16]. However, there is a distinct entity first described
as stiff leg syndrome [109], but known variously either as stiff limb syndrome (SLS)
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or focal SPS, in which stiffness and spasms are typically limited to the legs, lumbar
hyperlordosis is not a presenting feature, and progression to classical SPS is slow and
only occurs in 75% of patients [16, 21, 25, 109-112]. Presentation is initially in one
leg, with progression to both legs after an interval of 6 months to 4 years [109]. In one
case series, SLS was limited to the upper limb in 15% of patients [21].

SLS can appear between the ages of 18 and 71 years and is twice as common in
females. Symptoms can resolve after 12 months, but typically persist for several years,
sometimes as many as 20 years. Symptoms or signs of brainstem involvement, which
is often transient, appear after 2 years in approximately 40% of patients. Sphincter
involvement, including frequency, urgency and urge incontinence is present in 54% of
patients after approximately 5 years. In one series, 54% of SLS patients had a relapsing-
remitting course. Interestingly, unlike other variants of SPS, approximately 40% had a
preceding illness. Unlike classic SPS with axial rigidity, the prognosis in terms of dis-
ability in SLS is poor; about 50% of patients are wheelchair dependent after an aver-
age interval of 3.5 years. Only three cases of paraneoplastic SLS have been described,
one associated with bronchogenic small-cell carcinoma and segmental myoclonus
[113], one associated with breast carcinoma and anti-GAD antibodies [70], and the
other associated with myeloma and anti-GAD antibodies [71]. Symptomatic therapy
with diazepam and baclofen, while providing some relief from spasms, is ineffective
at reducing stiffness and disability in approximately 75% of patients with SLS.

Alternative causes of focal stiffness and rigidity, with or without spasms (table
2) can easily be excluded by appropriate investigations. In SLS, electrophysiological
investigations are the most sensitive diagnostically and demonstrate core features
of SPS (table 3). However, in 20% of patients there is also evidence of denervation
and in 75% there is an abnormal interference pattern in the electromyogram of the
affected limb. There is also asymptomatic evidence of continuous motor unit activity
in paraspinal and abdominal muscles in 30% of SLS patients and 13% have abnor-
mal central motor conduction times. Of the 24 cases described in the literature, 11
(46%) had anti-GAD antibodies in CSF or serum, and 16 (70%) had auto-antibodies
of some description. When the CSF is examined, in about 40% of SLS patients there is
a raised protein level (>0.6 g/1), in 10% there is pleocytosis (white blood cell count >5/
ul) and in 20% there are unmatched oligoclonal bands. Histological examination of
post-mortem tissue from a single patient with paraneoplastic SLS was normal [113].

Jerking SPS

In the earliest descriptions of jerking SPS, patients had a protracted history of pro-
gressive appendicular and axial rigidity with spasms, identical to classical SPS, before
developing nocturnal myoclonus [114, 115]. The term ‘jerking stiff man syndrome’
did not emerge until the 1980s [116, 117] and the condition is now generally referred
to as jerking SPS. Patients initially present with the diagnostic features of SPS (table
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1) and in the cases described there is progression over 2.5-14 years, with increas-
ing appendicular and axial rigidity and spasms, before the onset of reticular reflex
myoclonus [116]. Although according to strict criteria there should only be clinical
features of SPS and myoclonus, seizures [115], downbeat nystagmus, hyperreflexia,
ankle clonus and ataxia have been described in a number of cases [116], indicating a
more widespread process involving the cerebellum, brainstem and cerebral cortex.

In jerking SPS patients from whom information is available, CSF parameters were
normal (CSF was not tested for oligoclonal bands or anti-GAD antibodies), but post-
mortem histology confirmed clinical suspicions of a more widespread encephalo-
pathic process. An autopsy on 1 patient, who died of chronic obstructive pulmonary
disease, showed evidence of Purkinje cell loss within the cerebellum and neuronal
loss within the lateral nuclei of the ventral horn of the spinal cord, thalamus and
lateral substantia nigra [115]. In a second patient who died of central apnoea, there
was widespread perivascular lymphocytic infiltration in the spinal cord, brainstem,
thalamus, hippocampus and amygdala, with a dense polyclonal mononuclear infil-
trate within the ventral horns of the cervical and lumbar cord with preservation of
axons and myelin [47].

The presence of ataxia and histological evidence of cerebellar degeneration in jerk-
ing SPS is interesting. Cerebellar signs are documented in a subset of patients with
SPS [31, 33, 34, 118-121], raising the possibility of an ‘ataxic SPS’ variant of SPS, of
which jerking SPS is presumably a forme fruste. In ataxic SPS, signs of ataxia can pre-
cede, succeed or present simultaneously with signs of SPS, and the interval between
ataxia and SPS can be months or years, and usually represents a more severe form of
SPS akin to PERM. Occasionally cerebellar ataxia associated with anti-GAD antibod-
ies develops without features of SPS. Known as cerebellar ataxia with poly-endocrine
auto-immunity [122-124], this can occasionally present with a ‘stroke-like’ onset
[125].

Progressive Encephalomyelitis with Rigidity and Myoclonus

PERM was first described by Campbell and Garland in 1956 [126] as ‘subacute myo-
clonic spinal neuronitis. The term progressive encephalomyelitis with rigidity was
introduced 20 years later with the description of 2 further patients, 1 of whom had
myoclonus [127]. PERM is typically a subacute or chronic polio-encephalomyelitis
predominantly involving the spinal cord and brainstem, but occasionally including
the limbic system and cerebral cortex. Patients display core features of SPS (table 1),
but with brainstem myoclonus affecting all limbs. They also have evidence of more
diffuse brainstem and cerebellar involvement (e.g. oculomotor abnormalities, nys-
tagmus, vertigo, dysarthria, dysphagia, pathological startle response, ataxia), and in
two thirds of patients there are upper motoneuron signs [16]. Two thirds of patients
will also have evidence of autonomic disturbance, which is typically manifest during
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spasms as pyrexia and diaphoresis. In at least 10% of cases, there are clinical signs of
a more diffuse cortical disturbance (e.g. cognitive impairment, seizures). As with SPS
psychological abnormalities are evident, including paroxysmal fear. Less commonly
there are signs of lower motoneuron disease and sphincter disturbance. Of the 49
cases reported in the literature to date [16, 21, 62, 108, 126-138], 60% were female,
the age range at presentation was 13-81 years with a mean of 49 years, and the dura-
tion of disease ranged from 10 days to 8 years.

Serum anti-GAD antibodies are positive in 75% of patients with PERM and up
to 90% of patients with PERM have CSF abnormalities (protein >0.6 g/dl, pleocy-
tosis, oligoclonal bands or CSF anti-GAD antibodies or CSF paraneoplastic anti-
neuronal antibodies). Radiological investigations in PERM are usually normal.
Electrophysiology shows the typical features of SPS (table 3). At autopsy there is his-
tological evidence of widespread perivascular lymphocytic cuffing with neuronal loss
and gliosis particularly in the medial part of the ventral horn, Clarke’s column and
brainstem, but also within areas of the cerebral cortex and cerebellum [21, 126-130,
133].

The prognosis is generally poor, with 25% of patients requiring prolonged inten-
sive care treatment. PERM is the cause of death in as many as 40% of patients, and in
10% of patients with PERM death is sudden, typically as a result of metabolic acido-
sis or dysautonomia. In 20% of patients with PERM there is underlying malignancy
and associated paraneoplastic antibodies (e.g. anti-Ri, anti-amphiphysin). Usually
paraneoplastic PERM has a poor response to treatment with both symptomatic and
immunomodulatory agents, and there is gradual deterioration and death within 1-6
months. However, stabilization and recovery can occur if the underlying malignancy
is identified and treated early. In a very small number of cases, PERM is preceded by a
viral prodrome, and therefore presumably postinfectious. In such cases, there is spon-
taneous resolution of symptoms and signs within a month of initial presentation.
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