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The optimal use of kidneys from small pediatric de-
ceased donors remains undetermined. Using data
from the Scientific Registry of Transplant Recipients,
2886 small (<21 kg) pediatric donors between 1993
and 2002 were identified. Donor factors predictive of
kidney recovery and transplantation (1343 en bloc;
1600 single) were identified by logistic regression. Mul-
tivariable Cox regression was used to assess the risk
of graft loss. The rate of kidney recovery from small
pediatric donors was significantly higher with increas-
ing age, weight and height. The odds of transplant
of recovered small donor kidneys were significantly
higher with increasing age, weight, height and en bloc
recovery (adjusted odds ratio = 65.8 vs. single; p <
0.0001), and significantly lower with increasing creati-
nine. Compared to en bloc, solitary transplants had a
78% higher risk of graft loss (p < 0.0001). En bloc trans-
plants had a similar graft survival to ideal donors (p =
0.45) while solitary transplants had an increased risk
of graft loss (p < 0.0001). En bloc recovery of kidneys
from small pediatric donors may result in the highest
probability of transplantation. Although limited by the
retrospective nature of the study, kidneys transplanted
en bloc had a similar graft survival to ideal donors but
may not maximize the number of successfully trans-
planted recipients.
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Introduction

The disparity between the number of patients with end-

stage renal disease (ESRD) on the kidney transplant wait-

ing list and the availability of deceased donor organs

continues to grow. While the waiting list increased in num-

ber by more than 20% between 2000 and 2003, the num-

ber of deceased donors remained relatively stable (1). The

prolonged waiting time for kidney transplantation and as-

sociated longer periods on dialysis have been associated

with significant morbidity and mortality (2). While attempts

have been made to maximize the donor pool, including the

use of expanded criteria donors (3), donation following car-

diac death and transplantation of both kidneys from an ex-

panded criteria donor to one recipient (4–6), the optimal

use of small pediatric donors has been less clear.

There has been reluctance to transplant small pediatric

deceased donor kidneys into adults for several reasons,

including associations with increased vascular (7,8) and

urinary complications (8,9). There has also been concern

about transplanting an insufficient nephron mass using this

donor population (10). Others have also demonstrated an

increased incidence of acute cellular rejection (11,12) and

delayed graft function (11) when compared to transplants

from adult deceased donors.

As first described in 1972, one possible solution to prevent

the complications that may occur with the use of solitary

small pediatric kidneys is to transplant them en bloc (13).

Survival rates after transplantation of en bloc kidneys from

donors less than 4 (14,15) or 5 years old (16) have been

demonstrated to be similar to solitary transplants from

older deceased donors. However, kidneys transplanted en

bloc from donors less than 2 years old have been reported

to have poor graft survival (8).

Because en bloc transplantation of pediatric kidneys halves

the number of potential transplant recipients, some trans-

plant centers have performed solitary kidney transplants

from small pediatric donors. Mixed results have been re-

ported. In one study where en bloc kidneys were separated

if they measured more than 6 cm, 2-year graft survival was

better for the solitary compared to the en bloc group (93%

vs. 77%) (17). In contrast, both solitary and en bloc kidney

transplants from donors less than 2 years old have been

associated with poor results (8,11,18).
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To date, direct comparison of solitary to en bloc kidney

transplantation from pediatric donors to adult recipients

has been performed in only a limited number of studies,

most with small cohorts from individual centers (17,19).

One recent study looked at outcomes in a national co-

hort and found that transplantation of single kidneys from

donors less than 5 years old was associated with signifi-

cantly worse graft survival than en bloc transplantation (20).

In addition, there have been only a limited number of stud-

ies evaluating outcomes from donors less than 2 years old

(11,17). To better understand and possibly improve the uti-

lization of small pediatric kidney donors, the present study

evaluated the effect of donor characteristics on the rates

of recovery and utilization of kidneys from this population.

In addition, we compared graft outcomes for recipients of

either en bloc or single kidney transplants from small pedi-

atric donors.

Materials and Methods

A retrospective cohort study of Scientific Registry of Transplant Recipi-

ents (SRTR) data as submitted by the members of the Organ Procurement

and Transplantation Network, was performed. Mortality ascertainment was

supplemented through the Social Security Death Master File (21). This

study was approved by the Health Resources and Services Administration’s

(HRSA) SRTR project officer. HRSA has determined that this study satisfies

the criteria for the Investigational Review Board (IRB) exemption described

in the ‘Public Benefit and Service Program’ provisions of 45 CFR 46.101(b)

(5) and HRSA Circular 03.

Kidney recovery and discard rates were calculated overall and by donor

weight. Small pediatric donors were defined as those <21 kg and from

whom at least one organ was recovered for transplant during the study

period of 1993–2002. The cutoff of 21 kg represents approximately the

90th percentile weight for 5-year-old boys and girls (22). The recovery rate

was defined as the number of small pediatric donors with at least one

kidney recovered divided by the total number of small pediatric donors.

For calculation of discard rate, en bloc kidneys were considered as one

transplantable unit, while solitary kidneys were considered separately. The

discard rate was defined as the number of transplantable kidney units (single

or en bloc) recovered but not transplanted, divided by the total number of

transplantable units recovered.

Donor factors predictive of kidney recovery and of transplantation of recov-

ered kidneys were identified using logistic regression models. Endpoints for

the logistic regression models were at least one kidney recovered for trans-

plant and transplantation of recovered kidneys. Logistic regression models

were adjusted for the following donor covariates: age (years), weight (kg),

height (cm), serum creatinine (mg/dL), sex, race, ethnicity, cause of death,

ABO blood type, whether both dopamine and dobutamine were given to

donor, whether kidneys were recovered en bloc (only for the transplanta-

tion of recovered kidneys model), year of recovery and donation service

area (DSA). Missing values for donor height and serum creatinine were im-

puted using standard methods available with SAS 9.1 (SAS Institute; Cary,

NC, USA) and IVEWARE 2.0 (University of Michigan, Ann Arbor, MI, USA)

imputation software.

A Cox regression model was fitted to compute covariate-adjusted graft loss

hazard ratios (HR), adjusted for the following potentially confounding covari-

ates: donor weight, recipient race, cause of ESRD, recipient age, recipient

weight, and method of transplant (solitary vs. en bloc). In addition, Cox non-

proportional hazards models were fitted in order to compare solitary and en

bloc covariate-adjusted graft loss by donor weight categories.

To compare the outcome of single or en bloc kidney transplantation using

small pediatric donors to recipients of ideal donors during the same time

period, an additional Cox model with the same adjustments as above was

developed. ‘Ideal’ kidney donors were defined as those donating following

brain death between the ages of 10 and 39 years old, without a history

of hypertension, with cause of death other than a stroke and with serum

creatinine less than 1.5 mg/dL (23).

All statistical analyses were performed using SAS 9.1 (SAS Institute). All

univariate comparisons were unpaired and all tests of significance were 2-

tailed. For univariate analysis, continuous variables were compared by Stu-

dent’s t-test. Categorical data were compared using the chi-square test. All

values are expressed as the mean (continuous variables) or as a percentage

of the group from which they were derived (categorical variables).

Results

Recovery of kidneys from small pediatric donors
Between 1993 and 2002, there were a total of 2886 small

(<21 kg) pediatric donors. Of these, 2156 (74.7%) had at

least one kidney recovered for transplant (Figure 1). There

was considerable variation in the number of recoveries of

kidneys from small donors depending on the transplant

practices of the local centers. Between 1999 and 2002,

kidneys were recovered from a range of 0–16 small donors

in the 10 DSAs where no small donor kidney transplants

were performed at that DSA’s local transplant centers. In

contrast, kidneys were recovered from 2 to 46 small pedi-

atric donors in the 49 DSAs where local small donor trans-

plants were performed.

The recovery rate of kidneys from small pediatric donors in-

creased progressively with donor weight (Figure 2). While

the recovery rate of donors <10 kg was only 42.9%, the

recovery rate for donors weighing 10 to <21 kg was 90.8%

(p < 0.0001). Predictors of recovery of kidneys from small

pediatric donors are listed in Table 1. Significant predictors

of organ recovery included increasing donor age (adjusted

odds ratio [AOR] 1.15 per year, 95% confidence interval

[CI] 1.04–1.28; p = 0.007) and donor weight (AOR 1.38 per

kg, CI 1.32–1.45; p < 0.0001). Kidneys from small pedi-

atric female donors were 30% more likely to be recovered

than kidneys from male donors (AOR 1.30, CI 1.03–1.63;

p = 0.03). As serum creatinine increased, kidney recovery

was significantly less likely (AOR 0.52 per mg/dL serum

creatinine, CI 0.44–0.63; p < 0.0001). Recovery of kidneys

was also less likely from donors with central nervous sys-

tem (CNS) tumors (AOR 0.16 compared to head trauma,

CI 0.06–0.44; p = 0.0004) and a cause of death other than

head trauma, CNS tumors, anoxia, stroke or meningitis

(AOR 0.50, CI 0.33–0.78; p = 0.002).

Discard of kidneys from small pediatric donors
The discard rate dropped sharply above a donor weight of

10 kg (Figure 2). Of the 2943 single kidneys and en bloc
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Donors With At Least 1 Organ Recovered
2886 

Donors With At Least 1 Kidney Recovered
2156 

Donors With No Kidney Recovered 
730 

Potential Transplantable Units 
2969 (1626 single, 1343 en-bloc) 

Kidneys Not Recovered 
Or Used for Research 

26 single 

Discarded 
467 (425 single, 42 

en-bloc)

Transplanted 
2476 (1175 single, 

1301 en-bloc)

Transplanted with Pancreas/Missing 
Transplant Record 

27 (13 single, 14 en-bloc)

Kidney Only Transplant
2449 (1162 single, 1287 

en-bloc)

Figure 1: Disposition of kidneys pro-
cured from small pediatric donors,
1993–2002.
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Figure 2: Kidney recovery and discard rates from small pedi-
atric deceased donors.

pairs recovered, a total of 15.9% were discarded. Discard

rates were significantly higher for donors <10 kg (40.3%)

when compared to donors weighing 10–20 kg (10.5%, p <

0.0001). Common reasons for the discard of pediatric kid-

neys included vascular damage (11.6%), donor medical his-

tory (2.4%), organ trauma (2.8%), organ not as described

(2.4%), biopsy findings (2.1%), poor organ function (3.2%)

and anatomic abnormalities (9.9%). However, the most

common reasons for discard were either missing (31.7%)

or specified as ‘other’ (21.6%).

Independent predictors of transplantation of kidneys
recovered from small pediatric donors
Over the study period, 1301 en bloc pairs and 1175 single

kidneys were transplanted, representing 96.9% of 1343

recovered en bloc pairs and 73.4% of 1600 recovered sin-

gle kidneys. Notably, compared to kidneys recovered indi-

vidually, those recovered en bloc had an unadjusted odds

ratio to be used for transplant of 1.32; however, after cor-

recting for confounding factors using logistic regression,

individually recovered kidneys were much more likely to

be used for transplantation (AOR 65.8, CI 42.1–102.7; p <

0.0001). Other significant independent predictors of trans-

plantation (as opposed to discard) of kidneys recovered

from small pediatric donors included increasing donor age,

weight and height (Table 2). As donor serum creatinine

Table 1: Predictors of recovery of kidneys from small pediatric

donors

Adjusted

Mean odds 95%

or% ratio1 CI p-Value

Donor age (years) 2.03 1.15 1.04–1.28 0.007

Donor weight (kg) 11.96 1.38 1.32–1.45 <0.0001

Donor height (cm) 80.95 1.01 1.00–1.02 0.08

Donor serum 0.63 0.52 0.44–0.63 <0.0001

creatinine (mg/dL)

Donor sex

Male 55.7% 1.00 Ref Ref

Female 44.3% 1.30 1.03–1.63 0.03

Donor race

White 78.1% 1.00 Ref Ref

African American 19.0% 1.03 0.76–1.39 0.84

Asian 1.6% 0.78 0.32–1.90 0.58

Other or missing 1.4% 1.64 0.54–5.05 0.38

Cause of death

Head trauma 46.5% 1.00 Ref Ref

Anoxia 34.0% 0.85 0.66–1.10 0.22

Stroke 8.6% 0.85 0.55–1.30 0.45

CNS tumor 0.9% 0.16 0.06–0.44 0.0004

Meningitis 1.8% 0.64 0.30–1.39 0.25

Other 8.2% 0.50 0.33–0.78 0.002

Dopamine and 12.6% 0.95 0.66–1.36 0.78

dobutamine

1Also adjusted for DSA.
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Table 2: Independent predictors of transplantation of kidneys re-

covered from small pediatric donors

Adjusted

Mean odds 95%

or% ratio1 CI p-Value

Recovered en bloc 45.6% 65.78 42.12–102.73 <0.0001

Donor age (years) 2.76 1.61 1.42–1.83 <0.0001

Donor weight (kg) 13.88 1.18 1.11–1.25 <0.0001

Donor height (cm) 86.62 1.02 1.01–1.03 0.0012

Donor serum 0.57 0.73 0.56–0.95 0.0174

creatinine (mg/dL)

Donor sex

Male 55.8% 1.00 Ref Ref

Female 44.2% 0.80 0.59–1.07 0.1316

Donor race

White 78.9% 1.00 Ref Ref

African American 18.0% 0.95 0.65–1.39 0.7935

Asian 1.6% 0.39 0.13–1.19 0.098

Other or missing 1.5% 0.70 0.18–2.64 0.5948

Donor cause of death

Head trauma 49.5% 1.00 Ref Ref

Anoxia 31.4% 1.09 0.78–1.52 0.6116

Stroke 9.0% 0.97 0.57–1.65 0.9133

CNS tumor 0.8% 1.08 0.22–5.31 0.9268

Meningitis 1.6% 0.65 0.23–1.81 0.4103

Other 7.6% 0.70 0.4–1.24 0.2253

Dopamine and 13.0% 0.78 0.52–1.18 0.2379

dobutamine

1Also adjusted for DSA.

increased, the likelihood of kidneys being used for trans-

plantation decreased. Kidneys recovered between 1995

and 2001 were less likely to be transplanted compared to

those recovered in the year 2002 (data not shown). Com-

pared to kidneys recovered from donors of blood type O,

those from blood type AB donors were significantly less

likely to be transplanted (data not shown).

Recipients of en bloc and single small pediatric
kidney transplants
Characteristics of recipients of single kidney or en bloc

small pediatric kidney transplants are presented in Table 3.

Recipients of en bloc kidneys weighed slightly but signifi-

cantly more than recipients of single small pediatric kidneys

(66.0 vs. 63.8 kg, p = 0.008). A significantly higher propor-

tion of en bloc kidney recipients were Asian race (9.5% vs.

5.9%, p = 0.0008). Significantly lower proportions of recip-

ients of en bloc kidneys were of age 2–17 (1.2% vs. 3.7%

for age 2–10 and 2.8% vs. 5.0% for age 11–17; both p <

0.005). The donor weight for kidneys transplanted singly

was significantly higher than that for kidneys transplanted

en bloc (16.3 vs. 12.8 kg, respectively, p < 0.0001).

Graft outcome after small pediatric donor
kidney transplantation
Recipient and donor characteristics identified as significant

independent predictors of graft failure are listed in Table 4.

African American recipients (HR 1.42, CI 1.20–1.69; p <

0.0001), diabetics (HR 1.30, CI 1.05–1.61; p = 0.02) and

Table 3: Recipient characteristics for kidney transplants from

small pediatric donors performed using either a single kidney or

en bloc

En bloc Single

N = 1287 N = 1162 p-Value

Recipient race

White 63.4% 66.0% 0.1784

African American 24.7% 26.3% 0.3825

Asian 9.5% 5.9% 0.0008

Other or missing 2.4% 1.9% 0.3814

Recipient sex

Male 49.1% 47.4% 0.4038

Female 50.9% 52.6% –

Recipient age

<2 years 0.3% 0.6% 0.2812

2–10 years 1.2% 3.7% <0.0001

11–17 years 2.8% 5.0% 0.0048

18–34 years 26.4% 24.0% 0.1710

35–49 years 36.1% 33.6% 0.1832

50–64 years 27.7% 27.7% 0.9781

65+ years 5.5% 5.4% 0.9178

Recipient weight (kg)1 66.00 63.76 0.0083

Etiology of ESRD

Diabetes 13.6% 16.2% 0.0726

Hypertension 21.5% 21.3% 0.9507

Glomerulonephritis 30.2% 29.0% 0.5079

Other 33.5% 31.8% 0.3856

1Includes nonmissing values only.

recipients 65 years and older (HR 1.75, 1.32–2.31; p <

0.0001) were at a significantly increased risk of graft loss

(Figure 3). Recipients of a kidney or kidneys from larger

donors exhibited a significantly decreased risk of graft loss

(HR 0.96 per 1 kg increase in weight, CI 0.94–0.98; p <

0.0001). Even after adjustment for multiple donor and re-

cipient characteristics, recipients of single kidneys from

small pediatric donors had 78% higher risk of graft failure

when compared to those who received en bloc transplants

(Figure 3; p < 0.0001).

In order to evaluate the possible interactive effect of donor

weight and en bloc or single transplant type, we grouped

0%

25%

50%

75%

100%

0 1 2 3 4 5 6 7 8 9 10

Years Posttransplant

P<0.0001

En bloc

Single

Figure 3: Adjusted graft survival after en bloc and single kid-
ney transplants from small pediatric donors.
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Table 4: Recipient and donor characteristics that independently

predict graft failure following kidney transplantation from small

pediatric donors

Hazard

ratio 95% CI p-Value

Recipient age

<2 years 1.04 0.37–2.91 0.94

2–10 years 0.89 0.52–1.51 0.66

11–17 years 1.10 0.76–1.62 0.61

18–34 years 1.16 0.97–1.4 0.10

35–49 years 1.00 Ref Ref

50–64 years 0.94 0.79–1.13 0.53

65+ years 1.75 1.32–2.31 <0.0001

Recipient weight 1.00 0.95–1.06 0.91

(per 10 kg greater)

Recipient race

White 1.00 Ref Ref

African American 1.42 1.20–1.69 <0.0001

Asian 0.65 0.47–0.91 0.01

Other or missing 0.61 0.33–1.15 0.13

Recipient male (vs. female) 1.08 0.94–1.25 0.30

Etiology of ESRD

Diabetes 1.30 1.05–1.61 0.02

Hypertension 1.06 0.86–1.29 0.60

Glomerulonephritis 1.000 Ref Ref

Other 0.97 0.81–1.17 0.78

Missing 0.96 0.51–1.82 0.91

Donor weight (per kg greater) 0.96 0.94–0.98 <0.0001

Single kidney (vs. en bloc) 1.78 1.52–2.09 <0.0001

donor weight into three categories. For donors weighing

10–21 kg, en bloc transplantation was associated with a

significantly lower risk of graft failure at 5 years compared

to transplantation of single kidneys (41% and 48% lower

risk for en bloc transplants from donors 10 to 15 and 15

to 21 kg, respectively; both p < 0.0001). En bloc trans-

plants from donors weighing less than 10 kg were also

associated with a 24% lower risk of graft failure at 5 years

compared to single transplants, although the number of

cases was small and the difference was not statistically

Table 5: Adjusted 5-year graft survival and risk of graft failure following en bloc or single kidney transplantation by pediatric donor weight

Five-year graft survival Risk of graft failure

Adjusted survival

Donor weight Transplants Graft failures estimate1 (%) CI HR CI p Value

En bloc

Overall 1287 315 72.7 (69.2%, 76.3%) – – –

1–<10 kg 271 97 60.0 (53.3%, 67.7%) 1.12 (0.89, 1.42) 0.33

10–<15 kg 601 138 71.1 (66.3%, 76.2%) 0.66 (0.54, 0.81) <0.0001

15–<21 kg 415 80 77.8 (73.1%, 82.8%) 0.52 (0.41, 0.67) <0.0001

Single

Overall 1162 412 54.8 (50.1%, 60.0%) – – –

1–<10 kg 37 17 41.9 (25.2%, 69.7%) 1.47 (0.90, 2.42) 0.13

10–<15 kg 323 115 56.6 (49.7%, 64.5%) 1.11 (0.89, 1.38) 0.35

15–<21 kg 802 280 58.7 (53.9%, 63.9%) 1.00 Reference –

1Adjusted to the average recipient.

significant (p = 0.31). Further analyses compared various

combinations of donor weight and en bloc or single trans-

plant use compared to a reference group of single trans-

plants from donors 15 to 21 kg (Table 5). As also demon-

strated in Table 5, 750 transplants continued to function at

5 years from 813 solitary kidney donors (0.92 functioning

grafts per donor) compared to 972 transplants from 1301

en bloc donors (0.75 functioning grafts per donor for en

bloc).

Comparison of graft outcome after small pediatric
donor to ideal donor kidney transplantation
Comparison of graft survival of the 2449 transplants using

small pediatric donors to the graft survival of 24 530 sin-

gle kidney transplants performed using ideal kidney donors

(reference, HR 1.00) demonstrated that recipients of sin-

gle kidneys from small pediatric donors were at a signifi-

cantly increased risk for graft loss (HR 1.63, CI 1.44–1.84;

p < 0.0001). In contrast, recipients of en bloc kidneys from

small pediatric donors had a similar survival (HR 1.05, CI

0.92–1.21; p = 0.45) to ideal donors.

Discussion

While the number of candidates on the deceased donor

kidney waiting list has steadily increased, the availability

of deceased donors has increased very slowly by compar-

ison (24,25). Ojo et al. demonstrated a survival advantage

for recipients of kidney transplants from marginal deceased

donors when compared to patients with renal failure being

maintained on dialysis (26). Other efforts have been made

to expand the donor pool using expanded criteria donors

(26), donation following cardiac death, dual kidney trans-

plants from a marginal donor to a single recipient and soli-

tary or en bloc transplants from small pediatric donors (3–

6,28). However, the best utilization of kidneys from small

pediatric deceased donors is unknown and the pool of such

donors may be underutilized. Issues relating to small pedi-

atric donors are the subject of this report.
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The present study used data from the SRTR to identify pre-

dictors for recovery, discard and transplantation of kidneys

from donors <21 kg. As anticipated, kidneys from older

and heavier donors were more likely to be recovered and

transplanted from this pool of small pediatric donors. Re-

markably, kidneys procured en bloc were much more likely

to be transplanted, with an AOR of 65.8, than kidneys re-

covered as two separate single organs. Graft survival of en

bloc kidney transplants was also demonstrated to be signif-

icantly better when compared to single kidney transplants.

In fact, the graft survival of en bloc kidney transplants was

found to be similar to ideal kidney donors while the graft

survival for solitary kidney transplants from small pediatric

donors was significantly decreased. However, offers for

en bloc kidneys are often made prior to organ procurement

and may possibly be used in selected candidates. This may

lead to bias in recipient selection and is impossible to eval-

uate using the available registry data.

With respect to organ availability, the recovery rate was

less than 50% for donors <10 kg, whereas the recovery

rate for pediatric donors weighing 10–21 kg was 90%,

similar to that seen in the adult population (25). During

the 10-year study period, a total of 2886 potential donors

were identified. However, this likely underrepresents the

true number of potential small pediatric donors during this

period. The present study identified potential donors as

all those from whom at least one solid organ was re-

covered. There were almost surely additional potential

donors whose other solid organs were not procured and

whose kidneys were not recovered because small pedi-

atric donors were not commonly used in that DSA. There-

fore, the observed recovery percentage of kidneys from

small pediatric deceased donors is likely artificially high be-

cause it does not include otherwise suitable donors where

no organs were recovered at all. However, it is difficult to

quantify the impact of a more aggressive approach to re-

covering kidneys from small donors from whom no other

organs are being procured.

While lower donor weight independently predicted a higher

risk of graft loss, there was no significant difference in

long-term graft survival between kidneys from donors less

than 10 kg transplanted en bloc compared to solitary kid-

ney transplants from donors weighing 15–21 kg. In other

words, the use of the en bloc technique appears to obviate

the otherwise adverse effect of very small donor size on

outcome. These data suggest that acceptable outcomes

can be obtained from en bloc transplants using pediatric

donors less than 10 kg and support a more aggressive ap-

proach for utilization of this donor population.

The results of the present study suggest additional strate-

gies to improve utilization of kidneys recovered from small

pediatric donors. First, a number of DSAs were found to

have limited or no experience with transplantation of small

pediatric kidneys, yet only one-half of the small donor kid-

neys from this group of DSAs were shared. Facilitated shar-

ing to DSAs with more experience may help increase uti-

lization. In addition, kidneys retrieved en bloc were found

to be 32% (unadjusted odds ratio = 1.32) more likely to be

transplanted than those procured as two separate, single

organs. Kidneys procured en bloc may be more likely to

have been accepted for a recipient before procurement,

although the available data do not allow us to test this hy-

pothesis. On the other hand, we speculate that kidneys

from small pediatric donors that are recovered in a solitary

fashion may reflect inexperience with the en bloc procure-

ment technique or procurement by a team that does not

utilize en bloc transplants for its recipients. Since organ pro-

curement practices may vary from region to region, these

data suggest that unless it is known a priori that the kid-

neys will be used for solitary transplantation, procurement

as an en bloc pair should be performed.

In a prior study, Dharnidharka et al. compared the risk of

graft failure between kidneys transplanted en bloc, as dual

transplants, or singly (20). That study demonstrated a sig-

nificantly higher risk of graft failure (adjusted HR = 1.18) for

kidneys transplanted en bloc compared to single kidneys

of all ages. However, among kidneys from donors less than

5 years old, those transplanted en bloc were found to have

a significantly lower risk of graft loss when compared to

those transplanted singly (adjusted HR = 0.71). Whether

kidneys from all small pediatric donors should be trans-

planted en bloc or in a solitary fashion remains unclear. A

study from the University of Maryland suggests that kid-

neys >6 cm can be used for solitary transplant with ex-

cellent outcomes. In that study, the average donor weight

was 14 kg for solitary kidneys and 10 kg for those used en

bloc (17).

Some authors have supported utilization of younger donors

preferentially in pediatric recipients (29). However, not all

recipient patient populations may benefit equally from en

bloc kidney transplantation from small pediatric donors. An

analysis from the North American Pediatric Renal Trans-

plant Cooperative Study demonstrated a considerably in-

creased rate of graft thrombosis for pediatric recipients

receiving kidney transplants from donors under 5 years old

(30). Further analysis is needed to evaluate if solitary or

en bloc transplants from small pediatric donors leads to

acceptable results in the pediatric recipient population.

Interestingly, the present study showed higher graft sur-

vival rates for en bloc versus single transplants for each

donor weight category, with the difference at 5 years

following transplantation ranging from 14.5% to 19.1%.

Prior studies have demonstrated poor outcomes using

small pediatric kidneys either singly or en bloc, (8,11,18)

suggesting that small pediatric donors may be ‘marginal’

donors. However, these data suggest that the best results

for an individual recipient of kidneys from a small pedi-

atric donor are achieved with en bloc transplantation and,

in fact, when transplanted en bloc, have the same graft

survival as ideal kidney donors. However, twice as many
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candidates would be transplanted if all these kidneys were

transplanted singly, albeit with poorer outcomes. While kid-

neys transplanted en bloc represent less than 10% of all

renal transplants per year in the United States (20), procure-

ment and utilization using an en bloc technique may im-

prove utilization and outcomes. Ultimately, the goal should

be to maximize the aggregate beneficial effects of trans-

planting these kidneys and further studies are needed to

determine the optimal balance.
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