O s

Py

———

402 THE LANCET

AUGUST 18, 1990

18. Marsden PD. Selective primary health care: strategies for conwrol of
disease in the developing world. XIV. Leishmaniasis. Rev Infect Dis
1984; 6: 736-44.

19. Marsden PD, Llanos Cuentas E, Lago E, et al. Human mucocutaneous
leishmaniasis in Tres Bracos, Bahia, Brazil. An area of Leishmama
braziliensis brazliensis transmission. 111. Mucosal disease presentation
and initial evolution. Rev Soc Brasil Med Trop 1984; 17: 179-86.

20. Sebai Z, Morsy TA. Cutanecus leishmaniasis in Besha Town, Saudi
Arabia. ¥ Trop Med Hyg 1976; 79: 89-91.

21. Al-gindar Y, Abdul-Aziz O, Kubba R. Cutaneous leishmaniasis in
Al-Hassa, Saudi Arabia. Inz J Dermatol 1984; 23: 194-97.

22. Walton BC, Valverde Chinel L., Eguia v Eguia O. Onset of espundia after
many years of occult infections with L brazifiensis. Am J Trop Med Hyg
1973; 22: 696-98.

23. Badaro R, Carvalho EM, Rocha H, Queiroz AC, Jones TC. Leishmama
donovars; an opportunistic microbe assodiated with progressive disease
in three immunocompromused patients. Lancet 1986; i: 647-49.

24. Femandez-Guerrero ML, Aguado JM, Buzon L, et al. Visceral
leishmaniasis in immunocompromised hosts. Am ¥ Trop Med 1987;83:
1098-106.

25. Montalban C, Sevilla F, Moreno A, Nash R, Celma ML, Femandez
Murioz R. Visceral leishmaniasis as an opportunistic infection in the
acquired immunodeficiency syndrome. J Infect Dis 1987; 15: 247-50.

26. Guirges SY. Natural and experimental re-infections of man with Oriental
sore. Ann Trop Med Parasitol 1971; 65: 197-205.

27. LeBlancq SM, Peters W. Leishimana in the Old World; 2. Heterogeneity
among L tropica zymodemes. Trans R Soc Trop Med Hyg 1986; 80:
113-19.

28. Spithill TW, Grumont R]. Identfication of species, strains and clones of
Leishmama by characterization of kinetoplast DNA minicircles. Mol
Biochem Parasitol 1984; 12: 217-36.

29. Pacheco RS, Lopez UG, Morel CM, Grimaldi G Jr, Momen H.
Schizodeme analysis of Leishmania isolates and comparison with some
phenotypic techniques. In: Rioux JA, ed. Leishkmama. Taxonomie et
phylogenese.  Applications eco-epidemiologiques. Montpellier:
CNRS/INSERN/OMS, 1986: 57-65.

30. Lopez UG, Momen H, Grimaildi G Jr, Marzochi MCA, Pacheco RS,
Morel CM. Schizodeme and zymodeme characterization of Leishmana
in the investigation of fod of visceral and cutaneous leishmaniasis. 7

Pancreatic islet transplantation after upper
abdominal exenteration and liver replacement
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Nine patients who became diabetic after upper-
abdominal exenteration and liver transplantation
‘were given pancreatic islet-cell grafts obtained
from the liver donor (eight cases), a third-party
donor (one), or both (four). Two patients were
diabetic when they died of infections after 48 and
109 days, as was a third patient who died of tumour
recurrence after 178 days. The other 6 are alive
101-186 days postoperatively, and five are insulin-
free or on insulin only during night-time parenteral
alimentation. C-peptide increased 1:7 to 3-3 fold in
response to intravenous glucose in these five
patients who have had glycosylated haemoglobin
in the high normal range. However, the kinetics of
- the C-peptide responses to intravenous glucose in
all eight patients tested revealed an absent first-
phase release and a delayed peak response
consistent with transplantation and/or
engraftment of a suboptimal islet cell mass. The
longest survivor, who requires neither parenteral
\allmentatlon nor insulin, is the first unequivocal
example - successful clinical islet-cell
ransplantatlon.

Lancet 1990; 336: 402-05.

Introduction

Long-term reversal of hyperglycaemia following islet
transplantation has been reported in animal models of
diabetes,' but not in patdents, > though Scharp’s group in St
Louis®* has lately reported one encouraging case to an
American Diabetes Association meeting (see FAMA 1990;
264: 427). Clinical failure has been attributed to poor
harvesting and organ preservation techniques, inadequate
procedures for isolating and purifying islets, and failure to
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control islet-directed immune destruction. However,
improvements in technique®” have lately increased the yield
and purity of functionally competent islet grafts,?541° and
the potent new immunosuppressive agent FK 506 has made
control of rejection easier.!**? Using these advances, we have
given islet allografts 1o patients rendered apancreatic by
upper-abdominal exenteration.!**4

Patients and methods
Patients

Nine patients aged 8-58 years underwent upper-abdominal
exenteration for turnours too extensive to be removed with less
drastic procedures. Liver, pancreas, spleen, stomach, duodenum,
proximal jejunum, and terminal ileum and, in three cases, the
ascending and transverse colon were removed.!**4 A cadaveric liver
orthotopic allograft was done** and the graft portal vein was
anastomosed to the recipient superior mesenteric vein.
Arterialisation was from the recipient aorta or coeliac axis (fig 1). A
14G catheter with a heparin lock was placed in a superior mesenteric
venous tributary. Bowel continuity was re-established and biliary
drainage was via a choledochojejunostomy (fig 1).

Organ procyrement

The cadaveric donors were the same ABO type as the recipient
except for the seoond pancreas donor (type O) for patient 8, who was
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MD); Diabetes Research Institute, University of Miami School
of Medicine, Miami, Florida, USA (D. H. Mintz, MD, R. Alejandro,
MD): and Department of Surgery, institute H. San Raffaele,
University of Milan, Milan, Italy (C. Ricordi, MD) Correspondence
to Dr Andreas G. Tzakis, Department of Surgery, 3601 Fifth Avenue,
University of Pittsburgh, Pittsburgh, Pennsylvania 15213, USA.
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Fig 1—Liver and pancreatic islet transplantation after upper
abdominal exenteration.

type B. HLA matching was random, and the antigens matched were
zero or one of a possible 4 in the 4 cases in which complete
information was available. There were two positive cytotoxic
cross-matches (patients 2 and 4).

The livers and pancreases were obtained from muld-organ
donors.”*? In situ perfusion of the abdominal aorta was with
1500-2000 ml of University of Wisconsin solution (UWS). An
additional 500-1000 ml UWS were infused directly into the liver via
the portal vein which was encircled below the catheter tp to prevent
retrograde leakage. Venous hypertension of the pancreas was
avoided by venting the portal and/or splenic vein. The specimens
were immersed in UWS and packed in ice.

The pancreas of the liver donor was the source of the primary islet
graft for eight patents. Four recipients were given islets from a
second donor 1-2 days after the first infusion. Patient 7 was given his
single islet infusion from a third-party donor 1 day after the
principal operation.

Islet preparation and administration

Cold ischaemia time of the thirteen pancreases averaged 8 h
(range 5~14h). The islets were isolated.!® The pancreatic duct was
cannulated and 250-300 ml Hank’s solution containing 1-2 mg/ml
collagenase (Boehringer-Mannheim) was injected. The separated
islets were purified with a discontinuous gradient of ‘Ficoll’ powder

(Sigma) in Euro-Collins solution,’ at specific densities of 1:108,
1096, and 1:037. A COBE 2991 cell separator (COBE
Laboratories, Lakewood, Colorado) was used for purification,}54¢
Isiet preparation took 4 h on average.

The islet cells were suspended in 250 ml Hank’s solution; 100 p!
samples were stained with dithizone” to assess total islet yield,'¢184%
which was standardised. Islet particles varied in size from 50 to over

~ 250 pm. The heterogenously sized islets were converted to “150 um
" equivalents”,* and the contribution of the different size groups to

the total islet volurmne was then expressed in pl.

The preparation was pelleted and suspended in 100 ml Hank’s
solution containing 10% human albumin and infused into the
portal vein catheter over 20-30 min. Portal venous pressure was
measured and portal flow was assessed by oolour doppler
ultrasonography. When not in use, the portal vein catheter was
flushed every 6 h with 2 ml saline containing heparin 100 units/ml.

The catheter was extracted after completion of the tast~islet

infusion(s).
Postoperative management

All patients were maintained on continuous parenteral
hyperalimentation for about 2 weeks after surgery, with solutions
containing 20-25% dextrose, 10~20% lipids, 3-5-5:0% crystalline
aminoacids, electrolytes, trace metals, and vitamins including folic
acid. Subsequently, the patients ate as desired. 15 to 40 non-enteric
coated tablets per day of pancreatic extract (pancrelipase USP) were
administered with meals. The daytime diet was supplemented with
1000-1500 kcal parenteral alimentation overnight undl the body
weight was stable without intravenous supplementation. Regular
insulin (‘Humulin’; Eli Lilly) was always added to the intravenous
solutions to maintain the blood glucose at 5~7 mmol/l.

Immunosuppression with FK 506 began with intravenous doses
of 0-075 mg/kg every 12 h followed by 0-15 mgjkg orally every 12 h.
The dose was adjusted on clinical grounds and by monitoring
plasma FK 506 levels. Rejection was treated with a single
intravenous injection of 1g hydrocortisone or methylprednisolone;
that failed in two patients, who were given OK'T?3 10mg daily for 5
days (‘Orthoclone’; Ortho Pharmaceutical). Only patient 3 was
given maintenance steroid therapy.

Assessment of islet function

Basal and stimulated (6 min after 1 mg glucagon intravenously)
C-peptide levels were measured after the exenteration and liver
transplantation but before infusion of islets. There were no
C-peptide responses. After islet transpiantation, blood glucose and
C-peptide were monitored. An intravenous glucose tolerance test
(IVGTT), selected as a provocative test of C-peptide secretion, was
done every 24 weeks. Glycosylated haemoglobin (HbA,) was
measured before and every 6 weeks after ransplantation.

TABLE I-—RECIPIENTS AND OUTCOME*

Details of islet grafts
Insulin Donor Islets Endocrine
No Perioperative complications requirementst Outcome age(s) (x10%) vol (ul)

1(15 P None NIR-S Full activity 18 474 839
2(8,M) Moderate rejection (liver) day 19, treated with IR Died 178 days 7 562 993

FK506
3(55, M) Severe rejection (liver) day 18, treated with IR Died 48 days post-

OKT3 transplant 36 205 363
4(36,F) Clinical rejection day 5, treated with OKT?3; IR Died 109 days post-

intractable cvtomegalovirus infecton and transplant 19 289 510

respiratory failure
5 (58, M) None NIR-S Full acuvity 26, 19 369,209 ' 653,360
6(52, F) Invasive cytomegalovirus infection,

candidacmia IR Recuperating at home 18, 40 105, 153 186, 270
7 (46, M) None NIR-S Full actvity 18 285 504
8(M4,F) Sepsis with transient renal failure NIR-U Full actvity 17,35 459, 267 811,472
9(33,F) . None NIR-S Full acuvity L 31,50 205, 127 363,224

*Follow-up to 15 July 1990
TNIR-S = non-insulin requinng. stable. preprandial blood glucose < 7-8 mmot/l HbAy . < 6:2% (3 9-5 8 normal) ketosis resistant: NIR-U = non-insulin requining, unstable
preprandal blood glucose 7-8-11 2 mmol | HbA, . < 7%. ketosis resistant. IR = insulin requinng
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Results 030, 55
Survival I 5.0 2
Patient 2 died of recurrent cancer after 178 days. Patients 3 224 1 ¢ g
and 4 died with rejection, sepsis, and multiple organ failure E 4.0 3
(table 1). All three were insulin dependent. No islets were ~i8 4 3§ 7
found post mortem in the liver of patient 3; several ¥ 30 2
well-granulated islets were identified in patient 4 by indirect 8 25 2
immunoperoxidase stain. Necropsy was not done in patient D512 1 20 =
2. Three patients recovered from the procedures despite @ e
liver rejection (patient 2), cytomegalovirus and candida < 15 o
infections (patient 6), and systemic enterobacter sepsis 2 © 1.0
(patient 8). All six survivors have normal liver functon and < 05 @
no evidence of tumour recurrence after 3-6 months of & 4 ; : ; ' ; Loo
follow-up. 0 30 150 180

Pancreatic islet yield

The final preparations constituted a packed volumne of less
than 3 ml. The number of 150 pm islet equivalents varied
from 105 000 to 562 000, corresponding to a volume of
endocrine tissue of 186-993 pl (table 1). The intraportal
injection(s) did not affect portal pressure and
haemodynamics or cause any adverse effects. In patient 6, a
liver biopsy sample taken 17 days post-transplantation
contained a morphologically normal islet in one portal triad
of the hepatic graft.

Islet function

No patient acquired ketonuria. The three who died were
not able to eat regularly and were given insulin continuously
during total parenteral alimentation except at the time of
IVGTT.

Patient 1 is insulin-free after more than 6 months and has
not required parenteral nutrition support since the fourth
postoperative month. She lives a normal life and has gained
3 kg over the past 2 months. Patients 5, 7, 8, and 9 are noton
exogenous insulin, except during the night-time parenteral
hyperalimentation which has been required periodically to

TABLE II—FASTING AND NON-FASTING BLOOD GLUCOSES
AND GLYCOSYLATED HAEMOGLOBIN IN SIX SURVIVING

PATIENTS
Blood glucose (fasting) Blood glucose
Case (mmol/1) (non-fasting) (mmol/l) | HbA,. (%)
1 5-4(0-5) 5-8 (0-5) 6-0
5 59(0-2) 6:1(0-2) 58
6 8:7(0'5) 10:1(0-3) 58
7 57(05) 7505 51
8 7-2(0:7) 10-8(0°5) 66
9 76(0-3) 8:3(03) 56

-Ag mean (and SEM).
T———

TABLE |1 —C-PEPTIDE RESPONSE TO 0-5 g/kg INTRAVENQUS

GLUCOSE
Follow-up C-peptide (pmol/ml) Week post-transplant
Case (days)* Basal Peak of last test
1 185 0-96 28 16
2 178 (dead) 0-66 1-14 96
3 48 (dead) 0-78 090 15
4 109 (dead) 222 252 5
5 153 168 4-08 12
6 121 1-68 36 26
7 118 10 33 7
8 102 50t 84 6
9 101 14 324 24

*To July 15, 1990.
tSerum creatimine 354 umol/| at time of test.

60 90 120
TIME (MlNUTES)
Fig 2—Glucose disappearance and C-peptide responses after

administration of intravenous glucose (0-5 g/kg) in patients 1,
5,7.9.

prevent weight loss. Patient 6 is on insulin 0-1 units/kg daily
and is a treatment failure.

The fasting blood sugar levels in the 5 patients who were
insulin independent and who were tested after withdrawal of
night-time parenteral alimentation for several days averaged
less than 7-8 mmol/l, and random non-fasting levels during
the day time were below 84 mmol/] in four. HbA, levels
were high normal in four patients and slightly abnormal in
the other (table 11).

C-peptide was detectable in plasma of all patents for as
long as they were studied. C-peptide responses to
intravenous glucose were demonstrable in all patients, the
latest results being summarised in table 111. C-peptide
kinetics are shown in fig 2 for four patients not on daytime
exogenous insulin (patent 8 was excluded from the
computations because of a high basal C-peptide level,
atributed to renal failure). The peak C-peptide response
was delayed at 60 min, a 5-10 min peak being normal, and
blood glucose did not return to basal levels until 150-180
min.

Discussion
The conditions of these procedures have both advantages
and disadvantages for the evaluadon of islet
allotransplantation. The foremost advantage is the
assurance that any islet function was from the graft, all native
pancreas having been removed. In all nine patients there was
no C-peptide response to glucagon in the brief interval
between surgery and the islet infusion. A hypothetical
advantage, for which there is experimental support,?! is that
the immune barrier to islet acceptance might be lowered by
the presence of a liver from the same donor, as in eight of the
cases. Howevgr, the patient (case 7) whose pancreas was
procured from a third-party donor achieved one of the best
results; in this case the pancreas donor and the recipient had
a complete HLA mismatch except for one DR antigen.
There are also disadvantages. All the recipients had severe
weight loss and required long periods of parenteral
alimentation with solutions that contained insulin. Even
with the resumption of diet, parenteral infusions overnight
were frequently needed to prevent malnutrition. These were
stopped for several days or weeks when metabolic tests were
done so that the patients were free of exogenous insulin.
Postoperative infections and other complications had a
potential confounding effect on the results in half the cases,
and patient 2 had early tumour recurrences which precluded
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metabolic stability or long survival. Patients 2 and 4 had
positive cytotoxic cross-matches with their liver-islet
donors. Although their livers functioned throughout the
survival period, they ultimately became diabetic.

Despite the difficulties, early islet allograft function was
demonstrable in every recipient. This function has been

sustained in five patients. However, no patient has normal
insulin secretory kinetics: even where fasting and random

non-fasting blood sugar was normal first-phase release in
the C-peptide responses to intravenous glucose was absent
and the peak response was delayed. These findings are
characteristic in animal models of reduced islet-cell
mass*** and in the prolonged prodrome of spontaneous
type I diabetes mellitus.* They also resemble the results in
pancreatectomised dogs given inadequate numbers of islet
allografts.® The dog studies had suggested that correction
might be more complete in patients given the islets from two
donors but this did not happen, and 2 of the best clinical
results (cases 1 and 7) were in patients given islets from
single pancreases. Silent rejection of islets without
commensurate injury to the liver graft is one possibility,
islets being highly immunogenic.>® FK 506 can be
diabetogenic,” and an even greater vulnerability to
hyperglycaemia is caused by steroid therapy. However, only
one of our patients was on maintenance prednisone.

This series suggests that islet transplantation in man is
feasible but it is too early for widespread clinical trials to be
justified. The memabolic correction is incomplete and
finding multiple islet donors—should this in fact prove to be
necessary—will make islet transplantation impracticable on
a large scale, unless procedures for long-term culture or
cryopreservation of islets are developed.

Supported by research grants from the Veterans Administration, project
grant DL 29961 and DK 25802 from the Natonal Institutes of Health, and
the Diabetes Research Insttute Foundation, Miami, Florida.

REFERENCES

+ 1. Gray DWR, Morris PJ. Developments in isolated pancreatc islet
transplantation. Transplantation 1987; 43: 321-31.

2. Alejandro R, Minz DH, Noel J, Latif Z, Koh N, Russel E, Miller J. Islet
cefl transplantation in type 1 diabetes mellitus. Transplant Proc 1987;
19: 2359-61.

3. Sharp DW, Lacy PE, Ricordi C, et al. Human islet transplantation in
patients with type I diabetes. Transplant Proc 1989. 21: 2744-45.

4. Warnock GL, Kneteman NM, Ryan EA, et al, Halloran PF, Rabinovitch
A, Rajorte RV. Continued function of pancreatic islets after
transplantation in type I diabetes. Lancer 1989; ii: 570-72.

o5 Scharp DW, Lacy PE, Santiago JV, et al. Insulin independence after islet
transplantation into type I diabetic patient. Digbetes 1990; 39: 515-18.

6. Belzer FO, Southard JH. Principles of solid-organ preservaton by cold
storage. Transplantation 1988; 45: 673-76.

7. Starzl TE, Miller C, Broznick B, Makowka L. An improved technique for
muldple organ harvesting. Surg Gynecol Obster 1987; 165: 34348

8. Gray DWR, McShane P, Grant A, Morris PJ. A method for the isolation

o of islet of Langerhans from the human pancreas. Diabetes 1984; 33:
1055-61.

9. Warnock GL, Ellis D, Rajotte RV, Davidson I, Backkeskov S, Egebjerg
J. Studies of the islolation and viability of human islets of Langerhans.
Transpiantation 1988; 45: 957-63.

,10. Ricordi C, Lacy PE, Finke EH, Olack BJ, Scharp DW. Automated

~ method for isolation of human pancreauc isiets. Diabetes 1988; 37:

413-20.

11. Starzl TE, Todo S, Fung ], Demetris AJ, Venkataramanan R, Jain A. FK
506 for human liver, kidney and pancreas transplantation. Lancer 1989;
ii: 1000-04.

12. Starzi TE, Fung J, Jordan M, et al. Kidney transplantanon under FK
506. FAMA 1990; 264: 63-67.

13. Surzd TE, Todo S, Tzakis A, et al. Abdominal organ cluster
transplantation for the treaument of upper abdominal malignancies.
Arn Surg 1989; 210: 374-386.

14. Tzakis A, Todo S, Starzl TE. Upper abdominal exenteration with liver
replacement: 2 modification of the cluster procedure. Transplant Proc
1990; 22: 273-74.

15. Lake SP, Basset D, Larkins A, et al. Large-scale purification of human
islets utilizing discontinuous albumin gradient on IBM 2991 cell

. Diabetes 1989; 38 (suppl 1): 143-45.

16. Alejandro A, Strasser S, Zucker PF, Mintz DH. Isolation of pancreatic
islets from dogs. Transplantation (in press).

17. Latif Z, Noel J, Alejandro R. A simple method for staining of fresh and
cultured islets. Transplantation 1988; 45: 827-30.

18. Alderson D, Kneteman NM, Olack BJ, Scharp DW. Isolation and
quantification of canine islet tissue for transplantation. Transplantation
1987; 43: 579-81.

19. Ricordi C, Socci C, Davalli A, Staudacher C, Baro P, Vertova A, Sassi I,
Gavazzi F, Pozza G, Di Carlo V. Isolaton of the elusive pig islet.
Surgery 1990; 107: 688-94.

20. Ricordi C, Gray DWR, Hering BJ, et al. Isletisolation assessment in man
and large animals. Acta Diabetol Latina (in press). -~

21. Morris PJ. Combined liver and pancreatic islet transplantation in the rat.

Transplantation 1983; 36: 230-231.

22. Bonner-Weir S, Trent DF, Weir GC. Partial pancreatectomy in the rat
and subsequent defect in glucose-induced insulin release. F Clin Invest
1983; 71: 1544-53.

23. Kano Y, Kanatsuna T, Nakamura N, et al. Defect of the first phase
insulin secretion to glucose stimulation in the perfused pancreas of the
nonobese diabetic (NOD) mouse. Diabetes 1986; 35: 486-90.

24. Reddy S, Bibby NJ, Fisher SL, Elliot RB. Longitudinal study of first
phase insulin release in the BB rat. Diabetologia 1986; 29: 802-07.

25. Srikanta S, Ganda OP, Eisenbarth GS, Soeldner JS. Islet-cell antibodies
and beta-cell function in monozygotic triplets and twins initally
discordant for Type I diabetes mellitus. N Engl ¥ Med 1983; 308:
322-25.

26. Alejandro R, Latif Z, Polonsky KS, Shienvold FL, Civantos F, Mintz
DH. Natural history of multiple intrahepatic canine islet allografts
during and following administration of cyclosporine. Transplantation
1988; 45: 1036-41.

27. Todo S, Fung JJ, Starzl TE, et al. Liver, kidney, and thoracic organ
transplantation under FK 506. Ann Surg (in press).

BOOKSHELF

The Management of Pain

2nd edinon. John J. Bonica. Philadelphia and London: Lea and
Febiger. 1990. Pp 2184 (two vols). $225/£154.69. ISBN
0-812111222.

The front cover of each volume of Professor Bonica’s
massive text is adomed with a photograph of the sculpture
“I_aocoonte”, now housed in the Vatican. The hero and his
two sons writhe in the coils of a serpent, their faces and their
postures indicating anguish rather than physical effort. One
cannot help feeling, with some impatience, that the snake is
not so big and that with a little effort the men could shrug it
off. A similar impatience may colour the attitude of a doctor
to the patient with a pain that defies diagnosis or treatment.
That impatience—that sense that the sufferer could surely
shrug it off if he would—is the very attitude that Bonica has
fought against from the first edition of this major work in
1953. The proper management of pain is for him “the most
important obligation, the main objective, and the crowning
achievement of every physician”.

The sculpture depicts Laocoon as twice the size of his
offspring, despite their adult proportions. The reverse is the
case with the book, the second edition being more than twice
the size of its forbear. It has not, however, changed in its
compassionate and consistently positive attitude to the
patient with pain. The style remains leisurely with plenty of
space for case histories and thumbnail sketches of the most
obscure or unlikely causes of pain (relapsing polychondritis,
medullary sponge kidney, spider bites). Bonica has recruited
a large and distinguished tearn of contributors to update and




