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Purpose: Long-term progression to end stage renal disease of valve ablation
alone vs ablation followed by additional urinary diversion were compared among
children with stage 3 chronic kidney disease due to posterior urethral valves.

Materials and Methods: We performed a retrospective study of children with
posterior urethral valves and stage 3 chronic kidney disease treated at a single
institution between 1986 and 2011. The 3 treatment groups were classified as group
1—valve ablation alone, group 2—ablation plus subsequent vesicostomy and group
3—ablation followed by ureterostomies and/or pyelostomies. Baseline demographic
characteristics were analyzed. Statistical analyses compared the incidence of time
to end stage renal disease among the intervention groups using the Fisher-
Freeman-Halton exact test and Kaplan-Meier analysis with the log rank test. Cox
regression was used to determine predictors of end stage renal disease progression.

Results: A total of 40 eligible patients were included in the study (group 1—14
patients, group 2—13 patients, group 3—13 patients). Baseline characteristics and
post-intervention estimated glomerular filtration rate revealed no significant
between-group differences. A statistically significant difference in progression to
end stage renal disease was noted within 1 year after diagnosis of stage 3 chronic
kidney disease among the treatment groups (log rank test p=0.02). However, cu-
mulative end stage renal disease incidence at 15-year followup showed no statistical
difference (log rank test p=0.628). Cox regression analysis determined that bilateral
renal dysplasia (HR 2.76, 95% CI 1.21—6.30) and estimated glomerular filtration
rate 60 ml/minute/1.73 m? or greater after intervention (HR 0.23, 95% CI10.09—0.61)
were predictive of the likelihood of progression to end stage renal disease.
Conclusions: Urinary diversion following valve ablation in children with stage 3
chronic kidney disease associated with posterior urethral valves may temporarily
delay progression to end stage renal disease. However, no long-term benefit was
noted from diversion in the ultimate incidence of end stage renal disease, sug-
gesting that these interventions should be seen as a temporizing measure. Bilat-
eral renal dysplasia and post-intervention estimated glomerular filtration rate are
independent variables predicting overall chronic kidney disease progression.

Key Words: renal insufficiency, chronic; kidney failure, chronic; urinary
diversion; cystostomy
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PostERrIOR urethral valves represent the most com-
mon congenital obstructive uropathy and CAKUT
(congenital anomalies of the kidney and urinary
tract) related cause of chronic kidney disease lead-
ing to end stage renal disease.!™ Primary valve
ablation with continuous monitoring is considered
the preferred treatment option for medically stabi-
lized patients.* Controversy remains regarding the
role of urinary diversion (ie vesicostomy, ureter-
ostomy and/or pyelostomy) in the treatment of pa-
tients with PUV with CKD.?>"® Some studies have
shown evidence of renal function improvement after
urinary diversion but the presence of lasting long-
term benefit is still unclear.®”® Others suggest
that regardless of how urinary tract decompression
is achieved, baseline renal insufficiency and
dysplastic kidneys will inevitably progress to
ESRD.>°"7 Furthermore, there is concern that
surgical urinary diversion may impair future
bladder dynamics (ie by removing bladder cycling),
which can have future implications for urinary
continence and safe anastomosis of a renal allo-
graft.>®® Finally, any diversion implies eventual
undiversion, requiring an additional anesthetic
exposure solely for reinstating urinary tract conti-
nuity that cannot be ignored. Thus, a rigorous
analysis over time appears warranted to assess
whether urinary diversion has a role in native renal
protection or can delay progression to ESRD,
particularly in children with CKD due to PUV.

Since an important proportion of the PUV asso-
ciated renal injury and loss of function is thought to
be incurred during development, we hypothesized
that urinary diversion would have a negligible
impact on long-term preservation or recovery of
existing renal function, or on progression to ESRD.?
To evaluate this issue we report on patients with
PUV with stage 3 or greater CKD to determine
whether primary bladder management through
valve ablation alone compared with ablation plus
any form of bladder or upper tract urinary diversion
impacted preservation of renal function and/or time
to ESRD. Patient related factors predictive of pro-
gression to ESRD were likewise assessed.

MATERIALS AND METHODS

Following research ethics approval we retrospectively
assessed the medical records of patients less than 18 years
old diagnosed with PUV who underwent primary valve
ablation. Patients with persistent CKD 3 (eGFR less than
60 ml/minute/1.73 m? based on the Schwartz formula’®) or
worse and persistent hydronephrosis after the primary
ablation were identified. Those with or without subse-
quent additional urinary diversion from June 1986 to May
2011 were included in the analysis.®!12 Patients who
underwent urinary diversion elsewhere or had incomplete
demographic or renal function data were excluded. Only
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patients who were lost to followup and/or were monitored
for less than 5 years after diagnosis of CKD 3 were
excluded from the analysis. We validated these data with
operative information retrieved from the surgical data-
base maintained by our institutional perioperative infor-
matics specialist. For time-to-event analyses patients
were censored at the time of last followup and the outcome
of interest was renal function reaching ESRD (including
need for renal replacement therapy).

Patients were classified into the 3 treatment groups of
group 1—primary valve ablation, group 2—valve ablation
followed by vesicostomy and group 3—valve ablation with
subsequent cutaneous ureterostomies or pyelostomies.
Data on demographics and baseline characteristics such
as antenatal vs postnatal diagnosis of PUV, VUR grade
(less than 3 vs 3 or greater), bladder trabeculation
severity (none to mild vs moderate to severe)'® and pres-
ence or absence of bladder diverticulum according to the
initial voiding cystourethrogram study were extracted
from a prospectively maintained CKD database as well as
the electronic medical health records.!! The presence of
imaging parameters of echogenicity and multiple cystic
appearance suggestive of renal dysplasia (unilateral vs
bilateral) was identified according to the baseline renal
ultrasound radiologist report.'? Renal function data were
collected as baseline eGFR (preoperative eGFR before
valve ablation), best eGFR achieved within 6 months of
the last intervention, difference in baseline vs best eGFR
and time to ESRD (defined as eGFR less than 15 ml/
minute/1.73 m?). Post-intervention is defined as post-
valve ablation for group 1 and post-diversion for groups
2 and 3.

Descriptive statistics including number, percentage,
median, IQR, mean, standard error and 95% CI were used
to summarize all included patient characteristics. The
Fisher-Freeman-Halton exact test and 2-way ANOVA
with Bonferroni post hoc analysis were used to assess
differences between the groups. Kaplan-Meier survival
analysis with the log rank test was used to analyze the
difference in time to ESRD progression following diag-
nosis with CKD 3 at 1, 5, 10 and 15 years. Univariate and
multiple Cox regression analysis was done to determine
the hazard ratio and 95% CI for the aforementioned pa-
tient factors associated with time to reach ESRD during a
followup period of 15 years from the time of CKD 3 diag-
nosis. All statistical analyses were performed using IBM
SPSS® Statistics for Windows, Version 20.0. Statistical
significance was set at p <0.05. The reporting of this study
complies with the procedures for REporting of studies
Conducted using Observational Routinely-collected Data
(RECORD).

RESULTS

From our cohort of 131 patients with PUV we iden-
tified 45 potentially eligible patients for analysis.
Five patients were excluded due to lack of followup
data. A total of 40 eligible patients were included in
the final analysis, with 14 in group 1, 13 in group 2
and 13 in group 3. The overall median age at CKD 3
diagnosis was 4.2 days (IQR 2.0—198.2), median age
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Table 1. Summary of demographic and baseline characteristics

Ablation Only

Ablation + Vesicostomy Ablation + Ureterostomies/Pyelostomies p Value*

Median mos followup (IQR)

Median mi/min/1.73 m? baseline eGFR (IQR)

Median ml/min/1.73 m? best eGFR after intervention (IQR)

Median ml/min/1.73 m? baseline to post-intervention best eGFR
difference (IQR)

175

No. prenatal PUV diagnosis (%) 6
No. VUR grade 3 or greater (%) 8
No. moderate to severe trabeculation (in 20 pts) (%) 5
No. with diverticulum (in 8 pts) (%) 3
No. presence of unilat or bilat renal dysplasia (in 34 pts) (%) 1
No. presence of bilat renal dysplasia (in 22 pts) (%) 6

4

. post-intervention eGFR 60 ml/min/1.73 m? or greater (%)

139.5 (98.75—182.5)
(9.83—32.18)
33.55 (14.63—54.33)
6.65 (0.75—28.08)

(42.9)
(57.1)
(35.5)
(21.4)
(78.6)
(42.9)
(28.6)

163 (128—223) 147 (95.5—208) 031
38 (33.9-51.4) 18.7  (15.2-38) 0.05
60 (42—75) 30.2 (17.55—49.5) 0.14
233 (5.5—36.5) 47 (0-17.7) 0.57

8 (61.5) 9 (69.2) 0.38
7 (63.8) 11 (84.6) 0.21
7 (53.8) 8 (61.5) 0.45
2 (15.4) 3 (23.1) 0.99
12 (92.3) " (84.6) 0.86
8 (61.5) 8 (61.5) 0.57
8 (61.5) 2 (15.4) 0.06

*Differences among groups were analyzed using 2-way ANOVA for continuous data and the Fisher-Freeman-Halton exact test for categorical data.

at the definitive surgical intervention was 2.68
weeks (IQR 0.92—48) and median followup period
from diagnosis of CKD 3 was 12.4 years (IQR
9.3—16.5). Median baseline eGFR was 27 ml/minute/
1.73 m? (IQR 16.5-38), median best post-
intervention eGFR was 42 ml/minute/1.73 m? (IQR
18.1-64), with a baseline to best post-intervention
eGFR median difference of 12 ml/minute/1.73 m?
(IQR 0—28). Overall 14 (35%) of the patients had
improvement of eGFR 60 ml/minute/1.73 m? or
greater.

Prenatal diagnosis of PUV was noted in 23 boys
(67.5%), and 26 (65%) had VUR grade 3 or greater,
20 (50%) had moderate to severe bladder trabe-
culations and 8 (20%) had bladder diverticula.
There were 34 (85%) patients with at least 1
dysplastic kidney while 22 (55%) had bilateral
dysplastic kidneys based on ultrasonographic pa-
rameters. The demographics and baseline char-
acteristics per intervention group are summarized
in table 1 with no significant differences noted
among the groups.

The cumulative incidence of ESRD following
diagnosis of CKD 3 was 6 (15%), 17 (42.5%), 26 (65%)
and 28 (70%) for the 1, 5, 10 and 15-year followup
periods, respectively. Table 2 summarizes the cu-
mulative incidence of ESRD for each treatment group
at the various followup periods. Significant differ-
ences among groups in ESRD incidence were noted

Table 2. Summary of cumulative incidence of ESRD
progression for each treatment group at different followup
periods

No. Ablation +
ESRD at No. Ablation No. Ablation + Ureterostomies/ p
Followup Only (%) Vesicostomy (%) Pyelostomies (%) Value*
1-Yr 5(35.7) 0 (0 1 (7.7) 0.03
5-Yr 6 (42.9) 3(23.1) 8 (61.5) 0.16
10-Yr 8 (57.1) 7(53.8) 9(69.2) 0.78
15-Yr 10 (71.4) 9(69.2) 9(69.2) 0.99

*Between group difference analyzed using the Fisher-Freeman-Halton exact test.

Ay

at 1-year followup, with a higher incidence in the
ablation only group. Beyond the 1-year followup
period no significant between-group differences in
ESRD cumulative incidence were noted, with
decreasing differences between treatment groups.

Among patients with progression to ESRD after
CKD 3 diagnosis, the mean time to ESRD progres-
sion for each treatment group was 54.3 months (95%
CI 21.4—87.2) in group 1, 83.1 months (95% CI
48.4—117.8) in group 2 and 52.8 months (95% CI
18.1-87.5) in group 3. No significant difference was
noted in mean time to reach ESRD on 2-way
ANOVA F(2,25) 1.04, p=0.37, and Bonferroni post
hoc analysis (group 1 vs 2, mean difference -28.8,
95% CI -88.38—30.77, p=0.68; group 2 vs 3, mean
difference 30.30, 95% CI -30.82—91.42, p=0.65;
group 3 vs 1, mean difference -1.50, 95% CI
-61.07—58.08, p=1.0). Serial time Kaplan-Meier
analysis was done to validate the significant
finding noted with the Fisher-Freeman-Halton
exact test (see figure).

Kaplan-Meier analysis with the log rank test
showed a significant difference in ESRD incidence
among treatment groups at 1 year after CKD 3
diagnosis (group 1—5 of 14, group 2—O0 of 13,
group 3—1 of 13) (log rank test p=0.02, part A of
figure). However, there was no statistically sig-
nificant difference in ultimate ESRD incidence at
5, 10 and 15-year followup (p=0.63, parts B and C
of figure).

Results from the univariate Cox regression anal-
ysis showed that reaching ESRD by 15 years after
CKD 3 diagnosis was directly correlated with the
presence of ultrasound findings suggestive of bilat-
eral renal dysplasia (HR 3.615, 1.60—8.165, p=0.002)
and inversely correlated with best post-intervention
eGFR (HR 0.968, 0.952—0.984). The inverse HR is
more substantial (HR 0.189, 0.074—0.484, p=0.001)
if patients achieved an eGFR of 60 ml/minute/
1.73 m? or greater after intervention (table 3). Cox
multiple regression analysis showed that bilateral
renal dysplasia (HR 2.76, 1.21-6.30) and best
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Kaplan-Meier analysis for intervention group effect on cumulative incidence of ESRD at 15-year followup after CKD 3 diagnosis (log
rank test p=0.63), showing 1-year followup (log rank test p=0.02) (A), 5-year followup (log rank test p=0.16) (B) and 10-year

followup (log rank test p=0.51) (C).

post-intervention eGFR 60 ml/minute/1.73 m? or
greater (HR 0.23, 0.09—0.61) are independently
predictive of incidence of and time to ESRD pro-
gression at 15 years after CKD 3 diagnosis.

Table 3. Univariate Cox regression analysis of factors
correlated to ESRD progression at 15-year followup

HR (95% Cl) p Value
Surgical intervention (overall) 0.93 (0.58) 0.79
Ablation only 1
Ablation + vesicostomy 0.65 (0.26—1.60) 0.35
Ablation + ureterostomies/pyelostomies 0.89 (0.36—2.20) 0.80
Postnatal diagnosis of PUV 1.17 (0.565—2.54) 0.69
Best post-intervention eGFR 60 ml/min/1.73 m?®  0.19 (0.07—0.48) 0.001

or greater

VUR grade 3 or greater 0.82 (0.38—1.78) 0.62
Moderate to severe trabeculation 1.14 (0.54—2.41) 0.73
Bladder diverticulum 0.60 (0.23—1.59) 0.31
Presence of bilat renal dysplasia 3.61 (1.60—8.16) 0.002
Presence of renal dysplasia (unilat + bilat) 2.26 (0.68—7.57) 0.18
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DISCUSSION
Previous long-term followup studies of patients with
PUV showed that approximately 10% to 30% may
have progression to ESRD.'*1% In our cohort of pa-
tients with PUV who presented with evidence of renal
impairment (persistent CKD 3) and persistent
hydronephrosis after primary valve ablation, 42.5%
had progression to ESRD at 5-year followup, and the
rate increased to 65% and 70% at 10 and 15-year fol-
lowup, respectively. This was ultimately not impacted
by further urinary diversion after ablation. These
findings concur with previous reports that describe
patients with PUV with pre-diversion azotemia, low
eGFR at the onset of clinical deterioration, protein-
uria, hypertension and more febrile urinary tract in-
fections having higher rates of ESRD progression.'®1?
We observed that additional urinary diversion is
suggestive of a potential association with an early,
albeit transient, benefit on renal function in a subset
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of patients within the first year after intervention.
This finding has multiple implications. Given that
there are several uncontrolled factors in this
retrospective study, the patients who underwent
additional diversion may have systemic differences
(eg underlying physiological, biological or genetic)
compared to those with valve ablation alone, such
that they were clinically worse at CKD 3 presenta-
tion and at higher risk for progression to ESRD.
The fact that this subset fared similarly or better
in terms of early preservation of renal function
suggests that this more aggressive approach may
hold value in selected patients. However, regardless
of the baseline status, this delay to ESRD was
ultimately eradicated by the 5-year followup.
Although temporarily preventing the onset of
ESRD may seem futile, it is important to remember
that these patients are reaching the need for renal
replacement therapy early in life. The detected
difference becomes clinically significant as renal
replacement management of neonates and small
children is challenging and incurs one of the highest
mortalities while on dialysis.'®® Moreover, pedi-
atric renal transplantation is technically more
favorable in older, larger patients.'®2° A gain of a
year or more can provide the opportunity to opti-
mize the child for a better outcome following
transplantation.?®

Our findings are in agreement with prior studies
showing that additional diversion may temporarily
improve renal function.”??? However, with long-
term followup this impact was not sustained.>”?!~23
Therefore, it remains important to weigh the addi-
tional surgical and anesthetic related morbidities, as
well as costs incurred, if indeed the ultimate ESRD
outcome is largely unchanged. Even in the face of
renal dysplasia, some renal development continuesin
the early postnatal period.'” Thus, even temporizing
functional benefit from diversion in the first year of
life must be carefully considered in the individual,
rather than simply diverting all such cases. Better
patient selection (ie identifying those who are more
likely to benefit from diversion), as well as optimiza-
tion in timing and choice among different diversion
strategies would be valuable, and should be the focus
of future studies on the topic.

Consistent with previous studies, one of the most
important risk factors for ESRD progression in our
cohort was radiographic evidence of bilateral renal
dysplasia.?>®1%2* The highest post-intervention
eGFR achieved, specifically when eGFR was 60 ml/
minute/1.73 m? or greater, was predictive of a lower
incidence of subsequent ESRD in childhood. This
finding is in line with a large body of evidence
describing the prognostic importance of nadir
creatinine and rate of creatinine improvement after
addressing the obstruction.'®!%2?
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The possible effect of diversion on long-term
bladder function and compliance by removing ex-
pected bladder cycling remains an ever present
concern.>?%2” However, these findings are not uni-
versal and some have proposed that temporary
urinary diversion does not affect long-term bladder
function.”?®?° Unfortunately, we were unable to
assess long-term bladder function in the present
cohort due to incomplete functional data. Similarly,
there may be benefit in medical management stra-
tegies (such as wusing anticholinergics, alpha
blockers and catheterization). Moreover, the timing
of undiversion may have been the driving force
behind progression to ESRD in some group 2 or 3
cases. Although these are valid criticisms, the re-
ality is that patients ultimately need to undergo
undiversion and medical management is likely
fairly homogeneous within a single institution.

The present report is unique in that it focuses on
a patient population with stage 3 or greater CKD, as
they are most likely to demonstrate benefit or harm
related specifically to urinary diversion. In addition,
this report provides long-term followup of these
children with PUV and poor renal function who
underwent urinary diversion at baseline. Similar-
ities between their underlying renal disease and
persistent hydronephrosis provide confidence in the
comparisons conducted. To include CKD less than
stage 3 would risk ascribing beneficial effect to
diversion inseparable from kidneys destined to
perform well.'"?5

The study is limited in its retrospective design, as
additional confounding variables are not controlled.
Notably the impact of urinary diversion on the rate
and severity of urinary tract infections in this at
risk population, and how this related to renal pro-
gression, could not be captured in our cohort.
Similar to other large tertiary pediatric centers, and
despite using 15-year followup within a database
spanning 30 years, the small number of patients
also remains a major limitation in this study. This is
a pervasive problem with surgical series dealing
with relatively rare conditions.

Moreover while statistical analyses may show
advantages of diversion in a larger study population,
the debate in terms of clinical significance would still
be present. We also acknowledge that systematic
unmeasurable differences may have been present,
affecting the outcome analysis. Indeed, such un-
knowns may be driving the short-term temporary
1-year delay to ESRD previously described. In the
majority of such candidates it is inherent neph-
ropathology and not hydrodynamics of the ureter
and bladder that drives the CKD and ESRD. More-
over, it is still not possible to predict which of the few
patients will benefit from this temporary diversion.
The decision is still individualized for every patient
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and should take into consideration medical, family
and other logistical factors not discussed in the
current report. Despite these major limitations,
we strongly believe that there is value in sharing
our outcome analysis that will provide insights
and new hypotheses to be tested in future studies.
We recommend future multi-institutional collabo-
ration to coalesce more novel, granular biological
variables in the long-term outcomes of this com-
plex and high risk population to help further
characterize these outcomes and identify specific
subsets of patients who may benefit from addi-
tional urinary diversion.

CONCLUSION

Our study showed that additional urinary diversion
in patients with PUV with stage 3 CKD may provide
temporary preservation of renal function, and may
be useful in terms of delaying time to dialysis in a
population most at risk for morbidity and mortality
associated with the procedure. However, long-term
followup did not demonstrate any significant
impact of diversion on the rates of ESRD in this PUV
population. Multivariate Cox regression corrobo-
rated that the presence of bilateral renal dysplasia
and best post-intervention eGFR are important in-
dependent predictors of future ESRD progression.
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EDITORIAL COMMENT

The most optimal initial treatment approach for
patients with posterior urethral valves remains
unclear. To avoid defunctionalizing the bladder
most pediatric urologists endorse primary valve
ablation, when clinically possible, as preferable to
vesicostomy or supravesical diversion.! For patients
with PUV at high risk for eventual end stage renal
disease, urinary diversion may postpone renal fail-
ure progression compared to ablation alone (refer-
ence 7 in article). Furthermore, supravesical
diversion is generally reserved for the most severe
cases of PUV (reference 28 in article), thus treat-
ment group comparison studies are inherently
challenged by intrinsic selection bias.

Chua et al looked at patients with PUV and stage
3 chronic kidney disease, attempting to determine
whether progression to ESRD differs in patients
treated with valve ablation alone vs ablation fol-
lowed by additional diversion. While most patients
in all treatment groups ultimately had progression

to ESRD, there was a slower progression in pa-
tients undergoing valve ablation plus additional
diversion at 1l-year followup. This study was
insufficiently powered and had inherent flaws due
to treatment group selection bias and, thus,
without validation, caution should be taken when
clinically applying these results. However, given
the challenges in achieving renal replacement
therapy in young infants, if validated, these results
highlight an important consideration for a complex
patient population. It is the pediatric urologist’s
challenge to balance potential lifelong bladder
health benefits in preserving bladder cycling
through valve ablation alone against a temporary
delay toward ESRD potentially afforded by addi-
tional diversion.

Jennifer Singer
UCLA Department of Urology
Los Angeles, California
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REPLY BY AUTHORS

We obviously agree that statistical, and more rele-
vantly, clinical validation would be required to provide
more certainty around the utility of diversion in
slowing the progression to ESRD in the first year after
diversion. Presently, diversion is to be a carefully
considered “exception to the persistently quixotic rule”
in the multifactorial interprofessional bladder nego-
tiations that engulf these vulnerable infants.

RIGHTS L

Needless to say, progress in initial PUV
management and quelling of this ongoing debate
would be greatly aided by the advent of sophis-
ticated biomolecular descriptors of promising vs
futile postnatal renal development as predictive
markers of which valve cases, if any, would
benefit from the surgical insult of wurinary
diversion.
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