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Pancreatic islet isolation from donation after circulatory death pancreas

Abstract

In many countries there is an insufficient number of organs retrieved from donation after
brain death (DBD) procedures in order to keep time on deceased donor organ waiting lists
acceptable. Organs from donation after circulatory death (DCD) procedures could help to
relieve this pressure. In some countries DCD pancreas are increasingly used for both
vascularized pancreas and islet transplantation. With more stringent donor pancreas
acceptance criteria, preliminary results indicate that islet isolation from DCD pancreas results
in a somewhat reduced number of isolated islets, but no consistent difference in functionality
in vitro or clinical outcome in islet transplant recipients. Although more data on clinical
outcome are clearly needed, islets from DCD donors can be considered for clinical islet

transplantation.
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Introduction

In order to keep up with the demand for donor organs in an era of changing donor
demographics, there is an increasing focus on the use of organs from donors with “marginal”
or “expanded criteria” donor (ECD) characteristics'. These donors are generally defined by a
higher age, higher BMI, hemodynamic instability, and other factors?. The precise criteria can
differ between countries, institutions, and organ type>~. As acceptance criteria in the context
of vascularized pancreas transplantation broaden, the availability and quality of donor
pancreas for islet isolation and transplantation also decreases in most countries®. A potential
strategy to ensure a sufficient supply of islets for transplantation is the use of pancreas from
donation after circulatory death (DCD). But what are the consequences for both islet isolation
and islet transplant graft outcome using DCD pancreas? This chapter will focus on the
history, the technique of procurement, and finally the utilization of DCD pancreas for islet

isolation and transplantation.
History

In 1954 the first successful kidney transplantation between two identical twins took place®.
This living donor kidney transplantation procedure occurred at a time before
immunosuppression was available. It was not until 1959 that Schwartz and Dameshek
published on the immunosuppressive drug azathioprine that paved the way for non-related
kidney donation and transplantation’. In 1960, the first living donor kidney transplantation in
non-identical twins was performed followed by the first successful cadaveric kidney
transplantation in 1962%°. Although there are few details on donor characteristics, prevailing
disease and cause of death, procurement of the kidney occurred after cardiocirculatory arrest®.
During these early days, the dead donor rule was strictly adhered to. One was deceased when
“cold, blue, and stiff”, i.e. without circulation or ventilation'’. It was clear that such cadaveric
organs, with extended periods of ischemia before retrieval, were less than ideal for
transplantation. A possible alternative source of cadaveric organs from deceased donors with

intact circulation was proposed.
Donation after Brain Death

In 1963 the first donation after brain death (DBD) procedure was performed in Brussels,
Belgium!!. In the United States, as new criteria for death were discussed in the late 1960s, a

proposal for a definition of brain death was documented in 1968'2. Almost all U.S. organ
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procurement agencies switched to DBD procedures and abandoned all other donation
procedures promptly after the DBD guidelines were published'?. This quickly became the

standard worldwide as acceptance of the criteria for brain death grew'*.

Nowadays, neurological assessment of brain death is conducted via several tests determining
irreversible loss of consciousness in the absence of brainstem reflexes. In brain death there is
no longer the capacity for autonomous respiration, but cardiac arrest and/or circulatory
standstill have not yet occurred'®. The donor, who is at that point on mechanical ventilation,
can be taken to the operating theater. Pharmaceutical agents are given in order to combat
hypovolemia, hemodynamic instability, pulmonary edema, hyperglycemia, hypernatremia,
coagulopathy, and musculoskeletal reflexes. Exact protocols differ per institutions'®. During
procurement itself, there is sufficient preparation time for a rapid retrieval and cooling of the
organs'’. After aortic perfusion with a preservation solution, procurement can commence
almost immediately. Thus, DBD procedures offer the potential to maintain advantageous
hemodynamic conditions in the organs prior to retrieval'®. However, brain death has been
shown to negatively affect the circulatory and hormonal state of organs'>*. At the onset of
brain death vasoconstrictive hormones are released, endothelial adhesion molecules are
upregulated, heat shock proteins are formed, and a marked influx of leukocytes in the donor
graft is observed, suggesting a state of stress in the donor?>23, These factors can alter the

engraftment and/or primary function of an organ.??
Donation after Circulatory Death

In the United States waiting lists for solid organ transplantations increased yearly by 7.9%
from 1990 until 2015%*, It is estimated that transplantation of cadaveric organs only meets
10% of the global need. The number of pancreas transplantations in the Eurotransplant
region and the United States have declined by 2.5% and 3.3% per year since 2004,
respectively, and by 1.0% in the UK since 2009%°. To maintain or increase the number of
suitable organs for transplantation organs from expanded criteria donors are increasingly
utilized?’. In case of pancreas from organ donors in the Eurotransplant region, age >50 years
and/or BMI >30 are considered expanded criteria donor characteristics®®. As the average age
of the population in most societies increases, and consequently the age of potential donors,
many countries have broadened the criteria for expanded criteria donors to include donors
from donation after circulatory death (DCD)*
the First International Workshop on DCD in Maastricht, the Netherlands, in 1995.3

. Four categories of DCD were proposed during
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Category 1 DCD was defined as “Dead on arrival”, category 2 DCD as “Unsuccessful

resuscitation”, category 3 DCD as “Awaiting cardiac arrest”, and category 4 DCD as

“Cardiac arrest while brain dead”.>° These categories could be further divided in uncontrolled

DCD (category 1 and category 2) or controlled DCD (category 3 or category 4). In 2012

subcategories for category 2 DCD based on location (cardiac arrest occurring out of hospital

or in hospital) were proposed’!. Recently a fifth category, euthanasia, (medically assisted

cardiocirculatory death) was added to indicate organ procurement after controlled termination

of life upon request in countries such as Belgium and the Netherlands. Further revisions of

the Maastricht classification are presented in table 1.

(Modified) Maastricht Classification Of Donation After Circulatory Death

CATEGORY | General Definition

1

A
B

5
A

Dead on arrival [1]

Unsuccessful
resuscitation [30]

Awaiting cardiac
arrest [30]

Cardiac arrest while
brain dead [30]

Euthanasia [11]

Control
Uncontrolled
[30]
Uncontrolled [11]
Uncontrolled [11]
Uncontrolled
[30]
Uncontrolled [11]
Uncontrolled [11]
Controlled [30]

Controlled [11]
Controlled [11]

Controlled [11]
Controlled [30]
Uncontrolled [11]
Controlled [11]

Controlled [11]
Controlled [11]

Controlled [11]

Further Subdivisions

Non-witnessed death outside hospital [11]
Witnessed death outside hospital and rapid
resuscitation attempt [11]

Unexpected cardiac death in ICU [11]
Unexpected cardiac death in hospital (ER or
ward), with witnesses and rapid
resuscitation attempt [11]

Expected cardiac death in ICU [11]
Expected cardiac death in OR (agonal phase
>30 min) [11]

Expected cardiac death in OR (agonal phase
<30 min) [11]

Unexpected cardiac arrest in a brain-dead
donor (in ICU) [11]

Expected cardiac arrest in a brain-dead
donor (in OR or ICU) [11]

Medically assisted cardiac death in ICU or
ward [11]
Medically assisted cardiac death in OR [11]

Table 1. In the original 1995 classification, four categories of DCD were proposed (General Definition,3°). Later

modifications included a fifth category and subdivisions'!. Abbreviations: ICU (intensive care unit), ER

(emergency room), OR (operating theater). Table adapted from references 30 and 11.
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Ischemic time intervals

The key difference between DBD and DCD is a period of a warm ischemia during DCD
procedures. In controlled DCD procedures, this warm ischemia time consists of several time
intervals (figure 1). The cardiopulmonary system gradually deteriorates when life support is
switched off. This is the start of the total warm ischemia time (tWIT) and agonal phase. At a
certain moment, there is a critical reduction in hemodynamics and oxygen delivery to tissues.
The functional warm ischemia time (fWIT) starts at this point. When cardiac arrest occurs the
agonal phase ends. Then a “no-touch” period is applied followed by a transfer to an operating
theater. Cannulation of the aorta is performed as quickly as possible and the donor is perfused

with cold preservation solution, ending tWIT and fWIT.

<50 MAP or Cardiac Start Perfusion of Cold
Switch Off <80% SaO, Asystole Preservation Solution

I |,

Total Warm Ischemia Time

Functional Warm Ischemia Time

S

Figure 1. Ischemic time intervals of controlled DCD procurement. The greyscale gradient becomes
increasingly lighter, representing cooler temperatures. Critical moments in the agonal phase (from switch to
the start of perfusion of cold preservation solution) are indicated with vertical lines. Below the bar definitions
of the different relevant time periods are provided.
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The time between withdrawal of life support and cardiac arrest is known as the agonal phase
which can differ widely per donor®2. A long agonal phase is not uncommon, and a
procurement team will stand down when a maximum time interval is reached which can
differ between organ and country. For pancreas procurement, the maximum length of the
agonal phase can be 30 minutes (Australia), 60 or 120 minutes (in the Netherlands for
vascularized pancreas transplantation or islet transplantation, respectively), or 180 minutes
(UK)*3736, In the UK approximately 40% of intended DCD procedures are abandoned due to

the agonal phase exceeding the maximum time limit*®

. There is evidence that this period can
even be longer than 4 hours for kidney procurement and transplantation®”. Concerns have
been raised that waiting more than 2 hours until cardiac arrest may also pose an additional

burden on the next of kin3®.

The first time interval which can be distinguished in the agonal phase is from the moment of
withdrawal of life support until the moment at which the organs become ischemic. There is
no consensus on the definition of this point®. Either the mean arterial pressure or systolic

pressure must drop below 35 to 70 mm Hg!6-32:40

and/or the oxygen saturation must drop
below 25% to 80%°%*!. Before this time point it is believed that there is still sufficient blood
flow and oxygen delivery to prevent warm ischemic damage to the organs. Careful
documentation is imperative as values of oxygen saturation and blood pressure can fluctuate

rapidly*?.

Previous research has shown that a prolonged agonal phase with adequate hemodynamics
until cardiac arrest, still associates with good organ quality®. In a clinical setting, the
variability in factors such as age, cold ischemia time, BMI and others that affect organ quality
have a greater effect on graft outcome than functional warm ischemia time with varying
definitions, which has made it very difficult to statistically define precise values for
inadequate hemodynamics*?. Despite the lack of definitive criteria, an increasing number of
centers use some definition of compromised hemodynamics to indicate the start of the period
of functional warm ischemia instead of total warm ischemia time**. In our center, either the

MAP must drop below 50 mmHg or the oxygen saturation must drop below 80%.

After cardiac arrest there is a strict adherence to a time period known as the “no-touch
period”, after which death is pronounced. This policy, although resulting in longer warm
ischemia times, is based on ethics, respect, and legal necessity. The length of this period

differs from 2 to 20 minutes dependent on the country and/or center?.
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The period of warm ischemia continues during the transportation of the donor to the
operating theater. It is possible in some areas to observe the no-touch period during this
transfer time'3. It is of vital importance to commence with the perfusion of cooled

preservation solution as soon as possible to cease the period of warm ischemia’®.

In some countries, besides a limit on the time of the agonal phase, organs are no longer
offered for allocation if the fWIT exceeds a specific time limit. UK guidelines mandate an

137, Therefore,

organ specific maximum fWIT of 30 minutes for pancreas retrieva
theoretically, a UK team can wait up to 210 minutes for the procurement of a pancreas before
standing down (180 minutes until the onset of fWIT, another 30 minutes until cardiac
arrest)®. For uncontrolled DCD the WIT starts essentially at the moment of cardiac arrest,
which is often uncertain. In the case of known cardiac downtime, reports have documented

up to 120 minutes WIT before perfusion with cold preservation solution®.
Controlled DCD Perfusion Technique

Rapid laparotomy and direct cannulation of the aorta is the preferred technique for controlled
DCD donors*. This technique allows for a high flow rate of cooled perfusion solution with
topical cooling of the organs*’. Most Japanese DCD donors are brain dead, and before the
heart stops beating, a system for in situ regional organ cooling is inserted: a double-balloon
catheter is placed above the celiac axis in the aorta via the femoral artery and a venous
catheter is placed in the inferior vena cava. Cooled perfusion solution is administered
immediately after cardiac arrest, allowing for a much shorter period of warm ischemia during
DCD procedures than in other countries where such interventions prior to cardiac arrest are
not allowed*®*°. One series reported a WIT of 4.2+0.7 mins>’, much shorter than data

reported from other controlled DCD series®!**2,

Prevalence of DCD

DCD is predominantly performed in Spain, Belgium, UK, the Netherlands, Australia, and the
USA® and to a lesser extent in a number of other countries®>*-¢, Table 2 shows an overview
of countries where at least one DCD procedure was reported in the Global Observatory on
Donation and Transplantation registry in 2016. In Western Europe, the recent rise in DCD
has largely been due to a dwindling number of suitable DBD donors®’. In fact during the last
5 years DCD increased to 51.6% of all organ retrieval procedures in the Netherlands, and to

26.1% of retrieval procedures in Belgium. Most of these procedures are category 3 DCD,
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On the other hand in Spain most DCD procedures are uncontrolled category 1 or 2%, In the

United Kingdom, approximately 40% of organ retrievals are category 3 DCD. In Japan the

majority of procedures most closely resemble category 4 DCD®.

Countries With High Number Of
Dcd Per Million Population

Countries with lower number of
DCD per million population

Spain (10.7)

Belgium (9.5)

United Kingdom (9.3)
Netherlands (7.7)

Australia (5.3)

United States of America (5.0)

Canada (4.8)
China (2.4)
Switzerland (1.8)
France (1.4)

New Zealand (1.3)
Portugal (1.0)

Austria (0.7)

Lithuania (0.7)

Ireland (0.6)

Singapore (0.5)

Russian Federation (0.4)

Czech Republic (0.4)

Norway (0.4)

Italy (0.3)

Japan (0.3)

Israel (0.2)

Poland (0.2)

Saudi Arabia (<0.1)

South Africa (<0.1)

Table 2. Countries performing DCD. Countries in which there are where DCD donations represent more than
5.0 or more DCD donations per million population (pmp) are listed in the first column (rounded to the nearest
0.1 million. Countries that allow in which DCD but have is allowed but fewer than 5.0 DCD donations pmp rare

are listed in the second column®.

Category 5 DCD procedures are heavily regulated and protocolized. In the Netherlands,
euthanasia is performed by a physician only upon a patient’s request with adherence to strict
procedures and in light of unbearable suffering and the absence of treatment alternatives®'.
Consultations with a second physician are necessary in order to confirm that conditions are
met®?. Firstly, a coma is induced with a sedative (most often thiopental or propofol), followed
by a high dose muscle relaxant (rocuronium or atrcurium), causing the complete paralysis of
all striated muscles®. Cardiac arrest soon follows and the 5 minute “no-touch” period is

honored. Thereafter, organ retrieval is performed in the same manner as category 3 DCD.
Graft outcomes in DCD kidney and liver transplantation

Using more stringent donor selection criteria for DCD compared to DBD, graft outcome is in
general quite adequate for different vascularized organs®. Results of DCD kidney

transplantations show that primary non-function, graft survival and patient survival at 1, 5
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and 10 years differ only slightly compared to DBD kidney transplantations. However, there is
an almost two fold increased rate of delayed graft function in DCD kidneys. Also, DCD
kidneys are more susceptible to cold ischemia damage than DBD kidneys. It has been

recommended that the CIT for DCD organs should therefore not exceed 12 hours®.

Results of DCD liver transplantations have been less promising than DCD kidney
transplantations. Several centers have pursued DCD liver transplantation and have observed
higher rates of biliary complications and ischemic cholangiopathy resulting in
retransplantation®. Therefore, there has been hesitation to accept DCD liver grafts with
otherwise favorable donor criteria, due to the dire consequences of organ failure®’. However,
leaving patients without a transplant on the waiting list may pose even greater risks for the

patient®®.

DCD vascularized pancreas transplantation

Slow acceptance of DCD pancreas has been attributed to concerns of post-operative
dysfunction and pancreatitis, as it is believed that pancreas are especially vulnerable to
ischemic damage and damage related to factors such as older age, obesity, alcohol and
cardiovascular disease*'. In a 2000-2008 European wide survey on DCD pancreas only 3% of
pancreas offered for procurement were transplanted”. Since then rates have increased. Over
the past 5 years in the United Kingdom this conversion rate for DCD pancreas reached
56%°%. Vascularized pancreas transplantations with pancreas from DCD donors have been

performed in only few centers since 1993%,
Donor selection for pancreas retrieval in DCD donors

Generally speaking, the selection of DCD donors for pancreas procurement is more stringent
than DBD donors. Extended warm ischemia times are avoided and combinations with other
potentially disadvantageous factors are kept at a minimum?®, Although no clear consensus
exists on the nature of these other disadvantageous factors, most centers take into account:
age, predicted CIT, BMI (or body surface area), cause of death (anoxia, trauma, cerebral
vascular), hospital stay, vasopressor use, blood glucose, and blood chemical analysis (Na®,

ALAT, AST, lipase, amylase, HbA1c)%*"!,

In 2009, the P-PASS (pre-procurement pancreas suitability score) was introduced in the
Eurotransplant region in order to facilitate recognition of a suitable pancreas donor. A

combination of nine clinical parameters available at time of donor reporting provide a P-
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PASS between nine and 27 for each donor (table 3)72. It was recommended that a pancreas
with a P-PASS of less than 17 should be considered for donation and transplantation.
However, it has been shown that the P-PASS is a poor predictor of long term graft survival or
ischemia-reperfusion injury”*’*, DCD procurement is not one of the components of PASS.
Therefore, the pancreas donor risk index (pDRI), a continuous score, was developed as a tool
to predict graft survival”>. DCD procurement is one of its eight variables, and this score has

recently been shown to predict pancreas graft survival’®.

Item 1Point 2 Points 3 Points Weight Of
Score
Age (Years) <30 30-40 >40 2
Bmi (Kg/M2) <20 20-25 225 2
Icu-Stay (Days) <3 3-7 >7 1
Cardiac Arrest No Yes, <5 Yes, 2 5 min 1
min

Sodium (Mmol/L) <155 155-160 > 160 1
Amylase (U/1) Or Lipase (U/I) <130 130-390 >390 1

<160 160-480 > 480 1
(Nor)Adrenaline (I') Or Dobuta-/Dopamine | No <0.05 >0.05 1
(n No <10 >10 1

Table 3. Calculation of P-PASS. The P-PASS was used to introduced in order to better facilitate recognition of
a suitable pancreas donor. A score of <17 is predictive of favorable pancreas graft outcome after
transplantation. Adapted from?2.

Clinical outcome of vascularized DCD pancreas transplantation

A recent review compared DCD and DBD pancreas transplantations from five different
studies'*. No difference was found in patient survival rates (96.5% for the DCD group and
95.3% for the DBD group, p=0.502), the 1-year graft survival rate (86.5% in the DCD group
and 87.2% in the DBD group, p=0.741), nor HbA ¢ after 1-year(5.6% for DCD and 5.4% for
DBD, no meta-analysis performed). However, there was a higher incidence of graft
thrombosis in DCD transplantations (9.3% in the DCD group and 5.3% in the DBD group,
p=0.030). In our center there was no difference in pancreas graft survival between DCD and

DBD pancreas transplantation after 7 years””.
Donor Selection for DCD pancreatic islet isolation

It is still very difficult to judge whether a pancreas is suitable for islet isolation and
transplantation. Donor risk scores have been developed to predict islet isolation success (with

varying definition of “success” from >100,000, >250,000, >315,000 to >400,000 IEQ post-
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purification®®7%787%) or the total IEQ®’. DCD is not included in these scores due to

insufficient data.

A more direct approach would be to judge the quality of the organ itself, such as the
“Remuzzi” score, that is based on analysis of pre-transplant kidney biopsies®!. However,
taking pancreas biopsies prior to isolation damages the capsule making distention with an

enzyme solution more difficult due to enzyme solution leakage.

A cut-off point for functional warm ischemia time that indicates too much damage for the
pancreatic islets must still be determined. Recommendations for a maximal total warm
ischemia time before pancreas procurement for islet processing vary between 30 and 60
minutes. This was based on either data from kidney transplantations or arbitrary
choice*!#4318284 Eyidence in a porcine research model has shown that blood flow varies
greatly in different vessels during the agonal phase and that it is difficult to predict where this

flow is insufficient, and leads to hypoxia®°.

Pancreatic islet isolation from DCD pancreas

The first report of human pancreatic islet isolation from a DCD pancreas was in 1976%. In an
era prior to the semi-automated method, the results state merely “the isolation procedure
yielded satisfactory islets. In 1994, a case report showed the feasibility of DCD islet
isolation from a pancreas of a donor with diabetes yielding 132,000 IEQS¢.

Since then, there have been several reports on islet isolations of controlled DCD procedures
51,52,82,87-90

Three studies with relatively small numbers of DCD pancreas (< 15 per study) reported
similar islet yields obtained from DCD and DBD donors®!*2%2, In one of these studies islet
number instead of [EQ was used as outcome parameter for yield, making comparisons to
other studies difficult, regardless, a similar yield was found between DCD and DBD
pancreas™ and in another study approximately 100,000 IEQ more was isolated from DBD
pancreas compared to DCD pancreas, but this was not statistically significant>!. On the other
hand, in one small study there was approximately 100,000 IEQ higher islet yield from DCD
pancreas compared to DBD pancreas that was attributed by the authors to a shorter hospital

stay of the DCD donors®’.
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Two larger studies have been presented results using controlled, category 3 DCD pancreas
islet isolations. We compared 93 category 3 DCD and 193 DBD isolations and found a
reduction of about 100,000 IEQ resulting in an overall 25% lower islet yield 3. These data
are in line with a large study from Australia comparing 27 DCD and 73 DBD isolations
where also 100,000 IEQ less was isolated from DCD donors, resulting in a 33% lower islet

yield.®.

Several studies have emerged from controlled DCD procedures from Japan, which probably
involved category 4 DCD, using the rapid in situ regional organ cooling technique with
excellent results’®?'=3. With these very short warm ischemia times, initial results from 10
pancreas yielded a mean IEQ > 400,000°2. In 2010 the Japanese Islet Transplant Registry
presented their cumulative results from 64 DCD isolations®*. This study reported an average
427,119 IEQ for the 35 transplanted pancreas and 270,278 IEQ for the 30 pancreas that were

not transplanted.

There has been one report on the use of uncontrolled (closest resembling category 1) DCD
donors for islet isolation®. In that study potential donors were out-of-hospital deaths, less
than 50 years old, with less than 15 min of cardiac arrest without cardiac massage, with a
known etiology of death, and without general contraindications for donation. After arrival in
the hospital, a cardiopulmonary bypass was performed and maintained for approximately 4
hours before organ retrieval. There is mention of 31 pancreas used for islet isolation, although

no further details are given.
Islet in vitro function after islet isolation from DCD pancreas

Although the acceptable long-term endocrine function after pancreas transplantation is
reassuring, there are concerns related to the hypoxic damage to the islets during the warm
ischemia time. Pancreatic islets are highly vascularized and receive approximately 10% of
blood flow while constituting only 1-2% of pancreas mass’®. Among the most metabolically
active cells in the human body, insulin-producing islet cells are very sensitive to dysfunction
following hypoxic conditions®’. Also, the isolation process itself elicits stress to islets’®.
Proinflammatory cytokines are released and apoptosis occurs during the isolation®”. The
additional stress from hypoxia during procurement could add to functional impairment after
isolation °%!%! Indeed, in a porcine model 30 minutes of warm ischemia impaired islet

function after isolation!??.
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Few data exist on the functionality of isolated human DCD islets in vitro. We showed no
difference in insulin response to a dynamic glucose stimulated insulin secretion (GSIS) test in
isolated islets from 93 controlled DCD pancreas®®. Zhao et al®” compared islet characteristics
after 10 DCD and 12 DBD islet isolations and found that islets in both groups were similar in
vitro with regard to morphology, viability, insulin release and B-cell ultrastructure.
Importantly, ATP and GTP content were lower in the DCD islets which correlated inversely
to longer warm ischemia times. This has led to concerns that DCD islets possibly engraft

more poorly in portal vein transplantation'®,

The proportion of category 5 DCD versus category 3 DCD has been steadily rising in the
Netherlands: from 0.6% of all DCD procedures in 2014 to 4% in 2018. Out of all allocated
DCD pancreas for islet isolation to our center the proportion of category 5 DCD pancreas has
increased from 2.5% in 2014 to almost 18% in 2018'%. There has been concern that the use
of rocuronium as a muscle relaxant in the euthanasia procedure may interact with paracrine
signaling in islets cells for maintaining glucose homeostasis'*>!%. We presented that islet
yield in terms of IEQ and IEQ/gram pancreas was similar between category 5 DCD (n=16)
and category 3 DCD pancreas (n=48). However, preliminary data indicate that insulin release

from category 5 DCD islets after a glucose challenge is impaired in vitro'®,
Clinical outcome of islet transplantation using DCD pancreas

Controlled DCD islet transplantation was first reported in 2003°!. Immediate graft function
was observed with a reduction in daily insulin requirement, improved glycemic control,
absence of hypoglycemic events, and a normal C-peptide level. Insulin independence

followed at day 52.

Since then the scarce reports on clinical outcome of DCD islet transplantations showed no
obvious difference. One study examined insulin independence and the decrease in insulin
requirement at 1-month post-transplantation. No difference was found for the DCD group
(n=9) compared to the DBD group (n=196)*?. In the Netherlands, three months post-
transplantation mixed meal tests were given to recipients receiving a single or combined
(single DBD, single DCD, double DBD, double DCD, or combined DBD and DCD, n=29).
No differences in C-peptide production or blood glucose level during the mixed meal test

were found among the groups®.

66



Chapter 3

With only controlled category 4 DCD pancreas used in the Japanese Islet Transplantation
Registry, 18 recipients received DCD islet infusions®. Ten of these recipients received more
than one islet infusions. After three years, 33.6% maintained a C-peptide level more than or
equal to 0.3 ng/mL. All recipients remained free of severe hypoglycemic events and three
achieved insulin independence for 14, 79, and 215 days. There is no data on clinical outcome

of uncontrolled DCD islet transplantation.
Future Perspectives

With the rekindled interest in DCD transplantation, more attention is being paid to improve
the quality of the procured organs. Because of the period of warm ischemia and hypoxia
during DCD procurement, methods to improve preservation and combat hypoxic damage are

being investigated.

Before the start of islet isolation, the pancreas is subject to multiple warm and cold ischemic
insults (figure 2). After perfusion of cold preservation solution there is a period of so-called
lukewarm ischemia time until pancreatectomy. Despite using copious amounts of ice for
packing the abdominal cavity and omenta, we measured pancreas temperatures of
approximately 18°C (unpublished results). We found no correlation between graft
dysfunction and extended lukewarm ischemia time (unpublished results). After
pancreatectomy and putting the pancreas on ice which is the start of the cold ischemia time,
the pancreas is transported to the human islet isolation unit until perfusion with enzymes

commences and the cold ischemia time ends.

<50 MAP or Cardiac Start Perfusion of Cold Start Enzyme
Switch Off <80% Sa0, Asystole Preservation Solution Pancreatectomy Perfusion
Lukewarm )
ia Ti ia Ti Cold Ischemia Ti
P Total Warm Ischemia Time _ _ _ _ _ _ ¢ |schemiaTime  _ _Cold Ischemia Time _
e———-AgqonalPhase _ _ _ _,

Figure 2. Warm and cold ischemic time intervals during a DCD procedure until the start of enzyme infusion
during the islet isolation procedure. The greyscale gradient becomes increasingly lighter, representing cooler
temperatures. Critical moments in both warm ischemia and cold ischemia periods are indicated with vertical
lines. Below the bar definitions of the different relevant time periods are provided.

The static cold storage of pancreas in UW solution before islet isolation has been the gold
standard for the past 25 years'?’. Other solutions have been used but comparisons of

preservation solutions have mainly focused on DBD pancreas!®!!3, Retrospective analysis
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has shown no difference in islet yield, in vitro function (GSIS), viability, and in vivo function
(insulin need, C-peptide:glucose ratio, -score) when the pancreas was preserved in either
Institut Georges Lopez-1 (IGL-1, n=95), UW (n=204), or Celsior (n=77). The most optimal
solution for static cold storage of DCD pancreas for islet isolation has yet to be established.
Due to the increased ischemic damage, the optimal preservation solution for DCD pancreas
may turn out to be different from DBD pancreas.!'*. A new solution, SCOT 15, contains a
polyethylene glycol colloid and a low K* concentration (to avoid cell membrane
depolarization) and ATP depletion'!">. It is hypothesized that this solution would be more
favorable for DCD pancreas as it is thought to be more immunoprotective to pancreas

subjected to warm ischemia''®.

In an effort to deliver oxygen to the pancreas tissue during preservation to combat hypoxia, a
two-layer method was developed that involves the suspension of the pancreas at the interface
between a layer of oxygenated perfluorcarbon (PFC) solution of and a layer of UW

solution'!”

. This interface is achieved by a specific gravity difference between the two
solutions and a grid is used to keep the pancreas, which is devoid of excess fat, duodenum
and spleen, in place!!”. It was shown that by increasing oxygen tension in the PFC layer,
tissue ATP content was elevated after 3-5 hours of preservation (at 20°C)!'8. Initially some
groups reported favorable results on islet yield using the two-layer method!'*'2!, But detailed
analyses have shed doubt on whether these improvements result from the oxygenated PFC
layer'?>12*. A randomized study in 200 pancreas comparing the two-layer method and only
UW storage showed no difference in islet yield, isolation purity, GSIS, or in vivo function in
the recipient'?*. In agreement with these observations a mathematical model showed that
oxygen penetration into pancreatic tissue is only 1 mm using the two-layer method at 8°C'%3.
It has been speculated that early promising results are due to additional attention during

125

packing and handling'=. An alternative, more simple technique is the use of

perfluorohexyloctane emulsified in polydimethylsiloxane in UW solution'*®

. More oxygen
can be stored in the solution and the lipophilicity is believed to improve penetration of
oxygen into the tissue. The lower density of the solution, which is similar to that of the
pancreas, avoids the use of custom-made transport vessels, as required for the two-layer

method.

Another method to optimize pancreas quality after pancreas procurement from expanded
criteria donors including DCD donors could be machine perfusion. Hypothermic machine

perfusion (HMP) of the pancreas was first attempted in the 1970’s and soon afterwards the
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first pancreatic islet isolations were performed after hypothermic pancreas perfusion'?’-1%%,

Formation of edema due to inaccurate pressure maintenance was linked to poorer isolation
results'?*!1%0, Interest faded during the following decades until the appearance of next
generation machinery. Using very low flow rates (20-32 mL/min) and pressure (2-30 mmHg)
it was shown that a reasonable islet yield could be achieved'*"'32. Also edema in the peri-
insular area surrounding the islets may actually be beneficial in the process of islet isolation
by reducing the amount of trapped islets by providing a disrupted extracellular space for
digestive enzymes'*>. HMP has been shown to raise ATP content of DCD pancreas to the

level of DBD pancreas'**

. Recently, the first case of human islet transplantation after
hypothermic machine perfusion was presented!®. In that report sixteen pancreas were
perfused with HTK. Half of the pancreas were oxygenated during HMP via the splenic and
superior mesenteric arteries at a pressure of 25 mmHg using a custom made peristaltic pump.
One pancreas (DBD) yielded 703,746 IEQ and was used was for allogeneic transplantation.

The recipient did not become insulin independent.

Normothermic machine perfusion (NMP) is a technique using a pancreas preservation
solution at 34-37°C. As the pancreas becomes metabolically active, oxygenation and nutrient
administration become essential to increase energy reserves and prevent ischemia. Recent
studies have shown that normothermic machine perfusion (NMP) is a promising technique
for the preservation of DCD livers'®®, kidneys'?, and hearts'3®. Additionally, NMP could be

139 or gene editing'*° prior

used to recondition the pancreas using mesenchymal stromal cells
to islet isolation. Barlow et al.'*! performed NMP on 4 human pancreas (3 DBD and 1 DCD)
with cold ischemic times longer than would be acceptable for clinical transplantation.. In all
pancreas blood flow and pH was maintained throughout perfusion and insulin release was
shown. However, all pancreas showed signs of edema and necrosis after NMP. No pancreas
were transplanted and islets were not isolated in this study. It has been proposed that the
sensitivity of the pancreas to cold ischemia may have played a role in the observed edema

and necrosis in this study and a transportable NMP system may be key in achieving

success' 4.

Especially interesting to marginal DCD organs is the emerging technique of normothermic
regional perfusion (NRP). First described in uncontrolled DCD donors'®, this technique has

also been used in controlled DCD donors'*

. After the no-touch period, when normally the
perfusion of cold preservation solution would be administered (see figure 2), the aorta (or

common iliac artery) and inferior vena cava are cannulated. An ECMO (Extra Corporeal
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Membrane Oxygenation)-like perfusion system is then started using the donor’s own

144,146-148 and islet isolations'** have been

blood'®. Successful pancreas transplantations
documented. Strong evidence of the beneficial effects of NRP in kidney and liver
transplantation will likely spur more research into the use of NRP pancreas for islet isolation

and transplantation®!.

Alternatively, persufflation, may be a simpler method of pancreatic tissue preservation. In
this method, after perfusion with preservation solution, the native pancreas vasculature is
cannulated and perfused with a gaseous oxygen mixture. Theoretically, more oxygen per
gram can be delivered than through HMP!#, Using a DCD rat venous oxygen persufflation
model, a higher islet yield, higher islet viability and an improved islet morphology (larger,
more well-rounded islets) were achieved compared to static cold storage or hypothermic
machine perfusion'*. It has been shown using magnetic resonance spectroscopy, that the
bioenergetic status was higher in persufflation storage than in static cold storage or in two-

layer method stored human pancreas'>'.
Conclusion

As the number of high quality organs dwindles there is an increasing pressure to use organs
from expanded criteria donors including DCD donors. There may be a somewhat lower islet
yield from DCD pancreas, but viability and functionality in vitro and in vivo appear to be
largely maintained. The increasing use of organs from expanded criteria donors also spurs
interest in the field of organ preservation techniques and replenishment of energy reserves.
Advances in these fields can stimulate the use of DCD pancreas for islet isolation and

increase the much needed donor pool.
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