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Summary. Previous study have reported a significant
improvement of peripheral neuropathy following
combined pancreas and kidney transplantation attributed
to improvement of blood glucose control by some
authors and to elimination of uraemia by others. To
asses the specific role of uraemia and hyperglycaemia in
neuropathy, 16 diabetic uraemic patients with combined
pancreas and kidney transplantation were compared to 9
diabetic patients with a renal graft only.
Neurophysiological studies of peripheral neuropathy
included ulnar and deep peroneal nerve motor
conduction velocity, median and sural nerve sensory
conduction velocity were performed at baseline and 1
and 2 years after transplantation. One year after
transplantation mean mnerve conduction velocity
significantly improved in both groups. However,
changes were statistically significant in the kidney-
pancreas group only. At the 2 year follow-up nerve
conduction velocity had increased further in the pancreas-
kidney group only. These data suggest that
improvement of nerve conduction velocity following
pancreas and kidney transplantation is predominantly
due to the long-term euglycaemic state.
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Introduction

In spite of important recent advances in experimental
and clinical studies, the cause of diabetic neuropathy is
still unknown. Vascular, metabolic, neurotrophic and
immunological mechanisms have been proposed
(Thomas 1990) but none of the pathogenic hypotheses
can explain the wide range of peripheral nerve
abnormalities observed in patients with diabetes
mellitus. Hyperglycaemia is a salient manifestation of

diabetes: the  possible  correlation  between
hyperglycaemia and peripheral neuropathy therefore
constitutes a major problem.

In rats with experimental diabetes early correction of
hyperglycaemia by insulin therapy prevents the
slowing of nerve conduction; however, the reduced
nerve conduction velocity in animal models cannot be
considered a good model of human diabetic neuropathy.
These early changes observed in experimental diabetes
are probably similar to the acute changes of nerve
conduction velocity observed in diabetic patients at
onset of the disease (Ward 1971). These
abnornormalities are rapidly reversible with the
correction of hyperglycaemia and they do not relate to
the future development of peripheral neuropathy (Comi
1986).

In patients with established peripheral neuropathy
both nerve conduction velocity and vibration sense have
been reported as improving under strict metabolic
control (Boulton 1981; Service 1985).

Successful pancreas transplantation determines a
normoglycemic state as long as the graft remains
functional. If hyperglycaemia is a causal factor of
diabetic peripheral neuropathy an improvement of nerve
function shold be seen after successful pancreas graft.
Results of previous studies seem to confirm an
improvement in diabetic peripheral neuropathy after
pancreas transplantation (Van Der Vliet 1988; Landgraf
1986; Secchi 1990). Uraemia seems to play a minor
role comapared to diabetes in the aetiology of
neuropathy (Van Der Vliet 1988; Mitz 1984).
Nevertheless, in a recent study (Solders 1987) it has
been suggested that the improvement in nerve
conduction after combined pancreas and kidney
transplantation was probably due to the elimination of
uraemia.

Below we will present neurological follow-up data
in 16 Type I diabetic patients with well functioning
combined pancreas and kidney transplantation. These
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patients were compared with 9 diabetic patients
receiving a kidney graft only.

Subjects and methods

Sixteen Type I diabetic patients (group KP), 9 male and 7 female,
who retained a functioning combined kidney and pancreas transplant
were examined prior to and 1 year after transplantation. Among them,
twelve patients had a follow-up of two years . The mean age of the
patients at the time of transplant was 38.1 years (SD 7.2); mean
duration of the disease was 25.1 years (SD 6.2) and the mean duration
of dialisys was 19.9 months (SD15.9). Patient management has been
described in full elsewhere (Pozza 1991).

The control group consisted of 9 Type I diabetic patients with a
functioning kidney graft (K group): 4 males and 5 females. The mean
age of this group was 38.8 years (SD 7.3); the mean duration of
diabetes was 23.1 yrs (SD 4.0) and the mean duration of dialisys
before transplantation 19 months (SD 14.5). This group of patients
was examined before and 1 year after transplantation; 6 out of 9
patients were also examined at 2-year follow-up

Patient Evaluation. Nerve conduction studies were performed at a
constant cutaneous temperature of 33 °C, under automatic control
with a DISA type 15 H 02 temperature regulator system.

Motor nerve conduction velocity (MCV) was measured in the right
ulnar and deep peroneal nerve. The amplitude of the evoked muscle
action potential (MAP) was recorded from the hypothenar and
digitorum brevis muscles, respectively.

The antidromic senmsory nerve conduction velocity (SCV) was
measured in the median nerve (elbow-wrist and wrist-forefinger tracts)
and in the sural nerve (calf-ankle tract). The sensory action potential
(SAP) was also measured. When an evoked motor or sensory response
was not obtained after nerve stimulation the values of the parameters
were considered as missing values.

The degree of alteration of motor and sensory nerve conduction
velocity in each patient was expressed as an index (NCV index). It
was calculated by adding the deviation, expressed in SD, of each of the
S nerve conduction velocity values from normal age-matched
laboratory subjects and dividing the sum of  these deviations by 5.
Severity of symptoms of autonomic and peripheral neuropathy were
measured with a conventional score.

Statistical analysis. The paired Student i-test was used in the
statistical analysis of the clinical and electrophysiological data.

Results

Insulin was discontinued within the first weeks after
surgery in all the patients receiving a combined kidney
and pancreas transplant. Mean levels of glycosylated
haemoglobin and serum creatinine 1 and 2 years after
transplantation in the two groups of patients are
reported in Table 1.

Table.1l
Metabolic data

KP K
n 12 6
HbAI1C%%
baseline 66 + 1.7 72 211
1 year 59 £07 72 + 0.6
2 year 59 + 1.1 72 + 1.1

2 yalues are mean + SD. Normal values = 3.5-6%
KP= simulatneous kidney and pancreas transplantation
K= Kidney transplantation alone

Before transplantation all patients in both groups
showed symptoms and/or signs of peripheral
neuropathy and alterations of two or more nerve
conduction parameters.

Symptoms of autonomic neuropathy were mentioned
by 10 patients of the group with combined kidney and
pancreas transplantation and by 6 patients with kidney
transplantation only.

One year after transplantation the mean variation of

the peripheral neuropathy symptom score was - 3.2 (
SEM 0.8) in patients with combined transplantation
and - 20 (SEM 1.1) in patients with kidney
transplantation only; the difference between groups was
not significant.
One year after transplantation symptoms of autonomic
neuropathy improved in patients with combined
transplantation (mean score - 1.6 SEM 0.6) but not in
patients with kidney transplantation only (mean score +
0.1 SEM 0.3); the difference between groups was
statistically significant (p < 0.01).

Before transplantation the mean values of NCV and
MAP and SAP amplitude were below the normal range.
At 1 year after transplantation the mean MCV and SCV
of all nerves significantly improved in both groups,
however changes were statistically significant in the
KP group only ( Table 2). The mean MAP and SAP
amplitudes increased slightly in both groups: changes
were not statistically significant.

Table 2
Nerve conduction velocity values in diabetic patients before and at

1 year after simultaneous kidney and pancreas transplantation
(KP 16 patients) and kidney transplantation alone ( K 9 patients)

baseline 1 year p
m/sec  SD m/sec  SD

Sural nerve

scv
KP 360 33 405 47 a
K 384 32 400 46 ns

Median nerve

SCV (w-f)
KP 391 58 447 47 b
K 436 43 462 67 s

Median nerve

SCV (e-w)
KP 487 3.6 54.9 4.7 b
K 520 26 55.9 53 ns

Peroneal nerve

MCV
KP 332 65 37.8 8.1 a
K 370 43 39.1 31 ns
Ulnar nerve
MCV
KpP 48.1 4.4 51.8 5.1 a
K 493 29 50.4 23 ns

Values are mean+ SD. SCV = sensory conduction velocity; MCV =

motor conduction velocity; w-f = wrist-finger; e-w = elbow-wrist;
paired t-test: a = vs basal (a p<0.05; b p<0.01)
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At 2 years after combined transplantation there was a
further increase in mean MCV and SCV of all
examined nerves: changes were significant for sural
nerve SCV and median nerve SCV in the elbow-wrist
tract (Table 3). In the K group mean nerve conduction
values were unmodified.

Table.3

Nerve conduction values in diabetic patients before and at 1 and 2 years
after simulatneous kidney and pancreas transplantation (KP 12 pts) and

kidney transplantation alone (K 6 pts)

baseline 1year 2years
m/sec SD m/sec  SD m/sec SD
Sural Nerve
SCv
KP 36.4 3.0 4012 32 415230
K 371 52 36.3 19 38.7€2.0
Median N
SCV (w-f)
KP 392 64 440° 53  458b84
K 432 29 45732 27 479 43
Median N
SCV (ef)
KP 48.2 4.0 sa7d 52 575027
K 51.6 1.5 56.2 4.5 5572 1.9
Peroneal N
MCV
KP 31.9 72 35.6 72 37.12 6.0
K 36.7 5.1 383 4.5 384 4.1
Ulnar N
MCV
KP 48.5 4.6 51.9 51 525244
K 49.2 3.7 49.6 3.0 506 3.0

Values are mean+SD. SCV= sensory conduction velocity; MCV= motor
conduction velocity; w-f= wrist-finger; e-w= elbow-wrist; paired t-test: a=

vs basal (p<0.05; bp<0.01); c= vs 1 year (p<0.05).

NCV index before transplantation was significantly
lower in the KP group compared with the K group; the
difference between the two groups was reduced 1 year
after transplantation and non-existent 2 years after
transplantation (Fig. 1). Both groups showed a
significant improvement in NCV index at 1 year after
transplantation; the improvement continued in the KP
group but not in the K group at 2 years (Fig. 2).
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Nerve conduction velocity index in Type 1 (insulin-dependent) diabetic
uraemic patients after simultaneous pancreas and kidney ( 51
nerves) or kidney ( 28 nerves) transplantation. Upper panel
values before transplantation (p= 0.05); medium panel values 1 year
after transplantation (p= ns); lower panel values 2 years after

transplantation (p=ns)
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Improvement in nerve conduction velocity index in Type 1 (insulin-
dependent) uraemic patients after simultaneous pancreas and kidney
transplantation ( O KP: 51 nerves) or kidney transplantation
( @ K:28 nerves) 1 and 2 years after surgery (KP basal vs 1
year: p<0.001, 1 year vs 2 years: p<0.001; K basal vs 1 year:
p<0.01, 1 year vs 2 years: p=ns)



$106 G. Comi et al.: Follow-up of diabetic neuropathy after kidney and pancreas transplantation

Discussion

In this neurophysiological prospective study during a 2-
year follow-up period, diabetic patients with a
successful combined kidney-pancreas transplantation
were compared to diabetic patients with successful
kidney transplantation to evaluate the effects on
peripheral neuropathy. An improvement in nerve
conduction parameters was evident in both groups.
However , in patients with combined kidney and
pancreas transplantation, nerve conduction velocity
continued to increase during the second year of follow-
up while in patients with kidney transplantation alone,
nerve conduction velocity increased only in the first
year after transplatation. Moreover, even during the
first year after transplantation neurophysiological
changes were more obvious in patients with combined
kidney and pancreas transplantation. Our results differ
partially from the results of Solders et al. (1987) who
found the same improvement of peripheral neuropathy
in diabetic patients who underwent simultaneous
kidney and pancreatic transplantation and in diabetic
patients who underwent kidney transplantation alone.

These authors concluded that the improvement in
peripheral nerve function in patients with diabetic
neuropathy after renal and pancreatic transplantation is
due to the elimination of uraemia.

Our results suggest that the elimination of uraemia
can contribute to  improvement of the peripheral
neuropathy only in the period immediately following
the combined kidney and pancreas transplantation; nerve
function subsequently continues to improve only as a
consequence of a persistent normoglycaemic state.

Kennedy et al. (1990) published results very similar
to ours: in patients who received pancreatic transplant
followed-up for 42 months, motor and sensory indexes
improved especially at the 12-month examination, The
improvement in peripheral nerve function was observed
also in patients without kidney transplantation.

The minor importance of uraemia compared to
diabetes in the aetiology of neuropathy in diabetic
uraemic patients is also supported by the demostration
by Van Der Vliet et al. (1988) that nerve conduction
values remained unchanged for as long as 10 years after
kidney transplantation. Patients examined by these
authors had severe slowing of nerve conduction which
could have halted the positive effects of the elimination
of uraemia.

A certain role, even if minor, of uraemia in peripheral
nerve dysfunction in diabetic uraemic patients is also
suggested by the improvement in peripheral neuropathy
in non-diabetic uraemic patients after renal
transplantation (Nielsen 1974, Bolton 1976).

The clinical relevance of the observed changes of
nerve conduction velocity following pancreas
transplantation is unclear; symptoms of  autonomic
and peripheral neuropathy improved in our patients.
Quantitative sensory tests and cardiovascular autonomic

tests were  performed in a few cases: these tests did not
change appreciably as reported by others (Solders
1987, Kennedy 1990). As suggested by Kennedy et al.
(1990) the subjective improvement in sensation and
endurance could be due to the improvement in the
quality of life and to the psychotropic effects of
steroids.

What is relevant is that after pancreas transplantation
we did not observe progression of peripheral
neuropathy or acute episodes of neuropathy. Changes of
nerve conduction velocity in diabetic neuropathy can
simply reflect functional changes in nerve fibers, a
phenomenon that is frequently observed at the onset of
diabetic disease (Ward 1971). The only
neurophysiological evidence of nerve fiber regeneration
is an increase in the amplitude of motor and sensory
action potentials: in our study, as in others (Solders
1987, Kennedy 1990) amplitude of the action potentials
increased slightly and only in the upper extremity.
These data suggest that nerve fiber regeneration could
occur in less damaged nerves. Only long-term follow-
up studies will clarify the exact role of pancreas
transplantation in the treatment of diabetic neuropathy.
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