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DEGENERATIVE NEUROPATHIES  
 
Hereditary Sensory and Motor Neuropathies  

In general, the hereditary sensory and motor neuropathies are peripheral 
neuropathies that affect autonomic nerves, sensory nerves, motor fibers, or a 
combination thereof. The molecular genetics of these disorders is being ardently 
pursued, and the mechanisms underlying them are rapidly being unraveled. 
However, to date there is overlapping terminology used when they are described ( 
Table 36-9 ). This discussion is organized according to the classification that is 
emerging based on genetics ( Table 36-10 ). [2020] [2030] [2040] [2050] [2060] [2070] [2080] [2090] [2100] [2110] [2120] 

[2130] [2140] [2150] [2160] [2170] [2180] [2190] [2200] [2210] [2220] [2230] [2240] [2250] [2260] [2270] [2280] [2290] [2300] [2310] [2320] [2330] [2340] [2350] CMT 
is the most common hereditary sensory and motor neuropathy, and CMT type 
1A is the most common form of CMT, accounting for more than 50% of all CMT 
cases.  

 
Table 36-9   -- Types of Hereditary Sensory and Motor Neuropathy 

Type Other Names Particular Characteristics 
HSMN I CMT 1 Hypertrophic demyelinating neuropathy 

HSMN 
II CMT 2 Axonal neuropathy with normal or near-normal nerve 

conduction velocities 

HSMN 
III 

CMT 3, Dejerine-
Sottas 

Severe hypertrophic demyelinating neuropathy with 
onset in infancy 

CMT, Charcot-Marie-Tooth. 

 
 
 
 
Table 36-10   -- Genes and Gene Products in the Hereditary Sensory and Motor 
Neuropathies 
Disorder Inheritance Gene Locus Gene Product 
CMT 1A AD 17p11.2–12 PMP22[202] 

CMT 1B AD 1q22.3 MPZ[203] 

CMT 1C AD 16p13.1-p12.3 LITAF/SIMPLE[204] 

CMT 1D AD 10q21.1-q22.1 EGR2[205] 

CMT 1E AD 17p11.2 PMP22[206] 

CMT 1F AD 8p21 NEFL[207] 

HNPP AD 17p11.2 PMP22[208] 

CMT 2A AD 1p36.2 KIFIBb[209] & MFN2[210]
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Disorder Inheritance Gene Locus Gene Product 
CMT 2B AD 3q21 RAB7[211] 

CMT 2B1 AD 1q21.2 LMNA[212] 

CMT 2B2 AD 19q13.3[213] ? 

CMT 2C AD 12q23-q24[214] ? 

CMT 2D AD 7p15 GARS[215] 

CMT 2E AD 8p21 NEFL[216] 

CMT 2F AD 7q HSPB1[217] 

CMT 2G AD 12q12-q13[218] ? 

CMT 2H AD 8q21.3[219] ? 

CMT 2I AD 1q22 MPZ[220] 

CMT 2J AD 1q22 MPZ[221] 

CMT 2K AD 8q12-q21.1 GDAP1[222] 

CMT 2L AD 12q24 HSPB1[223] 

DI CMTA AD 10q24.1-q25.1[224] ? 

DI CMTB AD 19p12-p13.2 DNM2[225] 

DI CMTC AD 1p35 YARS[226] 

CMT X X-linked Xq13.1 Connexin 32[227] 

CMT X X-linked Xp22.2[228] ? 

CMT X X-linked Xq26[228] ? 

CMT 4A AR 8q13-q21.1 GDAP1[229] 

CMT 4B1 AR 11q22 MTRP2[230] 

CMT 4B2 AR 11p15 SBF2/ MTRP13[231] 

CMT 4C AR 5q32 SH3TC2[232] 

CMT 4D AR 8q24 NDRG1[233] 

CMT 4E AR, AD 10q21-q22 EGR2[234] 

CMT 4F AR 19q13 PRX[235] 

AD, autosomal dominant; AR, autosomal recessive; CMT, Charcot-Marie-Tooth 
disease; DNM2, dynamin 2; EGR2, early growth response protein 2; GARS, 
glycol-tRNA synthetase; GDAP1, glanglioside-induced differentiation-associated 
protein 1; HNPP, hereditary neuropathy with liability to pressure palsies; 
HSPB1, heat-shock factor-binding protein 1; KIF1Bb, kinesin superfamily motor 
protein b; LITAF, lipopolysaccharide-tumor necrosis factor-alpha factor; LMNA, 
lamin A; MFN2, transmembrane GTPase mitofusin 2; MPZ, meylin PO protein; 
MTRP2, myltublairn-related protein 2; MTRP13, myotubularin-related protein 13; 
NDRG1, N-myc downstream-regulated gene; NEFL, neurofilament triplet L 
protein; PMP22, peripheral myelin protein 22; PRX, periaxin; RAB7, ras-related 
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protein Rab-7; SBF2, SET binding factor 2; SH3TC2, SH3 domain and 
tetratricopeptide repeats containing protein 2; SIMPLE, small integral membrane 
protein of lysosome; YARS, tyrosyl-tRNA synthetase; Connexin 32, gap junction 
β1 protein. 

 
 
 
PATHOGENESIS AND PATHOPHYSIOLOGY  

Pathological changes seen in CMT include loss of myelinated fibers and sclerosis 
in the posterior column of the spinal cord, particularly in the fasciculus gracilis in 
its upper regions. Peripheral nerves show fewer myelin sheaths, with the extent of 
the decrease correlating with the severity of clinical disease. There is also loss of 
large axons and an increase in transverse fascicular area, especially in the auricular 
and sural nerves. Onion bulbs, made up of circumferentially directed Schwann 
cells and their processes, can be seen at myelinated internodes, demyelinated 
internodes, or former sites of myelinated fibers. 

There has been considerable controversy throughout the years whether the primary 
defect in CMT originates in the neuron and its axon or in the Schwann cell. The 
primary histopathological changes involve demyelination, whereas the clinical 
picture of muscle weakness and atrophy is evidence of muscle denervation and 
axonal loss and of axons with calibers reduced out of proportion to the extant of 
myelin loss.[236] 

The gene defects and their products associated with the CMTs are beginning to 
resolve this question. Peripheral myelin protein 22 (PMP22), which has been 
implicated in several of the CMTs (see Table 36-10 ), is present as a protein in all 
myelinated fibers of the peripheral nervous system and is localized to compact 
myelin. Studies in the trembler mouse, an animal model that also has a gene defect 
in PMP22, indicate that Schwann cells can modulate axon caliber, neurofilament 
phosphorylation, and neurofilament density within the axoplasm. Therefore, 
abnormal expression of PMP22 could account for both the neuronal and the 
Schwann cell alterations seen in CMT.[237] The progesterone antagonist onapristone 
reduced overexpression of PMP22, improved motor performance, and maintained 
large axons in CMT1A rats with extra copies of PMP22. PMP22 mRNA was 
reduced by 15% in the treated animals, suggesting reduced PMP22 transcription 
may have a reduced disease severity.[238] Administration of ascorbic acid in mice 
overexpressing PMP22 resulted in amelioration of the CMT1A phenotype with a 
1-fold decrease in PMP22 in the sciatic nerve.[239] Myelin protein zero (MPZ) is the 
major component of peripheral nervous system myelin. It is an integral membrane 
glycoprotein, and its expression is confined to myelinated Schwann cells. A major 
role of the protein zero extracellular domain is compaction of peripheral myelin, 
whereas the cytoplasmic domain is thought to interact with a component of the 
opposing membrane of the compact myelin, holding these membranes together.[240] 
LITAF has been found in the cytoplasm of sciatic nerve Schwann cells, as well as 
in adipocytes, mast cells, endothelial cells, and vascular smooth muscle cells,[241] 
where it may play a role in protein degradation.[204] MNFN2, mitofusin, is necessary 
for mitochrondrial fusion.[242] Connexin 32 is a gap junction protein. Before its 
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identification as a gene for X-linked CMT (CMT X1), it was not known that there 
were gap junctions in human peripheral nerve. It has now been detected at the 
nodes of Ranvier and the Schmidt-Lanterman incisures, which may mean it forms 
intracellular gap junctions between the folds in Schwann cell cytoplasm.[227] 

EPIDEMIOLOGY AND RISK FACTORS  

The hereditary sensory and motor neuropathies occur worldwide, with an 
estimated prevalence ranging from 4.7 to 36 per 100,000 and an approximate 
incidence of 1 in 25,000 people. Autosomal dominant, autosomal recessive, and X-
linked dominant and recessive inheritance patterns have been reported (see Table 
36-10 ). 

CLINICAL FEATURES AND ASSOCIATED DISORDERS  

Although there is wide intrafamilial variability in phenotype, it is generally 
accepted that clinical presentations of CMT 1A and 1B are similar, although they 
are distinguishable, and CMT 1A may have a milder clinical course than 1B. Age 
of onset ranges from childhood to early adulthood, with symmetrical insidious 
weakness and atrophy of the intrinsic foot and peroneal muscles occurring first, 
associated with varus deformity of the feet and a steppage gait (Video 34, Charcot-
Marie-Tooth Disease). Calf, intrinsic hand, and thigh muscles may be involved 
later ( Fig. 36-8 ). Atrophy tends to occur at the distal ends of the gastrocnemius, 
soleus, and quadriceps muscles. Cramps and fasciculations are often reported after 
exercise. Stretch reflexes disappear first in the gastrocnemius and soleus, then the 
quadriceps, and, finally, the arms.  
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Figure 36-8  Patient with Charcot-Marie-Tooth disease showing marked wasting of calf muscles and intrinsic 
foot muscles.  (From Dubowitz V: Muscle Disorders in Childhood. Philadelphia, Saunders, 1995.)  

 
 
 

Although patients generally do not report sensory disturbances, a careful 
examination reveals abnormalities in all modalities. Pes cavus and hammertoes are 
present in up to two-thirds of patients. Decreased skin temperature over the distal 
leg is common, and decreased sweating has been reported. Enlargement and 
hardening of nerves, particularly those between the shoulder and elbow, have been 
observed in up to one-fourth of patients. Pain, primarily in the feet, is reported by 
20% to 30% of CMT 1 patients.[243] 
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Hereditary neuropathy with liability to pressure palsies, also called “tomaculous 
neuropathy,” is a syndrome characterized by a tendency toward the development 
of recurring sensory and motor nerve palsies brought on by mild pressure or 
trauma to a particular peripheral nerve bundle (Video 217, Anterior Interosseous 
Neuropathy, Pinch Sign; Video 218, Ulnar Neuropathy, Wartenberg Sign). Some 
of these patients have a deletion of PMP22.[244] An insult from which a normal 
person would quickly recover results in residual nerve damage that may take days 
or even months to resolve. Some of these patients go on to develop CMT, whereas 
other family members may have only the HNPP phenotype. 

Dejerine-Sottas syndrome, sometimes called progressive hypertrophic 
neuropathy, is a more severe form of peroneal muscular atrophy with presentation 
in infancy of progressive generalized muscle weakness, severe sensory loss, limb 
ataxia, and marked hypertrophy of peripheral nerves. Both dominant and recessive 
inheritance patterns have been reported. Molecular genetic studies indicate that 
Dejerine-Sottas syndrome is a variation of CMT with a generally more malignant 
phenotype. 

Approximately 10% of cases of CMT are X-linked, in which primarily male family 
members are affected through maternal transmission. Again, there is intrafamilial 
variation in severity, but generally onset occurs in childhood, with slowly 
progressive distal weakness and sensory disturbance that tends to be more severe 
than that seen in CMT 1. Carrier females may have mild, variable clinical disease. 

In Roussy-Levy syndrome, peroneal muscular atrophy is associated with essential 
tremor. Although originally described as a separate disorder, it has been shown to 
be a phenotypic variant of CMT 1A.[245] 

DIFFERENTIAL DIAGNOSIS AND EVALUATION  

Other mixed polyneuropathies of nutritional, infectious, toxic, autoimmune, and 
vasculitic origin should be considered. Both axonal and demyelinating 
neuropathies need to be included in the differential diagnosis. At present, genetic 
confirmation of this disorder is available for CMT 1A, 1B, 1C, 1D, and 1F; CMT 
2A, 2B, 2B1, 2D, 2E, 2F, 2I, 2J, 2K; CMT X; CMT 4A, 4E, and 4F; and 
hereditary neuropathy with liability to pressure palsies. CK is normal. On EMG, 
nerve conduction velocities are slowed in peripheral nerves. The extent of velocity 
reduction is no longer an accepted criterion for diagnosing the type of CMT. On 
nerve biopsy, there is a moderate increase in epineurium and perineurium and a 
variable decrease in the number of myelinated fibers that correlates with the 
severity of disease. Onion bulb formation is visible around myelinated and 
demyelinated internodes.[236] 

MANAGEMENT  

There is no cure or effective treatment for these disorders. Physical therapy, 
occupational therapy, and orthotic devices can help maintain optimal function. 
Genetic counseling is an obvious and important component of care for these 
patients. 

PROGNOSIS AND FUTURE PERSPECTIVES  
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Although large studies are not available, several series conclude that life 
expectancy is not reduced in CMT 1 and that generally those with CMT 1A remain 
ambulatory throughout their lives. A 20-year follow-up study of a family with 
CMT 1B demonstrated that patients remained ambulatory with a normal life span. 
Autopsy studies included a 92-year-old family member.[246] Approximately twice 
the incidence of anomalies, postpartum bleeding, and caesarean delivery and three 
times the incidence of forcep delivery characterized 108 births in 49 Norwegian 
mothers with CMT. This may reflect CMT in the fetus and adrenergic-mediated 
uterine atony in the mother.[247] A double-blind, randomized, placebo-controlled 
study demonstrated that subcutaneous injection of neurotrophin-3 resulted in 
sensory improvement and peripheral nerve regeneration in 4 CMT 1A patients 
compared to 4 untreated patients. A similar effect was observed in PMP22 
duplication and PMP22 point mutation transgenic mice with improved Schwann 
cell survival and differentiation.[248] 

Hereditary Sensory and Autonomic Neuropathies  

The hereditary sensory and autonomic neuropathies (HSANs) are conditions in 
which primary sensory and autonomic neurons either fail to develop or undergo 
system atrophy and degeneration. Dyck proposes the comprehensive subdivision 
shown in Table 36-11 . These disorders have been called by a large variety of 
names because their symptoms were described by various investigators. Types I, 
II, and III are discussed here. Within this classification, there are two large 
divisions: HSAN I is a progressive disorder with symptom onset usually occurring 
in the second decade or later with primarily lower extremities affected. HSANs II 
to V are static congenital disorders that are more generalized. A common thread 
among all the types is insensitivity to pain.[236]  

 
Table 36-11   -- Hereditary Sensory and Autonomic Neuropathies 

Type Hallmark Inheritance Pattern 
HSAN I (hereditary 
sensory radicular 
neuropathy) 

Insensitivity to pain in feet and 
ensuing tissue complications 

Primarily autosomal 
dominant 

HSAN II (congenital 
sensory neuropathy) 

Early onset of loss of sensation 
in all modalities Autosomal recessive 

HSAN III (familial 
dysautonomia, Riley-Day) 

Early onset, predominantly 
autonomic symptoms, absence 
of fungiform papillae on the 
tongue 

Autosomal recessive, 
predominantly Jewish 
(gene on D9S58) 

HSAN IV (familial sensory 
neuropathy with 
anhidrosis, congenital 
insensitivity to pain) 

Mild mental retardation, 
episodes of fever related to 
environment rather than 
infection 

Rare 

HSAN V (congenital 
sensory neuropathy with 
selective loss of small 
myelinated fibers) 

Congenital insensitivity to pain 
in extremities, normal strength 
and tendon reflexes, abnormality 
of nociception 

Fewer than 10 cases 
reported 
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Hereditary Sensory and Autonomic Neuropathy Type I  

HSAN I is a disorder in which sensory disturbances and associated tissue 
complications outweigh its motor and autonomic manifestations. HSAN I is a rare 
disorder that is usually autosomal dominantly inherited, although recessive and X-
linked pedigrees have been identified.[236] There is chronic axonal atrophy, myelin 
remodeling, and axonal degeneration with sparing of the CNS and non-neural 
tissues. HSAN I is caused by missense mutations in the SPTLC1 gene at 9q22. 
These mutations increase de novo glucosylceramide synthesis in lymphoblast cell 
lines, which triggers apoptosis, causing massive cell death during neural tube 
closure, which may be the mechanism of neural degeneration seen in HSAN I.[249] 

Although there are different phenotypes, typically the disorder presents in one of 
the following ways: (1) foot complications, such as plantar ulcers, recurring 
paronychia of toes, stress fractures of foot bones, recurrent cellulitis, and 
resorption of foot bones; (2) spontaneous pain, either burning or aching of the feet 
that is worsened with weight bearing and decreased at night, or disabling 
lancinating pain in deep tissues of the feet, legs, or shoulder; or (3) symptoms of 
sensory and autonomic neuropathy. 

The complications of HSAN I may be of sudden, overwhelming onset, with ulcers 
first developing over pressure points on the foot. When these ulcers are neglected, 
they do not heal and are associated with the complications previously described. 
Phenotypes have been reported in which HSAN is associated with deafness, leg 
weakness and atrophy, burning feet, restless legs, and neuropathic atrophy. HSAN 
is a slowly progressive disorder that does not seem to decrease the life span. It 
cannot be emphasized enough that proper foot care can prevent complications that 
can lead to foot amputation and sepsis. 

HSAN I may be distinguished from other varieties of HSAN because it starts later, 
usually in the second or third decade; is slowly progressive; and preferentially 
affects lower limbs. It is closest in presentation to HSAN II, although in that 
condition, the motor and autonomic symptoms outweigh the sensory symptoms 
and deficits of type I. Spinocerebellar degeneration can be distinguished from 
HSAN I because of its kinesthetic and mechanoreceptor loss, cerebellar ataxia, and 
relatively less small fiber sensory and autonomic dysfunction. Familial 
amyloidosis may include sexual and sphincter dysfunction, which are not found in 
HSAN I, and porphyria with neuropathy has a more acute onset associated with 
changes in mental status. 

Typically, touch-pressure threshold, thermal discrimination, and nociception are 
abnormally elevated in the foot and leg, although they may be altered in the arm 
and hand as well. Paresthesias are not present. Loss of sweating in the distal leg is 
common. Sural nerve amplitudes are reduced, with small myelinated fibers being 
primarily affected. A decrease in the Achilles tendon reflex is common, followed 
most often by a decrease in the quadriceps reflex.[236] 

There is no effective treatment. The main goal is the prevention of foot ulcers. The 
feet should be inspected regularly for signs of pressure points, soaked daily, and 
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treated with petrolatum lotion applied to seal in moisture. Shoes should be chosen 
carefully to avoid pressure points. Any ulcers should be treated promptly with 
cleaning and debridement, if necessary. The appropriate antibiotic should be used 
for cellulitis or septicemia. Genetic counseling should include information about 
phenotypic variation and degree of risk. 

Hereditary Sensory and Autonomic Neuropathy Type II  

HSAN II is characterized by an early onset of loss of sensation in all modalities. 
This is a rare disorder, in which cases reported are either sporadic or within a 
sibship, suggesting an autosomal recessive pattern of inheritance. There is 
profound loss of myelinated fibers in cutaneous nerves, especially the sural nerve. 
Dyck proposes that the degenerative process begins in utero or in infancy.[236] There 
are fewer nerve fibers at the ankle than the midcalf, marked denervation of the 
extensor digitorum brevis, evidence of segmental demyelination and 
remyelination, and electron microscopic abnormalities within axis cylinders.[236] 
Lafreniere and associates[250] identified three truncating mutations in the HSN2 gene 
at 12p13.33 in five families from eastern Canada. This gene consists of a single 
exon within intron 8 of the PRKWNK1 gene and is transcribed from the same 
strand. They postulate the HSN2 protein may play a role in development and 
maintenance of peripheral sensory neurons or Schwann cells. 

Symptoms first appear in infancy or early childhood and may be widespread. 
Paronychia, whitlows, ulcers of the fingers and feet, and previously undetected 
fractures of the foot and hand are common and result directly from underlying 
sensory disturbance ( Fig. 36-9 ). There have been pedigrees reported with HSAN 
II and other dysautonomic features, as well as retinitis pigmentosa or tonic pupils. 
There is sensory loss affecting all modalities in the lower and upper limbs and 
sometimes in the trunk. Tendon reflexes are generally absent or diminished in all 
limbs. There is loss of sweating over acral parts. However, there is no prominent 
muscle weakness, postural hypotension, or sphincter disturbance.  
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Figure 36-9  Child with hereditary sensory neuropathy type II showing destruction of tongue tissue due to insensitivity to 
pain.  (Courtesy of Dr. J. Sarlangue, Hôpital Pelligrin Enfants, Bordeaux, France.)  

 
 
 

Generally, there are no sensory nerve action potentials elicitable in the ulnar, 
median, or sural nerves, whereas the conduction velocities of motor fibers of the 
same nerves are at or just below the lower end of normal. Minimal fibrillation may 
be found in the extensor digitorum brevis, which has a decreased number of motor 
unit potentials, a large number of which are polyphasic.[236] 

Complications are much more difficult to prevent in HSAN II owing to its early 
onset at an age when patients cannot understand the problem or cooperate with 
preventive regimens. In addition, complications are frequent because the hands are 
so seriously affected. Preventive care, which is similar to that of HSAN I, needs to 
be as aggressive as possible because complications may be life threatening. Special 
attention should be given so that these children have adequate educational 
opportunities to develop their intellectual potential despite severe physical 
handicaps. Genetic counseling should be provided. 

Hereditary Sensory and Autonomic Neuropathy Type III (Riley-Day Syndrome, Familial 
Dysautonomia)  
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HSAN III is present almost exclusively in Ashkenazi Jews. Some investigators 
argue that those who are not Jewish in fact have a different type of neuropathy. 
The gene frequency has been estimated at 0.01 per 100,000 Jews in the United 
States.[251] Mutations in the gene that codes for IKAP, a scaffold protein and 
regulator for three different kinases involved in proinflammatory signaling, have 
been identified. The most common causative mutation, located at the donor splice 
site of intron 20, produces a truncated protein.[252] Postmortem studies have varied 
widely; some have shown no nervous system lesions at all, whereas others have 
shown extensive damage, particularly in the brain stem reticular formation, the 
cortex, and the long tracts of the cord. There is a marked decrease in the number of 
unmyelinated fibers of the cutaneous nerves.[236] 

Usually, HSAN III presents at birth. Axelrod[253] proposes that it should be 
suspected in a child of Eastern European Jewish extraction with breech delivery, 
meconium staining, poor suck, hypotonia, or hypothermia. There is difficulty 
feeding and a failure to thrive, along with unexplained fevers, lack of tearing, 
paroxysmal hypertension, increased sweating, cold hands and feet, erythematous 
blotching of the skin, and drooling. There is also a lack of fungiform papillae on 
the tongue, a feature that is highly distinctive of this disorder. Although there is 
overlap between symptoms and signs of this and other types of HSAN, 
examination of the tongue leads to the exclusion or inclusion of this diagnosis. If 
the disorder presents later, it may be observed as delayed development or stunted 
growth with decreased pain sensation and ataxia. Abnormalities in cutaneous 
temperature discrimination and nociception are present in most patients, whereas 
fewer have abnormalities in joint position and vibratory sensation. 

Recurrent vomiting is common in the early years. Several gastrointestinal 
abnormalities have been identified: megaesophagus, pylorospasm, gastric ulcer, 
jejunal distention, and megacolon. Corneal abrasions may occur secondary to 
corneal insensitivity, whereas neuropathic or Charcot's joints may occur secondary 
to pain insensitivity. Approximately half of patients develop kyphosis, scoliosis, or 
both. Pulmonary complications, profound hypotension, and prolonged respiratory 
depression from the administration of anesthesia have been reported.[236] 

Clinical and laboratory diagnosis may be based on the presence of five signs: (1) 
lack of the normal flare after intradermal injection of histamine, (2) the absence of 
fungiform papillae on the tongue, (3) miosis of the pupil after conjunctival 
instillation of 2.5% methacholine chloride, (4) absent deep tendon reflexes, and (5) 
diminished tear flow. Sural nerve biopsy shows markedly decreased unmyelinated 
fibers, no active fiber degeneration, and fewer Schwann cell cytoplasmic clusters 
than other types of neuropathy. Nerve conduction velocity studies have found 
mixed nerve velocities within the normal range.[253] 

Aberrant splicing of IKAP mRNA in patient fibroblasts has been corrected using 
epigallocatechin gallate (EGCG) to downregulate expression of HNRPA2B1, a 
transactivating factor that encourages the use of intron-distal 5′ splice sites, 
resulting in generation of more exon 20 containing IKBAP transcript. Synergistic 
production of correctly spliced transcript and IKBKAP protein was observed when 
patients' fibroblasts were treated with EGCG and tocotrienol, a vitamin E isoform 
that upregulates transcription of the IKABKAP gene, suggesting that EGCG may 
be a potential therapy.[254] Generally, however, treatment remains supportive and is 
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best provided by an interdisciplinary team that includes a genetic counselor. 
Prenatal diagnosis is available for informative families.[255] Most patients do not 
survive to adulthood, succumbing to either recurrent infections or hyperpyrexia. 
The oldest surviving patient in one series was 38 years old, with one-third of the 
patients in that series being 20 years or older.[256] 

Hereditary Sensory and Autonomic Neuropathy Type IV  

This rare condition, in which there is a sensory neuropathy accompanied by 
unexplained fevers, congenital insensitivity to pain, anhidrosis, and mental 
retardation, generally causes death from hyperpyrexia by age 3 years.[257] Mutations 
in the NTRK1 gene, which codes for the tyrosine kinase nerve growth factor 
receptor, have been identified as the cause,[258] which suggests this factor plays a 
crucial role in the development and function of the nociceptive reception system as 
well as thermal regulation. 

Hereditary Sensory and Autonomic Neuropathy Type V  

Homozygous mutations in the gene encoding nerve growth factor-beta have been 
identified in a large consanguinous Swedish family with loss of pain perception, 
impaired temperature sensitivity, ulcers, some cases of self-mutilation, severe 
reduction of unmyelinated nerve fibers, moderate loss of thin myelinated nerve 
fibers, and variable autonomic involvement.[259] 

Autonomic Neuropathy of Multiple System Atrophy (Shy-Drager Syndrome)  

In 1960, Shy and Drager first described the combination of progressive autonomic 
failure and multiple system atrophy that manifested as orthostatic hypotension, 
akinesia, and rigidity that led to incapacity in a few years (see Chapter 34 ). In the 
ensuing years, conditions including striatonigral degeneration and forms of 
olivopontocerebellar atrophy have been combined with Shy-Drager syndrome 
under the larger category of degenerative processes called multiple system atrophy. 
This discussion focuses on the phenotype with prominent dysautonomia that was 
described by Shy and Drager. 

Shy-Drager syndrome affects men more often than women, most often in middle 
age or later. A Japanese series calculated the prevalence to be 0.3 per 100,000.[260] 
There have been reports of families with autosomal dominant inheritance. A 
genetic basis was postulated in 1983 when an association was found between HLA 
antigen Aw32 and autonomic failure.[261] Thus far, no gene has been identified. 
Recent work with α1-B-adrenergic receptors (α1-BARs) in transgenic mice that 
overexpress either wild-type or constitutively active α1-BARs produced 
granulovacuolar degeneration similar to that seen in Shy-Drager syndrome. [2620] [2630] 
There is degeneration of both pigmented catecholamine-containing cells in the 
brain stem and cholinergic cells in the intermediolateral columns, along with distal 
ganglionic and postganglionic degeneration. The abnormality in sympathetic 
function leads to depressed circulating norepinephrine responses to standing and 
exertion. There is enhanced blood pressure response to norepinephrine 
administration, along with evidence of increased α- and β-receptor concentrations, 
which correlates to supersensitivity to norepinephrine. Basal norepinephrine levels 
are normal. Generally, catecholamine is depleted in sympathetic nerve endings 
around blood vessels.[264] 
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Often in the male, the first symptom is impotence and loss of libido, with 
disturbance in micturition being common in both sexes. The characteristic 
orthostatic hypotension may be seen either as so-called drop attacks or as a gradual 
loss of consciousness over approximately 1 minute that is often associated with a 
neckache that radiates to the occiput and shoulders. Generally, there is at least 
partial loss of thermoregulatory sweating. Respiratory disturbance occurs as 
involuntary gasping, cluster breathing, and laryngeal stridor that may lead to 
obstructive sleep apnea and even death, or to central sleep apnea. 

On neurological examination, abnormalities of the pupil, including Horner's 
syndrome, alternating anisocoria, and abnormal responses to drugs, may be seen. 
Mild parkinsonian features or cerebellar ataxia may accompany the condition, but 
dysautonomia is the predominant dysfunction. In the striatonigral degeneration 
variant, or multiple system atrophy, rigidity with little tremor, progressive loss of 
facial expression, limb akinesias, anterocollis, and gait instability predominate (see 
Chapter 34 ). There is difficulty walking, standing, turning, and feeding oneself, 
and the speech is faint and slurred. With pyramidal lesions, there may be an 
increase in tone, along with impaired rapid hand and foot movements and 
exaggerated deep tendon reflexes and bilateral extensor responses. Primitive 
reflexes may be present, and amyotrophy is common. Dementia is not seen more 
often than would be expected by chance owing to the age of this population. When 
the olivopontocerebellar variant is present, ataxia and limb tremor develops.[265] 

DIFFERENTIAL DIAGNOSIS  

Pure autonomic failure (Bradbury-Eggleston syndrome) may present with the same 
autonomic disturbance as Shy-Drager syndrome, but it does not have any other 
neurological symptoms. Amyloidosis may also look similar but generally is 
associated with a greater degree of bowel involvement and pain. Familial 
dysautonomia (Riley-Day syndrome or HSAN III) presents in children and 
therefore is distinguishable from Shy-Drager syndrome. 

MANAGEMENT  

Several general actions may help the patient avoid aggravation of orthostatic 
hypotension: maintenance of adequate blood volume with fluid intake of 2 to 
2.5L/day, sleeping in a semirecumbent position, and rising slowly to standing. In 
addition, patients should avoid excessive warmth (in bathing and climate); do 
moderate rather than vigorous exercise; eat small, frequent meals; and avoid 
vasodilators, such as alcohol and nitroglycerin. Mechanical support may be 
provided by Jobst's stockings in combination with abdominal binding. Severe 
orthostatic hypotension has been successfully managed with an air force anti-
gravity suit.[264] The most common pharmacological agent used is fludrocortisone, 
which increases blood volume and maintains venous return to the heart. Second-
line drugs are the vasoconstrictors, such as phenylephrine and ephedrine, with the 
prostaglandin inhibitors being the next choice, followed by β1 agonists. There is a 
report of a single patient responding favorably to octreotide, a splanchnic 
venoconstrictor.[266] Early tracheostomy for laryngeal stridor may prevent premature 
death. A Japanese study found that 90% of patients were alive 3 years after their 
first symptoms and 54% were alive after 6 years. Earlier onset of more extensive 
autonomic disturbance was associated with a poorer prognosis.[267] 
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