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Abstract
Peripheral neuropathy is a common complication of many of the systemic amyloidoses. Although
the cause of neuropathy is not entirely clear, it is likely related to amyloid deposition within the
nerve. This may lead to focal, multifocal, or diffuse neuropathies involving sensory, motor and/or
autonomic fibers. The presenting symptoms depend on the distribution of nerves affected. One of
the most common phenotypes is sensorimotor polyneuropathy, which is characterized by
symptoms of neuropathic pain, numbness, and in advanced cases weakness. Symptoms begin in
the feet and ultimately progress to the proximal legs and hands. The most common focal
neuropathy is a median neuropathy at the wrist, or clinically known as carpal tunnel syndrome.
Carpal tunnel symptoms may include pain and sensory disturbances in the lateral palm and
fingers; hand weakness may ensue if the focal neuropathy is severe. Autonomic neuropathy may
affect a variety of organ systems such as the cardiovascular, gastrointestinal, and genitourinary
systems. Symptoms may be non-specific making the diagnosis of autonomic neuropathy more
difficult to identify. However, it is important to recognize and distinguish autonomic neuropathy
from diseases of the end-organs themselves. This chapter reviews the inherited and acquired
amyloidoses that affect the peripheral nervous system including familial amyloid polyneuropathy,
and primary, secondary and senile amyloidosis. We emphasize the clinical presentation of the
neurologic aspects of these diseases, physical examination findings, appropriate diagnostic
evaluation, treatment and prognosis.
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The amyloidoses are a heterogeneous group of disorders that may present with a diverse
spectrum of clinical manifestations. The disorders are characterized by tissue deposition of
insoluble, misassembled fibril proteins that ultimately lead to the disruption of normal tissue
structure and function (1). Up to the present time, 30 proteins have been identified as main
amyloid fibril components (2). Depending on the etiology, amyloid deposits can affect a
variety of organ systems most commonly the kidneys, liver and heart. Amyloid can also
affect the peripheral motor, sensory and autonomic nerves. The degree of nervous system
involvement is variable and may begin at different time points in the course of disease.
Occasionally neuropathy is the initial manifestation of the disease. In this case, arriving at an
accurate diagnosis is particularly crucial so that patients may undergo the appropriate testing
to find other affected organ systems. The discovery of which, may lead to life-saving
interventions such as a liver transplant. In addition, documenting the degree of neuropathy
gauges disease progression, guides treatment decisions, and determines response to therapy
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in the clinical and research settings. This chapter will review the various types of inherited
and acquired amyloidoses that affect the peripheral nervous system.

INHERITED FORMS OF AMYLOID NEUROPATHY
The term Familial Amyloid Polyneuropathy (FAP) refers to a group of hereditary
amyloidoses which typically have prominent clinical manifestations involving the peripheral
sensorimotor and/or autonomic nervous system. FAP can be further classified according to
the type of amyloid protein that causes the disease process. These include transthyretin,
apoprotein A1, and gelsolin. Of these three, transthyretin amyloidosis is the most common
(see Case Illustration 1). FAP was first described in 1952 by Andrade in individuals living in
northern Portugal, where the condition was found to be prevalent (3). Later, the disease was
observed in large groups of individuals in Japan and Sweden (4,5). The identified abnormal
amyloid fibril was found to be the result of a substitution of methionine for valine at position
30 of the transthyretin gene (TTR, Val30Met) (6). Since that time a number of other
mutations in the TTR gene have been described, however Val30Met remains the most
common pathogenic point mutation that causes FAP worldwide (7).

Case Illustration 1

Familial Amyloid Polyneuropathy

A 64 year-old man of Italian ancestry, with known familial amyloid polyneuropathy,
presented for evaluation. The patient was diagnosed by genetic testing 4 years previously
while asymptomatic, after his older brother, who had longstanding disabling neuropathy
was finally diagnosed with FAP. His sister, who is the oldest sibling, was also found to
have the same mutation (Val30Met), and amyloid on fat pad biopsy. However she has
remained relatively asymptomatic. The patient began taking diflunisal, but symptoms
worsened and he underwent liver transplant two years after diagnosis. He worried that his
neuropathy was progressing after surgery. He reported numbness in the feet and
imbalance, and fatigue with walking. He was dizzy especially in the morning. He had
early satiety, poor appetite and difficulty maintaining his weight. He had sexual
dysfunction and decreased sweating.

Examination revealed dry skin especially on the fingers and toes. There was distal hair
loss and a slight bluish color in the feet despite normal color and temperature. Mental
status and cranial nerves were normal. There was distal muscle atrophy, especially in the
legs. Strength was full to confrontation but the patient had difficulty arising on his toes
and heels. His reflexes were normal except at the ankles, where they were absent.
Vibration sensation was absent at the toes, moderately decreased at the ankle, and mildly
so at the knees and fingers. Temperature and sharp sensation was decreased to the knee
bilaterally. Proprioception was relatively preserved. His gait was steady but slightly
wide-based and cautious.

Diagnostic testing, including nerve conduction studies and electromyography and an
autonomic reflex screen, was performed to document the severity of the neuropathy.
Nerve conductions revealed reduced motor responses and absent sensory responses in the
lower extremity (see figure 1–2). Autonomic reflex screen confirmed significant
autonomic neuropathy involving sympathetic, cardiovagal, and sudomotor function
(figures 3–6).

Comment

This case describes a family with relatively late onset of FAP. Although all three siblings
possess the same mutation, there is marked variability in neuropathy severity. As is often
the case, diagnosis was significantly delayed in the first member of the family to seek
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medical attention for neuropathy. This patient demonstrates typical signs and symptoms
of sensory, motor and autonomic neuropathy.

Transthyretin Gene-Related Familial Amyloid Polyneuropathy
Genetics and Epidemiology—The TTR gene is located on chromosome 18 (8). More
than 100 mutations in the TTR protein have been reported to be associated with amyloidosis
(9). Most of the mutations are the product of a single nucleotide substitution in the TTR
gene. Other mutations are the result of two nucleotide substitutions in a codon and the
deletion of a 3-base codon (Val122) (10). Transthyretin amyloidosis is inherited in an
autosomal dominant manner, thus the majority of affected individuals possess one mutant
and one wild-type allele leading to an expression of both variant and normal TTR proteins,
although rare compound heterozygotes have been described (11).

The prevalence of TTR mutations is high in Portugal, Sweden, and Japan. The estimated
gene frequency of Val30Met TTR mutations is 1:538 in northern Portugal; whereas it is
much lower, 1: 1,000,000 to 1: 100,000 in the United States (12). Patients with TTR
Val30Met amyloidosis can exhibit great clinical heterogeneity with respect to disease
severity and age of symptom onset; this can be seen within and between different ethnic
groups (13). For example, individuals living in endemic areas in Japan and Portugal will
typically have early disease onset (30–40 years); whereas individuals of Japanese ancestry
living in non-endemic areas will typically have a much older onset of disease (14,15).
Individuals of Swedish ancestry also have a later age of onset (16). However, late age of
onset has been described in Portugal and earlier age of onset has been described in Sweden.
The disease in France is heterogeneous (13). The degree of penetrance also exhibits a great
deal of variability. The TTR Val30Met mutation produces disease in 80% of Portugese
carriers, whereas it only produces disease in 5%–10% of Swedish carriers (16,17). In one
Japanese kindred there were asymptomatic individuals as old as 81 years who had high
levels of variant TTR amyloid protein; this was similar to those who had neuropathy
symptoms (18). Differences in genetic phenotypes and age of onset were even seen among
monozygotic twins (19). We have observed that in some families men are more severely
affected than women with the same mutation; other authors have reported gender differences
in age of onset or prevalence of disease (15,16). The variations in disease onset and differing
phenotypes are thought to be the result of both genetic and non-genetic modifying factors
(20).

Types of Neuropathy—Patients with FAP may experience different patterns of
neuropathy including focal neuropathies, sensorimotor polyneuropathy, autonomic
neuropathy or combinations of the three. The median nerve at the wrist is a common and
early site of involvement in FAP. Patients experience symptoms of carpal tunnel syndrome:
paresthesias in the thumb and digits 2 and 3, pain in the wrist which may extend to the
elbow, and in more severe cases, weakness in grip.

[Callout] Patients with familial amyloid polyneuropathy (FAP) may experience
different patterns of neuropathy including focal neuropathies, sensorimotor
polyneuropathy, autonomic neuropathy or combinations of the three. The median
nerve at the wrist is a common and early site of involvement in FAP. Patients
experience symptoms of carpal tunnel syndrome.

Although carpal tunnel syndrome is common in the general population and is a nonspecific
manifestation of FAP, when it does occur in patients with FAP the lesions tend to be more
severe than in patients with idiopathic carpal tunnel syndrome (21). This is due to
endoneurial amyloid deposits that accompany the nerve entrapment under the carpal tunnel
ligament (7). Focal nerve lesions other than median neuropathy at the wrist are rare. There
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have been case reports of FAP patients presenting with vocal cord paresis and lower
extremity pain at onset of the disease (22).

TTR related FAP commonly affects the peripheral motor and sensory nerves in a length
dependent manner leading to a sensorimotor polyneuropathy. The fibers that tend to be
affected first are the small myelinated and unmyelinated fibers (23–25). At this stage,
patients may complain of discomfort in their feet. Symptoms include numbness, pins and
needles sensation, burning that is often worse at night and is associated with allodynia.
Some patients may not experience pain as a symptom. In a predominantly small fiber
neuropathy, neurologic examination may show decreased pin prick in the feet and impaired
thermal sensibility, but with preserved light touch sensation, proprioception, motor strength
and reflexes. Over the following months to years, the neurologic deficit worsens and begins
to affect larger sensory and motor nerve fibers. Loss of large fibers results in muscle
weakness and more severe sensory loss. Neurologic examination reveals weakness in the
feet and hands, decreased or absent reflexes particularly at the ankle, and diminished
vibration sense and proprioception in a distal distribution.

[Callout] Neurologic examination reveals weakness in the feet and hands,
decreased or absent reflexes particularly at the ankle, and diminished vibration
sense and proprioception in a distal distribution.

Symptoms then gradually extend to the proximal lower extremity, trunk and upper
extremities. Walking may become increasing difficulty due to both proprioceptive deficits as
well as weakness. Patients are also susceptible to joint deformities, like Charcot joints, and
plantar ulcers due to painless trauma to the feet. As the disease progresses, some patients
may experience life threatening autonomic dysfunction and generalized malaise, weight loss
and muscle wasting (7).

Dysfunction of the autonomic nervous system is commonly seen in individuals with early
onset FAP, and less commonly in those with late onset FAP. Cardiovascular, genitourinary,
and gastrointestinal systems are frequently affected. Patients may experience orthostatic
hypotension due to cardiovascular dysautonomia and complain of sensations of light
headedness, dizziness, fatigue, and blurry vision when standing. Some patients remain
asymptomatic despite significant orthostatic hypotension which may be due to
compensatory changes in central auto-regulation that occur in response to slowly
progressive peripheral autonomic dysfunction. Gastrointestinal symptoms of autonomic
dysfunction can include postprandial diarrhea alternating with constipation which can be
severe. Postprandial vomiting due to gastroparesis may lead to progressive weight loss and
dehydration worsening postural hypotension. Genitourinary symptoms may include urinary
retention or incontinence. Sexual dysfunction also occurs. In men, erectile dysfunction is
sometimes an early feature that may precede the sensory symptoms of neuropathy (7,22).

[Callout] Dysfunction of the autonomic nervous system is commonly seen in
individuals with early onset FAP, and less commonly in those with late onset FAP.
Cardiovascular, genitourinary, and gastrointestinal systems are frequently affected.

Central Nervous System Involvement—Although potential sources of TTR protein
include the choroid plexus epithelium and some leptomeningeal cells, central nervous
system manifestations of amyloidosis is atypical (26). However there are cases of occulo-
leptomeningeal amyloidosis, dementia, seizures, stroke-like episodes, subarachnoid
hemorrhage, ataxia, myelopathy, hydrocephalus, and deafness with or without peripheral
neuropathy that have been reported in the literature (27–32).

Shin and Robinson-Papp Page 4

Mt Sinai J Med. Author manuscript; available in PMC 2013 November 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Pathophysiology—Transthyretin (TTR) exists as a tetrameric plasma transport protein.
Each monomer consists of a single polypeptide chain of 127 amino acid residues that is
approximately 14,000 Da in size; the whole structure is approximately 55,000 Da. The
tetrameric structure has surface receptors for retinol-binding protein/vitamin A as well as
binding sites for thyroxine (33). The misfolding of the protein leads to inappropriate
aggregation and accumulation in a variety of organ systems. In tissue cultures, non-native
oligomers have also been shown to be cytotoxic (34). Most of the plasma TTR protein is
produced in the liver; however some of it is produced in the retinal pigment epithelium of
the eye and the choroid plexus of the brain (26,35).

[Callout] Transthyretin (TTR) exists as a tetrameric plasma transport protein. The
misfolding of the protein leads to inappropriate aggregation and accumulation in a
variety of organ systems. In tissue cultures, non-native oligomers have also been
shown to be cytotoxic. Most of the plasma TTR protein is produced in the liver;

Recently, studies have also reported TTR synthesis in neurons and peripheral nerve
Schwann cells (36,37). Amyloid deposits within nerve lesions are unevenly distributed and
often appear within fascicles. As the amyloid fibrils accumulate, they cause damage to the
nerve by mechanical compression, direct blood vessel invasion and possibly through toxic
effects of the amyloid fibrils. Electron microscopy studies of Schwann cells have
demonstrated cytoplasmic degenerative changes and destruction of the basal lamina when
these cells come into contact with amyloid fibrils (7). Peripheral nerve specimens from
individuals with TTR FAP revealed amyloid deposits located in the endoneurium, as well as
in endoneurial, perineurial and epineurial blood vessels (36,37).

Diagnosis—The diagnosis of FAP should be considered in patients with sensorimotor
polyneuropathy, with or without autonomic features, along with a family history of
neuropathy. The diagnosis should also be considered in patients without family history, but
with an idiopathic progressive axonal polyneuropathy, particularly when there is associated
autonomic dysfunction, cardiac findings, or severe carpal tunnel syndrome. One can proceed
directly to DNA testing if a familial cause of polyneuropathy is evident.

[Callout] The diagnosis of FAP should be considered in patients with sensorimotor
polyneuropathy, with or without autonomic features, along with a family history of
neuropathy. One can proceed directly to DNA testing if a familial cause of
polyneuropathy is evident.

However if the diagnosis is in question, or if there is a lack of family history as in sporadic
cases, an evaluation to exclude more common causes of neuropathy is appropriate. It is
important to determine whether the patient has other risk factors for neuropathy such as
alcohol abuse, poor nutritional status, diabetes mellitus, autoimmune disease, malignancy, or
dysfunction of the kidney, liver, or thyroid. Diagnostic blood tests should include at a
minimum: complete metabolic panel, liver function tests, hemoglobin A1C, vitamin B12
level, and thyroid function tests. Urine and serum immunofixation should also be obtained,
as a monoclonal protein is found in approximately 90% of patients with AL amyloidosis
(38)and is also common in other disorders associated with neuropathy such as multiple
myeloma. Additional tests often ordered in the evaluation of neuropathy, depending on the
clinical scenario, include: glucose tolerance test, antinuclear antibody, rheumatoid factor,
erythrocyte sedimentation rate, rapid plasma regain, antibodies for Sjogren’s syndrome (SS-
A and SS-B), serology for infectious causes (HIV, Lyme, Hepatitis C), heavy metals screen,
angiotensin converting enzyme level, anti GM-1, antineutrophil cytoplasmic antibodies (c-
ANCA, p-ANCA), cryoglobulins, complement levels, anti-myelin-associated antibodies,
screening for celiac disease, paraneoplastic antibody screen, and other genetic testing (e.g.
mutations associated with Charcot-Marie-Tooth).
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Electrophysiologic tests are an important part of the diagnostic evaluation. These may
include nerve conduction studies (NCS), electromyography (EMG), autonomic function
testing (AFT), and quantitative sudomotor axon reflex testing (QSART). EMG and NCS are
useful in demonstrating large fiber neuropathy in sufficiently advanced cases, whereas tests
like AFT and QSART is useful in demonstrating small fiber involvement that is typically
involved early in the course of the disease. NCS typically shows an axonal polyneuropathy,
involving sensory more than motor fibers, often with a superimposed median neuropathy at
the wrist (i.e. carpal tunnel syndrome). Sensory nerve conduction amplitudes can be absent
or reduced (see figure 1). Motor nerve conduction amplitudes can be reduced or normal,
with normal to mildly slowed conduction velocities (see figure 2). EMG may show
spontaneous activity in the form of fibrillation potentials and positive sharp waves
signifying axonal injury and active denervation. Volitional motor unit recruitment may
reveal large, neurogenic motor unit potentials and reduced motor unit recruitment consistent
with chronic denervation and reinnervation (38,39). In patients with normal nerve
conduction studies, quantitative sensory testing and sympathetic skin tests can provide data
supportive of small fiber involvement. Quantitative autonomic tests (see figures 3–6),
including quantitative sudomotor axon reflex testing (QSART), heart rate response to deep
breathing, Valsalva maneuver, and tilt table studies, may be more useful and are also
important to document the degree of autonomic nervous system dysfunction (40). In
addition to electrophysiologic testing, skin biopsy may also be a useful tool to document
small fiber involvement early in the disease. Histopathologic examination may reveal
reduced intraepidermal nerve fiber densities and occasionally amyloid deposits (41). It
should be emphasized that these diagnostic tests are used in general for the assessment of
small fiber neuropathy. However their utility specifically in FAP remains unclear and they
may not be available at all centers. Nerve biopsy may be considered for cases in which the
diagnosis remains elusive after less invasive tests are non-diagnostic. Nerve biopsies reveal
amyloid deposits in the endoneurial and epineurial connective tissue, along with deposits in
the endoneurial and epineurial blood vessel walls. There is a decreased density of all types
of nerve fibers with small myelinated and umyelinated fibers being affected the most.
Teased nerve fiber preparations reveal axonal degeneration. With Congo red staining,
amyloid exhibits an apple-green birefringence under polarized light and appears red when
viewed under a light microscope (38,42). Amyloid deposits may also be seen in biopsy
specimens of muscle, abdominal fat or salivary glands (7). Specific types of amyloid may
also be identified using mass spectrometric (MS)-based proteomic analysis of biopsy
specimens (43).

Treatment—Treatment of FAP can be divided into disease-modifying and symptomatic
therapies. Symptomatic therapy for FAP focuses on relief of neuropathic pain and
amelioration of the symptoms of autonomic neuropathy. Treatment recommendations for
neuropathic pain are based on studies done in more prevalent diseases such as diabetic
neuropathy and post-herpetic neuralgia. Four main classes of agents are used:
anticonvulsants, antidepressants, topical treatments, and nonspecific analgesics. Among the
anticonvulsants, gabapentin and pregabalin have the strongest evidence for efficacy in
neuropathic pain. They are typically well tolerated and have the benefit of renal excretion
without hepatic metabolism (44,45). Two classes of antidepressants are commonly used for
the treatment of neuropathic pain, the tricyclics (TCAs) and the serotonin-norepinephrine
reuptake inhibitors (SNRI) (46,47). The TCAs nortriptyline and amitriptyline are probably
the most commonly prescribed. Sedation is among the most common side effects, which can
be used to advantage if the patient’s symptoms are worst at night. Caution must be used
when prescribing TCAs to patients with significant autonomic neuropathy because they may
worsen orthostatic hypotension and urinary retention. Cognitive side effects may also occur,
particularly in the elderly. Duloxetine is the best studied SNRI for the treatment of
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neuropathic pain; venlafaxine and milnacipran are also available (46,47). A topical patch
containing high dose capsaicin was recently approved by the Food and Drug Administration
(FDA) for the treatment of post-herpetic neuralgia and has also shown efficacy in other
types of neuropathic pain (48). Drawbacks include expense, and the time and specialized
expertise needed to apply the patch in a doctor’s office. Topical lidocaine preparations are
also commonly used (49). Nonsteroidal anti-inflammatory drugs and acetaminophen are
typically ineffective in the management of neuropathic pain. Opioids may be appropriate for
moderate to severe neuropathic pain with appropriate monitoring for the development of
aberrant use behaviors.

Pharmacologic therapies have aimed at reducing the amount of amyloidogenic fibrils by
stabilizing the original tetrameric form of the TTR molecule. These therapeutic molecules
have been created after in vitro studies have shown that the binding of L-thyroxine to the
TTR tetramer stabilizes its structure and function and inhibits amyloid fibril formation. Thus
small molecule thyroxine mimetics have been developed to treat FAP (50). Diflunisal and
tafamidis are two drugs that have been studied in worldwide clinical trials for the treatment
of FAP but are not currently approved by the FDA.

[Callout] Diflunisal and tafamidis are two drugs that have been studied in
worldwide clinical trials for the treatment of FAP but are not currently approved by
the FDA.

Results from a randomized, controlled trial of diflunisal, a non-steroidal anti-inflammatory
drug, are expected to be published shortly (51). Tafamidis is a benzoxazole derivative that
binds highly selectively to TTR in human plasma. A phase II/III randomized, double-blind,
placebo-controlled trial enrolled more than 100 patients heterozygous for the Val30Met TTR
mutation. The trial showed that 60% of patients treated with tafamidis, 20mg once a day,
slowed progression of both autonomic and peripheral neuropathies versus 38% of the
placebo group. In addition, improved quality of life and improved nutritional status, as
reflected in an increase in modified body mass index, was seen in the treatment group (52).
Tafamidis has recently been granted marketing authorization by the European Commission
for the treatment of symptomatic peripheral neuropathy to delay neurological impairment.

Liver transplantation is the first line treatment of Val30Met FAP and should be considered
early in the disease course.

[Callout] Liver transplantation is the first line treatment of Val30Met FAP and
should be considered early in the disease course.

However, anecdotal experience suggests that liver transplantation may be less effective for
other mutations and in patients over the age of 50. Furthermore, the invasive nature of the
procedure requires careful consideration in all patients. The goal of liver transplantation is to
limit the production of mutant TTR. It is assumed that since the liver produces most of the
TTR protein in serum, liver transplantation should stop the production of mutant TTR.
However since livers from FAP patients are otherwise healthy, and FAP typically takes
decades to develop, “domino” transplants have been performed, during which the liver from
the patient with FAP is transplanted into another patient. Although this procedure has been
justified on the basis of organ scarcity, recent studies have found that amyloidosis may
develop more quickly in the recipient than had been expected (53). According FAP World
Transplant Registry over 1900 liver transplants were performed between 1990 and 2010
mostly in patients with Val30Met TTR mutations (54). A recent Japanese study of patients
with Val30Met FAP demonstrated an estimated probability of survival at 10 years of 100%
in the transplant group compared to 56.1% for the non-transplant group (55). Five year
survival rates are up to 92% in one Swedish study. Pure sensory symptoms remain stable in
over 90% of patients after liver transplantation although objective measures of improvement
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are not significant (56). Although liver transplantation may halt the production of mutant
TTR protein in the serum, it has no effect on CNS symptoms or ocular complications that
are caused by persistent production of mutant TTR by the choroid plexus or retinal epithelial
cells. There may also be progression of cardiac amyloidosis and worsening of peripheral
neuropathy despite liver transplantation. The cardiac amyloidosis is thought to be due
continued deposition of wild type TTR on pre-existing amyloid deposits; worsening cardiac
dysfunction is the main factor affecting prognosis after liver transplantation. A similar
mechanism may lead to progression of neuropathy, although another mechanism is
continued production of mutant TTR from the choroid plexus which may deposit in the
nerve’s endoneurial space through the subarachnoid space (7).

New treatments for TTR amyloidosis are under development. Suppression of hepatic
transthyretin has been achieved through antisense oligonucleotides that degrade TTR
messenger RNA which suppresses gene expression (57). Similar strategies using small
interfering RNAs and specific cleavage ribozymes are also being studied (58,59).

Apoprotein A1-related Familial Amyloid Polyneuropathy
Sixteen mutations of the APOA1 gene are associated with hereditary apolipoprotein A1
amyloidosis (60). The plasma protein, which is 28 kDa in size, is synthesized by the small
intestine and liver. Although the Gly26Arg mutation can cause a length-dependent
polyneuropathy, it is not the prominent feature of the disease overall; organ systems more
commonly involved are renal, hepatic and gastrointestinal tract. Progressive renal failure can
also lead to worsening peripheral neuropathy. There are no specific treatments for
apolipoprotein A1 FAP. One patient with a Gly26Arg mutation experienced a reduction in
variant protein by 50% and improvement in neuropathy symptoms following hepatorenal
transplant, which may have been in part from improved renal function (61). Thus, although
liver transplants have been performed for apolipoprotein A1 amyloidosis, it is not clear that
it is beneficial.

Gelsolin-Related Familial Amyloid Polyneuropathy
Hereditary gelsolin amyloidosis, also known as familial amyloidosis of Finnish type, was
first described in Finland in 1969 (62). Gelsolin is a calcium dependent protein that binds
actin and regulates its filament assembly and disassembly. The Finnish type is caused by a
single mutation in the type 2 metal ion-binding site which impairs calcium binding resulting
in increased cleavage of gelsolin into the amyloid precursor (63). The gelsolin gene is
located on chromosome 9 and is inherited in an autosomal dominant fashion. Gelsolin
amyloidosis is characterized by a triad of cranial neuropathies, corneal lattice dystrophy and
cutis laxa. First symptoms of corneal lattice dystrophy can start around the age of 25–30.
This is followed by slowly progressive cranial neuropathies most commonly affecting the
upper branch of the facial nerve. Typical patients will have reduced facial expressions due to
bilateral facial paresis. Other cranial nerves frequently involved are the hypoglossal,
glossopharyngeal, and vagus nerves. A sensory neuropathy affecting the lower extremities
usually occurs after 40–50 years of age (7). Involvement of the autonomic nervous system
can occur, but symptoms are usually mild (64). Central nervous system involvement is
usually due to gelsolin related amyloid angiopathy causing vascular malformations in the
brain and spinal cord (65). Other systemic manifestations can include cardiac, renal and
pharyngeal abnormalities but life threatening cardiac or renal complications are rare.
Treatment consists of good ophthalmological care and plastic surgery to correct facial laxity.
No treatment exists to suppress gelsolin related amyloid formation.
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ACQUIRED FORMS OF AMYLOID NEUROPATHY
Primary Systemic AL amyloidosis

AL amyloidosis is caused by plasma cell dyscrasias or B-cell lymphoproliferative disorders.
The abnormal populations of cells produce amyloid fibrils made up of either heavy or light
chain immunoglobulin fragments which are then deposited into various organs including the
heart, liver, kidney, and gastrointestinal tract (66). Peripheral neuropathy occurs in 17% of
patients with AL amyloidosis, making AL amyloidosis the most common type of acquired
amyloid polyneuropathy (see Case Illustration 2).

[Callout] Peripheral neuropathy occurs in 17% of patients with AL amyloidosis,
making AL amyloidosis the most common type of acquired amyloid
polyneuropathy.

Case Illustration 2

AL Amyloidosis Associated Neuropathy

A 69 year-old man presented for neurologic evaluation. Two years previously he had
been diagnosed with primary amyloidosis based on biopsy of a lung nodule discovered
on a routine chest x-ray. Shortly after the diagnosis was made he developed tingling in
the toes. This progressed to painful numbness and weakness in the feet and then the
proximal legs and hands. He had been unable to walk independently for about one year.
Review of systems revealed that he often experienced haziness of vision upon standing
and had fainted twice. He also had transient difficulty urinating after a catheterization
during a hospitalization, but this resolved. Neurologic examination revealed normal
mental status and cranial nerves. There was diffuse atrophy especially in the posterior
shoulders, hands and thighs. Muscle bulk could not be assessed in the distal lower
extremities due to edema. He had weakness in all four limbs in a predominantly distal
distribution. He was areflexic. Sensation was absent to all modalities in the lower
extremities. Vibration sense was also absent at the fingertips. With help, he was able to
arise from his wheelchair and take a few steps with a walker. The patient began treatment
with bortezomib for the primary amyloidosis, was given gabapentin for neuropathic pain
and referred to physical therapy.

Comment

This case demonstrates the severe and debilitating neuropathy that may accompany
primary amyloidosis. Motor and sensory deficits are present, and the symptoms
lightheadedness and urinary retention could suggest autonomic involvement.

Up to 65% of patients with peripheral neuropathy also have autonomic nervous system
involvement (67). Sensorimotor axonal polyneuropathy and carpal tunnel syndrome are the
most common types of neuropathy associated with AL amyloidosis. However multiple
upper limb mononeuropathies, mononeuropathy multiplex, lumbosacral radiculoplexopathy
and chronic inflammatory demyelinating polyneuropathy have also been reported (68–70).
Symptoms typically begin with painful paresthesias in the feet signifying small fiber
involvement. As the disease progresses it can affect larger nerve fibers and patients may
complain of numbness and motor weakness. Autonomic symptoms can include nausea,
vomiting, early satiety, bloating, constipation, diarrhea, postural lightheadedness and erectile
dysfunction (71). Diagnostic testing can include electromyography/nerve conduction
studies, autonomic function tests, and skin biopsy. Demonstration of free light chains in
serum is an important diagnostic element. Mass spectrometry to document the type of
amyloid and genetic testing to exclude FAP may also be helpful. However, the definitive
diagnosis of AL amyloidosis is based on histological tissue examination that demonstrates
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amyloid deposition by Congo red staining or by the presence of lambda or kappa light
chains by immunohistochemical staining (66). Treatment options include chemotherapy
(e.g. proteasome inhibitors, drugs in the thalidomide class, lower dose alkylating agents) and
autologous peripheral blood stem cell transplantation. Peripheral neuropathy often persists
even in treated patients, although some recovery based on electrophysiologic tests and
histopathological evidence of AL amyloid regression may occur (66).

[Callout] Peripheral neuropathy often persists even in treated patients, although
some recovery based on electrophysiologic tests and histopathological evidence of
AL amyloid regression may occur.

AA and β2-Microglobulin Amyloidosis
AA amyloidosis can occur in the setting of chronic infectious or inflammatory diseases such
as tuberculosis and rheumatoid arthritis. The AA amyloid fibrils are fragments of a
circulating acute phase reactant called SAA protein. The main organ that is affected in AA
amyloidosis is the kidney; the liver, spleen and gastrointestinal tract are involved to a lesser
degree (72). AA amyloidosis rarely affects the nervous system; however there have been
case reports of autonomic neuropathy (73,74).

β2-microglobulin associated amyloidosis is potentially a serious complication seen in long-
term hemodialysis patients. The β2M protein is a part of the MHC class I molecule that is
present in all nucleated cells. The protein is normally broken down in the renal tubules, and
can accumulate with chronic renal failure. Carpal tunnel syndrome and joint pains are early
clinical manifestations of β2M amyloidosis. As the disease progresses, it can cause severe
erosive changes to the joints and vertebral bodies leading to disabling arthropathies of large
joints and spondylolisthesis (72). β2-microglobulin associated amyloidosis has become
uncommon as dialysis techniques have improved. Recently, a hereditary amyloidosis due to
a variant β2-microglobulin (Asp76Asn) has been described; which is associated with a
predominantly autonomic neuropathy (75).

Age-Related Senile Systemic Amyloidosis
Senile systemic amyloidosis (SSA) is caused by deposition of wild-type transthyretin
protein. Unlike the TTR-related amyloidosis seen in familial amyloid polyneuropathy, the
amyloid fibrils in SSA maintain their primary structure. It is a prevalent disorder affecting
up to 25% of people over the age of 80. Most of the amyloid deposition occurs in the heart
leading to cardiomyopathy and atrial fibrillation. However, deposition of the TTR protein
can be found in other organ systems such as the liver, kidney, gastrointestinal tract, aorta
and connective tissues. Carpal tunnel syndrome is a common clinical manifestation which
can precede cardiac manifestations of the disease (76). We, as well as others, have observed
patients with SSA and sensorimotor polyneuropathy (77).

CONCLUSION
The systemic amyloidoses are a diverse group of disorders that can lead to multi-organ
dysfunction through the deposition of abnormal amyloid fibrils. Mutations in the TTR gene
lead to the most common form of inherited amyloidosis, whereas AL amyloidosis is the
most common acquired form. Peripheral nervous system involvement is common and may
present as a length dependent sensorimotor polyneuropathy, focal neuropathy, multi-focal
neuropathy, or autonomic neuropathy. When peripheral neuropathy is the presenting
manifestation of amyloidosis diagnosis is often delayed, since significant time may be spent
pursuing more common causes of neuropathy such as diabetes or autoimmune disorders.
These delays are a source of considerable frustration to patients and family members,
particularly if a genetic disorder is ultimately diagnosed. Greater recognition of these
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conditions is needed for earlier diagnosis and optimization of currently available treatment,
as well as a better understanding of the pathophysiology of the disease and research leading
to new treatments.
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Figure 1.
Examples of normal and reduced sural sensory responses obtained with surface electrodes
by stimulating the nerve proximally in the calf and recording distally in the ankle. Reduced
sural sensory responses are seen in many different neuropathies, including those due to
amyloid.
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Figure 2.
Examples of normal and reduced peroneal motor responses obtained with surface electrodes
by recording the extensor digitorum brevis muscle in the dorsum of the foot. In the reduced
response (Fig. 2b) only a distal stimulation is performed because the response is very small.
In the normal response (Fig. 2a) the peroneal nerve was stimulated at three different sites in
the leg. Reduced motor responses may be seen in moderate to severe neuropathy.
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Figure 3.
Quantitative sudomotor axon test demonstrating normal sweat volume in the forearm (top
trace), diminished sweating in the proximal and distal leg (middle traces), and near absent
sweating in the foot. This is consistent with a length dependent neuropathic process.
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Figure 4.
(a) Normal hemodynamic responses to standardized Valsalva maneuver (forced exhalation
to a pressure of 40 mmHg for 15 seconds). Blood pressure (red trace) falls due to decreased
venous return, but soon begins to recover due to autonomically mediated compensatory
responses including increased heart rate (top trace). (b) In the patient with autonomic
neuropathy, heart rate does not increase during Valsalva maneuver and blood pressure drops
precipitously.
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Figure 5.
(a) Normal heart rate variability (green trace) in response to paced deep breathing (blue
trace). This reflex is mediated by the vagus nerve. (b) This figure demonstrates near absent
heart rate variability in a patient with autonomic neuropathy.
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Figure 6.
Hemodynamic responses to upright tilt in a patient with autonomic neuropathy demonstrate
orthostatic hypotension and lack of compensatory tachycardia.
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TABLE

Type of Amyloidosis Transmission Clinical Features Age of Onset Treatment

TTR related-FAP Autosomal Dominant Sensorimotor PN, autonomic
neuropathy, CTS,
cardiomyopathy, vitreous deposits

3rd to 4th decade
for early onset
6th to 8th decade
for late onset

Liver transplant
Tafamidis
Diflunisal

ApoA1 related-FAP Autosomal Dominant Sensorimotor PN, kidneys, liver,
gastrointestinal tract affected

4th to 5th decade Transplantation of affected
organs

Gelsolin related-FAP Autosomal Dominant Cranial neuropathies, CTS, cutis
laxa, corneal lattice dystrophy

3rd to 4th decade Plastic surgery for facial
deformities

Primary AL Acquired CTS, sensorimotor PN,
cardiomyopathy, liver and kidney
involvement, macroglossia

5th to 6th decade Treatment of malignancy

Reactive AA Acquired Kidney, liver, spleen and
gastrointestinal tract affected,
autonomic neuropathy (rare)

Varies Treat the primary
inflammatory/infectious
disease

B2-microglobulin Acquired CTS, spondyloarthropathy 7–10 years after
starting
hemodialysis

Renal transplantation
NSAIDs for joint pains

Senile systemic Wild-
type TTR

Acquired CTS, cardiomyopathy, atrial
fibrillation

7th decade Symptomatic treatment
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