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Summary. Sural nerve biopsies were obtained from 17 dia- 
betic patients with neuropathy. All patients except three had 
both a symmetric distal sensory and autonomic polyneuropa- 
thy related to Type 1 (insulin-dependent) diabetes mellitus; 
3 patients had a purely sensory polyneuropathy. Mean age 
was 34.5 years (range 18-53 years). The biopsies were com- 
pared with specimens from an age-matched control series. 
Myelinated fibre loss in the diabetic nerves was found to be 
nonuniform. Although patchy fibre loss has been considered 
to favour a vascular basis, an identical pattern of nonuniform 

loss was observed in a series of sural nerve biopsies from pat- 
ients with Type I hereditary motor and sensory neuropathy, a 
subgroup within the spectrum of peroneal muscular atrophy, 
mainly of autosomal dominant inheritance, and a condition 
in which a vascular causation can be discounted. Possible 
reasons for nonuniform fibre loss other than vascular disease 
are discussed. 

Key words: Diabetic neuropathy, hereditary motor and senso- 
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The central question relating to diabetic neuropathy is 
its cause. One view has been that the focal and multi- 
focal neuropathies that are encountered, particularly in 
the older diabetic patient, are likely to have a vascular 
basis. Some focal neuropathies may be related to an 
abnormal susceptibility to injury from compression. 
The commoner sensory and autonomic polyneuropa- 
thy has been considered more probably to result from 
metabolic factors [1]. Recently, increasing evidence has 
been amassed suggesting that ischaemia is also impor- 
tant in the causation of diffuse polyneuropathies. In 
patients with a distal sensorimotor polyneuropathy, 
postmortem examination showed that the symmetric 
deficit was produced as a result of multifocal lesions 
[2]. Sural nerve biopsies have shown that the number 
of 'closed' capillaries is greater in patients with diabet- 
ic neuropathy than in nerves from age-matched control 
subjects and is positively correlated with the severity of 
the neuropathy [3]. In biopsies from 36 patients, the 
pattern of nerve fibre loss was both multifocal and dif- 
fuse [4, 5], the former pattern again suggesting a vascu- 
lar basis. In another postmortem study, multifocal le- 
sions in the lumbosacral trunks and the tibial nerve, 
but not in the sural nerve, were observed to be more 
numerous in 16 patients with diabetic neuropathy than 
in nondiabetic subjects [6]. Finally, intraluminal vascu- 
lar changes have been recorded in cases of diabetic 
neuropathy [7, 8]. 

Most of these studies, however, have been per- 
formed on older patients. Mean age in the autopsied 
series reported by Johnson et al. [6] was 64 years. In 
the nerve biopsy study by Dyck et al. [5], median age 
was 52 years in men with Type 1 (insulin-dependent) 
diabetes (only 3 women were included); it was 56 years 
for men and 55 years for women with Type 2 (non-in- 
sulin-dependent) diabetes. In the present investigation, 
observations were therefore performed on a series of 
younger patients with diabetic neuropathy. All had 
Type I diabetes and were less than 54 years of age. The 
pattern of myelinated fibre loss in the sural nerve was 
assessed in comparison with the findings in age- 
matched control subjects without neuropathy and in 
sural nerve biopsies from patients with Type I heredi- 
tary motor and sensory neuropathy, a condition in 
which a vascular basis has not been proposed. 

Subjects and methods 

All diabetic patients (5 male, 12 female; mean age 34.5 years, range 
18-53 years) had clinical and electrophysiological evidence of a dis- 
tal symmetric, predominantly sensory polyneuropathy; 14 of the 
17 patients had significant autonomic dysfunction either clinically or 
on formal testing. The clinical and biochemical data at, or near the 
time of, nerve biopsy are given in Table 1. Only 2 patients had clini- 
cal evidence of peripheral vascular disease. Case 8 had absent foot 
pulses but no symptoms of vascular insufficiency. Case 11 had typi- 
cal claudication and subsequent rest pain that led to amputation. 
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Table 2. Sural nerve myelinated fibre (MF) density 

No. of Mean age and Mean MF/frame Mean fibre density 
cases range (years) and range (MF/mrn 2) and range 

Control 6 38.3 (21-48) 48.6 (43.4-53.7) 10859 (9061-12746) 
Diabetic 17 34.5 (18 53) 9.9 (1.2-30.6) 2289 (265- 7660) 
HMSN 9 36.5(11-58) 11.0 (4.1-28.2) 2340 (831-5718) 

HMSN=Type I hereditary motor and sensory neuropathy 

There was no evidence of focal cranial, thoracoabdominal or limb 
neuropathy in any of the cases. All patients were on highly purified 
bovine or porcine insulin. Sural nerve fascicular biopsies were ob- 
tained with informed consent and had the approval of the Ethics 
Committee at King's College Hospital. 

Total sural nerve biopsies were obtained from six organ donor 
cases (3 male, 3 female; mean age 38.3 years, range 21-48 years) at 
the time of organ donation before circulatory arrest with the permis- 
sion of next of kin and the approval of the Ethics Committee at the 
Royal Free Hospital. Sural nerve fascicular biopsies previously ob- 
tained from 9patients (4male, 5 female; mean age 36.5years, 
range 11-58 years) with Type I hereditary motor and sensory neu- 
ropathy were also examined. The criteria for diagnosis were those 
given by Harding and Thomas [9]. 

The biopsies were all obtained from a site immediately posterior 
to the lateral malleolus. The specimens were fixed in 3% glutaralde- 
hyde in PIPES buffer [10] with 2% sucrose. After postfixation in 1% 
osmium tetroxide in PIPES buffer containing 1.5% potassium ferri- 
cyanide, the specimens were dehydrated through increasing concen- 
trations of ethanol and embedded in Araldite via 1,2-epoxyproprane. 
Transverse semithin sections were cut and stained with thionin and 
acridine orange [11]. 

The morphometric observations were performed using a Kontron 
MOP Videoplan image analysis system connected to a monitor 
screen via a TV camera attached to a Leitz optical microscope. Using 
a X 40 objective, each fascicle was traversed horizontally and verti- 
cally using a fixed frame. All possible frames were assessed and for 
each frame the endoneurial area and myelinated nerve fibre (MF) 
content were recorded. 

Statistical analysis 

To assess whether fibre loss was uniform or nonuniform, following 
Dyck et al. [12], we have employed two statistical measures, coeffi- 
cient of variation and index of dispersion [13]. The coefficient of 
variation (CV) is given by s/x, where s and x are the standard devia- 
tion and mean of the fibre density. The index of dispersion (ID) is 
given by AHsz/x, where AH is the harmonic mean. If the fibres are 
distributed randomly, AHS 2 will, on average, be equal to x, and the 
ID will approximate to 1 ; if fibres are clustered, ID will be greater 
than 1. Statistical analysis was carried out using the Mann-Whit- 
ney U test. 

Results 

The diabetic group closely matched the organ-donor 
control group and the patients with hereditary motor 
and sensory neuropathy for age (Table 2). The MF 
density for the control group ranged from 
9,061-12,746/mm 2. The reduction in MF density was 
comparable in the diabetic and hereditary motor and 
sensory neuropathy groups, the mean values being 
2,289/mm 2 and 2,340/mm 2 respectively. A transverse 
section of a normal sural nerve fascicle is shown in 
Figure 1 A. The MF loss in the diabetic nerves affected 
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Fig. 1. a Transverse section of normal sural nerve from a female sub- 
ject aged 38 years, X 425. b Transverse section of sural nerve from a 
diabetic patient aged 53 years. An endoneurial capillary surrounded 
by thickened basement membrane is arrowed, X 425. e Transverse 
section of sural nerve from a patient with Type I hereditary motor 
and sensory neuropathy, aged 38 years. Many of the myelinated 
fibres are surrounded by concentrically proliferated Schwann cells 
(onion bulbs) (arrows). Thionin and acridine orange, X 425. 

Table 3. Mean values and ranges for coefficient of variation (CV) 
and index of dispersion (ID) for myelinated fibres in sural nerve 

Mean CV Mean ID 

Control 17.4 (14.8_+ 23.6) 0.97 (0.74+ 1.36) 
Diabetic 41.7 (14.6 _+ 99.8) a 1.01 (0.18 + 2.56) c 
HMSN 43.8 (21.1 _+ 80.8) 8 1.21 (0.38 + 1.82) c 

Significantly different from controls a p<0.001 8 p<0.0002 ~ not 
significant; HMSN = Type I hereditary motor and sensory neuropa- 
thy 

both large and small fibres and some regenerative clus- 
ters were present in most cases (Fig. 1 B); endoneurial 
oedema was not evident. In the hereditary motor 
and sensory neuropathy cases (Fig. 1 C), there was a 

predominant reduction in density for larger fibres (>  
7 ~tm) and hypertrophic changes ('onion bulbs') were 
present in the majority. 

The mean number of MF/frame was significantly 
and comparably reduced in both the diabetic and he- 
reditary motor and sensory neuropathy groups as com- 
pared with the control group (Table 2). The variability 
of the MF distribution within each fascicle was esti- 
mated by comparing their CV and ID among the 
frames (Table 3). The CV was increased 2.4-fold in the 
diabetic patients (p< 0.001), this value being similar to 
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that obtained by Dyck et al. [5]. A similar increase 
(X 2.52) was observed in the CV derived from the 
hereditary motor and sensory neuropathy cases (p< 
0.0002). Although the ID was greater in both the dia- 
betic neuropathy and hereditary motor and sensory 
neuropathy nerves than in the control subjects, the in- 
creases did not reach statistical significance. 

Discussion 

Critical appraisal of recent pathological studies [4-6] 
implicating vascular factors in the causation of diabetic 
polyneuropathy concluded that although strong evi- 
dence had been accumulated, the results had been 
drawn from elderly populations of diabetic patients 
and could not therefore be applied to younger diabetic 
patients with neuropathy without further study [14]. 
Using CV and ID as parameters of the distribution of 
MF loss, we have applied these measures not only to a 
younger group of diabetic patients and age-matched 
control subjects, but also to patients with an inherited 
polyneuropathy - Type I hereditary motor and sensory 
neuropathy - in which a vascular pathogenesis has not 
been implicated. Our results clearly show that the CV 
is significantly raised in this population of young dia- 
betic patients to a similar degree as was found previ- 
ously by Dyck et al. [5], whereas the ID, although 
raised, did not differ significantly from the control sub- 
jects, again as was found previously [5]. 

Variation in the degree of fibre loss between fasci- 
cles in a biopsy from a diabetic patient was noted by 
Thomas and Lascelles [15] in a case with clear clinical 
evidence of a multifocal neuropathy in which the biop- 
sied nerve had been affected. Postmortem examination 
in two diabetic patients with severe peripheral vascular 
disease and a 'predominantly' symmetric sensorimotor 
neuropathy [2] also demonstrated multifocal fibre loss 
at proximal sciatic nerve level, but not at root or more 
distal levels. In sural nerve biopsies from 32 patients 
with diabetic neuropathy, Dyck et al. [5] found only oc- 
casionally that a sector or whole fascicle had few or no 
MFs. Their illustration shows a very small facicle de- 
void of MFs with a moderate reduction of MFs in an 
adjacent larger fascicle. We found such changes in on- 
ly the oldest patient (aged 53 years) where two small 
fascicles were more severely depleted. Caution has to 
be exercised in interpreting fibre density in very small 
fascicles [16, 17]. In contrast, Johnson et al. [6], in an 
autopsy study, found that over half of their patients 
had evidence of focal loss (defined as a zone of re- 
duced MF density involving at least 20% of the fasci- 
cle) at sural nerve level. This discrepancy may be ex- 
plained by the fact that the study by Johnson et al. 
examined the whole sural nerve whereas that by Dyck 
et al. [5] was confined to fascicular biopsies. It can, 
therefore, be accepted that in the older patient with 
diabetic neuropathy, there is good evidence of sectorial 
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loss of MFs that is most likely to be ischaemic in ori- 
gin. Johnson et al. [6] have shown that focal destruc- 
tion of the perineurium with consequent outgrowth of 
fibres into the epineurium may occur in diabetic neu- 
ropathy. This again is most easily explicable in terms 
of ischaemic damage. 

The present study examined a younger population 
of patients with diabetic neuropathy who had a sym- 
metric sensory and autonomic polyneuropathy. The 
CV was increased in comparison with age-matched 
control nerves, indicating that the fibre loss was 
patchy. The interesting finding, however, was that an 
almost identical increase in the CV was obtained in the 
patients with Type I hereditary motor and sensory neu- 
ropathy in whom it would be difficult to attribute the 
multifocal nature of the fibre loss to ischaemia. It will 
be of interest to examine other nonischaemic polyneu- 
ropathies in the same age range. 

The spatial distribution of fibres in normal human 
peripheral nerve is nonuniform [17], introducing diffi- 
culties when sampling procedures are adopted. This is 
unlikely to interfere with the present results. A sam- 
pling procedure was not used, all possible frames be- 
ing studied. Our results have shown that both in dia- 
betic neuropathy and in Type I hereditary motor and 
sensory neuropathy, the loss of fibres compared with 
age-matched control nerve is nonuniform. The expla- 
nation for this unexpected finding is not yet certain. 
One possibility would be spatial segregation of fibres 
in terms of ultimate distribution. If a neuropathy is 
length-related, that is, preferentially affecting the lon- 
gest fibres, nonrandom loss might then be expected. 
Both diabetic polyneuropathy and Type I hereditary 
motor and sensory neuropathy have a predominantly 
distal distribution. Some uncertainty exists as to the 
degree of topographical segregation of fibres within 
nerve trunks. Although previously the consensus was 
that there is constant mixing of nerve fibres along 
nerve trunks [18], recent observations suggest that a sig- 
nificant degree of segregation exists [19-21]. Other 
studies have concluded that this is restricted to the pe- 
riphery. Thus, Dyer and Duncan [22], in the recurrent 
laryngeal nerve of the horse, found evidence of segre- 
gation of fibres destined for individual laryngeal mus- 
cles at distances of up to 10-15 cm from the muscles. 
The present observations were made on the sural nerve 
at the ankle; this is towards the periphery of the distri- 
bution of the nerve. 

Clinical considerations make it unlikely that the 
common sensory and autonomic polyneuropathy of 
diabetes has a primarily vascular causation. Chronic 
hypoxia in the human does not cause a clinically sig- 
nificant neuropathy, although minor subclinical abnor- 
malities of nerve conduction may be detectable, and 
occasionally patients show a mild neuropathy for 
which no other cause is evident [23-25]. Neuropathies 
with a known vascular basis, such as those related to 
vasculitis or small vessel occlusion are characteristical- 
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ly multifocal, but may summate to produce a symmet- 
ric distribution. They tend, however, predominantly to 
affect motor function rather than sensory, autonomic 
function being relatively spared. This pattern is true of 
the cases of multifocal distal lower limb diabetic neu- 
ropathy that Timperley et al. [8] related to microvascu- 
lar disease. It is also true of diabetic lower limb proxi- 
mal motor neuropathy [26]. These syndromes therefore 
may well be vascular in origin, as may focal third cra- 
nial nerve lesions [27]. 

For the sensory and autonomic polyneuropathy a 
mechanism has to be sought that selectively or prefer- 
entially affects the function of these fibres or their par- 
ent cell bodies in the dorsal root and autonomic gang- 
lia. Metabolic differences between these neurons and 
lower motor neurons could exist as the cell bodies of 
anterior horn cells are within the central nervous sys- 
tem whereas the sensory and autonomic neurons have 
their cell bodies in the peripheral nervous system. The 
metabolic abnormalities so far identified in the periph- 
eral nervous system, such as sorbitol accumulation [28], 
myo-inositol deficiency [29] and reduced sodium, po- 
tassium-ATPase activity [30, 31] affect both motor and 
sensory fibres and may therefore not be relevant for 
the development of degenerative neuropathy. They are 
clearly implicated in the small changes in nerve con- 
duction velocity that occur and which can be reversed 
by metabolic manipulation both in animals [32, 33] and 
man [34]. Abnormalities of axonal transport are known 
to exist [35-39], but there is no indication thus far of 
any selective effect on sensory and autonomic fibres. 
They are known to affect both sensory [39] and motor 
[37] fibres. 

In summary, the present results reveal no difference 
in the pattern of fibre loss in the sural nerve between 
patients aged less than 53 years with sensory and auto- 
nomic polyneuropathy related to insulin-dependent 
diabetes and cases of Type I hereditary motor and sen- 
sory neuropathy in which a vascular cause can be dis- 
counted. Clinical considerations suggest that diabetic 
neuropathy is heterogeneous, with both metabolic and 
vascular factors being involved in its causation, their 
relative importance varying between cases. 
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