ANNALS OF
CLINICAL
NEUROPHYSIOLOGY

Received: June 21,2018
Revised: August 7, 2018
Accepted: August 13,2018

Correspondence to

Ki-Jong Park

Department of Neurology, Gyeongsang
National University School of Medicine, 79
Gangnam-ro, Jinju 52727, Korea

Tel: +82-55-214-3810

Fax: +82-55-214-3255

E-mail: pkjiong@gnu.ac.kr

ORCID

Kee Hong Park
http:/orcid.org/0000-0001-5724-7432
Ki-Jong Park
http://orcid.org/0000-0003-4391-6265

http://www.e-acn.org

pISSN 2508-691X
elSSN 2508-6960

REVIEW ARTICLE

Ann Clin Neurophysiol 2019;21(1):1-6
https://doi.org/10.14253/acn.2019.21.1.1

Neurological aspects of anhidrosis:
differential diagnoses and
diagnostic tools

Kee Hong Park' and Ki-Jong Park**

"Department of Neurology, Gyeongsang National University Hospital, Jinju, Korea
“Department of Neurology, Gyeongsang National University Changwon Hospital, Changwon, Korea
*Department of Neurology, Gyeongsang National University School of Medicine, Jinju, Korea

Anhidrosis refers to the condition in which the body does not respond appropriately to
thermal stimuli by sweating. Sweating plays an important role in maintaining the body tem-
perature, and its absence should not be overlooked since an elevated body temperature can
cause various symptoms, even leading to death when uncontrolled. The various neurological
disorders that can induce anhidrosis make a detailed neurological evaluation essential. The
medication history of the patient should also be checked because anhidrosis can be caused
by various drugs. The tests available for evaluating sweating include the quantitative sudo-
motor axon reflex sweat test, thermoregulatory sweat test, sympathetic skin response, and
electrochemical skin conductance. Pathological findings can also be checked directly in a skin
biopsy. This review discusses the differential diagnosis and evaluation of anhidrosis.
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INTRODUCTION

Sweating is controlled by the autonomic nervous system and performs an important
function in keeping the body temperature constant. However, sweating problems are
easily missed during patient examinations. In contrast to hyperhidrosis rarely having fatal
consequences, anhidrosis can be lethal." Since anhidrosis can also lead to symptoms such
as weakness, headache, dizziness, and pricking pain,” patients may visit neurology clinics
with these as their chief complaints. It is especially important to consider the possibility of
anhidrosis when such symptoms are experienced in hot conditions or during exercise. It
is also important for neurologists to understand that anhidrosis can be caused by various
neurological disorders.
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Physiology of sweating

Sweat glands are divided into eccrine, apocrine, apoeccrine,
and sebaceous glands.® The eccrine glands play an import-
ant role in regulating the body temperature in response to
stress and thermal stimuli.* Unlike eccrine glands, apocrine
glands are distributed within certain body areas, such as the
axilla, genital area, and areolae. Eccrine glands are innervat-
ed by cholinergic nerve fibers, whereas apocrine glands are
innervated by adrenergic nerve fibers. When the body tem-
perature exceeds the threshold set by the preoptic area of
the hypothalamus, a signal is sent via the tegmentum of the
pons and lateral reticular substance of the medulla to the
intermediolateral cell column of the spinal cord. The pregan-
glionic fibers exiting the ventral horn synapse with the post-
ganglionic fibers in the sympathetic chain, and so the signal
will then stimulate the sweat glands.' The postganglionic
fibers are unmyelinated sympathetic C-fibers that release
acetylcholine to activate M3 muscarinic receptors on the
sweat glands. The characteristics of sweating are affected by
numerous factors including age, sex, and environmental fac-

Table 1. Drugs that can cause hypohidrosis6
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tors such as humidity, diet, and time, and these factors need
to be accounted for when evaluating sweating.

Causes of anhidrosis

Drugs

Anhidrosis can be caused by various drugs that many pa-
tients who present at neurological clinics may be taking,
and so it is essential to check the medication history of such
patients. In addition, the taking of certain medications needs
to be stopped before performing an autonomic function
test, because they can cause false-positive results suggestive
of sudomotor dysfunction.” The most-representative class of
drugs is anticholinergics, which inhibit sweating by prevent-
ing the activation of sweat glands by acetylcholine. Other
drugs that inhibit sweating are listed in Table 1.°

Central nervous system disorders
Multiple system atrophy (MSA) is characterized by autonom-
ic dysfunction, parkinsonism, ataxia, and pyramidal signs.

Drug class Drugs

Mechanism

Anticholinergics
hyoscyamine, propantheline

Antidepressants (tricyclics)

Atropine, belladonna, dicycloverine, glycopyrrolate,

Amitriptyline, clomipramine, desipramine, doxepin,

Antimuscarinic effect

Antimuscarinic effect

imipramine, nortriptyline, protriptyline

Antiepileptics

Antihistamines
Antihypertensives Clonidine

Antipsychotics and antiemetics

quetiapine
Antivertigo drugs Meclizine, scopolamine
Bladder antispasmodics Darifenacin, oxybutynin, solifenacin, tolterodine

Gastric antisecretory drugs Propantheline

Muscle relaxants Cyclobenzaprine, tizanidine

Neuromuscular paralytics Botulinum toxins

Opioids
oxycodone

Topiramate, zonisamide, carbamazepine

Cyproheptadine, diphenhydramine, promethazine

Chlorpromazine, clozapine, olanzapine, thioridazine,

Fentanyl, hydrocodone, methadone, morphine,

Carbonic anhydrase inhibition (topiramate and
zonisamide)
Central anticholinergic effect (carbamazepine)

Antimuscarinic effect
Central adrenergic effect

Antimuscarinic effect

Antimuscarinic effect
Antimuscarinic effect
Antimuscarinic effect

Uncertain, but possibly inhibition of spinal excitatory
interneurons; possibly both central and peripheral
antimuscarinic effects

Cleavage of SNAP-25 inhibiting presynaptic release of
acetylcholine

Elevation of hypothalamic set point; calcium-channel
antagonism
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Autonomic dysfunction in MSA can present as orthostatic
intolerance, bladder dysfunction, erectile dysfunction, and
also sudomotor dysfunction.” An autonomic function test
may be useful for distinguishing MSA from Parkinson’s dis-
ease (PD), since autonomic dysfunction is more severe in
MSA than in PD# Anhidrosis in a sudomotor function test is
more widespread in MSA than in PD.° Dementia with Lewy
bodies (DLB) is another form of synucleinopathy that usually
presents as distal anhidrosis.' In addition to these degen-
erative diseases, structural lesions such as those associated
with stroke, multiple sclerosis (MS), tumors, and infection
can also cause anhidrosis when they involve autonomic
pathways.'"'? Hyperthermia in MS involving autonomic su-
domotor pathways may aggravate Uhthoff's phenomenon,
which is characterized by the exacerbation of neurological
symptoms.'?

Peripheral nervous system disorders

Pure autonomic failure (PAF)

In contrast to MSA, PAF is known to be a peripheral auto-
nomic neuropathy that mostly involves postganglionic
autonomic fibers and ganglia. However, around 10% of PAF
patients show conversion to a central synucleinopathy (e.g.,
MSA, PD, or DLB) during long-term follow-up, and a pregan-
glionic pattern of the sweat loss is particularly suggestive of
the conversion to MSA."*

Diabetes mellitus

While sensorimotor polyneuropathy is one of the most-well-
known forms of diabetic complications, patients can also
develop autonomic neuropathy, and this is known to be
associated with mortality." Like sensorimotor polyneurop-
athy, the loss of sweating ability most commonly presents
with a glove-stocking pattern, but can also be segmental or
restricted to certain dermatomes.'®

Guillain-Barré syndrome (GBS)

Autonomic function is readily overlooked in GBS, but its
management is important in GBS patients since problems
with autonomic function can lead to serious cardiovascular
complications including hypertension, hypotension, and
arrhythmia.'” Disturbance to sweating ability can also occur,
but this is less common than other dysautonomic symptomns.'®
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Autoimmune autonomic ganglionopathy (AAG)

AAG is an acquired autoimmune disease caused by anti-
bodies against the nicotinic acetylcholine receptors in the
autonomic ganglia."” Immunotherapy (e.g., corticosteroid,
intravenous immunoglobulin, or plasma exchange) is known
to be effective for treating AAG.”° Various symptoms of au-
tonomic dysfunction may be apparent, and one study found
anhidrosis to be the most-common symptom (presenting in
90% of cases).’”’

Other peripheral nervous system disorders

Anhidrosis can also develop in patients with amyloidosis,*?
alcoholic neuropathy,”® hereditary sensory and autonomic
neuropathy,”* and Fabry disease.” Fever due to sweating
impairment is a common early symptom of Fabry disease,
and this needs to be considered especially in the differential
diagnosis of children with recurrent fever of unknown ori-
gin.”> In Ross syndrome, segmental anhidrosis is accompa-
nied by tonic pupil and areflexia.?®

Dermatological disorders

Congenital disorders such as ectodermal dysplasia or incon-
tinentia pigmenti and acquired disorders such as miliaria
or systemic sclerosis can cause atrophic changes in sweat
glands or sweat ducts that result in anhidrosis.'

Acquired idiopathic generalized anhidrosis (AIGA)

Cases of generalized anhidrosis without any of the etiologies
discussed above can be diagnosed as AIGA.?” Recently pub-
lished diagnostic guidelines indicate that AIGA can be diag-
nosed in cases satisfying both of the following criteria: 1) id-
iopathic anhidrosis with a broadly distributed nonsegmental
spinal pattern, and with no other autonomic or neurological
symptoms; and 2) anhidrosis observed across at least 25% of
the whole body area.” AIGA generally develops at a young
age with a relatively acute onset, can be accompanied by
cholinergic urticaria, and responds well to corticosteroids
(Fig. 1).%8

Evaluation of anhidrosis
Quantitative sudomotor axon reflex sweat test (QSART)

The QSART evaluates the function of postganglionic sym-
pathetic sudomotor axons, and is generally performed at
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the following four sites: forearm, proximal leg, distal leg, and
foot.*” The basic principle of the test is as follows: acetylcho-
line permeates the skin via iontophoresis and binds to nico-
tinic receptors on sudomotor nerve terminals to induce an
antidromic action potential that stimulates adjacent sudo-
motor nerve fibers and elicits an indirect sweat response
The increase in humidity due to sweating within the cham-
ber of a capsule attached to the skin is recorded, and the
sweat volume is measured and compared to normal values.
This device was designed by the Mayo Clinic and is available
as a commercial device (Q-Sweat, WR Medical Electronics,
Stillwater, MN, USA).’!

The QSART evaluates sudomotor function as part of auto-
nomic function testing. Although the equipment is widely

used in special autonomic nervous system laboratories, its
expense makes it difficult to implement in a general clinical

Fig. 1. Thermoregulatory sweat test results for a patient with acquired
idiopathic generalized anhidrosis. (A) Sweating was absent from the
entire skin. (B) Systemic corticosteroid therapy induced partial improve-
ment of sweating (area indicated in purple).
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setting. In addition, because this test only evaluates postgan-
glionic sudomotor function, it cannot be used to evaluate
anhidrosis caused by preganglionic lesions; instead, it needs
to be applied in combination with the thermoregulatory
sweat test (TST) (as described below) in order to differentiate
preganglionic and postganglionic anhidrosis (e.g., MSA and
PD, respectively).5 Fig. 2 shows normal, length-dependent,
and generalized anhidrosis results obtained in the QSART.

Thermoregulatory sweat test

While the QSART is only able to evaluate sweating in the
area where the recording capsule is placed, TST is able to
evaluate sweating across the entire skin (Fig. 1). The subject
lies on a table in a chamber in which both the temperature
and humidity are controlled. The core temperature is then
increased to induce sweating, with the resulting change in
an indicator dye being measured.* Since this test evaluates
both preganglionic and postganglionic sudomotor func-
tions, it can be used in combination with the QSART to dif-
ferentiate preganglionic and postganglionic deficits. How-
ever, the main drawback of this test is that, like the QSART, it
requires special equipment.

Sympathetic skin response (SSR)

Unlike the above tests, the advantage of measuring the SSR
is that it only requires standard electromyography equip-
ment. After affixing surface electrodes to the soles and
palms, electrical stimulation is applied to stimulate the sudo-
motor fibers, and the change in skin potential is recorded.*®
However, the results of this test are highly variable, with
habituation being unavoidable when making repeat mea-
surements, and so the findings are typically based on the

A ,“ :w dm o om ew o o ww w wm nw uh B

Fig. 2. Example results from quantitative sudomotor axon reflex sweat tests. Forearm, sky blue; proximal leg, red; distal leg, purple; foot, blue. (A) Nor-
mal results. (B) Diabetic neuropathy with length-dependent results. (C) Pure autonomic failure in the presence of generalized anhidrosis.
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presence or absence of a response, rather than a compari-
son with a reference range. This makes it difficult to quanti-
tatively evaluate sudomotor function based on the SSR, and
moreover individuals aged 50 years or older show no SSR,
which makes it difficult to apply this test to the elderly.*

Electrochemical skin conductance

One advantage of measuring the electrochemical skin con-
ductance is that this can be performed relatively convenient-
ly using a Sudoscan device (Impeto Medical, Paris, France).
The basic principle involves measuring the flow of chloride
ions produced by sweat glands that have been activated by
low-voltage electrical stimulation.® However, there is still a
lack of normative data, and so further research is required
before this test can be used for quantitative evaluations.’*?’

Skin biopsy

A skin biopsy is helpful not only for differentiating derma-
tological disorders, but also for identifying neuropathic
conditions. The intraepidermal nerve fiber density (IENFD) is
used as the gold standard for diagnosing small-fiber neurop-
athy** In addition to the IENFD, which measures sensory
C-fibers, it is also possible to measure the density of nerve fi-
bers innervating sweat glands, but this requires considerable
time and effort.*® A skin biopsy of AIGA patients will reveal
cellular infiltration around the sweat glands, sweat gland
degeneration, and loss of nerve fibers around sweat glands.
Depending on the pathological findings of such a biopsy, it
is possible to distinguish sweat gland dysfunction, idiopathic
pure sudomotor failure, and sudomotor neuropathy.'

CONCLUSIONS

Various neurological conditions and external factors such
as medications need to be considered when diagnosing
anhidrosis. There are several tests available for evaluating
sweating, and the most-appropriate tests need to be select-
ed according to the circumstances of individual hospitals.
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