
OriginalClinicalScienceçGeneral
Transplant Center Volume and the Risk of
Pancreas Allograft Failure
Tarek Alhamad, MD, MS,1,2 Andrew F. Malone, MD,1 Daniel C. Brennan, MD,1 Robert J. Stratta, MD,3

Su-Hsin Chang, PhD,4 Jason R. Wellen, MD,5 Timothy A. Horwedel, PharmD,6 and Krista L. Lentine, MD, PhD7,8
Background. Successful pancreas transplantation requires surgical expertise and multidisciplinary medical management. The
impact of transplant center volume on pancreas allograft survival remains unclear.Methods.We examined Organ Procurement
and Transplantation Network data on 11 568 simultaneous pancreas-kidney (SPK) and 4308 solitary pancreas (pancreas trans-
plant alone and pancreas after kidney) transplants between 2000 and 2013. Results. Average annual transplant center volume
was categorized by tertiles into low,medium, and high volume, respectively, as follows: 1 to 6 (n = 3861), 7 to 13 (n = 3891), and 14
to 34 (n = 3888) for SPK, and 1 to 3 (n = 1417), 4 to 10 (n = 1518), and 11 to 33 (n = 1377) for solitary pancreas transplants. Fa-
vorable donor characteristics were seen in low-volume centers. For SPK transplantation, low (adjusted hazard ration [aHR], 1.55,
95% confidence interval [CI], 1.34-1.8) andmedium (aHR, 1.24; 95%CI, 1.07-1.44) center volumeswere associated with a higher
risk of early pancreas graft failure at 3 months. The increased risk associated with low center volume extended to 1, 5, and
10 years. For solitary pancreas transplants, low, but not medium, center volume was associated with a higher risk of early pan-
creas graft failure at 3 months (aHR, 1.56; 95% CI, 1.232-1.976), and this risk persisted over 10 years. Patients transplanted at
high-volume centers had better pancreas survival rates across all categories of the Pancreas Donor Risk Index. Conclusion.

On average, low center volume were associated with higher risk for pancreas failure. Future studies should seek to identify care
processes that support optimal outcomes after pancreas transplantation irrespective of center volume.

(Transplantation 2017;101: 2757–2764)
Pancreas transplantation is the only available treatment
that reinstates normal glucose homeostasis long term

without the risk of significant hypoglycemia or hyperglyce-
mia.1,2 Receiving a pancreas allograft may prevent further di-
abetic complications and even reverse some of them.2-5 It has
been well documented that simultaneous pancreas-kidney
(SPK) transplantation provides better recipient and allograft
survival for patients with type 1 diabetes mellitus and end-
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stage renal disease compared with deceased donor kidney
transplant alone.6-8 In 1 report, patients with type 1 diabetes
who received an SPK transplant had a significant survival
advantage at 8-year follow-up compared with deceased
donor kidney alone transplant recipients (72% vs 55%).9

Despite data to support improved survival with SPK trans-
plantation in patients with type 1 diabetes and end-stage re-
nal disease, there has been a decline in the number of SPK
author(s) and in no way should be seen as an official policy of or interpretation by the
OPTN or the U.S. Government.
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transplant procedures performed in recent years. The annual
number of SPK transplants in the United States peaked in
1999 and has steadily decreased since this time. The total
annual number of pancreas transplants (SPK and solitary
pancreas, pancreas after kidney [PAK], pancreas transplant
alone [PTA]) in the United States peaked at 1484 transplant
in 2004 and has decreased by 36% to 944 in 2014, which
is the lowest annual total since 1994.10 The cause for this de-
cline is likely multifactorial, including lack of referral sources
(especially for PTA), underrecognition of appropriate candi-
dates for SPK transplantation, insufficient knowledge of the
survival benefits of pancreas transplantation, and frequent
decreased donor pancreas discards.11,12 Some centers are
very selective when assessing pancreata for transplantation
secondary to lower local demand and the regulatory require-
ments to maintain excellent outcomes. In addition to the
importance of center-specific donor and recipient selection,
other center factors, such as volume, management protocols,
and follow-up, may influence clinical outcomes. Numerous
studies in other organ transplants have demonstrated that
centers performing relatively fewer solid organ transplants
have inferior allograft outcomes, whereas conversely higher-
volume centers are associated with improved survival out-
comes (the so-called center effect). The center effect has been
shown for lung, liver, heart and kidney transplantation.13-19

A remote study in the United States more than a decade ago
suggested that low center volume (defined by < 10 pancreas
transplants per year) was associated with reduced pancreas al-
lograft survival compared to higher-volume centers.20 Since
then, there has been no large scale analysis of the effect of
center volume on pancreas transplant outcomes in the
United States.21 The purpose of this study was to determine
the association of center volume with pancreas allograft out-
comes in the modern era including consideration of the Pan-
creas Donor Risk Index (PDRI).
MATERIALS AND METHODS

Study Population
The study cohort was composed of all adult patients who

received SPK, PTA, and PAK transplants between January 1,
2000, and December 31, 2013, based on the Organ Procure-
ment and Transplantation Network (OPTN) database, as
previously described.22 Average annual transplant center vol-
ume of SPK was categorized using tertiles into low-volume,
medium-volume, and high-volume centers as follows: 1 to 6
(n = 3861), 7 to 13 (n = 3891), and 14 to 34 (n = 3888). Simi-
larly, the average annual transplant center volume of PAK
or PTA transplants was categorized using tertiles into low-
volume, medium-volume, and high-volume centers as follows:
1 to 3 (n = 1417), 4 to 10 (n = 1518), and 11 to 33 (n = 1377).

Outcome and Covariate Definitions
Pancreas allograft failure was defined as allograft loss

(as reported to the OPTN) or patient death. Patient death
was included as allograft loss regardless of the functional
status of the pancreas allograft at the time of death. Time
to allograft failure was considered from the time of trans-
plantation to the time of reported graft loss or patient death.

Peak panel reactive antibody (PRA) level was calculated
based on the higher level of class 1 or class 2 antibodies be-
fore transplantation. Preservation time was defined as the
sum of cold ischemia time and recipient warm ischemia time.
Pancreas Donor Risk Index was calculated using 10 donor
factors and 1 transplant factor including donor age, sex, race,
body mass index (BMI), height, cause of death, preservation
time, donation after cardiac death, terminal creatinine, and
cold ischemia time as previously described.22,23 The PDRI
was categorized in the SPK setting into 5 groups: 0.85 or less,
0.86 to 1.16, 1.16 to 1.56, 1.57 to 2.11, and≥ 2.12, in a sim-
ilar manner to Axelrod et al.23 PDRI was categorized in the
solitary pancreas (PAK and PTA) transplant setting into 4
categories: 0.85 or less, 0.86 to 1.16, 1.16 to 1.56, and≥ 1.57
in a similar manner to Axelrod et al.23

Statistical Methods
Patient characteristics were described using proportions

for categorical variables and means and standard deviations
for continuous variables. Group differences were compared
with the χ2 test for categorical variables and analysis of var-
iance test or KruskalWallis tests for continuous variables, de-
pending on the distribution of the variable. Multivariate Cox
regression analyses were used to assess the independent asso-
ciation of center volume categories with pancreas allograft
failure after adjustment for all recipient and donor character-
istics including donor and recipient age, race and sex, recipi-
ent BMI and sex, pretransplant dialysis, HLA mismatching,
level of sensitization, donor hypertension and cause of death.
Separated modules were done at each time point (3 months,
1, 5, and 10 years) in SPK and solitary pancreas transplant.
Variation in pancreas allograft survival at 1 year posttrans-
plantation according to center volume, within each PDRI cat-
egory, was assessed by the Kaplan-Meier method. Pancreas
allograft survival at 1 year was also reported in each individ-
ual center by the Kaplan-Meier method. A P value less than
0.05was considered significant for all tests. All analyses were
performed using SAS 9.4 software (Cary, NC).

RESULTS
A total of 11 568 SPK and 4308 PAK and PTA transplants

were performed between 2000 and 2013. The majority of
transplant centers (n = 112, 71%) were categorized in the
low-volume group based on performance of an average of
1 to 6 SPK procedures per year. There were 31 transplant
centers (20%) in the medium-volume center group (perform-
ing 7 to 13 SPK transplants per year), and 15 transplant cen-
ters (9%) in the high-volume center group (performing 14 to
34 SPK cases per year). For PTA and PAK, 117 transplant
centers (80%) were categorized in the low-volume group
based on performance of 1 to 3 cases per year; 25 transplant
centers (17%) in the medium-volume center (4 to 10 cases
per year), and 5 transplant high-volume centers (3%) (11 to
33 cases per year).

There were no significant differences in recipient sex or
BMI (P = 0.12 for SPK; P = 0.24 for PAK and PTA) between
groups categorized by center volume (Table 1). Compared
with transplants at high-volume centers, transplants at low-
volume centers had younger donors; fewer white, female
and hypertensive donors; and shorter pancreas preservation
times. Transplants at low-volume centers had more HLA
mismatches for PAK and PTA but not for SPK transplant
procedures. Low-volume centers had longer wait times and
transplantedmore African-American andHispanic recipients
among all types of pancreas transplants. Low-volume centers
had fewer nonsensitized recipients and transplanted patients
with longer dialysis vintage in the SPK transplant category
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TABLE 1.

Recipient, donor, and transplant characteristics among SPK transplant and pancreas alone recipients stratified according to
center volume

SPKs Pancreas alone (PAK and PTA)

Low-volume
centers

(n = 112 centers),
1-6 SPK/y

Medium-volume
centers

(n = 31 centers),
7-13 SPK/y

High-volume
centers

(n = 15 centers),
14-34 SPK/y P

Low-volume
centers

(n = 117 centers),
1-3 pan/y

Medium-volume
centers

(n = 25 centers),
4-10 pan/y

High-volume
centers

(n = 5 centers),
11-33 pan/y P

Recipient factors
Age, y, %
18-35 26 29 26 0.01 25 28 22 0.01
36-50 59 56 56 61 56 52
>50 15 15 18 15 17 26

Sex
Female, % 37 39 39 0.13 46 47 50 0.06

Race, %
White 69 73 76 0.01 82 85 94 0.01
Black 18 17 14 9 6 3
Hispanic 11 9 8 8 8 2
Other 3 2 2 1 1 1

BMI, mean (±SD) 25.2 (4) 24.9 (4) 25.1 (4) 0.12 25.2 (4) 25.1 (4) 25.5 (5) 0.24
Dialysis time pretransplant, %
0 16 21 22 0.01 89 91 88 0.07
<24 m 31 31 36 2 2 2
>24 m 32 27 21 9 7 10
Missing 21 21 21

Waiting Time, y, %
0-1 57 62 67 0.01 62 73 88 0.01
1-2 36 34 28 32 24 11
>3 7 4 4 6 3 1
Missing

HLA mismatch, %
0 2 1 2 0.06 1 1 1 0.01
1-2 4 4 5 7 6 14
3-6 94 95 93 92 93 84

PRA, %
0 56 64 60 0.01 60 53 54 0.01
1-20 27 22 24 24 29 26
20-80 11 10 11 11 11 14
>80 3 3 4 4 4 6
Missing 3 1 1 1 3 0

Donor and transplant factors
Age, mean (±SD), y 24.9 (9) 25.6 (10) 27.1 (11) 0.01 23.7 (9) 25.3 (10) 25.9 (11) 0.01
Sex
Female, n(%) 30 31 34 0.01 29 33 35 0.01

Race, %
White 64 64 71 <0.01 68 68 75 0.01
Black 18 17 15 14 24 11
Hispanic 15 15 12 15 14 11
Other 3 3 2 3 3 3

BMI, % (± SD) 23.9 (4) 24.1 (4) 24.1 (4) 0.04 23.8 (4) 23.9 (4) 24 (4) 0.44
Hypertension, % 4 5 7 <0.01 5 7 8 0.01
Primary cause of death, %
Anoxia 12 12 13 0.18 10 15 12 <0.01
CVA 17 18 19 18 19 20
Other 71 70 68 73 66 67

Preservation time in hours, (%)

Continued next page

© 2017 Wolters Kluwer Alhamad et al 2759



TABLE 1. (Continued)

SPKs Pancreas alone (PAK and PTA)

Low-volume
centers

(n = 112 centers),
1-6 SPK/y

Medium-volume
centers

(n = 31 centers),
7-13 SPK/y

High-volume
centers

(n = 15 centers),
14-34 SPK/y P

Low-volume
centers

(n = 117 centers),
1-3 pan/y

Medium-volume
centers

(n = 25 centers),
4-10 pan/y

High-volume
centers

(n = 5 centers),
11-33 pan/y P

0-10 34 36 32 0.01 34 33 27 <0.01
11-20 44 43 45 44 44 43
>20 6 6 7 5 7 13
Missing 16 14 17 17 16 17

PDRI
<0.85 35 33 32 <0.01 40 35 37 <0.01
0.86-1.15 37 36 33 40 39 32
1.16-1.56 19 20 20 16 18 18
1.57-2.11 7 9 11 — — —

≥2.12 2 2 4 — — —

>1.56 — — — 4 8 12

CVA, cerebrovascular accidents.

2760 Transplantation ■ November 2017 ■ Volume 101 ■ Number 11 www.transplantjournal.com
only. Finally, low-volume centers transplanted a greater num-
ber of low PDRI pancreata compared to high-volume centers.

Pancreas Allograft Failure
For SPK transplantation, compared with high center vol-

ume, low (hazards ratio [HR], 1.42; 95% confidence interval
[CI], 1.23-1.63) and medium (HR, 1.42; 95%CI, 1.23-1.63)
center volume was associated with a significantly increased
unadjusted risk of pancreas graft failure at 3 months. After
multivariate adjustment for recipient, donor and transplant
factors, low (adjusted HR [aHR], 1.55; 95% CI, 1.34-1.80)
and medium (aHR, 1.24; 95% CI, 1.07-1.44) center volume
was associated with worse pancreas allograft survival at
3 months compared with high center volume. A similar pat-
tern was noted for low center volume at 1, 5, and
10 years (Figure 1).

For PAK and PTA, low center volume (HR, 1.41; 95%CI,
1.14-1.76) was associated with a significantly increased un-
adjusted risk of pancreas graft failure at 3 months compared
FIGURE 1. Association of center volume and pancreas allograft failure
with high center volume.Medium center volume (aHR, 1.15;
95%CI, 0.92-1.35)was not associatedwith an increased risk
of pancreas graft failure for PAK or PTA. After multivariate
adjustment for recipient, donor, and transplant factors, low
center volume (aHR, 1.56; 95% CI, 1.23-1.98) was associ-
ated with significantly worse allograft survival compared to
high center volume, whereas medium center volume (aHR,
1.21; 95% CI, 0.96-1.53) was not associated with an in-
creased risk of graft loss. A similar pattern for low-volume
and medium-volume centers was noted at 1, 5, and 10 years
(Figure 2). The full multivariate modules including other fac-
tors associatedwith pancreas allograft failure at 3months are
shown in Table S1, SDC (http://links.lww.com/TP/B386).
Other modules for 1, 5, and 10 years are not shown.

Pancreas Donor Risk Index
To examine relationships between center volume and or-

gan quality, we compared pancreas allograft survival accord-
ing to center volume across each PDRI category. One-year
at 3 months, 1, 5, and 10 years in the SPK setting.
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FIGURE 2. Association of center volume andpancreas allograft failure at 3months, 1, 5, and 10 years in the pancreas alone setting (PAKandPTA).
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pancreas allograft survival was higher in high-volume centers
compared to low-volume centers within each category of
PDRI for both SPK and PTA/PAK groups (Figure 3 and
Figure 4).

Individual Center Survival
Several centers with low volume had better 1 year pan-

creas allograft survival than medium and high center volume
in both SPK and solitary pancreas transplant. In the same
time, 25% to 35% of these centers had lower survival than
medium and high center volume (Figure 5 and Figure 6).

Etiologies of Allograft Failure
There was a trend of higher allograft failure secondary to

rejection at medium-volume and high-volume centers com-
pared to the low-volume centers in the SPK setting, and a
higher rate of pancreatitis at the high-volume centers in the
PTA/PAK setting. In the same period, unspecified etiologies
FIGURE 3. 1 year pancreas allograft survival in low-volume and
high-volume centers in the SPK setting stratified according to the
PDRI groups.
of graft failure were higher in the low-volume centers in
SPK and PTA/PAK settings (Figure 7 and Figure 8).

DISCUSSION
Pancreas transplantation is technically challenging both

from a donor and recipient perspective. Advances in immu-
nosuppression,medical care, and refinements in surgical tech-
niques have led to steadily improving outcomes over time.We
found that SPK and PAK/PTA recipients transplanted at low-
volume centers have a 50% higher risk of pancreas allograft
failure at 3 months compared with those transplanted at
higher-volume centers, even after adjustment for donor, re-
cipient, and transplant factors. This pattern persists at 1 year
and has a continued effect at 5 and 10 years follow-up. This
finding is consistent with a recent publication from the
Eurotransplant region that showed a 30%higher risk of pan-
creas allograft failure at 3 years in low-volume centers, de-
fined as less than 5 pancreas transplants per year, compared
to high-volume centers, defined by≥ 13 pancreas transplants
FIGURE 4. 1 year pancreas allograft survival in low-volume and
high-volume centers in the pancreas alone setting (PAK and PTA)
stratified according to the PDRI groups.



FIGURE 5. Individual center pancreas allograft survival in SPK at 1 year. Each bar represents an individual center. Yaxis shows survival prob-
ability and x-axis sorted by increasing volume (SPK/year) and then by survival (if centers have the same volume).
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per year.24 This observation is also consistent with findings in
other organ transplants.13-19 Although there was significant
association between low center volume and pancreas graft
failure at long-term follow up (5 and 10 years), the major
association was seen in the short-term follow-up (3 months
and 1 year) (Figure 1 and Figure 2).

In this study, transplants performed at low-volume centers
had more favorable donor characteristics compared with
organs transplanted at high-volume centers, as assessed by
the PDRI, including younger donor age, shorter pancreas
preservation times, as well as less frequent use of hypertensive
donors. Despite more favorable donor selection at the low-
FIGURE 6. Individual center pancreas allograft survival in PTA/PAK at 1
probability and x axis sorted by increasing volume (solitary pancreas/yea
volume centers, their outcomes remained inferior to high-
volume centers. The PDRI was developed to identify factors
associated with an increased risk of allograft failure at 1 year
posttransplant.23 Regardless of the PDRI category, our re-
sults show that low-volume centers have inferior graft sur-
vival compared to high-volume centers at 1 year follow-up.

The explanation for inferior outcomes in low-volume cen-
ters is likely to be complex, but center volume could be a
surrogate marker for surgical expertise, adequate recipient
selection, multidisciplinary preoperative and postoperative
inpatient and outpatient care, and appropriate long-term
follow-up.25,26 Good support structures including specialized
year. Each bar represents an individual center. Y axis shows survival
r) and then by survival (if centers have the same volume).

http://www.transplantjournal.com


FIGURE 7. Causes of pancreas allograft failure within 3 months of transplantation in the SPK setting.
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transplant coordinators, other allied health professionals and
ready access to other surgical and medical specialties to help
manage transplant-related complications are needed to im-
prove pancreas transplant outcomes. Centers performing
fewer pancreas transplants are more likely to be smaller hos-
pitals where such support structures may not be robust.

One method that has been used in previous studies to as-
sess the effect of surgical expertise on allograft outcomes is
to analyze the early technical failure rate. In pancreas trans-
plantation, technical failure is usually defined as allograft
failure secondary to allograft thrombosis, allograft pancreati-
tis, intra-abdominal infections, enteric or exocrine leaks, and
bleeding. Low-volume centers were more likely to report al-
lograft loss as “not specified,” which makes the frequencies
of other etiologies of graft failure inaccurate. Regardless,
FIGURE 8. Causes of pancreas allograft failure within 3 months of tran
vascular thrombosis remained the major cause of early pan-
creas allograft failure in the first 3 months posttransplant
across all centers.

With the steady decline in the volume of pancreas trans-
plantation, many transplant providers may not maintain
or acquire the necessary experience to manage the unique
medical and surgical complications of pancreas transplanta-
tion. It is not unreasonable to postulate that this decline
might have amore substantial impact on low-volume centers.

It is notable that 15 centers performed one-third of the SPK
transplants in the United States and only 5 centers performed
one-third of the PTA/PAK transplants between 2000 and
2013. Some insurance companies define centers performing
15 ormore pancreas transplants per year as “centers of excel-
lence.” This designation might sustain a continuous referral
splantation in the pancreas alone setting (PAK and PTA).
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source for high-volume centers by directing patients to re-
ceive transplants at these centers exclusively. However,
examination of individual center pancreas allograft survival
at 1 year (Figure 5 and Figure 6) demonstrates that several
low-volume centers had better survival than medium-
medium and high-volume centers. Thus, although volume is
relevant to quality, performance metrics should also consider
outcomes independent of volume. Identification of care
processes that support optimal outcomes after pancreas
transplantation, both in relation to and distinct from center
volume, is an important priority.

There are a number of limitations to this study. First, it is a
retrospective study based on registry datawithmissing values
for certain variables, for example, PRA and HLA mis-
matches, although we attempted to reduce the impact of
missing values by adjusting for “missing” status, as per the
methodology used by the Scientific Registry of Transplant
Recipients in developing risk adjustment models for trans-
plant center performance. We examined center-reported
pancreas graft failure as the major outcome measure and
reporting practices for graft failure may vary across centers.
Recently, the United Network for Organ Sharing has defined
uniform criteria for center reporting of pancreas graft failure
to include: recipient's transplanted pancreas is removed,
recipient re-registers for a pancreas transplant, recipient reg-
isters for an islet transplant after receiving a pancreas trans-
plant, recipient’s total insulin use is 0.5 or greater units/kg
per day for a consecutive 90 days, or the recipient dies
(OPTN policy 1.2 Definitions; effective upon implementa-
tion and notice tomembers).27 Conversely, our study has sev-
eral important strengths. First, this is the one of the first
studies in the United States to highlight the outcome implica-
tions of pancreas center volume in the current era. Second,
we used a national database that allowed us to include a large
number of pancreas transplants with long-term follow-up.
Moreover, we were able to incorporate the PDRI as a mea-
sure of donor quality for further stratification.

In conclusion, patients transplanted at centers performing
low volumes of pancreas transplants have inferior short-term
and long-term allograft survival rates than those transplanted
at higher-volume centers. This is true for both SPK and soli-
tary pancreas transplants regardless of the PDRI. However,
graft survival at some low-volume centers is excellent. Future
studies should seek to identify care processes that support
optimal outcomes after pancreas transplantation irrespective
of center volume.
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