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David Adams Hereditary and acquired 
amyloid neuropathies

Introduction

Amyloid neuropathies encompass the neurological
manifestations related to lesions of the peripheral ner-
vous system associated with amyloid deposits in the en-
doneurium. Isolated carpal tunnel syndrome secondary
to amyloid deposit in the flexor reticulum as seen in pa-
tients undergoing hemodialysis with amyloid deposits
made of β2 microglobulin is thus excluded. Since the
first description of amyloid neuropathy in 1924, many
cases have been reported, subdivided into hereditary
(FAP) and acquired forms. In this review, we will de-
scribe recent advances concerning diagnosis and man-
agement of amyloid neuropathies.During the last fifteen
years, a biochemical heterogeneity of amyloidogenic
proteins has been established in FAP [23, 37, 51], open-

ing the way to specific therapies. Identification of ge-
netic mutations responsible for the synthesis of these
proteins has allowed familial detection and genetic
counselling by molecular biology [52, 53].

Classification (Table 1)

Amyloid neuropathies may be encountered in heredi-
tary forms or in systemic acquired amyloidosis.

■ Familial amyloid polyneuropathies (FAP)

The Portuguese variant initially described by Andrade
[6] in Povoa de Varzim in North of Portugal, is by far the
most common through the world. A positive family
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■ Abstract Amyloid neuropathies
occur in a context of hereditary
(FAP) or acquired amyloidosis.
They present usually as severe and
progressive polyneuropathy and
carry a poor prognosis. Most FAP
are associated with endoneurial de-
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posits of variant transthyretin
(TTR) with substitution of one
aminoacid and are secondary to a
point mutation of the TTR gene.
Portugal is the main endemic area
of TTR-FAP, secondary to point
mutation of exon 2. However,
around the world, 50 other TTR
gene mutations have been recently
reported, each one in few families.
Genetic studies are useful for diag-
nosis of FAP in patients with a pos-
itive family history and for identifi-
cation of the cause of seemingly
sporadic cases. TTR gene analysis
is also useful for genetic coun-
selling including antenatal diagno-
sis in variants with early onset. Gel-
solin-FAP are the second variety
and present as a benign cranial and

sensory polyneuropathy and affect
essentially Finnish patients. Ac-
quired amyloid neuropathy con-
cerns only immunoglobulin light
chain amyloidosis (AL) and are fre-
quently associated with renal man-
ifestations and monoclonal protein
in serum or urine. Specific treat-
ment of amyloid polyneuropathy
varies with the variety of amyloi-
dosis including liver transplanta-
tion in TTR-FAP, at the onset of the
disease or chemotherapy for im-
munoglobulin light chain amyloi-
dosis.

■ Key words Familial amyloid
polyneuropathy · Transthyretin ·
Immunoglobulins · Light-Chain ·
Amyloid · Polyneuropathies
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story is usually found in FAP patients because their in-
heritance is autosomal dominant and the penetrance
high. The initial classification proposed for familial
amyloid polyneuropathy took presentation of the neu-
ropathy and associated non-neurological manifesta-
tions into account [22]. Modern classification of FAP is
based on the nature of the precursor plasma proteins
that form the fibril deposits, helped by genetic studies:
variant transthyretin (TTR), fragments of gelsolin or
apolipoprotein A1 (Table 1). TTR-FAP are by far the
most common variants through the world.

■ Neuropathies in systemic acquired amyloidoses

Neuropathy may occur in systemic acquired amyloido-
sis [20] but only in immunoglobulin light chain amyloi-
dosis (AL) [2, 31, 32], for which amyloid fibrils are frag-
ments of immunoglobulin light chain. Monoclonal
immunoglobulins or light chains are detected in serum
and/or urine in 75 % of these patients at referral [2, 20].
In 40 % of patients, amyloid neuropathy occurs in a con-
text of overt malignant lymphoproliferative disorders
[2] including multiple myeloma [2,14,31,55] or Walden-
ström macroglobulinemia [2, 9, 10, 39] which are usually
diagnosed at the time of the neuropathy. Neuropathy
does not occur in secondary “AA” amyloidosis which
may complicate chronic inflammatory or infectious dis-
eases [20].

■ Seemingly sporadic cases of amyloid neuropathy

Until recently, a subgroup of patients with amyloid neu-
ropathies defied classification owing to the absence of a
family history to suggest FAP and serum monoclonal
immunoglobulin components which might link them to
“AL” amyloidosis. Genetic studies in these patients have
shown a TTR gene point mutation in most of them [36,
43] allowing their inclusion in the largest group of
hereditary neuropathies.

Clinical Aspects

■ Age at onset and sex ratio

Amyloid neuropathies occur in adults with a variable
age at onset of the first symptoms. It can be in the third
decade as in endemic areas of FAP in Portugal [16] or
Japan but later in the sixth or seventh decade in Sweden
or apparently sporadic cases [36, 43] and in im-
munoglobulin light chain amyloidosis [2, 31]. The inci-
dence of neuropathy is usually equal for both sexes, but
male predominance is observed in seemingly sporadic
cases of FAP [36].

Tab. 1 Classification of Amyloid Neuropathy according to amyloidogenic protein.

Familial amyloidotic polyneuropathy [FAP] Acquired amyloid neuropathy

Amyloidogenic Protein Variant TTR Gelsolin Fragment of immunoglobulin light
Val30Met (+++) Asp187asn chain (AL)
Other variants: n=50

Clinical aspects
Neuropathy Distal symmetrical sensorymotor Cranial (+++) Sensorymotor polyneuropathy

polyneuropathy Sensory polyneuropathy Autonomic dysfunction
Autonomic dysfunction

Other manifestations Weight loss Corneal Dystrophy Nephrotic syndrome
Heart dysfunction (+++) Renal failure
Ocular (+) (Vitreous opacity, Heart failure
intraocular pressure) Weight loss
Leptomeningeal

Biological Investigations Genetic test Serum & urine Immunoelectrophoresis
Gene mutation Monoclonal protein

TTR Gelsolin
Geographic areas Ubiquitous Finland (400 cases) Ubiquitous (Rare)

Portugal (500 families)* Japan, USA (20 cases)
Sweden*, Japan, France
Other countries

Positive family story 0 (sporadic cases) 100 % 0
95 % (Portugal)

Mean Survival
after onset (years) 10 Not modified 3

TTR : transthyretin. *: associated only with Val30Met TTR variant. In this table, apolipoprotein FAP variant has been omitted as it concerns only one family in USA.
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■ Clinical presentation of the neuropathy (Table 2)

Distal symmetrical sensory or sensorymotor
polyneuropathy with or without autonomic disturbances

Amyloid neuropathy usually presents as a progressive
sensory or sensorimotor polyneuropathy with or with-
out autonomic disturbances [16, 31]. Sensory symptoms
are usually the first evidence of neuropathy. Manifesta-
tions include : distal paresthesiae, numbness, sometimes
in association with burning or pseudoradicular pains. In
some cases, trophic lesions secondary to thermal and
pain anesthesia may also be a presenting feature of the
neuropathy. They lead to perforating foot ulcers or pain-
less burning in the extremities. On examination, super-
ficial sensory loss is usually dissociated and more pro-
nounced for pain and temperature than for light touch.
Position and vibration sense are usually spared in the
first years. The distribution and progression of superfi-
cial sensory loss is characteristic of a length dependent
axonal polyneuropathy [48]. In due course, symmetrical
and distal sensory loss extends to the proximal part of
the lower limbs and appears later in the hands. In the ad-
vanced stage, all four extremities, anterior and median
parts of the trunk, and the scalp as a “calotte” are af-
fected. Errors in joint position sense and vibration sen-
sation loss in lower limbs with astereognosia appear at
this stage. In neuropathies of systemic amyloidosis of
“AL” type, superficial sensory loss is not dissociated in
half of the cases [31].

Weakness appears after sensory loss predominantly
in the distal part of the lower limbs, and may sometimes
be asymmetrical, suggesting neuritis multiplex. Slight
weakness of the extensors of the big toes is seen at the
beginning, followed later by weakness of extensors and
flexors of the feet with foot drop. Weakness may
progress to a distal paralysis of all four extremities [16,
31]. Neuroarthropathies (Charcot’s joints) may occur.

Autonomic disturbances are frequent and may be the

first sign of the disease. When present with polyneu-
ropathy and in the absence of diabetes mellitus, the di-
agnosis of amyloidosis is likely. Gastrointestinal symp-
toms are often seen. They are usually marked by typical
alternating diarrhea and constipation but also obstinate
constipation,or daily diarrhea.The diarrhea is triggered
by meals or may be nocturnal and often explosive. Gas-
troparesis may be manifest as anorexia, early satiety, a
persistent sense of gastric fullness. More rarely, recur-
rent vomiting may occur usually for periods of 1 or 4
days and may lead to weight loss and malnutrition. Pos-
tural hypotension may be responsible of dizziness, faint-
ing or may be asymptomatic.Sometimes,orthostatic hy-
potension may dominate the clinical picture and force
the patient to be beddriden [13]. Among the genitouri-
nary disorders, impotence occurs early; urinary disor-
ders are seen later and may include dysuria, urinary re-
tention or urinary incontinence. Urinary infections may
reveal urinary bladder dysfunction. Trunkal hyperhy-
drosis crisis may also occur often triggered by meals. On
examination, pupillary disturbances with weakening of
pupillary reaction to light, irregular and scalloped edges
or Argyll Robertson sign may be found.

Rare features

Occasionally,polyneuropathy may be absent and may be
limited to cranial nerves or to focal neuropathy.

■ Cranial neuropathy: In the familial amyloidosis of the
Finnish type, there is a progressive involvement of cra-
nial nerves with sparing of oculomotor nerves. The up-
per branch of facial nerve is initially affected in the
fourth decade [33, 35] and other cranial nerves are later
involved including trigeminal nerve,VIII with impaired
hearing and hypoglossal nerve. Moderate sensory
polyneuropathy is usually associated. The estimated to-
tal number of living patients in Finland is about 400 ;
about twenty cases have been reported outside Finland

Clinical manifestations Context
1. Progressive distal symmetrical sensory A. Absence of diabetes

polyneuropathy B. Positive family story of FAP
Predominantly pain and thermal sensory C. Monoclonal gammopathy (benign or malignant)

loss (+++)
2. Progressive distal symmetrical sensorymotor Electrophysiological study

polyneuropathy D. Axonal pattern
3. Autonomic dysfunction
4. Other manifestations:

Neuritis multiplex
Carpal tunnel syndrome,
Cranial neuropathy, ...

Situations suggestive of amyloid neuropathy
� (1+3) & A � (1 + 3) & (C + D)
� (1 or 2 or 3) & B � (2 + 3) & (C + D)
� (1 or 2) & D & unknown origin � 4

Tab. 2 Clinical features suggestive of amyloid
neuropathy.
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including Japan and United States. Cranial neuropathy
has been occasionally reported in AL amyloidosis [64].

■ Carpal tunnel syndrome: Carpal tunnel syndrome may
be the earliest manifestation in some FAP and precedes
a sensory motor polyneuropathy by several years [28,
47]. It may also occur in neuropathies of AL amyloidosis
[10, 31]. It is important to recognize this syndrome be-
cause division of the flexor retinaculum may result in
complete resolution of symptoms [47].

Rarely, a focal involvement of the sacral plexus [7] or
lumbosacral roots have been reported.

■ Non neurological manifestations

Non neurological manifestations may occur in patients
with amyloid neuropathies. They are secondary to sys-
temic distribution of amyloid deposits as seen in post-
mortem studies [6, 61] and vary according to the amy-
loidogenic protein (Table 1).

■ Cardiac manifestations: Cardiac manifestations are
frequent. They may include conduction or rhythm dis-
turbances [17] as usually seen in FAP in Portugal or
Sweden. The prevalence and severity of heart conduc-
tion disturbances which worsen with time [41] justify
regular medical evaluation with electrocardiograms.
Manifestations of cardiac insufficiency concomitant
with diffuse myocardial amyloid infiltration are re-
ported in AL amyloidosis [20, 31] but also in a few TTR-
FAP [54, 58].

■ Other manifestations

Renal involvement is frequent and severe in im-
munoglobulin light chain amyloidosis marked by
nephrotic syndrome or renal insufficiency and is pre-
sent at the time of diagnosis of neuropathy in 25 % of pa-
tients [2, 31]. In FAP, renal involvement is mild and oc-
curs late in the course. Ocular manifestations are
frequent in TTR FAP, including vitreous opacities and
intraocular pressure leading in some cases to blindness.
In the Finnish variant of FAP, corneal lattice dystrophy
and skin changes accompany the cranial and peripheral
neuropathy [33, 35]. A severe loss of weight usually ac-
companies immunoglobulin light chain and TTR amy-
loid polyneuropathy.

Course

Amyloid neuropathy is slowly progressive leading to in-
creasing disability. The prototypical course of neuropa-
thy in FAP has allowed definition of three stages in Por-
tuguese patients [16]. In stage I, there is a predominantly

sensory neuropathy in the lower limbs. The patient is
still walking without any help. Stage II occurs after a
mean interval of 5.6 years marked by a sensorimotor
polyneuropathy ; motor signs progress in the lower
limbs with steppage gait, affecting later distally upper
limbs. Later, difficulties in walking progress requiring
ambulation aids. In stage III, the patient is beddriden or
confined to a wheelchair after a mean interval of 10.4
years.Temperature and pain are not felt all over the body
except for the head and neck. The course of im-
munoglobulin light chain amyloid neuropathies is iden-
tical [31], but seems more frequently associated with re-
fractory pains requiring opiates [2]. At advances stages,
most patients have disabling autonomic dysfunction in-
cluding severe diarrhea, urinary incontinence and pos-
tural hypotension.

Survival

The length of survival for patients with amyloid neu-
ropathy is usually severely shortened. TTR-FAP patients
usually die after a mean interval of 10 years from the
first symptoms, after progressive worsening of the neu-
ropathy, from secondary infections, cachexia or sud-
denly [16]. The course may be shorter in variants asso-
ciated with severe cardiomyopathy [54, 58]. Survival of
patients with immunoglobulin light chain amyloid neu-
ropathy is considerably shorter than in FAP with a me-
dian survival of only 2 years after diagnosis [2, 31].
These patients die from congestive heart failure or sud-
denly. Conversely, the course is benign for patients with
gelsolin-FAP with survival to the same as that of unaf-
fected family members [35].

Electrophysiological aspects

Electrophysiological study shows signs in favor of an ax-
onal polyneuropathy affecting early sensory fibers [31,
50]. Sensory nerve action potential (SNAP)’s amplitudes
are diminished with preservation of nerve conduction
velocities and usually are not recordable in lower limbs
at the time of diagnosis [31, 50]. They may be preserved
in patients presenting with predominantly autonomic
dysfunction and mild sensory neuropathy because of
predominantly small fiber involvement. Autonomic
neuropathy may be studied with non invasive cardio-
vascular tests such as variation of heart rate (R-R space)
in deep breething,Valsalva maneuver and orthostatism.
A lesser variation of cardiac frequency is seen in affected
patients as compared with more pronounced disturb-
ances as the disease progresses [40].
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Histopathology

Nerve biopsy usually allows the diagnosis of amyloid
neuropathy to be established by identifying amyloid de-
posits in the endoneurium and always shows a progres-
sive axonal neuropathy. Lack of visualization of amyloid
deposits does not exclude the diagnosis. Nerve biopsy
has been replaced recently by genetic studies in patients
with a positive family history of FAP. Amyloid deposits
have some characteristics on light microscopy: red
Congo staining and green birefringence in the polariz-
ing microscope. Size and number of deposits are vari-
able. They can be large and numerous, nodular or dif-
fuse, predominating around vessels in the endoneurium
or in the subperineurial space, or sometimes tiny. Sensi-
tivity of nerve biopsy to identify amyloid deposits in-
creases when serial sections of nerve embedded in
paraffin are examined. By electron microscopic exami-
nation, amyloid deposits are characterized by un-
branched fibrils of indeterminate length and of 7.5 to
10 nm diameter in cross section [57]. In the absence of
deposits on nerve biopsy, diagnosis of amyloid neu-
ropathy may require biopsy of other tissue including ac-
cessory salivary glands, rectal submucosa, skin or kid-
ney. Nerve biopsy always shows progressive axonal
lesions with fibers undergoing Wallerian degeneration
and myelinated fiber loss predominating on small
myelinated fibers, visible on semi-thin sections [18, 48,
63] and early loss of nonmyelinated fibers when studied
by electron microscopy. Immunohistochemical studies
are theorically useful to determine the biochemical na-
ture of amyloid deposits: transthyretin, light chains, gel-
solin, apolipoprotein A1, but in our experience, their
specificity is incomplete. Single fiber analysis which al-
lows study of morphology of dissociated myelinated
fibers on the nerve biopsied shows fibers undergoing
Wallerian degeneration and segmental abnormalities of
the myelin sheath with segmental demyelination and re-
myelination sometimes close to amyloid deposits [18,
48], distal axonal degeneration and regeneration by
sprouting of intact axonal end [48].

Pathophysiology

Several hypothesis have been suggested to explain
pathogenesis of the neuropathy in amyloidosis. The first
one supposed an ischemic mechanism because of the
finding of amyloid deposits in the walls of vasa nervo-
rum. That hypothesis seems to be unlikely to be correct
because non myelinated fibers and small myelinated
fibers, which are more severely and early affected in
amyloid neuropathies are less sensitive to ischemia [21].
The second hypothesis concerns a mechanical process
secondary to nerve fiber compression by amyloid de-
posits [18, 48]. Multifocal staged lesions of nerve fibers

in dorsal root ganglia, plexuses and distal trunks [24]
could explain distal axonal degeneration of fibres. We
cannot exclude a toxic or metabolic effect of amyloid de-
posits on endoneurial structures [48]. The predomi-
nance of non myelinated fiber injury is unexplained, but
myelin sheath could have a protective role against mod-
ifications of endoneurial space content.

Biochemical aspects

Amyloidogenic proteins are various in amyloid neu-
ropathy. The most common constituent fibril protein in
FAP is by far a variant abnormal transthyretin (TTR)
with single amino acid substitution [51]. TTR is a
tetramer (55 KDa) composed of four identical monomer
subunits. Each monomer shows an extensive β pleated
structure. The mature protein has two major functions :
binding of plasma thyroxine, and to retinol binding pro-
teins. Its amyloidogenic potential is presumed to be
partly due to its extensive β pleated structure. TTR is
synthetized by liver, choroid plexus and retinal epithe-
lium.In Finnish FAP,amyloid fibrils are composed of the
internal degradation products of an abnormal fragment
of gelsolin beginning at position 173 of plasma gelsolin
[23] with actin modulating properties. Finally, apo-
lipoprotein A-I has been found to the constituent pro-
tein in only one family in Iowa [37]. For neuropathies of
systemic acquired amyloidosis (AL), the subunit protein
is the variable portion of immunoglobulin light chains.

Genetics aspects

FAP are autosomal dominant transmission diseases.
During the last decade, important progress have allowed
identification of genetic abnormalities responsible for
the synthesis of different amyloidogenic proteins in FAP
which may be detected by different molecular biology
techniques. That has considerably modified the man-
agement of patients with amyloid polyneuropathy.

■ FAP related to a variant transthyretin

Most of FAP are related to TTR gene mutation. TTR gene
is located on chromosome 18 and is 7 kb long, with four
exons of ~ 200 base pairs each and three introns. Exon 1
contains the coding sequences for only the first three
aminoacids of the mature protein, whereas the other ex-
ons code for the remainder of the polypeptide chain, i. e.
residues 4–47 (exon 2), residues 48–92 (exon 3) and
residues 93–127 (exon 4) [52].
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FAP secondary to Val → Met30 TTR variant

Structural modification of TTR (val → met 30) which re-
sults from a point mutation in the second exon of the
TTR gene is the most frequent one around the world.
This genetic abnormality is present in major endemic
areas : Portuguese, Swedish and in most Japanese fami-
lies. More recently, it has been shown in half of the
French families [43]. The haplotype studies using TTR
intron polymorphisms suggest more than one founder
for this mutation, as recently shown in French patients,
with different disease-associated haplotype in patients
of Portuguese descent from those of French descent
[46]. More than 50 other mutations for TTR gene have
been described in families with amyloid neuropathy
[52], usually characterized in only one family (Table 3).
Recently,a family with FAP has been reported associated
with DNA deletion in the TTR gene [65].

FAP secondary to other TTR variants

For the non-met30 TTR variants, clinical presentation of
the neuropathy is usually similar to the Portuguese neu-
ropathy but sometimes is preceded by a carpal tunnel
syndrome from many years [28] or associated with a se-
vere cardiomyopathy [54, 58], or symptoms of lep-
tomeningeal amyloid including seizures and recurrent
subarachnoid hemorrhage [12].

Genetic study in seemingly sporadic cases of 
amyloid neuropathy

Genetic studies are very useful in the management of
apparently sporadic cases of amyloid neuropathy as they
can demonstrate their hereditary origin and label them
as hereditary forms: in endemic areas [36] or in lesser
risk areas [43]. As an exemple, in France more than 50
FAP cases of French origin have been diagnosed during
the last decade with the help of genetic studies [43].
They fulfill many characteristics including sporadic pre-
sentation in 2/3 of cases, late onset (mean age 53 years)

and genetic heterogeneity with 12 TTR gene mutations
versus only one in Portugal.

Genetic counselling

Genetic counselling is an important mean of control in
FAP with early onset, as in Portugal, because transmis-
sion is autosomal dominant, and prognosis of the affec-
tion is grave. Prenatal diagnosis is possible after tro-
phoblast biopsy after the 10th week of amenorrhea [3] in
mothers carrying genetic abnormality and therapeutic
interruption of pregnancy may be proposed but genetic
counselling must take into account the incomplete pen-
etrance of the gene of 85 % [49]. In late onset hereditary
forms [43], genetic counselling is more difficult because
asymptomatic carriers have been reported after 70 years
[56] and at the present time it is not possible to predict
when the disease will start.

■ FAP unrelated to transthyretin

Hereditary amyloid cranial neuropathy is secondary to
a single base mutation at nucleotide 654 of the gene cod-
ing for gelsolin located on chromosome 9 [25]. Finally, a
point mutation on the gene coding for apolipoprotein
A1 on chromosome 11 has been found in one family
with FAP associated with nephropathy [38].

Diagnosis (Fig. 1)

Until recently, the diagnosis of amyloid neuropathy re-
quired nerve biopsy in order to identify characteristic
endoneurial deposits. Genetic studies had considerably
modified the diagnostic approach of amyloid neu-
ropathies.

Exon Amino-acid Variant TTR

2 4–47 Cys10 Arg, Leu12Pro1, Asp18Glu, Pro24Ser, Val30Met2, Val30Ala, Val30Leu,
Phe33Ile, Phe33Val, Arg34Thr, Lys35Asn, Asp38Ala, Glu42Gly, Glu42Asp, Phe44Ser,
Ala45Asp, Gly47Arg, Gly47Ala, Gly47Val

3 48–92 Thr49Ile, Ser50Arg, Ser50Ile, Ser52Pro, Glu54Gly, Glu54Lys, Leu55Arg, Leu58Arg,
Thr59Lys, Thr60Ala3, Glu61Lys, Phe64Leu, Lys70Asn4, Val71Ala4, Ser77Tyr3,
Ser77Phe, Glu89Gln, Glu89Lys, Ala91Ser

4 93–127 Ala97Gly, Ile107Val4, Ser112Ile, Tyr114Cys, Tyr116Ser, Ala120Ser, DVal122

1 associated leptomeningeal amyloidosis.
2 most common variant in the world, responsible for the disease in Portugal, main endemic area of FAP and in

Sweden.
3 severe associated cardiomyopathy.
4 inaugural carpal tunnel syndrome.
D: trinucleotide deletion of TTR gene.

Tab. 3 TTR gene mutations described in associa-
tion with familial amyloid polyneuropathy.
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■ Patients with a family history of FAP

In patients with a polyneuropathy and a positive family
story of FAP, genetic studies had replaced the nerve
biopsy. In Portugal, detection of a point mutation of sec-
ond exon of TTR gene establishes the diagnosis [53]; in
other countries, other TTR gene mutations may be iden-
tified by TTR gene sequencing [43].

■ Patients with seemingly sporadic amyloid
polyneuropathy

In the absence of a positive family story, some biological
investigations are useful for classification of the neu-
ropathy because specificity of immunolabeling of amy-
loid deposits is poor. Immunofixation electrophoresis of
serum and urine may detect a monoclonal im-
munoglobulin or light chain in 75% of patients with im-
munoglobulin light chain amyloidosis (AL) at referral
[2]. M protein is various including IgG, IgM, IgA or only
light chains [2].Monoclonal light chains are usually only
detected in urine and may be initially absent. In the ab-
sence of monoclonal protein, TTR gene analysis is re-
quired looking for a TTR gene mutation that might link
them to FAP [36, 43].

Genetic studies have other major implications for ge-
netic counselling, presymptomatic diagnosis in their
families and prenatal diagnosis for families with early
onset [3].

CSF examination may be normal or may show high
protein content with albuminocytological dissociation
with sometimes protein levels greater than 1 g/L.

Treatment

■ Symptomatic treatment

Symptomatic treatment has an important place in the
care of patients with amyloid neuropathy. Paresthesiae
and distal burning pains may be reduced by low doses of
clonazepam or association of imipramine-levomepro-
mazine, respectively. In lancinating pains, carba-
mazepine may be tried. Physiotherapy is required in pa-
tients with motor involvement.Symptomatic orthostatic
hypotension may be corrected by high doses of dihy-
droergotamine, 9 alphafluorohydrocortisone or by mi-
docrine. The use of elastic stockings and fractionation
of meals during the day may also be useful. Carpal tun-
nel syndrome may favourably respond to division of
flexor retinaculum [47]. In chronic urinary retention,
catheterisation should be considered to avoid urinary
infection and deterioration of renal function. If an anti-
depressive treatment is necessary, one must take care in
prescribing tricyclic antidepressive which can worsen
orthostatic hypotension and urinary disorders. Treat-
ment of associated non neurological manifestations is
also important including treatment by pacemaker of se-
vere cardiac conduction disturbances [8] and hemodial-
ysis in severe renal insufficiency.

■ Specific treatment

There are many potential approaches for the treatment
of amyloidosis (Fig. 2). The main one consists of sup-
pressing the precursor cells of amyloidogenic proteins
and depends of biochemical variety of amyloidosis.

■ Familial amyloidotic polyneuropathy: Plasma ex-
changes have been proposed in FAP in order to remove

Fig 1 Management of patient with suspected amy-
loid neuropathy.
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amyloidogenic protein from serum and to reduce amy-
loid deposition in tissues. Failure of this approach may
be explained by the short half-life of TTR which is 2 days
[4].

■ Liver transplantation: Liver transplantation (LT) has
been recently proposed as a treatment of TTR-related
FAP [27] in order to stop synthesis of amyloidogenic
variant TTR and the disease. Liver represents the main
source of systemic TTR synthesis [29] as shown by the
dramatic reduction of 95 % of serum abnormal TTR
level in the patients with FAP who received LT [1, 26].

Results

Preliminary results in the first patients operated in Swe-
den showed dramatic reduction of pretransplant variant
TTR in the serum and suggested possible clinical im-
provement and regression of visceral amyloid deposits
by body scintigraphy of P component of amyloidosis
[27]. These data have encouraged many centers to pro-
pose LT in FAP patients. Although more than 300 FAP
patients have been operated around the world, most
with met30TTR variant [1, 11, 42, 59, 62], quantitative ef-
fects of liver transplantation on the neuropathy after a
period longer than 2 years have been rarely reported [1,
11, 62]. Results depend of the stage of the disease at
which the treatment is proposed [1, 62]. There is a clini-
cal and electrophysological stability of sensorymotor
neuropathy in 76 % of patients with moderate neuropa-
thy at the time of LT (i. e. walking unaided) after a mean
follow-up 48 months [1]. Furthermore, a marked reduc-
tion of axonal loss has been shown by histometric com-
parative study in 7 operated patients as compared with
4 control FAP patients who did not undergo LT [1]. Im-
provement of autonomic disturbances initially reported
[11, 27] has not been confirmed more recently in pa-
tients with a short [60] or long follow-up [1] by non in-

vasive cardiocirculatory autonomic tests. The general
condition improved in half the patients, with weight
gain[1]. Progression of ocular manifestations reported
in FAP after LT could be explained by de novo amyloid
synthesis secondary to persistant retinal source of vari-
ant TTR [5]. Results of LT in patients with more ad-
vanced disease are disappointing with the possibility of
progression of the neuropathy [1, 62]. No clear reversal
of sensorymotor neuropathy has been demonstrated so
far.

Indications

Actual results of LT encourage the use of the operation
early in the disease but only in symptomatic patients
with proven TTR amyloid neuropathy. LT is contra-indi-
cated in severely affected FAP patients at the time of LT
[1, 42] including those with low functional score in the
limbs and/or urinary incontinence, as these have been
found to be significant and independant risk factors for
posttransplantation mortality in a large recent study [1].
Mortality usually occurs within the first year after LT
and is secondary to infectious complications favored by
poor general condition,neurogenic bladder dysfunction
and immunosuppressive therapy [1]. A combined renal
and liver transplantation should be discussed for pa-
tients with severe renal dysfunction with mild associ-
ated neuropathy.

Many questions remain unresolved concerning LT in
FAP including the long term benefit of LT, the place of LT
in patients older than 60 years, or those carrying non
met30TTR gene mutation, sometimes associated with a
severe cardiomyopathy [54, 58]. Progression of ventric-
ular wall thickening on serial echocardiography has
been reported in these patients [19].

Fig. 2 Amyloid neuropathy: specific therapeutic
strategies.

TTR-FAP: transthyretin related familial amyloid
polyneuropathy.
AL: light chain.
NSAI: nonsteroidal antiinflammatory drugs.
*: only in vitro studies.
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Future prospects

Other therapeutical strategies must be developed for
FAP patients because LT is still a major procedure that
cannot be proposed to all symptomatic patients as in
Portugal where available grafts are lacking or in ad-
vanced stages of the diseases or in late onset FAP.A “gene
therapy” could be conceivable for correction of variant
TTR synthesis of the liver, which is the source of fibril-
precursor production. That would require an antisense
strategy to specifically block synthesis of variant TTR at
DNA or RNA level [44].As an alternative, new molecules
have been recently developed in order to inhibit forma-
tion of TTR amyloid fibrils [30].

■ Immunoglobulin light chain amyloid neuropathy

Chemotherapy has been proposed in order to destroy
the plasmacytic secreting clone in immunoglobulin
light chain (AL) amyloidosis. Treatment by melphalan
and corticosteroids significantly prolonged survival of
patients with immunoglobulin light chain amyloidosis

as compared wich a group receiving colchicin in a large
randomized study [34] and in a subgroup of patients
with dominantly neuropathy at referral [45]. Intensive
chemotherapy with blood stem cell transplantation has
been recently proposed in systemic AL amyloidosis [15]
but the effects have yet to be assessed.

Conclusion

Amyloid neuropathies represent the most severe neu-
ropathies in adults and are associated with a poor sur-
vival. They are classified in hereditary (FAP) and ac-
quired immunoglobulin light chain (AL) neuropathies.
Most of FAP are related to deposits of variant
transthyretin (TTR) and are secondary to a point muta-
tion of the TTR gene. TTR gene analysis has modified
management of amyloid neuropathies allowing diagno-
sis of FAP including apparently sporadic cases and ge-
netic counselling with prenatal diagnosis for early onset
varieties and presymptomatic detection in their family.
Experience of liver transplantation as a treatment of
TTR-FAP encourages its use early in the disease.
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