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Because  of long waiting times on transplantation 
lists, there has been increased utilization of mar-

ginal deceased donor kidney transplants in Australia and 
New Zealand.1 The use of transplants from small pediatric 
donors was historically controversial because these grafts 
were associated with poor outcomes compared with adult 

donor organs.2,3 These grafts were seen as technically dif-
ficult with anastomoses between small blood vessels and 
larger recipient vessels.3 Early literature demonstrated that 
kidneys from small pediatric donors were associated with a 
significant risk of graft thrombosis when transplanted into 
paediatric4 and adult recipients.2

Kidney Transplantation

Background. Kidney transplants from small pediatric donors are considered marginal and often transplanted as dual 
grafts. This study aimed to compare long-term outcomes between recipients of single kidney transplants (SKTs) and dual en 
bloc kidney transplants (EBKTs) from small pediatric donors. Methods. Data were obtained from the Australia and New 
Zealand Dialysis and Transplant Registry. All adult recipients of kidney transplants from donors aged ≤5 y were identified. The 
primary outcome of interest was death-censored graft survival by donor type. The secondary outcomes were early graft loss, 
delayed graft function, serum creatinine posttransplantation, acute rejection, and patient survival. Results. There were 
183 adult recipients of kidney transplants from donors aged ≤5 y old. Of these, 60 patients had EBKT grafts, 79 patients 
had SKT grafts, and 44 patients had grafts of unknown type. Compared with SKT donors, EBKT donors had lower mean 
age (P < 0.001) and body weight (P < 0.001). There was no significant difference in death-censored graft survival between 
the groups, with median survival of 23.8 y (interquartile range 21.2–25) in the EBKT cohort and 21.8 y (11.6–26.8) in the 
SKT cohort (hazard ratio 1.3; 95% confidence interval, 0.59-2.64; P = 0.56). EBKT grafts had lower acute rejection rates 
than SKT grafts (P = 0.014). There was no significant difference observed between groups with respect to early graft loss, 
delayed graft function, posttransplantation serum creatinine posttransplantation, or patient survival. Conclusions. EBKT 
and SKTs from small pediatric donors are associated with excellent long-term graft survival rates.
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An additional concern is that reduced kidney mass from 
small donor kidneys may result in hyperfiltration injury 
because of size mismatch and raised intraglomerular pres-
sures.5 One way to mitigate this risk is through the use of 
en bloc kidney transplant (EBKT)—a technique that involves 
keeping both kidneys attached to the aorta and inferior vena 
cava and using these as conduits in the recipient.6 The pre-
dominant method of en bloc implantation in Australia and 
New Zealand involves the vascular anastomosis of these 
larger donor patches to the recipient iliac vessels. This can 
be performed via the classical extra-peritoneal approach or 
even through a laparotomy approach‚ which has been shown 
to yield excellent long-term outcomes.7 Studies have dem-
onstrated that EBKTs from pediatric donors have excellent 
short-term and long-term outcomes.8-14 The influence of this 
literature on surgical practice has seen the introduction of 
protocol-based decision-making for EBKT when donors are 
very small, often using age or weight criteria.14,15 Although the 
use of EBKT from pediatric donors may be safe, this method 
carries a considerable opportunity cost in that 2 potentially 
viable kidneys are transplanted into a single recipient.

There are minimal data available to clinicians to guide deci-
sion-making as to when to use EBKT or single kidney trans-
plants (SKTs) from pediatric donors. Transplant centers have 
developed various age- and weight-based protocols;15,16 how-
ever, the ensuing long-term outcomes have not been compre-
hensively examined. The aims of this study, therefore, were to 
examine the outcomes of kidney transplants from young (≤5 
y old) pediatric donors and compare these outcomes between 
EBKT and SKT.

MATERIAL AND METHODS

Study Design
This retrospective, multicenter, observational cohort study 

used de-identified data obtained from the Australia and New 
Zealand Dialysis and Transplant (ANZDATA) Registry. It was 
approved by the local Human Research Ethics Committee 
(2018/QMS/44000). All adult recipients of pediatric kidney 
transplants from donors aged 5 y or younger between 1963 
(Registry inception) and 2016 were included. They were then 
categorized according to whether they received EBKT or SKT. 
Recipients were excluded if they met any of the following 
criteria: unknown graft type with respect to EBKT or SKT, 
multiple organ transplants, or prior kidney transplantation.

Data Collection
Recipient and donor characteristics were recorded at the 

time of transplantation. Recipient characteristics included age, 
gender, weight, height, primary kidney disease, comorbid dis-
eases (pulmonary disease, coronary artery disease, peripheral 
vascular disease, cerebrovascular disease, hypertension,  and 
diabetes mellitus), dialysis duration, and time to transplant 
from dialysis commencement. Donor characteristics included 
age, sex, weight, height, cause of death, terminal creatinine, 
and blood group. Transplantation details recorded were the 
date of transplantation, ischemic time, and HLA mismatch. 
Transplant era was defined according to year of transplant 
(1989–1999 or 2000–2016) and only years with known graft 
types were included. The dividing mark corresponded to the 
time point when mycophenolate was used in place of azathio-
prine as maintenance immunosuppression.

Clinical Outcomes
The primary outcome was death-censored graft survival. 

Secondary outcomes were early graft loss (defined as graft 
failure within 28 d of kidney transplantation), delayed graft 
function (DGF; defined by ANZDATA as requiring dialy-
sis within first 72 h of transplantation), posttransplantation 
serum creatinine over time (at 1-, 5-, and 10-y posttransplan-
tation), acute rejection, and patient survival.

Statistical Analysis
Results were expressed as proportion (%), mean (SD), 

or median (interquartile range [IQR]), as appropriate. The 
demographics of EBKT and SKT groups were compared 
using Fisher exact, Chi-square, unpaired t tests, or 2-sample 
Wilcoxon rank-sum tests depending on data type and distri-
bution. Death-censored graft and patient survival times were 
assessed by Kaplan-Meier analysis and multivariable Cox 
proportional hazards regression (with the EBKT group as 
the reference group). A secondary Kaplan-Meier analysis of 
graft survival times was performed after separating donors 
by weight at transplant (<20 kg or ≥ 20 kg). After separat-
ing donors by weight, graft survival between EBKT and SKT 
was compared using log-rank tests. Donor-related covariates 
included in the multivariate Cox regression models were age, 
weight, height, donor-to-recipient weight ratio, and graft type 
(EBKT/SKT).

A secondary competing risks analysis with death as a com-
peting event was also performed to analyze the relationship 
between graft survival and graft type. Chi-square tests were 
used to determine if the type of graft received was signifi-
cantly associated with the risk of DGF. Multivariable logistic 
regression analyses that included the type of graft and either 
donor age or donor weight were also completed to determine 
a relationship with DGF risk. A similar multivariable logis-
tic regression was undertaken that included type of graft and 
either recipient weight or age. The relationship between graft 
survival and transplant center volume, with hospitals classi-
fied as having performed <15 small donor transplants or >15 
small donor transplants, was assessed using Cox regression 
analysis. Similarly, an interaction between early graft loss and 
center experience was assessed using Chi-square tests.

Chi-square and Fisher exact tests were utilized to assess 
the relationship between graft type and acute rejection at 
any time posttransplantation. Chi-square and Fisher exact 
tests were also used to assess for an association between graft 
type and transplant era (1989–1999 or 2000–2016). The 
effect of transplant era and graft type on graft survival was 
also assessed using a Cox proportional hazards regression. A 
mixed-effects linear regression model with a random intercept 
for each patient was used to compare the long-term serum 
creatinine values between EBKT and SKT recipients. The rela-
tionship between early graft loss and graft type was assessed 
using Chi-square and Fisher exact tests.

Statistical analysis was conducted with the Stata software 
program, version number 15.1 (College Station, TX). P values 
of less than 0.05 were considered statistically significant.

RESULTS

Study Population
During the study period (1963–2016), a total of 208 

patients received a kidney transplant from a deceased 
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pediatric donor aged 5 y old or younger across 20 transplant 
centers in Australia and New Zealand (Figure 1). Once pedi-
atric recipients were excluded (n = 25), there were 183 adult 
recipients remaining. There were 7 donors aged younger than 
12 mo. The graft type (EBKT or SKT) was recorded in 139 
recipients (SKT n = 79, EBKT n = 60). The transplant dates 
for patients with a known graft type ranged from 1989 to 
2016. There were 129 DBD donors and 10 donation after 
circulatory death donors recorded during the study period 
(Table  1). Compared with SKT donors, the EBKT donors 
were significantly younger and had lower body weights and 
heights (Table 1). All donors aged younger than 12 mo (n = 
7) had a recorded graft type of EBKT. The donor weight to 
recipient weight ratio was lower for the EBKT donor/recipi-
ent group. Otherwise, recipient and transplant characteristics 
were similar between the 2 groups (Table 2). The median fol-
low-up time for the total cohort (n = 183) was 7.14 y (IQR 
2.14–16.50). The median follow-up times for the EBKT and 
SKT groups were 6.73 y (IQR 2.96–12.21) and 9.47 y (IQR 

3.11–17.52), respectively. Of the participating transplant hos-
pitals, only 4 had performed more than 15 small pediatric 
donor transplants.

The distribution of types of graft varied over the observed 
period (1989–2016). There were significantly more EBKT 
grafts from the year 2000 onward compared with SKTs (P < 
0.01) (Figure 2). Mean donor weights before 2000 and from 
2000 onwards were 17.8 kg (±4.51 kg) and 16.8 kg (±5.45 kg), 
respectively (P = 0.23). When comparing grafts in the 2000–
2016 era, donors of EBKT grafts were still significantly 
smaller on average than SKT donors with average weights of 
13.2 kg (±3.5) and 21.1 kg (±4.1), respectively (P < 0.001).

Primary Outcomes
Death-censored Graft Survival

Overall, there were 35 cases of graft failure. Median death-
censored graft survival rates in the EBKT and SKT cohorts 
were 23.8 y (IQR 21.2–25) and 21.8 y (IQR 11.6–26.8), 
respectively (Figure 3A). There was no significant difference 

FIGURE 1. Flow diagram demonstrating study population.

TABLE 1.

Characteristics for Australian and New Zealand donors aged ≤5 y old (1989–2016).

 EBKT (n = 60) SKT (n = 79) P 

Donor age, y 2.0 (1.3) 4.4 (0.9) <0.001
Female donors 25 (42%) 34 (43%) 1.00
Donor weight, kg 13.6 (3.7) 20.1 (4.0) <0.001
Donor height, cm 88.6 (17.3) 108.6 (16.1) 0.016
Donor weight: recipient weight ratio 0.2 (0.1) 0.3 (0.1) <0.001
Donor: creatinine—terminal, µmol/L 46.5 (32.5) 46.5 (20.2) 1.00
DCD donors 4 6 0.83

Data are presented as mean (SD) for continuous measures and n (%) for categorical measures.
DCD, donation after circulatory death; EBKT, en bloc kidney transplant; SKT, single kidney transplant.
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in graft survival between the EBKT and SKT groups (unad-
justed hazard ratio [HR] 1.30; 95% confidence interval [CI], 
0.59-2.64; P = 0.56). Respective death-censored graft survival 
for EBKT and SKT were 96% versus 96% at 1 y, 94% versus 
93% at 5 y, and 91% versus 87% at 10 y.

Using multivariable Cox proportional hazards model 
analysis, again there was no significant difference in graft sur-
vival between EBKT and SKT recipients (HR 1.3; 95% CI, 
0.4-4.09; P = 0.680). Furthermore, death-censored graft sur-
vival was not associated with donor age, height, weight, or 
donor-to-recipient weight ratio. A subgroup analysis revealed 
that there was no significant difference in graft loss between 
EBKT and SKT for smaller-weight (≤20 kg) donors (P = 0.51). 

Similarly, there was no difference in risk of graft loss between 
groups for donors weighing >20 kg (P = 0.69). Figure  3B 
shows Kaplan-Meier survival times for EBKT and SKT grafts, 
stratified by weight.

Using a univariate competing risks regression analysis, 
graft type was not significantly associated with graft failure 
(HR 1.46; 95% CI, 0.73-2.93; P = 0.29). Graft failure events 
overall were more common in the 1989–1999 era compared 
with the 2000–2016 era (HR 0.405; 95% CI, 0.17-0.95; P 
= 0.039). However, no significant interaction was observed 
between the type of graft and transplant era with respect to 
graft failure (P = 0.97). There was no significant difference 
in graft survival between the <15 small donor transplant 

TABLE 2.

Characteristics of Australian and New Zealand recipients who received kidney transplants from donors aged ≤5 y old.

 EBKTs (n = 60) SKTs (n = 79) P 

Age at transplant, y 44.7 (13.4) 45.9 (12.9) 0.67
Female recipients 27 (45%) 37 (47%) 0.86
Recipient weight at transplant, kg 71.6 (16.2) 70.5 (14.4) 0.18
Recipient height, cm 170.2 (9.6) 166.7 (10.0) 0.061
Recipient peripheral vascular disease at transplant 3 (5%) 3 (4%) 0.81
Recipient diabetes at transplant 7 (12%) 11 (14%) 0.77
Recipient coronary artery disease at transplant 7 (12%) 5 (6%) 0.75
Time to transplant from commencement of renal replacement therapy, y 3.7 (2.8) 3.4 (3.5) 0.62
HLA mismatch 3.4 (1.7) 3.1 (1.8) 0.33
Total ischemia to nearest hour 13.9 (6.1) 15.4 (5.8) 0.16

Data are presented as mean (SD) for continuous measures and n (%) for categorical measures. 
EBKT, en bloc kidney transplant; SKT, single kidney transplant.

FIGURE 2. Box plot of distribution of each type of kidney transplant over time from pediatric donors aged ≤5 y. Middle line in box represents 
median with upper hinge and lower hinge corresponding to 75th and 25th percentiles, respectively. Whiskers extend to upper and lower adjacent 
values. EBKTS, en bloc kidney transplant; SKT, singe kidney transplant.
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hospitals or ≥15 small donor transplant hospitals (HR 1.57; 
95% CI, 0.95-2.61; P = 0.080).

Secondary Outcomes
Early Graft Loss

Fifteen (10.8%) patients experienced early graft failure. 
Seven of these cases were EBKT grafts (11.7%, n = 60) and 8 
were in the SKT cohort (10.1%, n = 79). There was no signifi-
cant difference in early graft loss rate between these 2 cohorts 
(P = 0.77). There were 7 (5%) cases where the cause of graft 
failure was not documented in the ANZDATA Registry, all 
except one of these cases occurred in the 2000–2016 era. 
Eight (5.8%) patients experienced early graft failure with 
an identified cause of graft loss. There were 5 cases of graft 
loss because to either renal artery thrombosis (n = 2) or renal 
vein thrombosis (n = 3). There was 1 case of primary hemor-
rhage causing graft loss at day 0. The other causes of graft loss 
were a complication of drug therapy (SKT graft) and hemo-
lytic uremic syndrome (EBKT graft). The median time to a 
graft-ending thrombotic event was 3 d (IQR: 1–7 d). These 
vascular events, stratified by weight, are noted in Table 3. All 
graft-ending cases of thrombosis occurred before 2000 except 
1 EBKT from a 7 kg donor. Donor weight was significantly 
associated with early graft loss where an increase in donor 
weight decreased the odds ratio of early graft loss (odds ratio 
0.89; 95% CI, 0.53-1.01; P = 0.049). The rate of early graft 
loss observed in lower-volume centers was not significantly 
different from that observed in higher-volume centers (P = 
0.238).

DGF
There were 24 (17%) cases that required dialysis within 

72 h of transplantation. The type of graft received was not 
significantly associated with DGF (χ2 [1, n = 110] = 0.001; P = 
0.966). Multivariable logistic regression analysis did not iden-
tify a significant relationship between DGF and either graft 
type or donor characteristics; however, regarding recipient 
characteristics, higher weight at time of transplantation had 
a significant association with DGF (odds ratio 1.03; 95% CI, 
1.00-1.06; P = 0.034).

Posttransplantation Serum Creatinine Concentration
The mean serum creatinine concentrations across all recipi-

ents of small pediatric donor transplants were 116 µmol/L at 
1 y (n = 109), 110 µmol/L at 5 y (n = 72), and 97 µmol/L at 
10 y posttransplant (n = 39). The overall mean serum creati-
nine observed for SKT grafts was 126 µmol/L (SD 58) com-
pared with 91 µmol/L (SD 47) for EBKT grafts. Creatinine 
levels by graft type are shown in Figure 4. EBKT recipients 
had significantly lower long-term creatinine levels (coefficient 
−34.7; 95% CI, −48.68 to −20.65; P ≤ 0.01). The proportions 
of recipients with serum creatinine values ≤150 µmol/L were 
82% (n, SKT = 43/60, EBKT = 46/49), 89% (n, SKT = 31/39, 
EBKT = 29/32), and 84% (n, SKT = 18/24, EBKT = 14/14) at 
1-, 5-, and 10-y posttransplantation, respectively.

Acute Rejection
Sixteen (11.5%) patients experienced episodes of 

biopsy-proven acute rejection occurring at any time point 

FIGURE 3. Death-censoed graft survival outcomes for recipients of small paediatric donor kidneys. A) EBKT versus SKT B) EBKT versus SKT, 
stratified by weight and donor group. EBKT, en bloc kidney transplant; SKT, single kidney transplant.

TABLE 3.

Vascular events causing graft loss in recipients of known organ type.

Donor weight class (kg) Transplant type Total vascular complications Renal artery thrombosis Renal vein thrombosis Primary hemorrhage 

<10 EBKT = 5 1 1 (EBKT, 2014)   
SKT = 0

10.0–14.9 EBKT = 28 1  1 (EBKT, 1999)  
SKT = 5

15.0–19.9 EBKT = 20 3 1 (SKT, 1996) 1 (SKT, 1990) 1 (EBKT, 1992)
SKT = 20

≥20 EBKT = 7   1 (SKT, 1992)  
SKT = 54

EBKT, en bloc kidney transplant; SKT, single kidney transplant.
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posttransplantation. The majority of these occurred in the 
year 2000 or later. EBKT grafts had lower acute rejection 
rates than SKT grafts (2 [3%] versus 14 [18%], P = 0.014).

Patient Survival
A total of 55 (40%) patients died during the study 

(EBKT n = 16, SKT n = 39). The most common causes of 
death were malignant disease (n = 16, 29%) and infectious 
diseases (n = 9, 16%). Median patient survival posttrans-
plant was 18.2 y (IQR 7.92–inestimable). Patient survival 
rates at 1, 5, and 10 y for EBKT versus SKT were 96% ver-
sus 83%, 90% versus 66%, and 59% versus 54%, respec-
tively. No significant differences in survival were observed 
between the EBKT and SKT (HR 1.48; 95% CI, 0.83-2.66; 
P = 0.185; Figure 5).

For the SKT group, 35 (90%) deaths occurred pre-2000. 
For the EBKT group, 11 (69%) deaths occurred in the ear-
lier time period. When analysis was limited to the post-2000 
era, the patient survival rates at 1, 5, and 10 y for EBKT ver-
sus SKT were 97% versus 96%, 92 versus 88%, and 77% 
versus 88%, and no significant differences in survival were 
observed between groups (HR 0.78; 95% CI, 0.21-2.93; P 
= 0.71).

DISCUSSION

This registry analysis shows that overall graft survival for 
recipients of small pediatric kidney transplants is excellent 
with death-censored median graft survival exceeding 20 y and 
not significantly different between EBKT and SKT groups. 
Despite this, the use of pediatric donors aged 5 y or younger 
for kidney transplantation remains uncommon in Australia 
and New Zealand. Implantation by way of EBKT has 
increased in the more recent era. EBKT donors were generally 
smaller with significantly lower ages, heights, and weights. 
The risk of early graft loss was 10.3%. The specific risk of 
a technical vascular complication was at least 4.3% with the 
majority of these graft-ending complications occurring within 
the first week posttransplantation and before the year 2000. 
DGF rates were low and not different between groups. Long-
term graft function, as measured by serum creatinine concen-
tration, was excellent in both groups although significantly 
lower in the EBKT recipients. Size-related donor factors were 
not found to be associated with long-term graft survival but 
were associated with a significantly higher risk of early graft 
loss. Recipient weight at time of transplant did correlate with 
graft survival.

To our knowledge, the current study is among the over-
all longest-reported follow-up for small pediatric donors 
and confirms an emerging consensus that the use of kidney 
grafts from small pediatric donors is safe and effective. The 
2020 ANZDATA Registry publication noted an overall graft 
survival in Australia of 94% at 1 y and 83% at 5 y.17 For 
extended criteria donors, the overall graft survival in Australia 
was 95% at 1 y and 81% at 5 y. Comparing these data to the 
current study’s results, the grafts from small pediatric donors 
have superior survival outcomes. This is consistent with other 
studies that have demonstrated that EBKT from small pedi-
atric donors have excellent graft survival rates that are often 
comparable to or better than standard-criteria adult don
ors.8,14,16,18,19 Although not a statistically significant difference, 
it is of note that the 5 and 10 y patient survival for the overall 
SKT recipient group was considerably lower than both EBKT 
recipients and overall Australian recipients. This is likely 
explained by an era effect because, when pre-2000 transplants 
were excluded from analysis, the patient survival results for 
SKT recipients were comparable to the EBKT recipients.

There is limited consensus on when to surgically split kid-
neys and perform SKT, but studies have overall shown SKT 
from small pediatric donors yields better long-term outcomes 
than extended criteria and even standard-criteria donors in 
some studies.15,18,20,21 Direct comparisons have reinforced 
that EBKT has better long-term survival than single kidney 
grafts.3,8,18 In contrast, our study included the largest cohort of 
small pediatric donors and showed similar outcomes between 
EBKT and SKT recipients, although the findings were limited 
by differences in donor ages and weights.

FIGURE 4. Serum creatinine values for recipients of small pediatric 
donor kidney transplants over time. Boxplot for serum creatinine over 
time, by type of donor organ received. Middle line in box represents 
median with upper hinge and lower hinge corresponding to 75th and 
25th percentiles, respectively. Whiskers extend to upper and lower 
adjacent values with outside values represented by dots. *** indicates 
significantly higher overall serum creatinine values across the SKT 
group. EBKT, en bloc kidney transplant; SKT, single kidney transplant.

FIGURE 5. Kaplan-Meier patient survival estimates (all-cause 
mortality) for recipients of dual en bloc and single kidney grafts from 
small pediatric donors. EBKT, en bloc kidney transplant; SKT, single 
kidney transplant.
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The numbers of early graft loss events in the current study 
were similar between both EBKT and SKT groups and pre-
dominantly occurred in smaller-weight donors. Other regis-
try-based studies have shown similar rates of early technical 
graft loss.18 It has been previously demonstrated that SKT 
grafts <10 kg have a higher risk of graft failure compared 
with weight-matched EBKT grafts and the majority of this 
risk was attributed to early technical failure.21 Larger studies 
with more low-weight donors have found that donor weight, 
EBKT, and center experience were associated with better 1 
y graft survival, which was predominantly driven by differ-
ences in early graft loss.18 It should be noted that these studies 
mostly utilized datasets that predated 2010 and so may not 
be generalizable to contemporary practice. Fewer graft failure 
events were observed in the 2000–2016 period‚ and this may 
be a function of improved center experience with small pedi-
atric donors.

There is no globally accepted size criterion that mandates 
the splitting of a pair of small pediatric donor kidneys. The 
2021 Transplantation Society of Australia and New Zealand 
Clinical Guidelines for Organ Transplantation from Deceased 
Donors suggest a weight cutoff of 20 kg for guiding decisions 
regarding use of en bloc kidneys versus split kidneys.22 It is for 
this reason that the current study analyzed outcomes based 
above or below this weight cutoff. It is likely that experience 
with small donors varies between institutions and somewhat 
contributes to heterogenous approaches to splitting kidneys. 
Furthermore, a donor weight of <20 kg has been used as the 
definition of small pediatric donors by other authors.23 Our 
study, while limited by small numbers, demonstrates that if 
smaller-weight donor grafts do not thrombose in the early 
postoperative period, they are likely to exhibit reasonable 
long-term survival. However, there is a need to balance risk 
with benefit. This concept was further expanded by Maluf et 
al18 who demonstrated that, particularly in experienced cent-
ers, a net gain in overall transplant years was achieved by 
splitting kidneys from donors >10–12 kg. This was associated 
with only a small trade-off in risk for increased early graft 
loss.

The contemporary shift toward EBKT in Australia and 
New Zealand mirrors similar trends seen in the United 
States.8 There was no difference in donor weights in the pre- 
and post-2000 cohorts so this may represent an increasing 
caution among transplant clinicians when utilizing small pedi-
atric kidneys. Consideration needs to be given to the loss of 
opportunity by using more EBKT, but decisions need to be 
made within individual clinical units regarding the accepted 
threshold for splitting. Generally, most centers in the study 
had limited experience with small pediatric donors; the 
majority of hospitals performed <15 transplantations since 
ANZDATA records began. Based on the current study, it 
remains uncertain as to whether or not there is a relationship 
between number of small pediatric transplants performed and 
graft outcome.

Over an analysis period between 1997 and 2014, approx-
imately 1 in 5 deceased donor kidney transplant recipients 
in Australia or New Zealand required dialysis within 72 h 
of transplantation.24 Grafts from small pediatric donors in 
our study showed a slightly lower rate of such DGF (17%), 
with no difference between types of graft. Smaller, contem-
porary studies have similarly found no difference between 
DGF rates for EBKT and SKT15,25 although other studies have 

shown DGF rates to be significantly higher in SKT cohorts.8,26 
Recipient weight at transplant as a risk factor for DGF in pedi-
atric donor grafts has been well characterized previously.27,28

Although overall rates of acute rejection in small pediatric 
donor kidneys were low, there was a significantly higher risk in 
SKT. This is unlikely explained by an era effect as most acute 
rejection episodes were recorded in the more contemporary 
period (after 2000). HLA mismatch was not different between 
groups. These data may be biased in that clinicians are often 
reluctant to biopsy EBKT as this procedure is thought to be 
associated with a higher risk of complications. Another pos-
sible explanation is that there may be variable institutional 
practices regarding immunosuppression treatments for single 
kidneys—for example, reduced calcineurin inhibitor dosing 
to avoid toxicity may predispose to higher risk of rejection. 
Further research is required to better delineate how clinicians 
modify medical management for small grafts.

The concept of hyperfiltration injury in small donor kid-
neys stems from early investigations.29 It has subsequently 
been demonstrated that single kidneys from pediatric donors 
undergo a rapid, compensatory hypertrophy following trans-
plantation and thus the caution regarding small nephron 
mass may be misplaced.30 Although EBKT grafts show higher 
rates of postoperative proteinuria initially (compared with 
deceased adult donor grafts), this difference resolves over 
long-term follow-up.7 On a cellular level, murine models have 
shown younger donor kidneys to have superior capacity to 
repair peritransplant injuries and maintain organ mass.31 
Although SKT did have an overall higher average serum cre-
atinine, the magnitude of difference from EBKT grafts was 
of questionable clinical significance. Unfortunately, proteinu-
ria data were not available for correlation. Few large stud-
ies have systematically evaluated proteinuria as an outcome, 
but a direct comparison of single kidneys from donors aged 
<5 y and 5–10 y showed no significant difference in post-
transplant proteinuria.32 EBKT versus SKT comparisons have 
also shown no difference in measured proteinuria levels post-
transplant.25 In EBKT recipient cohorts, proteinuria found in 
patients receiving organs from donors <5 kg subsided within 
the first year posttransplant.33 Taking all this together with 
the demonstrated excellent long-term outcomes, residual 
concerns regarding small nephron masses in small pediatric 
donor kidneys should be allayed.

A strength of this study was the inclusion of all adult 
recipients of small pediatric donor kidney transplants from 
20 centers in Australia and New Zealand over a period of 53 
y. Compared with similar studies, the sample size was similar 
or larger and the follow-up time was often longer.23 However, 
this retrospective registry study was limited by a restricted 
range of variables collected and a lack of granular data in 
relation to surgical expertise, local center protocols (eg, peri-
transplant anticoagulation), selection criteria used to deter-
mine whether or not to split kidneys or use en bloc kidneys, 
preservation method, urologic complications, warm ischemic 
times, primary method of vascular anastomosis for the EBKT 
group, and recipient blood pressure. The cause of early graft 
loss was not documented in all cases. ANZDATA is a volun-
tary registry and there was no external auditing process, such 
that the possibility of coding bias could not be excluded. The 
observed event rates were low, which limited estimate preci-
sion and the extent to which multivariable adjustment could 
be performed. The possibility of indication bias with residual 
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confounding could not be excluded. A further prospective 
trial that addresses these missing data is required to inform 
clinical decision-making regarding small pediatric donors.

CONCLUSIONS

Although there is an increased risk of graft loss from pedi-
atric donors ≤5 y during the early postoperative period, this 
study has demonstrated excellent long-term graft survival 
rates. Clinicians should thus be encouraged to utilize the pedi-
atric donor pool where possible and not regard such grafts as 
marginal. Further research is required to better inform clinical 
decision-making regarding when to split pediatric donor kid-
neys, particularly in the 15–20 kg body weight range.
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