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Background. We report on a single-institutional experience with renal transplantation in patients with severe lower
urinary tract dysfunction (LUTD) who underwent bladder augmentation or urinary diversion, and assess the long-
term results.
Methods. From September 1987 to January 2005, 255 patients (161 male and 94 female), 7 months to 39 years old of age
(median age at time of transplantation 14 years), received 271 kidney transplants. Etiology of end-stage renal disease
was LUTD in 83 cases. Among these patients, 24 had undergone bladder augmentation or urinary diversion.
Results. We identified two groups of patients surgically treated due to LUTD: group 1 included 16 patients (eight male,
eight female) aged 4 to 39 years (median 19 years) with bladder augmentation, whereas in group 2, seven patients (five
male, two female) 7 months to 31 years old (median 17 years) with incontinent urinary diversion were reported. In the
first group, surgical complications after kidney transplantation included one urinary fistula, one ureteral stenosis.
Three patients of second group developed recurrent urinary tract infection. Cumulative graft survival rates of all
patients transplanted was 69.4% after 15 years, whereas in the two investigated groups, group 1 and group 2, was 80.7%
and 55.5% respectively (P�NS.).
Conclusions. Drainage of transplanted kidneys into an augmented bladder or urinary diversion is an appropriate
management strategy when the native bladder is unsuitable. Kidney transplantation in patients with bladder augmen-
tation or urinary diversion for LUTD let achieve similar results to those obtained in the general population with normal
lower urinary tracts.
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Approximately 15% of patients with end-stage renal dis-
ease (ESRD) have associated structural urological ab-

normalities that may lead to dysfunction of the lower urinary
tract (1). This percentage increased to 20 –30% in the pediat-
ric population with ESRD (2).

Nowadays the better understanding of lower urinary
tract evaluation and management using medical therapy,
clean intermittent self-catheterization (CISC), and the devel-
opment of more complex urinary reconstructive procedures
had permitted greater improvement of natural history of pa-
tients who lost bladder function, and kidney transplant op-
portunity was offered to individuals without a functional
bladder (3). There is some controversy about the safety of
renal transplantation in patients with an augmentation cys-
toplasty due to the possibility of urinary tract infections de-
velopment in immunosuppressed patients that can lead to
pyelonephritis and graft loss. Thus, not more than 20 years
ago patients with untreatable lower urinary tract disease had
been excluded from renal transplant programs, because it

seemed reasonable that the bladder that contributed to the
destruction of the native kidneys would threaten a subse-
quently placed renal allograft (4). Nevertheless it is now well
known that, in patients with a small volume, poorly compli-
ant bladder, reconstructive bladder surgery in the form of
bladder augmentation, or a urinary diversion creates a low
pressure and compliant mechanism, which protects the up-
per urinary tract or the renal allograft (5). Actually there is no
reason why such patients are not accepted for renal transplan-
tation. Recently several series of kidney transplants drained to
augmented bladders or urinary diversions have been pub-
lished (6 –12). However, there are few references in the liter-
ature specifically examining the long-term course of children
with lower urinary tract dysfunction (LUTD); moreover no
homogeneous large series of such kidney transplants in the
pediatric population with long-term follow up (�10 years)
have been reported. We analyzed our experience with renal
transplantation in children with end-stage renal disease and
bladder augmentation or urinary diversion and assessed
long-term results.

MATERIALS AND METHODS
In our renal pediatric transplant center, we retrospec-

tively reviewed a total of 271 kidney transplants performed on
255 patients (161 men and 94 women) 7 months to 31 years
old (median age at time of transplantation 14 years) between
September 1987 and January 2005. Causes of end-stage renal
disease (ESRD) was congenital lower urinary tract dysfunc-
tion (LUTD) in 83 cases. The etiology of LUTD was posterior
urethral valves in 18 cases, neurogenic bladder in 31, Prune-
Belly syndrome in 5, malformation of lower urinary tract (in-
cluding vesico-ureteral reflux) in 20, urethral hypoplasia in 6,
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urogenital sinus anomalies in 2, bladder exstrophy in 1. The
medical records diagnostic imaging and laboratory evalua-
tions of all children with ESRD were reviewed. Examination
of clinical records showed as in patients with known or sus-
pected LUTD an urodynamic evaluation was performed.
Conservative or pharmacological approach was not success-
ful for bladder preservation in 23 patients, 10 girls and 13
boys, with small bladder volumes and poor compliance. In
these patients, the etiologies of bladder dysfunction were neu-
rogenic bladder in 10 cases, posterior urethral valves in 5,
urethral hypoplasia in 4, noncompliant bladder in 2, and mal-
formation of lower urinary tract (including vesico-ureteral
reflux), and bladder exstrophy in 1 each. Prophylactic antibi-
otic chemotherapy was administered in all cases to prevent
urinary tract infection.

The immunosuppression regimen after transplanta-
tion consisted of cyclosporine or tacrolimus, azathioprine,
and prednisolone. Cyclosporine levels were maintained at
150 –250 ng/ml and tacrolimus at 5–10 ng/ml; this regimen
does not differ from other patients in our schedule for the
same period. Pretransplant and posttransplant clinical man-
agement and follow-up were uniform and were performed by
the same medical and surgical team according to a protocol-
ized schedule for examination and treatment. Postoperative
urinary tract sonography was performed in all patients. Uro-
dynamic assessment was performed in selected patients who
were at risk for graft function from lower urinary tract dys-
function. We defined urine infection not by a positive urine
culture, but by a symptomatic event (fever, dysuria, abdom-
inal pain, etc.) associated with a positive urine culture. A pa-
tient was considered to have pyelonephritis if the infection
was manifested by fever and/or kidney tenderness (13). The
transplanted patients surgically treated for LUTD (bladder
augmentation and or urinary diversion) were compared to
those without severe voiding dysfunction undergone trans-
plant during the same period. More specifically, patients were
analyzed by two groups into those with bladder augmenta-
tion and those with urinary diversion.

Graft survival rate was determined from the time of
transplantation to the last follow-up visit; therefore, we de-
fined graft survival by a functioning kidney unit that did not
require dialysis or explantation during the follow-up.

Statistical Analysis
Data are given as median values. Graft survival was as-

sessed using Kaplan-Meier cumulative nonparametric sur-
vival plots for months. Groups were compared using the log-
rank and wilcoxon test. A P value �0.05 was considered to
show a statistical significant difference between two groups.

RESULTS
A total of 14 males and 10 females were identified. Me-

dian patient age at time of transplantation was 18 years
(range, 7 months to 39 years). Follow-up ranged from 1 to
207 months (average 67.2). One patient was lost at follow-up.

We categorized the remaining 23 evaluable patients
into two separate groups according to their surgical treatment
received. The first (group 1) included 16 patients with blad-
der augmentation, whereas in the second group (group 2),
seven patients with incontinent urinary diversion were re-

ported. Patient characteristics are detailed in Table 1. The
majority of transplants from Group 1 were performed within
the last decade, whereas those in Group 2 generally were per-
formed earlier.

The 16 patients in Group 1—16 patients (eight males,
eight females) aged 4 to 39 years (median 18 years), median
age at bladder reconstruction 15 years (range 4 to 37 years)—
received 17 grafts. The cause of LUTD included seven patients
with neurogenic bladder, three with posterior urethral valve,
three with urethral hypoplasia, two with noncompliant blad-
der, and one with bladder exstrophy. Detubularized bowel
segments were used to augment the bladder in 13/16 patients.
Eleven patients were submitted to ileocystoplasty, three to
ureterocystoplasty; in one case a gastric segment (gastrocys-
toplasty) was performed in another department before ad-
mission to our transplant center and in two patients we used
a combination of useful segments, (including native ureter)
according to the patient surgical history (Table 1). The inter-
val from bladder reconstruction to transplantation ranged
from 6 to 120 months (median 24). The bladder augmenta-
tion was created and functioning for drainage of the native
kidneys before kidney transplantation in all except one case.
Nevertheless a second bladder augmentation was performed
after kidney transplant in one of these patients previously
augmented by ureter; this was a child who was developing
mild progressive deterioration of graft function. An urody-
namic investigation documented a noncompliant, low-ca-
pacity reservoir (depending on poor result of ureterocysto-
plasty). After a second augmentation cystoplasty (with
ileum), graft function did well.

Of the 16 patients with reconstructed bladder, the ure-
thra served as primary urinary drainage in six (37.5%). In 10
patients, auxiliary urinary stomas (five Mitrofanoff, three
Yang-Monti, two ureter Mitrofanoff-like) were created and
all served as the primary urine drainage port. In 15 of the 16
cases, clean intermittent self-catheterization CISC was used.
Only one patient voided. All patients except one were conti-
nent. The graft ureter was anastomosed to the native bladder
in 10 patients, to the bowel segment used for bladder aug-
mentation in three, and to the ureteral segment of an uretero-
cystoplasty in one. In 13 of the 16 cases (81.2%), the trans-
plant kidney ureter was anastomosed to the reservoir with
extravesical antirefluxing ureteroneocystostomy (Lich-Gre-
goire), whereas in two intravesical antirefluxing reimplant
(Politano) was created and in one case a refluxing anastomo-
sis was performed. The graft was from a cadaveric donor in 16
cases and a living related donor in one case.

For Group 2, seven patients (five males, two females) 7
months to 31 years old (median 17) with incontinent urinary
diversion (two vesicostomy, three cutaneous ureterostomy,
two sigmoid conduit), as outlined in Table 1, were reported.
Median age at time of urinary diversion was 9.5 years (range 3
months to 23 years). The cause of LUTD included three pa-
tients with neurogenic bladder, two with posterior urethral
valve, one with urethral hypoplasia, and one with vesi-
coureteral reflux. The interval from urinary diversion to
transplantation ranged from 0 (considered time 0 in case of
urinary diversion at the time of transplantation) to 120
months (median 85). In two cases, a “graft” cutaneous uret-
erostomy was assessed at the time of transplantation. One of
these was due to the evidence of a small volume, poorly com-
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pliant bladder in a infant (7 months) with a ESRD secondary
to posterior urethral valve; the second patient showed during
transplant an unsuitable augmented bladder.

No details regarding the ureter to conduit anastomosis
were reported in the two cases with sigmoid conduit. The
transplant kidney ureter was anastomosed to the native blad-
der in the two vesicostomies using the Lich-Gregoire tech-
nique, to the bowel segment used for sigmoid conduit in two,
and to the native ureter (ureteroureterostomy) in one.

Bladder Reconstruction-Related Complication
We have observed in a Mitrofanoff stoma stenosis in

three patients that required a surgical treatment, whereas in
the first case of enterocystoplasty a retraction of the reservoir,
due to defunctionalization in an anuric patient, has taken
place. This latter patient required a cutaneous “graft” ureter-
ostomy management during transplantation (as detailed in
Table 1). In one case, the ureterocystoplasty did not achieve
results in terms of storage function and after transplant un-
derwent to another augmentation cystoplasty (with ileum),
We focused on the patient with a gastrocystoplasty performed
in the other department, in which his quality of life was deeply
threatened because of a severe chronic hematuria-Dysuria
syndrome.

Complications after Transplant
Surgical complications included one urinary fistula and

one distal ureteral obstruction. In the first patient fistula was
caused by an ureteral stenosis. The ureter was stented on the
seventh postoperative day by an ureteral endoprothesis (dou-

ble-J); contemporary patient developed a thrombosis of the
graft and 2 months later a ureter-iliac (artery) fistula, most
probably caused by stent decubitus, lead to emergency re-
moval of the graft. Seven years later, the patient received an-
other graft (the unique living donor one) and its function is
regular. In the second one, the patient—a girl with distal ure-
teral obstruction following transplantation—was managed
endourologically with a double-J stent. Unfortunately, she
lost her graft 10 months later due to chronic rejection and
actually is on hemodialysis regimen. There was no renal ar-
tery stenosis or other surgical complication.

Two of the 16 patients with augmented bladder devel-
oped urinary tract infections or pyelonephritis after trans-
plantation. On the other hand, in three patients of Group 2,
uncomplicated recurrent urinary tract infections occurred
despite prophylaxis; nevertheless, these events did not lead to
loss of graft function. No graft was lost due to infection. All of
these patients are maintained on chronic antimicrobial pro-
phylaxis. Bladder (one case) or upper tract stones (two cases)
occurred in three patients of Group 1, whereas we observed
one bladder stone in a patient with vesicostomy (Group 2).
We treated with extracorporeal shock waves lithotripsy
the upper tract stones and percutaneously the bladder stones;
all patients are now stone free. No metabolic acidosis devel-
oped.

Survival
Graft survival is illustrated in Figure 1. Table 2 summa-

rizes and outlines the survival rates of the patient’s population
according to the group division.

TABLE 1. Patient demographics

Patient Age Sex Etiology Cystoplasty

Months from bladder
augmentation to

transplant
Creatinine

(mg/dl)
Months of
follow-up

Group 1 (bladder augmentation group)
1 13 M Posterior urethral valve Ileal 84 1 103
2 12 M Posterior urethral valve Colocecal�ureter 30 0.95 136
3 19 F Neurogenic bladder Ileal 15 0.97 120
4 17 M Posterior urethral valve Ileal 15 1.6 113
5 19 F Neurogenic bladder Ileal�Sigmoid 96 0.89 108
6 39 M Noncompliant bladder Ileal 84 1.6 100
7 23 F Neurogenic bladder Ileal 120 On dialysis 80
8 19 F Noncompliant bladder Ileal 10 1.5 54
9 11 M Urethral hypoplasia Ileal After transplant 1.4 42

10 13 M Bladder exstrophy Gastric segment 84 1.5 40
11 25 F Neurogenic bladder Ureter 15 0.9 47
12 4 M Urethral hypoplasia Ureter before graft; Ileal after graft 6 2 26
13 5 M Urethral hypoplasia Ureter 7 0.9 24
14 23 F Neurogenic bladder Ileal 60 0.89 53
15 26 F Neurogenic bladder Ileal 62 0.86 2
16 16 F Neurogenic bladder Ileal 14 0.97 1

Group 2 (urinary diversion group)
1 14 F Neurogenic bladder Vesicostomy 108 On dialysis 193
2 17 M Neurogenic bladder Sigmoid conduit 96 1.3 184
3 20 F Neurogenic bladder Sigmoid conduit 84 1.6 148
4 31 M Posterior urethral valve Ileocystoplasty–“graft” cutaneous

ureterostomy
84 1.3 115

5 1 M Urethral hypoplasia Vesicostomy 12 On dialysis 79
6 20 M Vesicoureteral Reflux Cutaneous ureterostomy 120 1.2 72
7 1 M Posterior urethral valve “Graft” cutaneous ureterostomy During transplant 1.2 59
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Probability of graft survival at 1, 5, 10, and 15 years in
the overall population (relatively to all the transplanted pa-
tients in the same period) was 87.4%, 77.1%, 73.8% and
69.4% respectively, with an average follow up of 127.7�4.3
months (95% CI 119.2–136.3).

Figure 2 shows probability of graft survival at 1, 5, 10,
and 15 years in the LUTD population (Group 1 � Group 2),
which was 96.1%, 82.8%, 66.1%, and 66.1% respectively
without any significant differences (P�NS) if compared with
graft survival of overall population during the same time.

Probability of graft survival in the Group 1 was 94.1%,
80.7%, 80.7%, and 80.7% at 1, 5, 10, and 15 years respectively
with a mean of 56.5�4.7 months (95% CI 47.1– 65.8). Prob-
ability of graft survival at 1, 5, 10, and 15 years in the Group 2
was 100%, 83.3%, 55.5%, and 55.5% respectively with a
mean of 110�12.9 months (95% CI 84.6 –135.3). The statis-
tical analysis of the above described survival curves with stan-
dard tests (log-rank and Wilcoxon) did not show significant
results (P�0.643, P�0.399). This may be due to the small
sample size of the investigated sample. Function of the allo-
grafts, as measured by serum creatinine, is illustrated in Table
1. Of the kidneys, four were lost, including two (11.7%) in
Group 1 and two (28.5%) in Group 2. Etiology of graft loss
included chronic rejection in two cases, a viral chronic ne-
phropathy in one case, and one graft thrombosis. No graft
losses were related to urological disease; there were not any
deaths.

DISCUSSION
The topic of bladder surgery related to kidney trans-

plant is certainly not a new issue; nevertheless, it is still a
source of dilemma and nowadays only the knowledge based
on few, not standardized, institutional center experiences of-

fer a reasonable know-how about management of lower uri-
nary tract restoring function and kidney transplant. Previ-
ously, patients with severe lower urinary tract malformations
had been excluded from renal transplant programs, as it ap-
peared reasonable that a bladder that contributed to the
destruction of the native kidneys would threaten a renal allo-
graft (14, 15). Enterocystoplasty or complete bladder replace-
ment combined with CISC and suppressive antibiotic therapy
as been shown to be an effective means to manage patients
with refractory lower urinary tract dysfunction (5). Our ap-
proach is highly related with the statement that it is absolutely
mandatory avoiding placing a graft into a dysfunctional blad-
der, particularly where the thick-walled, poorly compliant
bladder was a factor in causing the subsequent renal damage.
Where there is a history of such condition, bladder augmen-
tation or urinary diversion is likely to be a safer option before
transplantation.

Recently Hatch et al. from the Urologic Society for
Transplantation and Vascular Surgery retrospectively re-
viewed the experience of 16 transplant centers showing an
allograft survival similar with 90% at 1 year, 78% at 5 years,
and 60% at 10 years in a group of children with urinary di-
version or bladder augmentation; actually, this study did not
difference the graft survival of patients with augmented blad-
der from that with incontinent urinary conduits (13). These
results are similar to that reported by the North American
Pediatric Renal Transplant Cooperative Study with 1- and
5-year actuarial allograft survivals of 91% and 77% for living
donor kidneys and 81% and 61% for cadaver donor kidneys
in pediatric renal transplant recipients (16).

Other recent series have shown that kidney transplan-
tation is generally successful in patients with urinary diver-
sion or bladder augmentation but there is a higher rate of
complications among these transplant recipients (11, 12).
Furthermore, some series include only patients with bladder
augmentation, whereas others, like the Hatch report, present
graft survival rates in patients with augmented and nonaug-
mented bladders as well as urinary conduits. We intentionally
analyzed patient by two groups into those with bladder aug-
mentation and those with urinary diversion.

Our study confirms that bladder reconstruction before
transplantation enables even the most severely compromised
patient to receive a renal allograft successfully. Of our 16 blad-
der augmented patients, 14 (87, 5%) have a functioning allo-
graft at 15 years follow-up with a probability of graft survival
of 94.1%, 80.7%, 80.7%, and 80.7% at 1, 5, 10, and 15 years
respectively (with a mean of 56.5�4.7 months). Transplant
outcome in our patients with augmented bladder, as shown in
Figure 1, was comparable to that in our cumulative ESRD
pediatric renal transplant population.

Although supravesical diversion and urinary conduit
has been historically associated with inferior graft survival
and high complication rates (3, 11), long-term renal function
and acceptable complication rates were achieved in the pa-
tients with incontinent urinary diversions. In fact, five
(71.4%) of our seven patients with urinary incontinent diver-
sion (Group 2) showed probability of graft survival of 83.3%,
55.5%, and 55% at 5, 10, and 15 years respectively with a
mean of 110�12.9 months. Data from 55 renal allografts into
enteric conduits show that 73% were functioning at a mean
(range) of 7.8 (0.2–20) years later (14, 25). Several other sin-

FIGURE 1. Graft survival rates. 1, overall population; 2,
bladder augmentation (Group 1); 3, urinary diversion
(Group 2).
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gle-center and multicenter studies have reported similar graft
survival values (14, 24, 25).

The timing of the bladder reconstructive surgery rela-
tive to transplantation is contentious; some groups advise
cystoplasty before transplantation, so that immunosuppres-
sion does not influence the healing of the augmented bladder
(9, 17). Others consider that bladder augmentation and/or
urinary diversion should be delayed until renal function is
stable after transplantation, and when the immunosuppres-
sive regimen has been reduced (14, 17).

Thomalla et al. (7) and Fontaine et al. (9) suggested
undertaking the reconstructive surgery as soon as abnormal
bladder function is recognized before transplantation, so
that immunosuppressive regimen does not influence the
healing process. However, when abnormal bladder function
is not diagnosed, successful reconstructive bladder surgery
may be performed subsequently with no significant mor-
bidity (7, 9, 17, 18). We used to perform bladder reconstruc-
tion before kidney transplantation, to avoid graft loss due
to lower urinary tract dysfunction, when small noncompliant
bladder is recognized. Nevertheless, our experience led us to
perform two augmentation cystoplasty after transplantation.
In both cases, urodynamic surveillance demonstrated that

bladder functional characteristics had deteriorated, so blad-
der function restoration was required (one of these was pre-
viously augmented by ureter). Therefore, in two cases, a
cutaneous ureterostomy was assessed at the time of trans-
plant. In all patients, no loss of graft function or any com-
plications were observed. However, no studies have formally
randomized patients to bladder surgery (either bladder aug-
mentation either urinary diversion) before transplant or at
the time as transplantation, and most series do not precisely
specify the interval between conduit bladder surgery and
transplantation.

Another issue is also problems associated with a “dry”
cystoplasty (9, 14, 19). Problems may arise if the augmented
bladder is small and contracted because of its lack of use.
McInerny et al. (18) reported experience with eight cysto-
plasty; two cases with a dry cystoplasty required long-term
suprapubic catheterization and were very difficult to manage,
as persistent mucus production caused recurrent pyocystis
requiring lavage.

Various methods of “bladder recycling” in the interval
after bladder augmentation and before transplantation, par-
ticularly in the anuric population, to prevent the decrease of
capacity and compliance secondary to the defunctionaliza-
tion of the reservoir have been described (19).

In our experience, only one case (the first performed in
an anuric patient) developed a retraction of the augmented
bladder; this gave us the starting point to establish a recycling
regimen, with reservoir filling twice a day with 300 ml of
saline solution (physiologic solution, but you can use distilled
water), to maintain adequate bladder volume but also to re-
move enteric secretions that can accumulate, and become a
source of obstruction or infection (20). After introduction
and standardization of bladder recycling, we have observed
no more this problem.

Analysis of the surgical complications in our series re-
vealed comparable results with other published series (4, 7, 9,
11–13, 15). Hatch et al. (13) published a surgical complica-
tions rate of 19%. Luke et al. (11) reported 10 urologic com-
plications in seven of 20 patients (35%), including one spon-
taneous bladder perforation developed after transplantation,
which required four surgical procedures. DeFoor et al. (21)
reported three patients submitted to major surgery due to
complications of the reconstruction (15%) and two treated
with gastrocystopasty had severe hematuria while anuric be-
fore transplantation. Like Defoor, we separated our compli-
cations into those involving the bladder reconstructive sur-
gery and those occurring after transplantation. We further
divided the complications into those requiring major surgery,
such as the only one occurred in the patient with reservoir loss
due to the lack of use, and those requiring minor procedures,
such as stomal revision observed in three patients (18.7%).

TABLE 2. Graft survival rates

n
1-year graft
survival (%)

5-year graft
survival (%)

10-year graft
survival (%)

15-year graft
survival (%) P value

Overall population 255 87.4 77.1 73.8 69.4
Groups 1 and 2 23 96.1 82.8 66.1 66.1 NS
Group 1 16 94.1 80.7 80.7 80.7 NS
Group 2 7 100 83.3 55.5 55.5 NS

FIGURE 2. Graft survival rates. 1, overall population; 2,
bladder augmentation � urinary diversion (Group 1 �
Group 2).
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Additionally, we have had no perforation of augmented bladder.
This potentially fatal complication has been reported in up to 9%
of patients undergoing augmentation cystoplasty (22).

Bladder and/or upper tract stones occur in 8 –52% of
patients with bladder augmentation (23). In our experience,
one bladder and two upper tract stones occurred in three
patients of Group 1, whereas we observed one bladder stone
in a patient with vesicostomy (Group 2). No patients in our
series experienced metabolic complication.

A significant number of conduits are colonized with
bacteria. A more recent series reported graft pyelonephritis in
half the cases (24). Infection led to allograft loss in two of five
patients being treated for acute rejection in the series by
Hatch (25); 10 of 15 episodes of sepsis occurring after treat-
ment of acute rejection in this group were fatal. Two pyelo-
nephritis have developed in our augmented series, whereas in
Group 2 three patients developed uncomplicated recurrent
urinary tract infections, but we did not observe a direct con-
tribution to graft loss, although there is no doubt that recur-
rent symptomatic infections of the urinary tract may trigger
rejection episodes and contribute to the development of
chronic allograft dysfunction (15).

This again underscores the need for carefully monitor-
ing urine for infection, antibiotic prophylaxis, and aggressive
treatment of UTI in this renal transplant population. The
application of prophylactic antibiotics on a long-term basis
helped to reduce the infection rates in our patients. Our stan-
dard practice now is to give long-term antibiotic in all pa-
tients with bladder dysfunction following transplantation for
at least 6 months.

Although our urologic complication rate was not poor,
no grafts were lost as a result of lower tract dysfunction. This
highlights the importance of correct lower urinary tract eval-
uation, surveillance, and management in this complex group
of patients, both before and after transplantation.

Bladder reconstruction is a major operation requiring a
high level of surgical expertise with bowel and reconstructive
procedures. Based on our long term results, we recommend
reconstructive bladder surgery, although this procedure
could increase morbidity. Diligent postoperative monitoring,
optimal catheter use, and use of appropriate antibiotic pro-
phylaxis and immunosuppressive regimens are mandatory to
avoid severe complications.

CONCLUSIONS
Augmentation cystoplasty and urinary diversion repre-

sent a definitive method to restore the lower urinary tract
function in children with small, noncompliant bladders.
Graft survival is not adversely affected when a kidney trans-
plant is drained into a reconstructed bladder. Moreover, our
long-term data confirm that kidney transplantation into pa-
tients with augmentation and/or urinary diversion can
achieve outcomes comparable to transplantation into the
normal urinary tract. When bowel segments are used, voiding
modality with CISC does not increase the risk of urinary tract
infections, even in immunosuppressed patints. We recom-
mend antibiotic prophylaxis in all of these patients. However,
because complications related to augmentation cystoplasty or
presence of incontinent urinary conduit might occur, these
children must be followed closely and regularly.

ACKNOWLEDGMENTS
We thank for Prof. Daniele De Martini, Eastern Pied-

mont State University, for statistical analysis assistance.

REFERENCES
1. Cerilli J, Anderson GW, Evans WE, Smith JP. Transplantation in pa-

tients with urinary tract abnormalities. Surgery 1976; 79: 248.
2. Crowe A, Cairns HS, Wood S, et al. Renal transplantation following

renal failure due to urological disorders. Nephrol Dial. Transplant 1998;
13: 2065.

3. Kelly WD, Merkel FK, Markland C. Ileal urinary diversion in conjunc-
tion with renal homotransplantation. Lancet 1966; 1: 222.

4. Sheldon CA, Gonzalez R, Burn MW, et al. Renal transplantation into
the dysnfunctional bladder: The role of adjunctive bladder reconstruc-
tion. J Urol 1994; 152: 972.

5. Mitchell ME, Piser JA. Intestinocystoplasty and total bladder replace-
ment in children and young adult: follow up in 129 cases. J Urol 1987;
138: 579.

6. Nguyen DE, Reinberg Y, Gonzalez, R. et al. Outcome of renal trans-
plantation after urinary diversion and enterocystoplasty: a retrospec-
tive, controlled study. J Urol 1990; 144: 1249.

7. Thomalla JV, Mitchell ME, Leapman SB, Filo RS. Renal transplantation
into the reconstructed bladder. J Urol 1989; 141: 265.

8. Alfrey EJ, Conley SB, Tanney DC, et al. Use of an augmented urinary
bladder can be catastrophic in renal transplantation. Transplant Proc
1997; 29: 154.

9. Fontaine E, Gagnadoux MF, Niaudet, P. et al. Renal transplantation in
children with augmentation cystoplasty: long-term results. J Urol 1998;
159: 2110.

10. Koo HP, Bunchman TE, Flynn, JT, et al. Renal transplantation in chil-
dren with severe lower urinary tract dysfunction. J Urol 1999; 161: 240.

11. Luke PPW, Herz DB, Bellinger MF, et al. Long-term results of pediatric
renal transplantation into a dysfunctional lower urinary tract. Trans-
plantation 2003; 76: 1578.

12. Mendizabal S, Estornell F, Zamora I, et al. Renal tansplantation in
children with severe bladder dysfunction. J Urol 2005; 173: 226.

13. Hatch DA, Koyle MA, Baskin LS, et al. Kidney transplantation in chil-
dren with urinary diversion or bladder augmentation. J Urol 2001; 165:
2265.

14. Sullivan ME, Reynard JM, Cranston DW. Renal transplantation into
the abnormal lower urinary tract. BJU Int 2003; 92: 510.

15. Adams J, Mehls O, Wiesel M. Pediatric renal transplantation and the
dysfunctional bladder. Transpl Int 2004; 17: 596.

16. Benfield MR, McDonald R, Sullivan, EK, et al. The 1997 annual renal
transplantation in children report of the North American Pediatric
Renal Transplant Cooperative Study (NAPRTCS). Pediatr Transplant
1999; 3: 152.

17. Zaragoza MR, Ritchey ML, Bloom DA, McGuire EJ. Enterocystoplasty
in renal transplantation candidates: urodynamic evaluation and out-
come. J Urol 1993; 150: 1463.

18. McInerny PD, Picramenos D, Koffman CG, Mundy AR. Is cystoplasty
a safe alternative to urinary diversion in patients requiring renal trans-
plantation? Eur Urol 1995; 27: 117.

19. Gonzalez Martin M, Novas Castro, S, Alvarez Castello,L, et al. Entero-
cystoplasty and renal transplantation. J Urol 2001; 165: 393.

20. Capizzi A, Zanon GF, Zacchello G, Rigamonti W. Kidney transplanta-
tion in children with reconstructed bladder. Transplantation 2004; 77:
113.

21. DeFoor W, Minevich E, McEnery P, et al. Lower urinary tract recon-
struction is save and effective in children with end stage renale disease.
J Urol 2003; 170: 1497.

22. Bauer SB, Hendren WH, Kozakewich H. Perforation of the augmented
bladder. J Urol 1992; 148: 658.

23. Palmer LS, Franco I, Kogan SJ. Urolithiasis in children following aug-
mentation cystoplasty. J Urol 1993; 150: 726.

24. Coosemans W, Baert L, Kuypers D, et al. Renal transplantation onto
abnormal urinary tract: ileal conduit urinary diversion. Trans Proc
2001; 33: 2493.

25. Hatch DA. Kidney transplantation in patients with an abnormal lower
urinary tract. Urol Clin north Am 1994; 21: 311.

1440 Transplantation • Volume 80, Number 10, November 27, 2005


