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Pancreas Transplantation From Pediatric Donors:
A Single-Center Experience
Mario Spaggiari, MD,1 Caterina Di Bella, MD,1 Pierpaolo Di Cocco, MD,1 Maya Campara, PharmD,2

Kelly Galen, PharmD,2 Federico Gheza, MD,1 Jose Oberholzer, MD,3 Enrico Benedetti, MD,1

and Ivo Tzvetanov, MD1

Background.Pancreas allografts from pediatric donors are considered less suitable due to the increased risk of surgical com-
plications and reduced islet cell mass that may compromise function. Methods. All pancreatic transplants, procured from do-
nors younger than 18 years, between January 2007 and March 2017, were included in the analysis. The grafts were
subdivided into 3 groups by donor's weight: less than 30 kg, 30 to 60 kg, greater than 60 kg. Analysis of patient and graft survival
was done between the groups, and subsequently between the pediatric cohort and the adult-donor control group. Results.

Sixty-three pediatric-donor pancreas transplants were performed. The mean donor age and weight were of 12.10 ± 4.13 years
and 47.8 ± 21.3 kg. Excellentmetabolic control was achieved in 59 (93.65%) patients at the time of discharge and at amean 5 year
follow up, with the average hemoglobin A1c of 5.30 ± 0.61% and blood glucose level of 102.75 ± 20.70 mg/dL in those with a
functioning graft. Nine graft losses were registered, of which one (1.6%) was due to arterial thrombosis. Eight (12.7%) patients ex-
perienced rejection. Overall graft survival and patient survival were of 85.7% and 92.1%, respectively, at a median follow-up of
37.07 months (minimum, 0.19 to maximum, 119.57). No differences among the 3 groups were identified. Long-term patient
and allograft survival was comparable to that of the adult-donor pancreatic transplants.Conclusions.Pediatric-donor pancreas
demonstrated excellent short-term outcomes with no surgical complications and promising long-term outcomes despite the
smaller islet mass. Pancreata from pediatric donors should not be marginalized and can offset worsening organ shortage.

(Transplantation 2018;102: 1732–1739)
According to the International Diabetes Federation, the
overall annual increase in the incidence of type 1 diabe-

tes (T1D) is approximately 3% to 4%.1,2 In the United
States, the peak age at diagnosis is approximately 14 years,3

and 5% of adult-onset diabetes are diagnosed as T1D.4 Inci-
dence of T1D varies by age and geographical location, ranging
from 4.9 per 100000 people in Austria to 61.7 per 100000
people in the United States.3,5
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Vascularized pancreas transplantation is a well-established
treatment for patients with insulin-dependent diabetes
mellitus to restore normal glucose levels and serum levels of
glycosylated hemoglobin A1c (HbA1c).6,7 Unfortunately, de-
spite the implementation of the new pancreas allocation sys-
tem in October 2014, the 2015 Annual Data Report reveals
that pancreas utilization did not increase as expected while
the waiting time for a pancreas transplant continues to rise.
Currently, the percentage of active listings is approximately
65%, the highest since 2008.8

Use of pediatric organs for transplantation has been pro-
posed as a strategy to increase pancreas donor pool and opti-
mize donor utilization. Historically, pediatric donor pancreata
were considered “less ideal” based on the presumed increased
risk of surgical complications, in particular of thrombosis,
and on the historical assumption that the reduced islet cell mass
could compromise the graft function.9-11 Despite some recent
studies12-15 that promote utilization of these organs, the Trans-
plant Community appears to be skeptical of their outcomes and
many Transplant Centers still reject a priori pediatric donors.

At the University of Illinois at Chicago, pancreas grafts
procured from pediatric donors have been widely used since
2007. Hereby we report our experience and the short- and
long-term transplant outcomes.

MATERIALS AND METHODS
This is a retrospective cohort analysis of all pancreas trans-

plants performed fromMay 2007 throughMarch 2017 at an
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urban, academic medical center. This study was approved by
the institutional review board protocol number 2014-0452.

Pediatric donors were further divided into 3 groups ac-
cording to the donor weight: group 1, less than 30 kg; group
2, between 30 and 60 kg; and group 3, greater than 60 kg.
The transplants from donors 18 years and older represented
the adult control group for patient and allograft survivals.
Primary objective was to compare allograft function at
5 years between the 3 pediatric donor allograft groups. Sec-
ondary outcomes included comparison of transplant surgery
related complications and postoperative allograft function.
Finally, patient and allograft survivals of the pediatric cohort
were compared with the adult control.

Donor demographics, including sex, race, age, weight,
cause of death, cytomegalovirus (CMV) status, and trans-
plant type, were obtained from United Network for Organ
Sharing. The following information on the donor's hospital
course in the intensive care unit (ICU) were also included in
the analysis: number of inotropic drugs needed, pancreatic
function at the time of the procurement (fasting blood glucose
[FBG], amylase), insulin requirement and steroid treatment.

Recipient demographics analyzed include gender, race,
age, body mass index (BMI), previous transplants, CMV sta-
tus, type of diabetes, panel-reactive antibody, and crossmatch
results. The analysis of transplant parameters included length
of surgery, cold ischemia time (CIT), estimated blood loss,
blood transfusion during surgery and during hospitalization,
exocrine drain management, length of stay, immunosup-
pressive therapy, anticoagulation prophylaxis, and antiviral
therapy. Early postoperative surgical complications leading
to reoperations were analyzed and compared between the
pediatric groups.

Long-term graft function was defined as complete freedom
from insulin and measured with serial determinations of
HbA1c, FBG and C-peptide levels at 6 months and at years
1, 2, 3, 4, 5, and at the most recent follow-up. Graft loss
was determined by the stable requirement of insulin treat-
ment. Cause of graft loss was also analyzed.

During the initial study period, the preferred method of
exocrine drain management changed from bladder drained
to enteric drained pancreas for all pancreas transplants. Re-
cipient procedure started with the full mobilization of the
right colon. The final position of the pancreas was head-
down with the portal vein to the inferior vena cava, just be-
fore the bifurcation and the “Y” graft to the common iliac
artery on the right. This position allowed us to keep the por-
tal vein the shortest possible. In some circumstances, to pre-
vent kinking or obstruction, the portal vein had been
shortened. When performing simultaneous pancreas-kidney
(SPK) transplantation, the kidney was positioned on the left
with vascular anastomosis to the external iliac vessels.
Screening pancreas ultrasonography protocol was performed
in all cases on day 1 and as needed (monitoring collection,
vascular waveform) for the rest of the hospitalization.

In terms of medical management, the immunosuppression
and prophylaxis protocols are standardized for all pancreas
recipients. Induction therapy consists of rabbit antithymocyte
globulin and methylprednisolone followed by a rapid, 5-day
steroid taper. Maintenance therapy consists of mycopheno-
late and tacrolimus (10-15 ng/mL for the first 2 months, then
5-10 ng/mL thereafter). Institutional immunosuppression
regimen did not change during the study period. All patients
Copyright © 2018 Wolters Kluwer H
received antimicotic prophylaxis with fluconazole 200 mg
during the first postoperative week. The antimicrobial pro-
phylaxis included ampicillin/sulbactam and vancomycin. Cy-
tomegalovirus prophylaxis included valganciclovir 450 mg
daily for 6 months except those with negative CMV serology
in both donor and recipient. In that case, 1month of acyclovir
was used for herpes simplex virus prophylaxis. The anticoag-
ulation protocol consisted of low dose, straight rate heparin
at 300 units per hour until patient could transition to an oral
regimen. Oral prophylaxis consisted of aspirin-dipyridamole
25 mg/200 mg every 12 hours for 2 months, followed by life-
long 81-mg aspirin daily. No special consideration was given
for pediatric versus adult donor pancreas recipients.

Descriptive and quantitative variables were compared be-
tween the 3 pediatric groups in a multivariate analysis. Pa-
tient and graft survivals at 5-year follow up were analyzed
in the pediatric cohort and compared with the survival rates
of the adult control group. In the multivariate analysis, donor
age, donorweight, donor inotropic support in the ICU, trans-
plant era, and type of transplant were studied as risk factors
and HbA1c and FBG as predictive values of graft survival.

Statistics
Patient and graft survival rates were estimated using

Kaplan-Meier curves and compared between groups using
a log-rank test. Patients lost at the follow-upwith functioning
graft were included in this analysis. Visual binning was the
statistical method used to obtain the 3 homogeneous weight
groups. Continuous variables were reported as means ± stan-
dard deviation and compared between groups using analysis
of variance test. Categorical variables were summarized as
percentages and compared between groups using Fisher exact
test. P values were calculated using 2-tailed tests and consid-
ered significant if less than 0.05. A multivariate Cox regres-
sion analysis was performed to assess the effect of different
parameters on graft survival. Donor age, donor weight, do-
nor inotropic support in ICU, type of pancreas transplant,
transplant era, HbA1c level at 1 year, and blood glucose level
at 1 year were taken into account. All analyses were per-
formed using IBM SPSS statistical software version 23.0.

RESULTS
From May 2007 through March 2017, 138 pancreas

transplants were performed. In this cohort, 63 (45.7%) were
pediatric donor transplants that were further divided into
group 1, less than 30 kg (n = 19); group 2, between 30 and
60 kg (n = 21); and group 3, greater than 60 kg (n = 23). Do-
nor sex and race distribution are similar in the 3 pediatric
groups, as seen in Table 1. The remaining 75 (54.3%) trans-
plants from adult donors represented the control group.

Pediatric pancreas grafts were procured by the regional
Organ Procurement Agency in 28 (44.4%) cases; the other
35 (55.6%) organs came from the other regions. Donor or-
gan suitability was determined during the back-bench prepa-
ration because many organs were procured out of the region.
Therefore, we relied on surgical expertise to perform final or-
gan inspection at the time of the transplant. No vasculature
diameter cutoff was applied either to the splenic artery or
the portal vein. The mean age and weight of the donor were
12.10 ± 4.13 years and of 47.8 ± 21.3 kg, respectively. There
were no specific donor selection criteria, no limit on patient
weight and BMI, as long as the HbA1c was normal. Only
ealth, Inc. All rights reserved.



TABLE 1.

Donor and recipient baseline characteristics

Group 1 Group 2 Group 3

Total P(<30 kg) (30-60 kg) (>60 kg)

No. patients 19 21 23 63
Donor weight (mean ± SD) 24.43 ± 3.71 42.47 ± 9.59 71.97 ± 9.09 47.8 ± 21.37 0.000*
Donor age (mean ± SD) 7.74 ± 1.99 11.9 ± 3.25 15.87 ± 1.93 12.10 ± 4.13 0.000*
Donor BMI (mean ± SD) 15.47 ± 1.74 19.32 ± 3.81 24.74 ± 3.30 20.13 ± 4.92 0.000*
Recipient age at transplant 41.32 ± 9.59 38.95 ± 9.16 42.43 ± 9.44 40.94 ± 9.36 0.464
Recipient BMI 27.04 ± 4.47 28.49 ± 5.23 26.36 ± 5.02 27.28 ± 4.93 0.358
Recipient sex 0.401
• Male (%) 12 (63.2%) 14 (66.7%) 11 (47.8%) 37 (58.7%)
• Female (%) 7 (36.8%) 7 (33.3%) 12 (52.2%) 26 (41.3%)

Donor sex 0.930
• Male (%) 15 (78.9%) 16 (76.2%) 17 (73.9%) 48 (76.2%)
• Female (%) 4 (21.1%) 5 (23.8%) 6 (26.1%) 15 (23.8%)

Recipient race 0.929
•African-American 6 (31.6%) 6 (28.6%) 9 (39.1%) 21 (33.3%)
•Hispanic 4 (21.1%) 6 (28.6%) 5 (21.7%) 15 (23.8%)
•White 8 (42.1%) 8 (38.1%) 9 (39.1%) 25 (39.7%)
•Other 1 (5.3%) 1 (4.8%) 0 2 (3.2%)

Donor race 0.180
•African-American 5 (26.3%) 4 (19%) 8 (34.8%) 17 (27%)
•Hispanic 7 (36.8%) 4 (19%) 9 (39.1%) 20 (31.7%)
•White 7 (36.8%) 13 (61.9%) 5 (21.7%) 25 (39.7%)
• Other 0 0 1 (4.3%) 1 (1.6%)

Recipient diabetes 0.510
•Type 1 17 (89.5%) 20 (95.2%) 22 (95.7%) 59 (93.7%)
•Type 2 1 (5.3%) 1 (4.8%) 0 2 (3.2%)
•Iatrogenic 1 (5.3%) 0 0 1 (1.6%)
•Steroid-induced 0 0 1 (4.3%) 1 (1.6%)

Cause of donor death NA
•MVA, 1 5 6 9 20
•Stroke, 2 3 2 0 5
•Asthma attack, 3 3 4 1 8
•Homicide/gunshot, 4 1 0 9 10
•Other, 5 7 9 4 20

DBD/DCD 18/1 20/1 23/0 61/2 NA
Recipient CMV status NA
•Positive 14 11 17 42
•Negative 5 10 5 20
•Unknown — — 1 1

Donor CMV status NA
•Positive 12 5 16 33
•Negative 7 16 7 30
•Unknown — — — —
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in case of injury or hematoma in the pancreatic graft the or-
gan was refused. Cold ischemia time over 20 hours was not
considered a contraindication.

In the pediatric cohort, 28 (44.4%) transplants were
SPK, 17 (27.0%) were pancreas alone transplant (PAT),
18 (28.6%) were pancreas after kidney (PAK) transplant, as
seen in Table 2. Only 10 (15.8%) patients had bladder
drained exocrine gland of the pancreas. Majority of recipi-
ents (93.7%) had T1D. There was no donor/recipient BMI
or weight-matching criteria.

In the adult cohort, 38 (50.7 %) transplants were SPK.
Twenty-one (28%) patients had bladder-drained exocrine
Copyright © 2018 Wolters Kluwer
gland of the pancreas. In the remaining 54 cases, drainage
was enteric. All transplants were systemically drained. When
comparing surgical technique and perioperative manage-
ment, recipients of pediatric and adult pancreata were treated
in the same way.

In the pediatric donor cohort, excellent metabolic control
was achieved in 59 (93.6%) patients at the time of discharge
and at a mean 5 year follow-up with an average HgbA1c of
5.30 ± 0.61% and FBG level of 102.75 ± 20.70 mg/dL in
those with functioning graft at last follow up. The relation
between donor weight and long-term graft function was
assessed by comparing mean 5-year HgbA1c values and
 Health, Inc. All rights reserved.
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TABLE 2.

Surgical details

Group 1 Group 2 Group 3

Total P(<30 kg) (30-60 kg) (>60 kg)

Transplant era
•2007-2012 11 10 19 40 0.046
•2013-2017 8 11 4 23

CIT (mean ± SD) 16 h 36 min ± 4 h 52 min 14 h 55 min ± 4 h 42 min 13 h 33 min ± 5 h 7 min 14 h 57 min ± 5 h 3 min 0.204
Length of surgery:
mean ± SD, min

274.56 ± 65.3 311.43 ± 109.64 276 ± 64.94 288.43 ± 84.41 0.299

Estimated blood loss:
mean ± SD, mL

228.57 ± 183.67 286.11 ± 258.28 280.95 ± 248.23 268.87 ± 233.54 0.759

Type of transplant NA
PAT 5 5 7 17
SPK 8 10 10 28
PAK 6 6 6 18

FIGURE 1. Patient survival by donor weight groups.
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5-year FBG among the 3 weight groups. No statistically sig-
nificant differences were observed between the 3 groups
(P = 0.468 and P = 0.138 respectively). Nine graft losses were
registered, of which only 1 was due to arterial thrombosis.
Overall, 8 (12.7%) patients experienced allograft rejection,
of which 5 (62.4%) led to graft loss, the other 3 (37.6%)
were successfully treated with medical therapy.

Immunosuppressive Therapy, Antimicrobial,
and Anticoagulation Prophylaxis

In the pediatric cohort, 60 (95.2%) patients received in-
duction with daily rabbit antithymocyte globulin 1.5 mg/kg
using ideal body weight on postoperative days (POD) 0 to 4.
Two patients received interleukin-2 receptor antagonist (IL-
2RAs) on PODs 0 and 4, and 1 patient received a single dose
of alemtuzumab 30 mg on POD 0. No justification was re-
corded for protocol deviation. All patients received mainte-
nance immunosuppression per protocol with tacrolimus in
combination with mycophenolic acid and a rapid, 5-day ste-
roid taper. Antimicrobial prophylaxis was per protocol in
all patients.

In the pediatric cohort, 57 (90.5%) patients received post-
operative anticoagulation with heparin until patient could
transition to an oral regimen. In 2 cases, the heparin drip
was held for high risk of bleeding and aspirin-dipyridamole
started when the risk of bleed was minimal. One patient
was known to have heparin-induced thrombocytopenia and
he was treated with argatroban drip at 0.5 μg/kg per minute.
Another patient was found to have heparin-induced throm-
bocytopenia postoperatively, so heparin was discontinued,
and aspirin-dipyridamole was started. Two patients were re-
ceiving warfarin therapy before surgery and were restarted
on warfarin instead of aspirin-dipyridamole. Only 1 patient
on the conventional regimen developed an arterial thrombus.
No arterial thrombi were observed in patients on alternative
anticoagulation therapies.

Patient and Graft Survivals
Thirteen patients were lost to follow up in the pediatric-

donor cohort 13 (20.6%) of 63. Overall patient survival
was comparable among the 3 pediatric-donor groups (group 1,
94.7%; group 2, 95.2%; and group 3, 87%; P = 0.966) with
Copyright © 2018 Wolters Kluwer H
a median follow-up of 37.07 months (Figure 1). Similar
findings in patient survival were observed between the en-
tire pediatric-donor cohort and the adult control group (pe-
diatric, 92.1%; adult, 96.3%; P = 0.58) (Figure 2). Five
deaths were observed among the pediatric-donor cohort
during the 5-year follow up, and 4 deaths occurred with
functioning graft.

Overall graft survival in the pediatric-donor cohort was
85.7%. There was no significant difference between the 3 pe-
diatric donor groups (group 1, 89.5%; group 2, 76.2%;
group 3, 91.3%; P = 0.124) (Figure 3). Moreover, no differ-
ence in graft survival was noted between the pediatric donor
cohort versus the adult control group (85.7% vs 80%;
P = 0.753) (Figure 4).

In the pediatric cohort, 9 (14.3%) patients lost their allo-
graft (Table 3). No differences were observed in terms of
cause of graft failure among pediatric-donor groups
(P = 0.3). The main cause of pediatric allograft failure was
acute cellular rejection that was observed in 5 (7.93%)
ealth, Inc. All rights reserved.



FIGURE 2. Patient survival pediatric donor cohort versus adult
donor control.

FIGURE 4. Allograft survival pediatric donor cohort versus adult
donor control.
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patients. One patient required graft pancreatectomy because
of intestinal anastomotic leak. As previously mentioned, ar-
terial thrombosis of the graft was observed only in 1 patient
in group 2 of the pediatric-donor cohort, showing no statis-
tical correlation with donor weight (P = 0.36). Among other
causes of graft loss, 1 patient required insulin treatment
since discharge for unknown reasons and a third patient
underwent graft removal on POD 9 for the rupture of a my-
cotic pseudoaneurysm of the arterial graft.

In the pediatric-donor cohort, overall reoperation rate was
19%. In 12 cases, reoperation was necessary during the
transplant hospital stay: 3 graft removals previously men-
tioned (arterial thrombosis, anastomotic leak, and mycotic
FIGURE 3. Pediatric donor allograft survival by donor weight groups.

Copyright © 2018 Wolters Kluwer
pseudoaneurysm); 4 patients underwent relaparotomy due to
hematoma evacuation; and 3 required abdominal washout
and drainage of peripancreatic abscesses. Two patients ex-
perienced small-bowel obstruction and underwent small-
bowel resection and reanastomosis. No statistical differences
were observed in reoperation rate between the 3 pediatric
groups (P = 0.519).

In the adult group, 14 (18.7%) patients lost their allograft.
No differences were observed in terms of cause of graft fail-
ure among pediatric and adult groups (P = 0.49). The main
cause of adult allograft failure was acute cellular rejection
that was observed in 12 (16%) patients. Arterial thrombosis
of the graft was observed in 2 patients.

Overall reoperation rate was 16% (12 cases). One graft
removal for arterial thrombosis, 2 anastomotic leaks, 8 pa-
tients underwent relaparotomy due to hematoma evacua-
tion or abdominal washout and drainage of peripancreatic
abscesses. One patient experienced a deep abdominal wall-
wound abscess and fascial dehiscence requiring reopera-
tion for drainage, debridement of the wound, and wound
V.A.C. placement.

No statistical differences were observed in reoperation rate
between the pediatric group and the adult one (P = 0.95).
When considering the major surgical complications (arterial
thrombosis, anastomotic leak, and hematoma evacuation-
abdominal washout), no statistical significances were found
(see Table 4).

Cox Regression Analysis
Donor weight had no significant influence on graft sur-

vival (hazard ratio [HR], 0.985; 95% confidence interval
[CI], 0.953-1.017; P = 0.358). As shown in Table 5, HbA1c
level at 1 year (HR, 2.637; 95% CI, 1.162-5.983; P = 0.02)
and, most prominently, blood glucose level at 1 year (HR,
1.034; 95% CI, 1.013-1.056; P = 0.001) had a statistically
significant effect on graft survival. High Hb1Ac and blood
 Health, Inc. All rights reserved.
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TABLE 3.

Graft outcomes

Group 1 Group 2 Group 3

Total P(<30 kg) (30-60 kg) (>60 kg)

Median follow-up: minimum-maximum, mo — — — 37.07 0.19-119.57 NA
At 5 y
• FBS: mean ± SD, mg/dL 114.5 ± 33.4 98.67 ± 3.51 100.08 ± 18.43 102.75 ± 20.69 0.468
• HbA1c mean ± SD 5.35 ± 0.26 4.67 ± 0.60 5.43 ± 0.62 5.30 ± 0.61 0.138

Vascular thrombosis — 1 — 1 0.362
Acute rejections 2 1 5 8 0.345
Graft loss 2 5 2 9 0.307

0.362• Arterial thrombosis — 1 — 1
• Anastomotic leak 1 — — 1 0.340

0.345
• Acute rejection 1 2 2 5
• Insulin from discharge — 1 — 1 NA
• Othera — 1 — 1 NA

Death 1 1 3 5
Death with functioning graft 1 — 3 4
a Infected arterial graft and mycotic rupture with need of emergent pancreatectomy.
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glucose levels, measured at 1 year after transplant, were both
strongly related with the probability of graft loss.

DISCUSSION
Pancreas transplantation is a successful treatment for type

1 diabetic patients that restores insulin independence.6,7,16

The number of currently available “ideal” pancreas donors
is not sufficient to meet the increasing demand on the pan-
creas transplant waiting list worldwide.16,17 Despite that,
strict criteria for pancreas donor eligibility persist. The ideal
donor age for pancreas transplantation is between 10 and
40 years with an ideal weight between 30 and 80 kg.14 In
the past, some authors9,18-20 have supported the use of pan-
creas grafts procured from pediatric donors to increase the
donor pool, but limited data are available regarding their
use in adult recipients. For this reason, transplant surgeons
remain skeptical about utilization of pediatric donors and
are more inclined to reject pediatric grafts a priori. Thus,
there is still no consensus about donor age and weight limits
in pancreas transplantation.12 The main concerns with using
pediatric grafts are focused on the high risk of incidence of
surgical complications—in particular, thrombosis—because
of the small dimensions of the graft vessels21,22 and poor
functional outcome due to the reduced islet cell mass.9,14,18
TABLE 4.

Comparison on surgical complication: pediatric vs adults

Surgical complications

Adult cohort Pediatric cohort

χ2 P(n=63) (n=75)

Arterial thrombosis 2 1 0.1876 0.66
Anastomotic leak 2 3 0.4305 0.51
Hematoma evacuation—
abdominal washout

8 7 0.007 0.93

Total 12 11 0.078 0.78

Copyright © 2018 Wolters Kluwer H
An analysis of Organ Procurement and Transplantation
Network data demonstrated23 that the use of “extra small
donors” (donor, <20 kg) is associated low risk of technical com-
plications (6.5%). Similar low rate of complications (10.2%;
leak/graft thrombosis) was reported by Fernandez et al12 in
the largest study demonstrating utilization of pediatric donors
for SPK. Illanes et al15 published a case series of 6 SPK and 2
pancreas transplant alone using pediatric donors weighing
less than 28 kg with excellent results: no thrombosis, fistula,
or pancreatitis were observed. In our experience, the inci-
dence of thrombosis was 1.6%, and no statistical correlation
with donor weight was identified. Moreover, the use of pedi-
atric grafts was not associated with increase in technical diffi-
culty. Rate of reoperation was low at 19% with no statistical
differences between the 3 donor weight groups. Based on this
evidence, allograft thrombosis should not be considered an
impediment to the use of the pediatric allograft.

Illanes et al15 underlined the importance that the small
donors chosen for transplantation had laboratory values
within normal limits and that there were no administered
inotropic or vasoactive drugs during their ICU stay. They
also pointed out the positive impact brief CIT had on trans-
plant outcome; in their study, CIT did not exceed 7 hours. In
our experience, meanCITwas about twice as long (14 hours
TABLE 5.

Multivariate cox regression

Variables HR 95% Cl Std. error P

Donor age 0.918 0.778-1.082 0.084 0.306
Donor weight 0.985 0.953-1.017 0.017 0.358
Donor inotropic support in ICU 0.889 0.510-1.547 0.283 0.677
Type of transplant (PAT vs others) 1.374 0.284-6.641 0.804 0.692
Transplant era 1.014 0.186-5.530 0.866 0.988
HbA1c level 1 y 2.637 1.162-5.983 0.418 0.020
Blood glucose level 1 y 1.034 1.013-1.056 0.011 0.001

ealth, Inc. All rights reserved.
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57 minutes ± 5 hours 3 minutes) and mean donor amylase
was of 123.8 ± 145.3 units/L, accepting sometimes donors
with values over 800 units/L. Inotropic drugs during do-
nor's ICU stay were used in 57 (90.5%) of the pediatric do-
nors; however, in the Cox regression analysis, this was not
associated with worst graft outcome (P = 0.677).

Historically, the low islet mass volume of pediatric
pancreata has been considered the other great impediment
to their utilization.10,11 This is due to the assumption of a
mismatch between secretion of insulin by pediatric β-cell
mass and the physiologic demands of adult recipients,
resulting in poorer long-term β-cell function. Recent studies
have shown that β cells from younger individuals have supe-
rior regulation of insulin secretion compared with those from
older individuals.24 Adding value to this theory, authors have
demonstrated that age was the primary donor characteristic
influencing pancreas graft function, showing that pancreata
harvested from donors older than 45 years were associated
with an increased risk of losing glycemic control and prema-
ture loss of graft function.25,26

Additionally, considering that β cell mass is directly corre-
lated to body mass,24 some authors suggest avoiding the
choice of recipients with high metabolic requirements,
selecting those with lower weights to maximize islet mass
function.12,18 Sampaio et al27 reported that recipient obesity
was associated with inferior outcomes in pancreas and kid-
ney transplantation, confirming that a weight discrepancy
between recipient and donor is associated with worse graft
outcome. The strategy of reducing that discrepancy can po-
tentially improve the outcomes of pancreas allografts pro-
cured from pediatric donors. In this cohort, no effort was
made to match donor and recipient age or weight. Despite
this, excellent metabolic control was achieved in 59 (93.7%)
cases at the time of discharge. At a median follow-up of
37.07 months, the average HbA1c was 5.30 ± 0.61% with
mean blood glucose level of 102.75 ± 20.70 mg/dL in those
with functioning allograft. Donor age or weight was not asso-
ciated with poor glycemic control or worse graft outcomes.

Indeed, pediatric pancreata should be considered a prom-
ising resource for transplantation. Few retrospective studies
have analyzed pancreas transplant outcomes12-15 from pedi-
atric donors and compared themwith adult donor allografts.
The outcomes from these studies showed no difference in sur-
vival between pediatric and adult-donor recipients, including
up to 10 years of long-term follow-up.12,13 A previously pub-
lished registry analysis shows better 10-year patient and graft
survivals with pediatric allografts compared with adult grafts
(patient, 70% vs 68% and graft, 54% vs 51%, P = 0.001).23

Fernandez et al12 presented the optimal results of 142 SPK
from pediatric donors after 10-years of follow-up with a pa-
tient survival rate of 85% and graft survival rate of 72%.
Van der Werf et al19 reported that excellent early function
and graft survival were achieved in 17 patients who received
pediatric organs from donors between 4 and 10 years of age.
Similarly, Krieger et al14 demonstrated excellent pancreas
and kidney graft survival rates in 24 recipients of donor or-
gans from donors younger than 10 years. Socci et al13 de-
scribed a series of SPK and pancreas transplant alone from
pediatric donors with a patient survival rate of 94.12% and
a pancreas graft survival of 63.35% at 9 years. Moreover,
these studies demonstrated better graft survival in the pediat-
ric donor group.12-15
Copyright © 2018 Wolters Kluwer
The multivariate analysis of our study confirms that there
is no significant difference when graft survival is compared
with donor age and donor weight (P = 0.306 and
P = 0.358, respectively). The same holds true when the com-
parison is evaluated between graft outcome and donor sex
(P = 0.816). Examining the surgical era (era 1, 2007-2012 vs
era 2, 2013-2017), a mild risk is identified in being
transplanted in the era 2007 to 2012 but with no statistical
difference (P = 0.988). This difference can be attributed to
the improvement in the surgical expertise of the transplant
team over the years. Specifically, during the early study pe-
riod, the operative practice at our center changed to predom-
inately enteric drained pancreas transplant. In terms of
medical management, during the same time, low-dose, fixed
rate heparin infusion was added in the immediate postoper-
ative period in addition to the historical anticoagulation with
oral, twice-daily aspirin-dipyridamole that was initiated be-
fore discharge. Immunosuppression regimen remained un-
changed in this study period, and no adjustment was done
based on the pediatric nature of our donors.

It is well known that PAT carries a higher risk of rejection
compared with SPK or PAK transplantations.28,29 In our
study, no differences were observed between the occurrence
of rejection and donor weight (P = 0.345). Among the 8
(12.7%) cases of acute cellular rejections, 2 were PAT, 3
SPK, and 3 PAK. Rejection was successfully treated in 5 of
8 cases. All 3 cases of cellular rejection in PAK led to graft
loss. The Cox regression shows trend toward worst graft sur-
vival in PAT recipients but with no statistical significance
(P = 0.692). A significant correlation was identified with
worsening allograft survival and hyperglycemia and elevated
HbA1c at 1 year (P = 0.001 and P = 0.020, respectively).

To the best of our knowledge, we are presenting the second
largest cohort of pancreas transplants using pediatric donors
younger than 18 years. Our study of 63 pancreas transplants
with grafts procured from pediatric donors demonstrated
excellent short-term outcomes. The rate of surgical compli-
cations was comparable with adult cohort despite small
anatomy and promising long-term outcomes despite the
smaller islet mass. The patient and allograft outcomes in
the pediatric donor transplants were comparable with those
of pancreatic transplants procured from adult donors. Do-
nor weight did not impact overall patient and graft survivals
(P = 0.966 and P = 0.124 respectively). Moreover, when we
examine the patient and graft survival rates of the recipients
who received pediatric donor allografts with the ones of the
adult control group, overall graft survival (P = 0.753), and
overall patient survival (P = 0.58) were comparable.

Although this study illustrates that pediatric donors can be
used for pancreas transplantation, there are several limita-
tions of this analysis. First, this is a retrospective analysis with
a small sample size. Larger patient populationwould validate
observed trends.Moreover, all the patients were transplanted
over a long-time frame (from 2007 to 2017) during which
changes have been introduced to the surgical technique of
the transplant team.However, the consistency of our medical
management can be considered a strength of this study.

In conclusion, the use of pediatric donors resulted in excel-
lent short- and long-term outcomes, with few surgical com-
plications and patient and graft survival that mimicked
adult donor transplants. Our results demonstrate that out-
comes of pediatric donor pancreas are noninferior to the
 Health, Inc. All rights reserved.
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adult donor outcomes. Pediatric donors remain underused
for pancreas transplantation but should no longer be con-
sidered “nonideal.” Their increased utilization will offset
the growing organ shortage. The finding of this study
should encourage transplant surgeons to use pediatric do-
nors more frequently, making it no more a brave deed but a
safe, standard procedure.
REFERENCES
1. International Diabetes Federation. IDF Diabetes Atlas. 7th Edition, 2015.

www.diabetesatlas.org.
2. Patterson CC, Dahlquist GG, Gyürüs E, et al. Incidence trends for child-

hood type 1 diabetes in Europe during 1989-2003 and predicted new
cases 2005-20: a multicentre prospective registration study. Lancet.
2009;373:2027–2033.

3. Fazeli Farsani S, Brodovicz K, Soleymanlou N, et al. Incidence and preva-
lence of diabetic ketoacidosis (DKA) among adults with type 1 diabetes
mellitus (T1D): a systematic literature review. BMJ Open. 2017;7:e016587.

4. National Diabetes Statistics Report, 2017. Estimates of Diabetes and Its
Burden in the United States. Centers for Disease Control and Prevention
website. https://www.cdc.gov/diabetes/pdfs/data/statistics/national-
diabetes-statistics-report.pdf.

5. Diaz-Valencia PA, Bougnères P, Valleron AJ. Global epidemiology of type 1
diabetes in young adults and adults: a systematic review. BMC Public
Health. 2015;15:255.

6. Sutherland DE, Gruessner RW, Dunn DL, et al. Lessons learned from
more than 1,000 pancreas transplants at a single institution. Ann Surg.
2001;233:463–501.

7. Mittal S, Gough SC. Pancreas transplantation: a treatment option for peo-
ple with diabetes. Diabet Med. 2014;31:512–521.

8. Kandaswamy R, Stock PG, Gustafson SK, et al. OPTN/SRTR 2015 an-
nual data report: pancreas. Am J Transplant. 2017;17(S1):117–173.

9. Nghiem DD, Corry RJ, Cottington EM. Function of simultaneous kidney
and pancreas transplants from pediatric donors. Transplantation. 1989;
47:1075.

10. Schulz T, Schenker P, FleckenM, et al. Donorswith amaximumbodyweight
of 50 kg for simultaneous pancreas-kidney transplantation. Transplant
Proc. 2005;37:1268–1270.

11. Neidlinger NA, Odorico JS, Sollinger HW, et al. Can ‘extreme’ pancreas
donors expand the donor pool? Curr Opin Organ Transplant. 2008;13:
67–71.

12. Fernandez LA, Turgeon NA, Odorico JS, et al. Superior long-term results
of simultaneous pancreas-kidney transplantation from pediatric donors.
Am J Transplant. 2004;4:2093–2101.
Copyright © 2018 Wolters Kluwer H
13. Socci C, Orsenigo E, Santagostino I, et al. Pancreata from pediatric do-
nors restore insulin independence in adult insulin-dependent diabetes
mellitus recipients. Transplant Proc. 2010;42:2068–2070.

14. Krieger NR, Odorico JS, Heisey DM, et al. Underutilization of pancreas
donors. Transplantation. 2003;75:1271–1276.

15. Illanes HG, Quarin CM, Maurette R, et al. Use of small donors (<28 kg) for
pancreas transplantation. Transplant Proc. 2009;41:2199–2201.

16. Axelrod DA, Sung RS, Meyer KH, et al. Systematic evaluation of pancreas
allograft quality, outcomes and geographic variation in utilization. Am J
Transplant. 2010;10:837–845.

17. Salvalaggio PR, Schnitzler MA, Abbott KC, et al. Patient and graft survival
implications of simultaneous pancreas kidney transplantation from old do-
nors. Am J Transplant. 2007;7:1561–1571.

18. Rhein T, Metzner R, Uhlmann D, et al. Pediatric donor organs for pancreas
transplantation: an underutilized resource? Transplant Proc. 2003;35:
2145–2146.

19. Van der Werf WJ, Odorico J, D’Alessandro AM, et al. Utilization of pe-
diatric donors for pancreas transplantation. Transplant Proc. 1999;31:
610–611.

20. Abouna GM, Kumar MS, Miller JL, et al. Combined kidney and pancreas
transplantation from pediatric donors into adult diabetic recipients. Trans-
plant Proc. 1994;26:44–2.

21. Bresnahan BA, McBride MA, CherikhWS, et al. Risk factors for renal allo-
graft survival frompediatric cadaver donors: an analysis of UnitedNetwork
for Organ Sharing data. Transplantation. 2001;72:256–261.

22. Humar A, Ramcharan T, KandaswamyR, et al. Technical failures after pan-
creas transplants: why grafts fail and the risk factors—a multivariate anal-
ysis. Transplantation. 2004;78:1188–1192.

23. Spaggiari M, Bissing M, Campara M, et al. Pancreas transplantation from
pediatric donors: a United Network for Organ Sharing Registry Analysis.
Transplantation. 2017;101:2484–2491.

24. Ihm SH, Matsumoto I, Sawada T, et al. Effect of donor age on function of
isolated human islets. Diabetes. 2006;55:1361–1368.

25. Odorico JS, Heisey DM, Voss BJ, et al. Donor factors affecting outcome
after pancreas transplantation. Transplant Proc. 1998;30:276–277.

26. Gruessner RW, Troppmann C, Barrou B, et al. Assessment of donor and
recipient risk factors on pancreas transplant outcome. Transplant Proc.
1994;26:437–438.

27. Sampaio MS, Reddy PN, Kuo HT, et al. Obesity was associated with infe-
rior outcomes in simultaneous pancreas kidney transplant. Transplanta-
tion. 2010;89:1117–1125.

28. Gruessner AC. 2011 Update on pancreas transplantation: comprehen-
sive trend analysis of 25,000 cases followed up over the course of
twenty-four years at the International Pancreas Transplant Registry (IPTR).
Rev Diabet Stud. 2011;8:6–16.

29. Kandaswamy R, Stock PG, Skeans MA, et al. OPTN/SRTR 2011 annual
data report: pancreas. Am J Transplant. 2013;13(Suppl 1):47–72.
ealth, Inc. All rights reserved.


