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Guillain-Barré syndrome (GBS) until recently had been
viewed as a single disorder with variations. It is now clear
from electrophysiologic, pathologic, and immunologic
evidence that it actually is a group of different syn-
dromes with several distinctive subtypes (1). Some of

ACUTE INFLAMMATORY DEMYELINATING POLYNEUROPATHY

Acute inflammatory demyelinating polyneuropathy
(AIDP) was formerly known as GBS. Although GBS re-
mains the most popular name, AIDP provides an accurate
description of the pathophysiology of this fairly common
disease and helps separate it from other peripheral polyneu-
ropathies.
AIDP is the most frequent cause of acute generalized pa-

ralysis in the world (2–4). The disease is unique. It can cause
a previously healthy patient to deteriorate to the brink of
death within weeks, with near complete recovery being the
rule. The illness is characterized by rapidly progressive as-
cending symmetric weakness of the extremities. It usually
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these have a different tempo of onset and may require
different therapeutic strategies; however, almost all have
neuro-ophthalmologic manifestations, including disorders
of ocular motility, pupil function, and occasionally, optic
nerve function.

is preceded in the previous 1–3 weeks by a mild respiratory
or gastrointestinal illness. Patients can have significant
neuro-ophthalmologic manifestations early in the disease,
and recognition of these symptoms and signs by the neuro-
ophthalmologist is essential for early diagnosis and treat-
ment, thereby reducing morbidity (2–4).

NOMENCLATURE

The earliest description of AIDP most likely was by War-
drop and Ollivier in 1834. By 1859, Landry had described
similar patients with ascending flaccid paralysis of the ex-
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tremities, bulbar paralysis, and death within a week. In 1916,
Guillain, Barré, and Strohl described two patients with motor
disturbances, loss of deep-tendon reflexes, preserved cuta-
neous reflexes, and increased albumin without pleocytosis
in the cerebrospinal fluid (CSF). Authors began to refer to
the condition as the Landry-Guillain-Barré-Strohl or Guil-
lain-Barré-Strohl syndrome based on this history. The name
was shortened to Guillain-Barré syndrome (GBS) by Dra-
ganesco and Claudian in 1927 and remained in use to de-
scribe this disease until recently. Pathologic and electrophys-
iologic findings led to the current designation of the
condition as AIDP (5–7), and we will use this term through-
out this chapter instead of GBS.

EPIDEMIOLOGY AND ANTECEDENT OR
ASSOCIATED EVENTS

The annual incidence of AIDP ranges from 0.4–2 per
100,000 population (3,8,9) with men affected more than
women and Caucasians more than African-Americans. The
disease becomes more frequent with advancing age, with a
range in various series of 8 months to 81 years (mean, 50–74
years). It is the most common cause of acute motor paralysis
in both children and in adults (3,8–12,12a). There is no
major seasonal difference. There is a significant association
with the human leukocyte antigen (HLA) B35 haplotype and
also with recent Campylobacter jejuni infection (13–21).
About 60% of cases of AIDP occur after systemic viral or
bacterial infections, after vaccinations to prevent such infec-
tions, or in some other specific settings.

AIDP and Systemic Infections

The bacterial species most often associated with AIDP is
Campylobacter jejuni, with 10 to 66% of cases following
both symptomatic and asymptomatic infections by this or-
ganism (1,13–27). These cases are caused by an immuno-
logic reaction to C. jejuni rather than by direct infection of
the peripheral or central nervous system. Clinical symptoms
start 1–3 weeks after the initial infection. As noted previ-
ously, AIDP is associated with the HLA-B35 haplotype
(13–15). Anti-GM1 and anti-GD1a titers are elevated in
post-Campylobacter AIDP. In addition, there is immuno-
logic evidence that the reaction occurs only in response to
infection by specific serotypes ofC. jejuni (28). Mishandling
of raw poultry and consumption of undercooked poultry are
the major risk factors for human campylobacteriosis (29).
AIDP occurs in association with infections by bacteria

other thanCampylobacter, including Brucella, Yersinia, Sal-
monella typhi, Francisella tularensis, and Listeria mono-
cytogenes. About 5% of patients have evidence of recent
infection by Mycoplasma pneumoniae, whereas 5–15%
demonstrate evidence of cytomegalovirus (CMV) infection,
and 2–10% have evidence of Epstein-Barr virus (EBV) in-
fection (30–37). Many have a history of a recent upper respi-
ratory tract infection or pneumonia. Infections by organisms
like Leishmania and Chlamydia also may produce an AIDP-
like syndrome, perhaps based on an immune-mediated pro-
cess (38,39). An association of AIDP with infection by
human immune deficiency virus type 1 (HIV-1) and the ac-

quired immunodeficiency syndrome (AIDS) also is well es-
tablished (40–42). Usually, there is a good prognosis for
motor recovery in such patients (40–42). A number of other
organisms also have been associated with individual cases
of AIDP (3,43–45).

AIDP and Vaccinations

AIDP may occur with increased frequency after vaccina-
tions against certain viruses and bacteria. Cases have been
reported after immunization with a conjugate vaccine against
Haemophilus influenzae type b, as well as after other
vaccines including smallpox, diphtheria-pertussis-tetanus
(DPT), polyvalent pneumococcal, measles/mumps/rubella
(MMR), rabies, hepatitis B, yellow fever, and oral poliovirus
(44,46–49).
In 1976, 45 million persons received what was called the

Swine flu vaccine to try to prevent what was feared to be a
particularly virulent strain of influenza (50). A statistically
significant excess rate of AIDP occurred during the first
4–6 weeks after immunization with this vaccine (8,51–55).
There was an increased risk of about 1 in 100,000 with a
subsequent mortality of 5% and a neurologic morbidity of
5–10%. This was the only fatal complication of this vaccine.
Subsequent influenza vaccinations have not been associated
with an increased risk of AIDP.

Miscellaneous Associations

AIDPmay occur in a variety of other settings (2) including
during the latter part of pregnancy (56,57), as a paraneoplas-
tic syndrome (58–61), after spinal or epidural anesthesia
(62), after various types of surgical procedures (63–67), after
allogeneic bone marrow transplantation (68), and in associa-
tion with systemic lupus erythematosus (69,70). AIDP also
may develop after treatment with various drugs, including
lithium (71), intravenous streptokinase (72), exogenous gan-
gliosides (73,74), and intramuscular injections of botulinum
toxin A for essential blepharospasm (75).

PATHOLOGY

The pathologic hallmark of AIDP is a variable perivenular
mononuclear cell infiltrate with segmental demyelination
and relative preservation of axons in the peripheral nervous
system (PNS) (3,4,76–85). The pathologic findings are re-
markably consistent regardless of whether or not there is an
antecedent illness or precipitating event. Perivenular infil-
trates composed of lymphocytes and macrophages are seen
primarily surrounding endoneural and epineural venules of
the PNS (Fig. 61.1). Investigators since 1919 (81) have de-
scribed virtually all parts of the PNS as a site of involvement
(3,4,76–85).
Small- to medium-sized lymphocytes are the earliest cells

to exit the venules. They are found immediately outside these
vessels in the parenchyma of affected nerves. Larger lym-
phocytes undergoing transformation and phagocytic macro-
phages derived from blood monocytes are located farther
from the venules. This infiltrate of mononuclear cells is asso-
ciated with adjacent areas of focal demyelination (76,79,80)
(Fig.61.2).
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Figure 61.1. Pathology of acute inflammatory demyelinating polyneuropathy (AIDP). A, Longitudinal section through the
left oculomotor nerve from a patient with ophthalmoparesis associated with AIDP shows focal demyelination. Note scattered
lymphocytes. Luxol fast blue/Nissl. B,Axis cylinders are relatively well-preserved in area of demyelination. Glees andMarsland.
C, Another section from the same nerve shows a mild perivenular lymphocytic infiltrate. Luxol fast blue/Nissl. All bars equal
80 �m. (From Honavar M, Tharakan JKJ, Hughes RAC, et al. A clinicopathological study of the Guillain-Barré syndrome:
Nine cases and literature review. Brain 1991;114�1245–1269.)

The earliest signs of demyelination generally occur at the
node of Ranvier and produce a widened nodal gap. Disinte-
gration of the myelin sheath then proceeds from the nodal
region toward the centrally located nucleus of the Schwann
cell (84). In less severe cases, there is proliferation of
Schwann cells in the areas of demyelination. The demyelin-
ated internodes eventually are replaced by several shorter,
lightly myelinated internodes, each with its own Schwann
cell (4). Thus, reparative processes seem to proceed despite
ongoing inflammation and demyelination. Fiber density of
various muscles has been studied in both acute and more
chronic cases (85). The deltoid usually is the most abnormal.
Fiber density is increased in 58% of cases. Interestingly,
there are changes noted even in patients sampled within 3
weeks of onset, strongly suggesting that reinnervation begins
soon after the onset of the disease.
Axons may become damaged with significant demyelin-

ation representing a ‘‘bystander effect’’ secondary to inflam-
matory infiltration (86). Wallerian degeneration may occur
andwhen severe, causes a central chromatolysis and, in some
cases, dissolution of the anterior horn cells. The presence of
epiperineurium correlates with a drastic change of pathology
with superimposed ischemic lesions and distally accentuated
axonal loss, suggesting that endoneurial fluid pressure in-
crease could cause axonal damage in AIDP. Rarely, the
axons are specifically attacked. This primary axonal disease
represents a different type of condition and is reviewed later
(87).

Although some cases of AIDP have clinical features that
suggest central nervous system (CNS) damage, there is lim-
ited pathologic proof of such damage. In one case of typical
AIDP with an early fatal outcome, pathologic examination
showed widespread lymphocytic infiltrates throughout the
brainstem, even though there were no corresponding neuro-
logic deficits (82).

PATHOGENESIS AND PATHOPHYSIOLOGY

The pathologic findings in AIDP are consistent with an
acquired immune-mediated disorder (66,67). Clinical immu-
nologic studies and findings in an almost identical animal
model called experimental allergic neuritis (88) indicate that
both humoral and cell-mediated systems may participate in
production of the disease (2–4,89,90). AIDP may be caused
by antibodies to nerve tissue or soluble immune complexes.
Macrophages seem to be the chief effector cells mediating
damage to myelin, apparently acting as antigen-presenting
cells. There also is evidence of activation of T-lymphocytes,
but it is unclear if these cells have a primary pathogenic
function or simply are involved secondarily in the inflamma-
tory process.
In a series of nine cases examined within 30 days after

the onset of the disease, immunohistochemistry using mono-
clonal antibodies identified more leukocytes (PD7/2B11�)
and T-cells (UCHL1�) in the endoneurium than in cases
examined later in the course of the disease or in control
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Figure 61.2. Ultrastructural pathology of acute inflammatory demyelinating polyneuropathy. A, Electron micrograph shows
a macrophage (M) that has extended a cytoplasmic process through a gap (between arrows) in the basement membrane of the
Schwann cell surrounding a myelinated nerve fiber (F) and is stripping away the outer lamellae of the myelinated sheath
(asterisk). Phagocytosis of the separated fragments by the macrophage is seen (arrowheads). �18,000. Inset, Higher-power
view of another myelinated nerve fiber undergoing demyelination by stripping away of its outer lamellae by macrophage
processes. �65,000. B, Longitudinal section through a myelinated peripheral nerve shows penetration of the basal lamina of
the nerve by lymphocytes and macrophages (arrows). The cells are associated with focal demyelination. Note that the outer
layers of myelin are being stripped away by the cellular processes (large arrowheads). Also note small fragments of myelin
being phagocytosed (small arrowheads). �27,000. (From Prineas JW. Acute idiopathic polyneuritis: An electron microscope
study. Lab Invest 1972;26�133–146.)
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cases. These findings indicate that the pathophysiology of
AIDP may be variable. For example, there may be greater
cell-mediated immunity in some cases and greater targeted
macrophage-mediated demyelination in others (91,92).
Tumor necrosis factor-alpha (TNF-�) is one of the immune
factors that can induce demyelination of peripheral nerves
in AIDP. In one study, 72% showed elevated serum TNF-
� levels during the acute disease process. Thus, soluble TNF
receptors may have a protective role in AIDP (93,94).
Immunocytochemistry was used to localize complement

activation products in the early stages of the disease from
three autopsy specimens from three patients with symptoms
for 3–9 days at the time of death. Many nerve fibers had a
rim of complement activation marker (C3d) and terminal
complement complex neoantigen (C5b-9) along the outer
surface of the Schwann cells (91). Ultrastructure analysis
suggested that at least some forms of AIDP are complement
mediated. Complement may be activated by an antibody
bound to epitopes on the outer surface of the Schwann cell,
and the resulting activation initiates the vesiculation of my-
elin. More recent studies have shown that Th1/Th2/Th3 cy-
tokines are differently upregulated during various clinical
phases of AIDP (95).

CLINICAL MANIFESTATIONS

AIDP usually is characterized by an ascending and sym-
metrical motor weakness starting in the legs and associated
with hypotonia and areflexia (2–4,96,97). The weakness
may precede areflexia by 2 or 3 days (2–4,96,97). The trunk,
intercostals, neck, and cranial nerves are usually—but not
always—affected later. Both proximal and distal muscles
usually are involved (2–4).

General Neurologic Manifestations

It is essential to understand the subtlest signs and symp-
toms of AIDP to allow prompt treatment. Delay in diagnosis
can lead to potential life-threatening complications if respi-
ration becomes involved. A number of features support a
clinical diagnosis of AIDP (2–4), although there are notable
variations (98,99).
Most patients are afebrile at the time neurologic symptoms

begin. Rapid progression of motor weakness is typical, with
up to 98% of patients reaching maximum weakness by 4
weeks. The weakness is relatively symmetric and develops
so rapidly that muscle atrophy does not occur. A persistent
monoparesis or hemiparesis is rare. There can be tenderness
on deep palpation of the muscles, and more than half the
patients complain of pain and an aching discomfort without
palpation of the muscles (2–4). Subjective sensory com-
plaints, including occasional burning pain, can occur (100).
When objective sensory loss is present, the most common
deficits are proprioception and vibration, probably because
these fibers are myelinated more heavily than those that con-
duct temperature, pinprick, and light touch (66,67).
There are important variations in the pattern of muscle

involvement. The pharyngeal muscles can be affected first.
The upper extremity and respiratorymuscles can be involved
without lower extremity involvement. Electrocardiographic

changes of minor degree can occur, including T-wave varia-
tion. Hyponatremia or transient diabetes insipidus from inap-
propriate secretion of antidiuretic hormone can occasionally
develop (2–4).

Autonomic dysfunction occurs in about 20% of cases
of AIDP. It usually is mild, producing only minor or brief
fluctuations in blood pressure, heart rate, or both; however,
in some cases, AIDP produces profound hypotension, occa-
sionally leading to cardiac arrest (101,102). There can be a
sinus bradycardia that alternates with a tachycardia. Other
manifestations are facial flushing, loss of sweating, or epi-
sodic profuse diaphoresis that can last up to 2 weeks. Reten-
tion of urine occurs in up to 15% of patients (2–4).

Cranial nerve involvement is common, with the facial
nerve affected most often. Indeed, almost 50% of patients
develop bilateral facial weakness that is invariably transient.
Unilateral or bilateral facial myokymia, a continuous, undu-
lating, involuntary movement of the facial muscles, also may
occur (103,104). Bulbar palsy occurs in about one-third of
patients, with the glossopharyngeal and vagus nerves being
most often affected. The ocular motor nerves are affected
in less than 10% of cases (2–4,105) (discussed later).

Neuro-Ophthalmologic Manifestations

Ophthalmoparesis is the most frequent ocular sign in
AIDP (Fig. 61.3). It may be complete or incomplete. The
abducens nerve is most frequently affected, both in isolation
and in association with oculomotor and trochlear nerve pa-
resis or other neurologic deficits (99,105–107). Some of the
ocular motor disturbance in patients with AIDP is thought
to be caused by internuclear or supranuclear dysfunction
(108), but this issue is controversial (discussed later). Oph-
thalmoplegia may be related to the presence of an antibody
to a particular ganglioside in the serum. A close correlation
between ophthalmoparesis and an immunoglobuin (Ig) G
antibody against ganglioside GQ1b has been identified
(109,110). This association is particularly relevant to the
Miller Fisher syndrome (MFS) and is described in more de-
tail later.

Disturbances of eyelid function are common in patients
with AIDP. Ptosis is the most prominent and common abnor-
mality. It usually is bilateral but may be unilateral. It most
often is accompanied by an ophthalmoparesis (2–4) (Fig.
61.3), but early in the course of the disease, some patients
develop severe bilateral ptosis without evidence of ocular
motor weakness (98). Some patients with typical AIDP de-
velop lid lag (111) (Fig. 61.4). Their appearance thus can
mimic that of a patient with dysthyroid orbitopathy, except
that the lid lag is unassociated with eyelid retraction in pri-
mary gaze, and there are no other signs of dysthyroid orbi-
topathy.

Disturbances of pupil size and reactivity can occur
alone or in combination with ophthalmoparesis (112). Such
disturbances include anisocoria and a reduced or absent reac-
tion to light stimulation, near stimulation, or both (113).
Pupillary light-near dissociation (see Chapter 16) may occur,
producing Argyll Robertson-like pupils (114).

Paralysis or weakness of accommodation occurs in
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Figure 61.3. Ophthalmoparesis and ptosis in acute inflammatory demyelinating polyneuropathy. The patient was a 53-year-
old woman who developed an ascending paralysis 1 week after experiencing a nonspecific febrile gastrointestinal illness. As
the paralysis was worsening, she developed bilateral ptosis and diplopia. A, External appearance of patient. Note bilateral
ptosis, left greater than right. B, There is no movement of the eyes during attempted right gaze, although the eyelids elevate
slightly during the effort. C, There is slight abduction of the left eye during attempted left gaze. D, During attempted upward
gaze, the eyelids and brows elevate somewhat, but there is no movement of the eyes above the midline. E, During attempted
downward gaze, the eyelids lower, but the eyes show no significant movement. F, The patient has no Bell phenomenon.
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Figure 61.4. Lid lag in acute inflammatory demye-
linating polyneuropathy. A, Symmetric lid lag on at-
tempted downgaze in a 17-year-old girl. B, Three
months later, the lid lag has resolved. C, Lid lag in a
28-year-old woman. D, Lid lag in a 55-year-old man.
(A and B, From Keane JR. Lid-lag in the Guillain-
Barré syndrome. Arch Neurol 1975;32�478–479. C,
From Tan E, Kansu T, Kirkali P, et al. Lid lag and
the Guillain-Barré syndrome. J Clin Neuroophthalmol
1990;10�121–123.)

some patients with AIDP. Accommodation insufficiency
usually is part of oculomotor nerve dysfunction or a general-
ized disturbance of the near reflex, in which case other evi-
dence of oculomotor nerve dysfunction (i.e., ptosis and oph-
thalmoparesis), reduced or absent convergence, and a
reduced or absent pupillary reaction to near stimulation are
present; however, paralysis of accommodation also may
occur as an isolated phenomenon and may even be the pre-
senting sign of the disorder (115).

Papilledema occurs in some patients with AIDP (Fig.
61.5). Increased intracranial pressure seems to be related to
an increased protein concentration in the CSF with resultant
reduced CSF absorption through the arachnoid villi
(2–4,116,117). In other cases, the protein concentration is
at or near normal, suggesting that some other process is
responsible for the increased intracranial pressure. Some of
these patients fit the criteria for a diagnosis of idiopathic
intracranial hypertension (pseudotumor cerebri), especially
those who develop signs and symptoms of increased intra-
cranial pressure before they develop the more typical deficits

of AIDP (118). Others develop overt hydrocephalus with
enlarged ventricles seen on neuroimaging (2–4).

Optic neuritismay occur as the presenting sign or during
the course of AIDP (2,36,119). It usually is bilateral and
may be retrobulbar or anterior (i.e., a papillitis) (Fig. 61.6).
Visual loss may be mild or severe. Most patients with AIDP-
associated optic neuritis experience complete or nearly com-
plete return of vision within several weeks, but some have
persistent visual difficulties associated with pallor of one or
both optic discs. The occurrence of optic neuritis in patients
with otherwise typical AIDP is often taken as further evi-
dence that the disease may very rarely affect the CNS
(36,119).

LABORATORY TESTS

The two most important confirmatory tests for AIDP are
electrophysiologic studies and lumbar puncture. Both should
be considered to confirm the disease. Magnetic resonance
(MR) imaging can be performed to eliminate other causes
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Figure 61.5. Papilledema in acute inflammatory demyelinating polyneuropathy. The patient was a 24-year-old woman who
had an ascending paralysis without ptosis or ophthalmoparesis. A, The right optic disc shows moderate papilledema. B, The
left optic disc shows moderate papilledema. Neuroimaging was negative. A lumbar puncture revealed an opening pressure of 350
mmH2O. The protein concentration of the CSFwas only mildly increased (65mg/dl). The papilledema resolved spontaneously as
the patient’s neurologic condition improved.

of progressive weakness and may also reveal marked en-
hancement of nerve roots, cranial nerves, and the cauda
equina (120,121), although these findings are not diagnostic
of AIDP.

Electrophysiologic Studies

Nerve conduction slowing or block is found in about
80% of patients at some time during the course of AIDP (4).
Conduction velocity usually is reduced to 60% of normal or
more, and distal latencies may be prolonged to three times
normal. The most common abnormality is prolonged distal
latency on motor nerve conduction, followed by reduction
of compound muscle action potential (CMAP) amplitude,
decreased velocity, conduction block, and F-wave abnormal-
ity. Sensory conduction abnormalities are detected in over
20% of median, 25% of ulnar, and 33% of sural nerves
(122,123). Often the process is patchy, and not all nerves
are affected. Thus, the probability of detecting such abnor-
malities increases with the number of nerves studied.
The F-wave is a late-evoked muscle response. It occurs

after the direct motor potential following supramaximal
stimulation of a nerve. It probably represents a recurrent
antidromic discharge of a motor neuron (124). The H-reflex
is another late response that has a slightly longer latency
than the F-wave. It has a threshold that usually is lower than
that of direct CMAPs (4). The H-reflex study measures the
latency over the monosynaptic reflex arc through afferent Ia
fibers and efferent alpha motor fibers of the S1 root (125).
Importantly, significant prolongation of the minimal laten-
cies of the F-wave and H-reflex may be demonstrated in
patients with AIDP when conventional nerve conduction
studies are normal (126). When these late-response studies

are combined with nerve conduction studies, AIDP can be
confirmed in almost 100% of cases (127).
Advanced electrophysiologic techniques can also help

confirm the diagnosis of AIDP. Low amplitude of the distal
CMAP, usually with prolonged distal latency, and temporal
dispersion of the distal CMAP are useful early signs of
AIDP. Vertebral electric stimulation of nerve roots and
motor evoked potentials both have some potential value as a
diagnostic and prognostic tool (128). Somatosensory evoked
potentials (SEPs) may also be helpful; however, SEP is less
sensitive than nerve conduction or late-response studies and
are indicated only if both of the latter give normal results
(2–4,122,128).

Lumbar Puncture

Analysis of CSF plays an important role in the diagnosis
of AIDP (2–4). CSF is under normal pressure in most cases.
Rarely, however, patients with AIDP develop increased in-
tracranial pressure, which in most cases appears to be related
to increased CSF protein (discussed later); however, cases
occur in which increased intracranial pressure develops in
the setting of normal CSF protein (2–4,118,129).
The CSF contains no cells or only a few lymphocytes in

90% of cases. In about 10% of cases, however, a mononu-
clear pleocytosis is present. The pleocytosis usually is quite
mild, with 10 or fewer monocytes/mm3, although rare pa-
tients have 10–50 cells/mm3, and exceptional patients have
an even higher number.
An increased concentration of protein occurs in 90% or

more of cases of AIDP. The protein content usually is normal
(15–45 mg%) during the first few days of the clinical course
but then begins to rise, reaching a peak in 4–6 weeks. Ulti-
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Figure 61.6. Optic neuritis in acute inflammatory demyelinating polyneuropathy (AIDP). The patient was a 53-year-old
woman with acute visual loss about 3 days after the onset of typical AIDP. Visual acuity was 20/400 OD and 20/100 OS;
color vision was abnormal in both eyes; and visual field testing showed bilateral central scotomas. A, The right optic disc is
mildly hyperemic and swollen. A few peripapillary hemorrhages are present. B, The optic disc OS is mildly hyperemic and
swollen, and there are several peripapillary hemorrhages. The patient was treated with systemic corticosteroids and supportive
care. Three weeks after the onset of visual loss, visual acuity returned to 20/20 OU; color vision is normal; and visual fields
are full. C, The right optic disc appears normal. It is no longer hyperemic or swollen. D, The left optic disc appears normal.

mately, the protein concentration may be greater than 400
mg/dl, although less dramatic elevations are the rule. The
increase in CSF protein in patients with AIDP probably is
a reflection of the widespread inflammatory disease of the
nerve roots. There is no obvious correlation between the
protein concentration in the CSF and the severity, mode of
onset, progression, or outcome of the disease (2–4).

DIAGNOSIS

AIDP is the most frequent etiology for an acute polyneu-
ropathy that rapidly evolves to a potentially fatal form; how-
ever, other types of acute polyneuopathy and CNS lesions

must be eliminated to confirm the diagnosis (2–4). Labora-
tory features generally inconsistent with AIDP are: (a) more
than 50 monocytes/mm3 in the CSF; (b) the presence of
polymorphonuclear leukocytes in the CSF; and (c) normal
nerve conduction and late-response studies (2–4).
When clinical findings, the results of lumbar puncture,

results of electrophysiologic testing, or clinical course are
atypical in a patient with presumed AIDP, other disorders
should be considered. Poliomyelitis, although rare, can be
distinguished by its epidemic nature, associated fever, me-
ningeal symptoms, pure motor weakness, and asymmetric
areflexia. Acute transverse myelitis is typically a complete
or near complete sensorimotor paralysis below a certain
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level, with hyperreflexia and sphincter paralysis. Rarely,
basilar artery aneurysm or thrombosis can be misdiagnosed
as AIDP, although both usually present with hyperactive
reflexes and extensor toe signs in addition to generalized
weakness. Acute myasthenia gravis can mimic AIDP except
that sensory abnormalities are absent and reflexes usually
can be elicited. In addition, there usually is rapid improve-
ment in myasthenia gravis with rest, after intravenous injec-
tion of edrophonium chloride, and after intramuscular injec-
tion of neostigmine bromide. Cholinergic crisis (due to the
medicines used to treat myasthenia gravis) can mimic AIDP
(2–4). Sarcoidosis occasionally mimics AIDP (130), as can
tumors within the cauda equina, acute intermittent porphyria,
botulism, diphtheria, hexacarbon abuse, nonorganic illness,
atypical multiple sclerosis, and toxic polyneuropathy (from
a variety of substances like dapsone, lead, nitrofurantoin,
and organophosphorus compounds) (2–4).

TREATMENT

Meticulous supportive care and aggressive rehabilita-
tion are essential in the management of patients with AIDP
(2–4,101,131–133). Frequent autonomic dysfunction neces-
sitates continuous monitoring of the electrocardiogram and
blood pressure. Respiratory dysfunction may lead to respira-
tory failure or infection. Active respiratory therapy thus is
crucial. Elective intubation and assisted ventilation should
be performed when necessary (2–4). If this is being consid-
ered, it is valuable to remind the patient and family often
that AIDP usually is fully reversible. Pulmonary and urinary
tract infections are common, and appropriate antibiotics
should be used when such infections occur. Frequent reposi-
tioning of patients is necessary to avoid nerve pressure pal-
sies and decubitus ulcers. Passive movement of the joints
through a full range of motion is beneficial in maintaining
flexibility of the limbs and reducing the probability of ve-
nous thrombosis. Low-dose heparin and anti-thrombus
stockings may be used to prevent deep-vein thrombosis and
secondary pulmonary embolism. Active physical therapy
improves the speed and degree of recovery (2–4).

Systemic corticosteroids are not advocated in AIDP.
They have little or no beneficial effect on the severity or
prognosis of the disease whether given orally or intrave-
nously (134–136).
Unlike corticosteroids, plasma exchange (plasmaphere-

sis) has a beneficial effect on the severity and course of
AIDP that has been well-documented in several controlled
clinical trials (3,12,101,132,137–143). In patients treated
within 14 days from onset, there is a clear reduction in the
length of hospitalization, the time mechanical ventilation is
required, and the time to recovery of ambulation. However,
if delayed, the procedure often has less value. Predictors of
good response are younger age (132,137–143) and preserved
CMAPs at the time treatment is begun (143,144). Patients
treated with continuous flow plasma exchange may be more
likely to experience a relapse of AIDP than patients who are
treated with intermittent flow (145). There is a suggestion
that patients treated with plasmapheresis very early in the
course may suffer a relapse following therapy (145–147).

A total of four to six treatments usually are performed on
alternate days for most patients with AIDP, but, occasion-
ally, five to nine total exchanges performed daily are neces-
sary for severely affected individuals (2–4,132). The usual
replacement fluid is saline mixed with 5% albumin. Potential
complications of plasma exchanged are reduced fibrinogen
leading to hypoprothrombinemia with bleeding, cardiac ar-
rhythmias, and hypotension. Hepatitis and HIV infection
also are potential risks when albumin is used in the exchange
fluid (2–4,132).

Intravenous immune globulin (IVIg) is also beneficial
in the treatment of patients with AIDP. The effects of IVIg
were compared with plasmapheresis in a randomized trial
of 150 patients with the condition (148). The IVIg group
had fewer complications and less need for artificial ventila-
tion than the group treated with plasmapheresis, and patients
in this study who were treated with plasmapheresis did not
improve to the degree reported in other studies. Thus, many
clinicians now suggest that treatment with IVIg is practical,
safe, effective, and possibly superior to plasma exchange
in both adults and children with AIDP (138,148–151). The
mechanism of action of IVIg is reviewed later in the section
concerning chronic inflammatory demyelinating polyneu-
ropathy (CIDP). Rarely, patients treated with IVIg die from
complications related to vascular thrombosis; thus, no treat-
ment is without potential risk, and the decision to treat a
patient with AIDP with any medication or procedure should
be made on an individual basis (137,152–154).
Therapeutic strategies other than those described previ-

ously, such as filtration of CSF, have been suggested for
patients with AIDP (155). None of these has been used suffi-
ciently to determine if it is truly beneficial.
Not all patients with AIDP require treatment. Many clini-

cians simply observe the patient as an outpatient if there are
only minimal signs and symptoms (2–4,133). Mild AIDP
reaches its clinical nadir in a tempo similar to severe disease.
Treatment may be unnecessary in patients who can walk
during the second week of illness; however careful observa-
tion is required to be certain the illness does not progress
(2,3). If reduced ambulation, breathing, or swallowing oc-
curs, treatment must be begun immediately.

PROGNOSIS

Although generally considered benign, 3 to 8% of patients
with AIDP die. Complications include respiratory failure,
pulmonary emboli, and effects of autonomic dysfunction
(2,3,101). Disabling weakness, imbalance, or a loss of sensa-
tion persists in another 5–10%. About 65% of patients have
persistent but minor neurologic disturbances, including dis-
tal numbness or foot-drop. In some series, only 15% of pa-
tients with AIDP experience complete neurologic, systemic,
and visual recovery. In addition, some patients experience
recurrent signs and symptoms weeks to months after their
disease is thought to have run its course (78,156).
Only a few clinical or laboratory factors can predict out-

come in patients with AIDP. There appears to be no correla-
tion between good recovery and gender, prodromal illness,
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severity of neurologic deficit, degree of conduction block
by nerve conduction studies, or concentration of protein in
the CSF (125,157); however, children and young adults have
a better prognosis than older adults and the elderly
(66,67,142,143). Poor prognostic signs include rapid tempo
of disability at onset, early respiratory failure, no respiratory
improvement within 3 weeks after reaching peak deficit, and
rapid onset of quadriparesis (2,3). In some series, patients
with normal electrophysiologic studies had a more rapid re-
covery. Low mean CMAP amplitudes, positive sharp waves,
and spontaneous fibrillations indicative of axon degenera-
tion all imply a slow rate of recovery and a poor prognosis
for complete recovery (66,67,143). A high concentration of
neuron-specific enolase (NSE) or S-100b protein in the CSF

MILLER FISHER SYNDROME (OPHTHALMOPLEGIA, ATAXIA, AND AREFLEXIA;
FISHER’S SYNDROME)

In 1956, C. Miller Fisher described an unusual variant of
AIDP (then called GBS) (161). The variant was character-
ized primarily by external ophthalmoplegia, ataxia, and are-
flexia. Although similar cases had been described previously
(162), the condition became known as the Miller Fisher syn-
drome (163–165) or simply Fisher’s syndrome.

EPIDEMIOLOGY

MFS occurs in the same clinical setting as AIDP, with the
majority of cases occurring after a recent viral or bacterial
infection (37,166,167). There appears to be a similar associa-
tion between C. jejuni infection and MFS as with AIDP

Figure 61.7. Miller Fisher syndrome
in childhood. The patient was a 3.5-
year-old boy who developed bilateral
ophthalmoplegia, ataxia, and areflexia
about 8 days after experiencing a flu-
like illness characterized by fever, phar-
yngitis, diarrhea, and vomiting. The
center photograph shows mild bilateral
ptosis and mild bilateral facial weak-
ness. The other photographs show the
patient attempting to look in the nine
cardinal positions of gaze. The patient
gradually improved. (From Price RL,
O’Connor PS, Rothner AD. Acute oph-
thalmoplegia, ataxia, and areflexia
[Fisher’s syndrome] in childhood.
Cleve Clin Q 1978;45�247–252.)

was associated with a longer duration of disease in one study
(158).

SITE OF THE LESION

Pathologic studies of patients with AIDP both with and
without ophthalmoparesis usually show no lesions in the
CNS (76,82,91). Involvement of the CNS thus is considered
quite unusual in most patients with AIDP, although appar-
ently it can occur simultaneously on rare occasions
(76,82,91,159,160). Immune reactions against target epi-
topes in Schwann-cell surface membrane or myelin cause
AIDP in about 85% of cases (2–4,105). Central chromatoly-
sis affecting the nuclei of the ocular motor and other cranial
nerves has been demonstrated (105) (Fig. 61.1).

(166). MFS also has been reported after vaccination, and
individual cases have occurred in association with systemic
lupus erythematosis (168), membranous glomerulonephritis
(169), immunosuppressive therapy for rheumatoid arthritis
(170), and the use of gold salts as treatment for rheumatoid
arthritis (171).
MFS occurs twice as often in men as in women

(163–165). Most patients are in the 3rd to 7th decade of life
(172), although children and even infants may develop the
condition (173–175) (Fig. 61.7). There may be a genetic
predisposition to develop MFS. HLA typing for class I anti-
gens on 19 Japanese patients demonstrated an association
between the disease and the HLA-B39 haplotype (17).
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CLINICAL MANIFESTATIONS

Classic MFS is a clinical triad of bilateral ophthal-
moplegia, ataxia, and areflexia; however, many variants
occur. Indeed, increasing numbers of cases with only one
or two of the components are being reported on a regular
basis.
The ophthalmoplegia in MFS can be complete (172),

although there may be preservation of some movement of
one or both eyes. In rare cases, only muscles supplied by
one of the ocular motor nerves are affected (176). A variety
of other forms of ophthalmoparesis can occur in patients
with MFS, including internuclear ophthalmoplegia (Fig.
61.8), the one-and-a-half syndrome, variations of the dorsal
mesencephalic (Parinaud) syndrome (Fig. 61.9), spasm of
the near reflex, and divergence paralysis. In one series of
243 cases of MFS reported by Al-Din and colleagues (176),
the ophthalmoplegia was remarkable in its constant associa-
tion with a cerebellar type of ataxia and in a bilateral symme-
try at all stages from onset through recovery. It usually
evolved as a symmetric failure of upward gaze, then horizon-
tal gaze, and, lastly, downward gaze. Recovery occurred in

Figure 61.8. Bilateral internuclear ophthalmoplegia in the Miller Fisher
syndrome. The patient was a 13-year-old girl with ataxia, areflexia, and
ophthalmoparesis. A, With attempted gaze right, the patient has fairly nor-
mal abduction of the right eye, but the left eye shows limited and slow
adduction. B, On attempted gaze left, the left eye has full and rapid abduc-
tion, but the right eye does not adduct much beyond the midline. C,Appear-
ance of the patient attempting tight closure of the eyelids. Note bilateral
weakness of the orbicularis oculi muscles. (From Weintraub MI. External
ophthalmoplegia, ataxia, and areflexia complicating acute infectious poly-
neuritis. Am J Ophthalmol 1977;83�355–357.)

the reverse pattern, with downgaze improving first. It was
hypothesized by the authors of this paper that the pattern of
development and recovery was related to the fascicle in-
nervating the superior rectus being the most heavily myelin-
ated of all the fascicles of the third cranial nerve and, there-
fore, the first to be affected and the last to recover.
Despite the tendency for patients in the series by Al-Din

et al. (176) to have a bilateral, symmetric, and complete
ophthalmoplegia, 58 of the 243 patients (24%) had at least
some sparing of downgaze. There was a Parinaud syndrome
in two patients, convergence spasm in six, internuclear oph-
thalmoplegia in 15, and horizontal dissociated nystagmus in
11. Twenty-three patients had paralysis of abduction pro-
gressing to lateral gaze paralysis, whereas five had abduction
and contralateral gaze paralysis. Four patients in the series
had a defective vestibulo-ocular reflex despite recovery of
upgaze, and 10 had central-type nystagmus, including tor-
sional, retraction and rebound nystagmus. Relative preserva-
tion of optokinetic nystagmus and preservation of vestibulo-
ocular reflexes despite an otherwise complete ophthal-
moplegia were reported in six patients and two patients, re-
spectively (176).

Ptosis can occur in patients with MFS. It may be unilat-
eral, bilateral, symmetric or asymmetric, and complete or
incomplete (165) (Fig. 61.7). The ptosis may increase when
the contralateral eyelid is manually elevated (177) (Fig.
61.10), a phenomenon called ‘‘enhanced ptosis’’ and ob-
served most often in patients with myasthenia gravis.

Eyelid retraction occurs in less than 10% of patients with
MFS, and about the same percentage show a preserved Bell
phenomenon despite paralysis of upgaze (176,177). Upper
eyelid jerks are very rarely observed in patients with MFS
and may be related to vertical ophthalmoparesis (176,177).

Pupil size and responses were reviewed in a series of
223 patients with MFS and were abnormal in about 50% of
them (172) (Fig 61.11). The most common abnormality is
unilateral or bilateral pupillary dilation with a poor or no
reaction to light stimulation (170,177–180). In most of these
cases, some degree of ophthalmoparesis is present, but a
case of internal ophthalmoplegia without external ophthal-
moplegia has been reported (181). Anisocoria with relatively
normal pupillary responses is seen in some cases. In such
cases, attempts to define the nature of the anisocoria by phar-
macologic testing have produced conflicting or ambiguous
results (170,172,177–181).

Ataxia is pronounced in patients with MFS and usually
is truncal in nature. It is thought to be caused not by intrinsic
damage to the cerebellum but by abnormal conduction
through demyelinated peripheral spinocerebellar fibers
(182). There usually is no evidence of motor weakness in
the extremities, even in patients who are areflexic or have
severe, symmetric hyporeflexia. Some of these patients have
persistent extensor plantar reflexes, however.

Cranial neuropathies including optic neuritis can occur
in patients with MFS. The fact that optic neuritis can rarely
occur with MFS provides some evidence that, as in the case
of AIDP, the CNS occasionally is involved in this disease.
Improvement in the optic neuritis usually occurs, as it does
in AIDP (119,183–186). Other than the ocular motor nerve,
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Figure 61.9. Paralysis of upward gaze in the Miller Fisher syndrome. A, Appearance of the patient attempting to look upward.
Note limited upward gaze. Also note bilateral facial weakness. B, The patient has a normal Bell’s phenomenon. C, The patient
has relatively normal downward gaze.D, Profound weakness of the left upper extremity, worse distally. The patient experienced
complete recovery within 10 weeks.
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Figure 61.10. Enhancement of ptosis in the
Miller Fisher syndrome. The patient was a 20-
year-old woman who developed ataxia, areflexia,
and ophthalmoplegia about 2 months after expe-
riencing an attack of infectious mononucleosis.
A, In primary position, the patient has mild left
ptosis. B, With manual elevation of the right
upper eyelid, the left ptosis worsens consider-
ably. C,With manual elevation of the left eyelid,
the right eyelid becomes severely ptotic. This
‘‘enhancement’’ of ptosis while raising the oppo-
site eyelid can mimic myasthenia gravis. (From
Ishikawa H, Wakakura M, Ishikawa S. Enhanced
ptosis in Fisher’s syndrome after Epstein-Barr
virus infection. J Clin Neuroophthalmol 1990;
10�197–200.)

the facial nerve is the cranial nerve most often affected (187)
(Figs. 61.7 and 61.9). Other cranial nerves may be damaged,
however (187). Unusual examples have included trigeminal
nerve sensory dysfunction (188), alternating recurrent epi-
sodes of peripheral facial palsy (189), and dysfunction of
the vestibulo-cochlear nerve (165). Enhancement of affected
(and, occasionally, clinically unaffected) cranial nerves may
be noted with MR imaging (190–193).

Additional neurologic dysfunction in otherwise typical
MFS may include migratory parasthesias and minimal sen-
sory impairment that may progress to a sensory ataxia
(194,195). Mental function remains normal throughout the
course of MFS, although some patients become extremely
agitated in the initial stages of the disease. Most of the neuro-
logic dysfunction that occurs has been ascribed to damage
of peripheral nerves on the basis of examination, imaging,
and neuropathologic examinations (170–196); however, in
rare cases, neurologic findings are consistent with CNS dys-
function (190–196).

LABORATORY TESTS

Patients with MFS can demonstrate changes in the CSF
identical with AIDP. There is increased concentration of
CSF protein, usually without pleocytosis (165). Electrophys-
iologic studies tend to be abnormal. Electromyography
(EMG) reveals evidence of demyelination, occasionally as-
sociated with evidence of axonal degeneration. Detailed
EMG and nerve conduction studies usually show abnormal
conduction in peripheral sensory fibers from the initial stages
of the disease (197,198). Abnormal brainstem auditory
evoked potentials (BAEPs) have been reported in some pa-
tients (199–200).
Patients with MFS, particularly those with ophthal-

moplegia, often have antibodies directed against GQ1b IgG
(13,109,110). These antibodies cross react with surface epi-
topes on MFS-associated Campylobacter jejuni strains of
bacteria. It is believed that the anti-GQ1b antibodies may
be formed during the initial infection. The antigen initiating
the immune response in MFS may not actually be GQ1b but
rather one or more as yet unidentified glycoprotein antigens.
In any event, the presence of cross-reactivity implies that

molecular mimicry between bacteria and neural tissue may
be part of the pathogenesis of the disease (201). Other poten-
tial mechanisms include a relationship to a serum factor (pos-
sibly the anti-GQ1b antibody) that leads to the failure of
acetylcholine release from nerve terminals or a reversible
presynaptic blockade of release caused by antibodies
(202,203).

NEUROIMAGING STUDIES

Patients with typical MFS usually have normal imaging.
However, in some patients, MR imaging shows abnormal
signal, particularly in the brainstem, cerebellum, or both re-
gions (184,186,190–193). As noted previously, MR imaging
may also show enhancement of both affected and clinically
normal cranial nerves (184,190–193). Occasionally, patients
with MFS develop signs and symptoms of multiple sclerosis
or a similar demyelinating process after apparent recovery
from MFS (204). Whether the two conditions are related in
some way is controversial, particularly considering the rarity
of such a phenomenon.

DIAGNOSIS

MFS should be considered in any patient who develops
the rapidly progressive triad of ophthalmoparesis (with or
without pupillary and eyelid involvement), ataxia, and are-
flexia, and also in patients who develop only a part of the
syndrome such as an isolated unilateral or bilateral ophthal-
moparesis, ophthalmoparesis and ataxia, ophthalmoplegia
and areflexia, or ataxia and areflexia. Diagnoses to exclude
in such cases are Wernicke’s encephalopathy, vascular
brainstem disease, botulism, multiple sclerosis, myasthenia
gravis, brainstem neoplasm, and a variety of bacterial or
viral brainstem encephalitides (165). EMG and lumbar punc-
ture help confirm the diagnosis, particularly when neuroim-
aging studies show no evidence of overt CNS involvement.

TREATMENT AND PROGNOSIS

Most patients with MFS improve completely in 8–12
weeks without treatment. Some patients, however, require
considerable supportive care that occasionally includes as-
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Figure 61.11. Abnormally reactive pupils
without significant ophthalmoplegia in the
Miller Fisher syndrome. The patient was a 16-
year-old boy. A, External appearance of the
patient in primary position and looking in the
cardinal positions of gaze shows mild right
ptosis and minimal ophthalmoparesis. B, Ap-
pearance of the pupils in dark. C, Appearance
of the pupils in light. There is no reaction of
either pupil to light stimulation. D, Fifty-five
minutes after placement of 0.125% pilocar-
pine, neither pupil shows significant constric-
tion, indicating lack of denervation super-
sensitivity. (From Igarashi Y, Takeda M,
Maekawa H, et al. Fisher’s syndrome without
total ophthalmoplegia. Ophthalmology 1992;
205�163–167.)

sisted ventilation (175). Deaths have been reported (205),
although this is quite rare. Patients with severe disease may
benefit from treatment with plasma exchange or IVIg
(170,206–208). Following recovery, most patients do not
experience recurrent attacks; however, some patients experi-
ence relapses weeks to months after apparent resolution of
the condition (194,209,210). Indeed, a relapsing polyneuritis
following classic MFS has been reported (211), as has a
chronic progressive inflammatory polyradiculopathy associ-
ated with a subacute MFS exacerbation (212).

SITE OF THE LESION

As is the case with AIDP, there is considerable contro-
versy as to whether or not MFS is always caused by PNS
demyelination or may be caused by lesions in the CNS. As
noted previously, optic neuritis has been reported with MFS,
implying a CNS process in these rare cases; however, most
authors believe that the ocular motor dysfunction is caused
by damage to the peripheral ocular motor nerves rather than
to any intrinsic brainstem supranuclear or internuclear struc-
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tures (159), and this concept is supported by the results of
some (but not all) autopsy studies (213); however, clini-
cal and neuroimaging findings challenge this concept
(119,214,215). Indeed, both unilateral and bilateral in-
ternuclear ophthalmoplegia have been reported (216,217)
(Fig. 61.8). On the other hand, one case report described a
60-year-old woman who developed MFS characterized by
ataxia, areflexia, and an apparent left internuclear ophthal-
moplegia that became bilateral within 24 hours. The patient
eventually developed a bilateral, complete ophthalmoplegia,
suggesting that the original internuclear ophthalmoplegia
may have only been part of an evolving peripheral nerve
lesion (216).
Other MFS-related syndromes that imply a brainstem le-

sion rather than peripheral nerve damage include the one-

PRIMARY AXONAL DEGENERATION SYNDROMES

The primary axonal degeneration syndromes include sev-
eral disorders that mimic typical AIDP and that, like AIDP,
appear to have an infectious or postinfectious immune-me-
diated pathogenesis. Pathologically, however, these condi-
tions cause degeneration rather than demyelination of axons
(91). Although rare, these disorders also have neuro-ophthal-
mologic manifestations.

PRIMARY AXONAL DEGENERATION SYNDROME
(PADS)

In 1986, several patients were described with an AIDP-
like syndrome but with electrophysiologic testing that dem-
onstrated only axonal degeneration with no evidence of pri-
mary demyelination (223). Histopathologic examination of
nerve roots and peripheral nerves confirmed isolated axonal
degeneration unassociated with demyelination or inflam-
mation (Fig. 61.12). Lipid-laden macrophages were identi-

Figure 61.12. Pathology of primary axonal degeneration syndrome.
Transverse section through lumbar ventral root shows severe degeneration
of axons (arrows). Note presence of some macrophages. Toluidine blue.
(From Feasby TE, Gilbert JJ, Brown WF, et al. An acute axonal form of
Guillain-Barré polyneuropathy. Brain 1986;109�1115–1126.)

and-a-half syndrome (217), the dorsal mesencephalic (Pari-
naud) syndrome (218,219), spasm of the near reflex (220),
divergence paralysis (221), and various combinations of ver-
tical (Fig. 61.9) and horizontal gaze pareses (176) with or
without nystagmus. Quantitative eye movement recordings
in some of these cases reveal changes more consistent with
a CNS lesion than a peripheral ocular motor neuropathy
(220), and some patients with MFS have corresponding le-
sions of the brainstem by neuroimaging (192,199,217).
Nevertheless, although a few pathologic studies have shown
evidence of inflammation or demyelination in the brainstem
or cerebellum (199,222), most have not (105,213). In unu-
sual cases, there appear to be inflammatory and demyelinat-
ing lesions in a variety of different sites in both the CNS
and the PNS (165,196,220). It thus may be too simplistic
to ascribe all cases of MFS to either PNS or CNS disease.

fied beneath the myelin sheaths adjacent to the axons. This
condition was labeled ‘‘an axonal form of Guillain-Barré
syndrome’’ and subsequently was described in Europe,
North America, and Japan (13,91,224–227). It eventually
was renamed the primary axonal degeneration syndrome
(PADS).
Like AIDP, PADS may occur after a viral or bacterial

infection, particularly after infection withCampylobacter je-
juni (13), after ingestion of exogenous gangliosides (228),
and after acute respiratory failure (229). It may have a ge-
netic predisposition; in Japan, patients often have the HLA-
B35 haplotype (14). In addition, patients with PADS can
have IgG antibodies to gangliosides GM1 and GD1a antibod-
ies in their serum (13,16). Unlike another form of axonal
degeneration, acute motor axonal neuropathy (AMAN) (dis-
cussed later), PADS seems to have no seasonal or geographic
predilection.
PADS produces clinical symptoms and signs similar to

those of AIDP (223,225). Areflexia or hyporeflexia is the
rule. Ophthalmoparesis, with and without ptosis, pupil dis-
turbances, or both, is common. Affected patients develop
an ascending paralysis that may be associated with sensory
symptoms. These sensory deficits also help separate this con-
dition clinically from AMAN (144,223,226).
CSF analysis in patients with PADS usually reveals an

acellular fluid associated with amild-to-moderate increase in
protein concentration with an occasional mild lymphocytic
pleocytosis. Electrophysiologic studies are abnormal, al-
though the findings are different from those present in pa-
tients with AIDP. In PADS, both motor and sensory nerves
show changes consistent only with axon injury without evi-
dence of conduction block or primary demyelination (227).
Too few cases of PADS have been recognized and re-

ported to determine the optimum treatment for the condition.
Some patients can be managed with supportive care only.
Others require treatment with plasma exchange or IVIg. The
use of systemic corticosteroids in patients with this condition
would seem unwarranted, particularly in view of pathologic
findings indicating a paucity of inflammation in affected
nerve fibers. Regardless of the treatment given, most patients
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with this condition seem to recover, although there often is
residual weakness.

ACUTE MOTOR AXONAL NEUROPATHY (AMAN)

A condition somewhat similar to PADS occurs mostly in
China and initially was called the Chinese Paralytic Syn-
drome (230–233); however, cases occur in countries other
than China, including Mexico (234), Spain (235), and South
Korea (236). Accordingly, a more appropriate term is acute
motor axonal neuropathy (226). AMAN occurs mostly
among rural residents of northern China, usually during the
summer and primarily in children (237–243). Like AIDP
and PADS, AMAN seems to occur most often in patients
with serologic evidence of recent Campylobacter jejuni in-
fection (226). It appears as though the immune attack is
directed against the axolemma and nodes of Ranvier in
AMAN (237), sites different from those implicated in AIDP
(discussed later).
Clinically, the tempo of progression of AMAN and AIDP

differ considerably. AMAN ismarked by rapidly progressive
ascending tetraparesis, often with respiratory failure, but
without fever, systemic illness, or sensory disturbances,
whereas AIDP patients frequently have a longer progression
after the first examination (240). Lack of sensory signs and
symptoms also can be used to differentiate AMAN
from AIDP, although this may be an oversimplification
(238–240). Lumbar puncture in patients with AMAN usu-
ally reveals acellular CSF. If performed in the first week of
the illness, the protein concentration of the CSF can be nor-
mal; however, protein typically increases during the 2nd or
3rd week of illness. Electrophysiologic studies show normal

Figure 61.13. Pathology of acute motor axonal neuropathy (AMAN). A, Motor neurons (n) in the ventral horn of a patient
with AMAN show no evidence of inflammation. Two of the neurons are enlarged and rounded (arrows). Both show evidence
of chromatolysis. Silver/Luxol fast blue, �320. B, High-power view shows a motor neuron undergoing chromatolysis. Note
eccentric nucleus and dispersion of Nissl bodies in the center of the perikaryon. Silver/Luxol fast blue,�800. (Figure continues.)

motor distal latencies and normal limb conduction velocities,
although CMAPs are reduced. Sensory nerve action poten-
tials and, when present, F-waves are within normal range
(144,226).
Neuro-ophthalmologic manifestations are not unusual in

patients with AMAN, although they have not been empha-
sized inmost publications. Bilateral ophthalmoparesis, while
not a prominent feature of AMAN, is not uncommon, and
is often associated with ptosis. Disturbances of pupillary size
and shape are rare.
Therapy for AMAN is not well delineated. Specifically,

there are insufficient data to determine if patients with
AMAN respond to plasma exchange or IVIg as do patients
with AIDP. Even if one considers the electrophysiologic and
pathologic findings in AMAN, particularly the lack of evi-
dence of inflammatory demyelination, it would still seem
reasonable to assume that patients might improve with such
treatment.
The prognosis in most patients with AMAN is good.Many

recover without treatment. This often starts within weeks
although older patients are more likely to have a slower
recovery. The mortality rate in the past was as high as 30%
(230–232); however, it subsequently has decreased to less
than 5%, presumably because of earlier diagnosis and im-
proved supportive care (2–4,242).
The main pathologic finding in AMAN is Wallerian de-

generation of ventral roots and motor fibers within peripheral
nerves without evidence of inflammation or primary demye-
lination (Fig. 61.13). There are macrophages within the peri-
axonal space surrounding or displacing the axon within an
intact myelin sheath. Anterior horn cells in the spinal cord
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Figure 61.13. Continued. C,Midportion of a ventral root in another case of AMAN. Several fibers are undergoing wallerian-
like degeneration, and other fibers are swollen (arrows). Toluidine blue, �670. D, High-power view of axons in the affected
ventral root. The photograph shows two swollen axons undergoing degeneration (arrows). Note macrophages (m) beneath their
sheaths that, nevertheless, are intact. o, myelin ovoid. Toluidine blue, �1400. (From McKhann GM, Cornblath DR, Griffin
JW, et al. Acute motor axonal neuropathy: A frequent cause of acute flaccid paralysis in China. Ann Neurol 1993;33�333–342.)

show extensive chromatolysis. The dorsal columns remain
normal, reflecting the lack of degeneration within dorsal
roots. Among cranial nerves, degeneration is most prominent
in those nerves with a motor component, especially the ocu-
lomotor, trochlear, abducens, facial, glossopharyngeal, and
hypoglossal (224,226,233,241). This pathology is quite dif-
ferent from that of AIDP (238).
Some patients with apparent AMAN actually have a var-

iant that is characterized by both motor and sensory manifes-
tations as well as pathologic evidence of degeneration of
both motor and sensory fibers without evidence of either
inflammation or demyelination. This variant, called acute
motor-sensory axonal neuropathy (AMSAN), has a strong
seasonal occurrence and a geographic predilection for north-
ern China (239).
The pathophysiology of AMAN appears to be similar in

CHRONIC INFLAMMATORY DEMYELINATING POLYNEUROPATHY (CIDP)

The chronic dysimmune polyneuropathies are a clinically
heterogeneous group of disorders united by their presumed
immune-mediated etiology. CIDP is the most common of
these disorders, but differing subtypes are beginning to
emerge. These subtypes include multifocal motor neuropa-
thy (MMN), chronic inflammatory axonal polyneuropathy
(CIAP), neuropathies in association with serum paraproteins
(paraproteinemic neuropathies) and others (243). In this
chapter, we will focus solely on CIDP.
CIDP typically presents as a symmetric sensorimotor

polyneuropathy. It becomes chronically worse with gradu-
ally progressive (although occasionally exacerbating) motor
deficits. There is also a hyporeflexia, classic for lower motor
neuron lesions. Although some of the features of CIDP, such
as CSF changes and electrophysiologic abnormalities con-

some ways to that of AIDP. Immunocytochemistry and re-
verse transcriptase polymerase chain reaction studies were
performed on five patients with pathologically documented
AMAN (241). T-lymphocytes in affected spinal nerve roots
associated with increased levels of interferon-�, interleukin-
1�, and TNF-� were demonstrated in all cases. These find-
ings are similar to those seen in patients with typical clinical
and pathologic findings of AIDP and indicate that despite
the very different patterns of the two diseases, both are ap-
parently immune-mediated (241). On the other hand, the
frequency of the anti-ganglioside antibodies anti-GM1, anti-
GM1b, and anti-GD1a were far higher in patients with
AMAN than in AIDP, suggesting a different pathogenesis.
Interestingly, the frequency of these autoantibodies in
AMSAN is similar to their frequency in AMAN, suggesting
that the two conditions share a common immunological pro-
file that is different than AIDP (239).

sistent with a demyelinating polyneuropathy, are similar to
those of AIDP, there also are important differences that re-
late to the tempo of disability and the ultimate prognosis.
Although CIDP is far less common with fewer associated
neuro-ophthalmologic abnormalities than AIDP, there still
are many important features for the clinician to recognize.
Austin first emphasized what he described as ‘‘a chronic

and relapsing form of GBS’’ in 1958, defining it largely by
its responsiveness to systemic corticosteroids (244). Others
also used the term ‘‘chronic Guillain-Barré syndrome’’ to
describe these patients (245). Subsequently, it was empha-
sized that the condition was a different clinical entity from
AIDP (246,247), and the disorder eventually was renamed
chronic inflammatory demyelinating polyneuropathy.
The clinical features of CIDP that distinguish it from AIDP
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include: (a) a longer progression (2–3 months) before pla-
teau; (b) a tendency for the illness to be less severe initially;
(c) fluctuations in the severity of symptoms over many years;
(d) greater elevations in CSF protein concentration; (e) more
profoundly slowed motor nerve conduction velocities; and
(f) a frequent association with systemic diseases such as sys-
temic lupus erythematosus and Hodgkin’s disease (2,248).

EPIDEMIOLOGY

Patients with CIDP range in age from 2 to 70 years with
somewhat more males than females being affected, at least
in some series. Well-defined antecedent events are less com-
mon in CIDP than in AIDP (2,249), but CIDP nevertheless
develops after acute upper respiratory tract and other pre-
sumed viral infections, vaccinations, surgery, or pregnancy
in 19–32% of patients (246,250,251). It also has been re-
ported in association with CMV infection (250,251), non-
Hodgkin’s lymphoma (252), HIV infection (253), malignant
melanoma (254), concurrent myasthenia gravis (255),
Isaacs’ syndrome (256), multiple sclerosis (2,257) and
chronic liver disease (258). Among 33 consecutive cases of
CIDP, three cases associated with carcinoma (paraneoplastic
syndrome) were documented (259). Investigators have found
an association between the disease and HLA haplotypes A1,
B8, DRw3, and Dw3 (260). In one study, HLA typing was
analyzed in 71 patients with CIDP and compared with a
control population (261). There was an increased prevalence
of HLA-A3, B7, and DR2 in the patients with CIDP com-
pared with the control subjects.

PATHOLOGY

Nerve biopsies show demyelination in 20–40% of cases of
CIDP. Onion-bulb formation occurs in 10–40%, indicating
repeated episodes of demyelination and remyelination (2)
(Fig. 61.14). The material surrounding the nerve fibers is
predominantly connective tissue. Mononuclear cell infil-
trates occur in 25–50% of biopsy specimens (246). In some
pathology studies, there is little or no inflammation in the
majority of specimens (247). Immunohistochemistry in 13
cases showed 10 with endoneurial infiltration of CD3� T-
cells (80). Epineural T cells were present in 11 of the 13
cases. Hypesthesia was associated with significantly higher
numbers of macrophages. C3d and sometimes IgM have
been demonstrated on the myelin sheaths of the sural nerves
in CIDP (262). There may be concomitant axonal loss sec-
ondary to primary demyelination (263). Axonal loss is the
major long-term poor prognostic indicator in CIDP (264).
As CIDP rarely has a fatal outcome, only a few postmor-

tem studies have been performed in patients with the condi-
tion (246,265). These have shown clusters of endoneural
lymphocytes and monocytes associated with degeneration of
myelin in posterior roots and peripheral nerves. Occasional
cases show inflammation of the meninges. One autopsy per-
formed on a patient with CIDP who had disturbances of
eye movement before death revealed scattered collections
of lymphocytes in the brainstem (246).

PATHOGENESIS

The pathogenesis of CIDP remains unclear. Support for
a cell-mediated component is based on the observation of a
mononuclear cell infiltrate, both diffuse and perivascular, in
spinal roots, spinal ganglia, and proximal nerve trunks of
postmortem cases (265). The target for the infiltrate is not
fully understood (248); however, the expression of endothe-
lial leukocyte adhesion molecule (ELAM) was noted in the
epineural vessels of five of 10 cases of CIDP evaluated with
sural nerve biopsies (266). Transient expression of ELAM in
response to cytokine stimulation has also been documented,
suggesting that endothelial cells play a role in the extravasa-
tions of infiltrative cells in CIDP; however, the positive re-
sponse of symptoms to plasma exchange (discussed later)
suggests that there also may be a humoral component to the
pathogenesis of the disease. IgG and IgM antibodies to the
ganglioside GM1 have been found in the serum and CSF of
a substantial percentage of patients. A similar finding in the
sera of patients has also been found (267). Circulating TNF-
� increases during the active phase in a subgroup of CIDP
patients and may play a role in the demyelination and break-
down of the blood–nerve barrier (268).

CLINICAL MANIFESTATIONS

CIDP usually begins insidiously and may evolve very
slowly. Unlike AIDP, it may take months for it to reach its
maximum level of severity. The condition is characterized
by symmetric proximal and distal weakness that occurs early
in the illness (269). This progressively worsens over 6 weeks
or more and is associated with hyporeflexia or areflexia. The
weakness may be mild or severe, but assisted ventilation is
rarely required (2,3,248). Most patients also develop sensory
disturbances, particularly paresthesias in the toes and the tips
of the fingers, although painful paresthesias are uncommon.
In some patients, these and other sensory symptoms occur
early in the course of the disease. In 10 patients with CIDP
in whom there was electrophysiologic evidence of demyelin-
ation of both sensory and motor nerve fibers, the majority
of clinical symptoms were sensory (270). Some patients with
CIDP develop a postural tremor that is unrelated to weakness
or proprioceptive loss and usually occurs late in the course
of the disease (2,3).

Cranial nerve palsies rarely occur in patients with CIDP.
Five patients with CIDP in whom cranial nerve involvement
accompanied a more generalized neuropathy were reported
by Waddy and colleagues (271). Facial and oropharyngeal
weakness occurred in less than 15% of the patients in this
study, far less than in AIDP. A bilateral vestibulopathy asso-
ciated with CIDP was reported in one patient with CIDP
(272). MR imaging in that patient demonstrated enhance-
ment of the vestibulo-cochlear nerves on both sides. Unilat-
eral or bilateral, nonsimultaneous optic neuropathies can
occur very rarely in patients with CIDP (218,273,274).

Ophthalmoparesis develops in less than 5% of patients
with CIDP (275). It may be bilateral, generalized, and associ-
ated with ptosis (276) but most often is associated with uni-
lateral or bilateral abducens nerve paresis (212). In some
cases, the abducens nerve paresis seems to be a major and
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Figure 61.14. Pathology of chronic inflammatory demyelinating polyneuropathy (CIDP). A, Nerve biopsy from a patient
with CIDP shows an area of generalized demyelination in which there is an area of perivascular demyelination adjacent to
several remaining myelinated nerve fibers that show onion bulb formation. Hematoxylin and eosin, �900. B, Structure of an
onion bulb in CIDP. This bulb is composed of Schwann cells surrounding a thinly myelinated axon, �3600. C, Structure of
an onion bulb in CIDP. This bulb is composed of Schwann cells surrounding a completely demyelinated axon,�7000. (From
Johnson PC. Peripheral nerve. In Davis RL, Robertson RM, eds. Textbook of Neuropathology. Ed 2. Baltimore, Williams &
Wilkins, 1991�1004–1088.)
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specific manifestation of the disease (277). In others, how-
ever, the paresis is not due to the inflammatory process but
rather to increased intracranial pressure or some other neuro-
logic process (246). Oculomotor nerve palsy is quite rare in
CIDP, occurring in 3–4% of patients (275). Bilateral in-
ternuclear ophthalmoplegia has been reported (278). A pa-
tient with multiple episodes of diplopia and ptosis who even-
tually developed CIDP has been described (276). Rarely,
patients with CIDP develop mild to moderate unilateral or
bilateral ptosis, usually in association with ophthalmoparesis
(275) or unilateral adduction deficit (279).

Papilledema occurs in about 8% of patients with CIDP
(246), a frequency greater than in patients with AIDP. The
increased intracranial pressure that occurs in CIDP seems
to be caused in most cases by the markedly increased protein
concentration, one of the laboratory hallmarks of the condi-
tion (246,280); however, papilledema associated with mod-
erately increased intracranial pressure and only a mildly in-
creased concentration of protein in the CSF has been
reported (Fig. 61.15), suggesting that, as in AIDP, other
mechanisms may play a role. The papilledema of CIDP can
spontaneously resolve or progress and cause permanent optic
nerve dysfunction (281,282).

Abnormalities of pupil size or shape are extremely rare
in patients with CIDP. They were not described in any of the
205 patients reported in the three largest series (246,247,250,
251). There are, however, a few case reports of bilateral
parasympathetic denervated pupils (281).

LABORATORY FINDINGS

Electrophysiologic studies in patients with CIDP typically
show marked slowing of motor conduction with prolonged
distal latencies in at least two limbs (246,247,250,251).
Some patients show a multifocal conduction block. F-wave
responses are abnormal 95% of the time (283). In a series
of eight consecutive patients (284), visual evoked responses
were abnormal in six, BAEPs were abnormal in two, and
MR imaging showed changes consistent with CNS demye-
lination in two cases. These laboratory findings suggest that
CIDP, like AIDP and MFS, may rarely present as a com-
bined central and peripheral demyelinating syndrome.
CSF analysis performed in patients with CIDP during pe-

riods of clinical deterioration reveals that intracranial pres-
sure can be normal or increased and usually is associated
with an increased concentration of protein greater than 100
mg/dl (246,247,250,251). There usually is little or no pleo-
cytosis (2,3). In one series, S-100b levels were elevated in
nine of 11 patients with clinically progressive CIDP but not
in normal controls or in eight other patients studied with
various types of axonal neuropathy. During clinical improve-
ment, 10 of 10 patients had normalization of the S-100b
levels, although total protein remained high in five of 10
patients. These findings suggest that S-100b levels may be
useful in assessing the activity of the disease and in deter-
mining the effectiveness of the therapeutic strategy (285).
MR imaging in patients with CIDP occasionally shows

enlargement of nerve roots; however, these findings do not

Figure 61.15. Papilledema in chronic inflammatory demyelinating poly-
neuropathy (CIDP). The patient was a 44-year-old man with well-docu-
mented CIDP whowas being treated with low-dose systemic corticosteroids
when he developed mild headaches but no visual symptoms. Visual acuity
was 20/20 in both eyes; color vision was normal; and visual fields were
full. A, The right optic disc is mildly hyperemic and swollen. B, The left
optic disc is mildly hyperemic and swollen. Neuroimaging was normal.
The intracranial pressure was increased with a moderately increased con-
centration of protein. No specific treatment was given. The papilledema
gradually resolved over about 6 months.

correlate with disease activity, severity, or other laboratory
features of the disorder (286).

DIAGNOSIS

The diagnosis of CIDP is made by the combination of
appropriate clinical, electrophysiologic, and CSF findings
(247,248,287). A biopsy, usually of the sural nerve, may
be required to confirm the diagnosis and to distinguish the
condition from other types of chronic polyneuropathy, such
as multifocal motor neuropathy (MMN) (288), chronic idio-
pathic axonal polyneuropathy (CIAP) (289), POEMS syn-
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drome (polyneuropathy, organomegaly, endocrinopathy, M
proteins, and skin changes) (290), IgM gammopathy (291),
and multifocal acquired demyelinating sensory and motor
(MADSAM) neuropathy (292,293). Other disorders to be
considered in patients suspected of having CIDP include
hereditary polyneuropathies, chronic demyelinating poly-
neuropathies associated with systemic diseases such as
plasma cell dyscrasias and paraproteinemias, and toxic poly-
neuropathy of diphtheria (2,3). This highlights that even
when a diagnosis of CIDP seems clear, a continued search
for an underlying etiology may be appropriate.

TREATMENT

Systemic corticosteroids are the primary form of therapy
for patients with CIDP (244,247,248,250,294,295), although
statistical evidence supporting this treatment is limited to
a single randomized controlled study with 35 subjects and
several uncontrolled studies that indicate that systemic corti-
costeroids have a beneficial effect on the course and prog-
nosis of the condition (294).
Unlike steroid therapy, the safety and efficacy of IVIg

therapy for CIDP have been carefully evaluated in multiple
studies (295–304). Two studies showed that a significantly
higher proportion of patients with CIDP improved within a
month after IVIg therapy compared with placebo. This im-
plies that IVIg is an excellent choice as a first-line therapy
(295–304). The predominant mechanism by which IVIg ex-
erts its action appears to be a combined effect on comple-
ment inactivation, neutralization of idiotypic antibodies,
cytokine inhibition, and saturation of Fc receptors on endo-
neurial macrophages (303). IVIg also appears to be relatively
safe (298), although patients with preexistent disorders such
as cardiac disease or renal insufficiency and patients who
are immobilized by their illness or from other causes are at
higher risk for complication (300,302). Treatment seems to
be most helpful in patients whose disease has been present
for 1 year or less (298).

Plasma exchange has a beneficial and often rapid effect
on patients with CIDP (299,304). In one study, this treatment
was shown to be superior to other modalities, including IVIg
(304). In another study, IVIg had a similar efficacy to plasma
exchange and oral prednisolone (299). In patients that failed
any initial therapy, an alternate treatment showed benefit in
35% (304).
Other proposed treatments for CIDP include Etanercept

(305), cyclosporin-A (306), interferon-�, interferon-�, and
anti-D immunoglobulin (307–309). In the design of thera-
peutic trials for CIDP, a proper choice of suitable outcome
measures is essential to assess effectiveness (305–309). The
available evidence is inadequate to decide if these less com-
mon strategies are effective. Furthermore, analyses of the
outcome measures used in many polyneuropathy treatment
studies have revealed flaws in the methodology commonly
used (305–309).

NATURAL HISTORY AND PROGNOSIS

There are several clinical profiles of CIDP, although the
most common are monophasic with relapse and relapsing-

remitting (2,246,247,310). The longer patients are followed,
the more likely relapses will be documented. Many relapsing
cases resolve after a few years. Patients with a relapsing
course tend to have a more favorable prognosis than do those
with a chronic progressive course (251). The clinical course
may be influenced by the treatments outlined previously.
The mortality of CIDP ranges from 5–10%, with death usu-
ally resulting from intercurrent infections (2). Most patients
treated with systemic corticosteroids, IVIg, plasma ex-
change, or a combination of these modalities, have a reason-
ably good prognosis (248). In various larger series, 26 to
30%make a complete recovery, and about 40% recover with
minimal impairment of neurologic function (250).
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epidemiology and associations with influenza vaccination. Ann Neurol 1981;
9(Suppl):S31–S38.

9. Alter M. The epidemiology of Guillain-Barré syndrome. Ann Neurol 1990;
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tion of Guillain-Barré syndrome. Clin Infect Dis 1993;17:104–108.

28. Hughes RA, Hadden RD, Gregson NA, et al. Pathogenesis of Guillain-Barré
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pathological report of 50 fatal cases and a critique of the literature. Medicine
1949;28:59–141.

83. Matsuyama H, Haymaker W. Distribution of lesions in the Landry-Guillain-
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of severe Guillain-Barré syndrome. Crit Care Med 1993;21:433–446.

102. Santana JC, Garcia PC, Einloft PR, et al. Autonomic dysfunction in Guillain-
Barré syndrome: A 13-year experience in pediatric intensive care unit. J Pediatr
1996;72:20–26.

103. Radu EW, Skorpil V, Kaeser HE. Facial myokymia. Eur Neurol 1975;13:
499–512.

104. Wasserstrom WR, Starr A. Facial myokymia in the Guillain-Barré syndrome.
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fluids. Ann Neurol 1987;22:753–761.

141. French Cooperative Group on Plasma Exchange in Guillain-Barré syndrome:
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145. Osterman PO, Fagius J, Säfwenberg J, et al. Early relapse in acute inflammatory
polyradiculoneuropathy after successful treatment with plasma exchange. Acta
Neurol Scand 1988;77:273–277.
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Arch Neurol 1988;43:314–315.
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157. Kleyweg RP, van der Meché FGA, Loonen MCB, et al. The natural history of
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236. Coe CJ. Guillain-Barré syndrome in Korean children. Yonsei Med J 1989;30:
81–87.

237. Kuwabara S, Ogawara K, Sung JY, et al. Differences in membrane properties
of axonal and demyelinating Guillain-Barré syndromes. Ann Neurol 2002;52:
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