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Abstract: Safely expanding the use of extended-criteria organ donors is critical to increase access
to kidney transplantation and reduce wait list mortality. We performed a retrospective analysis of
24 pediatric en-bloc (PEB) compared to 13 dual-kidney transplantations (DKT) and 39 living donor
kidney transplants (LDKT) at the University of Virginia hospital, performed between 2011 and 2019.
All living donor kidney transplants were performed in 2017. This year was chosen so that 5-year
outcomes data would be available. Primary outcomes were glomerular filtration rate and serum
creatinine at 12 and 24 months postoperatively. Secondary outcomes were patient and graft survival.
The 1-year creatinine levels (mL/min/1.73 m2) were lower in the PEB group (median 0.9, IQR 0.8–1.4)
when compared to the DKT (median 1.4, IQR 1.2–1.5) and LDKT (median 1.3, IQR 1.1–1.5) groups
(p < 0.001). The 2-year creatinine levels (mL/min/1.73 m2) were also lower in the PEB group (median
0.8, IQR 0.7–1.08) compared to the DKT (median 1.3, IQR 1.1–1.5) and LDKT (median 1.3, IQR 1.0–1.5)
groups (p < 0.001). The glomerular filtration rates demonstrated similar results. Graft survival at
1, 3, and 5 years was 100/100/90, 100/92/69, and 96/96/91 for LDKT, DKT, and PEB, respectively
(p = 0.27). Patient survival at 1, 3, and 5 years was 100/100/90, 100/100/88 and 100/100/95 for
LDKT, DKT, and PEB, respectively (p = 0.78). Dual KT and PEB transplantation are two alternative
techniques to safely expand the donor pool. PEB kidney transplantation, though technically more
demanding, provides the best long-term graft function.

Keywords: dual-kidney transplantation; pediatric en-bloc transplantation; single-kidney transplantation;
serum creatinine; GFR; graft survival; patient survival

1. Introduction

The demand for organ transplantation exceeds the availability of donated organs.
From 2006 to 2014, the kidney transplant wait list in the US increased from approximately
68,000 to over 100,000 patients, and subsequently stabilized [1]. This number saw a decline
due to the COVID-19 pandemic; however, this has since rebounded, and the number of
waitlisted patients exceeded 139,000 in 2021. Despite the high demand for kidneys, one in
four donated kidneys is not utilized, and fewer patients are willing to accept high-kidney
donor profile index (KDPI) kidneys [2].

DKT from extended criteria (ECD) as well as PEB kidney transplants from infants
could potentially safely increase organ utilization [3–13]. Specifically, for PEB kidney
transplantations, superior long-term kidney function compared to single-kidney transplants
has been observed [14–18]. However, PEB kidney transplantation has been mostly limited
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to larger infants with a body weight above 10 to 15 kg, and a large number of small
pediatric kidneys are not utilized [19,20]. The increased technical difficulty with very
small donors may increase the risk of early graft thrombosis, insufficient renal mass,
and hyperfiltration [17,21–25], and a major reason for the non-utilization of pediatric
kidneys is the reduced organ weight in donors < 10 kg [19,20]. Similarly, the results
of DKT in high-KDPI donors that would have otherwise not been utilized have shown
comparable outcomes in kidney function, as well as decreased wait times [12,26] and
waitlist mortality [27].

The aim of this study was to provide modern data on PEB, with the new addition of
the use of infants below 10 kg and a newly initiated DKT program for high-KDPI kidneys
to understand its value in safely increasing organ utilization.

2. Materials and Methods
2.1. Study Design

We performed a retrospective chart review of all DKT and PEB transplants performed
at the University of Virginia from 2011 to 2019. This was performed under approval
by the institutional review board (IRB). In total, 24 PEB and 13 DKT were performed
during the study period. Out of the 24 PEB donors, 9 were ≤10 kg. Data from a control
group of 39 patients who underwent LDKT were collected (all transplants occurred in
2017). This year was chosen so that 5-year outcomes data would be available for these
recipients. Primary outcomes were glomerular filtration rate (GFR) and serum creatinine
at 1 and 2 years postoperatively. Secondary outcomes were patient and graft survival.
We compared recipient and donor baseline characteristics, as well as length of stay (LOS),
dialysis duration, freedom from dialysis post-transplant, and readmissions in the first year
in the recipients.

2.2. Selection Criteria

Selection criteria for PEB included donor weight ≤ 10 kg and donor age ≤ 3 years.
The recipient criteria for PEB were BMI < 25 kg/m2 and mild or no arterial calcifications,
although the BMI was flexible based on recipient body habitus and weight distribution.
Selection criteria for DKT were KDPI > 85%, grafts with suitable arterial anatomy to
safely perform an anastomosis, donor age > 60 years, allograft biopsy demonstrating
glomerulosclerosis > 15%, and donor hypertension and diabetes mellitus. Exclusion criteria
were recipients with severe vascular calcifications and/or BMI > 31 kg/m2. All recipients
consented appropriately.

2.3. Operative Procedure

For DKT, the surgical approach may consist of bilateral Gibson incisions with an
allograft on each side, unilateral Gibson incision with placement of both allografts in the
same iliac fossa, or a midline intraperitoneal approach. The vessels are anastomosed
end-to-side, preferentially to the external iliac vessels of the recipient. Extra-vesical
uretero-neocystostomy is performed individually for each ureter according to the Lich–
Gregoir technique.

For PEB, the kidneys are recovered en-bloc at the donor center. The kidneys are
prepared for implantation on the backtable, with care taken to ligate the small aortic
and inferior vena cava lumbar branches. The supra-renal aorta and vena cava are closed
individually with 5-0 or 6-0 Prolene. Implantation proceeds via standard Gibson incision,
preferentially on the right side. The caudal ends of the aorta and vena cava are anastomosed
to the iliac vessels using 6-0 or 7-0 Prolene. The ureters are either sutured together using
6-0 polydioxanone suture and then transplanted into the urinary bladder by use of an
extra-vesicular method, or individually sutured to the bladder using the Lich–Gregoir
technique. Here, the bladder patch technique was not used. The kidneys are carefully
positioned to prevent torsion or kinking of the vessels.
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2.4. Immunosuppression

All patients received a single dose of pre-operative antibiotic prophylaxis, methyl-
prednisolone, and thymoglobulin for induction (3–6 mg/kg). Immunosuppression was
administered based on our center’s protocol with maintenance immunosuppression con-
sisting of tacrolimus, mycophenolate mofetil, and prednisone, with dose adjustment to
achieve therapeutic effects on an individual basis.

2.5. Statistical Analysis

Continuous variables are presented as median (interquartile range) or mean (SD)
based on the distribution of the data. Categorical data are presented as count (percentages).
Continuous variables were compared using the independent two-sample t-test, Mann–
Whitney U-test or one-way analysis of variance (ANOVA) according to the normality of the
data distribution and number of groups to compare. Post-hoc tests were conducted using
Bonferroni correction and Tukey’s HSD test procedures, as appropriate, to perform pairwise
comparisons between groups when the p-value was ≤0.05. For categorical data, the Pearson
Chi-Square test or Fisher’s exact test were used as appropriate. The Kaplan–Meier method
was used to analyze the actuarial graft and patient survival between study groups, and
the groups were compared using a log-rank test. Event (yes/no) for graft survival was
defined as per OPTN definition (time between transplant and any of the following events:
a recipient’s transplanted organ is removed, a recipient dies, a recipient is placed on chronic
allograft support system). For all analyses, two-tailed p-values ≤ 0.05 were considered
statistically significant. All analyses were performed using IBM SPSS Statistics Version 28.

3. Results
3.1. Donor Characteristics

The baseline characteristics of all donors are summarized in Table 1. Donors in
the PEB group were significantly younger, with a median age of 1 (median interquartile
range [IQR] 1–2), compared to the LDKT (median 45 years, IQR 38–51) and DKT (median
58 years, IQR 55–67) (p < 0.001). There were more female donors in the LDKT group
(74.4%, n = 29) compared to the DKT (53.8%, n = 7) and PEB (45.8%, n = 11) groups
(p = 0.026). Terminal creatinine (mL/min/1.73 m2) was lower in the PEB group (median
0.3, IQR 0.2–0.47) compared to the DKT group (median 1.10, IQR 0.77–1.77) (p < 0.001).
Donor weight (kg) was lower in the PEB group (median 13, IQR 9.2–15) compared to the
DKT (median 74, IQR 65–116.5) and LDKT (median 80, IQR 69–89) groups (p < 0.001). Cold
ischemia time (min) was expectedly shorter in the LDKT group (median 38, IQR 27–69)
compared to DKT (median 1369, IQR 1174–2014) and PEB (median 1282, IQR 1086–1509)
(p < 0.001). There was no difference in warm ischemia time between groups. In total,
15 living donors were related to the recipients, while 24 were unrelated. Of the donors that
were related, four donated to a parent, two donated to a child, six donated to a sibling, and
three donated to a cousin, nephew, and aunt, respectively.

Table 1. Donor characteristics. IQR, interquartile range. BMI, body mass index. DBD, donation after
brain death. DCD, donation after cardiac death. KDPI, kidney donor profile index.

Donor Characteristics Living
(n = 39)

Dual Kidney
(n = 13)

En-Bloc
(n = 24) p Value Post Hoc Tests

Age in years (Median IQR) 45 (3–51) 58 (55–67) 1 (1–2) <0.001

Pairwise comparisons
(Bonferroni correction):

En-bloc vs. Living p ≤ 0.001;
En-Bloc vs. Dual p ≤ 0.001;
Living vs. Dual p = 0.094
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Table 1. Cont.

Donor Characteristics Living
(n = 39)

Dual Kidney
(n = 13)

En-Bloc
(n = 24) p Value Post Hoc Tests

Gender (female) 29 (74.4) 7 (53.8) 11 (45.8) 0.026

Ethnicity

White/Caucasian 32 (82.1) 10 (76.9) 17 (70.8)
0.11

Other 3 (7.7) 3 (23.1) 7 (29.2)

Donor Terminal
Creatinine, mg/dL

(Median IQR)
NA 1.10

(0.77–1.77) 0.30 (0.20–0.47) <0.001

Donor BMI (Median IQR) 28.0
(24.0–31.0)

26.0
(24.5–37.5) 18 (16–19) <0.001

Pairwise comparisons
(Bonferroni correction):

En-bloc vs. dual p ≤ 0.001;
En-bloc vs. Living p ≤ 0.001;

Dual vs. Living p =1.00

Donor Weight (kg)
(Median IQR) 80 (69–89) 74 (65–116.5) 13 (9.2–15.0) <0.001

Pairwise comparisons
(Bonferroni correction):

En-bloc vs. dual p ≤ 0.001;
En-bloc vs. Living p ≤ 0.001;

Dual vs. Living p = 1.00

Pumped (yes) NA 6 (46.2) 0 <0.001

Donor type

DBD NA 8 (61.5) 21 (87.5)
0.81

DCD NA 5 (38.5) 3 (12.5)

Donor KDPI (mean SD) NA 88.2 (±13.4) 71.6 (±8.8) <0.001

Warm ischemia time (min)
(Median IQR) 36 (32–47) 41 (27–52) 32.5 (27.2–44.7) 0.25

Cold ischemia time (min)
(Median IQR) 38 (27–69) 1369

(1174–2014) 1282 (1086–1509) <0.001

Pairwise comparisons
(Bonferroni correction): Dual
vs. Living p ≤ 0.001; Dual vs.

En-bloc p = 1.0, Living vs.
En-bloc p ≤ 0.001

3.2. Recipient Characteristics

The baseline characteristics of recipients are summarized in Table 2. Recipients in
the DKT group were significantly older (mean 65.2, SD 7.4) compared to the LDKT (mean
50, SD 13.9) and PEB (mean 46.7, SD 11.7) (p < 0.001). There was a higher percentage of
male recipients in the LDKT group (74.4%, n = 29) compared to the DKT (46.2%, n = 6) and
PEB (33.3%, n = 8) groups (p = 0.004). There was a higher percentage of white/Caucasian
recipients in the LDKT group (79.5%, n = 31) compared to DKT (53.8, n = 7) and PEB groups
(29.2%, n = 7) (p < 0.001), likely related to the availability of suitable recipients in each
group based on selection criteria previously outlined above. Weight (kg) was lower in the
PEB group (median 71.7, IQR 59.9–75.6) compared to DKT (median 75, IQR 58.7–83.6) and
LDKT (median 79, IQR 68–95). There were no differences in recipient BMI or etiology of
renal failure (with hypertension and diabetes being the two most common causes across
groups). The wait time (days) was longer in the PEB group (median 1019, IQR 533–1396)
than in the LDKT (median 507, IQR 291–953) and DKT (median 465, IQR 162–1059) groups
(p = 0.02).
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Table 2. Recipient characteristics. SD, standard deviation. IQR, interquartile range. BMI, body mass
index. DM, diabetes mellitus.

Recipient
Characteristics

Living
(n = 39)

Dual Kidney
(n = 13)

En-Bloc
(n = 24) p Value Post Hoc Tests

Recipient age (mean SD) 50 (±13.9) 65.2 (±7.4) 46.7 (±11.7) <0.001

One-way ANOVA (F(2,73) = 9.95,
p ≤ 0.001). Tukey post hoc: Living

vs. En-bloc p = 0.57; Living vs.
Dual p ≤ 0.001; En-bloc vs. Dual

p ≤ 0.001

Gender (male) 29 (74.4) 6 (46.2) 8 (33.3) 0.004

Ethnicity

White/Caucasian 31 (79.5) 7 (53.8) 7 (29.2)
<0.001

Other 8 (20.5) 6 (46.2) 17 (70.8)

Recipient weight
(Median IQR) 79 (68–95) 75.0 (58.7–83.6) 71.7

(59.9–75.6) 0.049

Pairwise comparisons (Bonferroni
correction): En-bloc vs. Dual

p = 1.0; En-bloc vs. living
p = 0.053; Dual vs. Living p = 0.55

Recipient BMI
(mean SD) 27.3 (±5.7) 27.6 (±4.3) 27.0 (±4.4) 0.94

Primary organ failure:

0.46
HTN 9 (23.1) 5 (38.5) 5 (20.8)

Diabetic nephropathy
(DM1, DM2) 8 (20.5) 2 (15.4) 6 (25)

Other 22 (56.4) 6 (46.1) 13 (54.2)

Wait time (Median IQR) 507 (291–953) 465 (162–1059) 1019
(533–1396) 0.02

Pairwise comparisons (Bonferroni
correction): Dual vs. Living

p = 1.0; Dual vs. En-bloc p = 0.06;
Living vs. En-bloc p = 0.049

3.3. Transplant Outcomes

Recipient outcomes are summarized in Table 3. The LOS (days) differed between
groups: PEB had a median LOS of 4 days (IQR 3–4), DKT had a median of 5 days (IQR
4–7), and LDKT had a median of 3 days (IQR 3–3) (p < 0.001). Concomitant with wait times,
the duration of dialysis (days) differed between groups, with a median duration in the
LDKT group of 178 days (IQR 0–660), in the DKT group of 635 days (IQR 337–1179), and
in the PEB group of 1471 days (IQR 777–1781) (p < 0.001). Readmissions in the first year
were similar across groups. The 1-year creatinine levels (mL/min/1.73 m2) were lower
in the PEB group (median 0.9, IQR 0.8–1.4) when compared to the DKT (median 1.4, IQR
1.2–1.5) and LDKT (median 1.3, IQR 1.1–1.5) groups (p < 0.001). The 2-year creatinine
levels (mL/min/1.73 m2) were also lower in the PEB group (median 0.8, IQR 0.7–1.08)
compared to the DKT (median 1.3, IQR 1.1–1.5) and LDKT (median 1.3, IQR 1.0–1.5) groups
(p < 0.001). Glomerular filtration rates demonstrated similar results. Death-censored graft
survival (Figure 1) at 1, 3, and 5 years was 100/100/90, 100/92/69, and 96/96/91 for LDKT,
DKT, and PEB, respectively (p = 0.27). Patient survival (Figure 2) at 1, 3, and 5 years was
100/100/90, 100/100/88 and 100/100/95 for LDKT, DKT, and PEB, respectively (p = 0.78).
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Table 3. Outcomes. IQR, interquartile range. GFR, glomerular filtration rate. DGF, delayed
graft function.

Outcomes Living
(n = 39)

Dual Kidney
(n = 13)

En-Bloc
(n = 24) p Value Post Hoc Tests

Length of stay, days
(Median IQR) 3 (3–3) 5 (4–7) 4 (3–4) <0.001

Pairwise comparisons
(Bonferroni correction): Living
vs. En-bloc p = 0.003; Living vs.
Dual < 0.001; En-bloc vs. Dual:

p = 0.13

Dialysis duration days
(Median IQR) 178 (0–660) 635 (337–1179) 1471 (777–1781) <0.001

Pairwise comparisons
(Bonferroni correction): Living

vs. Dual p = 0.22; Living vs.
En-bloc p ≤ 0.001; Dual vs.

En-bloc p = 0.15

Dialysis-free 39 (100) 11 (84.6) 23 (95.8) 0.048

Number of
readmissions in 1st
year (Median IQR)

0 (0–2) 1 (0–2) 0.5 (0–1) 0.59

Readmissions in
1st year (yes) 15 (38.5) 8 (61.5) 12 (50) 0.31

1-year creatinine,
mg/dL (Median IQR) 1.3 (1.1–1.5) 1.4 (1.2–1.5) 0.9 (0.8–1.14) <0.001

Pairwise comparisons
(Bonferroni correction): Enbloc
vs. Living p = 0.004; En-bloc vs.
Dual p = 0.002; Living vs. Dual

p = 0.87

2-year creatinine,
mg/dL (Median IQR) 1.3 (1.0–1.5) 1.3 (1.1–1.5) 0.8 (0.7–1.08) <0.001

Pairwise comparisons
(Bonferroni correction): En-bloc
vs. Living p = 0.001; En-bloc vs.
Dual p = 0.002; Living vs. Dual

p = 1.0

1-year GFR,
mL/min/1.73 m2

(Median IQR)
60 (49–67) 43.0 (35.5–51.5) 78 (61–97) <0.001

Pairwise comparisons
(Bonferroni correction): Dual vs.

Living p = 0.06; Dual vs.
En-bloc p ≤ 0.001; Living vs.

En-bloc p = 0.01

2-year GFR,
mL/min/1.73 m2

(Median IQR)
59 (48–73) 51 (40–62) 89 (67–109) <0.001

Pairwise comparisons
(Bonferroni correction): Dual vs.

Living p = 0.52; Dual vs.
En-bloc p ≤ 0.001; Living vs.

En-bloc p ≤ 0.001

DGF 0 6 (46.2) 5 (20.8)

Graft survival, 1-, 3-
and 5-year

(death-censored)
100/100/90 100/92/69 96/96/91 0.27

Patient survival, 1-, 3-
and 5-year 100/100/90 100/100/88 100/100/95 0.78
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3.4. Complications

The post-operative complications are summarized in Table 4. These were graded
based on the Clavien–Dindo classification [28]. The majority of complications were minor
(grade 1 and 2). The DKT group experienced the highest proportion of grade 3a and above
complications. No grafts were lost in the LD group. The reasons for graft loss in the DKT
group included one case of chronic allograft nephropathy and one case of chronic rejection.
In the PEB group, reasons for graft loss included one case of vascular thrombosis on post-
operative day 1 and one patient with chronic interstitial fibrosis and tubular atrophy. In
the LD group, four patients died with a functioning graft; in the DKT group, this was
one patient, and in the PEB group it was two patients, with another patient in the PEB
group dying without a functioning graft.
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Table 4. Complications.

Grade [28] Living
(n = 39)

Dual Kidney
(n = 13)

En-Bloc
(n = 24)

1 9 (23%) 3 (23%) 6 (25%)

Tacrolimus toxicity, urinary
retention (2), traumatic foley
insertion, hematuria, atrial
fibrillation, fluid retention

(diuresis) (2), thigh numbness

Hyperglycemia, prolonged
Jackson–Pratt drain, drainage

from prior drain site

Urinary retention, atrial fibrillation,
fever (2), fluid retention (diuresis),

nausea/vomiting

2 7 (18%) 3 (23%) 8 (33%)

Blood transfusion, deep venous
thrombosis, rejection (3),

UTI, bacteremia

Delayed graft function
(2), pancreatitis

Blood transfusion (3), delayed graft
function (2), superficial surgical site

infection, rejection, UTI

3a 4 (10%) 3 (23%) 2 (8%)

Seroma drained (2), lymphocele
drained, hematoma aspirated

Common iliac artery stenosis
(clamp injury) requiring stenting
(2), renal artery pseudoaneurysm

requiring coiling

Seroma (drained) (2)

3b None 3 (23%) 3 (13%)

Incarcerated incisional hernia
requiring bowel resection, acute
limb ischemia requiring femoral
endarterectomy and fasciotomy,

cholecystitis
requiring cholecystectomy

Distal ureteral necrosis (revision with
percutaneous nephrostomy),

intra-operative thrombosis salvaged
with explant/flush/anticoagulation,

post-operative thrombosis and
graft explantation

4a 1 (3%) 5 (38%) 3 (13%)

Hypotension
requiring vasopressors

Unable to extubate in OR,
hypotension requiring

vasopressors (2), pyelonephritis,
volume overload requiring

emergent hemodialysis

Vasovagal syncope requiring
cardiopulmonary resuscitation,

non-ST elevated myocardial
infarction, pseudomonas pneumonia

4b 1 (3%) none none

Bacteremia and
sepsis/hyperkalemia requiring

hemodialysis

4. Discussion

The demand for kidneys far outpaces the available organs in the deceased donor pool.
The 5-year life expectancy on dialysis is approximately 50%, whereas with transplant it
is well over 80% [29]. Kidney transplantation is extending the life expectancy of patients
with end-stage renal disease. As such, it is important to limit organ non-utilization, and we
demonstrate here that PEB and DKT show results comparable to those of LDKT.

Overall, PEB transplants show significantly better 1- and 2-year serum creatinine and
GFR compared to LDKT and DKT, which is consistent and comparable to already-published
data [3,9,12,17]. While no statistical difference in graft survival is noted in our series, this is
a low-powered study, and the results highlight the expectedly higher quality of living donor
kidneys (numerically improved graft survival), while also indicating lower graft survival
for high-KDPI kidneys. The technical pitfalls of accepting PEB kidneys are illustrated in
our series, as the graft loss experienced by one of the recipients was the result of venous
thrombosis and outflow obstruction, a well-described complication of this operation. PEB
has a higher rate of graft failure reported in the literature (mostly early), with surgical
complication and early graft thrombosis accounting for this result [17,21–24]. We consider
the initiation of early anticoagulation (it is our center’s practice to use low-dose intravenous



Transplantology 2024, 5 182

heparin infusion for the first several days, typically 300–500 units/hour). These allografts
require a technical expertise: the backtable preparation is typically an hours-long process,
and requires meticulous dissection and careful preservation of the tiny renal veins and
arteries during ligation of the lumbar arteries and veins, and the oversewing of the aorta
and vena cava. We also typically lay the allografts so that the vessels lie parallel to the
external iliac vessels. It is crucial to individualize the approach to best suit the recipient.
Given prior published data indicating that PEB have better graft survival compared to
ideal (e.g., living donors) donors, these grafts should preferentially be utilized in younger
recipients with higher expected post-transplant survival (EPTS) [19]. We prefer to implant
these into leaner recipients, to limit the technical difficulty of implantation in an otherwise
highly technical procedure.

For elderly and borderline frail patients in particular, a longer time on the waitlist
correlates with a higher rate of mortality and morbidity [12,27]. It has been estimated that
46% of the waitlisted patients over 60 years may die waiting for a transplant [30]. It is
imperative to provide a pathway to transplant these patients in a timely fashion. One such
pathway is to use extended-criteria kidneys, including from donors with >85% KDPI. A
high KDPI can correlate with reduced nephron mass, high immunogenicity and reduced
repair capacity [12]. Some high-KDPI kidneys show inferior graft survival when compared
to standard criteria donors with lower KDPI, but well-selected high-KDPI kidneys can have
similar outcomes [31]. KDPI interpretation in DKT is difficult. In fact, past investigations
have shown that high-KDPI DKT transplantations have lower overall allograft failure rates
and better patient survival rates than ECD single-kidney transplants [32–34]. Still, kidneys
with a KDPI > 90% still have much higher discard rates than those with a KDPI < 80%,
even though they could be used for DKT [32]. There is room for improvement to decrease
the rate of non-utilization in these kidneys.

Our analysis demonstrates that DKT allows for a shorter time on the waitlist, especially
in the elderly (the median age at transplant for DKT recipients in our series was 65 years).
Our practice with marginal kidneys (criteria described above) is to decline a single kidney,
but accept if the organ procurement organization is willing to allocate both kidneys. We
will oftentimes advocate for open offers and find the next suitable candidate from our
waitlist that meets the previously described criteria. This can be labor-intensive, but careful
recipient selection can still lead to a good transplant outcome with favorable outcomes
when compared to remaining on dialysis. By transplanting two marginal-quality kidneys
in DKT, comparable 5-year graft outcomes can be achieved.

Overall, both procedures increase the kidney donor pool and decrease not only waiting
time, but also the number of patients on the waitlist, which again lowers mortality and
morbidity in ESRD patients. However, each approach has its limitations. Efforts should be
focused on limiting technical complications and adhering to defined graft and recipient
selection criteria.

Our study has several limitations. Retrospective data analysis is non-randomized, and
therefore subject to inherent bias. The sample size of our population limits the statistical
analysis in many ways; however, statistical significance was demonstrated in several
instances. The length of time across the study may contribute to bias, as well as differences
in technique between the surgeons performing the implantation (four surgeons performed
the transplants). We had a large proportion of white male LDKT recipients (80%) and white
female living kidney donors (74%), and as such our results may not be generalizable to
more diverse populations. This exposes the larger problem of poor access to transplantation
among minorities, and we have focused our efforts over the last several years on improving
this situation at our center. In addition, we prefer to place DKTs on pump; however, only 6
of the 13 (46.2) DKTs performed during the study period were pumped. We did not control
for this, and therefore this confounds some of the results of the DKT group.
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5. Conclusions

Renal function at 1 and 2 years post-transplant showed a statistically significant
difference favoring the PEB compared to the DKT and LDKT. When compared to LDKT,
DKT and PEB are feasible options for kidney transplantation and should be implemented
in appropriately selected recipients. Further research on the outcome of these techniques is
essential to improving the selection criteria for each method.
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DKT Dual-kidney transplant
DM Diabetes mellitus
ECD Extended-criteria donor
GFR Glomerular filtration rate
KDPI Kidney donor profile index
LDKT Living donor kidney transplant
LOS Length of stay
PCKD Polycystic kidney disease
PEB Pediatric en-bloc
SD Standard deviation

References
1. Hart, A.; Lentine, K.L.; Smith, J.M.; Miller, J.M.; Skeans, M.A.; Prentice, M.; Robinson, A.; Foutz, J.; Booker, S.E.; Israni, A.K.; et al.

OPTN/SRTR 2019 Annual Data Report: Kidney. Am. J. Transplant. 2021, 21 (Suppl. S2), 21–137. [CrossRef] [PubMed]
2. Lentine, K.L.; Smith, J.M.; Miller, J.M.; Bradbrook, K.; Larkin, L.; Weiss, S.; Handarova, D.K.; Temple, K.; Israni, A.K.; Snyder, J.J.

OPTN/SRTR 2021 Annual Data Report: Kidney. Am. J. Transplant. 2023, 23, S21–S120. [CrossRef] [PubMed]
3. Rogers, J.; Farney, A.C.; Orlando, G.; Harriman, D.; Reeves-Daniel, A.; Jay, C.L.; Doares, W.; Kaczmorski, S.; Gautreaux, M.D.;

Stratta, R.J. Dual Kidney Transplantation from Donors at the Extremes of Age. J. Am. Coll. Surg. 2019, 228, 690–705. [CrossRef]
[PubMed]

4. Arpornsujaritkun, N.; Jirasiritham, S.; Pootracool, P.; Tirapanich, W.; Gesprasert, G.; Sakulchairungrueng, B.; Wiwattanathum,
P.; Leelaudomlipi, S.; Sriphojanart, S. Dual Kidney Transplantation: A Single-Center Experience in Thailand. Transplant. Proc.
2018, 50, 2461–2464. [CrossRef]

5. Wang, H.Y.; Li, J.; Liu, L.S.; Deng, R.H.; Fu, Q.; Ko, D.S.; Zhang, H.X.; Deng, S.X.; Wang, C.X. En bloc kidney transplantation from
infant donors younger than 10 months into pediatric recipients. Pediatr. Transplant. 2017, 21, e12845. [CrossRef]

6. Chan, Y.S.; Yiu, M.K. En-bloc paediatric dual kidney transplantation in Hong Kong: A case series and literature review. Hong
Kong Med. J. 2018, 24, 532–534. [CrossRef]

7. Fayek, S.A.; Ali, M.S.; Hasham, L.; Herbert, M.; Allam, S.R.; Rofaiel, G. Expanding the Envelope: Favorable Outcomes Utilizing
Kidneys from Small Pediatric Donors (≤15 kg). Transplant. Proc. 2018, 50, 3204–3210. [CrossRef]

https://doi.org/10.1111/ajt.16502
https://www.ncbi.nlm.nih.gov/pubmed/33595191
https://doi.org/10.1016/j.ajt.2023.02.004
https://www.ncbi.nlm.nih.gov/pubmed/37132350
https://doi.org/10.1016/j.jamcollsurg.2018.12.021
https://www.ncbi.nlm.nih.gov/pubmed/30630083
https://doi.org/10.1016/j.transproceed.2018.03.060
https://doi.org/10.1111/petr.12845
https://doi.org/10.12809/hkmj166061
https://doi.org/10.1016/j.transproceed.2018.04.037


Transplantology 2024, 5 184

8. Messina, M.; Diena, D.; Dellepiane, S.; Guzzo, G.; Lo Sardo, L.; Fop, F.; Segoloni, G.P.; Amoroso, A.; Magistroni, P.; Biancone,
L. Long-Term Outcomes and Discard Rate of Kidneys by Decade of Extended Criteria Donor Age. Clin. J. Am. Soc. Nephrol.
2017, 12, 323–331. [CrossRef]

9. Considine, S.W.; Davis, N.F.; McLoughlin, L.C.; Mohan, P.; Forde, J.C.; Power, R.; Smyth, G.; Little, D.M. Long-term outcomes of
en-bloc renal transplantation from paediatric donors into adult recipients. Surgeon 2019, 17, 1–5. [CrossRef]

10. Sureshkumar, K.K.; Habbach, A.; Tang, A.; Chopra, B. Long-term Outcomes of Pediatric En Bloc Compared to Living Donor
Kidney Transplantation: A Single-Center Experience with 25 Years Follow-Up. Transplantation 2018, 102, e245–e248. [CrossRef]

11. Hart, A.; Smith, J.M.; Skeans, M.A.; Gustafson, S.K.; Wilk, A.R.; Castro, S.; Robinson, A.; Wainright, J.L.; Snyder, J.J.; Kasiske, B.L.;
et al. OPTN/SRTR 2017 Annual Data Report: Kidney. Am. J. Transplant. 2019, 19 (Suppl. S2), 19–123. [CrossRef] [PubMed]

12. Mendel, L.; Albano, L.; Bentellis, I.; Yandza, T.; Bernardi, C.; Quintens, H.; Tibi, B.; Jourdan, J.; Durand, M.; Amiel, J.; et al. Safety
of dual kidney transplantation compared to single kidney transplantation from expanded criteria donors: A single center cohort
study of 39 recipients. Transpl. Int. 2018, 31, 1110–1124. [CrossRef] [PubMed]

13. Mitrou, N.; Aquil, S.; Dion, M.; McAlister, V.; Sener, A.; Luke, P.P. Transplantation of pediatric renal allografts from donors less
than 10 kg. Am. J. Transplant. 2018, 18, 2689–2694. [CrossRef] [PubMed]

14. Merkel, F.K. Five and 10 year follow-up of En Bloc small pediatric kidneys in adult recipients. Transplant. Proc. 2001, 33, 1168–1169.
[CrossRef]

15. Nghiem, D.D.; Schlosser, J.D.; Hsia, S.; Nghiem, H.G. En bloc transplantation of infant kidneys: Ten-year experience. J. Am. Coll.
Surg. 1998, 186, 402–407. [CrossRef]

16. Hiramoto, J.S.; Freise, C.E.; Randall, H.R.; Bretan, P.N.; Tomlanovich, S.; Stock, P.G.; Hirose, R. Successful long-term outcomes
using pediatric en bloc kidneys for transplantation. Am. J. Transplant. 2002, 2, 337–342. [CrossRef]

17. Sharma, A.; Ramanathan, R.; Behnke, M.; Fisher, R.; Posner, M. Single pediatric kidney transplantation in adult recipients:
Comparable outcomes with standard-criteria deceased-donor kidney transplantation. Transplantation 2013, 95, 1354–1359.
[CrossRef]

18. Su, X.; Shang, W.; Liu, L.; Li, J.; Fu, Q.; Feng, Y.; Zhang, H.; Deng, R.; Wu, C.; Wang, Z.; et al. Transplantation of a single kidney
from pediatric donors less than 10 kg to children with poor access to transplantation: A two-year outcome analysis. BMC Nephrol.
2020, 21, 250. [CrossRef]

19. Pelletier, S.J.; Guidinger, M.K.; Merion, R.M.; Englesbe, M.J.; Wolfe, R.A.; Magee, J.C.; Magee, J.C.; Sollinger, H.W. Recovery and
utilization of deceased donor kidneys from small pediatric donors. Am. J. Transplant. 2006, 6, 1646–1652. [CrossRef]

20. Maluf, D.G.; Carrico, R.J.; Rosendale, J.D.; Perez, R.V.; Feng, S. Optimizing recovery, utilization and transplantation outcomes for
kidneys from small, ≤20 kg, pediatric donors. Am. J. Transplant. 2013, 13, 2703–2712. [CrossRef]

21. Satterthwaite, R.; Aswad, S.; Sunga, V.; Shidban, H.; Mendez, R.G.; Bogaard, T.; Asai, P.; Khetan, U.; Magpayo, M.; Mendez, R.
Outcome of en bloc and single kidney transplantation from very young cadaveric donors. Transplantation 1997, 63, 1405–1410.
[CrossRef]

22. Bresnahan, B.A.; McBride, M.A.; Cherikh, W.S.; Hariharan, S. Risk factors for renal allograft survival from pediatric cadaver
donors: An analysis of united network for organ sharing data. Transplantation 2001, 72, 256–261. [CrossRef] [PubMed]

23. Hayes, J.M.; Steinmuller, D.R.; Streem, S.B.; Novick, A.C. The development of proteinuria and focal-segmental glomerulosclerosis
in recipients of pediatric donor kidneys. Transplantation 1991, 52, 813–817. [CrossRef] [PubMed]

24. Thomusch, O.; Tittelbach-Helmrich, D.; Meyer, S.; Drognitz, O.; Pisarski, P. Twenty-year graft survival and graft function analysis
by a matched pair study between pediatric en bloc kidney and deceased adult donors grafts. Transplantation 2009, 88, 920–925.
[CrossRef] [PubMed]

25. Sánchez-Fructuoso, A.I.; Prats, D.; Pérez-Contín, M.J.; Marques, M.; Torrente, J.; Conesa, J.; Grimalt, J.; Del Rio, F.; Núñez, J.R.;
Barrientos, A. Increasing the donor pool using en bloc pediatric kidneys for transplant. Transplantation 2003, 76, 1180–1184.
[CrossRef]

26. Bhayana, S.; Kuo, Y.F.; Madan, P.; Mandaym, S.; Thomas, P.G.; Lappin, J.A.; Rice, J.C.; Ishihara, K. Pediatric en bloc kidney
transplantation to adult recipients: More than suboptimal? Transplantation 2010, 90, 248–254. [CrossRef] [PubMed]

27. Cravedi, P.; Ruggenenti, P.; Remuzzi, G. Old donors for kidney transplantation: How old? Gerontology 2011, 57, 513–520.
[CrossRef]

28. Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205–213. [CrossRef]

29. Ferreira, E.S.; Moreira, T.R.; da Silva, R.G.; da Costa, G.D.; da Silva, L.S.; Cavalier, S.B.O.; Silva, B.O.; Dias, H.H.; Borges, L.D.;
Machado, J.C.; et al. Survival and analysis of predictors of mortality in patients undergoing replacement renal therapy: A 20-year
cohort. BMC Nephrol. 2020, 21, 502. [CrossRef]

30. Schold, J.; Srinivas, T.R.; Sehgal, A.R.; Meier-Kriesche, H.U. Half of kidney transplant candidates who are older than 60 years now
placed on the waiting list will die before receiving a deceased-donor transplant. Clin. J. Am. Soc. Nephrol. 2009, 4, 1239–1245.
[CrossRef]

31. Gandolfini, I.; Buzio, C.; Zanelli, P.; Palmisano, A.; Cremaschi, E.; Vaglio, A.; Piotti, G.; Melfa, L.; La Manna, G.; Feliciangeli,
G.; et al. The Kidney Donor Profile Index (KDPI) of marginal donors allocated by standardized pretransplant donor biopsy
assessment: Distribution and association with graft outcomes. Am. J. Transplant. 2014, 14, 2515–2525. [CrossRef] [PubMed]

https://doi.org/10.2215/CJN.06550616
https://doi.org/10.1016/j.surge.2018.04.004
https://doi.org/10.1097/TP.0000000000002104
https://doi.org/10.1111/ajt.15274
https://www.ncbi.nlm.nih.gov/pubmed/30811893
https://doi.org/10.1111/tri.13280
https://www.ncbi.nlm.nih.gov/pubmed/29772613
https://doi.org/10.1111/ajt.14946
https://www.ncbi.nlm.nih.gov/pubmed/29797654
https://doi.org/10.1016/S0041-1345(00)02446-5
https://doi.org/10.1016/S1072-7515(98)00046-5
https://doi.org/10.1034/j.1600-6143.2002.20408.x
https://doi.org/10.1097/TP.0b013e31828a9493
https://doi.org/10.1186/s12882-020-01895-6
https://doi.org/10.1111/j.1600-6143.2006.01353.x
https://doi.org/10.1111/ajt.12410
https://doi.org/10.1097/00007890-199705270-00006
https://doi.org/10.1097/00007890-200107270-00016
https://www.ncbi.nlm.nih.gov/pubmed/11477349
https://doi.org/10.1097/00007890-199111000-00011
https://www.ncbi.nlm.nih.gov/pubmed/1949166
https://doi.org/10.1097/TP.0b013e3181b74e84
https://www.ncbi.nlm.nih.gov/pubmed/19935464
https://doi.org/10.1097/01.TP.0000090395.98045.09
https://doi.org/10.1097/TP.0b013e3181e641f8
https://www.ncbi.nlm.nih.gov/pubmed/20548262
https://doi.org/10.1159/000320720
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1186/s12882-020-02135-7
https://doi.org/10.2215/CJN.01280209
https://doi.org/10.1111/ajt.12928
https://www.ncbi.nlm.nih.gov/pubmed/25155294


Transplantology 2024, 5 185

32. Das, D.; Wagler, J.; Ohara, S.; Nguyen, M.; Frasco, P.E.; Smith, M.; Khamash, H.; Mathur, A.K.; Budhiraja, P.; Reddy, K.; et al.
Outcomes of dual kidney transplants from high KDPI kidneys are superior compared to single kidney high KDPI transplants at 1
year. Clin. Transplant. 2022, 36, e14737. [CrossRef] [PubMed]

33. Tanriover, B.; Mohan, S.; Cohen, D.J.; Radhakrishnan, J.; Nickolas, T.L.; Stone, P.W.; Tsapepas, D.S.; Crew, R.J.; Dube, G.K.;
Sandoval, P.R.; et al. Kidneys at higher risk of discard: Expanding the role of dual kidney transplantation. Am. J. Transplant.
2014, 14, 404–415. [CrossRef]

34. Lee, K.W.; Park, J.B.; Cha, S.R.; Lee, S.H.; Chung, Y.J.; Yoo, H.; Kim, K.; Kim, S.J. Dual kidney transplantation offers a safe and
effective way to use kidneys from deceased donors older than 70 years. BMC Nephrol. 2020, 21, 3. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/ctr.14737
https://www.ncbi.nlm.nih.gov/pubmed/35633507
https://doi.org/10.1111/ajt.12553
https://doi.org/10.1186/s12882-019-1664-8
https://www.ncbi.nlm.nih.gov/pubmed/31902366

	Introduction 
	Materials and Methods 
	Study Design 
	Selection Criteria 
	Operative Procedure 
	Immunosuppression 
	Statistical Analysis 

	Results 
	Donor Characteristics 
	Recipient Characteristics 
	Transplant Outcomes 
	Complications 

	Discussion 
	Conclusions 
	References

