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Abstract

Purpose of Review Hereditary sensory and autonomic neuropathies (HSANS) are a clinically heterogeneous group of inherited
neuropathies featuring prominent sensory and autonomic involvement. Classification of HSAN is based on mode of inheritance,
genetic mutation, and phenotype. In this review, we discuss the recent additions to this classification and the important updates on
management with a special focus on the recently investigated disease-modifying agents.

Recent Findings In this past decade, three more HSAN types were added to the classification creating even more diversity in the
genotype—phenotype. Clinical trials are underway for disease-modifying and symptomatic therapeutics, targeting mainly HSAN
type IIL.

Summary Obtaining genetic testing leads to accurate diagnosis and guides focused management in the setting of such a diverse
and continuously growing phenotype. It also increases the wealth of knowledge on HSAN pathophysiologies which paves the
way toward development of targeted genetic treatments in the era of precision medicine.

Keywords Congenital insensitivity to pain - Familial dysautonomia - Hereditary sensory and autonomic neuropathies - /[KBKAP/

ELP] -1L-Serine

Introduction

The hereditary sensory and autonomic neuropathies (HSANs)
are a group of heterogeneous genetic disorders that predomi-
nantly feature slowly progressive loss of multimodal sensation
and autonomic dysfunction. In general, the main pathology is
variable involvement of the unmyelinated and small more
than large myelinated peripheral nerve fibers resulting in di-
verse phenotypes. The first reports of HSANs date back to the
mid-nineteenth century with familial neurotrophic plantar ul-
cerations presenting between the second and fifth decades of
life as described by Nelaton [1]. By the 1970s, sensory deficits
in distal lower limbs with painless ulcerations and fractures
were described as presenting earlier in life in additional
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kinships [2]. This prompted further investigations into the
underlying etiologies of the variable phenotypes, including
genetic causes, guiding a classification system that initially
recognized these neuropathies as hereditary sensory neuropa-
thies (HSNs). The term evolved into HSANs as our under-
standing of the role of small nerve fibers in autonomic func-
tions has developed [3]. The classification is based on the
involved genetic mutation, inheritance pattern, and predomi-
nant clinical features [3, 4]. This now encompasses eight phe-
notypically diverse HSAN types (Table 1), of which three
were added in this past decade. In this review, we provide
detailed descriptions of these types with a special focus on
diagnosis and management of such a heterogeneous disease.

Classification, Genotypes, and Phenotypes

HSAN Type |

HSAN-I is considered the most common category of HSAN,
with an autosomal dominant (AD) pattern of inheritance,

exhibiting signs and symptoms classically in the second to
fourth decades of life [5].
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HSAN-IA

The first discovered genetic mutations were in the SPTLC!
gene in four large Australian kindreds [6]. These matched
phenotypes of the first mid-nineteenth century kinships de-
scribed in French literature with painless, symmetric, distal
ulcerations, and mutilating arthropathies due to loss of pain
and temperature sensation, mixed with lancinating and burn-
ing pains [7-9]. There is only minimal, if any, distal motor,
vibration, or proprioception involvement [7]. These clinical
findings are due to reduced activity of serine
palmitoyltransferase, a key enzyme in a rate-limiting step in
sphingolipid synthesis. This causes neurotoxins (like
deoxysphinganine) accumulation, sensory neuronal apopto-
sis, and subsequent loss of sensation [10]. This also leads to
pupillary abnormalities, loss of corneal reflex and abrasions,
deafness, restless legs, cramps, absent reflexes, Charcot joints,
and a propensity to painless injuries of the tongue and limbs.
Serious complications are progression to osteomyelitis, limb
amputation, and death secondary to sepsis [11, 12].

Other HSAN-Is

Identification of subtle differences within and across kin-
ships, along with further genetic studies and linkage anal-
yses, led to sub-classification within HSAN-I. All are
phenotypically similar to the prototypical HSAN-I, some
with prominent additional unique characteristics. With
knowing that mutations in SPTLC! led to the clinical
phenotype of HSAN-IA, mutations in other serine
palmitoyltransferase subunits were investigated [13].
Mutations in SPTLC2, a second subunit involved in
sphingolipid synthesis, was identified as HSAN-IC, noted
to have a clinically indistinguishable phenotype from
HSAN-IA [13]. At the same time, no disease-associated
sequences were identified in SPTLC3 [13]. HSAN-IB has
been characterized in two Australian families with strong
history of chronic cough and gastroesophageal reflux dis-
case (GERD) and localizes to chromosome 3p22—p24,
with no culprit gene identified yet [14]. Mutations of
ATLI1, coding endoplasmic reticulum (ER) and axonal
proteins, accounts for HSAN-ID, feature additional find-
ings of trophic skin, nail changes, and variable upper mo-
tor neuron signs, primarily brisk reflexes [15]. Like ATLI,
mutations in ATL3 gene, essential in ER formation, result
in a phenotype similar to HSAN-I without additional clear
distinguishing features. It was studied in families of
German and Spanish decent, and now is designated as
HSAN-IF [16]. HSAN-IE is associated with mutations in
DNMTI, coding a DNA methylation proteins, and ex-
hibits prominent sensorineural hearing loss (SNHL) with
early dementia initially noted on exome sequencing in
American, Japanese, and European kindreds [17, 18].

HSAN Type I
Clinical Presentation

First described in Canadian population in 1973, patients pre-
sented at birth or early childhood with an autosomal recessive
(AR) inheritance pattern [2]. In general, patients experience
profound loss of pressure, proprioception and vibration sen-
sation, areflexia, decreased corneal reflexes, and generalized
hypotonia. This results in development of Charcot joints, sco-
liosis, bone dysplasia, corneal ulcers, delayed milestones, and
painless injuries complicated by osteomyelitis and amputation
[2]. Neonates commonly present with difficulty swallowing
and feeding, weak gag reflex, and frequent apnea [19]. Taste is
diminished due to hypotrophic lingual fungiform papillae
[20]. Autonomic dysfunction is limited to episodic and patchy
hyperhidrosis, delayed overflow tearing, and exaggerated re-
sponse to parasympathomimetic agents [20]. Additionally, pa-
tients have variable intellectual disability, aphasia, and SNHL.
Muscle strength remains relatively normal [19].

Genetics

The four identified mutations were reported in WNK/,
KIFIA, FAM134B, and SCN9A genes. HSAN-IIA is
caused by loss-of-function mutations of WNK/ gene
which is involved in regulating sodium and chloride ions
fluxes and cell membrane excitability. It also regulates the
expression of TRpV4, a cation channel involved in
nociception, thus acting as a primary regulator of pain
threshold in free nerve endings [21]. HSAN-IIB is due
to mutations of FAM134B gene, which downregulates au-
tophagy in the Golgi apparatus, leading to decreased sur-
vival of sensory and autonomic neurons [22]. Mutations
in FAM134B also feature increased reflexes and mild non-
progressive spastic paraplegia [22]. A third gene, KIFIA
is involved in HSAN-IIC and its mutations cause disrup-
tion of axonal transport, and also present with spastic
paraparesis [23]. Finally HSAN-IID, congenital insensi-
tivity to pain type 1 (CIP1), is associated with loss-of-
function mutations of SCN9A. This results in loss of
Navl.7, a voltage-gated sodium channel found in noci-
ceptive networks and olfactory nerves, accounting for in-
ability to perceive pain as well as hyposmia that was first
reported in Japanese patients [24].

HSAN Type Il

HSAN-III (Riley—Day syndrome), which is also termed famil-
ial dysautonomia (FD), was first reported by Riley and col-
leagues in 1949 in families from Ashkenazi Jewish ancestry
following AR inheritance pattern [25, 26]. The founder pop-
ulation was estimated to be as little as 350 individuals who
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migrated from the Pale of Settle region, between Poland,
Byelorussia, and the Black and Baltic Seas in the 1500s
[27]. HSAN-III is the most extensively studied HSAN. It often
presents at birth with gradual onset and progressive course of
loss of pain and temperature more than pressure and vibration
sensations. Like other HSANS, there is considerable pheno-
typic variability. This has led to the generation of a set of
common clinical criteria including pupillary hypersensitivity
to parasympathomimetic agents with absence of emotional
overflow tears (alacrima), lingual fungiform papillae, flare
with intradermal histamine, and reflexes in an individual of
Ashkenazi Jewish descent [19].

Epidemiology and Genetics

Before DNA diagnosis was available, carrier rate in
Ashkenazi Jewish population was estimated to be 1 in 32, with
incidence of 1:3600 live births [28]. The underlying biologic
basis of HSAN-III was first identified in 2001 as a mutation of
the IKBKAP or ELP1 gene. The coded protein, IKK complex-
associated protein (IKAP) or elongator complex protein 1
(ELP1), is involved in transcription and truncation of other
proteins instrumental in the migration and motility of neural
crest cells, preferentially affecting sensory and autonomic
neurons [29, 30]. Approximately 99% of HSAN-III patients
have been identified as homozygous for a particular splice-site
mutation of intron 20, indicating a strong founder effect [26,
31]. The second missense mutation, affecting phosphorylation
of IKAP/ELP1, has been identified in four unrelated patients
with heterozygous major splice mutations. Another non-
Jewish proline to leucine missense mutation in exon 26 was
also identified in a heterozygous state [26, 31]. Today, many
families with no known Jewish ancestry, including those who
live in Central Mexico, only to be recognized through whole-
exome sequencing show homozygous copies of the founder
mutation [32]. Using molecular diagnosis, carrier rates have
been cited from 1 in 25 to 1 in 42 with highest number of
patients in North America (54%) and Israel (34%), but also
South Africa, Argentina, Australia, Brazil, and Britain [33,
34]. To date, the population appears to be stable averaging
three new recorded cases annually [32].

Pathology

The main pathological finding is loss of the non- and thinly
myelinated peripheral nerve fibers that can be observed in
peripheral nerve and skin punch biopsies. The dorsal root
ganglia (DRG), spinal cord lateral root entry zones, and
Lissauer’s tracts are depleted of axons. Involvement of dorsal
column myelinated axons occur with advancing age [35, 36].
Sympathetic ganglia and spinal cord preganglionic neurons
are reduced in number [37]. Despite the decrease in sympa-
thetic neurons, staining for dopamine precursor, tyrosine
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hydroxylase, is enhanced in the sympathetic ganglia [38].
Peripheral blood vessels demonstrate absent autonomic axons
underscoring postural hypotension and exaggerated response
to sympathomimetic agents [39, 40]. The neuronal popula-
tions in the parasympathetic nervous system show variable
decrease, as can be seen in the ciliary ganglia [41].
Decreased neurons in the sphenopalatine ganglia explain
alacrima and hypersensitivity of the lacrimal glands to
methacholine [41, 42]. Central neuropathology shows com-
promised myelination with decrease in optic radiation and
middle cerebral peduncle fractional anisotropy and decreased
prefrontal cortex volume, consistent with the visual, gait, and
neuropsychiatric impairments, respectively [43]. The current
Natural History of Familial Dysautonomia study focuses on
tracking the clinical and electrophysiological parameters of
visual and gait impairment.

Clinical Presentation

Early in life, there is motor incoordination, hypotonia, feeding
difficulties, increased secretions, vomiting, inappropriate tem-
perature control, breath-holding spells, and insensitivity to
hypoxemia. These result in delayed motor development, fail-
ure to thrive, gastroesophageal reflux, esophageal and intesti-
nal dysmotility, recurrent aspiration pneumonia, and chronic
lung disease [20, 44, 45].

Sensory neuropathy affects lower more than upper limbs
sparing palms, soles, and genital areas [46]. The preferential
involvement of small nerve fibers results in unrecognized
burns, fractures, and inadvertent trauma to joints, causing
Charcot joints and aseptic necrosis [47]. At the same time,
sensitivity to visceral pain is preserved and can play a role in
precipitating dysautonomic crisis [20]. Tendon reflexes are
decreased to absent while vibration and proprioception even-
tually become abnormal leading to progressive sensory ataxia
and imbalance [48]. Cranial nerve-wise, there is notable di-
minished corneal reflex, alacrima with subsequent corneal ul-
ceration, optic atrophy, impaired saccades, and decreased
sweet taste perception due to the lack of tongue fungiform
papillae (Fig. 1) [20].

Another key feature of HSAN-III is the profound
dysautonomia presenting as orthostatic hypotension with
lack of compensatory tachycardia, supine hypertension,
and dysautonomic crisis [20, 44]. The profound cardio-
vascular effects also include labile blood pressure (BP),
bradyarrhythmia, and syncope [20, 44, 45]. Labile BP is
due to baroreflex failure leading to failure to modulate
sympathetic activity [49]. Cardiovascular instability and
labile BP worsen with time leading to renal failure that
is compounded by deficient vascular innervation and sub-
sequent glomerulosclerosis [19].

Dysautonomic crisis is the most debilitating aspect of au-
tonomic dysfunction. The underlying mechanism is likely
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Fig. 1 (a) Normal tongue with highly vascularized fungiform papillae. (b) HSAN-III patient’s tongue with absent fungiform papillae (reproduced from
Axelrod and Gold-von Simson, Orphanet Journal of Rare Diseases, 2007, 2:39; https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-2-39) [20]

increased circulating levels of dopamine [46, 50, 51]. This
leads to nausea, vomiting, hypertension, tachycardia, hyperhi-
drosis, skin blotching, and increased pulmonary and gastroin-
testinal secretions [19, 20, 44]. Crisis can occur daily with
morning arousal, enteral feeds, and physical or emotional
stress [20, 52].

Additional features of HSAN-III involve growth and de-
velopment. Common physical appearance features
micrognathia, flattening of the upper lip, and kyphoscoliosis
which contributes to short stature and impacts ventilation ca-
pacity. The abnormal posture also contributes to the propen-
sity to develop ulcers [20]. Hypotonia and autonomic instabil-
ity delay developmental milestones and cause negativism, so-
cial withdrawal, and extreme irritability [19, 20, 44].
Intelligence generally falls within low normal ranges and
learning disabilities are common [53]. Executive planning
and organizational skills tend to be poor and hampered by
anxiety, obsessive behavior, and concrete thinking [44, 53].
Sexual maturation is also often delayed, yet there is still nor-
mal reproductive functions [46].

HSAN Type IV

Congenital insensitivity to pain with anhidrosis (CIPA), or
HSAN-IV, has an AR inheritance pattern manifesting at birth
or early childhood. It presents with insensitivity to pain, self-
mutilation, intellectual disability, and anhidrosis [47].
Hyperactivity and emotional lability are also common psycho-
logical manifestations [54]. Anhidrosis results in additional
complications, including dystrophic hair and nails, hyperpy-
rexia, and febrile seizures [47]. Motor strength and reflexes
are typically normal. Patients do not show signs of gastroin-
testinal or respiratory involvement [20].

HSAN-IV is due to over 40 loss-of-function mutations in
the NTRKI gene, a kinase necessary for the auto-
phosphorylation pathway which is instrumental in growth
and survival of sympathetic, nociceptive sensory, and cholin-
ergic neurons [20, 54]. In addition, it plays a role in immune

system development and thus, loss of function leads to slow
healing [54, 55].

HSAN Type V

HSAN-V follows an AR inheritance pattern with milder het-
erozygote phenotype variations and age of onset ranging from
birth to as late as adulthood. It was initially identified in
Swedish, and subsequently found in Arab and Japanese kin-
ships with different mutations [39, 56-59]. HSAN-V is asso-
ciated with NGF3 gene mutations. The gene binds with the
NTRK] gene involved in HSAN-IV and is also involved with
signaling apoptosis of nociceptive sensory neurons [57].
HSAN-V patients resemble HSAN-IV phenotype with loss
of pain and thermal perception, Charcot joints, painless frac-
tures, scoliosis, mouth lesions, and absent corneal reflexes.
However, HSAN-V phenotype has less propensity to progress
to auto-amputation, variable degrees of hyper- and
hypohidrosis, and milder hyperactivity and cognitive delay
[59, 60]. Patients have normal vision, taste, smell, motor
strength, reflexes, autonomic function, light touch, proprio-
ception, and vibration sensations. It is suggested that patients
have a lack of deep pain from bones and joints which result in
the lack of protective reflexes [S7-59].

HSAN Type VI

Initially described in 2012 in an Ashkenazi Jewish family,
HSAN-VI presented in three infants with severe autonomic
dysfunction, psychomotor retardation, distal contractures, and
early death. This was clinically suspected as being HSAN-III
until it was found to be associated with a mutation of DST
gene [61]. Additionally, infants in this family with homozy-
gous truncating mutation showed absent tearing, blotched
skin, feeding difficulties with gastrointestinal dysfunction, ap-
nea, abnormal sweating, hyperpyrexia, and labile BP and heart
rate [61]. On examination, these infants, and subsequently
milder phenotypes with heterozygote missense mutations,

@ Springer


https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-2-39

52 Page 6 of 11

Curr Neurol Neurosci Rep (2019) 19: 52

were noted to have absent fungiform papilla, corneal reflexes,
and tendon reflexes with diminished pain and temperature
more than touch and vibration sensations, self-mutilation, au-
to-amputation, hypotonia, distal contractures, and intrinsic
foot muscle weakness [61, 62°].

DSTis inherited in AR fashion and encodes dystonin which
has neuronal, muscle, and skin isoforms, all of which contrib-
ute to cytoskeletal function [24]. DST knockout mouse
showed prominent disorganization in the large myelinated
sensory axons of dorsal columns and DRG, autonomic dys-
function with decreased size of sympathetic and ciliary gan-
glia, decreased fungiform papillae, and progressive limb con-
tractures [63]. Given the potential for large variability in mu-
tations of DST with multiple protein isoforms, additional stud-
ies are still needed to further understand difference and simi-
larities between HSAN-III and HSAN-VI, which to date has
shown striking overlap.

HSAN Type VII

HSAN-VII, another congenital insensitivity to pain (CIP2),
was identified in 2013 with an AD inheritance pattern, like
HSAN-I; however, patients presented at birth or early child-
hood and found to be due to gain-of-function mutations in the
SCNI1IA gene [64]. SCN1IA codes for a voltage-gated sodium
channel 1.9 (NaV1.9) expressed in enteric plexus, nocicep-
tive, and temperature sensory neurons [65]. The few patients
and mouse models reported to date show notable decreased
pain and temperature sensations, hyperhidrosis, significant
pruritis, self-mutilation, delayed healing, Charcot joints, sco-
liosis, hypotonia, delayed motor development, and failure-to-
thrive due to intestinal dysmotility and diarrhea [64, 66, 67¢¢].
Patients also report exaggerated abdominal, perianal, or rectal
paroxysmal pains that were reported with defecation or urina-
tion which have also been observed with SCN9A mutations in
HSAN-IID [66]. On examination, pin prick caused mild pain
but more pruritis, while cognition, cranial nerves, motor
strength, reflexes, proprioception, vibration, and temperature
sensations were intact [64, 67¢¢].

HSAN Type VIII

HSAN-VIII is yet another AR congenital insensitivity to pain
(CIP3) presenting at birth or early childhood in association
with PRDM12 gene mutations, involved in sensory nociceptor
neurogenesis [68, 69¢]. Again, the phenotype across muta-
tions is consistent with loss of pain and temperature sensa-
tions, painless injuries, self-mutilation, dental trauma, osteo-
myelitis, anhidrosis, hyperpyrexia, absent corneal reflexes,
and alacrima. Vibration, proprioception, and cognition are
normal. Autonomic functions are mostly preserved [68].

@ Springer

Differential Diagnosis

It is important to consider more common and uncommon
causes of severe sensory neuropathy especially if associated
with foot ulcers when no clear family history is established.
These include diabetic neuropathy, leprosy, and tabes dorsalis.
Other non-neuropathic conditions like peripheral vascular dis-
ease and syringomyelia (featuring dissociated sensory loss)
should be included in the differential diagnosis. These ac-
quired disorders can be considered in sporadic cases and older
patients. HSAN is also sometimes hard to differentiate from
other neuropathies with known inheritance pattern posing an
important indication of genetic testing. Except for the absence
of lancinating pain, CMT-IIB due to RAB7 mutation is
clinically indistinguishable from HSAN-IA [70]. HSAN-I al-
so needs to be differentiated from erythromelalgia, which is an
AD disorder caused by gain-of-function mutations of SCN9A
and enhanced activity of NaV1.7 channels leading to episodic
attacks of symmetric distal burning pain, erythema, warmth,
and swelling, precipitated by heat and exercise and relieved by
rest, elevation, and cooling [71]. Fabry’s disease is X-linked
alpha-galactosidase-A deficiency affecting males as well as
most female carriers. The lower abdominal angiokeratomas,
corneal dystrophy, and indeed the renal and cerebrovascular
involvement help differentiate it from HSAN. Hereditary
transthyretin amyloidosis (hATTR) is an AD disorder often
presenting in adulthood with a more progressive neuropathy.
It is often accompanied by cardiac, renal, gastrointestinal, oc-
ular manifestations, and cachexia. Differentiating HSAN from
the last two conditions through genetic testing is imperative as
we now have genetic-based treatments for these other
disorders.

Diagnostic Tests

Although there are phenotypic variabilities across HSAN
types, there are key unifying characteristics which set them
apart from other disease processes and led to the underlying
classification system. A predominant feature is early loss of
pain and temperature sensations. This can be more objectively
demonstrated by quantitative sensory testing (QST) with ab-
normalities in temperature and pain more than vibration and
touch thresholds [57, 58, 62¢]. However, the test is not avail-
able in the majority of medical centers and is still not reim-
bursable. Intradermal histamine administration fails to elicit a
normal axon flare response. This is due to inability to mediate
arteriolar dilation because of the antidromic conduction failure
associated with small nerve fiber loss, and is characteristic of
all HSANs except HSAN-V which may show mixed results
[19, 58, 61]. There is a less prominent, or a later onset, loss of
large myelinated fibers’ function. This is highlighted in
electrodiagnostic studies, typically showing minimal abnor-
malities, although significant heterogeneity has been noted
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[12, 62+, 72]. Nerve conduction studies (NCSs) can demon-
strate a length-dependent axonal, sensorimotor
polyneuropathy with distal greater than proximal reduction
in sensory nerve action potential (SNAP) more than com-
pound motor action potential (CMAP) amplitudes, normal
distal latencies, and conduction velocities [12, 62¢, 72].

Autonomic involvement is most prominent in HSAN-I, III,
IV, and VI [39, 49, 73, 74]. Autonomic testing will detect
autonomic involvement by looking at heart rate responses to
deep breathing and Valsalva maneuver, BP response to
Valsalva maneuver, tilt-table testing, quantitative sudomotor
axon reflex test (QSART), thermoregulatory sweat test (TST),
and sympathetic skin response (SSR) [74]. QSART can dem-
onstrate postganglionic sympathetic cholinergic dysfunction.
In a cohort of 25 families with HSAN-I, abnormalities in
autonomic testing were found in 18 of the 20 index patients
who underwent formal autonomic testing. The most common
abnormality was reduced sweat output in QSART (13 pa-
tients), which was distal in 10 patients [73]. TST often shows
distal anhidrosis or hypohidrosis, but also can be patchy or
diffuse [73-75]. Sympathetic adrenergic impairment is typi-
cally mild and presents with absent late phase II of the BP
response to Valsalva maneuver due to deficient vasoconstric-
tor response. Cardiovagal impairment manifests with de-
creased heart rate responses to deep breathing, and less often,
to Valsalva maneuver. Postural hypotension on routine vital
signs or tilt-table testing is relatively common in HSAN-III
cases. There is often decreased to absent SSR [49, 73, 74].

Skin punch biopsy of the distal leg is also supportive of
small fiber neuropathy showing reduced ankle epidermal
nerve fiber density (ENFD) with its relative preservation
in the thigh, except with the non-length dependence noted
in HSAN-III [62¢]. HSAN-VI skin punch biopsy also
showed low numbers of Meissner corpuscles and absent
nerve fibers adjacent to sweat glands [62¢]. Sural nerve
biopsy shows loss of unmyelinated and small myelinated
more than large myelinated fibers, with axonal degenera-
tion, and regeneration clusters [12, 62¢, 76].

There are some additional exceptions to the above findings.
HSAN-II is unique in that there is a primary loss of pressure
and vibration more than pain and temperature sensations [2,
76], leading to abnormalities in vibration rather than heat
thresholds in QST [3]. NCS demonstrate absent SNAPs and
normal to reduced CMAP amplitudes [2, 76]. Sural nerve
biopsy shows a marked decrease in large and small myelinated
fibers, and mild loss of unmyelinated fibers [3]. HSAN-V
cases show normal NCS, autonomic testing, and SSR, other-
wise demonstrate similar findings, notable for more severe
reduction of unmyelinated and small myelinated nerve fibers
in sural nerve biopsy [57, 58, 77]. Sural nerve biopsy did not
show any abnormalities in HSAN-VII as reported in a limited
number of studies [64]. Although the aforementioned findings
sometimes help raise the clinical suspicion of HSAN or even

one of its types, definitive diagnosis through DNA analysis
remains essential as most HSANs are indistinguishable both
clinically and electrodiagnostically [20].

Treatment
Symptomatic Management

Treatment remains primarily supportive at this point across all
HSANSs [19, 78-80]. Neuropathic pain medications like
pregabalin or gabapentin can improve burning, lancinating
pains, and symptoms of restless legs syndrome. Carbidopa,
an inhibitor of DOPA-decarboxylase, blocks dopamine syn-
thesis outside the brain and is effective in dysautonomic crisis
[51, 81]. In a randomized, double-blind, placebo-controlled
study, it was proven to be superior to benzodiazepines, central
sympatholytic agents, and other dopamine antagonist anti-
emetics, like metoclopramide which cause sedation [51].
Further studies are needed to identify optimal dosing and fur-
ther understand the interaction with norepinephrine synthesis
and the antihypertensive effect with increasing dose [78]. A
current double-blind randomized clinical trial is addressing
these three aims in HSAN-III patients with unstable BP. For
now, the hypertension seen with dysautonomic crisis can be
treated with o,-adrenergic agonists like clonidine and intrana-
sal dexmedetomidine or diazepam [82, 83, 84e].

Outside of dysautonomic crisis, fluctuations in BP and
orthostatic hypotension require elevation of head of the
bed to avoid supine hypertension, while sufficient water
and salt intake, compression devices, exercise, and adren-
ergic agents like midodrine and droxidopa can improve
postural hypotension [82, 85]. Counseling is needed to
avoid overheating with the use of cold pack, regular rest,
and staying in cool areas for those with prominent
anhidrosis, especially in HSAN-IV [74].

Multidisciplinary Management

In addition to the neurologist, consultations from podiatrists,
dermatologists, physical and occupational therapists, prosthet-
ics, and orthopedic surgeons are needed for optimal skin and
limb care. They can provide guidance on foot care including
daily examinations and cleaning, protective footwear with
well-fitted shoes, splinting, stretching, guided exercise pro-
grams, and early treatment of injuries [20, 86, 87].
Gastroenterology can be instrumental in assisting with
vomiting, GERD, and dysphagia as this can lead to dehydra-
tion and aspiration, and consideration for gastrostomy tube
and fundoplication [82, 83]. Recurrent aspiration may lead
to chronic lung disease requiring involvement of
pulmonology and sleep medicine to evaluate the need to ox-
ygen and/or continuous positive airway pressure [20, 87].
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Additional supportive measures should not be overlooked.
For those with tongue ulceration, smoothing incisors is pref-
erable to dental extraction [88]. Artificial tears, moisture
chamber glasses, scleral lenses, tarsorrhaphy, and cautery of
tear ducts should be evaluated for by ophthalmologist to pro-
tect anesthetic corneas and increase baseline moisture [74].
Those with early cognitive impairment may benefit from early
special education school programs and treatment of underly-
ing anxiety and depression [89]. Genetics are an invaluable
resource for identifying the underlying genetic mutation, pro-
viding guidance for future implications of the diagnosis, and
family planning [20].

Clinical Trials of Disease-Modifying Agents

HSAN-III is the first HSAN for which promising interven-
tions are on the horizon. It is speculated that therapeutic
agents could be developed to raise the wild-type protein
expression of the mutated gene, thus slowing progression
and improving symptoms [90]. Tocotrienol, epigallocate-
chin gallate, phosphatidylserine, and kinetin have been
shown to modify genetic expression in vitro [80, 90-93].
The initial tocotrienol study reported increased /IKBKAP/
ELPI expression [90]; however, this was not replicated in
subsequent studies [91, 94]. Phosphatidylserine is an over-
the-counter compound that was also shown to increase
IKBKAP/ELPI expression. However, the clinical corre-
lates of elevated IKAP/ELPI levels are still unknown and
a placebo-controlled trial is still underway [32, 93].
Epigallocatechin gallate and kinetin modify mRNA splic-
ing; however, effectiveness of epigallocatechin gallate was
only modest compared to kinetin [80, 90, 91]. Kinetin
demonstrated the ability to both correct splicing defect in
olfactory stem cells from HSAN-III subjects and raise
wild-type mRNA IKBKAP/ELPIin peripheral leukocytes
[95-97]. A clinical trial of kinetin is underway; however,
small sample size, lack of control group, and subject drop-
out due to nausea are expected obstacles [32].

On the HSAN-I front, mutations are known to reduce the
affinity of serine palmitoyltransferase for L-serine. This results
in formation of toxic lipid metabolites, including
deoxysphinganine, that accumulate in peripheral nerves and
affect neurite growth in the DRG [98]. High dose L-serine was
found to reduce these toxic metabolites in human and mice
which paralleled clinical improvement in motor function and
increased myelinated fibers [99]. A randomized, placebo-
controlled trial of high-dose oral L-serine supplementation
with an open-label extension showed that high-dose L-serine
was safe. It was also associated with reduction in the CMT
Neuropathy Score and increase in the ankle site ENFD. These
two outcomes significantly correlated with the reduction in
deoxysphinganine levels [100e¢].

@ Springer

Conclusion

Although currently supportive therapies are still the mainstay
of treatment, performing genetic testing helps establish the
accurate diagnosis of such a heterogeneous and continuously
expanding phenotype. It also helps differentiate HSANs from
other treatable hereditary neuropathies with prominent senso-
ry and autonomic features like those encountered in Fabry’s
disease and hATTR amyloidosis. This will allow appropriate
genetic counseling and focused therapeutic interventions to
decrease morbidity and mortality. In the era of precision med-
icine, compiling wealth of knowledge on the genetics and
pathophysiologies of different HSANs paves the way toward
development of disease-modifying treatments. These treat-
ments can be simply an oral supplement as in the case of L-
serine in HSAN-1.
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