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Summary
Transplanting single pediatric donor kidneys into adult recipients has an
increased risk of hyperfiltration injury and graft loss. It is unknown if reninangiotensin system (RAS) blockers are beneficial in this setting. We retrospectively analyzed 94 adults who received single kidneys from donors <10 years old
during 1996–2009. The recipients were divided into group 1 with RAS blockers
(n = 40) and group 2 without RAS blockers (n = 54) in the first year of transplant. There was no significant difference in any donor/recipient demographic
between the two groups. Graft function, incidence of delayed graft function, acute
rejection, and persistent proteinuria were not statistically different either. Kaplan–
Meier estimated death-censored graft survivals were significantly better in group
1 than in group 2: 95 vs. 81.2%, 82.4 vs. 61.2%, 72.6 vs. 58.5%, and 68.5 vs.
47.2% at 1, 3, 5, and 7 years, respectively (log rank P = 0.043). Multivariable
analysis found persistent proteinuria was a risk factor for graft loss (OR 2.70, 95%
CI 1.33–5.49, P = 0.006), while RAS blockers reduced the risk of graft loss (OR
0.38, 95% CI 0.18–0.79, P = 0.009). Early RAS blockade therapy in the first year
of transplant is associated with superior long-term graft survival among adults
transplanted with single pediatric donor kidneys.

doi:10.1111/tri.12087

Introduction
Pediatric en bloc kidneys are routinely transplanted
together into one adult recipient. The graft survival has
been shown to be similar to that of adult deceased donor
kidneys [1] and probably even adult live donor kidneys
[2,3]. Splitting en bloc kidneys and transplanting one pediatric kidney into one recipient could double the number of
kidney transplants from one donor, but this practice has
not consistently produced a good graft outcome [4–11].
High incidence of surgical complications, delayed graft
function (DGF), rejection, and hyperfiltration injury have

been reported as an argument against such a practice
[4–11]. Hemodynamic changes and functional adaptation
of single pediatric kidneys in adult bodies theoretically can
lead to glomerular hyperfiltration, development of proteinuria and focal segmental glomerular sclerosis (FSGS), and
ultimately graft loss [7–11].
Angiotensin-converting enzyme inhibitors (ACEi) and
angiotensin-receptor blockers (ARB) are widely used antihypertensive drugs that inhibit the renin-angiotensin system (RAS). The renal protective effects of ACEi and ARB,
as well as the possible mechanisms, have been well studied
in animal models [12–14]. Clinical trials in humans have
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also documented that ACEi/ARB therapy can protect renal
function and delay the progression of kidney failure, especially in conditions associated with proteinuria [15–18].
They are believed to reduce glomerular capillary pressure
by dilating the efferent arterioles of glomeruli and to alleviate or inhibit hemodynamic and molecular injuries from
glomerular hyperfiltration [12–18]. However, the renal
protective effect of ACEi/ARB therapy in the kidney transplant population remains inconclusive [19–24]. To our
knowledge, there is no publication investigating ACEi/ARB
therapy in adults transplanted with single pediatric donor
kidneys.
We previously reported that single kidneys from pediatric donors <5 years provided comparable 5-year graft survival to those from donors 5–10 years of age [25].
However, there was a rapid and continuous improvement
in kidney function throughout the first year of transplant,
which indicated underline glomerular hyperfiltration and
adaptive hypertrophy during this early period. In this
study, we explore the potential benefit of early ACEi/ARB
therapy in adults who received single pediatric donor kidneys. We compare the complications, renal function, clinical events, graft and patient survival among those who
received and those who did not receive ACEi/ARB therapy
in the first year of transplant.
Methods
Retrospective analysis was performed on all adult patients
(age >18 years) who received a single pediatric kidney from
deceased donors aged <10 years at Tulane University Hospital and Clinic between 1996 and 2009. Our center’s protocol of splitting en block pediatric kidneys, surgical
technique, and medical management has been described
previously [25]. Briefly, all en block pediatric kidneys
offered to us were split for single kidney transplants, as long
as both kidneys had no obvious damage and there was suitable arterial anatomy with single renal artery and vein with
aortic cuff for carrell patch creation.
Immunosuppressive therapy
A triple immunosuppressive regimen of steroids, tacrolimus, and mycophenolic acid was used. Before 2002,
patients that were six-antigen mismatch or peak panel reactive antibody (PRA) level >25% were considered high risk
and given basiliximab induction. After 2002, induction
with basiliximab was given to all patients. Intravenous
methylprednisolone was administered before reperfusion
and quickly tapered to oral maintenance prednisone.
Tacrolimus doses were adjusted as per protocol to keep the
12 h trough level between 10 and 12 ng/ml for the first
3 months, then between 7 and 10 ng/ml up to the end of
602

the first year with goal of 4–7 ng/ml after that point. Transplant patient received either mycophenolate mofetil at 1 g
or enteric-coated sodium mycophenolate at 720 mg twice
daily. All recipients received a 24-h infusion of low
molecular weight Dextran-40 that was started intraoperatively to prevent graft thrombosis. Postoperatively, the
patients were placed on aspirin 81 mg/day. Standard antifungal, antibacterial, and CMV prophylaxis were administered as per protocol.
Medical management
Hypertension was aggressively treated to minimize the
“pressure” damage to small kidneys in the immediate postoperative period. Our target blood pressure was generally
no more than 130/80 mmHg, and it was often as low as the
patient could tolerate it during the first month after transplant. The order of choice of antihypertensive medications
was calcium channel blockers, beta blockers, alpha blockers,
and direct vasodilators. As per our written protocol, once
graft function had stabilized and proteinuria was detected,
an ACEi/ARB was started by our transplant nephrologists.
The choice of ACEi or ARB was usually dependent upon
the patient’s previous history of RAS inhibitor usage. Proteinuria was initially detected by routine urine analysis and
then confirmed by a spot urine protein/creatinine ratio
>250 mg/g or a 24 h urine protein >250 mg. The dose of
ACEi/ARB was slowly increased as tolerated to control proteinuria, and other antihypertensive medications were subsequently tailored individually.
Acute rejection
In cases where rejection was suspected, kidney biopsy was
performed by either open technique (when graft length
<10 cm) or percutaneously under the real-time guidance of
ultrasound (when graft length >10 cm). Acute cellular
rejection of Banff grade 1 or less was treated with pulse
methylprednisone for 3 days. Any higher grade rejection or
steroid resistant rejection was treated with thymoglobulin.
Antibody mediated rejection and mixed rejections were
treated with combination of methylprednisone, thymoglobulin, plasmapheresis, and IVIG with or without rituximab.
Outcome analysis
Outcome measures included (i) Death-censored patient
and graft survivals over 7 years, (ii) Graft function as measured by serum creatinine (SCr) levels and estimated glomerular filtration rate (eGFR) using the Modification of
Diet in Renal Disease equation, (iii) The incidence of DGF,
patient underwent for-cause kidney biopsy, biopsyconfirmed and clinically treated acute rejection, and late
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development of persistent proteinuria after 1 year of transplant. Graft failure was excluded from the calculation of
graft function. Late persistent proteinuria was defined as no
improvement in proteinuria with or without treatment
after the first year of transplant. Early transient proteinuria
during the first year of transplant that resolved after ACEi/
ARB treatment was not counted as persistent proteinuria.
Statistical analysis
Statistical analyses were performed using SAS version 9.3
software (Cary, NC, USA). Chi-squared tests and t-tests
were used to compare count and continuous data, respectively. Fisher’s exact test was used for count data with small
cell frequencies. Patient survival and death-censored graft
survival rates were estimated with survival curves using the
Kaplan–Meier and compared with log rank tests. Cox proportional hazards analysis was used for univariate and multivariate analyses. Variables identified as significant risk
factors for graft loss in univariate analyses were further
examined in the multivariate analysis.
Results
A total of 96 patients received primary single pediatric kidneys from donors aged 9 months (0.75 year) to 10 years
from 1996 to 2009 at our center. All of them were transplanted more than 2.5 years ago (as of 30 June 2012). Two
patients suffered graft thrombosis and required transplant
nephrectomy; therefore they were excluded from this study.
Depending upon whether patient was started with ACEi/
ARB treatment in the first year of transplant, the remaining
94 patients were separated into two groups: group 1
received ACEi/ARB treatment (n = 40), and group 2 did
not receive ACEi/ARB treatment (n = 54). There were 27
patients treated with an ACEi, 10 with an ARB and 3 with
both ACEi and ARB. The treatment was started as early as
on postoperative day 4 before patient was discharged from
hospital. The majority of patients (82.5%) in group 1 initiated ACEi/ARB therapy in the first 3 months, 92.5% in the
first 6 months and all in the first year after transplant surgery. There were additional 19 patients who were started
ACEi/ARB therapy after 1 year of transplant for biopsyconfirmed FSGS (n = 6), CAN (n = 5), persistent proteinuria
without a biopsy diagnosis (n = 7), and post-transplant
erythrocytosis (n = 1), therefore they were not included in
group 1. Table 1 summarizes the demographic characteristics of both donors and recipients in the two groups. There
was no statistical difference in donor age, gender, body
weight, kidney length, kidney surface area, or cold ischemia
time (CIT) between the two groups. The recipient age,
gender, race, body weight, body mass index (BMI), peak
PRA, degree of human leukocyte antigen (HLA) mismatch,
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Table 1. Demographic characteristics of pediatric donors and adult
recipients between group 1 (ACEi/ARB) and group 2 (no ACEi/ARB).
Group 1
(n = 40)
Pediatric donors
Age (years)
Mean  SD
Range
Gender (%)
Male
Female
Body weight (kg)
Mean  SD
Range
Kidney
Length (cm; mean  SD)
Length range
Surface area
(cm2; mean  SD)
Surface area range
CIT (h; mean  SD)
CIT range
Adult recipients
Age (years)
Mean  SD
Gender (%)
Male
Female
Race (%)
Black
Non-black
Causes of ESRD (%)
Hypertension
Diabetes
Glomerulonephritis
Others
Body weight
(kg, mean  SD)
BMI (kg/m², mean  SD)
Peak PRA (%, mean  SD)
HLA mismatch (mean  SD)

4.4  2.9
0.75–10.0

Group 2
(n = 54)

5.3  2.8
0.8–10.0

P-value

0.09

47.5
52.5

57.4
42.6

0.34

17.5  8.6
8.2–29.3

19.5  7.8
9.1–35.7

0.54

7.2  1.0
5.0–9.0
27.1  6.0

7.5  1.0
5.5–10.0
29.9  6.5

0.89

16.5–40.0
17.5  6.2
5.0–33.5

19.5–48.0
19.1  6.2
4.0–35.0

0.23

46.3  14.2

43.2  17.5

0.18

50.0
50.0

59.3
40.7

0.37

67.5
32.5

50.0
50.0

0.09

48
25
10
17
79.5  21.8

52
22
13
13
77.3  14.8

0.60

27.1  5.9
11.5  22.1
2.9  0.7

26.2  5.1
18.0  29.6
2.8  0.6

0.42
0.10
0.77

0.40

0.12

and the causes of ESRD were also comparable in the two
groups (Table 1).
The renal graft function as measured by SCr and eGFR at
1, 3, 5, and 7 years are shown in Table 2. There was no
statistical difference in the eGFR between the two groups.
The incidence of DGF, which was determined by the need
for dialysis support during the first week after transplant,
was not different in the two groups. Other captured events
including the biopsy-confirmed and clinically treated acute
rejections, patients underwent for-cause renal biopsy, as
well as late persistent proteinuria was also similar in the
two groups (Table 3). Among the 26 patients who had
biopsy-confirmed and clinically treated acute rejections, 24
patients had acute cellular rejections, one patient had
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Table 2. Summary of renal graft function, Kaplan–Meier estimated patient and death-censored graft survival rates between group 1 and 2.
Year 1

Renal function
SCr (mg/dl)
eGFR (ml/min)
Mean  SD
P
Survival rates
No. at risk
Patient (%)
Graft (%)

Year 3

Year 5

Group 1

Group 2

Group 1

Group 2

Group 1

Group 2

Group 1

Group 2

1.42  0.46

1.76  2.59

1.33  0.50

1.39  0.75

1.44  0.95

1.60  1.13

1.48  0.51

1.84  1.75

61.4  24.2
0.59

58.3  21.2

68.9  28.7
0.25

59.1  25.7

62.0  31.5
0.49

54.9  29.9

58.6  29.0
0.37

46.4  31.7

40
100.0
95.0

50
92.6
81.2

38
94.9
82.4

44
83.3
61.2

34
92.1
72.6

39
79.4
58.5

28
86.6
68.5

33
75.4
47.2

1.0

Group 2
(n = 54)

10 (25)
21 (52.5)
8 (20)
12 (30)
14 (35)

12 (22.2)
32 (59.3)
18 (33.3)
24 (44.4)
35 (64.8)

5
4
2
1
1
1
5 (12.5)

11
8
10
3
2
1
13 (24.1)

2
1
1
1
0

P-value

0.75
0.51
0.15
0.15
0.004
0.89

Group 1

0.8
0.6
0.4

Group 2

0.2

Log-rank P = 0.043
0.0
0

1

2

3

4

5

6

7

Years
Figure 1 Seven-year death-censored graft survival by Kaplan–Meier
analysis.
0.16
0.91

7
2
2
1
1

antibody-mediated rejection (in group 2), and one patient
had mixed rejections (in group 1).
Compared with the group 2, group 1 has a superior
death-censored graft survival as estimated by Kaplan–Meier
curves over 7 years (Fig. 1, log rank P = 0.043). Patient
survival trended higher, but not statistically different, in
group 1 compared with the group 2 (Fig. 2, log rank
P = 0.107). The death-censored graft survival rates as well
as the patient survival rates at 1, 3, 5, and 7 years, are summarized in Table 2. The causes of graft loss and patient
death are summarized in Table 3. The overall causes of
graft loss and patient death were not statistically significant
between the two groups. CAN, DWFG, and FSGS were the
predominant causes of graft loss, and cardiovascular

Group 1

1.0

Survival probability

Events, n (%)
DGF
Biopsied patient
Acute rejection
Persistent proteinuria
Total graft loss, n (%)
Causes of graft loss
CAN
DWFG
FSGS
Rejection
Infection
TMA
Total patient death, n (%)
Causes of patient death
Cardiac disease
Stroke
Infection
Cancer
Suicide

Group 1
(n = 40)

Survival probability

Table 3. Post-transplant events and causes of graft loss and patient
death.
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Year 7

0.8

Group 2

0.6
0.4
0.2

Log-rank P = 0.107

0.0
0

1

2

3

4

5

6

7

Years
Figure 2 Seven-year patient survival by Kaplan–Meier analysis.

diseases were the main cause of patient death in both
groups. Acute cellular rejection caused one graft loss in
group 1 and two graft losses in group 2, while antibody
mediated rejection caused another graft loss in group 2
(Table 3). Donor and recipient factors were analyzed by
univariable analysis for risk of graft loss. Late persistent
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proteinuria after 1 year of transplant was identified as the
sole risk factor for graft loss, while treatment with early
ACEi/ARB therapy before 1 year lowered the risk of graft
loss (Table 4). These two significant factors were further
analyzed by multivariable analysis, which indicated that late
persistent proteinuria was an independent risk factor of
graft loss (OR 2.70, 95% CI 1.33–5.49, P = 0.006), while
early ACEi/ARB therapy effectively reduced the risk of graft
loss (OR 0.38, 95% CI 0.18–0.79, P = 0.009).
Discussion
In our transplant center, en block pediatric donor kidneys
were routinely split for adult patients. Previously, we
reported that single kidney transplants from pediatric
donors <5 years provided comparable 5-year graft survival
to those from donors 5–10 years of age [25]. The youngest
donor was only 9 months old, weighed 8 kg and had kidney length of 5 cm. There are variable numbers of glomeruli or nephron units in human kidneys, ranging from 0.5
to 2 million per kidney [26]. The variation in nephron
number is largely determined by genetic factors and intrauterine nutrition that affect organogenesis and fetal growth
Table 4. Univariable and multivariable analysis of risk factors for renal
graft loss.
Multivariable
analysis

Univariable analysis
OR
(95% CI)

P-value

Age (years)
Body weight

1.02 (0.91, 1.14)
1.00 (0.96, 1.04)

0.71
0.82

Kidney length
Adult recipients

1.09 (0.79, 1.50)

0.60

Age (years)
Race (black

1.00 (0.98, 1.02)
1.16 (0.59, 2.26)

0.85
0.67

versus non-black)
Body weight

1.01 (0.99, 1.03)

0.33

1.01 (0.96, 1.07)

0.63

Diabetes

0.81 (0.24, 2.63)

0.72

Hypertension
Glomerulonephritis

1.37 (0.48, 3.90)
1.79 (0.63, 5.08)

0.56
0.28

Others
Peak PRA level

reference
1.00 (0.99, 1.02)

0.51

Acute rejection
(yes versus no)

1.78 (0.89, 3.56)

0.10

Persistent proteinuria
(yes versus no)

2.19 (1.15, 4.17)

0.03

2.70
(1.33, 5.49)

0.006

ACEi/ARB
(yes versus no)

0.46 (0.21, 0.98)

0.04

0.38
(0.18, 0.79)

0.009

HLA mismatch
CIT

1.19 (0.96, 1.47)
1.00 (0.95, 1.06)

0.11
0.97

Parameter

OR
(95% CI)

P-value

Pediatric donors

BMI
Causes of ESRD

before birth [26, 27]. The donor age and body weight after
birth can affect the size of nephron, but not the number of
nephron units in each kidney. Theoretically, even a small
kidney from a very young baby may provide a similar number of nephron units as an adult donor kidney.
Transplanting single pediatric donor kidneys into adults
does have several unique technical challenges and medical
complications [1–11,25]. After transplant surgery, the small
kidney is exposed to an adult blood pressure that is much
higher than pediatric blood pressure, which causes intraglomerular hypertension. The large body mass and high
metabolic demands of adult recipients stretch small
nephron units to go through adaptive hypertrophy under
functional and hemodynamic stresses. This type of hyperfiltration can cause glomerular injury, development of proteinuria and FSGS, and eventually graft failure [7–11,25].
We previously noted that there was a rapid and continuous rise in graft function from glomerular hyperfiltration
and adaptive hypertrophy throughout the first year of
transplant [25]. In our patients, blood pressure was aggressively controlled after transplant surgery to as low as the
patient could tolerate. ACEi/ARB therapy was started when
graft function had stabilized and proteinuria was detected
as per our protocol, as new onset of proteinuria during the
first year of transplant likely indicated development of hyperfiltration injury. We found that early ACEi/ARB treatment in this setting is associated with superior long-term
graft survival compared to no ACEi/ARB treatment. The
graft survival benefit of ACEi/ARB therapy may come from
their ability to dilate the efferent arterioles of glomeruli,
subsequently, to reduce intra-glomerular blood pressure
and alleviate hyperfiltration injury.
Historically, physicians feel reluctant to use ACEi/ARB
in patients with solitary kidneys, as it might compromise
the renal function [19]. This concern may be particularly
true in transplant patients, as some published papers suggest a harmful rather than a beneficial effect on renal function or graft survival [19–22]. Any rise in SCr could trigger
an extensive work-up for graft dysfunction, including kidney biopsy. There are few reports investigating ACEi/ARB
therapy in kidney transplant population, and the benefit
seems to be limited to proteinuria only [19, 28, 29]. Development of proteinuria is very common and it has been
shown to be associated with reduced graft survival [28,29].
However, ACEi/ARB therapy has not been persistently
shown to improve graft survival in kidney transplant
patients.
A multicenter study from Spain found that usage of RAS
inhibitors at 12 months was an independent risk of graft
loss at 4 years and was associated with 64% higher risk for
graft loss [20]. A similar negative result was also reported
by the University of Wisconsin transplant center [21].
A large collaborative study reported no patient or graft
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survival benefit with ACEi/ARB therapy [22]. In another
retrospective study from Austria, ACEi/ARB therapy was
shown to improve long-term patient survival, but not
death-censored graft survival (P = 0.57) [23]. A recent single center study also has noted that ACEi/ARB therapy was
associated with lower risk of patient mortality, but not graft
loss [24]. These studies were about the usual practice of
transplanting adult donor kidneys to adult recipients and
about treating the late development of proteinuria and
CAN. Failure to detect graft survival benefit from ACEi/
ARB therapy in these studies may be explained by our
recent knowledge that the immunological factors (such as
chronic rejection) play more important roles than the nonimmunological factors (such as hyperfiltration injury) in
determining long-term graft survival [30].
When adult patients are transplanted with single pediatric kidneys, hyperfiltration and other hemodynamic stresses
are accelerated and much more severe than the usual transplants with adult donor kidneys. This may explain why graft
survival benefit from early ACEi/ARB therapy for hyperfiltration injury in the first year of transplant can be detected
in our current study. Both univariable and multivariable
analyses found that persistent proteinuria after 1 year was a
risk factor for graft loss, which is consistent with previous
studies [28,29]. Late development of proteinuria is very
common, and it usually indicates the development of CAN
[28–31]. We want to emphasize that our current study is
different from the previous ones in that we are not investigating ACEi/ARB therapy for late proteinuria or CAN. A
subanalysis of our data in initiating ACEi/ARB therapy after
1 year of transplant (n = 19) for various causes (FSGS,
CAN, late proteinuria, and post-transplant erythrocytosis)
did not show any graft or patient survival benefit.
The graft function in group 2 were numerically worse
than group 1 throughout this study period, as indicated by
higher SCr and lower eGFR levels. But the difference did
not reach statistical significance. This was likely because of
small sample size, as we excluded those who had graft failure from calculation of graft function. Also, it is possible
that RAS blockers might increase SCr in group 2, which
could narrow the difference of graft function between the
two groups. ACEi/ARB therapy was not associated with a
higher percentage of patients who required for-cause kidney biopsy or higher incidence of biopsy-confirmed acute
rejection. Our study suggests that ACEi/ARB therapy may
also provide better long-term patient survival. However,
our data did not reach statistical significance owing to small
sample size. The possibility of patient survival benefit is not
surprising. ACEi/ARB therapy is well known for their cardiovascular protection in addition to renal protection in
the general population, and cardiovascular protection has
been reported in transplant patients treated with ACE/ARB
previously [23,24].
606

This study is limited by its single center data and retrospective observational design. Despite the similar baseline
demographic characteristics in the two groups, our patients
in group 1 were “selected’ for ACEi/ARB therapy based on
early development of proteinuria during the first year of
transplant. Without intervention of ACEi/ARB therapy,
these patients (in group 1) would theoretically have a
higher risk of graft injury and graft loss than those in group
2. Therefore, it should be considered remarkable that
ACEi/ARB therapy can provide a better graft survival in
patients with higher risk. We speculate that even the
patients in group 2 could have benefited from ACEi/ARB
therapy. Actually, we have changed our protocol to start
ACEi/ARB on all patients transplanted with single pediatric
donor kidneys, as soon as the graft function becomes stable
and before proteinuria is detected. Because of small sample
size and incomplete quantity data of proteinuria over
times, we were unable to provide detailed analyses, such as
various brand or dose of ACEi or ARB drugs, other antihypertensive medications, degree of proteinuria reduction in
graft survival, specific causes of graft loss, association of
donor specific antibody with rejection, or graft loss, etc.
In summary, our study indicates that early ACEi/ARB
therapy during the first year of transplant may protect single pediatric kidneys from hyperfiltration injury and could
provide a graft survival benefit.
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