
Diabetic polyneuropathy is a common chronic com-
plication of diabetes mellitus, with a prevalence of
37% among insulin-dependent diabetic (IDDM) pa-
tients 18 years after disease onset [1]. Sensory and
motor nerve impairment favour the development of
neuropathic ulcers, which can lead to gangrene and
amputations. Tight metabolic control can prevent
the development of this complication, although its

effect on established diabetic polyneuropathy has
not been convincingly defined, even in large cohort
studies like the Diabetes Control and Complications
Trial (DCCT) [1]. Moreover, several pharmacological
treatments proposed when this complication is al-
ready established are inconclusive. Our study shows
the effects of tight metabolic control provided by
pancreas transplantation (Tx) on nerve conduction
velocity (NCV) in diabetic patients with severe dia-
betic polyneuropathy.

We report our findings in five IDDM patients who
underwent successful kidney/pancreas Tx. Both or-
gans functioned for at least 2 years, then pancreas
graft function was lost, while kidney graft function
was unaltered. Each patient served as their his/her
control.
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Summary Diabetic polyneuropathy is a common,
disabling chronic complication of diabetes mellitus.
Previous studies have suggested that combined pan-
creas-kidney transplantation can ameliorate nerve
conduction. The relative contribution of the correc-
tion of hyperglycaemia and uraemia on nerve func-
tion is still a matter of debate. Nerve conduction ve-
locity (NCV) was assessed before and after simulta-
neous pancreas and kidney transplantation, and be-
fore and after pancreas graft failure in five insulin-
dependent diabetic (IDDM) patients affected by se-
vere diabetic polyneuropathy. Sensory and motor
NCV were recorded in five nerves and expressed as
a cumulative index for each patient. Metabolic con-
trol was evaluated by fasting blood glucose and gly-
cosylated haemoglobin levels. NCV index was below
normal values before transplant: –3.8 ± 0.7 (normal
value: 0.89), improved 1 and 2 years after transplant:
–3.1 ± 1.3 and –2.6 ± 0.9 (p = 0.0019), stabilised until

pancreas failure and deteriorated to pre-transplant
values 2 years after pancreas graft failure: –3.6 ± 1.0
(p = 0.034). Fasting blood glucose levels worsened
after pancreas graft failure. HbA1 c levels, in the nor-
mal range during functioning pancreas graft
(6.6 ± 0.6%), deteriorated after its failure
(8.0 ± 0.6%, p = 0.04). Kidney function was pre-
served. These data support a positive effect of pan-
creas transplantation per se on NCV in IDDM sub-
jects with diabetic polyneuropathy, thus demonstrat-
ing that metabolic control provided by a self-regulat-
ed source of insulin not only halts but also amelio-
rates nerve function, even if polyneuropathy is ad-
vanced. [Diabetologia (1997) 40: 1110–1112]

Keywords IDDM, diabetic polyneuropathy, pancreas
transplantation, kidney transplantation, metabolic
control.

Received: 14 May 1997 and in revised form: 12 June 1997

Corresponding author: S. Martinenghi, M. D., DIBIT 2A2, San
Raffaele Scientific Institute, Via Olgettina 58, I-20132, Milan,
Italy
Abbreviations: IDDM, Insulin-dependent diabetes mellitus;
Tx, transplantation; NCV, nerve conduction velocity.



Subjects and methods

Subjects. Among 93 uraemic IDDM patients who received a
kidney and pancreas Tx at our institution, 5 patients were stud-
ied. Only 5 of the 93 patients had all the characteristics neces-
sary for the study: both pancreas and kidney grafts functioning
for at least 2 years; subsequent failure of the pancreas graft
only while retaining a good renal function, the kidney graft
functioning for at least 2 years after pancreas failure; compli-
ance of the patient. Age, IDDM and dialysis duration were,
respectively: 37.2 ± 5.2 years, 24.6 ± 5.3 years and 13.0 ±
9.0 months. All patients were affected by severe diabetic poly-
neuropathy and retinopathy as defined by an electrophysiolog-
ical and fluorangiographic study and a clinical evaluation by a
neurologist and an ophthalmologist.

Methods: In each case a segmental, neoprene duct-injected [2]
pancreas graft was performed simultaneously to a kidney Tx
from a cadaveric, ABO-matched donor. Patients received the
same immunosuppressive treatment (antilymphocyte immu-
noglobulin 4250 lymphocytotoxic units 10 kg body weight:over
10–14 days, Cyclosporine A 7.5–9 mg ⋅ kg–1 ⋅ day–1, azathio-
prine 150 mg/day and prednisone 1 mg ⋅ kg–1 ⋅ day–1 tapered to
10 mg/day). Nerve function was evaluated as NCV. Sensory
NCV was recorded in the sural and in the proximal and distal
median nerves, and motor NCV in the deep peroneal and ulnar
nerves. Measurements were made before and at yearly inter-
vals after Tx and before and yearly after pancreas failure. The
degree of alteration of motor and sensory NCV in each patient
was expressed as an index (NCV index). It was calculated by
adding the deviation, expressed in SD, of each of the five nerve
conduction velocity values from normal age-matched labora-
tory subjects and dividing the sum of these deviations by 5 [3].
The mean ± SD for this normal population for each of the
nerves studied is given in Table 1. The normal limit in this pop-
ulation (p < 0.05) was 2 SD from the normal value, i. e. ± 2 √n
of recorded variables, in this study ± 0.89. The evolution of dia-
betic polyneuropathy was not assessed clinically after Tx, al-
though all patients reported a clinical improvement in neuro-
pathic symptoms – namely numbness and paraesthesia. Fasting
blood glucose, glycosylated haemoglobin (HbA1 c), serum cre-
atinine and cyclosporine levels were recorded at the same in-
tervals. Blood cyclosporine levels were evaluated by radioim-
munoassay. Pancreas graft failure was defined clinically as a
fasting blood glucose level higher than 6.6 mmol/l on repeated
measurements. Pancreas graft biopsy was not performed at
pancreas failure because it would have been hard to interpret
in segmental, neoprene-injected pancreas.

Statistical analysis. Data were compared by the two-tailed Stu-
dent’s t-test; a p value of 0.05 or less was considered statistical-
ly significant.

Results

All patients were insulin-independent following kid-
ney and pancreas Tx, with normal fasting blood glu-
cose levels and HbA1 c concentrations (see Table 2).
Cyclosporine levels were in the therapeutic range
throughout the study period. The pancreas graft failed
4.8 ± 1.9 years after Tx (range: 2–6), whereas a good
renal function was maintained during the whole fol-
low-up in all patients. Functional exhaustion was pos-
tulated as the most likely cause of loss of pancreatic
function in four patients; in one case anti-beta-cell au-
toantibodies recurred. All the patients resumed exo-
genous insulin therapy after pancreas failure. Despite
insulin treatment, HbA1 c deteriorated after pancreas
failure, probably because of the concomitant adminis-
tration of steroids. Creatinine values were not signifi-
cantly different before and after pancreas failure.
NCV index, largely compromised before kidney and
pancreas Tx, improved significantly 2 years after Tx,
and stabilised until pancreas failure, although remain-
ing far below the normal value. After pancreas failure,
the NCV index rapidly deteriorated, reaching pre-Tx
values 2 years after failure (Table 2).

Discussion

A functioning pancreas graft represents a self-regu-
lated source of insulin and can restore euglycaemia
and normal HbA1 c levels [4–6].

It is so far the only substitutive means of obtaining
a physiologic, near-normal regulation of glucose me-
tabolism in IDDM patients and its effects on long-
term diabetic complications have been studied exten-
sively. A positive effect of tight metabolic control
attained by pancreas transplantation on diabetic
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Table 1. Nerve conduction velocity in the five nerves studied (m/sec)

Nerve Baseline 1 year 2 years post Tx Pancreas
graft failure

1 year 2 years post
pancreas graft failure

Transplant patients
Sural 37.6 ± 2.9 38.9 ± 4.0 39.8 ± 4.2 39.4 ± 6.6 37.8 ± 7.3 38.0 ± 7.8
Distal median 37.9 ± 7.6 44.9 ± 5.4 43.0 ± 9.9 40.6 ± 9.4 39.5 ± 8.7 41.8 ± 1.2
Proximal median 47.8 ± 4.7 54.0 ± 6.5 56.5 ± 2.9 54.0 ± 2.9 51.3 ± 3.3 41.8 ± 14.6
Peroneal 31.2 ± 8.7 34.8 ± 10.4 37.3 ± 8.3 39.0 ± 8.1 37.4 ± 5.3 37.2 ± 5.8
Ulnar 49.1 ± 4.9 51.0 ± 5.5 52.1 ± 5.9 51.9 ± 7.0 51.0 ± 9.3 49.0 ± 8.7

Normal population
Sural 52.3 ± 3.7
Distal median 55.2 ± 5.3
Proximal median 64.9 ± 4.7
Peroneal 51.0 ± 3.3
Ulnar 60.5 ± 4.6

Data are mean ± SD



polyneuropathy has been suggested by studies com-
paring kidney and pancreas to kidney only grafted di-
abetic patients or to IDDM patients. In these reports,
neuropathy showed a continuous improvement in
kidney and pancreas transplanted patients. However,
it has been reported that neurophysiological tests
tend to worsen in a control group of IDDM non-
transplanted patients, or stabilise after an initial im-
provement in diabetic kidney transplanted patients
or show no improvement in kidney and pancreas
transplanted patients with early rejection of the pan-
creas [3, 7–9]. In order to discriminate between the
contribution of the two grafted organs on nerve func-
tion, the ideal control group would be represented by
kidney and pancreas grafted patients with function-
ing pancreas graft but failure of the kidney trans-
plant. In our experience, this group is difficult to
study because these patients also lose their pancreas
graft within a few months after kidney failure. The
data observed in our small series of patients have an
ideal control in that the same patients were studied
before and after successful kidney and pancreas Tx
and before and after pancreas failure. The pancreas
graft functioned for at least 2 years, and was associat-
ed with a significant improvement of HbA1 c levels
and nerve function. This improvement reached signif-
icance ( > + 0.89 SD, i. e. p < 0.05) 2 years after Tx
compared to baseline (1.2 SD). The magnitude of im-
provement in NCV is comparable to that seen in pre-
vious studies [7, 8], and was abrogated by pancreas
graft loss, which led to a rapid decrease in NCV
(0.9 SD). The consequences of pancreas loss on
HbA1 c levels were significant and were paralleled by
the deterioration of nerve function. The effect of the
resolution of uraemia on diabetic polyneuropathy
seems to be marginal, as reported in a study where a
significant progression of diabetic neuropathy was
observed in kidney transplanted patients with a fol-
low-up as long as 10 years after transplantation. This
suggests that uraemia plays only a small role to diabe-
tes in the aetiology of neuropathy in uraemic diabetic
subjects [10]. Despite exogenous insulin treatment,
our patients were unable to maintain HbA1 c levels

within the normal range, probably because of the
concomitant steroid therapy as part of the immuno-
suppressive treatment.

In conclusion, these findings support the concept
that tight metabolic control obtained by a self-regu-
lated source of insulin not only halts but also amelio-
rates nerve function, even when severe polyneuropa-
thy is established.
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Table 2. NCV index, HbA1 c and blood glucose levels following successful pancreas and kidney transplantation and after pancreas
graft failure

Baseline 1 year 2 years post Tx Pancreas graft
failure

1 year 2 years post pan-
creas graft failure

NCV index −3.8 ± 0.7 −3.1 ± 1.3a −2.6 ± 0.9b −2.7 ± 0.9 −3.1 ± 0.9 −3.6 ± 1.0d

HbA1c (%) Not available 6.2 ± 0.6 6.5 ± 1.1 6.6 ± 0.6 8.1 ± 0.4 8.0 ± 0.6e

Creatinine (mmol/l) Haemodialysis 106.1 ± 8.8 97.2 ± 8.8 106.1 ± 35.4 114.9 ± 44.2 132.6 ± 79.6

Fasting blood glucose
(mmol/l)

11.5 ± 4.4 5.4 ± 1.8h 4.6 ± 0.7i 8.7 ± 2.8c 10.7 ± 4.8f 10.5 ± 3.4g

p (paired Student’s t-test)
a 0.05 vs bas, b 0.0019 vs bas, c 0.011 vs 2 yrs post Tx and 0.015 vs
1 yr post Tx, d 0.034 vs P failure, e 0.04 vs P failure
f 0.005 vs 2 yrs post Tx, g 0.03 vs 2 yrs post Tx

p (unpaired Student’s t-test)
h 0.005 vs bas, i0.0025

Data are mean ± SD, HbA1c normal range 3.5–6 %


