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Autonomic Neuropathy in the Skin: 
A Histological Study of the Sympathetic Nerve Fibres in Diabetic Anhidrosis 
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Summary. In diabetics with the anhidrotic syndrome, 
autonomic nerve fibres were studied in skin biopsies 
using argentic techniques and light microscopy. The 
Minor test was used to differentiate normal from an- 
hidrotic skin areas. In the anhidrotic areas, histology 
of the nerve fibres showed beading, spindle-shaped 
thickening and fragmentation adjacent to the sweat 
glands. These changes were similar to those observed 
in two patients who had previously undergone lum- 
bar sympathectomy. No abnormalities of the sym- 
pathetic nerve endings could be found in biopsies tak- 
en from normal areas of the forearm of the same pa- 
tients. We conclude that the diabetic anhidrotic syn- 
drome, a form of diabetic autonomic neuropathy, is 
due to a lesion of the sympathetic nerve supply to the 
skin. It is suggested that the Minor test or a skin biop- 
sy should be performed in diabetic patients who are 
being considered for surgical sympathectomy. 
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Alterations in sweating are particularly common in 
diabetic patients with autonomic neuropathy [1]. The 
first reference to this anomaly was made by Pryce in 
1893 [2], but it was Rundles who published the first 
clinical description in 1945 [3]. He found that 36 out of 
125 patients with diabetic neuropathy had alterations 
in perspiration and he associated this change with 
other alterations of the autonomic nervous system, 
particularly changes in blood pressure and skin tem- 
perature. Similar descriptive clinical findings have 
been documented by several other authors [4, 5]. 

Physiological and histological research into 
changes in sweat production is difficult and this may 
have contributed to the scarcity of studies on this sub- 

ject. Normal patterns of sweat production have been 
determined by List and Peet [6] and by Hyndman and 
Wolkin [7]. Perhaps the most reliable methods include 
those described by Minor [8] which depends on the 
starch-iodine reaction, and the technique of Brown 
and Adson [9] in which strips of paper soaked with co- 
balt chloride are applied to the skin. Alternatively, 
quinarizine may be used, which turns blue on contact 
with skin moisture [10]. Most of these methods are rel- 
atively simple although less accurate than the deter- 
mination of sweating by galvanic skin resistence tech- 
niques. 

Although not specific, the symptoms suffered by 
diabetics from sweating disturbances are fairly typi- 
cal [5]. Initially there is heat intolerance accompanied 
by hyperhidrosis of the upper half of the body, parti- 
cularly affecting the face, neck, axillae and hands. It is 
of interest that these patients rarely perspire exces- 
sively below the umbilicus. This diabetic syndrome 
has been attributed to a lesion of the sympathetic 
nerve fibres which control sweat secretion [11] and 
follow the course of the peripheral nerves [12]. This af- 
fects the efferent branch of the reflex arch and is 
identical to that occurring distal to a surgical sympa- 
thectomy [13]. 

To investigate whether the diabetic anhidrosis 
syndrome may be due to a lesion of the sympathetic 
nerve fibres, we studied those fibres which control 
sweat secretion. First we used the Minor test [8] to 
confirm the presence of anhidrosis and then we per- 
formed skin biopsies to study nerve fibre histology, 
using established argentic techniques and light mi- 
croscopy. 

Patients and Methods 

Eleven diabetic patients attending the Endocrinology clinic of the 
Hospital Espafiol were studied. Their mean age was 61.5 years 
(range 51~2 years) and diabetes duration 12.8 years (range 7 
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Table 1. Clinical features of the patients studied 
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Patient Sex Age Duration of Treatment Peripheral 
(years) diabetes vascular 

(years) disease 

Nephrop- Reti- Peripheral Minor test Histological 
athy nopathy neuropathy findings 

1 M 58 20 OHA Yes 
2 M 59 15 OHA Yes 
3 F 56 7 OHA No 
4 M 71 30 OHA Yes 
5 M 56 7 months OHA No 
62 M 67 10 OHA Yes 
7 M 62 5 OHA Yes 
8 M 72 16 OHA Yes 
9 M 61 10 OHA No 

10 a M 64 23 Insulin Yes 
11 M 51 5 Insulin No 

Yes No Yes Abnormal Abnormal 
No Yes Yes Abnormal Abnormal 
No No No Normal Normal 
Yes Yes Yes Abnormal Abnormal 
No No No Normal Normal 
No No Yes Abnormal Abnormal 
Yes No No Abnormal Abnormal 
Yes Yes Yes Abnormal Abnormal 
Yes Yes Yes Abnormal Abnormal 
Yes Yes Yes Abnormal Abnormal 
No No No Abnormal Abnormal 

OHA: Oral hypoglycaemic agents 
a Previously sympathectomized patients 

m o n t h s ~ 0  years). There were ten males and one female. Their clin- 
ical features are shown in Table 1. Informed consent was obtained 
from all patients. Two of the 11 patients had previously undergone 
lumbar sympathectomy for peripheral vascular disease. 

A Minor test was performed on the skin of the lower limbs and 
the flexor surface of a forearm with the patient recumbent. After 
staining the skin with 'Minor '  mixture (iodine 1.5g, acetone 75g 
and alcohol 75g) [8] starch powder was applied to the same areas 
very thinly. 

To warm the skin, each patient was exposed to direct heat from 
six 40-watt lamps for 30min. In addition they drank hot tea con- 
taining 0.5 g aspirin. The normal response consists of the appear- 
ence of a black-blue colour produced by the starch-iodine reaction. 
The response is considered abnormal when there is absent sweating 
and unchanged skin colour. 

A skin biopsy was taken from the outer aspect of the thigh and 
from the forearm. The biopsy was performed using a 6-mm punch 
following local anaesthesia with 2% xylocaine and the material ob- 
tained was fixed in 15% calcium formaldehyde for aniline and ar- 
gentic staining. 

Winkelman's method [14] was used to examine the nerve fibres 
in the skin. In each biopsy, 15-20 sections were examined. A mean 
number of 50-60 nerves fibres were studied in each section with 
particular reference to the dermal-hypodermal junction. Two his- 
topathologists (EF and IC) assessed each biopsy independently, 
without knowledge of the patients' details or site of biopsy. Nerve 
fibre morphology was considered normal or abnormal according to 
our previously published criteria [15-17]. 

Results 

The Minor test showed that nine of the 11 subjects 
studied had evidence of anhidrosis in the lower part 
of the body (Table 1). All the patients showed a nor- 
mal sweat response in the forearm. In all nine cases 
with abnormal test, skin biopsies showed morpholog- 
ical abnormalities in the sympathetic nerve fibres 
which control sweat secretion. These alterations were 
found in isolated fibres (Fig. 1), in groups of nerves 
(Fig. 2) and in terminal endings surrounding the sweat 
glands (Fig.3). These alterations were particularly 
found in the dermal-hypodermal junction, where 

sympathetic nerve fibres are more abundant [18-21]. 
The abnormalities included hyperargentophilia 
(Fig. 2) and alteration of the calibre and fragmenta- 
tion of the fibres (Fig. 3). The most severe alterations 
were found near the sweat glands (Fig. 3). There was 
no difference found between the histological changes 
in the nerves of the spontaneous anhidrotic patients 
(Fig. 1) and those of the two previously sympathec- 
tomized patients. 

In the histological sections considered as abnor- 
mal, the prevalence of fibres damaged was between 
25% and 40% of the total number of nerves examined. 

In the skin biopsies from the thigh taken from the 
two diabetic patients with normal sweat responses to 
the Minor test and in all the biopsies from the forearm 
from all 11 patients studied, no morphological altera- 
tions were found in the isolated fibres, (Fig.4) the 
nerves (Fig. 5) or in the terminal endings near the 
sweat glands (Fig. 6). 

Discussion 

We have shown that the sympathetic nerve fibres 
which control sweat glands are damaged in diabetics 
with the anhidrotic syndrome. This confirms the idea 
that alterations in sweating in diabetics are due to au- 
tonomic neuropathy [3-4]. 

The histological findings must be considered in 
relation to the whole clinical picture. In the anhidrotic 
syndrome there is usually preservation of the normal 
sensitivity of the skin. In keeping with this, the histo- 
logical abnormalities are localized to the sympathetic 
nerves. However, it is very difficult to differentiate 
sympathetic nerves from other sensory nerves in the 
skin. The former lie in the dermo-hypodermic layer 
parallel to the skin surface and they are the most 
abundant nerves in the skin [20-21]. In contrast, the 



Fig. 1. Abnormal nerve fibre from the thigh in an anhidrotic area. Abnormal calibre, with hyperargentophilia and partial thickening (arrows) 

Fig. 2. A bundle of nerves in an anhidrotic area of the thigh in the dermo-hypodermic zone. In the upper part, an abnormal nerve fibre with 
beaded thickening and spindle-shaped aspect (arrow) and in the lower part, two abnormal beaded fibres with hyperargentophilia, ending in 
two thin fibres (arrow) 

Fig. 3. A sweat gland (*) from an anhidrotic area in the thigh of a diabetic patient. There are relatively few nerve fibres surrounding the gland. 
They are fragmentated, appearing as argentophilic spherical swellings (arrows) 

Fig. 4. Normal aspect of an isolated nervous fibre from the forearm with normal sweat response. Note the regular and thin caliber and im- 
pregnation (arrow). The fibre is finishing in a connective cell (in contrast with Fig. 1) 

Fig.5. Normal appearence of a nerve from the forearm of a subject with a normal sweat response to the Minor test, showing the dermo- 
hypodermic junction of the skin (arrows). Note the number of fibres, the thin calibre with normal staining (in contrast to Fig. 1) 

Fig. 6. A group of normal sweat glands (*) from the forearm of a subject, with a normal sweat response to the Minor test. They are surrounded 
by a group of normal nerve endings (arrows) and in the lower part, an isolated nerve fibre is approaching the gland (arrow) (in contrast to 
Fig.3) 
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other sensory nerves tend to run perpendicular to the 
skin surface and are located in the superficial layers 
including the epidermis [21]. 

We wish to emphasize that in two patients (pa- 
tients 6 and 10, Table 1) a surgical sympathectomy 
had been performed prior to the present study. We 
could not differentiate the histological abnormalities 
in these cases from those found in the patients with 
the spontaneous anhidrotic syndrome. We can only 
speculate whether the histological lesions were due to 
sympathectomy or to previous autonomic neuropa- 
thy. However, these findings emphasize the point that 
sympathectomy is unlikely to provide any benefit to 
patients who have evidence of the anhidrotic syn- 
drome or in those subjects who have a defective re- 
sponse to the Minor test or other forms of sweat prov- 
ocation. 

A number of papers have been published which 
stressed [22-24] the high failure rate of sympathecto- 
my operations in diabetics. We believe that the failure 
of the operation is due to the fact that diabetic auto- 
nomic neuropathy has already sympathectomized the 
patient. The results of the present study are compati- 
ble with this idea. It is also of interest that the histolog- 
ical abnormalities found in the present study are simi- 
lar to those described in the bladder [15], in the corpo- 
ra cavernosa [16] and in the myocardium [17], all of 
which are typical sites of diabetic autonomic neuro- 
pathy. Thus, autonomic neuropathy is a very com- 
mon feature in diabetes and an important back- 
ground to the development of other complications. 
For example, although the chronic dryness of the skin 
is rarely troublesome for the patient, it may lead to 
skin shrinkage and cracking which may, in turn, pre- 
dispose to infection. 
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