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Introduction: To overcome the gap of organ shortage grafts from donation after circulatory death (DCD)
can be used. This review evaluates the outcomes after DCD pancreas donation compared to donation
after brain death (DBD).
Materials and methods: A literature search was performed using Medline, Embase, and PubMed data-
bases. All comparative cohort studies reporting the outcome after DCD and DBD pancreas transplantation
were included. All data were assessed according to the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) guidelines. To evaluate the event rates, pooled odds ratios (ORs) as well as the
95% confidence intervals (CI) were calculated. Since the number of studies is small we used the random-
effects model only to overcome heterogeneity.
Results: There is no difference in 1-year pancreas graft survival (OR 1.092, CI 95% 0.649e1.837, P ¼ 0.741)
or patient survival (OR 0.699, CI 95% 0.246e1.985, P ¼ 0.502). Simultaneous pancreas-kidney (SPK)
transplantation showed significantly higher graft survival rates compared to pancreas transplantation
alone (87.2% vs. 76.6%, P < 0.001 in DBD and 86.5% vs. 74.9%, P < 0.001 in DCD). DCD SPK grafts show a
higher delayed kidney graft function rate compared to DBD SPK-grafts (OR 0.209, CI 95% 0.104e0.421,
P < 0.001). There is significantly less pancreas graft thrombosis after DBD-donation (OR 0.567, CI 95%
0.340e0.946, P ¼ 0.030). We found no difference in the HbA1c level at 1-year follow-up with a median of
5.4% in both groups and a mean of 5.63% (DCD) vs 5.43% (DBD).
Discussion: DCD pancreas transplantation has comparable patient and 1-year graft survival rates and
should be considered a safe alternative for DBD pancreas transplantation.
© 2016 IAP and EPC. Published by Elsevier B.V. All rights reserved.
1. Introduction

Organ transplantation is an effective treatment for patients with
end-stage organ failure to improve their quality of life and increase
their life expectancy. Initially, most kidney transplant programmes
used donors after circulatory death (DCD). Subsequently, with the
wide acceptance and criteria for brain death, together with better
outcomes of organs used from brain death donors (DBD), DCD
programmes were mostly replaced by DBD programmes. However,
from the 1990's many countries have reintroduced DCD
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programmes due to a growing organ shortage [1e3].
DCD kidney donation is widely used and long-term outcomes are

comparable to DBD kidney donation, although there is a higher rate
of delayed graft function [4e9]. DCD liver transplantation has also
been reintroduced, although with a higher risk of primary graft
failure and biliary complications compared to DBD liver trans-
plantation [9e13]. DCD lung transplantation shows promising re-
sults as well with at least comparable outcomes to DBD lung
transplantation [14e16]. There is much less experience with DCD
pancreas transplantation mostly due to concerns about post-
operative dysfunction and pancreatitis. There are relatively few
published series that describe the outcomes of DCD pancreas
transplantation. The aim of this study is to give a comprehensive
systematic review of the current literature on the outcomes of DCD
pancreas transplantation and provide a meta-analysis of the avail-
able data.
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Fig. 1. Flowchart of studies included in meta-analyses.
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2. Material and methods

2.1. Literature search

Studies describing the outcome after pancreas transplantation
were identified from PubMed, the Medline electronic database and
Embase from 1966 until July 2014. The following MeSH terms were
used: ‘pancreas transplantation’, ‘cause of death’, ‘death, sudden,
cardiac’, ‘brain death’, ‘host vs graft reaction’ and ‘treatment
outcome’. We also searched with text words: ‘cardiac death’, ‘brain
death’, ‘circulatory death’, ‘heart-beating’, ‘non-heart-beating’,
‘outcome’, and ‘survival’. The studies were limited to be at least a
comparative cohort study, relating human research and written in
English. Cross-referencing was used to identify additional articles.
Studies were included for analysis if they met all of the following
inclusion criteria: 1) the study was at least a cohort study, 2) all
reported patients had received a pancreas alone or a combined
pancreas-kidney transplantation, and 3) data on treatment
outcome were available. All studies were evaluated by two inde-
pendent investigators (EL and RP). Agreement concerning potential
relevance was reached by consensus and full text copies of relevant
papers were obtained. If more than one study was published
describing the same cohort, the most recent study was included to
avoid overlapping results. A sensitivity analysis was performed on
these separate studies. However, the previous publication was
assessed for additional information. Fig. 1 shows the process of
identification of papers for inclusion.

2.2. Quality assessment

All data were assessed according to the Meta-analysis of
Observational Studies in Epidemiology (MOOSE) guidelines [17]. A
modification of the Newcastle-Ottawa Scale (NOS) was used as an
assessment tool for selection, comparability and outcome assess-
ment [18]. The NOS ranges between zero (worst) and nine stars
(best). Studies with a score of seven stars or greater were consid-
ered to be of high quality.

2.3. Outcome measures

The primary endpoint was pancreas graft survival at 1-year
follow-up, which was defined as removal of the graft or loss of
endocrine functioning requiring return to insulin therapy or oral
hypoglycaemic medication. Secondary outcomes were patient
survival, graft thrombosis (defined as venous thrombosis, requiring
graft pancreatectomy), endocrine pancreas function in terms of
HbA1c and delayed graft function of the kidney for simultaneous
pancreas kidney (SPK) transplantation (defined as the need for
dialysis treatment during the first week after transplantation,
except when required for hyperkalemia in the first 24 h).

2.4. Statistical methods

Ameta-analysis was performed for each endpoint if at least two
studies could be combined. To evaluate the event rates, pooled odds
ratios (ORs), as well as the 95% confidence intervals (CI), were
calculated. Statistical significance between the two groups was
defined as P < 0.05. Heterogeneity was tested in all of the included
studies. Since the number of studies is small and to overcome
heterogeneity, we used the random-effects model only [19,20]. Not
every included study describes all outcomes measures, so results
are shown in Forrest plots when more than one study was found
describing the same outcomemeasure, with relativeweights added
according to sample sizes. All statistical analyses were done with
Comprehensive Meta-analysis, standard edition (Biostat inc.



Fig. 2. Overall analysis of cohort studies comparing the 1 year pancreas graft survival
after simultaneous pancreas kidney transplantation. Overall result: OR 1.092, CI 95%
0.649e1.837, n ¼ 3313, P ¼ 0.741, weighted mean of 87.2% in the DBD group vs. 86.5%
in the DCD group (heterogeneity, P ¼ 0.400).
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Englewood, NJ, USA). To identify statistical differences between two
groups in terms of graft survival c2 was used in ‘R’ version 3.1.1.

3. Results

3.1. Methodological quality of included studies

Our primary search resulted in 224 studies. Of those 172 did not
meet the inclusion criteria based on following exclusion criteria;
type of study, humans and English language. Fifty-two studies were
retrieved for a more detailed evaluation which resulted in seven
studies that met the inclusion criteria. Because of the retrospective
design of the selected studies no papers were excluded based solely
on the NOS. The large cohort analysis by Siskind et al. reported
different outcome measures compared to the other studies and
could therefore not be included in the meta-analysis for a pooled
analysis but was used in the general review for support. One
additional study was excluded because of data overlapping with a
more recent publication which resulted in 5 studies being suitable
for meta-analysis (Table 1). The studies by Salvalaggio and Siskind
both analysed the United Network for Organ Sharing (UNOS)
database, while the study by Bellingham and Fernandez both
describe the single center experience of the University of Wiscon-
sin. Although these studies show partially overlapping results, all
studies were included, however for the meta-analyses only the
results of one of those studies was included.

3.2. Donor characteristics

In the study by Muthusamy et al. DCD donors were significantly
younger than DBD donors, 28 vs. 37 years (P < 0.0001) and had a
lower BMI (23 vs. 24, P ¼ 0.04) [21]. In the remaining studies there
were no differences in donor age [22e26], nor in BMI [22,23,26].
There were significantly more donors after cerebrovascular acci-
dents in the DBD-group compared to the DCD-group [21,23,24].

3.3. Technical aspects of organ procurement

Both studies by Muthusamy and Qureshi were performed in the
UK where premortem cannulation is not allowed. After a 5 min no-
touch period, followed by declaration of death, cannulation of the
common iliac vessels or aorta was performed through a midline
laparotomy and perfusion with University of Wisconsin (UW) so-
lution was carried out [21,23]. In the studies from the University of
Wisconsin by Fernandez and Bellingham, with family consent,
premortem dissection or cannulation of the femoral vessels was
performed with administration of heparin and phentolamine prior
to the cessation of support. Perfusion with UW solution took place
after a no-touch period of 5 min after declaration of death [24,25].

Because of different definitions of warm ischemic time (WIT) no
overall medianWITcould be calculated. In the study byMuthusamy
median firstWIT (defined as withdrawal of support to asystole) was
13 min (range 0e30) and median second WIT (from asystole to
Table 1
Studies included in meta-analysis.

Author (year of publication) Study period Data/place

Fernandez et al. (2005) [24] Jan 1993eDec 2003 University
Salvalaggio et al. (2006) [22] Jan 1993eDec 2003 OPTN/UNO
Bellingham et al. (2011) [25] 1980e2009 University
Qureshi et al. (2012) [23] Aug 2008eJan 2011 University
Muthusamy et al. (2012) [21] 2006e2011 United Kin

DCD, donation after circulatory death; DBD, donation after brain death; SPK, simultaneou
Organ Procurement and Transplantation Network/United Network for Organ Sharing.
initiation of in situ cold perfusion) was 12 min (range 8e17). In the
study by Bellingham the mean WIT (defined as time from with-
drawal of support to initiation of cold perfusion) was 17.5 min
(range 6e48). The study by Bellingham used the same definition
and described a mean WIT of 20.8 min (±10.9). The study by Qur-
eshi described a median WIT (time of cardiorespiratory arrest to
initiation of cold perfusion) of 24 min (range 16e110).

In the study by Qureshi et al. there was a difference in cold
ischemic time in pancreas grafts between DCD and DBD donors:
median 8.2 h (5.9e10.5) vs. 9.5 h (3.8e12.5), P ¼ 0.004 [23]. In the
remaining studies there were no differences in pancreatic cold
ischemic time between DCD and DBD donors [21,22,24,25]. The
studies by Salvalaggio and Fernandez both described a significantly
higher use of vasopressors for haemodynamic support in the DBD
donors compared to DCD donors [22,24].
3.4. Graft survival

Three studies reported 1-year pancreas graft survival for SPK
transplantation in DBD and DCD donors [21e23]. In the overall
analysis there is no difference in pancreas graft survival (OR 1.092,
CI 95% 0.649e1.837, P ¼ 0.741), with a weighted mean of 87.2% in
the DBD-group vs. 86.5% in the DCD group (Fig. 2). In order to
reduce the likelihood of overlap between studies a sensitivity an-
alyses was performed with studies from the US and UK cohorts
which yielded the same results (OR 0.986, CI 95% 0.573e1.695,
P ¼ 0.959), with a weighted mean of 86.6% in the DBD group vs.
86.7% in the DCD-group [21,22].

Two studies evaluated the 1-year pancreas graft survival for
pancreas alone (PA) transplantation in DCD and DBD donors
[22,23]. In the overall analysis there is no difference in pancreas
graft survival (OR 1.059, CI 95% 0.531e2.113, P ¼ 0.871), with a
weighted mean of 76.6% in the DBD-group vs. 74.9% in the DCD
group (Fig. 3).

When comparing pancreas graft survival after SPK trans-
plantation with PA transplantation, SPK showed significantly
DCD DBD

SPK PA SPK PA

of Wisconsin 37 539
S 47 10 2431 1607
of Wisconsin 68 4 744 159
of Cambridge 20 40
gdom 79 55 724 151

s pancreas-kidney transplantation; PA, pancreas alone transplantation; OPTN/UNOS,



Fig. 3. Overall analysis of cohort studies comparing the 1 year pancreas graft survival
after pancreas alone transplantation. Overal result: OR 1.059, CI 95% 0.531e2.113,
n ¼ 1810, P ¼ 0.871, weighted mean of 76.6% in the DBD group vs. 74.9% in the DCD
group (heterogeneity, P ¼ 0.419).

Fig. 5. Overall analysis of cohort studies comparing the 1 year patient survival after
pancreas alone transplantation. Overall result: OR 8.895, CI 95% 0.010e7750.299,
n ¼ 1775, P ¼ 0.527, weighted mean of 96.9% in the DBD group vs. 96.6% in the DCD
group (heterogeneity, P ¼ 0.001).
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higher graft survival rates after both DBD donation (87.2% vs. 76.6%,
P < 0.001) as well as DCD-donation (86.5% vs. 74.9%, P < 0.001).

Two studies reported the 1-, 3- and 10-year pancreas graft
survival irrespective of the type of transplantation (PA, SPK or
PAK) in DCD and DBD donors. Bellingham et al. described their
single-center results in pancreas transplantations performed from
1993 until 2008 [24]. The study by Siskind et al. describes the
results of pancreas transplantation registered in the UNOS data-
base from 1996 until 2012, partially overlapping the data of Bel-
lingham et al. Overall 1-, 3- and 10 years pancreas graft survival
was similar between studies, respectively 82.8%, 73.6% and 48.7%
in the DBD groups vs. 83.0%, 75.5% and 55.2% in the DCD group
[26].
3.5. Patient survival

Two studies evaluated the 1-year patient survival after DCD and
DBD SPK transplantation [21,22]. In the overall analysis there was
no difference in patient survival (OR 0.699, CI 95% 0.246e1.985,
P ¼ 0.502), with a weighted mean of 95.3% in the DBD group vs.
96.5% in the DCD group (Fig. 4). The overall analysis of the 1-year
patient survival after DCD and DBD PA transplantation was also
similar (OR 8.895, CI 95% 0.010e7750.299, P ¼ 0.527) with a
weighted mean of 96.9% in the DBD-group vs. 96.6% in the DCD
group (Fig. 5).

Siskind et al. showed comparible 1-year patient survival results
irrespective of type of transplantation, with 95.1% in the DBD group
and 94.7% in the DCD group [26].
Fig. 4. Overall analysis of cohort studies comparing the 1 year patient survival after
simultaneous pancreas kidney transplantation. Overall result: OR 0.699, CI 95%
0.246e1.985, n ¼ 3253, P ¼ 0.502, weighted mean of 95.3% in the DBD group vs. 96.5%
in the DCD group (heterogeneity, P ¼ 0.693).
3.6. Graft thrombosis

Three studies evaluated the risk of graft thrombosis after
pancreas transplantation in DCD and DBD donors [21,23,25]. In the
overall analysis more graft thrombosis occurred after DCD donation
(OR 0.567, CI 95% 0.340e0.946, P ¼ 0.03), with a weighted mean of
5.2% in the DBD group vs. 9.0% in the DCD group (Fig. 6). In order to
reduce the likelihood of overlap between studies a sensitivity an-
alyses was performed with studies from the US and UK cohorts
which yielded the same results (OR 0.552, CI 95% 0.327e0.932,
P ¼ 0.026), with a weighted mean of 5.3% in the DBD group vs. 9.2%
in the DCD group [23,25].

3.7. HbA1c

There is no difference in the HbA1c level 1-year after pancreas
transplantation,with ameanof 5.43% in theDBDgroupand5.63% in
the DCD group and a median of 5.4% in both groups [23,25]. Due to
the lack of comparative data no meta-analysis could be performed.

3.8. Delayed graft function of kidney in SPK transplantation

Two studies reported DGF of the kidney in SPK grafts in DCD and
DBD donors [22,23]. In the overall analysis DCD grafts show a
higher delayed graft function rate compared to DBD-grafts (OR
0.209, CI 95% 0.104e0.421, P < 0.001), with aweightedmean of 8.2%
in the DBD group vs. 27.6% in the DCD group (Fig. 7).

4. Discussion

This is the first systematic review and meta-analysis comparing
the outcome of pancreas transplantation after DCD and DBD
Fig. 6. Overall analysis of cohort studies comparing the 1 year graft thrombosis after
pancreas transplantation. Overal result: OR 0.567, CI 95% 0.340e0.946, n ¼ 2044,
P ¼ 0.030), weighted mean of 5.2% in the DBD group vs. 9.0% in the DCD group
(heterogeneity, P ¼ 0.832).



Fig. 7. Overall analysis of cohort studies comparing delayed graft function after
simultaneous pancreas-kidney transplantation. Overall result: OR 0.209, CI 95%
0.104e0.421, n ¼ 636, P < 0.001, weighted mean of 8.2% in the DBD group vs. 27.6% in
the DCD group (heterogeneity, P ¼ 0.401).

E.S. van Loo et al. / Pancreatology 17 (2017) 13e18 17
donation. According to our analysis DCD pancreas transplantation
should be considered a feasible source to expand the donor pool.

Pooled 1-year pancreas graft survival and patient survival rates
are similar after DCD and DBD pancreas transplantation. Data on
long-term outcome are still limited to case-series and a few cohort
studies and therefore could not be included in this meta-analysis.

This study shows that after DCD pancreas transplantation there
is a higher risk of graft thrombosis resulting in a higher reoperation
rate [23]. Remarkably this does not lead to a lower overall graft or
patient survival which is encouraging for DCD pancreas programs.

Our pooled analysis showed a significantly higher rate of DGF of
the kidney in DCD SPK grafts compared to DBD SPK grafts, an
outcome which corresponds with the known literature on DCD
kidney transplantation. When DGF occurs it does not result in a
decreased graft survival of DCD grafts although patients with DGF
of the kidney do require oral hypoglycemic agents more often
during the first year [27e30].

Currently there is no consensus regarding the presence and
definition of DGF after pancreas transplantation. For this reason we
were unable to add this as an outcome measure. A common defi-
nition of DGF is the need for exogenous insulin to control hyper-
glycemia within the first week after transplantation. Alternative
definitions reported in the literature add the total cumulative in-
sulin requirement in which 19 IU or greater fits the diagnosis DGF
[30]. But despite the controversy the incidence is estimated to be as
high as 35% (ranging from 18.6 to 60%) and it is associated with a
greater risk of overall pancreas graft failure and death-censored
graft failure [31].

When looking for opportunities to expand the donor pool uti-
lizing extended criteria donors (ECD) may be an option. These do-
nors are generally considered to be of high age (beyond the
currently applicable criteria), have a high body mass index (>30 kg/
m2) or are hemodynamically unstable prior to or during the pro-
curement [32e35]. The study by Tomimaru et al. described 148
pancreas transplantations, of which 108 donors were considered
ECD, including two DCD donors. They found a comparible overall
patient survival rate after transplantation even though pancreas
graft survival seemed to be slightly lower after ECD pancreas
transplantation, although this did not reach statistical significance
[33]. However, using donors of patients over 45 years of age does
seem to result in a worse long-term outcome [36e38]. Neverthe-
less, SPK donation from these older donors still resulted in a lower
mortality rate compared to remaining on the waiting list, though
this survival benefit was only found in patients with waiting times
>605 days [37]. Overall current literature shows proof that the
donor criteria for pancreas transplantation could possibly be
extended. However, data on long-term follow-up are still very
limited and although cautiously embraced they must be critically
assessed. The pancreas donor risk index (PDRI) remains a valuable
tool to systematically assess the quality of the graft and potentially
improve the utilization of higher risk organs [39].

The main benefit of pancreas transplantation is maintaining or
even improving health-related quality of life [40]. But because of
the uncertain survival gain conservative donor selection criteria are
used for pancreas transplantation. The high mortality on the
waiting list however does justify further research into the efficacy
of extended criteria grafts [41]. The OPTN annual data report of the
last two years showed a steady but high waiting list mortality of 6%
with an increase with age (>50 years) of >8 per 100 waiting list
years [42,43]. When comparing survival between transplanted
patients and patients on the waiting list, the relative risk of dying
within the first year is 2.67 (95% CI:0.81e3.51) to the detriment of
waiting list patients. After 1 year this even increases to 5.89 (95% CI:
1.70e3.20) [44]. These data further support the belief that the
surgical risk does not outweigh the risk of death on the waiting list
and transplanting patients as quickly as possible is literally of vital
importance.

This study has a few limitations that need to be addressed. First,
no randomized controlled trial comparing DCD and DBD were
available. This leads to a meta-analysis with only retrospective
cohort studies and thus lower quality data. Secondly, the studies
can be divided into two groups: 1. US-studies, using the OPTN/
UNOS or University of Wisconsin data [22,24e26] and 2. UK-
studies, using the UK Transplant Registry or the University of
Cambridge data [21,23]. Because of partially overlapping results in
these studies, we performed a sensitivity analysis using the largest
published study of each group. For a few outcome parameters this
results in a meta-analyses of only two studies (one US and one UK-
study), further contributing to the weakness of the data quality.
Thirdly, we performed our meta-analysis using the published data
instead of the source data. Although this is considered a validated
method it created the possibility of bias. Fourthly, graft thrombosis
was one of the secondary outcome measures in our analysis.
However, we acknowledge that there are several other factors
which may affect the occurrence such as donor type, a hyperco-
agulable state, platelet dysfunction in uremic patients and differ-
ences in prophylactic therapies. Unfortunately, this information
was not available for a more detailed analysis.

In conclusion, to overcome the gap of organ shortage ECD can be
used. Even though there is a natural reluctance to use these donors
for pancreas transplantation, DCD pancreas donation appears safe
with comparable 1-year graft survival rates. However, larger pro-
spective data with longer follow-up is required to definitely answer
this question.

Conflict of interest

non declared.

Funding sources

non declared.

Authorship page

Ellen S. van Loo, MD: Conceived the study and its design, ac-
quired the data and was involved in data analysis, interpretation
and writing the manuscript. Approved the final version of the
manuscript.

C. Krikke, MD: Was involved in data analysis and interpretation
and contributed to the final adjustments to the manuscript after
critically revising it for intellectual content. Approved the final
version of the manuscript.



E.S. van Loo et al. / Pancreatology 17 (2017) 13e1818
H.S. Hofker, MD: Was involved in data analysis and interpre-
tation and contributed to the final adjustments to the manuscript
after critically revising it for intellectual content. Approved the final
version of the manuscript.

Stefan P. Berger, MD, PhD: Was involved in data analysis and
interpretation and contributed to the final adjustments to the
manuscript after critically revising it for intellectual content.
Approved the final version of the manuscript.

H.G.D. Leuvenink, Msc PhD: Was involved in data analysis and
interpretation and contributed to the final adjustments to the
manuscript after critically revising it for intellectual content.
Approved the final version of the manuscript.

R.A.Pol, MD, PhD: Conceived the study and its design and was
involved in data analysis, interpretation and writing the manu-
script. Contributed to the interpretation of results and to the final
adjustments to the manuscript. Approved the final version of the
manuscript.

References

[1] Morrissey PE, Monaco AP. Donation after circulatory death: current practices,
ongoing challenges, and potential improvements. Transplantation 2014;97:
258e64.

[2] Manara AR, Murphy PG, O'Callaghan G. Donation after circulatory death. Br J
Anaesth 2012;108(Suppl 1):i108e21.

[3] Dominguez-Gil B, Haase-Kromwijk B, Van Leiden H, Neuberg J, Coene L,
Morel P, et al. Current situation of donation after circulatory death in Euro-
pean countries. Transpl Int 2011;24:676e86.

[4] Mizutani K, Ono Y, Kinukawa T, Hattori R, Nishiyama N, Kamihila O, et al. Use
of marginal organs from non-heart-beating cadaveric kidney donors. Trans-
plantation 2001;72:1376e80.

[5] Nicholson ML, Metcalfe MS, White SA, Waller JR, Doughman TM, Horsburgh T,
et al. A comparison of the results of renal transplantation from non-heart-
beating, conventional cadaveric, and living donors. Kidney Int 2000;58:
2585e91.

[6] Kootstra G, van Heurn E. Non-heartbeating donation of kidneys for trans-
plantation. Nat Clin Pract Nephrol 2007;3:154e63.

[7] Nagaraja P, Roberts GW, Stephens M, Horvath S, Fialova J, Chavez R, et al.
Influence of delayed graft function and acute rejection on outcomes after
kidney transplantation from donors after cardiac death. Transplantation
2012;94:1218e23.

[8] Asher J, Wilson C, Gok M, Balupuri S, Bhatti AA, Soomro N, et al. Factors
predicting duration of delayed graft function in non-heart-beating donor
kidney transplantation. Transpl Proc 2005;37:348e9.

[9] D'Alessandro AM, Fernandez LA, Chin LT, Shames BD, Turgeon NA, Scott DL,
et al. Donation after cardiac death: the University of Wisconsin experience.
Ann Transpl 2004;9:68e71.

[10] Abt P, Crawford M, Desai N, Markmann J, Olthoff K, Shaked A. Liver trans-
plantation from controlled non-heart-beating donors: an increased incidence
of biliary complications. Transplantation 2003;75:1659e63.

[11] D'Alessandro AM, Hoffmann RM, Knechtle SJ, Odorico JS, Becker YT, Musat A,
et al. Liver transplantation from controlled non-heart-beating donors. Surgery
2000;128:579e88.

[12] Foley DP, Fernandez LA, Leverson G, Anderson M, Mezrich J, Sollinger HW,
et al. Biliary complications after liver transplantation from donation after
cardiac death donors: an analysis of risk factors and long-term outcomes from
a single center. Ann Surg 2011;253:817e25.

[13] DeOliveira ML, Jassem W, Valente R, Khorsandi SE, Santori G, Prachalias A,
et al. Biliary complications after liver transplantation using grafts from donors
after cardiac death: results from a matched control study in a single large
volume center. Ann Surg 2011;254:716e22. discussion 722e3.

[14] Oto T. Lung transplantation from donation after cardiac death (non-heart-
beating) donors. Gen Thorac Cardiovasc Surg 2008;56:533e8.

[15] Erasmus ME, Verschuuren EA, Nijkamp DM, Vermeyden JW, van der Bij W.
Lung transplantation from nonheparinized category III non-heart-beating
donors. A single-centre report. Transplantation 2010;89:452e7.

[16] De Vleeschauwer SI, Wauters S, Dupont LJ, Verleden SE, Willems-
Widyastuti A, Vanaudenaerde BM, et al. Medium-term outcome after lung
transplantation is comparable between brain-dead and cardiac-dead donors.
J Heart Lung Transpl 2011;30:975e81.

[17] Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. Meta-
analysis of observational studies in epidemiology: a proposal for reporting.
Meta-analysis of Observational Studies in Epidemiology (MOOSE) group.
JAMA 2000;283:2008e12.

[18] Wells G, Shea B, O'Connell D, Peterson J, Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for assessing the quality of nonrandomized
studies in meta-analyses. 2012. www.ohri.ca/programs/clinical_
epidemiology/oxford.asp.

[19] Borenstein MHL, Higgins JPT, Rothstein HR. Fixed-effect versus random-
effects models, vols. 10e13; 2009. 59-86.

[20] Veroniki AA, Jackson D, Viechtbauer W, Bender R, Bowden J, Knapp G, et al.
Methods to estimate the between-study variance and its uncertainty in meta-
analysis. Res Synth Methods 2015 Sep 2. http://dx.doi.org/10.1002/jrsm. 1164
[Epub ahead of print].

[21] Muthusamy AS, Mumford L, Hudson A, Fuggle SV, Friend PJ. Pancreas trans-
plantation from donors after circulatory death from the United Kingdom. Am J
Transpl 2012;12:2150e6.

[22] Salvalaggio PR, Davies DB, Fernandez LA, Kaufman DB. Outcomes of pancreas
transplantation in the United States using cardiac-death donors. Am J Transpl
2006;6:1059e65.

[23] Qureshi MS, Callaghan CJ, Bradley JA, Watson CJ, Pettigrew GJ. Outcomes of
simultaneous pancreas-kidney transplantation from brain-dead and
controlled circulatory death donors. Br J Surg 2012;99:831e8.

[24] Fernandez LA, Di Carlo A, Odorico JS, Leverson GE, Shames BD, Becker YT, et al.
Simultaneous pancreas-kidney transplantation from donation after cardiac
death: successful long-term outcomes. Ann Surg 2005;242:716e23.

[25] Bellingham JM, Santhanakrishnan C, Neidlinger N, Wai P, Kin J, Niederhaus S,
et al. Donation after cardiac death: a 29-year experience. Surgery 2011;150:
692e702.

[26] Siskind E, Akerman M, Maloney C, Huntoon K, Alex A, Siskind T, et al. Pancreas
transplantation from donors after cardiac death: an update of the UNOS
database. Pancreas 2014;43:544e7.

[27] Sanchez-Fructuoso AI, Marques M, Prats D, Conesa J, Calvo N, P�erez-Contín MJ,
et al. Victims of cardiac arrest occurring outside the hospital: a source of
transplantable kidneys. Ann Intern Med 2006;145:157e64.

[28] Summers DM, Johnson RJ, Allen J, Fuggle SV, Collett D, Watson CJ, et al.
Analysis of factors that affect outcome after transplantation of kidneys
donated after cardiac death in the UK: a cohort study. Lancet 2010;376:
1303e11.

[29] Singh RP, Farney AC, Rogers J, Zuckerman J, Reeves-Daniel A, Hartmann E,
et al. Kidney transplantation from donation after cardiac death donors: lack of
impact of delayed graft function on post-transplant outcomes. Clin Transpl
2011;25:255e64.

[30] Reddy KS, Stratta RJ, Alloway RR, Lo A, Hodge EE. PIVOT Study Group. The
impact of dealyed graft function of the kidney on the pancreas allograft in
simultaneous kidney-pancreas transplantation. Transpl Proc 2004;36:
1078e9.

[31] Shin S, Han DJ, Kim YH, Han S, Choi BH, Jung JH, et al. Long-term effects of
delayed graft function on pancreas graft survival after pancreas trans-
plantation. Transplantation 2014;98:1316e22.

[32] Kapur S, Bonham CA, Dodson SF, Dvorchik I, Corry RJ. Strategies to expand the
donor pool for pancreas transplantation. Transplantation 1999;67:284e90.

[33] Tomimaru Y, Ito T, Kawamoto K, Hama N, Wada H, Kobayashi S, et al. Clinical
outcome of pancreas transplantation from marginal donors in Japan. Transpl
Proc 2014;46:954e7.

[34] Muthusamy AS, Vaidya A. Expanding the donor pool in pancreas trans-
plantation. Curr Opin Organ Transpl 2011;16:123e7.

[35] Neidlinger NA, Odorico JS, Sollinger HW, Fernandez LA. Can 'extreme'
pancreas donors expand the donor pool? Curr Opin Organ Transpl 2008;13:
67e71.

[36] Salvalaggio PR, Schnitzler MA, Abbott KC, Brennan DC, Irish W, Takemoto SK,
et al. Patient and graft survival implications of simultaneous pancreas kidney
transplantation from old donors. Am J Transpl 2007;7:1561e71.

[37] Schenker P, Wunsch A, Ertas N, Schaeffer M, Rump LC, Viebahn R, et al. Long-
term results after simultaneous pancreas-kidney transplantation using donors
aged 45 years or older. Transpl Proc 2008;40:923e6.

[38] Kayler LK, Wen X, Zachariah M, Casey M, Schold J, Magliocca. Outcomes and
survival analysis of old-to-old simultaneous pancreas and kidney trans-
plantation. Transpl Int 2013;26:963e72.

[39] Axelrod DA, Sung RS, Meyer KH, Wolfe RA, Kaufman DB. Systematic evalua-
tion of pancreas allograft quality, outcomes and geographic variation in uti-
lization. Am J Transpl 2010;10:837e45.

[40] Martina LS, Outerelo C, Malheiro J, Fonseca IM, Henriques AC, Dias LS, et al.
Health-related quality of life may improve after transplantation in pancreas-
kidney recipients. Clin Transpl 2015;29:242e51.

[41] Andreoni KA, Brayman KL, Guidinger MK, Sommers CM, Sung RS. Kidney and
pancreas transplantation in the United States, 1996-2005. Am J Transpl
2007;7:1359e75.

[42] Kandaswamy R, Skeans MA, Gustafson SK, Carrico RJ, Tyler KH, Israni AK, et al.
OPTN/SRTR 2013 annual data report: pancreas. Am J Transpl 2015;15(Suppl
2):1e20.

[43] Kandaswamy R, Skeans MA, Gustafson SK, Carrico RJ, Prentice MA, Israni AK,
et al. Pancreas. Am J Transpl 2016;16(Suppl 2):47e68.

[44] van Dellen D, Worthington J, Mitu-Pretorian OM, Ghazanfar A, Forgacs B,
Pararajasingam R, et al. Mortality in diabetes: pancreas transplantation is
associated with significant survival benefit. Nephrol Dial Transpl 2013;28:
1315e22.

http://refhub.elsevier.com/S1424-3903(16)31229-7/sref1
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref1
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref1
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref1
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref2
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref2
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref2
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref3
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref3
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref3
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref3
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref4
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref4
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref4
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref4
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref5
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref5
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref5
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref5
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref5
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref6
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref6
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref6
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref7
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref7
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref7
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref7
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref7
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref8
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref8
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref8
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref8
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref9
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref9
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref9
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref9
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref10
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref10
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref10
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref10
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref11
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref11
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref11
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref11
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref12
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref12
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref12
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref12
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref12
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref13
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref13
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref13
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref13
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref13
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref13
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref14
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref14
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref14
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref15
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref15
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref15
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref15
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref16
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref16
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref16
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref16
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref16
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref17
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref17
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref17
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref17
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref17
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref19
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref19
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref19
http://dx.doi.org/10.1002/jrsm. 1164
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref21
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref21
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref21
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref21
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref22
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref22
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref22
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref22
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref23
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref23
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref23
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref23
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref24
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref24
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref24
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref24
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref25
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref25
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref25
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref25
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref26
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref26
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref26
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref26
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref27
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref27
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref27
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref27
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref27
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref28
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref28
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref28
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref28
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref28
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref29
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref29
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref29
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref29
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref29
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref30
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref30
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref30
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref30
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref30
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref31
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref31
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref31
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref31
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref32
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref32
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref32
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref33
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref33
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref33
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref33
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref34
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref34
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref34
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref35
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref35
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref35
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref35
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref36
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref36
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref36
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref36
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref37
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref37
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref37
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref37
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref38
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref38
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref38
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref38
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref39
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref39
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref39
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref39
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref40
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref40
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref40
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref40
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref41
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref41
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref41
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref41
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref42
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref42
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref42
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref42
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref43
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref43
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref43
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref44
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref44
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref44
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref44
http://refhub.elsevier.com/S1424-3903(16)31229-7/sref44

	Outcome of pancreas transplantation from donation after circulatory death compared to donation after brain death
	1. Introduction
	2. Material and methods
	2.1. Literature search
	2.2. Quality assessment
	2.3. Outcome measures
	2.4. Statistical methods

	3. Results
	3.1. Methodological quality of included studies
	3.2. Donor characteristics
	3.3. Technical aspects of organ procurement
	3.4. Graft survival
	3.5. Patient survival
	3.6. Graft thrombosis
	3.7. HbA1c
	3.8. Delayed graft function of kidney in SPK transplantation

	4. Discussion
	Conflict of interest
	Funding sources
	Authorship page
	References


