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Introduction

Diabetic neuropathy is a most common and trouble-
some complication of diabetes mellitus, leading to
the greatest morbidity and mortality and resulting in
a huge economic burden for diabetes care [1, 2]. It is
the most common form of neuropathy in the devel-
oped countries of the world, accounts for more ad-
mission to hospital than all the other diabetic compli-
cations combined and is responsible for 50-75% of
non-traumatic amputations [2, 3]. Diabetic neuropa-
thy is a set of clinical syndromes that affect distinct
regions of the nervous system, singly or combined. It
can be silent and go undetected, while exercising its
ravages, or be present with clinical symptoms and
signs that although non-specific and insidious with
slow progression also mimic those seen in many other
diseases. It is, therefore, diagnosed by exclusion.
Diabetic neuropathy is a heterogeneous disorder
that encompasses a wide range of abnormalities af-
fecting proximal and distal peripheral sensory and
motor nerves as well as the autonomic nervous sys-
tems. For these reasons, it has been difficult to obtain
precise estimates of the true prevalence and reports
vary from 10 to 90 % in diabetic patients, depending
on the criteria and methods used to define neuropa-
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thy [1-5]. From patients attending a diabetes clinic
25% reported symptoms; 50 % were found to have
neuropathy after a simple clinical test such as the an-
kle jerk or vibration perception test; almost 90 % test-
ed positive to sophisticated tests of autonomic func-
tion or peripheral sensation [6]. Neurologic complica-
tions occur equally in Type I (insulin-dependent) and
Type II (non-insulin-dependent) diabetes mellitus
and additionally in various forms of acquired diabe-
tes [S]. The major morbidity associated with somatic
neuropathy is foot ulceration, the precursor of gan-
grene and limb loss. Neuropathy increases the risk of
amputation 1.7-fold; 12-fold, if there is deformity (it-
self a consequence of neuropathy), and 36-fold, if
there is a history of previous ulceration [7]. There
are 65,000 amputations in the United States each
year, one every 10 min, and neuropathy is considered
to be the major contributor in 87 % of cases. It is also
the most life-spoiling of the diabetic complications
and has tremendous ramifications for the quality of
life of the person with diabetes. Once autonomic neu-
ropathy sets in, life can become quite dismal and
the mortality rate approximates 25-50% within
5-10 years [8, 9]. In this review we present and discuss
the most recent approaches to the diagnosis and
treatment of diabetic neuropathy and the prospects
on the horizon.

Classification

Diabetic neuropathy is not a single entity but a num-
ber of different syndromes, ranging from subclinical
to clinical manifestations depending on the classes of
nerve fibres involved. According to the San Antonio
Convention [10], the main groups of neurologic dis-
turbance in diabetes mellitus include: (1) subclinical
neuropathy, determined by abnormalities in electro-
diagnostic and quantitative sensory testing, (2) dif-
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fuse clinical neuropathy with distal symmetric sen-
sorimotor and autonomic syndromes and (3) focal
syndromes.

Subclinical neuropathy is diagnosed on the basis
of: (i) abnormal electrodiagnostic tests with de-
creased nerve conduction velocity (NCV) or de-
creased amplitudes, (ii) abnormal quantitative senso-
ry tests (QST) for vibration, tactile, thermal warming
and cooling thresholds and (iii) quantitative auto-
nomic function tests (QAFT) showing diminished
heart rate variation with deep breathing, valsalva ma-
noeuvre and postural testing. The results of QAFT
also showed diminished sudomotor function and in-
creased pupillary latency.

Natural course

The natural course of neuropathies separates them
into two very distinctive entities, namely those which
progress gradually with increasing duration of diabe-
tes and those which remit usually completely. Sensory
and autonomic neuropathies generally progress,
whereas mononeuropathies, radiculopathies and
acute painful neuropathies, although symptoms are
severe, are short-lived and tend to recover [11].
Progression of diabetic neuropathy is related to
glycaemic control in both Type I and Type Il diabe-
tes [12, 13]. It seems that the most rapid deteriora-
tion of nerve function occurs soon after the onset of
Type I diabetes and within 2-3 years there is a slow-
ing of the progress with a shallower slope to the
curve of dysfunction. In contrast, in Type II diabetes
slowing of NCVs can be one of the earliest neuro-
pathic abnormalities and often is present even at di-
agnosis [14]. After diagnosis, slowing of NCV gener-
ally progresses at a steady rate of approximately
1m-s!. year! and the level of impairment is posi-
tively correlated with duration of diabetes. Although
most studies have documented that symptomatic pa-
tients are more likely to have slower NCVs than pa-
tients without symptoms, these do not relate to the
severity of symptoms. In a long-term follow-up study
of Type II diabetic patients [15], electrophysiologic
abnormalities in the lower limb increased from 8 %
at baseline to 42 % after 10 years and decreased in
sensory and motor amplitudes, indicating axonal de-
struction was more pronounced than the slowing of
the NCVs. An increase of about 2 points in an 80-
point clinical scale can be expected a year. These
scales contain information of motor, sensory and au-
tonomic signs and symptoms. Using objective mea-
sures of sensory function such as the vibration per-
ception threshold test, the rate of decline in function
has been reported as 1-2 vibration units a year.
There now seems, however, to be a decline in this
rate of evolution. For example, in a recent nerve
growth factor study, the vibration perception thresh-
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old at the beginning of the study in the placebo
group was identical to that at the end of 1 year [16,
17]. It seems that host factors pertaining to general
health and nerve nutrition are changing. This is par-
ticularly important in doing studies on treatment of
diabetic neuropathy which have always relied on dif-
ferences between drug treatment and placebo and
have apparently been successful because of the de-
cline in placebo-treated patients [18]. Based upon
the earlier estimates of change, clinically meaningful
loss of vibration perception and conduction velocity
was estimated to take at least 3 years, dictating a fu-
ture need to carry out studies over a longer time. It
is also important to recognise that diabetic neuropa-
thy is a disorder in which the prevailing abnormality
is loss of axons and this translates electrophysiologi-
cally to a reduction in amplitudes, not conduction ve-
locities and that changes in NCV might not be an ap-
propriate means of monitoring progress or deteriora-
tion of nerve function. It has always been advocated
that diabetes affects the longest fibres first; hence,
the increased predisposition in taller people [19].
Now it seems that small fibre involvement could her-
ald the onset of neuropathy and even diabetes. Small
fibre function is not detectable using standard elec-
trophysiology and requires measurement of sensory,
neurovascular and autonomic thresholds and cutane-
ous nerve fibre density [20, 21].

There are few data on the longitudinal trends in
small fibre dysfunction. Much remains to be learned
about the natural course of diabetic autonomic neur-
opathy. Recently, it has been reported that diabetic
autonomic neuropathy progresses during the 2 years
subsequent to its discovery [22]. The mortality for di-
abetic autonomic neuropathy has been estimated to
be 44 % within 2.5 years of diagnosing symptomatic
autonomic neuropathy [8]. A meta analysis [23]
shows that the mortality rate after 5.8 years of diabe-
tes with symptomatic autonomic neuropathy was
29%.

Pathogenesis

Figure 1 summarises our current view of the patho-
genesis of diabetic neuropathy. This figure depicts
multiple aetiologies including metabolic, vascular,
autoimmune, oxidative stress and neurohormonal
growth-factor deficiency. Detailed discussion of the
different theories is beyond the scope of this review.
The reader is referred to several excellent recent re-
views [24-26]. Diabetic neuropathy is, however, a
heterogeneous disease with widely varying pathology,
suggesting differences in pathogenic mechanisms for
the different clinical syndromes. Recognition of the
clinical homologue of these pathologic processes is
the first step in achieving the appropriate form of in-
tervention.
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Fig.1. A theoretical framework for the development of dia-
betic neuropathy. (Adapted from reference 57). AGE, Ad-
vanced glycation end product; DAG, diacylglycerol; EDREF,
endothelium-derived relaxing factor; ET, endothelin; NF »B,
nuclear factor ®xB; NGF, nerve growth factor; NO, nitric oxide;
ROS, reactive oxygen species; PKC, protein kinase C; PGIL,,
prostacyclin; Trk, NGF receptor

Clinical presentation

The spectrum of clinical neuropathic syndromes de-
scribed in patients with diabetes includes dysfunction
of almost every segment of the somatic peripheral
and autonomic nervous system [27] (Fig.2). Each
syndrome can be distinguished by its pathophysiolog-
ic, therapeutic and prognostic features.

Focal neuropathies
Mononeuritis and entrapment syndromes

Mononeuropathies occur primarily in the older popu-
lation, their onset is generally rapid, associated with
pain and their course is self-limiting, resolving within
6-8 weeks. This is due to vascular obstruction after
which adjacent neuronal fascicles take over the func-
tion of those infarcted by the clot [28].
Mononeuropathies must be distinguished from en-
trapment syndromes that start slowly, progress and
persist without intervention. Common entrapment
sites in diabetic patients involve median, ulnar, radial,
femoral, lateral cutaneous nerves of the thigh, pero-
neal, and medial and lateral plantar nerve. Carpal
tunnel syndrome occurs twice as frequently in people
with diabetes compared with normal healthy popula-
tion and its increased prevalence in diabetes can be
related to repeated undetected trauma, metabolic
changes, or accumulation of fluid or oedema within
the confined space of the carpal tunnel [27]. If recog-
nised, the diagnosis can be confirmed by electrophys-
iologic study and therapy is simple with surgical re-
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Fig.2. Different clinical presentations of diabetic neuropathy

lease. The mainstays of non-surgical treatment are
resting the wrist aided by the placement of a wrist
splint in a neutral position for day and night use, and
the addition of anti-inflammatory drug medications.
Surgical treatment consists of sectioning the volar
carpal ligament [29]. The decision to proceed with
surgery should be based on several considerations, in-
cluding severity of symptoms, appearance of motor
weakness and failure of non-surgical treatment.

Diffuse neuropathies
Proximal motor neuropathies (diabetic amyotrophy)

For many years proximal neuropathy has been con-
sidered as a component of diabetic neuropathy. Its
pathogenesis was ill understood [30] and its treatment
was neglected with the anticipation that the patient
would eventually recover, albeit over some 1-2 years,
suffering considerable pain, weakness and disability.
The condition has a number of synonyms: proximal
neuropathy, femoral neuropathy, diabetic amyotro-
phy and diabetic neuropathic cachexia. Proximal mo-
tor neuropathy can be clinically identified based on
recognition of these common features: (1) primarily
affects the elderly, (2) gradual or abrupt onset, (3) be-
gins with pain in the thighs and hips or buttocks (4)
followed by weakness of the proximal muscles of the
lower limbs with inability to rise from the sitting posi-
tion (positive Gower’s manoeuvre), (5) begins unilat-
erally and spreads bilaterally, (6) coexists with distal

symmetric polyneuropathy and (7) spontaneous mus-
cle fasciculation, or provoked by percussion. The
condition is now recognised as being secondary to a
variety of causes unrelated to diabetes but which
have a greater frequency in patients with diabetes
than the general population. It includes patients with
chronic inflammatory demyelinating polyneuropathy
(CIDP), monoclonal gammopathy, circulating GM1
antibodies and antibodies to neuronal cells and
inflammatory vasculitis [31, 32]. It was formerly
thought to resolve spontaneously in 1.5 to 2 years
but now, if found to be immune-mediated, can re-
solve within days with immunotherapy. The condition
is readily recognisable clinically with prevailing
weakness of the iliopsoas, obturator and adductor
muscles, together with relative preservation of the
gluteus maximus and minimus and hamstrings [33].
Those people affected have great difficulty rising out
of chairs unaided and often use their arms to assist
themselves. Heel or toe standing is surprisingly
good. In the usual form of diabetic amyotrophy, ax-
onal loss is the predominant process and the condi-
tion coexists with distal symmetric polyneuropathy
(DSPN) [34]. Electrophysiologic evaluation shows
lumbosacral plexopathy [33]. In contrast, if demyeli-
nation predominates and the motor deficit affects
proximal and distal muscle groups, the diagnosis of
CIDP, monoclonal gammopathy of undetermined sig-
nificance (MGUS) and vasculitis should be consid-
ered [35, 36]. Biopsy of the obturator nerve shows de-
position of immunoglobulin, demyelination and in-
flammatory cell infiltrate of the vasa nervorum [37].
Cerebrospinal fluid (CSF) protein content is high
and there is an increase in the lymphocyte count.
Treatment options include: intravenous immunoglob-
ulin for CIDP, plasma exchange for MGUS, steroids
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Fig.3A-C. Loss of cutaneous nerve fibres that stain positive
for the neuronal antigen PGPY.5 in sensory neuropathy.
A Normal density of epidermal nerve fibres (arrows) in back.
B Slightly reduced density and abnormal nerve fibre swellings
(arrows) in proximal thigh. C Complete clearance of nerve fi-
bres in calf

and azathioprine for vasculitis and withdrawal from
drugs or other agents that could have caused a vascu-
litis. It is important to divide proximal syndromes
into these two subcategories because the CIDP vari-
ant responds strongly to intervention [35, 38] whereas
amyotrophy runs its own course over months to
years. Until more evidence is available, they should
be considered as separate syndromes.
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Distal symmetric polyneuropathy (DSPN)

Distal symmetric polyneuropathy (DSPN) is the most
common and widely recognised form of diabetic neu-
ropathy. The onset is usually insidious but occasional-
ly is rapid, following stress or initiation of therapy for
diabetes. It can be either sensory or motor and in-
volve small fibres, large fibres or both [39].

Small-nerve fibre dysfunction usually occurs early
and often is present without objective signs or elec-
trophysiologic evidence of nerve damage [40]. It is
manifested by early lower limbs symptoms of pain
and hyperalgesia in the lower limbs, followed by a
loss of thermal sensitivity and reduced light touch
and pinprick sensation [27]. There is now evidence
that DSPN can be accompanied by loss of cutaneous
nerve fibres that stain positive for the neuronal anti-
gen PGP9.5 [41] (Fig.3) as well as impaired neurovas-
cular blood flow [42] (Fig.4). There are, however, a
variety of ways in which small fibre neuropathies can
present.

Small-fibre neuropathy

Acute painful neuropathy. Some patients develop a
predominantly small-fibre neuropathy, which is mani-
fested by pain and paresthesiae early in the course of
diabetes (Table 1). It can be associated with the onset
of insulin therapy and has been termed “insulin neu-
ritis” [43]. By definition it has been there for less
than 6 months. Symptoms often are exacerbated at
night and are manifested in the feet more than the
hands. Spontaneous episodes of pain can be severely
disabling. The pain varies in intensity and character.
In some patients, the pain has been variably de-

Table 1. Clinical manifestations of small-fibre neuropathies

e Symptoms are prominent. Pain is of the C-fibre type. It is bur-
ning and superficial and associated with allodynia, i.e. interpre-
tation of all stimuli as painful (e.g. touch)

e Late in the condition there is hypoalgesia
e Defective warm thermal sensation

e Defective autonomic function with decreased sweating, dry skin,
impaired vasomotion and blood flow and a cold foot.

e There is remarkable intactness of reflexes, motor strength
¢ Electrophysiologically silent
® Loss of cutaneous nerve fibres using PGP 9.5 staining

¢ Diagnosed clinically by reduced sensitivity to 1.0 g Semmes
Weinstein monofilament and pricking sensation using the Waar-
denberg wheel or similar instrument

® Abnormalities in thresholds for warm thermal perception, neu-
rovascular function, pain, quantitative sudorimetry and
quantitative autonomic function tests.

e Risk is foot ulceration and subsequent gangrene (there are
65,000 amputations in the US each year, 1 every 10 min, 50 % are
preventable!)
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scribed as burning, lancinating, stabbing or sharp.
Paresthesiae or episodes of distorted sensation, such
as pins and needles, tingling, coldness, numbness or
burning often accompany the pain [39]. The lower
legs can be exquisitely tender to touch, with any dis-
turbance of the hair follicles resulting in excruciating
pain. Because pain can be aggravated by repeated
contact of the lower limbs with foreign objects, even
basic daily activities such as sitting at a desk can be
disrupted. Pain often occurs at the onset of the dis-
ease and is often worsened by initiation of therapy
with insulin or sulphonylureas [43].

It can be associated with profound weight loss and
severe depression that has been termed diabetic neu-
ropathic cachexia [44]. This syndrome occurs pre-
dominantly in male patients and can occur at any
time in the course of both Type I and Type II diabe-
tes. It is self-limiting and invariably responds to sim-
ple symptomatic treatment. Conditions such as Fab-
ry’s disease, amyloid, HIV infection, heavy metal poi-
soning (such as arsenic) and excess alcohol consump-
tion should be excluded. It does overlap with the idio-
pathic variety of acute painful small fibre neuropathy
that is also a diagnosis by exclusion [45].

Chronic painful neuropathy. There is another variety
of painful polyneuropathy with onset occurring later,
often years in the course of the diabetes, in which
the pain persists for longer than 6 months and be-
comes debilitating. This condition can result in toler-
ance to narcotics and analgesics and finally to addic-
tion. It is extremely resistant to all forms of interven-

tion, and most frustrating for both patient and physi-
cian.

The mechanism for pain in small-fibre neuropathy
is not well understood. Hyperglycaemia can be a fac-
tor in lowering the pain threshold. The condition can
appear soon after initiation of therapy [43]. A striking
reduction of symptoms can be achieved with the in-
travenous injection of insulin [46]. There is a se-
quence in diabetic neuropathy, which is when nerve
function is good and there is no pain. Progression of
the condition results in nerve dysfunction and pain.
Disappearance of pain does not necessarily reflect
nerve recovery but rather nerve death. When patients
report the loss of pain, progression of the neuropathy
must be excluded by careful examination.

Large-fibre neuropathies

Large-fibre neuropathies can involve sensory or mo-
tor nerves or both. These tend to be the neuropathies
of signs rather than symptoms. Large fibres subserve
motor function, vibration perception, position sense
and cold thermal perception. Unlike the small nerve
fibres these are the myelinated, rapidly conducting fi-
bres that begin in the toes and have their first synapse
in the medulla oblongata. They tend to be affected
first because of their length and the tendency in dia-
betes for nerves to “die back”. Because they are my-
elinated, they are the fibres represented in the elec-
tromyograph and subclinical abnormalities in nerve
function are readily detected. The symptoms can be
minimal; sensation of walking on cotton, floors feel-
ing “strange”, inability to turn the pages of a book or
inability to discriminate among coins.

Most patients with DSPN have, however, a
“mixed” variety of neuropathy with both large and
small nerve fibre damage. In the case of DSPN, a
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Table 2. Clinical presentation of large-fibre neuropathies
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Table 3. Clinical features of autonomic neuropathies

e Impaired vibration perception (often the first objective eviden-
ce) and position sense.

® Depressed tendon reflexes.

* A0 type deep-seated gnawing, dull, like a toothache in the bones
of the feet or even crushing or cramp-like pain.

¢ Sensory ataxia (waddling like a duck).

e Wasting of small muscles of feet with hammertoes (intrinsic
minus feet and hands) with weakness of hands and feet.

e Shortening of the achilles tendon with pes equinus.
¢ Increased blood flow (hot foot).

“glove and stocking” distribution of sensory loss is al-
most universal [27]. Early in the course of the neuro-
pathic process, multifocal sensory loss also might be
found (Table 2). In some patients, severe distal mus-
cle weakness can accompany the sensory loss result-
ing in an inability to stand on the toes or heels. Some
grading systems use this as a definition of severity.

Autonomic neuropathies

Diabetic autonomic neuropathy can involve any sys-
tem in the body. It has been said that to know auto-
nomic neuropathy is to know the whole of medicine.
Involvement of the autonomic nervous system can
occur as early as the first year after diagnosis and ma-
jor manifestations are cardiovascular, gastrointesti-
nal, and genitourinary system dysfunction [27, 47]
(Table 3). Reduced exercise tolerance, oedema, para-
doxic supine or nocturnal hypertension and intoler-
ance to heat due to defective thermoregulation are a
consequence of autonomic neuropathy. Defective
blood flow in the small capillary circulation is found
with decreased responsiveness to mental arithmetic,
cold pressor, hand grip and heating [42]. The defect
is associated with a reduction in the amplitude of va-
somotion [48] resembling premature ageing [42].
There are differences in the glabrous and hairy skin
circulations. In hairy skin a functional defect is found
before the development of neuropathy [49] and is
correctable with antioxidants [50]. The clinical coun-
terpart is a dry cold skin, loss of sweating, develop-
ment of fissures and cracks that are portals of entry
for organisms leading to infectious ulcers and gang-
renes. Silent myocardial infarction, respiratory fail-
ure, amputations and sudden death are hazards for
the diabetic patients with cardiac autonomic neurop-
athy [23, 51]. Therefore, it is vitally important to
make this diagnosis early so that appropriate inter-
vention can be instituted [52].

¢ Cardiovascular
Resting tachycardia
Orthostatic hypotension
Silent myocardial infarction, congestive heart failure and sud-
den death

¢ Gastrointestinal
Gastroparesis
Diarrhoea, constipation

* Genitourinary
Bladder dysfunction
Erectile dysfunction

¢ Peripheral
Gustatory sweating
Pupillary abnormalities
Disturbed neurovascular flow
Oedema

* Metabolic
Hypoglycaemia unawareness, hypoglycaemia unresponsive-
ness

Diagnosis and differential diagnosis of neuropathy

The diagnosis of diabetic neuropathy rests heavily on
a careful history for which a number of question-
naires have been developed by Boulton [4], Dyck
[53], Vinik [54] and others [55, 56]. The initial neuro-
logic evaluation should be directed towards the de-
tection of the specific part of the nervous system af-
fected by diabetes (Fig.5). Bedside neurologic exam-
ination is quick and easy but provides nominal or or-
dinal measures and contains substantial inter-individ-
ual and intra-individual variation. For example, it is
useless to measure vibration perception with a tuning
fork other than one that has a frequency of 128 Hz.
Similarly, using a 10-g monofilament is good for pre-
dicting foot ulceration, as is the Achilles reflex, but
both are insensitive to the early detection of neuropa-
thy and a 1.0-g monofilament increases the sensitivity
from 60 to 90 % [57]. Sensory function must be evalu-
ated on both sides of the feet and hands to be sure not
to miss entrapment syndromes. A Tinel sign is not
only useful for carpal tunnel problems but can be ap-
plied to the ulnar notch, the head of the fibula and be-
low the medial tibial epicondyle for ulnar, peroneal
and medial plantar entrapments, respectively. The
1988 San Antonio conference on diabetic neuropathy
and the 1992 conference of the American Academy
of Neurology [10] recommended that at least one
variable from each of the following five categories
are measured to classify diabetic neuropathy: symp-
tom profiles, neurologic examination, QST, nerve con-
duction study and autonomic function testing. The
least reliable measure is the Neurologic Symptom
Score. The QST and QAFT are objective indices of
neurologic functional status. Combined, these tests
cover vibratory, proprioceptive, tactile, pain, thermal
and autonomic function. Recently, development of a
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Fig.5. Diagnostic diagrams for assessment of neurologic defi-
cit and classification of neuropathic syndrome. NSS, neurolog-
ical symptom score; NDS, nerve disability score; EMG, elec-
tromyography

number of relatively inexpensive devices have al-
lowed suitable assessment of somatosensory func-
tion, including vibration, thermal, light-touch and
pain perception [58]. These types of instruments al-
low cutaneous sensory functions to be assessed non-
invasively and their measurements are correlated
with specific neural fibre function.

The QAFT consist of a series of simple, non-inva-
sive tests for detecting cardiovascular autonomic neu-
ropathy [40, 59]. These tests are based on detection of
heart rate and blood pressure response to a series of
manoeuvres. Specific tests are used in evaluating dis-
ordered regulation of gastrointestinal, genitourinary,
pseudomotor function and peripheral skin blood
flow induced by autonomic diabetic neuropathy [57].

Biopsy of nerve tissue can be helpful for excluding
other causes of neuropathy and in the determination
of predominant pathologic changes in patients with
complex clinical findings as a means of dictating

Anti-GM1-associated DISTAL
MOTOR NEUROPATHY

choice of treatment [34, 60]. Skin biopsy has some
clinical advantages in diagnosis of small-fibre neurop-
athies by quantification of PGP 9.5 when all other
measures are negative [20, 61]. Diabetes as the cause
of neuropathy is diagnosed by exclusion of various
other causes of neuropathy [27, 62].

Management of neuropathy

Once neuropathy is diagnosed, therapy can then be
instituted with the goal of both reducing symptoms
and preventing the progression of neuropathy. Suc-
cessful management of these syndromes must be
geared to the individual pathogenic processes.

Management aimed at pathogenetic mechanisms

Control of hyperglycaemia. Retrospective and pro-
spective studies have suggested a relation between
hyperglycaemia and the development and severity of
diabetic neuropathy. Pirart [63] followed 4,400 dia-
betic patients over 25 years and showed an increase
in prevalence of clinically detectable diabetic neurop-
athy from 12 % of patients at the time of diagnosis of
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diabetes to almost 50 % after 25 years. The highest
prevalence occurred in those people with the poorest
diabetes control. The DCCT research Group [12] re-
ported statistically significant effects of intensive in-
sulin therapy on prevention of neuropathy. The prev-
alence rates for clinical or electrophysiologic evi-
dence of neuropathy were reduced by 50 % in those
treated by intensive insulin therapy during 5 years.
At that stage of the study, only 3% of the patients in
the primary prevention cohort treated by intensive
insulin therapy showed minimal signs of diabetic neu-
ropathy, compared with 10 % of those treated by the
conventional regime (p =0.006). In the secondary
prevention cohort, intensive insulin therapy reduced
the prevalence of clinical neuropathy by 56 % (7 %
in intensive insulin therapy group vs 16 % in conven-
tional therapy group, p < 0.002). The results of the
DCCT study support the necessity for strict glycaemic
control but the effect of insulin as a growth factor and
immunomodulator, apart from its metabolic effects,
must also be investigated. In the UKPDS, control of
blood glucose was associated with improvement in vi-
bration perception [64—66]. In the recently described
Steno trial [67], a reduction of the odds ratio for the
development of autonomic neuropathy to 0.32 was
reported. This was a stepwise, progressive study that
involved treatment of Type II diabetic patients with
hypotensive drugs, including angiotensin-converting
enzyme (ACE) inhibitors, Ca** channel antagonists,
hypoglycaemic agents, aspirin, hypolipidaemic
agents, and antioxidants. These findings argue
strongly for the multifactorial nature of neuropathy
and for the need to address the multiple metabolic
abnormalities.

Aldose reductase inhibitors (ARIs). Aldose reductase
inhibitors reduce the flux of glucose through the poly-
ol pathway, inhibiting tissue accumulation of sorbitol
and fructose and preventing reduction of redox po-
tentials. In a placebo-controlled double-blind study
of Tolrestat, 219 diabetic patients with symmetrical
polyneuropathy, as defined by at least one pathologic
cardiovascular reflex, were treated for 1 year [68]. Pa-
tients who received Tolrestat showed improvement in
autonomic function tests, as well as in vibration per-
ception whereas placebo-treated patients showed de-
terioration in most of the variables measured
(p <0.05) [69]. It has now been shown that there is a
dose-dependent improvement in nerve fibre density,
particularly small unmyelinated nerve fibres, in a 12-
month study of Zenarestat [70]. This was accompa-
nied by an increase in nerve conduction velocity, al-
beit the changes in NCV occurred at a dose of the
drug that did not change the nerve fibre density [70].
Impaired cardiac ejection fractions can be improved
with Zopolrestat [71]. The promise shown with the
newer ARIs is being exploited by at least two other
companies and research studies are being done on
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an array of new ARIs. It is also becoming clear that
aldose reductase inhibition could be insufficient in
its own right to achieve the desirable degree of meta-
bolic enhancement in patients with a multitude of
biochemical abnormalities. Combinations of therapy
with ARIs and antioxidants could become critical if
we are to abate the relentless progress of diabetic
neuropathy.

Alpha-lipoic acid. Lipoic acid (1,2-dithiolane-3-pen-
tanoic acid), a derivative of octanoic acid, is present
in food and is also synthesised by the liver. It is a nat-
ural cofactor in the pyruvate dehydrogenase complex
where it binds acyl groups and transfers them from
one part of the complex to another a-lipoic acid
which, also known as thioctic acid, has generated con-
siderable interest as a thiol replenishing and redox
modulating agent. It has been shown to be effective
in reducing both the somatic and autonomic neuropa-
thies in diabetes [72-74]. It is currently undergoing
extensive trials in the United States as both an antidi-
abetic agent and for the treatment of diabetic neurop-
athy.

Gamma-linolenic acid (GLA). Linoleic acid, an es-
sential fatty acid, is metabolised to dihomo-y-linolen-
ic acid, which serves as an important constituent of
neuronal membrane phospholipids, and also serves
as a substrate for prostaglandin E formation, seem-
ingly important for preservation of nerve blood flow.
In diabetes, conversion of linoleic acid to y-linolenic
acid and subsequent metabolites is impaired, possibly
contributing to the pathogenesis of diabetic neuropa-
thy [75]. A recent multicentre double-blind placebo-
controlled trial using GLA for 1year showed im-
provements in both clinical measures and electro-
physiologic testing (p < 0.05) [76].

Aminoguanidine. Animal studies using aminoguani-
dine, an inhibitor of the formation of advanced glyca-
tion end products (AGE), show improvement in
nerve conduction velocity in streptozotocin-induced
diabetic neuropathy in rats. Controlled clinical trials
to determine its efficacy in humans [77, 78] have
been discontinued because of toxicity. There are,
however, successors to aminoguanidine that hold
promise for this approach [79].

Human intravenous immunoglobulin (i.v. Ig). Im-
mune intervention with i.v. Ig has become appropri-
ate in some patients with forms of peripheral diabetic
neuropathy that are associated with signs of anti-neu-
ronal autoimmunity [35, 38]. Treatment with immu-
noglobulin is well tolerated and is considered safe, es-
pecially with respect to viral transmission [80]. The
major toxicity of i.v. Ig has been an anaphylactic reac-
tion but the frequency of these reactions is now low
and confined mainly to patients with immunoglobulin
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(usually IgA) deficiency. Patients can experience se-
vere headache due to aseptic meningitis, which re-
solves spontaneously. In some instances, it is neces-
sary to combine treatment with prednisone or azathi-
oprine or both. Relapses can occur requiring repeat-
ed courses of therapy.

Neurotrophic therapy. There is now considerable evi-
dence in animal models of diabetes that decreased ex-
pression of nerve growth factor (NGF) and its recep-
tors, e.g. trk A reduces retrograde axonal transport
of NGF and diminishes support of small unmyelinat-
ed neurons and their neuropeptides, such as sub-
stance P and calcitonin gene-related peptide
(CGRP), both potent vasodilators [81-83]. Further-
more, recombinant human NGF (rhNGF) treatment
restores these neuropeptide concentrations towards
normal and prevents the manifestations of sensory
neuropathy in animals [84]. In a 15-centre, double-
blind, placebo-controlled study of the safety and effi-
cacy of rthNGF in 250 subjects with symptomatic
small-fibre neuropathy [16], rhNGF improved the
neurologic impairment score of the lower limbs and
improved the small-nerve fibre function cooling
threshold (Ad-fibres) and the ability to perceive
heat pain (C-fibre) compared with placebo. These re-
sults were consistent with the postulated actions of
NGF on trk A receptors present on small-fibre neu-
rons. This led to two large multicentre studies con-
ducted in the United States and the rest of the world.
Results of these two studies were presented at the
ADA meetings in June 1999 [17]. Regrettably,
rhNGF was not found to have beneficial effects over
and above placebo. The reason for this dichotomy
has not been resolved but this has somewhat damp-
ened the enthusiasm for growth factor therapy of dia-
betic neuropathy.

Management aimed at symptoms

Pain control. Control of pain is one of the most diffi-
cult management issues in diabetic neuropathy. In es-
sence, simple measures are tried first (Fig.6). If no
distinction is made for pain syndromes then the num-
bers needed to treat (NNT) to reduce pain by 50 % is
1.4 for optimal dose tricyclic antidepressants, 1.9 for
dextromethorphan, 3.3 for carbamazepine, 3.4 for
tramadol, 3.7 for gabapentin, 5.9 for capsaicin, 6.7
for selective serotonin re-uptake inhibitors and 10.0
for mexiletine [85]. If pain is, however, divided ac-
cording to its derivation from different nerve fibre
type (Ao vs C-fibre), different types of pain respond
to different therapies (Fig. 6), as described below.

C-fiber pain.
Initially, when there is ongoing damage to the nerves,
patients experience the pain of the burning, lancinat-
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Fig.6. Management of painful diabetic neuropathy

ing, dysesthetic type often accompanied by hyperal-
gesia and allodynia (Table 4). Because the peripheral
sympathetic nerve fibres are also small unmyelinated
C-fibres, sympathetic blocking agents (clonidine) can
lessen the pain. Loss of sympathetic regulation of
sweat glands and A-V shunt vessels in the foot cre-
ates a favourable environment for bacteria to pene-
trate, multiply and wreak havoc with the foot. These
fibres use the neuropeptide substance P as their neu-
rotransmitter and depletion of axonal substance P
(capsaicin) will often lead to lessening of the pain.
When the destructive forces persist, however, the pa-
tient becomes pain free and develops impaired warm
temperature and pain thresholds. Disappearance of
pain in these circumstances should be hailed as a
warning that the neuropathy is progressing.

Capsaicin. Capsaicin is extracted from chilli peppers
and a simple cheap mixture is one to three teaspoons

Table 4. Managing small-fibre neuropathies

e Patients must be instructed on foot care with daily foot inspec-
tion

* They must have a mirror in the bathroom for inspection of the
soles of the feet

¢ Providing patients with a monofilament for self-testing reduces
ulcers

¢ All diabetes patients should wear padded socks

e Shoes must fit well with adequate support and must be inspected
for the presence of foreign bodies (e. g. nails, pins, teeth etc) be-
fore dressing, i.e. examine the feet and the shoes daily

¢ Patients must exercise care with exposure to heat (no falling
asleep in front of fires)

¢ Emollient creams should be used for the drying and cracking

e After bathing feet should be thoroughly dried and powdered
between the toes

¢ Nails should be cut transversely, preferably by a chiropodist
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of cayenne pepper added to a jar of cold cream
which can be applied to the area of pain. It has high
selectivity for a subset of sensory neurons which
have been identified as unmyelinated C-fibre affer-
ent or thin-myelinated (Ad) fibres. Prolonged appli-
cation of capsaicin depletes stores of substance P
and possibly other neurotransmitters from sensory
nerve endings. This reduces or abolishes the trans-
mission of painful stimuli from the peripheral nerve
fibres to the higher centres [86]. Care must be taken
to avoid eyes and genitals and gloves must be worn.
Because of capsaicin’s volatility it is safer to cover
affected areas with plastic wrap. There is initial ex-
acerbation of symptoms followed by relief in 2 to
3 weeks.

Clonidine. There is an element of sympathetic-medi-
ated C-fibre type pain that can be overcome with
clonidine (a,-adrenergic agonist) or phentolamine.
Clonidine can be applied topically [87] but the dose ti-
tration can be more difficult. If clonidine fails, the lo-
cal anaesthetic agent, mexiletine warrants a trial. Un-
responsive patients are treated as outlined in Fig. 6.

AOJ-fibre pain.

Ao-fibre pain is a more deep-seated, dull and gnaw-
ing ache, which often does not respond to the mea-
sures described previously. A number of different
agents have been used for the pain associated with
these fibres with varying success.

Insulin. Continuous intravenous insulin infusion
without resort to lowering blood glucose concentra-
tion can be useful in these patients. A response with
reduction of pain usually occurs within 48 h [46] and
the insulin infusion can be discontinued. If this mea-
sure fails there are several medications available that
can abolish the pain.

Nerve blocking. Lidocaine, given by slow infusion,
has been shown to provide relief of intractable pain
for 3 to 21 days. This form of therapy can be of most
use in self-limited forms of neuropathy. If successful,
therapy can be continued with oral mexiletine. These
compounds target the pain caused by hyperexcitabili-
ty of superficial, free nerve endings [88].

Tramadol and dextromethorphan. There are two pos-
sible targeted therapies. Tramadol is a centrally act-
ing analgesic for use in treating moderate to severe
pain. It has recently been reported to provide pain re-
lief in diabetic neuropathy [89]. Another spinal cord
target for pain relief is the excitatory glutaminergic
N-methyl-p-aspartate (NMDA) receptor. Blockade
of NMDA receptors is believed to be one mechanism
by which dextromethorphan exerts analgesic efficacy
[90]. An accomplished pharmacist can procure a sug-
ar-free solution of dextromethorphan.
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Antidepressants. Clinical trials have focused on inter-
rupting pain transmission using antidepressant drugs
that inhibit the re-uptake of norepinephrine or sero-
tonin. This central action accentuates the effects of
these neurotransmitters in activation of endogenous
pain-inhibitory systems in the brain that modulate
pain-transmission cells in the spinal cord [91]. Side ef-
fects, including dysautonomia and dry mouth, can be
troublesome. Switching to nortriptyline can lessen
some of the anticholinergic effects of amitriptyline.

Carbamazepine. Several double-blind placebo-con-
trolled studies have shown carbamazepine to be ef-
fective in the management of pain in diabetic neurop-
athy [27]. Toxic side effects can limit its use in some
patients. It is, however, very useful for those patients
with lightning or shooting pain.

Phenytoin. Diphenylhydantoin has long been used in
the treatment of painful neuropathies. Double-blind
cross-over studies do not show a therapeutic benefit
of phenytoin compared with placebo in diabetic neur-
opathy [92]. Also, side effects mitigate its use in peo-
ple with diabetes. Its ability to suppress insulin secre-
tion has resulted in precipitation of hyperosmolar di-
abetic coma.

Gabapentin. Gabapentin is an effective anticonvul-
sant whose mechanism is not well understood, yet
holds additional promise as an analgesic agent in
painful neuropathy [93]. In a multicentre study in
the United States [94], gabapentin monotherapy
seemed to be efficacious for the treatment of pain
and sleep interference associated with diabetic pe-
ripheral neuropathy. It also has positive effects on
mood and quality of life [95].

Transcutaneous nerve stimulation (electrotherapy).
Transcutaneous nerve stimulation (electrotherapy)
occasionally can be helpful and is certainly one of
the more benign therapies for painful neuropathy
[96]. Care should be taken to move the electrodes
around to identify sensitive areas and obtain maxi-
mum relief.

Analgesics. Analgesics are rarely of much benefit in
the treatment of painful neuropathy, although they
can be of some use on a short-term basis for some of
the self-limited syndromes, such as painful diabetic
third-nerve palsy. Use of narcotics in the setting of
chronic pain generally is avoided because of the risk
of addiction.

Calcitonin. In a placebo-controlled study, ten patients
with painful diabetic neuropathy were treated with
100 U of calcitonin a day. About 39 % of the patients
had near-complete relief of symptoms. The improve-
ment was seen after only 2 weeks of treatment [97].
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Table 5. Management of large-fibre neuropathies

e Gait and strength training

¢ Pain management as detailed above

¢ Orthotics should be fitted with proper shoes for the deformities
e Tendon lengthening for Achilles tendon shortening

¢ Bisphophonates can be given for osteopenia

e Surgical reconstruction and full length casting as necessary

Management of large-fibre neuropathies

Patients with large-fibre neuropathies are incoordi-
nate and ataxic. As a result, they are more likely to
fall than non-neuropathic age-matched people [98].
It has recently been shown that high-intensity strength
training in older people increases muscle strength in a
variety of muscles. More importantly, the strength
training resulted in improved coordination and bal-
ance quantifiable with backward tandem walking [99]
(Table 5). Thus it is vital to embark on a programme
of strength training and improvement of balance.

Management of autonomic neuropathy

Prevention and reversibility of autonomic neuropathy.
It has now become clear that strict glycaemic control
[13] and a stepwise progressive management of hy-
perglycaemia, lipids, blood pressure and use of anti-
oxidants [73] and ACE inhibitors [100] reduce the
odds ratio for autonomic neuropathy to 0.32 [67]. It
has also been shown that mortality is a function of
loss of beat-to-beat variability with MI. This can be
reduced by 33 % with short-term treatment with insu-
lin [101]. Successful pancreas transplantation has
been reported to improve epinephrine response and
restore hypoglycaemia symptom recognition to nor-
mal in patients with long-standing diabetes and estab-
lished autonomic neuropathy [102]. In patients with
early cardiac autonomic neuropathy a reversible met-
abolic component of this neuropathy has been shown
to exist [103].

Postural hypotension.

The syndrome of postural hypotension is posture-re-
lated dizziness and syncope. Patients who have Type
IT diabetes and orthostatic hypotension are hypo-
volaemic and have sympathoadrenal insufficiency;
both factors contribute to the pathogenesis of orthos-
tatic hypotension [104]. Postural hypotension in the
patient with diabetic autonomic neuropathy can pre-
sent a difficult management problem. Increasing the
blood pressure in the standing position must be bal-
anced against preventing hypertension in the supine
position.
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Supportive garments. Whenever possible, attempts
should be made to increase venous return from the
periphery using total body stockings. Leg compres-
sion alone is, however, less effective, presumably re-
flecting the large capacity of the abdomen relative to
the legs [105]. Patients should be instructed to put
them on while lying down and not remove them until
returning to the supine position.

Drug therapy. Some patients with postural hypoten-
sion can benefit from treatment with 9-aflurohydro-
cortisone. Unfortunately, symptoms do not improve
until oedema occurs, and there is a risk of develop-
ing congestive heart failure and hypertension. If flu-
orohydrocortisone does not work satisfactorily, vari-
ous adrenergic agonists and antagonists can be used.
If the adrenergic receptor status is known, then ther-
apy can be guided to the appropriate agent. Meto-
clopramide can be helpful in patients with dopamine
excess or increased sensitivity to dopaminergic stim-
ulation. Patients with a,-adrenergic receptor excess
might respond to the a,-antagonist yohimbine.
Those few patients in whom f-receptors are in-
creased can be helped with propranolol. A deficien-
cy of a,-adrenergic receptor can be treated with the
o,-agonist, clonidine, which in this setting can para-
doxically increase blood pressure. Small doses
should be given to start with and the dose increased
gradually. If the preceding measures fail, midodrine,
an oy-adrenergic agonist or dihydroergotamine in
combination with caffeine might help. A particularly
refractory form of postural hypotension occurs in
some patients postprandially and can respond to
therapy with octreotide given subcutaneously in the
mornings.

Gastropathy.

Gastrointestinal motor disorders are frequent and
widespread in Type II diabetic patients, regardless of
symptoms [106] and there is a poor correlation be-
tween symptoms and objective evidence of a func-
tional or organic defects. The first step in manage-
ment of diabetic gastroparesis consists of multiple,
small feedings. The amount of fat should be de-
creased because it tends to delay gastric emptying.
Maintenance of glycaemic control is important [107,
108]. Metoclopramide can be used. Cisapride and
domperidone [109, 110] has been shown to be effec-
tive in some patients, although probably no more so
than metoclopramide. Erythromycin given as either
a liquid or suppository also can be helpful. Erythro-
mycin acts on the motilin receptor, “the sweeper of
the gut”, and shortens gastric emptying time [111]. If
medications fail and severe gastroparesis persists, je-
junostomy placement into normally functioning bow-
el could be needed.
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Enteropathy.

Enteropathy involving the small bowel and colon can
produce both chronic constipation and explosive dia-
betic diarrhoea, making treatment of this particular
complication difficult.

Antibiotics. Stasis of bowel contents with bacterial
overgrowth can contribute to the diarrhoea. Treat-
ment with broad-spectrum antibiotics is the mainstay
of therapy, including tetracycline or trimethoprim
and sulphamethoxazole. Metronidazole seems to be
the most effective and should be continued for at
least 3 weeks.

Cholestyramine. Retention of bile can occur and can
be highly irritating to the gut. Chelation of bile salts
with cholestyramine 4 g three times a day mixed
with fluid can offer relief of symptoms.

Diphenoxylate plus atropine. Diphenoxylate plus
atrophine can help to control the diarrhoea. Toxic
megacolon can, however, occur and extreme care
should be used.

Diet. Patients with poor digestion can benefit from a
gluten-free diet. Beware of certain fibres in the neu-
ropathic patient that can lead to bezoar formation be-
cause of bowel stasis in gastroparetic or constipated
patients.

Cystopathy.

Patients with neurogenic bladder should be instruct-
ed to palpate their bladders and, if they are unable
to initiate micturition when their bladders are full,
use Crede’s manoeuvre to start the flow of urine.
Parasympathomimetics such as bethanechol are
sometimes helpful, although they frequently do not
help to fully empty the bladder. Extended sphincter
relaxation can be achieved with an a;-blocker, such
as doxazosin [27]. Self-catheterisation can be particu-
larly useful in this setting, with the risk of infection
generally being low.

Sexual dysfunction.

Erectile dysfunction (ED) occurs in 50-75% of dia-
betic men and it tends to occur at an earlier age than
in the general population. The incidence of ED in di-
abetic men aged 20-29 years is 9 % and increases to
95 % by age 70. It can be the presenting symptom of
diabetes. More than 50% notice the onset of ED
within 10 years of the diagnosis but it can precede
the other complications of diabetes. The aetiology of
ED in diabetes is multifactorial. Neuropathy, vascu-
lar disease, diabetes control, nutrition, endocrine dis-
orders, psychogenic factors as well as drugs used in
the treatment of diabetes and its complications play
a part [112, 113]. The diagnosis of the cause of ED is
made by a logical stepwise progression [112, 113] in
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all instances. An approach to therapy has recently
been presented [112, 114].

Gustatory sweating.

Gustatory sweating is more common than previously
believed and topically applied glycopyrrolate is very
effective treatment in reducing both the severity and
frequency [115, 116].

Diabetic neuropathies: prospects for the future

Management of diabetic neuropathy encompasses a
wide variety of therapies. Treatment must be adjust-
ed individually in a manner that addresses the par-
ticular manifestation, underlying pathogenesis, of
each patient’s unique clinical presentation, without
subjecting the patient to untoward medication ef-
fects. There are new areas being explored in an at-
tempt to enhance blood flow through vasa ner-
vorum, such as the prostacyclin analogue beraprost,
blockade of thromboxane A, and drugs that restore
Na/K-ATPase activity to normal such as cilostazol,
a potent phosphodiesterase inhibitor, and a-lipoic
acid. These have, however, not reached the clinical
area.

Summary

Diabetic neuropathy is a common complication of di-
abetes that is often associated both with considerable
morbidity and mortality. The epidemiology and natu-
ral course of diabetic neuropathy is clouded with un-
certainty, largely due to confusion regarding the defi-
nition and measurement of this disorder.

The recent resurgence of interest in the vascular
hypothesis, oxidative stress, the neurotrophic hypoth-
esis and the possibility of the role of autoimmunity
have opened up new avenues of investigation for
therapeutic intervention. Paralleling our increased
understanding of the pathogenesis of diabetic neur-
opathy, there must be refinements in our ability to
measure quantitatively the different types of defects
that occur in this disorder, so that appropriate thera-
pies can be targeted to specific fibre types. These
tests must be validated and standardised to allow
comparability between studies and a more meaning-
ful interpretation of study results. Our ability to man-
age successfully the many different manifestations of
diabetic neuropathy depends ultimately on our suc-
cess in uncovering the pathogenic processes underly-
ing this disorder.
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