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Summary

Michael Somogyi showed 1951 that a hypoglycemia induces a higher glucose response after a glucose load. Due to a lack
of continuous glucose monitoring it was assumed that a high glucose level in the morning was a sign of nocturnal hypo-
glycemia. This phenomenon was therefore named after the author, the Somogyi effect. In modern times with continuous
glucose measurement it was becoming apparent that fasting plasma glucose below 5 mmol/! indicated in 94% of cases
an undetected hypoglycemia during the night, but the same number of patients had a fasting plasma glucose above 5
mmol/l with nocturnal hypoglycemia. If the fasting glucose, however, was above 5 mmol/l, the majority of cases with an
elevated pre-breakfast glucose level (57%) was caused by the Dawn phenomenon, a surge of insulin antagonists during the
night (growth hormone) or early morning hours without any hypoglycemia during the night. Taken all glucose levels in the
morning into account, about one quarter is due to the Somogyi effect and three quarters due to the Dawn phenomenon.
Thus, the so called Somogyi phenomenon was much rarer than previously suspected (28%). In this review we analyzed
how hypoglycemia can be prevented with beta-cell replacement (islet or pancreas transplantation). Our own experience
demonstrated that severe hypoglycemia could be reduced by more than 95%. In addition to avoid severe hypoglycemia the
chance to protect the transplanted kidney from loss of function in a setting of simultaneous islet-kidney or pancreas-kidney
transplantation was the same in islet and in pancreas transplantation despite the need of additional small insulin doses
and the rate of complications and reoperations was significantly less in islet vs. pancreas transplantation.

B Key words: hypoglycaemia, Somogyi effect, dawn phenomenon, continuous glucose monitoring, islet/
pancreas-kidney transplantation

Béta-sejt-potlo kezelés a hypoglykaemia kezelésére. A szigetsejt-vese, illetve

a pancreas-vese transzplantdcio hosszu tdvi eredményeinek osszevetése
Osszefoglalds: Somogyi professzor 1951-ben igazolta, hogy a vércukoresést kévetd ismételt glukdzterhelés a vdrtndl na-
gyobb vércukor-emelkedést eredményez. Folyamatos vércukor-monitorozds hidnydban feltételezte, hogy a reggel, ébredés-
kor mért magas vércukorszint éjszakai hypoglykaemia kovetkezménye. A posthypoglykaemids hyperglykaemidt elsé leiro-
jdrél Somogyi-jelenségnek nevezték el. Napjainkban folyamatos széveti cukorméréssel igazolhatd volt, hogy a reggel mért
<5,0 mmol/l-es vércukorszint az esetek 94%-dban észrevétlen éjszakai hypoglykaemidt jelez, legaldbb ilyen gyakorinak
bizonyult azonban, hogy éjszakai/hajnali vércukoresést kovetden a reggel mért vércukor még 5,0 mmol/! fol6tti maradt. E
vizsgdlatok arra is fényt deritettek, hogy a reggeli magasabb (>5,0 mmol/l) vércukorszinttel rendelkez6k tobbségénél (57 %-
dndl) nem alakult ki éjszakai vércukoresés, az emelkedést a contrainsularis hormonok (elsésorban a ndvekedési hormon)
hajnali-kora reggeli szekrécids csucsa okozza (hajnali jelenség). Az eredmények egyiittes értékelésével megdllapithato, hogy
az éhomra mért magasabb vércukorszint csak az esetek negyedében irhaté a Somogyi-hatds szdmldjdra, %-e a hajnali
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jelenség kévetkezménye. A Somogyi-hatds tehdt sokkal ritkdbb (28%) a kordbban feltételezettnél. A jelen 6sszefoglald kézle-
mény részletesen bemutatja, hogy hogyan el6zheté meg nem kivdnt vércukoresések el6forduldsa béta-sejt-potlo kezeléssel
(szigetsejt- vagy pancreas-transzplantdcid). Sajdt megfigyeléseink szerint e médon a sulyos vércukoresések mintegy 95%-a
elkeriilhetd. Egyidejlileg végzett szigetsejt-vese, illetve pancreas-vese dtiiltetés esetén tovdbbi elényt jelent a vesemiikodés
tovdbbi romldsdnak megdllitdsa még akkor is, ha kis adag inzulin addsa a beavatkozdst kévetéen is sziikséges marad.

B Kulcsszavak: hypoglykaemia, Somogyi-jelenség, hajnali jelenség, folyamatos cukorszint-monitorozds,

szigetsejt/pancreas-vese dtiiltetés
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CKD-EPI: chronic kidney disease epidemiologic collaboration; GFR: glomerular fgiltgration rate; IAK: islet after kid-
ney (transplantation); IEQ: islet equivalent; ns: non significant; PAK: pancreas after kidney (transplantation); SIK:
simultaneous isletkidney transplantation; SPK: simultaneous pancreas-kidney transplantation

Introduction

Both transplantation of isolated islets of Langer-
hans as well as whole organ pancreas transplanta-
tion are treatment options in the care of patients
with type 1 diabetes mellitus. However, there is
only few data regarding their long-term effect, in
particular when compared to each other.

Michael Somogyi showed 1951 that a hypoglyce-
mia induces a higher glucose response after a glu-
cose load.! Due to a lack of continuous glucose
monitoring it was assumed that a high glucose lev-
el in the morning was a sign of nocturnal hypo-
glycemia. This phenomenon was therefore named
after the author, the Somogyi effect. In modern
times with continuous glucose measurement it was
becoming apparent that fasting plasma glucose be-
low 5 mmol/l indicated in 94% of cases an un-
detected hypoglycemia during the night, but the
same number of patients had a fasting plasma
glucose above 5 mmol/l with nocturnal hypogly-
cemia. If the fasting glucose, however, was above
5 mmol/l, the majority of cases with an elevated
pre-breakfast glucose level (57%) was caused by
the Dawn phenomenon, a surge of insulin antag-
onists during the night (growth hormone) or ear-
ly morning hours without any hypoglycemia during
the night. Taken all glucose levels in the morning
into account, about one quarter is due to the So-
mogyi effect and three quarters due to the Dawn
phenomenon.” Thus, the so called Somogyi phe-
nomenon was much rarer than previously sus-
pected (28%). This review article focused on the

avoidance of severe episodes of hypoglycemia by
beta-cell replacement.

Pancreas transplantation has been conduct-
ed for more than 50 years,’ islet transplantation
emerged as an alternative to whole organ trans-
plantation mainly after the publication of results
with consistent insulin independence using a ster-
oid-free immunosuppression protocol in the year
2000.* The results of islet transplantation and the
metabolic effects of successful islet transplanta-
tion were already described before.>® Both trans-
plantation options can be conducted alone or in
combination with a kidney. Whereas simultaneous
pancreas-kidney transplantation (SPK) is an inter-
vention with proven benefits in terms of surviv-
al,” conflicting results in pancreas transplantation
alone have been published.*’

By providing a source of endogenous insu-
lin secretion, both transplantation options aim
at improving glycemic control. Yet, while insulin
independence is routinely achieved in pancreas
transplantation and is still present in 60-70% of
patients 5 years after transplantation," recipients
of islet transplantation need more than one trans-
plantation to achieve insulin independence in most
cases and insulin independence is lost in more than
70% after 2 years."" However in a selected study
the insulin independence rate at 5 years with mod-
ern immunosuppression (anti-TNFa treatment)
was the same in islet and pancreas transplanta-
tion."” On the other hand, the rate of complica-
tions is high in pancreas transplantation with up to
40% of patients undergoing relaparotomy during
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the first 3 months,” whereas laparotomy rate in is-
let transplantation is as low as 3%."

Data on transplantation outcome of SPK trans-
plantation directly compared to simultaneous
islet-kidney (SIK) transplantation is rare. We re-
ported a 5 year follow-up of SPK vs. SIK trans-
plantation," and a comparison of pancreas vs.
islet transplantation alone was presented recent-
ly, but this study did not include information on
glycemic control.’®

Therefore, the aim of our transplant center was
to compare SPK and SIK transplantation conduct-
ed at a single center with regard to glycemic con-
trol and transplantation related complications as
well as function of the transplanted kidney over
more than 10 years.

Technique and principles of simultaneous
islet or pancreas and kidney transplantation

Organ procurement and surgical procedures

Kidneys and pancreata were obtained from brain-
dead multi-organ cadaver donors from differ-
ent hospitals in Switzerland. A negative serum
cross-match between donor and recipient and
ABO compatibility was required. Organs of do-
nors were preferentially allocated to recipients of
a comparable age.

The transplantation of the pancreas was per-
formed heterotopically into the abdomen. Portal
drainage was applied through venous anastomosis
between the pancreas and the patient’s superior
mesenteric vein. The arterial access of the trans-
plant was connected to the common iliac artery.
All patients received an exocrine enteric drainage.

Pancreatic islets are micro-organs with nerve and
blood supply with a diameter between 50 and 400
um consisting of alpha-, beta-, delta-cells, and oth-
er endocrine cells producing different hormones
and peptides. These islets represent about 2% of
the total pancreas weight, which corresponds to
about 2 gr of mass. About 50% of the cells in the
islets consists of insulin producing beta-cells. The
isolation of these islets from the intact pancreas
happens in two major steps:

1. Collagenase digestion by injection of the en-

zyme in the pancreatic duct and

2. density-gradient purification separating islets
from the heavier, and more abundant exo-
crine tissue. The first transplantation of islets
was done by David Sutherland® in Minneap-
olis in the year 1974 and the first Europe-
an islet transplantation was done in 1978 in
Zurich, Switzerland by Felix Largiadeér.'® The
modern human isolation method was invent-
ed and developed by Camillo Ricordi and first
published in 1988."

Preparation and transplantation of the pancre-
atic islets today is still similar to the original proto-
col and were performed as previously described.'
Transplanted islets were not cultured before trans-
plantation. Islet transplantation was conducted by
open approach, if performed together with a kid-
ney transplantation, and by transhepatic percuta-
neous approach in all other cases. Islet volume is
given as islet equivalents (IEQ)."”

The kidney transplantation was performed in
the same way in all patients by heterotopical trans-
plantation of the graft into the right or left iliac
fossa and connection of the renal vein and artery
to the iliac vessels.

Heparin was administered in all patients start-
ing 4 hours after transplantation (10,000 units per
day). In addition, 70 units of heparin per kg recip-
ient weight (but not more than 5000 units in total)
were added to islet preparations prior to infusion.

Immunosuppression

In the SPK group, a regimen with tacrolimus® and
mycophenolate mofetil,” as well as prednisone was
used. Induction therapy was performed initially
with basiliximab and after 2012 with thymoglobu-
line.”” Target long-term trough levels for tacroli-
mus were 10-15 pg/l. Mycophenolate mofetil was
administered weight adapted twice daily in doses
of 720-1440 mg.

In the SIK group, immunosuppression was carried
out with tacrolimus and sirolimus according to the
Edmonton protocol.* Target long-term trough levels
were 7 to 10 ug/l for sirolimus and 3 to 6 ug/l for
tacrolimus. Sirolimus was later changed to mycophe-
nolate mofetil due to the high rate of side effects
reported for sirolimus." Induction therapy was per-
formed initially with daclizumab, after 2012 with thy-
moglobuline® or basiliximab) for retransplantation.

209



210

DIABETOLOGIA HUNGARICA XXVI. évfolyam 4. szam

Roger Lehmann

For patients receiving pancreas or islet trans-
plantation after kidney transplantation (PAK or
IAK), immunosuppression was similar as com-
pared to simultaneous transplantation with the
exception of induction therapy, where thymoglob-
uline was replaced by basiliximab.

Follow-up

During follow-up, pancreas or islet transplant
function was assessed by HbA,. measurement and
need for exogenous insulin. In SIK/IAK recipients,
C-peptide secretion was measured during a mixed-
meal tolerance test at least every year after trans-
plantation.” Because of the high rate of insulin
independence, C-peptide was not routinely meas-
ured after SPK. Renal function was assessed by
serum creatinine and GFR estimated by the CKD-
EPI formula.** Patients were seen at least every 6

months for evaluation of transplant function and
adverse events. All patients were treated according
to current international guidelines. In particular,
insulin treatment after transplantation, if neces-
sary, was carried out with the same regimen and
intensity as before transplantation. Insulin therapy
was initiated when HbA,, levels increased above
6.0% or fasting glucose was repeatedly measured
above 7.0 mmol/l, starting with low-dose basal in-
sulin (4-8 units). The amount of insulin needed
was documented by calculating mean daily insulin
dosages from patient logs.

Relevance of hypoglycemia
The Diabetes Control and Complication Trial

demonstrated 25 years ago that a better glycemic
control reduced the microvascular complications

Figure 1. Evidenced based treatment strategies in patients with type 1 diabetes mellitus and severe episodes of

hypoglycemia as reported by an international expert group
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of type 1 diabetes mellitus considerably, but at
the same time the rate of severe hypoglycemia
increased.”

How common is severe hypoglycemia today? It
is estimated that the rate is about 1.1 to 3.5 severe
hypoglycemia per patient-year, which means that
about 30% of patients with type 1 diabetes have an
episode of severe hypoglycemia per year. In Euro-
pean countries the prevalence of type 1 diabetes
is about 0.3% of the population which means that
0.1% of the population have at least one severe
episode of hypoglycemia. By taking the low organ
donation rate of about 10-35 per million people
into account and that only 50% of the pancrea-
ta offered can be used for beta-cell replacement,
only about 1-2% of patients with severe hypogly-
cemia can be transplantated.” This together with
the need for life-long immunsuppressen is the rea-
son why islet or pancreas transplantation is not
considered the first line of treatment in type 1 dia-
betes mellitus, but as 4" line treatment of severe
hypoglycemia (Figure 1).

Results of islet and pancreas transplantation

The 5-year experience in our center published in
2008 showed that kidney transplantation alone
without beta-cell replacement was not able to im-
prove HbA,, below 8%, and that kidney function
5 years after kidney transplantation alone vs. pan-
creas-kidney and islet kidney transplantation was
not different. Relaparatomies due to complica-
tions of the transplanted pancreas, however, was
44%, whereas in islet transplantation in was 0%.”
Therefore, we proposed in 2008 a new goal for
islet transplantation, which is now universally ac-
cepted, namely avoidance of severe hypoglycemia
and good glycemic control with a HbA,, below
7.0% in order to prevent damage to the transplant-
ed kidney and micro- and macrovascular disease.”

Prospective 13-year follow-up study in
simultaneous islet-kidney vs. pancreas-kidney
transplantation

Since long-term follow-up is needed to assess kidney
function after combined islet- or pancreas-kidney

transplantation, our transplant center published
the longest single center follow-up of simultaneous
islet-kidney vs. pancreas kidney transplantation in
2015.% 94 patients with SPK/PAK were compared
with 38 patients with SIK/IAK over a period of
up to 13 years.

Patient selection for transplantation

Based on the small number of possible trans-
plants for beta-cell replacement and the need for
life-long immunosuppression, patients with type 1
diabetes mellitus and end-stage renal failure with
need for dialysis treatment who were referred to
our institution for the evaluation of possible re-
nal transplantation were considered for combined
transplantation. Malignant disease, chronic infec-
tion, advanced heart disease, severe liver damage
or non-compliance were general contraindications
for transplantation. Patient selection for one of the
two protocols of combined transplantation was
performed after careful evaluation of possible ad-
vantages and disadvantages, with special regard to
age and comorbidities. Older patients with many
— in particular cardiovascular — comorbidities who
were considered to be at higher risk of intra-op-
erative complications were preferentially assigned
to the less invasive procedure of islet transplanta-
tion, while younger and healthier patients were of-
fered both modalities.

Patients receiving SIK/IAK transplantation were
significantly older and had a longer duration of dia-
betes before transplantation. However, age at di-
agnosis was not different between the two groups.
Diabetes related complications were common in
patients before transplantation (7able 1). In addi-
tion to end-stage renal disease, which was present
in all patients, more than 95% of patients suffered
from retinopathy, and more than 80% from pe-
ripheral and/or autonomic neuropathy. 69% of
SIK/TAK recipients and 77% of SPK/PAK recip-
ients suffered from at least one episode of severe
hypoglycemia in the preceding year (ns).

Before transplantation, coronary heart disease
was present in ~50% of patients, with a tenden-
cy towards higher frequency in SIK/IAK recipients
(63% vs. 47% in SPK/PAK recipients, p=0.06).
Known cerebrovascular disease was present in 15-
25% of patients, and peripheral vascular disease

21
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Table 1. Baseline and transplantation related characteristics of patients included in the study

SPK/PAK SIK/IAK p-Value
Patients included (n) 94 38 -
Female gender (%) 52.1 50.0 0.83
Age at transplantation (y) 44.2+7.6 51.8+9.0 <0.001
Age at diagnosis (y) 12.3£7.0 14.7£10.0 0.28
Diabetes duration before transplantation (y) 32.148.2 37.0+£11.0 0.02
Follow-up after transplantation (y) 5.6+3.8 6.4+3.9 0.36
Time on waiting list (months) 11.349.3 17.3+14.7 0.02
Donor age (y) 32.6+12.1 53.448.1 <0.001
Donor female gender (%) 66.6 68.9 0.58
Donor BMI (kg/mz) 23.2+3.2 25.9+2.7 <0.001
Cold ischemia time (minutes) 561.2+180.6 325.6+81.6 <0.001
Number of transplantations (n) n/a 2.1£13 -
Mean islet number/kg BW/transplantation (n) n/a 8839+7454 -
Mean IEQ/kg BW/transplantation (n) n/a 11408+10380

Data are provided as numbers, mean+SD or percentage. P-Values are calculated for comparison between groups (Mann-Whitney test).
SPK: simultaneous pancreas-kidney transplantation, PAK: pancreas after kidney transplantation, SIK: simultaneous islet kidney transplantation, IAK: Islet after kidney

transplantation

in about 50% of all patients. 28% of SPK/PAK
recipients and 37% of SIK/IAK recipients were
smokers (ns).

Transplantation related characteristics

Time on the waiting list before transplantation
for SIK/IAK patients was 6 months longer than in
SPK/PAK recipients (p=0.02). Donors of organs for
SIK/IAK recipients were about 20 years older than
SPK/PAK organ donors, this was true for pancreas
donors of simultaneous transplantation (SPK/SIK,
age difference of 20.3 y) as well as donors for
transplantation after kidney (PAK/IAK). BMI was
higher in SIK/IAK donors compared to SPK/PAK
donors (p<0.001). Cold ischemia time was about
2.5 hours longer in SPK/PAK vs. SIK/IAK recipi-
ents (p<0.001). Islet recipients received in average
2.1=1.3 transplantations per patient, with a mean
of 11,408=10,380 IEQ per kg body weight.

Insulin independence and glycemic control

Insulin independence was significantly higher at 5
years for SPK/PAK (74%) compared with 9% for
SIK/IAK (p<0.001). Nonetheless, in both groups
a significant decrease of HbA, was observed 1
year after transplantation compared to the last

HbA,. measured before transplantation (Fig-
ure 2). HbA,, decreased in the SPK/PAK group
from 7.8+1.3% to 5.9%1.1% and in the SIK/IAK
group from 8.0+1.3% to 6.5+1.1%, respectively
(p<0.001 for both, n=126). HbA,, remained stable
in both groups after transplantation (mean HbA,,
during follow-up 5.8+0.8% and 6.7x1.0% for
SPK/PAK and SIK/IAK, respectively), with a sig-
nificant lower value (compared to pre-transplanta-
tion) until year 6 (SPK/PAK, p=0.001, n=46) and
7 (SIK/TAK, p=0.002, n=37), respectively (Bon-
ferroni correction applied, a’=0.004). In both
groups, there was no time point after transplan-
tation when HbA,, rose significantly compared to
year 1 after transplantation.

Mean HbA,, as well as the last HbA,. measured
during follow-up in patients with a total follow-up
of more than 10 years was not different compared
to those with a shorter follow-up. In the SPK/PAK
group, mean and last HbA,, were 5.8+0.8% and
5.7+£0.8% for patients with a follow-up <10
years, and 5.5+£0.4% and 5.4+0.5% for patients
with a follow-up >10 years (ns). In the SIK/IAK
group, these values were 6.7=1.1% and 6.8+1.3%
for a follow-up <10 years, and 6.5+0.8% and
6.6x£1.2% for a follow-up >10 years (ns).

In the SIK/IAK group, C-peptide secre-
tion was measured at 3, 6 and 12 months after
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Figure 2. HbA,. (%) after Simultaneous Pancreas-Kidney/Pancreas after Kidney (SPK/PAK) or Simultaneous Islet-
Kidney/Islet after Kidney (SIK/IAK) transplantation before (“0”) and after transplantation

n: number of patients observed at a particular time point after transplantation

* p<0.004 (Mann-Whitney test, Bonferroni correction applied, a’=0.004)

transplantation during a mixed meal tolerance
test (and yearly afterwards). There were 3 patients
without C-peptide response after transplantation
in this group (defined as C-peptide <0.1 nmol/l)

(Figure 3). The highest level of the maximally stim-
ulated C-peptide during the post-transplant peri-
od was 1.34+1.10 nmol/l, the last value measured
during follow-up 1.12+1.01 nmol/L

Figure 3. C-peptide positivity (>100 pmol/l in the fasting state) after long-term follow-up of simultaneous islet-

kidney transplantations
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Kidney function

Kidney function one year after combined trans-
plantation was 70=23 ml/min and 5020 ml/min
in the SPK and SIK group, respectively. Whereas
GFR did not differ between the two groups before
renal transplantation, it was significantly different
1 year after transplantation (p<0.001). However,

the decline of renal function of the transplant-
ed kidney after SPK or SIK transplantation was
not different between the two groups (Figure 4)
at any time point during follow-up (Bonferro-
ni correction applied, a’=0.004), with a decline
of calculated GFR at year 13 after transplanta-
tion of —9.5+23.3 ml/min (SPK) and —13.3+13.8
ml/min (SIK) (ns). The percentage of patients with

A

Figure 4. Severe episodes of hypoglycemia per 100 patient-years in a logarithmic scale (A) before and after (mean
during follow-up) transplantation, and re-laparatomy rate due to kidney and pancreas or islet transplantation (B)
during the first 3 months after transplantation in both patient groups (relaparotomy rate in red [pancreas trans-
plantation] and blue [islet transplantation]); bars represent mean+SD

* p<0.05; *** p<0.001 (A, B: Mann-Whitney test, C: x° test)
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a change in CKD stage during follow-up was only
16% (SPK) and 8% (SIK) (ns).

In line with HbA,, values, there was also no dif-
ference in kidney function at any time during fol-
low-up between patients with a long (>10 years)
and short (<10 years) follow-up, when assessed
separately for the SPK/PAK and SIK/IAK group.

Insulin requirement and occurrence of severe
hypoglycemia after transplantation

Whereas insulin needed for diabetes thera-
py was not different between the two groups be-
fore transplantation (~0.5 U per kg body weight),
it differed significantly afterwards. Insulin dos-
age could be decreased in the SPK/PAK group by
more than 80% (with most patients being insulin
independent), but less than 20% in the SIK/IAK
group (mean during follow-up) (Figure 5). How-
ever, the rate of severe hypoglycemia which was
high and not different in both groups before trans-
plantation (346445 per 100 patient years in the
whole cohort) dropped significantly to 5=15 and
11+15 per 100 patient years in the SPK/PAK and
SIK/IAK groups, respectively (Figure 5).

Procedure related complication rate,
immunosuppression

In SPK/PAK transplantation, the implanted pan-
creas had to be explanted in 10% (9 of 94 patients)
due to complications. These included bleeding (2
cases) and vascular complications (thrombosis, 7
cases). A total of 39 patients (42%) in this group
underwent early (within 3 months) laparotomy,
with >1 laparotomy in some patients (45 laparot-
omies in total) (Figure 5). The complications lead-
ing to early laparotomy included bleeding (13),
thrombosis (7), ileus/volvulus (8), infection/pan-
creatitis (11), and others (2) as well as compli-
cations related to the transplanted kidney (4). In
contrast, there were only 4 patients with need for
relaparotomy in the SIK/IAK group (11%) — two
patients with a major bleeding at the site of he-
patic vein puncture, and 2 patients with need for
relaparotomy related to the transplanted kidney.
In contrast to the difference in total relaparot-
omy rate, there was no difference in the relapa-
rotomy rate related to the kidney transplantation

Figure 5. Change of calculated GFR (ml/min/1.73 m?) after Simultaneous Pancreas-Kidney (SPK) or Simultaneous

Islet-Kidney (SIK) transplantation after transplantation

n: number of patients observed at a particular time point after transplantation
* p<0.004 (Mann-Whitney test, Bonferroni correction applied, a’=0.004)
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in the SPK and SIK groups (4% and 5%, respec-
tively) (ns).

There was one case of death early after IAK
transplantation due to cardiac arrest in a patient
with a known history of coronary, cerebral and
peripheral vascular disease after development of
intrathoracic hemorrhage following islet trans-
plantation.

Cardiovascular risk factors, patient survival
Body mass index was significantly higher in SIK/IAK

recipients before, but not after transplantation

Table 2. Diabetes related complications and history
of cardiovascular disease of patients included in the
study

SPK/PAK SIK/IAK  p-

(%) (%) Value
None 5 3
Non-proliferative 16
" . 0.07
Proliferative 66 58
Amaurosis
Peripheral 0.17
Autonomic 0.09
None
Asymptomatic 10 3
Symptomatic 1 18 0.06
Percutaneous intervention (PCl) 16 13
Myocardial infarction and PCl 5 1

Coronary artery bypass surgery

Cerebrovascular dlsease

None/not investigated

Asymptomatic 8 1"
Transient ischemic attack 3 3 035
Stroke
None/not investigated 53 47
Asymptomatic 16
Symptomatic 8 16 0.52
Percutaneous intervention (PCl)
Ulceration/gangrene 4
Amputation 16 21

P-Values are calculated for comparison between groups (x2 test).

SPK: Simultaneous pancreas-kidney transplantation; PAK: pancreas after
kidney transplantation; SIK: Simultaneous islet kidney transplantation; IAK:
Islet after kidney transplantation

— BMI was significantly reduced after transplan-
tation in this group, but not the SPK/PAK group.
Both systolic and diastolic blood pressure de-
clined significantly after transplantation in both
groups, with a lower diastolic blood pressure in
the SIK/TAK group.

10-year patient survival was higher in the
SPK/PAK group compared to the SIK/IAK group
with 88.5% vs. 65.4%, respectively (p=0.04), due
to younger age and less cardiovascular complica-
tions at baseline (7able 1 and 2).

Prevention of severe hypoglycemia by
beta-cell replacement therapy

This review describes the comparison of the dif-
ferent methods for beta-cell replacement and the
avoidance of severe hypoglycemia and it includes
the first prospective cohort study directly compar-
ing the outcome of patients undergoing pancre-
as or islet transplantation (simultaneously with or
after a kidney transplantation) during a long-term
follow-up of more than 10 years.

There are differences between the two treat-
ment options of beta-cell replacement that pre-
clude a randomized trial in order to compare the
two methods within similar patient groups, e.g.
the more invasive character of whole-organ trans-
plantation, which favors whole-organ transplanta-
tion in younger patients with fewer comorbidities.
SPK/PAK recipients were younger at the time
of transplantation, and duration of diabetes was
shorter before transplantation. Further, there was
a tendency towards a higher rate of diabetes relat-
ed complications as well as cardiovascular disease
in the SIK/IAK group (Table 1 and 2).

The rate of insulin independence was higher
in whole organ recipients compared to islet re-
cipients, and comparable to the results of current
analyses of the International Pancreas Transplant
Registry.!” If insulin independence is the aim of
islet transplantation, multiple islet infusions are
common.'" However, the aim of the transplan-
tation program in Zurich with double organ re-
cipients is to achieve glucose stability providing
protection from further organ damage caused by
hyperglycemia (in particular deterioration of the
function of the transplanted kidney) without the
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occurrence of severe hypoglycemia, which is a ma-
jor problem before transplantation. Such reduction
of hypoglycemia was achieved in both groups af-
ter transplantation, with the number of severe hy-
poglycemia per year that was not only significantly
lower compared to the situation before transplan-
tation, but also compared to patients treated with
intensified insulin therapy.” Improvement and sta-
bility of glucose control after transplantation could
be demonstrated throughout the whole follow-up,
with a slightly higher HbA,, concentration in the
islet transplantation group. C-peptide remained
stable during the first years after islet transplanta-
tion, with some decline after year 6. Sustained pos-
itive C-peptide response itself (Figure 3)* may be
of importance regarding diabetes associated com-
plications, given the increasing evidence of posi-
tive effects of C-peptide regarding vascular, renal
and nerve dysfunction.’**%

Both groups showed an HbA,, concentration
which was lower than what was shown in patients
treated with intensified insulin therapy.”** How-
ever, the transplanted islet mass seems sufficient
to provide enough insulin to compensate for in-
adequately injected amounts of insulin to ensure
good glycemic control without severe hypoglyce-
mia. Further, the difference in insulin need before
and after transplantation may be underestimated

since insulin requirement before transplantation is
reduced due to renal failure, at least in those pa-
tients with simultaneous transplantation.”

Prednisone was used in pancreas transplant re-
cipients, but since it could be tapered off in most
patients during the first 2-3 years of follow-up or
at least be reduced to low dosages, a relevant im-
pact on glycemic control is unlikely.

When assessed one year after combined trans-
plantation, renal function was significantly lower in
SIK recipients compared to SPK recipients, which
is most probably attributable to differences in do-
nor age.” It should be noted that there was no
difference in the rate of decline of renal function
between the two groups. In a recent study, SPK
transplantation has been shown to preserve long-
term kidney graft function better than transplan-
tation of a kidney alone.”” The lack of a difference
in the decline of kidney function between the two
groups in our study as compared to SPK recipients
vs. patients with a life-donated kidney transplant
alone reported in Sweden” suggests that positive
effects of improved glycemic control on kidney
function could be relevant for both forms of beta-
cell replacement therapy (Figure 6).

The relaparotomy rate early after transplan-
tation (during the first three months) was high-
er in SPK/PAK recipients compared to SIK/TAK

Table 3. Cardiovascular risk factors before and after transplantation

SPK/PAK SIK/IAK p-Value
Before transplantation 23+3 25+4 0.02
BMI (kg/m?) P -
After transplantation 23+4 24+4* 0.43
Before transplantation 145425 149420 0.24
Systolic blood pressure (mmHg) d -
After transplantation 140+16* 138+15* 0.98
Before transplantation 83+12 82+11 0.73
Diastolic blood pressure (mmHg) d -
After transplantation 79+8* 74+9% 0.005
Before transplantation 4.6+1.2 4.7+1.2 0.30
Total cholesterol (mmol/l) P =
After transplantation 43+0.8 45+1.1 0.40
Before transplantation 1.6£0.5 1.5+£0.6 0.55
HDL cholesterol (mmol/l) -
After transplantation 1.5+0.4 1.4+0.5 0.35
LDL cholesterol (mmol/l) Before transplantation 2.3£1.0 2.6+0.9 0.15
After transplantation 2.2+0.8 2.2+0.7 0.71
. X Before transplantation 1.4+0.8 1.5+0.8 0.50
Triglycerides (mmol/l) -
After transplantation 1.4+0.8 1.5+0.7 0.16

Data are provided as mean+SD. P-Values (last column) are calculated for comparison between groups.
SPK: simultaneous pancreas-kidney transplantation; PAK: pancreas after kidney transplantation; SIK: simultaneous islet kidney transplantation; IAK: islet after kidney

transplantation
* p<0.05 for difference before and after transplantation (Mann-Whitney test)
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Figure 6. HbA,. and the decrease in e-GFR (ml/min/year) in the simultaneous pancreas-kidney and islet kidney
group vs. kidney transplantation alone in the University Hospital Ziirich (left) and between simultaneous pancre-
as-kidney and kidney transplantation alone (with life organ donation) in Sweden (right)

transplantation (Figure 5), and similar to the rate
that was reported recently by Page et al." In con-
trast to the overall relaparotomy rate, the lapa-
rotomies that were caused by complications at the
site of the kidney transplantation was not different
between groups, indicating that transplantation of
the pancreas was the main reason of an increased
complication rate in the whole organ transplanta-
tion group. Whereas bleeding was the only type
of complication in the SIK/IAK group, the type of
complication varied widely in the SPK/PAK group.

As expected, 10-year mortality was significant-
ly higher in the SIK/IAK group. A variety of fac-
tors may have contributed to this difference. First,
SIK/IAK patients were more than 7 years older.
The comparison of similar age categories as as-
sessed by this study within the general popula-
tion in Switzerland shows an increased mortality
(2.3 fold). Further, the tendency towards an in-
creased prevalence and severity of cardiovascular
disease may have reduced survival in the SIK/IAK
group. In the whole cohort, patients with coronary
heart disease exhibited a significantly higher mor-
tality than those without coronary heart disease
(66% vs. 85% 10-year patient survival, respec-
tively, p=0.03). Finally, the difference in diabetes
duration before transplantation may have contrib-
uted independently to the increased mortality in
the SIK/TAK group.

The main advantages of this study are the rel-
atively high number of patients, the length of
follow-up and the interdisciplinary care for the pa-
tients by the same team during follow-up.

In conclusion, our data of a long-term follow-
up provides evidence that both the combination
of kidney transplantation with a pancreas as well
as with isolated islets result in significant and sus-
tained improvement of glucose control without
the occurrence of severe hypoglycemia. While in-
sulin independence is more common in whole or-
gan pancreas recipients, islet transplantation can
be conducted with a lower complication rate. Al-
though the glycated hemoglobin is slightly lower
and the insulin independence rate higher in the
SPK/PAK group, there is no difference in the de-
cline of kidney function between the two groups
for more than ten years. This is the first descrip-
tion that with regard to maintenance of a good
kidney function, islet transplantation is not inferi-
or to pancreas transplantation.

A careful selection of the adequate procedure
by interdisciplinary transplantation teams may
help to ensure optimal care for patients with dia-
betes undergoing combined transplantation.
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