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Biology of sweat glands and thejr disorders. II.

Disorders of sweat gland function
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previous spinal cord injuries, peripheral neuropathies, brain lesions, intrathoracic' neo-

plasms, systemic illness, and gustatory sweatin,
ic ectodermal dysplasia, hereditary sensory
generalized anhidrosis. (J AM Acap Derma

HHYPERHIDROSIS
& Hyperhidrosis of the palms and soles

b Excessive sweating, especially of the palms and
is a socially and an occupationally distressing,
sometimes disabling, condition, Although
merous publications are available on this subject,
st of them focus on therapy rather than the
hophysiology of the problem. Sweat glands on
¢ palms and soles are activated predominantly by
f¥motional stimuli, These glands, however, do not
differ significantly—morphologically, pharmaco-
'j.‘-m Y, or neurologically'—from those on the
hairy skin surface. Tt has been speculated that the
% Pothalamic sweat center that controls the palms]|
20d soles (and axilla in some patients) is distinct
P70 the rest of the hypothalamic sweat centers

IS under the exclusive control of the cortex

g- Hypohidrotic disorders include anhidrot-
neuropathy, Holmes-Adie syndrome, and
TOL 1989;20:713-26.)

. o

"Thus emotional sweating never occurs during sleep
or sedation. Of interest is a recent study by
Momose et al.,> which revealed that the electroen-
cephalographs of patients with hyperhidrosis of the -
palms and soles show abnormalities such as sharp
wave bursts during challenge by hyperventilation,
and their frontal cortexes take up an increased
amount of a marker, N-isopropyl I-123 p-iodoam-
phetamine, which the authors interpreted as
reflecting hyperperfusion of the frontal area.

hout input from the thermosensitive elements.
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Shih et al’ studied autonomic functions in
normal subjects, in those with hyperhidrosis of the
palms and soles, and in those who had had T2-T3
ganglionectomy. Compared with normal subjects
and those with hyperhidrosis, the subjects whose
ganglia had been excised showed a much smaller
sweating response of the forehead, the upper por-
tion of the chest, and the arms. A much greater
(presumably compensatory) sweating response,
however, was observed both in the lateral lumbar
and in the ventral thigh regions in response to body
exercise. jects with hyperhidrosis had less refle
bradycardia than the other groups in res nse to

va’s maneuver or face immersion but th
showed a higher degree of cutaneous vasoconstric-
Ltion in response to finger immersion in cold water.
The observation was interpreted to indicate over-
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functioning of the sympathetic nervous fibers in
subjects_with hyperhidrosis and the increase of
sympathetic outflow passing through the T2-T3

ganglia that causes palmar hyperhidrosis.’

Excessive palmoplantar sweating induces hypo-
thermia of the hands and fingers by evaporative

cooling, which may then increase the sympathetic

—outflow because of the aforementioned sympathet-

ic reflex and thus further aggravate hyperhidrosis.

It is of interest that successful treatment of palmo-

. plantar hyperhidrosis elevates the palmar skin

temperature by 2.5° C, which also may help

“alleviate the vicious cycle of sympathetic reflex.

Palmoplantar hyperhidrosis has been reported to

_occur_in_some (but not all) patients with nail-

patella syndrome,’ keratosis palmaris et plantaris

with clinodactyly,* Raynaud’s disease, erythrome—

lalgia, atrioventricular fistula, cold injury, and

rheumatoid arthritis.” Cloward®® reported that pal-

mar hyperhidrosis develops 20 times more often in
Japanese Americans living in Hawaii than in
Hawaiian residents of non-Japanese ancestry. His
assumption is based on the observation that of his
own 82 patients with palmar hyperhidrosis between
1938 and 1956, 66 (80%) were of Japanese ances-
try, and half of these were of Okinawan origin.**
Unfortunately, no subsequent studies have been
published on the frequency of palmar hyperhidrosis
among the Hawaiian population or among Japa-
nese in Japan.

During the past 40 years, tap water iontophore-
sis has been established as the most effective, safe,
and inexpensive therapeutic modality for palmo-
plantar hyperhidrosis.*'*'" At present a number of
iontophoresis units are commercially available.'? In
our experience any instrument that can deliver as
much as 20 mA of direct current may be satisfac-
tory. Treatment of each palm (or sole) for 30
minutes at 15 or 20 mA daily in tap water usually
induces significant . hypohidrosis within a week.
Because the efficacy of galvanic current is roughly
a function of total electric power (ie., cur-
rent X duration), the use of power supplies with
lower power output either requires much longer
treatment time or results in an inadequate thera-
peutic response.

The mechanism by which tap water iontophore-
sis stops sweating is unknown, although poral
plugging by poral hyperkeratosis in the forearm
skin was speculated as its mechanism almost 40
years ago by Shelley et al.'> Two puzzling observa-
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tions are that iontophoresis in normal saline solu-
tion is not as effective as in tap water and that the
anode is more effective than the cathode.'* In
aqueous solutions the electric current always is
carried by charged ions. Thus it is an open question
as to why plain water is more effective than salt
solutions. The answers to these puzzles, if clarified,
may provide clues to the mechanism of the anhi-
drotic effect of tap water iontophoresis.

If tap water iontophoresis is ever unsuccessful,
the last resort may be thoracic sympathectomy.
(During the past 10 years at the University of Iowa
Dermatology Clinic we have experienced only
successful results in our 50 patients.) Patients
should be informed, however, of the potential side
effects of sympathectomy (e.g., Horner’s syn-
drome, pneumothorax, postsympathetic neuralgia,
phrenic nerve paralysis, dorsal scapular neuralgia,
compensatory hyperhidrosis in other parts of the
body, and stuffy nose) and the possibility of
treatment failures." Although improved techniques
of sympathectomy have reduced the incidence and
severity of side effects,'®'® they are nonetheless
invasive, irreversible, expensive, and not without
side effects.

Hyperhidrosis of the axillae

In Part I of this article (see the April issue of the
JOURNAL) the presence of apoeccrine sweat glands
and their major contribution to overall axillary
sweating rate are described. It is our experience
that those patients with excessive axillary sweating
rarely have excessive axillary odor and rarely are
regular users of commercial antiperspirants. Thus
suggests either that precursors of odor-producing
materials derived from the apocrine glands are
washed off by excessive sweating or that the
secretory activity of eccrine and apoeccrine glands
does not parallel that of the apocrine glands.

The emotional nature of axillary sudomotor
function (supplied mainly by the fourth thoracic
ganglion) is similar to that on the palms and soles
except that axillary sweat glands also respond to
thermal stimuli to a varying extent. Of interest is
that only 25% of patients with axillary hyperhidro-
sis also have palmoplantar hyperhidrosis.”® Unlike
palmar sweating, axillary sweating is controlled
relatively easily by 25% aluminum chloride in
alcohol solution (Drysol) applied at bedtime® but
without subsequent occlusion.?! Irritation of the
skin, if any, is minimized by quick drying of the
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tapplied aluminum solution with a hair dryer, by
btrict avoidance of the use of any antiperspirants
ing the daytime, and by the application of
g Vaking soda powder to the axilla in the morning to
§ neutralize the aluminum chloride still present on
k the skin (and to offer a mild deodorant effect). If
Cirritation of the axillar skin still persists, we then
€ have the patients apply white petrolatum (Vase-
tline), or 1% hydrocortisone in Vaseline, to the
§ axilla about 2 to 3 hours before application of
® aluminum solution to provide an additional barrier
& layer on the stratum corneum.

' Although all our patients at the University of
 lowa Dermatology Clinic responded satisfactorily
@ to this protocol, should treatment with topical
" aluminum fail, tap water iontophoresis with a
. special axillary electrode,” resection of axillary
skin,"” or the subcutaneous liposuction technique?
may be considered. Again, thoracic sympathetecto-
- my (usually second through fourth thoracic gan-
«glia), which is also effective, should be considered
- only as a last resort.

" Localized hyperhidrosis associated with

b

< previous spinal cord injuries

<. In theory, injuries to the spinal cord should result
A, sudden loss of sweating below the level of the
i+ lesion when exposed to thermal stimuli. In contrast,
sweating caused by intradermal cholinergic
agents gradually disappears within a few weeks to
several months when postganglionic fibers are
damaged, compared with the several months o 2
years required when sympathetic fibers are severed ;
the preganglionic leve[”™ Some patients with
spinal injuries, however, experience episodes of
. Profuse sweating months or years after injuries in
the skin areas outside the sensory or autonomic
3 del'll.latomes. Although the mechanism of hyperhi-

. %parated into three major groups: 05¢
ated with autonomic cﬂexi a. "> (2) those
' gered by orthostatic hypotension,® and (3)
0% caused by posttraumatic syringomyelia"""
- Hyperhidrosis associated with autonomic dys-
& ™fexia. This syndrome occurs in patients with
Pnal cord lesions at or above the sixth thoracic
kvel (T6). 1t i characterized by exaggerated
tonomic responses to stimuli such as bowel and
j - Oder distention, visceral inflammation, and skin
3 Tltation and pain that are innocuous in unaffected
R 00s. The clinical triads include episodic onset of
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profuse sweating on the face, neck, and upper
portion of the trunk; vasodilation resulting in
flushing of the face and congestion of the nasal
passages; and a throbbing headache. In addition,
other signs of sympathetic hyperactivity, such as
piloerection and hypertension, and hyperparasym-
pathetic symptoms, such as bradycardia with vaso-
dilation, occasionally are present.?

The pathogenesis of autonomic dysreflexia is
still unknown. It has been speculated, however, that
the afferent stimuli from the bladder or bowel
travel to the spinal cord in the caudal stump,
causing reflex arteriolar spasm of the skin and
splanchnic vessels by means of the efferent sympa-
thetic motor fibers and thus resulting in severe
paroxysmal hypertension.?” The subsequent vasodi-
lation (and bradycardia in some patients) may be
compensatory in nature and most likely is mediated
by stimulation of parasympathetic activity through
the carotid and aortic bodies, although such a
compensatory reaction usually fails to reduce blood
pressure significantly.

The mechanism of hyperhidrosis in autopomic
dyreflexia (usually above the spinal lesions) is not
well understood. The beneficial effect of oral
propoxyphene hydrochloride (Darvon) on hyperhi-
drosis in autonomic dyreflexia has been reported in
a few patients.” Because Darvon is a narcotic with
a weak ganglion-blocking effect, Tashjian and
Richter® speculated that hyperhidrosis in auto-
nomic dyreflexia may be due to interruption (by
spinal lesions) of inhibitory impulses from higher
centers (whereas Darvon blocks the remaining
stimulatory impulses). The answers to the ques-
tions of why the onset of autonomic dyreflexia
varies from several weeks to 13 years after spinal
injury and why it occurs only in certain patients
also are unknown. The slightly increased plasma
norepinephrine levels resulting from increased
reflex sympathetic outflow, coupled with denerva-
tion hypersensitivity of catecholamine receptors,
also may contribute to the pathogenesis of auto-
nomic dyreflexia.® The differential diagnosis of
autonomic dyreflexia includes pheochromocytoma,
toxemia of pregnancy, intracranial posterior fossa
neoplasms, migraine, cluster headaches, and pri-
mary hypertension.?

Hyperhidrosis resulting from orthostatic
hypotension. This form of hyperhidrosis occurs in

some patients months to many years after cervical
spinal cord transection, although orthostatic hypo-
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tension alone can occur immediately after the cord
injury. Quadriplegia usually is present (from the
past cervical injury), and a sudden spell of dizziness
because of orthostatic hypotension occurs when
these patients tilt their heads or sit in upright
positions. This is followed within 5 to 10 minutes by
rising blood pressure, profuse sweating on the face,
neck, and upper portion of the chest and arms,
chattering of teeth, piloerection, blurred vision, and
agitation. When these patients resume a supine
position, symptoms improve within 10 minutes.
Thus this condition may be a variant of autonomic
dysreflexia except that orthostatic hypotension,
instead of bladder or bowel distention, triggers a
mass discharge of sympathetic neurons.” Fludro-
cortisone acetate, 0.3 mg daily, is reported to
control sweating in such patients® although its
mechanism of action is not clear.

Hyperbradykininemia. Hyperbradykininemia
was reported to be involved in the mechanism of
orthostatic hypotension in one family.* Because
plasma bradykinin levels have not been studied in
other cases of quadriplegia with orthostatic hypo-
tension and hyperhidrosis, no general statement
can be made regarding the role of plasma bradyki-
nin_in autonomic dysreflexia.

_hJPosttraumatic syringomyelia. This variation of
[yperhidrosis should be suspected in patients with
paraplegia (caused by injuries to the spinal cord at
any level) who have a recent onset of hyperhidrosis
with or without progressive numbness in the hyper-
hidrotic areas.”"*? Again, the onset of hyperhidrosis
lags months to many years after trauma. Since
syrinx (a fluid-filled cavity in the spinal cord) can
develop above and /or below the level of transection
(ascending and /or descending syrinx, respectively),
hyperhidrosis with or without numbness of the skin
also can occur in areas of the skin that correspond
to above and /or below the lesion (depending on the
degree of preservation of sympathetic nerves below

the lesion)/ Tt is important to diagnose posttrau-
matic syringomyelia in such patients because Syr-
inx can be easily diagnosed radiologically and
treated by surgical draining.*

Hyperhidrosis associated with peripheral
neuropathies '

Increased sweating is reported to occur in su
ts* of patients with hereditary sensory neuropa.

hy, including type III (familial dysautonomia o
. -D M

Familial dysautonomia. This is a recessively
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inherited disorder, whose diagnostic criteria include
lack of an axon reflex flare after intradermaj
injection of histamine (indicating peripheral pan-
neuropathy), absence of fungiform papillae on the
tongue, miosis of the pupil after instillation of
dilute methacholine (normal subjects do not
respond), diminished deep tendon reflexes, lack of
overflow tears, failure to thrive, generalized reduc-
tion in pain sensation, mild mental retardation,
erythematous mottling of the skin on heat expo-
sure, and Ashkenazic Jewish ancestry.” The degree
of hyperhidrosis may vary. The mechanism of
hyperhidrosis in Riley-Day syndrome is unknown
although it is speculated to result from increased
excitability of the sweat center,*

Congenital autonomic dysfunction with uni-
versal pain loss.” This dysfunction is somewhat
similar to Riley-Day syndrome (familial dysauton-
omia) except that these patients are not Ashkenaz-
ic Jews. Those affected have complete (not partial
as in Riley-Day syndrome) sensory loss with acci-
dental self-mutilation and corneal opacities, pro-
found hypotonia, episodic fever, and frontal bone
prominence,

Cold-induced profuse sweating. Onset of pro-
fuse sweating in the neck and on the thorax,
aggravated by cold weather or nervousness, has
been reported in two sisters with peripheral motor
neuropathy with autonomic dysfunction.*® Their
symptoms began in early childhood, and the
patients also noted slowly progressive muscular
weakness and hypotrophy (caused by demyelin-
ation of motor nerves), distal cyanosis, orthostatic
hypotension, and esophageal achalasia; sensory
neuropathy, however, was absent.

Hyperhidrosis associated with brain lesions

A variety of lesions in the brain can cause
episodes of profuse sweating, but they can be
separated into two major groups: those associated
with hypothermia and those not associated with
hypothermia.

T Episodic hypothermia with hyperhidrosis.

First reported by Hines and Bannick,* this disor-
der can begin at any age (usually 9 months to 38
years) in apparently normal persons or in patients
with a history of seizures, mental retardation,
polydipsia, or hemiparesia.?’ Episodes of profuse
sweating often follow awakening or standing up
and are preceded by a generalized feeling of
warmth, tingling, and flushing of the face, during

which time body temperature decreases to 31° C
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F (or in an extreme case to 24° C). A few minutes
later a sudden drenching sweat begins and lasts 5
minutes to several hours. The diaphoretic episodes,
which occur more than 10 times daily in some
. patients or only a few times a year in others, often
. areassociated with chills, ataxia, slowed psychomo-
tor responses, tremors, hyperreflexia, headaches,

- _and/or hypotonia.f Hyperhidrosis in these patients
- [ most Tikely is due to the episodic decrease of
hypothalamic temperature setpoint (which often is
referred to as diencephalic epilepsy or hypothalam-
ic storm) by diencephalic lesions or malformations
such as agenesis of corpus callosum, heterotopia,
microgyria, porencephalia, malformation of cranial
nerves and brain-stem nuclei, cholesteatoma, lipo-
ma, or surgical manipulation of the anterior hypo-
thalamus. Electroencephalographic examination
is usually of no diagnostic help, but the lesions
often can be localized by computed tomographic
scans and pneumoencephalographic examination.
Anticonvulsants®’ and oxybutynin®® have been used
for control of hypothermia and hyperhidrosis with

Generalized hyperhidrosis not associated with|
Ypothermia. This form of hyperhidrosis has been
reported in a patient with episodic hypertension
and hypothalamic-pituitary dysfunction after brain
injury” and in a patient after the onset of epilep-
5. A small cerebrovascular accident in the region

b of the hypothalamus was suspected as the cause of

Profuse facial sweating precipitated by per-
fume smels, Olfactory hyperhidrosis not precipi-
_m"d by 8ustatory or mental stimuli was reported
N a 42-year-old woman.* Her facial sweating was
Successfully treated with amitriptyline.

Idiopathic unilateral circumscribed
i Thidrosis

: Unilatcral circumscribed idiopathic hyperhidro-
S 1S an uncommon condition but occasionally has
i reported in the dermatologic literature during

- Past 40 years, 4246 The hyperhidrotic area usual-
l]yos sharply demarcated, measuring no larger than
. " X10cem? ang j i present mainly on the face
k- lﬁ: arms of an otherwise healthy person (Fig. 1).
agg? at onset varies between 7 and 67 years,

Patients typically notice sudden onset of pro-
o SWeating precipitated by heat, which lasts 15
- Minutes, [n some patients, mental or gustato-
5 (in the case of facial unilateral circumscribed
idrosis) stimulation also triggers sweating.
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Fig. 1. Idiopathic unilateral circumscribed hyperhidro-
sis in a 7-year-old boy visualized by the conventional
iodine starch method. The sweating attack is precipitat-
ed by heat but also occurs spontaneously in this
patient.

The attacks occur more f; requently in summer than
in winter. Characteristically, there is no accompa-
nying sensory or motor neuropathy, flushing of the
face, headaches, excessive salivation, lacrimation,
vasodilation, or piloerection.

The pathogenesis of unilateral circumscribed
hyperhidrosis is unknown. The increased sweat rate
in response to intradermal cholinergic agents®
and hypertrophy of the glands on biopsy speci-
mens*>* have been reported, although sweat
glands in some patients show apparently normal
histologic findings.* It is not clear whether glandu-
lar hypertrophy represents functional hypertrophy
resulting from repeated episodes of sweating or
whether local tropic factors (e. g., epidermal growth
factor*” or other factors) are primarily involved,
rendering the sweat glands more sensitive to endo-
genous pharmacologic stimulation, Long-term fol-
low-up of these cases has not been reported.
However, localized hyperhidrosis in the patient
shown in Fig. 1 has gradually subsided during a
period of 2 vyears. Sweating may be partially
controlled by local application of 25% aluminum
salts, topical anticholinergic agents, or systemic
clonidine.* As a last resort, total excision of the
affected skin area should be considered.

Paroxzsmal unilateral hyperhidrosis associated
with intrathoracic neoplasms

Abnormal thoracic s athetic activity ca
by encroachment of a tumor (e.g., pulmona
adenocarcinoma, bronchial carcinoma, and metho-
helioma) on the sympathetic > trunk or postgangli-

onic fibers can cause unilateral (usually ipsilateral)

|
| 31
| §
1
il
!
i
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hyperhidrosis.***' Likewise, pressure from benign

lesions such as cervical rib or osteoma on the
sympathetic chain also can cause hyperhidrosis on
the ipsilateral face, neck, and chest. Hyperhidrosis
often is preceded by other signs of internal malig-
nancy such as chest pain, dyspnea, weight loss, and
lymphadenopathy and disorders of the nervous
system such as loss of sensation, weakness of facial
muscles, and Horner’s syndrome. Sweating is usu-
ally spontaneous, profuse, and unrelated to eating,
hunger, urination, bowel movement, sleep, or phys-
ical activities. Irradiation of tumors may induce
transient relief of hyperhidrosis.

Generalized hyperhidrosis associated with

_sSystemic illness

The following conditions have been reported to
be associated with hyperhidrosis, although many of
the reports are based only on the clinical impression
of the observers or the subjective sensation of the
patients and thus diagnosed without measurement
of sweat rate. Disorders include diabetes mellitus,
congestive heart failure, thyrotoxicosis, hyperpi-

uitari i and menopausal state disor-
der. According to the study by Allen et al® a

Journal of the
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Localized hyperhidrosis associated with
cutaneous diseases

Localized hyperhidrosis has been seen in the skin

over the blue rubber bleb nevus (presumably

caused by axon-reflex sweating after manipulation

Significantly increased sweat rate could not be

found either in experimental thyrotoxicosis or in
D T

. In one study of Parkinson’s
disease an increase in pharmacologic sweating was
noted.** Other studies,* % however, noted a combi-
nation of patchy areas of anhidrosis and areas of
hyperhidrosis, suggesting both dysfunction of the
autonomic nervous system and secondary compen-
satory hyperactivity. The symptomatic triad of
excessive and inappropriate sweating, tachycardia,
and headaches (in hypertensive patients) almost
ensures (94%). the diagnosis of pheochromocyto-
ma.* Further confirmational test results include

increased urinary catecholamine excretion (espe-
cially total methanephrines) and plasma catechol-
amine levels and positive findings on glucagon

stimulation (the increase in plasma catecholamine

by glucagon) and clonidine reaction (plasma cate-
cholamine level decreases).* Generalized hyperhi-
drosis precipitated only by emotional stimula-
tion”* and cold-induced hyperhidrosis® have
been reported, but their pathogeneses are
unknown. Excessive diaphoresis also has been

of the painful lesion),* in the perilesional skin in 8
or 10 cases of glomus tumor (presumably a result

local temperature and /or
in association with POEMS syndrome (polyneuro-
pathy, organomegaly, endocrinopathy, M protein,
and skin changes),* Gopalan’s syndrome (burning
feet syndrome),” causalgia,” and pachydermoper-
iostosis.%® Association of local sweating with these
and other cutaneous lesions may be either a rare
coincidental phenomenon or a result of axon-reflex
sweating. In fact, occurrence of beads of sweat
around painful ulcers (presumably caused by axon
reflex) is not a rare occurrence in daily dermato-
logic practice.

Hyperhidrosis in gustatory sweating

Physiologic gustatory sweating occurs in normal
persons while they are eating certain hot spicy
foods. It is relatively mild and occurs symmetrically
around the lips, nose, and forehead. Although
pathologic gustatory sweating also is precipitated
by gustatory stimulation (but not by merely think-
ing of foods), it is usually unilateral involving the
preauricular or infraauricular areas of the face. It
can be mild or embarrassingly profuse. Pathologic
gustatory sweating can be classified into several
types according to cause: (1) gustatory sweating as
a result of hyperactivity of sympathetic function
associated with encephalitis or syringomyelia®
(both very rare), invasion of the cervical sympa-
thetic trunk by tumor® (as in Pancoast’s syn-
drome), or sympathectomy (seen in 73% of
patients with sympathectomy, presumably caused
by aberrant regeneration of nerves; Horner’s sign
also may be present)®*; (2) gustatory sweating
associated with peripheral autonomic and sensory
neuropathy as in diabetes mellitus™ and herpes
zoster of the preauricular area”; (3) gustatory
sweating caused by parotitis or parotid abscess
(very rare); and (4) auriculotemporal (Frey’s)
syndrome.,

Frey’s syndrome occurs in 37% to 100% of

in)* and

Ppatients 1 month to 5 years after surgery or inj

reported as a side effect of antidepressants such as
_cyclobenzaprine (Flexeril)® and fluoxetine.®'

on or about the parotid gland.”>” The syndrome

results from injury to the parotid gland and /or

TN
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Med., Medulla oblongata; ¥, trigeminal nerve; MN, mandibular nerve; ATN, auriculotem-
poral nerve; /X, glossopharyngeal nerve; 7N, tympanic nerve (or Jacobson’s nerve); TP,
tympanic plexus; LSPN, lesser superficial petrosal nerve; OG, otic ganglion: GAN, greater
auricular nerve; Pal. G, parotid gland; Sw. G, sweat gland; CST, cervical sympathetic
trunk; SCG, superior cervical ganglion; T, first thoracic nerve. 4 and B, The most widely
held “misdirection” hypothesis on the pathogenesis of Frey’s syndrome, that is, injury to the
parotid gland and/or auriculotemporal nerve (as indicated by diagonal line), causes

. Wriculotemporal perve which_carries sensory, area (Fig, 2, B). The validity of the misdirection
from the skin and parasympathetic and theory is supported because surgical destruction of
- Pathetic fibers to the sweat glands within its the tympanic plexus abolishes gustatory sweatin

—uibution (Fig_ 2). According to the misdirection 'mmnrmmm%
JPothesis the severed parasympathetic fibers in the tympanic nerves thus has been used for surgical
: Wmm treatment of excessive sweating in some patients.’

ROsiganglionic sympathetic fibers to reach Gustatory sweating in Frey’s syndrome is usually

in th mild; that is, only 10% of patients may require

ig. 2, A). When the greater various forms of treatment. Topical scopolamine

damaged together with fhe cream (3% to 5%) and 20% aluminum chloride in

'mpathetic fi ethanol have been used with variable success, 7
Tom the damaged parotid gland migrate into njecting  alcohol around the auriculotempo

“8tal seoment o greater auricular perve to nerve has been reported to eliminate symptoms for

- _XIvate the sweat ands in the infraauricular several months.” Tympanic neurectomy’” and an
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interpositional fascia graft™ ” may offer perma-
nent relief. )
ustatory sweating in diabetes mellitus. Bilat-
eral and widespread facial sweating may occur and
thus may represent exaggerated physiologic gusta-
owever, because this condition is
often painful, and abnormal sprouting of unmyelin-
ated fibers has been observed in such painful
lesions, Bronshvag® speculated that axonal degen-
eration of the parasympathetic fibers with abnor-
mal sprouting into the sympathetic fibers may be
involved as its pathogenesis. Clonidine has been
reported to control sweating in a patient with
diabetic gustatory sweating.®!

Gustatory sweating associated with upper dor-
sal sympathectomy. This variant of gustatory
sweating is explained on the basis of preganglionic
sympathetic regeneration or collateral sprouting
with a na in_the superior cervical

«d This is of interest because ipsilateral
gustatory sweating occurs in the presence of other
Horner’s signs (note that full Horner’s syndrome
includes ipsilateral anhidrosis of the face), but
sweating is more intense in their absence.

The cause of so-called lacrimal sweating (con-
tinuous profuse sweating in the right supraorbital
region) associated with Raeder’s paratrigeminal
syndrome*? (Horner’s signs plus temporal and
frontal headache on the right) is unknown.

Hyperhidrosis in nocturnal diaphoresis (night
l’ sweats)

The pathogenesis of night sweats is unknown,
but they can be associated with tuberculosis, endo-
carditis, lymphoma, hyperthyroidism, diabetes
mellitus, hypoglycemia caused by insulin overdose
or insulinoma, systemic vasculitis, pheochromocy-
toma, carcinoid syndrome, drug withdrawal,
dysautonomic states, other chronic infectious dis-
eases, dumping syndrome, acromegaly, or Prinz-
metal angina.® A beneficial effect of indomethacin
in a case of apparently idiopathic night sweat was
reported in one patient,* but similar reports have
not appeared since 1982. Treatment of the under-
lying disorders, if known, is of primary importance.
The presence of sweating during sleep readily rules
out the emotional nature of sudomotor activity.
Continuous recording of rectal temperature before
and after the onset of night sweats will help
determine whether the decrease in hypothalamic

temperature setpoint is the cause of such night

-Sweats,
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HYPOHIDROSIS (ANHIDROSIS)

Anhidrosis is the inability to produce or deliver
sweat to the surface of the skin in the presence of
appropriate stimuli. Thus anhidrosis should reflect
dysfunction of one or more of the processes in
normal neurophysiologic, anatomic, and biochemi-
cal mechanisms of sweat secretion, ranging from
the function of cerebral cortex, hypothalamic sweat
center, sympathetic innervation, stimulus secretion
coupling, and ultimately, the patency of the sweat
pores. Some of the most common causes of anhi.
drosis encountered in clinical practice are described
in the following paragraphs.

Anhidrotic ectodermal dysplasia
(Christ-Siemens-Touraine syndrome)

Anhidrotic (or hypohidrotic) ectodermal dyspla-
sia is usually, but not always, an X-linked recessive
disorder characterized by decreased or absent
sweating, hypotrichosis, abnormal conical teeth,
saddle nose, and prominent forehead. Additional,
less consistent symptoms include nail dystrophy,
hyperkeratosis of palms and soles, cleft palate,
hyperplasia of sebaceous glands on the face, sus-
ceptibility to eczema resembling atopic dermatitis,
dryness of the mouth and eyes, and hypoplasia of
mucous and mammary glands,®>%’ Hypohidrosis in
anhidrotic ectodermal dysplasia results from con-
genital absence or paucity of the sweat glands over
all the skin surface, including the palms and soles,
Histologic demonstration of the absence of sweat
glands*® provides a diagnostic clue. Palmar skin
biopsy is especially useful for prenatal diagnosis®
or diagnosis in small infants with episodes of
unknown fever (caused by defective thermoregula- P 3
tion), because other clinical signs of anhidrotic
ectodermal dysplasia such as sparse hair, teeth
defects, and saddle nose are rather difficult to & 3
determine in infants. Nearly 30% of these patients 8
die in early childhood, mainly from respiratory #
infections.®s 3

Despite the predominantly X-linked recessive
inheritance of the disease, 70% to 80% of female
carriers (mothers of patients) express a partial E
anhidrotic ectodermal dysplasia phenotype® such &
as patchy areas of hypohidrosis, sparse scalp and |
eyebrow hair, insufficient secretion of milk for
breast-feeding, and persistence of deciduous teeth 1
and peg-shaped teeth, which is partially explained |
by lyonization (random inactivation of normal X |
chromosomes). Accurate assessment of sweat
gland density and sweating is therefore of critical
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g ce in detecting female carriers. Although
- anhidrotic ectodermal dysplasia is a heterogeneous
group of disorders and more than 100 variables of
ectodermal dysplasia have been recognized,*”*®
these variants are rather infrequent. They usually
are distinguished by the pedigree structures and the
different combinations of clinical manifestations.®!
Thus X-dominant as well as autosomal-dominant
and autosomal-recessive forms have been theorized
o occur,’®*® but they are too numerous to
enumerate here. At this writing, specific genetic
markers (gene probes) are not yet available for
determining the genetic inheritance of each vari-
ant* or for distinguishing between different heter-
ogeneous anhidrotic ectodermal dysplasias. Differ-
ential diagnosis of this disease from progeroid
syndromes such as Rothmund-Thomson, Werner’s,
dyskeratosis congenita, and Cockayne’s syndromes
8 not difficult because these progeroid conditions
are associated with poikiloderma, which worsens
with age %

Management of children and adults with anhi-
drotic ectodermal dysplasia is a challenge to clini-
cans because of the patient’s heat intolerance
‘specially during febrile illness or physical activi-
s and in warm climates) and susceptibility to
Pulmonary infections. Wearing wet clothing dur-
g physical activity is partially helpful in prevent-
©g hyperthermia. It is important to note, however,
“'_'1 “"C effectiveness of external cooling is compro-
msed in these patients because of their decreased

transfer from the core to the skin, presumably

of the poor capillary dilation in anhidrotic
®todermal dysplasia, %

:.:enit.al insensitivity to pain with anhidrosis,
tary sensory neuropathy (type IV)
with anhidrosis

Htl“editary sensory neuropathy is a relatively

e d‘SOI}iCl‘. and fewer than 20 cases have been
by In the literature,® %% Tt is characterized
ngenital generalized insensitivity to pain,
iy anl_lidrosi33 and mental retardation.
k. andnu 0 Sclf—mutl!ation, painless ulcers, frac-
| gy Psodes of high fever predominate. The
.~ B transmitted by autosomal-recessive
; ‘btly sh;)Mthough nerve biopsy specimens con-
" Warkeq redw a lac!( of unmyelinated fibers and a
e, itis}l:lcttlon In the number of myelinated
. Cresting that the normal number of
k chy > are present and that their morpholog-

: Ucs are said to be normal, although
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the published light microscopic pictures of the
sweat glands* appear considerably smaller than
those of control specimens.

Although these sweat glands are unresponsive to
local injection of pilocarpine or other cholinergic
agents, an infant with hereditary sensory neuropa-
thy type IV, a case reported by Vassella et al. in
1968, responded to a combination of intradermal
acetylcholine and epinephrine but was unrespon-
sive to acetylcholine alone. A similar pharmacolog-
ic study has not been conducted by other investiga-
tors since 1968. Hereditary sensory neuropathy
type IV has some similarities to familial dysauto-
nomia (hereditary sensory neuropathy type III or
Riley-Day syndrome) such as the presence of
sensory neuropathy, autosomal recessive traits, and
mental retardation. Unlike Riley-Day syndrome,
hereditary sensory neuropathy type IV is charac-
terized by normal fungiform papillae on the
tongue, normal overflow tearing, normal tendon
reflexes, no Jewish ancestry, and the absence of
truncal sweating.

Progressive segmental anhidrosis with tonic
pupils (Holmes-Adie syndrome with anhidrosis
or Ross syndrome)

In 1958 Ross” first described the case of a
32-year-old man with a tonic pupil (Holmes-Adie
syndrome), areflexia of the legs, and segmental
progressive hypohidrosis. Since then, more than 10
similar cases have been reported in the English
literature. Ross syndrome affects both men and
women, and the age at onset ranges from 3 to 50
years.”'® Patients usually report heat intolerance
(episodic palpitation and syncope during physical
exercise in a hot environment), and their symptoms
include the irregular segmental areas of anhidrosis
on the trunk, arms, or legs. Examination of the
pupils shows anisocoria, sluggish reaction to light,
and abnormal constriction by 2.5% methacholine,
symptoms that generally are ascribed to postgan-
glionic denervation of the parasympathetic fibers
that travel the third cranial nerve. An absence of
deep tendon reflex in the arms and legs also is
consistently seen. The mechanism of anhidrosis in
these patients is unknown.

Progressive isolated segmental anhidrosis

A patient whose case was reported by Faden et
al.* had anhidrosis without tonic pupils, sensory
neuropathy, or areflexia. The anhidrotic areas
remained responsive to intradermal cholinergic
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agents for several months but became unresponsive
2 years after the onset of segmental anhidrosis. The
authors therefore concluded that the anhidrosis in
their patient was due to denervation of pregangli-
onic sympathetic fibers. It remains unknown
whether this patient had an incomplete form of
Ross syndrome or a separate entity.

Generalized anhidroses of unknown causes

Fisher and Maibach'® reported five cases of
postural hypotension; two patients had generalized
anhidrosis, and in a third the anhidrosis was
localized. The authors suggested that the combina-
tion of postural hypotension and anhidrosis repre-
sents the basic features of the autonomic insuffi-
ciency syndrome. In contrast, eight cases reported
by Low et al.'” showed generalized anhidrosis with
heat intolerance of 1 to 10 years’ duration without
orthostatic hypotension, for which the authors
coined the term chronic idiopathic anhidrosis.
Some of these patients, however, showed mild
anisocoria, sluggish pupillary response to light and
accommodation, and an abnormal pupillary
response to cocaine and other agents, suggesting
the involvement of mild postganglionic sympathetic
failure. Five of them also showed electrophysiologic
evidence of mild peripheral somatic Sensory nerve
involvement. One patient recovered from anhidro-
sis. The age at onset of symptoms ranged from 18
to 60 years, and histologic examination of the sweat
glands appeared normal. Thus chronic idiopathic
anhidrosis could be a forme fruste of acute panau-
tonomic neuropathy.

The term acquired generalized anhidrosis was
used for the condition of an 18-year-old man in
whom generalized persistent anhidrosis developed
after sunstroke at the age of 14 years.'”® A biopsy
specimen showed the presence of numerous vacu-
oles in the secretory cells of the sweat glands.
Unfortunately, multiple biopsies were not done to
confirm the persistence of vacuolization. Postmil-
iarial hypohidrosis is known to cause longer-lasting
hypohidrosis. So-called tropical anhidrotic asthenia
with serious heat intolerance also may be a similar
disorder.'™ Acquired generalized anhidrosis'® and
generalized anhidrosis after exposure to radiant
heat'” also may belong to the same spectrum as
tropical anhidrotic asthenia. Sulzberger and Grif-
fin'* considered the possibility that anhidrosis in
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tropical anhidrotic asthenia is due not simply to
poral occlusion but to central or peripheral neuro-
logic damage and/or exhaustion of the eccrine
secretory apparatus.'™ Anhidrosis of the legs is
seen in 12% of patients with Guillain-Barré syn-
drome.'® Patients with diabetic neuropathy are
reported to have a reduced number of active sweat
glands and low sweat rate per unit of skin area in
proportion to the severity of neuropathy.'” Exten-
sive deposition of ceramide trihexoside in neurons
of the autonomic and dorsal root ganglia and in the
peripheral sensory and autonomic nerves, with
resultant pandysautonomia and Sensory neuropa-
thy, can occur in Fabry’s disease.!%11° Thys gastro-
intestinal symptoms, limb paresthesias, dryness of
the eyes and mouth, and hypohidrosis,'® 11! jn
addition to angiokeratoma corporis diffusum, renal
disease, and cardiovascular disorders, may develop
in some patients with Fabry’s disease, The mecha-
nism of hypohidrosis in Fabry’s disease is not clear;
however, uniform reduction in sweat rate has led b
Cable et al.'™ to suggest that the sweat gland itself

may be involved rather than the autonomic nervous
system. Kang et al.'"' observed the deposition of
lamellar lipid granules in the ductal and secretory
cells. Whether the lipid deposition itself directly
destroyed the sweat glands, thereby causing hypo-

hidrosis, or whether peripheral and central auto- I

nomic dysfunction was primarily involved remains
to be studied. Generalized anhidrosis also js re-
ported in association with Sjégren’s syndrome'?
and in  congenital ichthyosiform erythro-
derma.'?

Localized hypohidrosis

Whenever sweat glands are damaged by surgery
or trauma, scar formation, cutaneous neoplasms, 3
irradiations, infection, inflammations of the skin,

granulomatous lesions, sclerodermas, or vasculitis, .J¥

localized hypohidrosis can occur. Because most of F
these are of no systemic consequence, they usually 3
are ignored by the patient and the physician.
Delivery of sweat to the skin surface may be 3
impaired in a variety of dermatitides and papulo- }
squamous diseases, presumably because of poral |
occlusion. However, it remains to be studied wheth- 3

er sweat secretion is stopped by the increased -

luminal pressure or whether sweat secretion contin- |
ues and sweat simply migrates into the epidermis, |



ul

gy *

Y-
are
‘eat
11n
ten-
‘ons
the
vith
pa-
itro-
s of

enal

elop

cha-

lear;
s led
itself
vous
on of
etory
ectly

1y,

S
nains
Is re-
]mel 12
ythro-

irgery
lasms.
B skin,
sulitis,
10st of
isually

Il - -

May 1989

thereby aggravating the original inflammatory
disease of the skin. It is not uncommon for patients
with psoriasis or atopic dermatitis to report a
burning sensation of the skin when they are placed
in a hot sauna. This suggests that sweat secretion
can occur under the papulosquamous lesions.

Skin blisters with underlying sweat gland necro-
sis have been reported in poisoning caused by
barbiturates, methadone, diazepam, carbon mon-
oxide, amitriptyline, and clorazepate.'* It remains
to be determined whether the blisters and the
necrosis of the underlying sweat glands are due
simply to pressure-induced ischemic changes of the
skin or to direct damage of the sweat glands by the
toxic doses of these agents.

Recently, Moss and Ince'" observed the absence
of sweating in the hypopigmented streaks and
patches on the legs, arms, and scalp of 10 women
with incontinentia pigmenti. A skin biopsy speci-
men revealed a lack of eccrine sweat glands and
hair follicles in the anhidrotic hypopigmented
ksions. The authors suggest that anhidrosis may be
a common feature in the hypopigmented whirls
and streaks of incontinentia pigmenti.

Sweat gland function in vitiligo has been poorly
understood. Koga''® observed that hypohidrosis
oceurs only in vitiligo that is dermatomally distrib-
uted, not in the nondermatomal type. He then
#vanced a hypothesis that the dermatomally dis-
tributed vitiligo may be caused by dysfunction of
SYmpathetic fibers. The author postulates that the

[‘_“_D_rable response of dermatomally distributed
Mtligo to oral nialamide (a monoamine oxidase
whibitor) is consistent with his hypothesis.

Anhidrosis of the face and neck has been
*ported in members of a family with follicular

Urophoderma, basal cell carcinoma, and hypotri-
]?1 rare X-linked dominantly inherited syn-

In closing, we surmise that disorders of sweat
m?ﬂ may be more prevalent than currently
o . Continued search for abnormal sweat-
“8in various cutaneous and systemic disorders will
o ®Xpand our knowledge of sweat gland function

bealth ang disease. We hope that this review will
. ~ 3 a source of recent references and will help

late the interest of dermatologists who, like
o Vs, frequently encounter puzzling problems
8 Sweating disorders in their patients.
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