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Abstract

Obijective: Length of hospital stay is a sensitive indicator of short-term prognosis. In this ret-
rospective study, we investigated how pancreas preservation time affects length of hospital stay
after pancreas transplantation.

Methods: Patients receiving pancreas transplantation (1998.7-2018.6) were identified from the
Scientific Registry of Transplant Recipients database and grouped according to pancreas preser-
vation time. We analyzed the relationship of pancreas preservation time with graft and patient
survival and prolonged length of stay (PLOS; i.e., hospital stay >20 days).

Results: We included 18,099 pancreas transplants in the survival analysis. Pancreas preservation
time >20 hours had a significantly higher risk of graft failure than 8 to 12 hours. Pancreas
preservation time was not significantly associated with patient survival. We included 17,567
pancreas transplants in the analysis for PLOS. Compared with 8 to 12 hours, pancreas preser-
vation time >12 hours had a significantly higher PLOS risk, which increased with increased
pancreas preservation time. In simultaneous pancreas—kidney transplantation, we also found
that pancreas preservation time was positively associated with PLOS risk with pancreas preser-
vation time >12 hours.
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Conclusion: Pancreas preservation time is a sensitive predictor of PLOS. Transplant centers
should minimize pancreas preservation time to optimize patient outcomes.
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Introduction

Pancreas transplantation in patients with
diabetes can improve quality of life and
reduce the risk of diabetic complications.
The first pancreas transplantation was per-
formed in 1966.! Since then, there have
been many advances in surgical techniques
and in the use of immunosuppressive
agents; thus, pancreas transplantation is
currently an accepted method for the treat-
ment of diabetes.® However, pancreas
transplantation is a complex procedure
that is associated with many postoperative
complications.> ® The quality of the donor
graft’ and the pancreas preservation time
are important factors influencing the suc-
cess of transplantation.®? Prolonged pan-
creas preservation time is associated with
graft failure and technical failure; conse-
quently, prolonged pancreas preservation
time has been included in the Pancreas
Donor Risk Index (PDRI), used to predict
risk of graft failure.®'°

Length of stay (LOS) is an important
indicator of short-term prognosis and is
also associated with use of medical resour-
ces.'"™ Understanding of the impact of
pretransplant factors on LOS can help pre-
dict the risk of prolonged length of stay
(PLOS) and facilitate rational use of medi-
cal resources. The aim of this retrospective
cohort study was to determine the impact of
pancreas preservation time on PLOS.

Methods

Data source

This study was based on the Scientific
Registry of Transplant Recipients (SRTR),
which includes data on all donors, wait-
listed candidates, and transplant recipients
in the United States, submitted by
members of the Organ Procurement and
Transplantation Network (OPTN). The
Health Resources and Services
Administration (HRSA), U.S. Department
of Health and Human Services, oversees the
activities of the OPTN and SRTR contrac-
tors."> This was a retrospective study and
did not involve patient-specific identifying
information; therefore, ethics committee
approval and patient consent were not
required.

Study sample

Patients (n=24,397) registered in the
SRTR database from July 1998 to June
2018 were eligible for inclusion in this ret-
rospective analysis. Patients were excluded
if they 1) had a history of organ transplan-
tation other than kidney transplantation for
pancreas transplantation, or a history of
any organ transplantation for pancreas—
kidney transplantation (n=2347); 2) were
aged <18 years (n=>558); 3) had received
a living donor transplant (n=27); 4) had
received simultaneous transplant with
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other organs besides the pancreas and kid-
neys (n=679); or 5) the data on pancreas
preservation  time  were unavailable
(n=2687). For the analysis of PLOS and
postoperative complications, we further
excluded patients with missing discharge
data (n=62) and those who underwent re-
transplantation (n=>51) or died (n=419)
within 20 days of transplantation.

We analyzed recipient and donor charac-
teristics considered potential confounding
factors (Table 1). Recipient factors included
the following: age; sex; body mass index
(BMI); ethnicity (White, Black, Hispanic,
Asian, and other); human leukocyte antigen
mismatch; panel-reactive antibody; years
since diabetes onset; exocrine drainage
(enteric drainage, bladder drainage, and
other); endocrine drainage (systemic
system, portal system, and other); trans-
plant year (1998.7-2003.6, 2003.7-2008.6,
2008.7-2013.6, 2013.7-2018.6); transplant
center (n=165) ranked according to the
total transplant volume of 1998.7-2018.6
and divided into tertiles (low-volume
[n=119], medium-volume [n=33], and
high-volume centers [n=13]); and type of
transplant (pancreas after kidney [PAK],
pancreas transplant alone [PTA], and

Table 1. Potential confounding factors.

Recipient characteristics Donor characteristics

Age Age

Sex Sex

BMI BMI

Ethnicity Ethnicity

HLA mismatch DCD

PRA Cause of death

Years since DM onset Serum creatinine
Exocrine drainage

Endocrine drainage

Transplant year

Transplant center

BMI, body mass index; HLA, human leukocyte antigen;
PRA, panel-reactive antibody; DM, diabetes mellitus;
DCD, donation after cardiac death.

simultaneous
transplantation).

Donor factors included the following:
age; sex; BMI; ethnicity (White, Black,
Hispanic, Asian, and other); donation after
cardiac death; cause of death (anoxia, cere-
brovascular accident, head trauma, and
other); and serum creatinine level. Post-
transplant complications included infection,
pancreatitis, and leak (as recorded in the
SRTR database, defined as occurring after
transplantation and before discharge).

To assess how pancreas preservation time
was associated with patient and pancreatic
graft survival and PLOS, patients were sep-
arated into seven groups according to pan-
creas preservation time (04, 4-8, 8-12,
12-16, 16-20, 20-24, and > 24 hours). The
8-12-hour group was considered the refer-
ence group (according to the nominal time
of the PDRI).* The date of patient death
was determined from the SRTR. Pancreas
re-transplantation, pancreatic graft resec-
tion, or reuse of insulin were considered evi-
dence of graft failure. PLOS was defined as
post-transplant hospital stay >20 days (the
90th percentile of hospital stay).

pancreas—kidney  [SPK]

Statistical analysis

We used IBM SPSS version 25.0 (IBM
Corp, Armonk, NY, USA) for the statisti-
cal analysis. Continuous variables were
expressed as mean =+ standard deviation
and were compared using the Student
t-test and Mann—Whitney test. Categorical
variables were expressed as counts or per-
centages and were compared with the chi-
square test. Univariate and multivariate
Cox regression analyses were performed to
estimate hazard ratios (HRs) and 95% con-
fidence intervals (CIs). Univariate and mul-
tivariate logistic regression analyses were
performed to estimate risk (odds ratios
[ORs] with 95% CIs) of PLOS and postop-
erative complications. P < 0.05 was consid-
ered statistically significant.
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Results

Characteristics of the study population

A total of 18,099 pancreas transplants (2641
PAK, 1475 PTA, and 13,983 SPK) met our
inclusion criteria and were included in the
analysis. The mean patient age was 41.5+
8.7 years, and 59.7% (10,814) of patients
were male. The mean pancreas preservation
time was 12.2+ 5.6 hours. Mean follow-up
time was 6.9 +5.0 years. A total of 17,567
pancreas transplants (2558 PAK, 1393 PTA,
and 13,616 SPK) were included in the anal-
ysis for PLOS. Mean LOS was 11.4+13.2
days. PLOS (>20 days) was seen in 9.7% of
patients. Table 2 shows the general charac-
teristics of recipients and donors and the
proportion of missing data.

Pancreatic graft survival

In univariate and multivariate Cox regres-
sion analysis, we found that pancreas pres-
ervation time >20 hours was significantly
associated with increased risk of graft failure
compared with 812 hours. The HR was
1.164 (95% CI: 1.031-1.315; P=0.014) for
the 20-24-hour group and 1.241 (95% CI:
1.057-1.456; P=0.008) for the >24-hour
group. There was no statistical difference
in the other groups compared with the refer-
ence group. The HR was 0.983 (95% CI:
0.746-1.307) in the <4-hour group, 0.946
(95% CI: 0.860-1.041) in the 4-8-hour
group, 1.034 (95% CI: 0.953-1.122) in the
12-16-hour group, and 1.075 (95% CI:
0.979-1.181) in the 16-20-hour group.
Thus, the risk of graft failure was found to
be associated with pancreas preservation
time. Pancreas preservation time > 20
hours was also significantly associated with
an increased risk of graft failure. (Figure 1).

Patient survival

In univariate and multivariate Cox regres-
sion analysis, we found that pancreas

preservation time was not associated with
patient survival (Figure 2).

Prolonged length of stay (PLOS)

In univariate and multivariate Cox regres-
sion analysis, we found that pancreas pres-
ervation time > 12 hours was significantly
associated with increased risk of PLOS, as
compared with 8 to 12 hours. The OR was
1.151 (95% CI: 1.003-1.320; P=0.045) for
12 to 16 hours, 1.333 (95% CI: 1.135-1.565;
P <0.001) for 16 to 20 hours, 1.487 (95%
CI: 1.202-1.840; P<0.001) for 20 to 24
hours, and 1.961 (95% CI:. 1.528-2.518;
P <0.001) for > 24 hours. There was no sta-
tistical difference in the other groups com-
pared with the reference group. The HR
was 0.948 (95% CI: 0.597-1.505) for <4
hours and 0.868 (95% CI: 0.738-1.020)
for 4 to 8 hours (Figure 3).

PLOS in simultaneous pancreas—kidney
(SPK) transplantation

In univariate and multivariate logistic
regression analysis, we also found that pan-
creatic preservation time > 12 hours was sig-
nificantly associated with an increased risk
of PLOS. compared with 8 to 12 hours in
SPK transplantation. The OR was 1.194
(95% CI: 1.022-1.394; P=0.025) in the
12—16-hour group, 1.371 (95% CI: 1.140—
1.649; P <.001) in the 16-20-hour group,
1.587 (95% CI: 1.234-2.040; P <0.001) in
the 20-24-hour group, and 2.122 (95% CI:
1.593-2.827; P<0.001) in the > 24-hour
group. There was no statistical difference
in the other groups compared with the refer-
ence group. The HR was 0.790 (95% CI:
0.442-1.414) for <4 hours and 0.833 (95%
CI: 0.694-1.000) for 4 to 8 hours (Figure 4).

Discussion

This retrospective analysis of SRTR data
showed that pancreas preservation time
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Table 2. Characteristics and missing values.
PLOS NLOS Missing
Variable (n=1711) (n=15,856) P value %
Study variable
Pancreas preservation time (h), mean & SD 13.3+6.2 12.1 £5.5 <0.001 0.0
Recipient characteristics
Age (y), mean +=SD 41.0+88 41.5+87 0.019 0.0
Sex (male), n (%) 987 (57.7) 9516 (60.0) 0.062 0.0
BMI, mean +SD 252443 252443 0.282 0.6
Ethnicity, n (%) <0.001 0.0
White 1175 (68.7) 11714 (73.9)
Black 344 (20.1) 2311 (14.6)
Hispanic 160 (9.4) 1434 (9.0)
Asian 17 (1.0) 214 (1.3)
Other 15 (0.9) 183 (1.2)
HLA mismatch > 2/6, n (%) 1584 (92.6) 14731 (92.9) 0.643 0.1
PRA% > 20%, n (%) 167 (9.8) 1439 (9.1) 0.884 17.4
Years since DM onset, mean + SD 269188 26.7+8.9 0510 10.2
Exocrine drainage, n (%) 0.001 0.0
Enteric drainage 1391 (81.3) 13396 (84.5)
Bladder drainage 276 (l16.1) 2063 (13.0)
Other 44 (2.6) 397 (2.5)
Endocrine drainage, n (%) 0.971 0.0
Systemic system 1420 (83.0) 13123 (82.8)
Portal system 288 (16.8) 2704 (17.0)
Other 3(0.2) 29 (0.2)
Transplant year <0.001 0.0
1998.7-2003.6 586 (34.2) 3987 (25.1)
2003.7-2008.6 481 (28.1) 4228 (26.7)
2008.7-2013.6 371 (21.7) 4087 (25.8)
2013.7-2018.6 273 (16.0) 3554 (22.4)
Transplant center <0.001 0.0
Low-volume 691 (40.4) 5047 (31.8)
Medium-volume 537 (31.4) 5345 (33.7)
High-volume 483 (28.2) 5464 (34.5)
Donor characteristics
Age (y), mean £SD 284+10.8 2524938 <0.001 0.0
Male sex, n (%) 1164 (68.0) 10854 (68.5) 0.721 0.0
BMI, mean +SD 247+ 44 23.9+£40 <0.001 0.0
Ethnicity, n (%) 0.014 0.0
White 1206 (70.5) 10657 (67.2)
Black 262 (15.3) 2623 (16.5)
Hispanic 195 (11.4) 2140 (13.5)
Asian 37 (2.2) 277 (1.7)
Other 11 (0.6) 158 (1.0)
DCD, n (%) 34 (2.0) 329 (2.1) 0811 0.1
Cause of death <0.001 0.0
Anoxia 204 (11.9) 2588 (16.3)

(continued)
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Table 2. Continued.

PLOS NLOS Missing
Variable (n=1711) (n=15,856) P value %
Cerebrovascular accident 415 (24.3) 2557 (16.1)
Head trauma 1056 (61.7) 10292 (64.9)
Other 36 (2.1) 413 (2.6)
Serum creatinine (mg/dL), mean £ SD 1.03+0.79 1.024+0.77 0.097 0.3
Transplant type, n (%) <0.001 0.0
PAK 162 (9.5) 2396 (15.1)
PTA 88 (5.1) 1305 (8.2)
SPK 1461 (85.4) 12155 (76.7)
Post-transplant complication
Infection 347 (20.3) 365 (2.3) <0.001 0.02
Pancreatitis 217 (12.7) 302 (1.9) <0.001 0.02
Leak 175 (10.2) 192 (1.2) <0.001 0.02

SD, standard deviation; BMI, body mass index; HLA, human leukocyte antigen; PRA, panel-reactive antibody; DM, diabetes
mellitus; DCD, donation after cardiac death; PAK, pancreas after kidney transplantation; PTA, pancreas transplant alone;
SPK, simultaneous pancreas—kidney transplantation.
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Figure 3. Pancreas preservation time and prolonged length of stay.
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>12 hours, the risk of transplant failure is
significantly increased.®'®!'7 Additionally,
pancreas preservation time has been includ-
ed in the PDRI calculation formula, with 12
hours set as the cutoff value. Pancreas pres-
ervation time > 12 hours is considered to be
harmful to donor pancreas quality.®
However, few previous studies have investi-
gated the specific effects of different pancre-
as preservation times on the prognosis of
pancreas transplantation. In this study,
patients were divided into 4-hour groups
according to pancreas preservation time,
with 8 to 12 hours considered the reference
group. We then investigated the influence of
different pancreas preservation times on the
prognosis of transplantation. Our study
findings demonstrated that pancreas preser-
vation time>20 hours was significantly
associated with an increased risk of graft
failure and that the longer the pancreas

preservation time, the higher the risk.
With pancreas preservation time 0 to 20
hours, the risk of transplant failure was
not significantly different from that of the
reference group.

We did not find an association between
pancreas preservation time and patient sur-
vival. A previous study also found no sig-
nificant difference in the survival rate
between patients with diabetes receiving
pancreas transplantation and insulin thera-
py.'® We believe that this might be owing to
post-transplantation patients with graft
failure who survived using insulin therapy.

The length of postoperative hospital stay
is an important indicator to evaluate the
short-term prognosis of  patients.
Prolonged hospital stay often means slow
postoperative recovery. Few studies have
focused on the effect of pancreas preserva-
tion time on postoperative hospital stay.
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Figure 5. Post-transplant complications in patients with prolonged length of stay (PLOS) and normal length

of stay (NLOS).

In this study, we found that pancreas pres-
ervation time was closely related to PLOS,
and this relationship was stronger than that
between pancreas preservation time and
graft survival. With pancreas preservation
time > 12 hours, the risk of PLOS increased
significantly with pancreas preservation
time. The risk of PLOS was highest (OR
=1.961, 95% CI: 1.528-2.518; P<0.001)
with pancreas preservation time > 24
hours. When the pancreas preservation
time was 0 to 8 hours, the risk of PLOS
was not significantly different from that of
the reference group (812 hours). We
obtained similar results in patients with
SPK transplantation. Therefore, we believe
that with pancreas preservation time < 12
hours, patients can remain within the
normal postoperative length of hospital
stay. Further, prolonged hospital stay
often means higher costs.'"'*!* Therefore,
we can predict a patient’s hospitalization
duration using pancreas preservation time,
to rationally allocate medical resources and
hospitalization costs.

Several studies have found that the inci-
dence of postoperative complications is sig-
nificantly increased in patients with a
prolonged postoperative hospital stay.
Librero et al.*® showed that patients with
postoperative complications were hospital-
ized twice as long as those without compli-
cations. Our study also found that the
incidence of postoperative complications
was significantly higher in patients with a
prolonged hospital stay than in those with
anormal LOS (OR =9.085, 95% CI=8.020
—10.290; P <0.001, Figure 5). This may be
owing to an increase in postoperative com-
plications, leading to a prolonged hospital
stay.!> However, only complications of
infection, leak, and pancreatitis are
recorded in the SRTR database; therefore,
we were unable to conduct further compre-
hensive analysis.

In this study, we analyzed 20 years of
pancreas transplantation data. During
these years, pancreas transplantation has
undergone  considerable advancement.
Therefore, we included the pancreas
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transplantation procedure and year of
transplantation as confounding factors in
the analysis. Previous studies have shown
that pancreatic bladder drainage tends to
cause more urinary complications, so its
application has been gradually reduced.®?!
The pancreatic jejunal drainage procedure
is more compatible with normal human
physiology; therefore, most transplant cen-
ters currently use pancreatic jejunal drain-
age as the procedure of choice. Our results
showed an increasing proportion of intesti-
nal drainage and a decrease in the propor-
tion of bladder drainage as the type of
exocrine pancreatic drainage during recent
years (P <0.05, Figure 6). However, we
found that the proportion of systemic
drainage and portal vein drainage in endo-
crine drainage has not changed much. This
may be because there is no significant dif-
ference in postoperative complications and
survival rates between systemic drainage
and portal drainage.’>?*

In this study, we stratified transplant
centers according to transplant volume.

We found that low-volume centers had the
highest incidence of patient PLOS whereas
high-volume centers had the lowest inci-
dence of PLOS. The reasons for this may
be complex. We believe that high-volume
centers tend to have more comprehensive
multidisciplinary support and can better
manage post-transplant  complications
whereas low-volume centers may have
some limitations in this regard. Previous
studies have also found a significantly
higher incidence of graft loss after trans-
plantation among patients in low-volume
centers.**

Pancreas preservation time includes
warm ischemia, cold ischemia, and anasto-
mosis time. The pancreas organ is highly
sensitive to ischemia-reperfusion injury,
especially ~ warm  ischemic  injury.*’
Transportation time is the main reason for
the increase in pancreas cold ischemia
time.”* The best outcomes of pancreas
transplantation can be achieved with cold
ischemia time< 12 hours.?’” Therefore,
transplant centers should ai to improve

1000
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(=]
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o
400
=8= Enteric
s«ids Bladder
B (P<0.05)
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< LT e,
............... a
U]
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Transplant Year

Figure 6. Processes of pancreatic exocrine drainage.
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their pancreas allocation policy so as to
reduce the distance between donor and
recipient, thereby reducing the transit time
of the donor pancreas.

This study has some limitations. First,
this was a retrospective analysis of informa-
tion extracted from a database; therefore,
the presence of unknown confounders
cannot be ruled out. Second, the pancreas
preservation time in this study included
pancreatic warm ischemia time, cold ische-
mia time, and surgical anastomosis time.
These have different injurious effects on
the pancreas,”® but detailed data were not
available for further analysis. Third, in this
study, we defined PLOS as >20 days (90th
percentile of hospital stay); however, this is
a subjective cutoff.

Conclusion

Our study findings showed that the risk of
PLOS after pancreas transplantation
increased with increased pancreas preserva-
tion time. Transplant centers should strive
to minimize pancreas preservation time, to
optimize patient outcomes and reduce med-
ical costs. Patients assigned to receive a
graft with a prolonged preservation time
should be informed of the risks in advance.
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