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Abstract

Background: Renal transplantation is facing a shortage of grafts. En bloc kidney
transplantation (EBKT) from pediatric donors could increase the number of avail-
able grafts.
Objective: To describe the surgical technique as well as the long-term functional
and morphological results of EBKT.
Design, setting, and participants: We performed a retrospective study of all the EBKT
procedures performed in Lyon between 2002 and 2020. Electronic medical records
were checked with an analysis of demographics, and peri- and postoperative results.
Outcome measurements and statistical analysis: A descriptive analysis of donor and
recipient characteristics, perioperative data, complications, and renal function
was performed.
Results and limitations: Between 2002 and 2020, 21 EBKT procedures were per-
formed. Donors had a mean weight of 8.6 kg and a mean age of 12 mo, with a mean
cold ischemia time of 11 h and 30 min. Receivers had a mean age of 30 yr and a
body mass index of 20. The mean follow-up time was 62 mo, with patient survival
of 100% and graft survival of 95%. There were 13 reinterventions comprising one
early unilateral transplantectomy for thrombosis. Renal function was excellent,
and the morphological findings described an important growth in size in the first
2 yr before attaining the adult size. This study’s limitations include its retrospective
nature and a small number of participants.
Conclusions: The present study reports excellent results with EBKT and supports the
pursuit and spread of this technique.
Patient summary: In this report, we describe the technique and results of en bloc
kidney transplantation. We found that results are excellent for renal function and
patient survival. We conclude that en bloc kidney transplantation should be con-
sidered to increase the number of grafts.
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1. Introduction

Critical organ shortage has led kidney transplantation teams
to consider kidney grafts from extremes of age to expand
the donor pool [1,2]. The concept of transplanting two kid-
neys en bloc in a single recipient was first described exper-
imentally in 1908 by Carrel [3] from Lyon, France. It was
then performed successfully in humans by Martin et al [4]
in 1969 and shortly followed by Meakins and colleagues
[5] in 1972. However, there has been initial reluctance to
use pediatric donors when considering the increased risk
of vascular [6] and urinary complications [7,8], hyperfiltra-
tion injury [9], and decreased function [10]. Nonetheless,
en bloc kidney transplantation (EBKT) has more recently
been reported to have better outcomes than single kidney
transplantation from very small pediatric donors [11,12].
Moreover, authors have demonstrated better results with
en bloc kidneys than with standard kidney [13] and similar
results to living donors [14,15]. However, pediatric kidneys
from small-weight donors remain an underused resource
[11,16,17]. Long-term results of EBKT are scarce [13,18].
We relate our single-center 18-yr experience of EBKT from
small pediatric donors with perioperative and long-term
outcomes and description of the technique.
2. Patients and methods

We performed a retrospective study over the past 18 yr of EBKT proce-

dures in our center. Data were collected from the medical records

regarding donor and recipient characteristics, peri- and postoperative

results, and long-term outcomes. A data analysis was approved by our

local institutional review board, and the study’s protocol was approved

by the French Association of Urology’s ethics committee. A written letter

of information was sent to all participants explaining the purpose and

nature of the study.

2.1. Recipient selection

There were no specific criteria for recipients’ age and body mass index;

however, our tendency was to prefer young adults with a low body mass

index. We selected patients who had had no prior transplantation and no

major comorbidities. Patients with uncontrolled hypertension, impaired

bladder capacity, HIV infection, hepatitis C, prior pelvic irradiation, or

vascular calcifications were excluded. A low immunological profile was

preferred but not mandatory. Nonetheless, same blood type as that of

the donor was required. Patients were informed of the possibility of

receiving a pediatric en bloc graft, and they gave an oral consent.

2.2. Donor selection and organ procurement

Donors were exclusively pediatric brain-dead donors weighing �20 kg

who had been discarded for pediatric transplantation or for whom no

pediatric recipient had been found. There were no age criteria. Donors

with acute kidney injury (AKI) were excluded. The procurement was per-

formed either in our center by our surgical team or in a distant geo-

graphical site by a different team and then sent to our center. Ideal

procurement was performed en bloc with both kidneys, abdominal aorta

and vena cava, the ureters, and the full bladder (Fig. 1A). The vessels

needed sufficient suprarenal length to permit the closure and as long

as possible distally. The graft was flushed with IGL-1 (Institut-Gustave-

Lopez 1) preservation solution and placed in a hypothermic static

preservation container at 4 �C.
2.3. Backbench procedure and surgical technique

The surgery was performed in almost all cases by the same highly expe-

rienced surgeon. Aortic lumbar vessels were ligated carefully. Suprarenal

aorta and vena cava were sealed by a continuous suture of polypropy-

lene 5.0 (Fig. 1B). Whenever the suprarenal aorta was too short, an iliac

artery graft from the donor was used to close the aorta. No hilar dissec-

tion was performed, and some perinephric fat was left. The bladder was

opened and both ureters were kept attached to a trigonal bladder patch.

The recipient iliac fossa was approached in the standard fashion, prefer-

ably on the right side. The kidneys were anastomosed end to side with

the donor distal aorta and vena cava to the external iliac (or primary)

artery and external iliac (or primary) vein, respectively, with two hemi-

continuous sutures of polydiaxone 5.0. The kidneys were fixed tem-

porarily during the anastomoses either by their perinephric fat, which

was attached to the pelvic wall, or with a sterile pad used as a hammock

to prevent any vascular twist. Intravenous heparine was administered

during the vascular anastomoses. The urinary anastomosis was per-

formed by an anastomosis of the trigonal patch to the recipient’s bladder

dome (Fig. 1C), by two separate ureterovesical anastomoses following

the Liech-Gregoire’s technique (Fig. 1D), or by a pyeloureterostomy to

the recipient’s native ureter for one of the kidneys and a ureterovesical

anastomosis following Liech-Gregoire for the second kidney. Sutures

were performed with polydiaxone 4.0. Ureteral stents were placed

exclusively when performing ureterovesical anastomoses and

pyeloureterostomy, but not in the case of the bladder patch technique.

The kidneys were then fixed to the psoas or the peritoneum to prevent

vascular torsion, kinking, or twisting.
2.4. Immunosuppression and perioperative treatments

Either basiliximab or antithymocyte globulin were used for induction

therapy followed by triple therapy with mycophenolate mofetil, ster-

oids, and either cyclosporine or tacrolimus. Residual cyclosporine target

was 150–300 lg/l in the initial phase and 100–200 lg/l after 6 mo. Long-

term antiplatelet therapy was systematically prescribed as soon as the

first postoperative day. Additional anticoagulant therapy was prescribed

in case of very small donor vessels. Antihypertensive treatment was pre-

scribed in case of hypertension with a target of blood pressure inferior to

140/90 mmHg.
2.5. Definitions

Delayed graft function was defined as the need for at least one dialysis in

the week following kidney transplantation. Primary nonfunction was

defined as failure to decrease plasmatic creatinine in the context of pre-

emptive transplantation, failure to stop dialysis, or early transplantec-

tomy. The need to undertake permanent dialysis, double transplant

nephrectomy, or the patient’s death with a functional graft was consid-

ered as an allograft loss. Acute rejection was suspected clinically when

facing an unexplained elevation of creatinine and was confirmed by a

percutaneous biopsy. Warm ischemia time was defined as the duration

of the vascular sutures during which the transplant was removed from

the ice and not yet perfused.
2.6. Histological assessment

We performed no systematic biopsies. Ultrasound (US)-guided percuta-

neous biopsies were performed during follow-up in case of an unex-

plained increase of creatinine to detect rejection. The Banff

classification was followed to determine rejection. In case of rejection,

steroids were prescribed.



Fig. 1 – (A) En bloc procurement. (B) Suprarenal aorta and vena cava sealing. (C) Bladder patch technique. (D) Liech-Gregoire anastomoses.
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2.7. US measurements

An US study was performed by a radiologist the day following transplan-

tation, at 15 d postoperatively, and then at 1, 6, and 12 mo postopera-

tively. Afterwards, the US study was performed yearly. An US

measurement was also performed ‘‘on demand’’ in case of an increase

of serum creatinine or a urinary tract infection (UTI). For each study,

craniocaudal size was measured for both kidneys. A mean resistive index

was given for each kidney based on automated measurements in the

parenchyma (the systolic peak of velocity minus the end of diastole

velocity divided by the systolic peak of velocity). Velocities in the donor

aorta and renal arteries were also measured.

2.8. Follow-up

Patients were recalled after 1 mo and every 3 mo thereafter for 2 yr,

and yearly afterward. A physical examination was performed with a ver-

ification of body weight, blood pressure, and a search for skin and gen-

eral neoplasia. Biological assessment consisted of creatinine and

estimated clearance, screening of infectious diseases, and search of

donor-specific antibody (DSA). A US evaluation was performed at each

consultation.
2.9. Statistical method

Continuous variables are expressed as means and standard deviations,

and categorical variables are expressed as numbers and percentages. A

two-sided p value of <0.05 was considered significant. An analysis of

data was performed using RStudio version 1.2.5033 (RStudio, Inc., PBC,

Boston, MA) and Microsoft Excel version 16.38 (Microsoft Corporation,

One Microsoft WayRedmond, WA 98052-7329 USA).
3. Results

3.1. Donor and recipient characteristics

From 2002 to 2020, we performed 21 EBKT procedures from
small pediatric donors in our institution. Donor and recipi-
ent characteristics are shown in Tables 1 and 2, respectively.
Data could not be retrieved for the first three donors. Organ
procurement was performed mostly in a geographically dis-
tant site. It was performed by the local surgical team, but in
two cases, our surgical team had to be transported by air
because no local team had enough experience. All donors



Table 3 – Perioperative outcomes

CIT (h), mean ± SD 11.4 ± 4.3
WIT (min), mean ± SD 33 ± 10
Intraoperative blood loss (ml), mean ± SD 320 ± 170
Hospitalization time (d), mean ± SD 16 ± 9
Urinary anastomosis, n (%)
Bladder patch 15 (71)
Two ureterovesical anastomoses 5 (24)
Ureterovesical + pyeloureterostomy 1 (5)

Induction, n (%)
Basiliximab 12 (57)
ATG 8 (38)
Data missing 1 (5)

Immunosuppression, n (%)
Cyclosporine 3 (14)
Tacrolimus 18 (86)

ATG = antithymocyte globulin; CIT = cold ischemia time; SD = standard
deviation; WIT = warm ischemia time.

Table 2 – Recipient characteristics

Female, n (%) 11 (52)
BMI (kg/m2), mean ± SD 20 ± 1.9
Age (yr), mean ± SD 30 ± 10
First transplant, n (%) 21 (100)
ASA score, mean ± SD 2.3 ± 0.5
CCI 2.2 ± 0.6
Primary renal disease, n (%)
APKD 3 (14)
Berger’s disease 2 (10)
Unknown 7 (33)
Urological malformation 2 (10)
Other 7 (33)

Hypertension, n (%) 14 (67)
Number of antihypertensive treatment, mean ± SD 1 ± 1.1
Diabetes, n (%) 0 (0)
Blood type, n (%)
A 9 (42)
B 2 (10)
O 8 (38)
Missing data 2 (10)

Preemptive transplantation, n (%) 3 (14)
Hemodialysis, n (%) 15 (71)
Peritoneal dialysis, n (%) 3(14)
Duration of dialysis (yr), mean ± SD 2 ± 1.9
Residual diuresis (ml), mean ± SD 961 ± 787

APKD = autosomal polycystic kidney disease; ASA = American Society of
Anesthesiologists; BMI = body mass index; CCI = Charlson Comorbidity
Index; SD = standard deviation.

Table 1 – Donor characteristics

Female, n (%) 9 (50)
Age (mo), mean ± SD 12 ± 7
ICU length (d), mean ± SD 2 ± 1
Weight (kg), mean ± SD 8.6 ± 2.1
Height (cm), mean ± SD 75 ± 9
Distant donor site, n (%) 14 (78)
Cause of death, n (%)
Anoxia 9 (50)
Head trauma 6 (33)
Meningitis 1 (6)
Cerebrovascular disease 2 (11)

Vasopressive drug 14 (78)
Recovered cardiac arrest 10 (56)
Initial creatinine (lmol/l), mean ± SD 34 ± 13
Final creatinine (lmol/l), mean ± SD 28 ± 11
Proteinuria (g/l), mean ± SD 0.71 ± 1.72
Initial diuresis (ml/h), mean ± SD 105 ± 113
Final diuresis (ml/h), mean ± SD 43 ± 34

ICU = intensive care unit; SD = standard deviation.
Results are shown for 18 of the 21 donors. Data could not be retrieved for
the remaining three donors. Table 4 – Postoperative complications

DGF, n (%) 1 (5)
PNF, n (%) 1 (5)
90-d Clavien-Dindo grade, n (%)
<3 10 (48)
�3 10 (48)
3A 1 (5)
3B 6 (29)
4A 3 (14)

Vascular thrombosis, n (%) 2 (10)
90-d urological complication, n (%) 7 (33)
Vesical clotting 2 (10)
Bladder patch necrosis 3 (14)
Ureteral stenosis 1 (5)
Surgical drain caught in deep sutures 1 (5)

UTI, n (%) 9 (43)
Blood transfusion, n (%) 7 (33)
Rejection, n (%) 2 (10)
Arterial stenosis, n (%) 5 (24)
90-d readmissions, n (%) 8 (38)
90-d reoperations, n (%)
Unilateral transplantectomy 1 (5)
Bilateral transplantectomy 1 (5)
Ureteral reimplantation 5 (24)
Other 5 (24)

Graft loss, n (%)
Thrombosis 1 (5)
Death with a functioning graft 0 (0)
Late rejection 0 (0)

Follow-up (mo), mean ± SD 62 ± 55

DGF = delayed graft function; PNF = primary nonfunction; UTI = urinary
tract infection.
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were brain dead; however, up to half of the donors had pre-
sented a cardiac arrest, which recovered rapidly. No donor
presented AKI; nonetheless, oligoanuria and proteinuria
were often present in the intensive care unit.
3.2. Peri- and postoperative outcomes

Perioperative outcomes are described in Table 3. The bladder
was not retrieved systematically by the surgical teams from
distant geographic sites. The technique for the urinary anas-
tomosis depended greatly on the quality of the bladder patch
and distal ureters, and on the surgeon’s appreciation. The first
three recipients were treated with cyclosporine, whereas all
the following recipients were treated with tacrolimus.

The postoperative and late complications are summa-
rized in Table 4. There were one transplantectomy of both
kidneys at postoperative day 1 due to a venous thrombosis
and an early transplantectomy of a single kidney due to an
arterial thrombosis; the remaining kidney was functional.
Postoperative complications requiring a reintervention
occurred mostly within the first 3 mo and were dominated
by urological features. Out of the five ureteral reimplanta-
tions, three where necessary after a necrosis of the bladder
patch, while the other two were consequences of stenoses
of the ureterovesical anastomoses. Among the other rein-
terventions, two were performed for a kinking or twist of
the vascular pedicle, one for intravesical blood clot, one
for extravesical hematoma, and one for a surgical drain
caught in the deep sutures. As for the nonsurgical complica-
tions, one-third of the patients were treated for a UTI and
nearly half of the patients required a peri- or postoperative
blood transfusion. One patient presented acute pulmonary
edema and underwent dialysis the week following trans-
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plantation. In the long term, two acute rejections occurred,
which responded favorably to an increase in steroids. How-
ever, one of these two patients developed a fistula after
biopsy and had to be treated by selective radiological
embolization. Out of the five patients who presented an
arterial stenosis, only one necessitated angioplasty and
stenting with a favorable outcome. To date, no patient
developed any neoplasia. Three patients had antiviral treat-
ment following cytomegalovirus activation. One single
patient produced DSA without functional repercussions.
Finally, one recipient presented kidney stones in one of
the kidney grafts 18 yr after the transplantation and will
be undergoing surgical treatment.

3.3. Functional outcomes

Patient survival was excellent (100%) with a mean follow-
up of 65 mo (range 7–220 mo). Overall, there was one single
graft loss (7%), which was a result of the early transplantec-
tomy for venous thrombosis. To date, all the remaining
transplants have satisfactory function. Evolution of plas-
matic creatinine and creatinine clearance are shown in Fig-
ures 2 and 3, respectively. Creatinine clearance increased
during the first 3 yr before reaching stabilization. At 10 yr,
the mean creatinine clearance was 112 ml/min (95% confi-
dence interval 107–117). As for graft size, the mean graft
size increased in the first 2 yr after transplantation until
reaching an adult size (Fig. 4). A few patients presented
temporary proteinuria in the early post-transplant period,
but it disappeared rapidly and spontaneously in all cases
(data not shown).
Fig. 2 – Mean plasmatic creatinine over
4. Discussion

The studies reporting results on EBKT are scarce. The histor-
ical first negative results [9,10,19] have contributed to the
rejection of the technique in the past. Nonetheless, all
recent studies have reported favorable outcomes with EBKT.
Furthermore, Kizilbash et al [20] recently highlighted the
fact that lower survival was seen for EBKT in the old trans-
plant era (before 1997) but not afterward.

The present study is the first to present results concern-
ing EBKT in France as no other center has, to our knowledge,
performed this technique in our country. Our strength is the
length of our follow-up, with the program having started
nearly 20 yr ago. Moreover, graft size was evaluated contin-
uously over time, providing results for a very long period.
There have been very few studies evaluating graft size after
pediatric kidney transplantation in adults and concerned
mostly single kidneys with a mean follow-up rarely over
24 mo [1,21–23]. Nonetheless, our results are comparable
with previous studies and show a rapid growth in the 1st
year, before reaching the final size at 24 mo and remaining
stable thereafter. Foss et al [21] found a 2.6-fold increase in
volume at 12 mo and Nghiem et al [23] a three-fold at 6 mo.
Our very late results in graft size concern a small number of
patients, and the small decrease is accompanied by an
increase in the width of the 95% confidence interval, which
does not allow drawing any conclusions.

Our results show excellent patient (100%) and graft (93%)
survival after EBKT. However, we experienced 33% of uro-
logical complications, with many patients needing a rein-
time with 95% confidence interval.



Fig. 3 – Mean creatinine clearance over time with 95% confidence interval.

Fig. 4 – Mean graft size over time with 95% confidence interval.
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tervention. Nevertheless, Fananapazir et al [8] demon-
strated that however common in EBKT, urological complica-
tions did not have an impact on graft survival. They
reported a 9.8% rate of strictly urological complications
(after excluding vascular complications and early graft loss).
López-González et al [18] reported a vascular complication
rate of 23.8% and 16.7% of graft loss.

This study is subject to the limit of being retrospective
and of small size. However, the number of EBKT procedures
performed in our institution is relatively respectable when
comparing with similar studies. Maluf and colleagues [11],
in their national American retrospective study, stated that
centers were regarded as large-volume centers of EBKT after
having performed five or more EBKT procedures.

A potential downside of our study was the lack of stan-
dardization of the surgical technique. However, this greatly
depends on the quality of the organs that were harvested
and cannot be controlled. On the contrary, it should appear
as a strength to have been able to adapt our technique to
the organs procured. The complication rate did not decrease
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over time despite growing EBKT experience in our center
and remained stable (data not shown).

Recently, Troppmann et al [24–26] reported favorable
results with EBKT after donors’ circulatory arrest and even
AKI. Moreover, the same team presented the possibility of
using hypothermic pulsatile perfusion and pediatric en bloc
transplants [27]. These results are in favor of ‘‘extending’’ cri-
teria for pediatric en bloc grafts and thereby extending the
donor pool.

The choice between EBKT and single kidney transplanta-
tion from pediatric donors remains an issue. Several studies
have shown superiority of EBKT over single kidneys from
very small pediatric donors [11,15,16,28], but it appears
that single kidney transplantation could be a valid option
in certain cases [29]. In our experience, one en bloc kidney
graft presented arterial thrombosis requiring a transplan-
tectomy of one single kidney; the outcomes were favorable
in terms of graft function for the remaining kidney.
5. Conclusions

We consider EBKT to be a valid option to expand the donor
pool. Long-term function and survival are excellent. There
was a high rate of postoperative complications. However,
the complications were managed successfully with a low
impact on survival and should not restrain transplant teams
from using this technique.
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