Royal Society of Medicine

International Congress and Symposium Series
Editor-in-Chief: H.-J. C. L'Etang

Number 77

Diabetes Mellitus

Achievements and Scepticism

A symposium organised under the auspicies of the
International Diabetes Federation (IDF)

European Association for the Study of Diabetes (EASD)
Hellenic Diabetologic Association

with the support of

Eli Lilly International Corporation

Qo



Symposium Chairman
Professor S. RAPTIS
Director, 2nd Department
Internal Medicine—Propaedeutic
Athens University

Edited by
JANE CHURCH, BSc



Royal Society of Medicine

International Congress and Symposium Series

Number 77

Diabetes Mellitus

Achievements and Scepticism

Published by

THE ROYAL SOCIETY OF MEDICINE
1 Wimpole Street, London




ROYAL SOCIETY OF MEDICINE
1 Wimpole Street, London WIM 8AE

Distributed by

OXFORD UNIVERSITY PRESS
Walton Street, Oxford OX2 6DP

London Glasgow New York Toronto

Delhi Bombay Calcutta Madras Karachi
Kuala Lumpur Singapore Hong Kong Tokyo
Nairobi Dar es Salaam Cape Town
Melbourne Auckland

and associated companies in
Beirut Berlin Ibadan Mexico City Nicosia

Oxford is a trade mark of Oxford University Press

Copyright © 1984 by
ROYAL SOCIETY OF MEDICINE

All rights reserved. No part of this book may be reproduced in any form by photostat microfilm, or
any other means, without written permission from the publishers.

This publication is copyright under the Berne Convention and International Copyright Convention.
All rights reserved. Apart from any fair dealing under the UK Copyright Act 1956, Part 1, Section 7,
no part of this publication may be reproduced, stored in a retrieval system or transmitted in any form
or by any means without the prior permission of the Honorary Editors, Royal Society of Medicine.

The sponsors of this Symposium are responsible for both the scientific and literary content of this
publication. The views expressed are not necessarily those of the Royal Society of Medicine.
Distribution has been in accordance with the wishes of the sponsors but a copy is available to any

Fellow of the Society at a privileged price.
British Library Cataloguing in Publication Data

Diabetes mellitus : achievements and scepticism.

—(Royal Society of Medicine international congress and symposium series; no. 77)

1. Diabetes— Treatment

I. Raptis, S. II. Church, J. I11. Series 616.4'6206 RC660

ISBN 0-19-922014-X

Printed in Great Britain by Latimer Trend & Company Ltd, Plymouth

B-varicche

Staats uhotnek
Miinchen




Contributors

H. Arnqvist, MD
Associate Professor, Department of Internal Medicine, University of
Linkoping, Sweden

C. S. Bartsocas, MD, DMedSc
Associate Professor of Pediatrics, University of Athens; Director, First
Pediatric Service, “P. & A. Kyriakou” Children’s Hospital, Athens,
Greece

E. J. Diamantopoulos, MD
Instructor, Department of Clinical Therapeutics, Athens University Medi-
cal School, Athens, Greece

F. H. Enzmann, PhD
Director, Division of Diabetes, Eli Lilly GmbH, Bad Homburg, West
Germany

D. W. Erkelens, MD
Professor of Medicine, Department of Internal Medicine, University
Hospital, Utrecht, The Netherlands

S. E. Fineberg, MD
Associate Professor of Medicine, Indiana University School of Medicine,
Indianapolis, Indiana, USA

J. A. Galloway, MD
Professor of Medicine, Lilly Laboratory for Clinical Research, Indianapo-
lis, Indiana, USA

J. J. Hoet, MD
Professor of Medicine, Department of Internal Medicine, University of
Louvain, Brussels, Belgium

L. P. Krall, MD
Director of Education, Joslin Diabetes Center, Boston, USA; President,
International Diabetes Foundation

R. Landgraf, MD
Professor, Department of Internal Medicine “Innenstadt”, University of
Munich, West Germany

A. C. MacCuish, MD, FRCP
Consultant Physician (Medicine and Diabetes), Diabetic Clinic, Royal
Infirmary, Glasgow, Scotland



Vi

M. Massi Benedetti, MD
Senior Registrar, Istituto di Patologia Speciale Medica, University of
Perugia, Italy

Z. Metelko, MD
Assistant Lecturer and Head of Out-Patient Department, Institute for
Diabetes, Endocrinology and Metabolic Diseases, “Vuk Vrhovac”, WHO
Collaborating Centre, University of Zagreb, Yugoslavia

E. F. Pfeiffer, MD, Dres.h.c.
Professor and Chairman, Department of Internal Medicine I, UIm Univer-
sity; Vice President, International Diabetes Federation, Ulm, West Ger-
many

S. Raptis, MD

Director, Second Department of Internal Medicine-Propaedeutic,
Athens University, Evangelismos Medical Centre, Athens, Greece

K. E. Schréder, MD
Professor of Internal Medicine and Director, Department of Internal
Medicine, Bethesda Hospital, Duisburg, West Germany

N. C. Thalassinos, MD
Associate Professor of Medicine, Second Department of Internal Med-
cine-Propaedeutic, Athens University, Evangelismos Hospital, Athens,
Greece

A. Tourkantonis, MD
Professor and Chairman, First Department of Medicine, University of
Thessaloniki, AHEPA General Hospital, Thessaloniki, Greece

J. Traeger, MD
Professor and Chairman, Transplantation Unit, Department of Nephro-
logy, INSERM U 80, Herriott Hospital, Lyon, France

H. G. Velcovsky, MD
Assistant Professor of Medicine, llird Medical Clinic and Policlinic,
Centre of Internal Medicine, University of Giessen, West Germany

W. K. Waldhéausl, MD
Associate Professor of Internal Medicine, Division of Clinical Endocrino-
logy and Diabetes Mellitus, Vienna University, Vienna, Austria

G. Whincup, MB, ChB, MRCP
Clinical Research Assistant, Department of Paediatrics, Children’s Hos-
pital, Sheffield University, Sheffield, England

N. H. White, MD
Assistant Professor of Pediatrics, Division of Endocrinology and Meta-
bolism, St Louis Children’s Hospital, Washington University School of
Medicine, St Louis, Missouri, USA



Contents

Chairman’s introduction
S. RAPTIS, MD

What contemporary clinical diabetology now considers
to be good control of diabetes

L. P. KRALL, MD .

Home monitoring of diabetes control
N. C. THALASSINOS, MD.

Implications of recombinant DNA technology for the
future of medicine

F. H. ENZMANN, PhD and J. P. BURNETT, PhD.

Observations on the pharmacokinetics of human insu-
lin
W. K. WALDHAUSL, MD .

Comparison between purified porcine insulin and bio-
synthetic human insulin in clinical and experimental
studies

S. RAPTIS, MD, D. HADJIDAKIS, MD, A. RAPTIS, MD, A. MITRAKOU,
MD and E. DIAMANTOPOULOS, MD . e

Experiences of treatment with biosynthetic human
insulin (German multicentre study)

K. E. SCHRODER, MD et al. .

Complications of insulin therapy: a brief overview of
four years of experience with human insulin (rDNA)

J. A. GALLOWAY, MD, P. FIREMAN, MD and S. E. FINEBERG, MD

Human insulin: should it replace other insulins?
S. E. FINEBERG, MD, N. S. FINEBERG, PhD and J. A. GALLOWAY, MD

13

17

27

35

49

65



viii Contents

Experiences in immunological aspects of human insulin
H. G. VELCOVSKY, MD and K. F. FEDERLIN,MD . . . . . . . . 73

Diabetes and pregnancy: what can be expected from
the new advances in diabetology?

JJHOETMD . . . . . . . . . . . . . . . . . ... 83

The genetics of diabetes mellitus
C.S.BARTSOCAS, MD,DMedSc . . . . . . . . . . . . . . 87

Impaired red blood cell deformability in diabetic an-
giopathy

E. J. DIAMANTOPOULOS, MD, S. RAPTIS, MD, M. N. CHRISTODOU-
LOU, MD and S. B. MOULOPOULOS, MD. . . . . . . . . . . 93

Current concepts in the treatment of diabetic neph-
ropathy

A. TOURKANTONIS, MD and C. ARVANITAKISS MD . . . . . . . 105

What can be achieved with and what are the complica-
tions of the insulin pump?

N. H. WHITE, MD and J. V. SANTIAGO, MD . . . . . . . . . . 11

Clinical experience with Neoprene-obstructed pan-
creatic grafts in 36 uraemic type 1 diabetic patients

J.TRAEGER,MDetal.. . . . . . . . . . . . . . . . . . 127
Workshop: New therapeutic modalities in diabetology

Introduction
E. F. PFEIFFER, MD, Dres. hc. . . . . . . . . . . . . . . . 139

An education model for diabetic patients
Z. METELKO, MD etal.. . . . . . . . . . . . . . . . . . 149

Metabolic and immunological consequences of con-
tinuous subcutaneous insulin infusion with biosyn-
thetic human and purified porcine insulins

D. W. ERKELENS, MD and A. J. SPIUKER,MD . . . . . . . . . 1565

Comparison of a crystalline zinc suspension of human
insulin (recombinant DNA) with purified pork isophane
insulin in the treatment of type 1 diabetes mellitus

A. C. MacCUISH, MD, FRCP and J. M. LEIPER, MRCP . . . . . . 189



Contents

The clinical use of biosynthetic human insulin in newly
diagnosed diabetic children

G. WHINCUP, MB, ChB, MRCP and R. D. G. MILNER, MA, MD, PhD, ScD,
FRCP .

Free insulin profiles in patients treated with biosyn-
thetic human insulin

H. ARNQVIST, MD, P. O. OLSSON, MD and H. von SCHENCK, MD.

Influence of different insulin infusion regimens on
metabolic control of insulin-dependent diabetics
treated with continuous subcutaneous insulin infusion

M. MASS| BENEDETTI, MD et al. .

Segmental pancreatic allotransplantation in type 1 dia-
betics

R. LANDGRAF, MD et al. .

165

173

181

189



188 M. Massi Benedetti et al.
References

Brunetti, P., Calabrese, G., Puxeddu, A., Massi Benedetti, M. and Santeusanio, F. (1982). G.
Ital. Diabetologia 2, 53-74.

Brunetti, F. and Massi Benedetti, M. (1984). Clin. exp. Endocrinol. (in press).

Bruns, W., Bombor, H., Jutzi, E., Ratzmann, K-P., Schulz, B., Abel, P. and Fischer, U. (1983).
Diabetes Care 6, 112-117.

Calabrese, G., Bueti, A., Santeusanio, F., Giombolini, A., Zega, G., Angeletti, G., Cartechini,
M. G. and Brunetti, P. (1982). Diabetes Care S, 457-465.

Herbert, W., Lav, K. S., Gottlieb, G. W. and Bleicher, S. J. (1965). J. clin. Endocrinol. Metab.
25, 1375-1384.

Home, P. D., Capaldo, B., Burrin, J. M., Worth, R. and Alberti, K. G. M. M. (1982). Diabetes
Care 5, 466—471.

Kerner, W., Schultz, M., Schock, D. and Pfeiffer, E. F. (1980). /n ‘Islet-Pancreas Transplan-
tation and Artificial Pancreas’ (Eds K. Federlin, E. F. Pfeiffer and S.
Raptis), Horm. Metab. Res. Suppl. Series Vol. 12, pp. 228-230. Georg
Thieme, Stuttgart.

Kuzuya, H., Blix, P. M. and Horwitz, D. L. (1977). Diabetes 26, 22-29.

Lloyd, B., Burrin, J., Smythe, P. and Alberti, K. G. M. M. (1978). Clin. Chem. 24, 1724-1729.

Massi Benedetti, M., Calabrese, G., Gallai, V., Bueti, A., Antonella, M., Bellomo, G. and
Brunetti, P. (1982). In ‘Eleventh Congress of The International Diabetes
Foundation’ (Eds K. G. M. M. Alberti et al.), Excerpta Medica Internatio-
nal Congress Series 577, p. 36. Excerpta Medica, Amsterdam.

Nathan, D. M., Lou, P. and Avruch, J. (1982). Ann. intern. Med. 97, 31-35.

Pfeiffer, E. F. and Kerner, W. (1983). /n ‘Artificial Systems for Insulin Delivery’ (Eds P.
Brunetti, K. G. M. M. Alberti, A. M. Albisser, K. D. Hepp and M. Massi
Benedetti), pp. 573-583. Raven Press, New York.

Reeves, M. L, Seigler, D. E., Ryan, E. A. and Skyler, J. S. (1982). Am. J. Med. 72, 673-680.

Schiffrin, A. and Belmonte, M. M. (1982). Diabetes 31, 255-264.

Yalow, R. S. and Berson, S. A. (1960). J. clin. Invest. 39, 1157-1175.



Segmental pancreatic allotransplantation
in type 1 diabetics

R. LANDGRAF, MD
Professor, Department of Internal Medicine ‘Innenstadt’

M. M. C. LANDGRAF-LEURS, MD
Department of Internal Medicine ‘Innenstadt’

H. WITZGALL, MD
Department of Internal Medicine ‘Innenstadt’

D. BURG, MD
Department of Internal Medicine ‘Innenstadt’

A. KAMPIK, MD
Department of Ophthalmology

L. A. CASTRO, MD
Department of Internal Medicine Klinikum Grosshadern

W-D. ILLNER, MD
Transplantation Centre, Department of Surgery Klinikum Grosshadern

W. LAND, MD

Professor, Transplantation Centre,
Department of Surgery Klinikum Grosshadern

University of Munich, Munich, West Germany

Presented by R. LANDGRAF

Introduction

Clinical and (especially) experimental studies indicate that the late complications of
insulin-dependent diabetes are mainly due to derangements of glucose metabolism
(Engerman et al., 1977, Pirart, 1978). It can therefore be assumed that early glucose
normalization can prevent, arrest or even reverse vascular and neurological complica-
tions in diabetics (Cabhill et al., 1976; Tchobroutsky, 1978; Irsigler et al., 1979; Viberti
etal., 1979; Little, 1981; White et al., 1981, 1982; Abouna et al., 1983; Lauritzen et al.,
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1983). Normoglycaemia cannot generally be achieved by conventional insulin ther-
apy, and it is obvious that new approaches to treatment, especially of type 1 diabetics,
are required. One direction of development is concerned with artificial devices, such
as implantable and non-implantable insulin delivery systems with or without glucose
sensor function (Pfeiffer et al., 1974; Blackshear et al., 1979; Peterson, 1982; Shichiri
et al., 1982). Another possibility exists in the transplantation of insulin-producing
tissue, i.e. isolated islets or pancreas segments (Sutherland, 1981a, 1981b).

The aims of pancreas transplantation in type 1 diabetes mellitus are to reduce the
high morbidity and mortality (WHO, 1980), to improve psychosocial rehabilitation
(Simmons et al., 1980), and to normalize diabetic derangements of intermediary
metabolism. End-stage renal failure is one of the major life-threatening complications
for type 1 diabetics (McCrary et al., 1981; Medical Service Study Group, 1981), and
kidney transplantation has been performed quite often in these patients in recent
years (Jervell et al., 1979; Najarian et al., 1979). Since there are still many problems
associated with pancreas transplantation, pancreas grafting has mostly been carried
out in selected type 1 diabetics with end-stage renal failure together with kidney
transplantation (Sutherland, 1981b, 1983). In recent years particularly, an increasing
number of pancreas transplants have been successful, and glucose metabolism can be
improved dramatically (Traeger et al., 1981; Sutherland ez al., 1982; Pozza et al.,
1983; Landgraf et al., 1984).

In this study we will present clinical and functional data of 22 simultaneous kidney
and pancreas transplants in 21 type 1 diabetics with end-stage renal failure.

Materials and methods

Patients

Twenty-one type 1 diabetic patients with end-stage renal failure were accepted for
treatment. Combined pancreatic and renal allotransplantation was performed in all
patients, pancreatic retransplantation alone in one patient. The important clinical
data for the patients are listed in Table 1.

Indications for pancreas transplantation

The indications for simultaneous kidney and pancreas grafting so far accepted by our
group are depicted in Table 2. Patients above the age of 50 years or those with severe
vascular complications at a younger age were excluded. Blindness seems to increase
the risk of pancreas transplantation because of difficulties in perioperative co-
operation, and thus might be a relative contraindication. The usual preoperative
check-up prior to transplantation was expanded by ultrasonography of the vascular
system, radionuclide studies of the heart and, in most patients, coronary angiogra-

phy.

Donor selection
Donor selection criteria and pancreatectomy have been described recently (Land ez
al., 1984).

Duct obliteration

The duct obliteration procedure was started immediately prior to transplantation; the
duct was cannulated under hypothermic in-vitro conditions. Ethibloc® (= prolamine)
was injected into the ductal system under x-ray control. Duct obliteration was
considered to be efficient when the first signs of overinjection were noticed by x-ray
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Table 1

Clinical data of the type 1 diabetics with simultaneous kidney and pancreas transplantation
Patient Age/sex Duration Late complications
number (years) of diabeles

(years) Retinopathy Neuropathy Nephropathy ' Hypertension
grade severity (months)

1 39/Q 30 Y + 12 HD +

2 21/3 19 m ++ + S HD +

3 28/3 26 i ++ 24 HD +
4 36/ 30 1 + 36 HD +

5 41/3 20 ] + 4+ 24 HD +

6 33/2 20 1 + 12 HD +

7 26/3 26 1 ++ + 12 HD +

8 49/3 23 e + + 24 CAPD +

9 25/° 16 n ++ 24 HD +
10 423 32 1l + 7 CAPD +
11 40/3 31 1 + 3 CAPD +
12 33/Q 25 1 +4 4+ 4 CAPD +
13 271R 18 11 + + 9 HD +
14 36/3 29 m* ++ 6 HD +
15 33/3 25 m* ++ 26 HD +
16 43/2 1S 11 ++ + 15 HD +
17 32/9 23 11 + + 4 CAPD +
18 31/9 17 I ++ 24 HD +
19 38/3 33 m* ++ 2 CAPD +
20 40/3 23 I ++ 12 HD +
21 35/¢ 25 11 + 18 CAPD +

HD = Haemodialysis; CAPD = Continuous ambulatory peritoneal dialysis; * Amaurosis.
Females n=10; males n=11. Ranges: age 21-49 years (mean 34 years); duration of diabetes 15-33 years (mean 25
years); duration of nephropathy 2-36 months (mean 15 months).

Table 2
Patient selection for pancreas transplantation in type 1 diabetes mellitus

Indications Rapidly progressive or end-stage renal failure
Rapidly progressive proliferative retinopathy
Brittle diabetes with unsuccessful insulin pump treatment
Contraindications Age above 50 years
Severe cerebral and/or cardiovascular complications
Blindness (?)

control. Following occlusion, the ductal orifice and all the parenchyma near the cut
surface were ligated.

Recipient operation

We have recently modified our technique of pancreatic transplantation (Land et al.,
1980). The segmental pancreas graft was situated in an upside-down position in the
right iliac fossa by positioning the distal four-fifths intraperitoneally and one-fifth
extraperitoneally. Circulation was established by end-to-side anastomosis of the
portal vein to the right external iliac vein and of the coeliac axis (plus patch) to the
right external iliac artery. Following closure of this wound, a renal graft from the
same donor was placed in the left iliac fossa using the standard technique.

Postoperative management
Besides the common basic examinations of blood pressure, heart rate, body tem-
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perature, pulmonary gas exchange, acid—base balance and bowel function, the
transplantation of two grafts requires a special monitoring of kidney and pancreas
function. The pancreas transplant function monitoring consists of blood glucose
determinations every 2 h during the first 2 days. Thereafter the intervals depend on
organ function. In addition, C-peptide measurements were performed. The blocking
effect of somatostatin on the exocrine function of the pancreas is controlled by daily
determination of alpha-amylase in serum and transplant pancreatic fluid. Kidney
transplant function is assessed by measuring urinary output, urine osmolality,
creatinine clearance, and creatinine and urea levels in the serum. In addition, fluid
balance was monitored (Lenhart et al., 1984).

Immunosuppression consists of the administration of Cyclosporin A (CyA) and
methylprednisolone (for further details see Table 3). For the hormonal blockade of
the exocrine and endocrine pancreas transplant function, somatostatin was used—
240 ug/hi.v. (Landgraf et al., 1983). The endocrine B-cell function was suppressed by
insulin administered intravenously by perfusor. In spite of total parenteral nutrition
with carbohydrates (up to 3000 kcal/day), amino acids (70 g/day) and fatty acids
(500 kcal/day), we achieved normal blood glucose levels with this regimen. Oral
nutrition was started as soon as possible depending on bowel function, which was
significantly inhibited in some patients by somatostatin. To prevent venous thrombo-
sis in the transplanted organs, intravenous heparin was administered by perfusor in a
dosage of 600—1200i.u. to achieve a partial thromboplastin time of 60-80 s. In most
cases perioperative antibiotic prophylaxis with beta-lactams and aminoglycosides was
extended for a period of about 6 days.

Table 3
Immunosuppressive protocol

Basic immunosuppression
1. Cyclosporin i.v. 3-5mg/kg daily over 10 days postoperatively
Cyclosporin orally 15 mg/kg—8-6 mg/kg over the next 5 months, then
low-dose continuation
2. Glucocorticoids
Methylprednisolone (MP) 500 mg i.v. intraoperatively
250 mg— 30 mg daily over the first weeks postoperati-
vely, then reduction to 8 mg daily within 2 months
postoperatively. Discontinuation after 6 months post-

operatively
Antirejection therapy
First rejection episode 3 x MP:500 mg i.v. daily
Second/third rejection episode MP:120 mgi.v. daily plus ATG (Fresenius) 4.5-7 mg/

kg daily over a period of 7 days

Follow-up of the patients

The patients were trained in self-monitoring of blood pressure, body temperature,
body weight, urine volume and blood glucose at least twice daily with a quantitative
reflectometer system, and in recording of the data after discharge from the hospital.
Intensive ambulatory check-ups at least every week for about 2 months and thereafter
at 3- to 4-week intervals were performed. In addition, every 3—6 months neurological
and ophthalmological investigations were carried out.
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Methods

After an overnight fast, oral glucose tolerance tests were performed with 100 g glucose
as Dextro-OGT® (Boehringer Mannheim, F.R.G.) every 3-6 months. To test the
glucagon secretory capacity, a combined test with 100 g glucose orally, followed 2 h
later by 500 ml arginine solution (6 g/dl), infused over 30 min, was performed. Blood
samples were collected at 0, 30, 60, 120 and 180 min during the oral glucose tolerance
tests alone, and during the combined tests at 0, 30, 60, 120, 125, 130, 140, 150, and
180 min. The following parameters were measured: blood glucose (glucose oxidase
method), C-peptide as radioimmunoassay (IRE Diagnostic GmbH, Frechen,
F.R.G.), insulin (Hales and Randle, 1983) and glucagon (Heding, 1971) using
antiserum K 5563 from Novo Copenhagen, Denmark. Cyclosporin A was monitored
by measuring whole blood levels using a radioimmunoassay of Sandoz, Basel,
Switzerland, with some modifications. The therapeutic range for blood con-
centrations was considered to be between 250 ng/ml and 750 ng/ml.

Results

Graft functions

Since patients 1 to 3 (see Table 1), treated with conventional immunosuppression
(azathioprine and glucocorticoids), have already been discussed in detail elsewhere
(Landgraf et al., 1983), the results presented here are exclusively those for patients
treated with CyA. Currently, from these 18 patients, 14 have functional renal grafts,
resulting in a kidney transplant survival rate of 78%. Two of the kidneys were lost due
to acute rejection and 2 patients died a few weeks after transplantation from acute
liver insufficiency without functional grafts. This demonstrates that renal graft
survival rate is not significantly different from that for kidney grafting alone
(European Multicentre Trial Group, 1983), indicating that the simultaneous trans-
plantation of a pancreas segment plus kidney did not increase the risk of renal graft
loss.

Of the 19 pancreatic transplantations, 2 were lost due to venous thrombosis of the
graft (patient 4), 2 grafts were acutely rejected, 2 were lost after graft infection and, as
already mentioned, 2 patients died without functioning grafts. Eleven pancreatic
transplants are currently functioning. The range of survival time of the pancreas
grafts lies between 1 month and 31 months (Table 4). Of the 11 patients, 5 had an
impaired glucose tolerance, 2 of them with elevated haemoglobin A, (HbA,) levels,

Table 4
Results of segmental pancreatic transplantation in CyA-treated patients
Total 19 (100)
Graft losses Venous thrombosis 2 (10.5)
Infection 2 (10.5)
Rejection 2 (10.5)
Patient death 2 (10.5)
Functioning grafts 11 (58)
(31,21, 12,11, 10, 7, 5, S, 2, 2, 1 months)
Impaired glucose tolerance 5 (45)
Normal glucose tolerance 6 (55)

Figures in parentheses are percentages.
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and 6 patients showed completely normal glucose tolerance by WHO criteria (WHO,
1980), and normal HbA, values.

The long-term individual follow-up of glucose tolerance tests should be able to
answer the important question of whether duct occlusion-induced exocrine pancreas
fibrosis also influences the endocrine part of the grafted gland. The functional data of
the two diabetics with the longest pancreas graft survival are therefore depicted in
Figs 1 and 2. Normal (Fig. 1) or impaired (Fig. 2) glucose utilization did not
significantly alter during the observation time, of 19 and 32 months respectively. Nor
did insulin release decrease. The glucagon values were comparable during these

Patient No.6
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Fig. 1. Blood glucose, serum insulin, C-peptide and plasma glucagon during oral glucose

tolerance tests or oral glucose (100 g) plus arginine i.v. (shaded area) 1-19 months after

transplantation in patient number 6. HbA, levels were measured at the times of testing.
(See also Table 1.)

observation times and reacted normally after glucose administration, i.e. partial
suppression. Stimulation of insulin, C-peptide and glucagon after arginine infusion
was documented (shaded areas in the figures). This demonstrates normal regulatory
behaviour of the endocrine part of the grafted pancreas. The increasing levels of C-
peptide of patient 5 (Fig. 2) are due to a slow progression of renal insufficiency with
elevated creatinine values, leading to a decrease of C-peptide clearance.

After interruption of pancreas graft function with excessively high blood glucose
values during an oral glucose load and very low values of insulin (Fig. 3) in patient 7,
insulin dependency disappeared slowly after antirejection treatment, and only
impaired glucose tolerance persisted 5 months later. HbA, levels were in the upper
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Fig. 2. Blood glucose, serum insulin, C-peptide and plasma glucagon during glucose

tolerance tests or oral glucose (100 g) plus arginine i.v. (shaded area) 3-32 months after

transplantation in patient number 5. HbA, levels were measured at the times of testing.
(See also Table 1.)

normal limit (normal up to 8.0%). In this patient, glucose with or without arginine
stimulated insulin and glucagon release markedly.

Diabetic complications

Retinopathy. Preproliferative and proliferative retinopathy was documented in all
patients. Five patients were blind prior to transplantation. During strict anti-
coagulation immediately postoperatively and up to 6 weeks after transplantation, no
significant deterioration of vision occurred in those patients who were not already
blind. The follow-up of the 4 patients with the longest pancreatic survival time is
summarized in Table 5. In all patients, the visual acuity did not decrease during the
time of observation. In patient 5, the visual acuity of the right eye was very low (light
perception) prior to transplantation; about 18 months after successful trans-
plantation, vitrectomy of this eye was performed, but without success. During these
18 months the visual acuity of the left eye improved significantly and fundoscopy
demonstrated stabilization of retinopathy and disappearance of cotton-wool exu-
dates. However, about 20 months after transplantation, the first signs of preprolifera-
tive retinopathy (PPDR) existed and peripapillary proliferative retinal changes could
be documented which stabilized after the initiation of laser coagulation therapy.
Patient 6 had PPDR prior to transplantation. After complete normalization of renal
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Fig. 3. Blood glucose, serum insulin, C-peptide and plasma glucagon during glucose

tolerance tests or oral glucose (100 g) plus arginine i.v. (shaded area) 3, 8 and 11 months

after transplantation and after antirejection treatment immediately after the first test at 3
months in patient number 7. (See also Table 1.)

function, glucose metabolism and disappearance of hypertension, PPDR improved
and a mild and stable background retinopathy could be seen. In patient 7, who had
proliferative retinopathy (PDR) with an almost complete loss of visual function prior
to transplantation, not only did visual acuity improve but, more importantly, macula
oedema decreased significantly. The PPDR of patient 10 stabilized and the number of
cotton-wool exudates decreased markedly after successful transplantation of both
pancreas and kidney.

Peripheral neuropathy. In most patients the time after successful transplantation
is too short to enable objective verification of change in diabetic neuropathy.
However, in 6 patients who had severe subjective peripheral neuropathy, symptoms
such as burning sensations, hyperaesthesia and paraesthesia disappeared within 3
months after successful pancreatic grafting. So far, it has been possible to follow-up 4
patients in more detail (Fig. 4). Patient 10 had no subjective or objective signs of
peripheral neuropathy immediately after transplantation, and did not show any
change during the subsequent year. Patient 6 suffered from moderate neuropathy
with decreased ankle jerks and loss of vibration sense in both feet. While motor nerve
conduction velocity remained normal, the sensory nerve conduction velocity
increased within 21 months after grafting (Fig. 4). Two of the patients (5 and 12) had
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Table 5
Ophthalmological follow-up after successful pancreatic transplantation
Patient Prior After transplantation Comments
number transplantation (months)
1981 3 8 20 26 31
S OD 0 0 0 0 0 0 PPDR to mild
(O 0.2 0.3 0.5 0.5 0.5 0.5 PDR under
PPDR PPDR PPDR PDR PDR PDR control
Cotton wool peri- slow progression
Cotton wool papillary
6 1974 1976 1981 6 14 21
oD 08 1.0 1.0 1.0 0.8 0.8 Mild and stable
(O 0.1 08 04 05 0.5 0.5 BDR
PPDR BDR BDR BDR
1981 11
7 OD 0.05 0.1 No progression
oS 0.03 blecding of PDR
PDR macula
oedema |
cotton wool PDR
1981 4 10
10 oD 0.8 0.8 0.8 Stable PPDR
(O 0.6 0.6 0.6
PPDR PPDR PPDR
cotton wool cotton wool |

BDR = background diabetic retinopathy, PPDR = preproliferative diabetic retinopathy, PDR = prolifer-
ative diabetic retinopathy, OD =right eye, OS =left eye.
Numbers are the visual acuities.

severe neuropathy with distal sensory loss of all modalities, complete or incomplete
loss of tendon reflexes, and severe motor dysfunctions. These signs were accompanied
by autonomic nerve involvement such as severe postural hypotension. After trans-
plantation, subjective and objective signs of peripheral and autonomic neuropathy
decreased and motor nerve conduction velocity (nervus peronaeus) improved (Fig. 4).

Discussion

Technique

Our technique of combined segmental pancreatic and renal grafting using CyA as an
immunosuppressant is a relatively safe procedure. However, the mortality rate, of
around 10%, has to be taken into account when patients are counselled for
transplantation, but all the patients in our study were already extremely ill as a result
of their severe diabetic syndrome. Therefore, mortality could be reduced by earlier
transplantation before the onset of the uraemic state of the disease. In addition, a
strict selection of donors and recipients and improvement in the management of the
patients, together with the opportunity for the transplant team to gain experience,
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Fig. 4. Neurological follow-up in patients number 5, 6, 10 and 12. Neurological examina-

tion revealed normal tendon reflexes (+++) in patient 10 and no motor or sensory nerve

symptoms (—). Conversely, patient 5 showed a complete areflexia (—) and severe

symptoms of peripheral neuropathy (+++). Motor nerve (nervus peronaeus) and sensory

nerve (nervus suralis) conduction velocities were measured at time intervals depicted in the
figure. (See also Table 1.)

play an important role in increasing the positive outcome of transplantation in
diabetics. We assume that the relatively high rate of functioning pancreatic grafts is
primarily due to the strong immunosuppressive potency of the new agent, cyclosporin
A, which reduces the occurrence of irreversible allograft rejection. This is in
accordance with the results in cadaveric renal transplantations, using CyA as
immunosuppressive therapy (European Multicentre Trial Group, 1983).

The morbidity observed in our patients following combined transplantation is
certainly higher than that following kidney transplants. This morbidity mainly
concerns the incidence of early local complications, such as peripancreatic fluid
collection, transient pancreatic fistula at the site of the pancreatic graft with and
without secondary infection, and severe wound haematomas at the site of the renal
graft. The incidence of complications due to the residual function of the exocrine
system of the duct-occluded pancreatic graft is particularly worrying. These local
complications probably arise from a too early reabsorption of the occlusive substance
(Ethibloc®) before the acini are completely atrophied (for a comparison of the effects
of Ethibloc® and Neoprene, as used by the Lyon group, see Dubernard et al., 1983). It
is worth mentioning that the administration of somatostatin intra- and postoperati-
vely did not prevent these complications arising from residual exocrine secretion. On
the other hand, the property of early reabsorption of Ethibloc® may be the reason for
the good long-term function of the pancreatic grafts because of its milder fibrosis-
inducing effect (Gebhardt and Stolte, 1978).

Glucose metabolism

Half of the patients with functioning pancreatic grafts (i.e. insulin-independency)
showed normal glucose disposal. This observation is supported by others (Ostmann
et al., 1980; Sutherland et al., 1982; Pozza et al., 1983; Landgraf et al., 1984). The
reasons for abnormal glucose disposal in the other half of the patients are certainly
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complex and include denervation of the pancreas, and drainage of the islet hormones
into the main circulation and not into the portal vein. Furthermore, only a part of the
organ is transplanted, which might in addition be disturbed by circulatory and
immunological mechanisms induced by duct-occlusion and allogenic transplantation.
Most of the patients received glucocorticoids in addition to CyA, which will certainly
contribute to impaired glucose tolerance. The possibility that CyA itself also leads to
further deterioration of glucose utilization cannot be ruled out (Gunnarsson et al.,
1983b).

The monitoring of pancreatic graft survival must be based primarily on blood
glucose monitoring. However, hypoglycaemia might be a sign of irreversible damage
of most of the endocrine tissue in the graft. Therefore measurements of direct
parameters of the transplanted islet tissue are urgently needed; determination of C-
peptide might provide this information (Gunnarson et al., 1983a). But as the C-
peptide assay is time consuming, it cannot be considered as very useful. Other
candidates for use in the determination of early islet cell damage might be pancreatic
polypeptide or gamma enolase (Lindsey et al., 1983), but again these assays, if
available, are time consuming. Radiolabelled platelets seem to accumulate in the graft
soon after initiation of rejection and have been used for the early detection of this
process (Jurewicz et al., 1984; Sollinger et al., 1984), but wide-ranging experience has
not yet been gained. In combined transplantation of kidney and pancreas from the
same donor, a rise in serum creatinine and a decrease in creatinine clearance seem to
be the earliest signs of allograft rejection.

Analysing glucose-induced insulin release in patients with functioning pancreatic
grafts revealed patients with a normal secretory pattern, with excessively high or with
subnormal values. In most patients, insulin release was delayed and maximal values
were reached approximately 120 min after glucose load. In the transplanted patients
receiving CyA, renal function was generally not completely normal, which may lead
to changes in peripheral insulin sensitivity and in insulin clearance. In addition, most
of our patients received glucocorticoids, which are known to reduce peripheral insulin
responsiveness. Due to this complexity, glucose- and arginine-induced insulin and C-
peptide secretion are not markers solely for pancreatic graft function, but in addition
reflect peripheral insulin sensitivity and insulin and C-peptide clearance. The data for
glucagon release are even more difficult to interpret since, in addition to what has
been discussed for insulin and C-peptide, glucagon in the peripheral blood is derived
from the grafted pancreas as well as from the endogenous pancreas. However, since
A-cell function is often impaired in type 1 diabetics (Unger and Orci, 1981a, 1981b),
and since glucagon is an important glucoregulatory hormone, normal glucagon
secretory behaviour, for example glucose-induced suppression and arginine-induced
stimulation, is an indicator for normalization of intermediary metabolism.

Late diabetic complications

One of the important aims of pancreas transplantation is to prevent, arrest or even
reverse late diabetic complications by normalization of the diabetic derangements of
intermediary metabolism. The close follow-up of diabetic retinopathy and neuro-
pathy in pancreas-transplanted patients should answer some of the questions
concerned with late complications and diabetic metabolism. The worldwide exper-
ience with pancreas transplantation and the number of patients with long-term
survival of their pancreatic grafts are currently insufficient to enable definite
conclusions to be drawn (Sutherland, 1984). However, diabetic neuropathy seems to
be very sensitive to the degree of hyperglycaemia. Normalization of blood glucose
with insulin pumps has led to improvements of diabetic neuropathy (Pietri ez al.,
1980). The neurological follow-up of our patients with long-term functioning grafts
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also revealed significant improvements of the severe neuropathy which had disabled
most of them. Since combined pancreas and kidney grafting was performed in our
patients, the positive changes in neuropathy are certainly a combined effect of the
improvement or normalization of glucose metabolism and the disappearance of end-
stage renal failure. The documentation of changes in diabetic retinopathy after
glucose normalization is even more difficult. This is due to the problems of defining
qualitatively and quantitatively the exact degree of ocular changes in diabetics and
the complexity of the causes inducing functional and morphological changes of the
vascular system of the eyes. End-stage renal failure and high blood pressure add to the
diabetic retinopathy, and eliminating one of these factors might improve the ocular
function. The study of Pirart (1978) and the prospective study of the Steno Memorial
Hospital (Lauritzen et al., 1983) have demonstrated that good blood glucose control
might positively influence the degree and progression of diabetic retinopathy. In our
patients with longer functioning pancreatic grafts, improvement or at least stabiliza-
tion of diabetic retinopathy could be documented, although in one patient a further
progression was observed.

Although comprehensive data are not yet available, studies to date indicate that it
is not possible to define a point of ‘no return’ for patients suffering from the severe
late complications of diabetes, and therefore the use of intensive therapeutic
approaches, even when the disease has reached an advanced stage, is justified.
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