Sarma Annals of Pediatric Surgery
(2020) 16:36
https://doi.org/10.1186/s43159-020-00035-x

Annals of Pediatric Surgery

ORIGINAL RESEARCH

Open Access

The posterior urethral valves revisited:
embryological correlation, clinical
classification, and risk stratification of the
spectrum
Vivek Parameswara Sarma

Abstract
Background: The diagnosis of posterior urethral valves (PUV) encompasses a vast spectrum of disease with variable
severity and clinical features. It is vital to understand the extent of developmental insult and to define the different
distinct entities grouped together under the diagnostic umbrella of PUV. This would help to determine the severity
of the disease, enable better prognostication, and optimize therapy. The objective of this study is to analyze the
variable features of PUV and correlate the different manifestations with the embryological development of the
urinary system. The possible developmental basis of anomalies in PUV is analyzed, as recognition of the underlying
defect would help to determine the severity of the disease. A clinical classification and a risk stratification approach
encompassing the spectrum of PUV is proposed, to help define diagnosis and guide prognosis. A combined
retrospective and prospective analysis of cases diagnosed as PUV at the tertiary teaching institute over a 5-year
period from July 2014 to July 2019 was done. The outcome of selected cases was analyzed, based on the risk
group stratification.
Results: The incidence of major complications during follow-up in each risk group was assessed individually and
found to be highest in the high-risk group (92%), which was significantly higher than the other groups. The
intermediate risk group was found to have a complication rate of 38%, while the low-risk group had only 12.5%
complication rate. The three key concepts addressed in this study pertain to the embryological basis of PUV, the
necessity of a clinical subdivision of patients, and the possibility of risk stratification based on clinical criteria. The
limited review of institutional series is added to highlight the method of risk stratification and its probable utility.
Conclusions: The most critical factors to be accounted for in the diagnosis and management of PUV are the
definition of disease severity, recognition of systemic complications, and identification of children at risk of
progression to ESRD. The proposed developmental defect analysis, description of PUV sequence, clinical
classification, and risk stratification approach are only the means to this end of segregating patient groups within
the diagnostic spectrum.
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Background
The posterior urethral valves (PUV) are the commonest
cause of congenital bladder outlet obstruction in male
children and also the commonest obstructive cause of
chronic renal failure (CRF) and end-stage renal disease
(ESRD) in children [1]. The diagnosis of PUV encompasses a vast spectrum of disease with variable severity
and clinical features. In its most severe form, the affection involves the entire urinary tract with considerable
secondary systemic sequelae. It is vital to understand the
extent of developmental insult and to define the different distinct entities grouped together under the diagnostic umbrella of PUV. This would help to determine the
severity of the disease, enable better prognostication,
and optimize therapy.
Objective
The objective of this study was to analyze the variable
features of PUV and correlate the different manifestations with the embryological development of the urinary
system. A clinical classification and risk stratification approach encompassing the spectrum of PUV is proposed,
to help define diagnosis and guide prognosis.
Methods
The embryologic basis of the disorder in PUV was
reviewed in detail. The abnormalities in different types
of the disease were correlated with the possible developmental defect and its clinical consequence. A clinical
classification and risk stratification approach to PUV is
proposed based on the findings of clinical assessment,
laboratory investigations, sonology, voiding cystourethrogram (VCUG), isotope study, and cystoscopy. This
is done with the aim of precise identification of definite
subgroups, to be utilized at diagnosis and during followup.
A targeted and specific review of the institutional
series of PUV was done, with the specific objectives of
clinical classification of the spectrum of PUV and stratification of patients into one of the risk groups proposed
(high/intermediate/low). The aim was to correlate the
specific risk group with the treatment received and complications during follow-up. The necessary institutional
research and ethical approval were obtained. A combined retrospective and prospective analysis of cases diagnosed as PUV at the institute over a 5-year period
from July 2014 to July 2019 was done.
The standard therapy followed was not influenced by
the clinical classification or risk stratification, which
were assigned only for the analysis based on available
data. The outcome of selected cases was reviewed based
on the risk group stratification. Exclusion criteria among
all diagnosed cases of PUV during this period were (1)
children older than 5 years at presentation (because
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many were referred after initial treatment at other centers and almost always had features of valve bladder/systemic complications), (2) patients presenting with CRF/
ESRD, (3) presence of multiple anomalies or co-existent
urological problems like pelvi-ureteric junction obstruction/duplication/multicystic dysplastic kidney which
would complicate assessment, and (4) lack of all necessary data for risk stratification.
The general institutional protocol followed was based
on primary cystoscopy and valve ablation, with selective
use of diversion procedures in complicated PUV. In
cases that underwent initial diversion, the closure was
done at 18–24 months of age. Cases managed by primary valve ablation (including intermediate and highrisk group) were followed-up with serial USS KUB, repeat VCUG and isotope renal scans, and check cystoscopy. The diagnosis of valve bladder syndrome was
made during follow-up on the basis of persistent hydroureteronephrosis, abnormal bladder morphology on
VCUG and Cystoscopy, the presence of urinary incontinence and polyuria, and findings of the urodynamic assessment, wherever feasible. In children who had
undergone a preliminary diversion procedure, assessment for valve bladder syndrome was done after undiversion and ablation of the residual valve.
Clinical classification of PUV

The spectrum of PUV is characterized by variable severity of manifestations including posterior urethral and
bladder changes, VUR, megaureter, renal dysplasia, and
systemic sequelae. The entire spectrum of PUV is generally clubbed together under the same diagnostic umbrella, which undermines the basic variegated nature of
the disorder. Any classification should recognize and
segregate the variables to identify patients into subgroups of prognostic significance. The following classification is based on the clinical features and findings of
investigations including serial VCUG, cystoscopy, ultrasound scan, renal function tests (RFT), and isotope studies (Table 1).
Risk stratification in PUV

Identification of poor risk cases at the very outset and
monitoring them during follow-up can facilitate early
initiation of corrective measures and more accurate
prognostication. A risk stratification approach to supplement the clinical classification, which is primarily aimed
at determining the risk of progression to ESRD, is being
described here (Table 2).

Results
During the 5-year period, there were 102 cases (76
reviewed as retrospective and 26 studied as prospective)
with an endoscopic diagnosis of PUV, which were selected

Sarma Annals of Pediatric Surgery

(2020) 16:36

Page 3 of 7

Table 1 Clinical classification of PUV into distinct subgroups based on clinical criteria and response to therapy
Group Clinical features
A

Changes confined to the lower urinary tract (posterior urethra and urinary bladder) with normal ureters and kidneys. [(I) Responding to
therapy i. (II) Not responding to therapy.]

B

Involvement of the upper tracts, in addition to the lower tract changes. (Hydroureteronephrosis/megaureter/VUR) [(I) Responding to therapy
ii
. (II) Not responding to therapy.]

C

Evidence of renal parenchymal damage iii. (Inherent renal dysplasia/acquired renal scarring or abnormal renal function tests). [(I) Responding
to therapy iv. (II) Not responding to therapy.]

D

Evidence of systemic complications v.

E

End-stage renal disease/chronic renal failure.

i

Posterior urethral dilatation and bladder changes decreasing on serial VCUG and Cystoscopy
ii
Hydroureteronephrosis and/or VUR decreasing on serial investigations
iii
Renal cortical thinning on USS, decreased cortical function on isotope study
iv
Fall in elevated RFT, absence of progressive renal scarring
v
Metabolic acidiosis/nephrogenic diabetes insipidus/hypertension/renal osteodystrophy/growth failure

for analysis. The primary objective was to assess the treatment received and complications during follow-up, with
respect to the risk stratification employed. The cardinal
results are summarized here (Tables 3, 4, 5, 6, 7, 8, and 9),
as relevant to the risk stratification. The predominant clinical presentation was with antenatally detected fetal
hydronephrosis in 78/102 cases (76%), which were diagnosed as PUV during further evaluation and follow-up.
Diagnosis in the rest of the 24 cases (24%) was made postnatally during the evaluation of obstructive voiding symptoms, incidentally detected hydronephrosis or UTI.
The diagnosis of PUV was made, and the initial
therapy was provided during infancy in the majority
of cases (83%) and most commonly in the neonatal
period (41%) (Table 3). The patients were classified
in one of the groups, based on the risk stratification guidelines. Patients were classified as low/
intermediate risk only if all criteria for the same
were satisfied, whereas even a single-positive criterion would classify the patient as high risk. Twentyfive percent of the cases were classified as high risk
(Table 4).

The clinical grouping at diagnosis and follow-up, including response to therapy, are summarized in Tables
5, 6, and 7. The major therapeutic intervention adopted
in the treatment was reviewed in each group, and it was
noted that all major diversion procedures were done for
the high-risk group, except for a single child with an
intermediate risk who underwent a unilateral refluxing
loop ureterostomy for recalcitrant UTI. The incidence of
major complications during follow-up in each risk group
was assessed individually and found to be greatest in the
high-risk group (92%), which was significantly higher
than the other groups. The intermediate risk group was
found to have a complication rate of 38%, while the lowrisk group had the lowest complication rate of 12.5%
(Tables 8 and 9).

Discussion
Hypothesis regarding the possible embryological basis of
severity of PUV

The basic and cardinal error in development pertinent
to PUV is the abnormal insertion and migration of the
orifice of the mesonephric duct, which is a critical and

Table 2 Risk stratification approach to PUV; Risk strata to be assessed and recorded at diagnosis and during follow-up
Criteria

Low risk

Intermediate risk

High risk

Posterior urethral dilatation; urinary
bladder changes 1

Posterior urethral dilatation present;
no bladder changes

Moderate to severe changes

Severe changes; persistent after therapy

Hydronephrosis/
hydroureteronephrosis

Mild (no calyceal dilatation)

Moderate (with calyceal
dilatation)

Severe (with cortical thinning)

Vesicoureteric reflux

Nil/mild (grade 1/2)

Grade 3

Grade 4/5

Features of valve bladder syndrome

Absent

Absent

Present

Renal function tests

Normal

Abnormal; normalizing with
therapy

Persistently abnormal

Renal parenchymal involvement2

Absent

Unilateral, Mild (< 15%)
functional deterioration

Bilateral/moderate to severe (> 15%)
functional deterioration

Systemic complications3

Absent

Absent

Present

1

Based on VCUG and cystoscopy findings
2
On isotope studies
3
Metabolic acidosis/nephrogenic diabetes insipidus/hypertension/renal osteodystrophy/growth failure
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Table 3 Age at initial endoscopy and initiation of therapy
Age at initial endoscopy and therapy

n = 102

Less than 1 month

42 (41%)

1–6 months

23 (23%)

6 months–1 year

19 (19%)

1–5 years

18 (17%)

preliminary event in the development of the entire urogenital tract [2, 3]. An error in this process can have
widespread effects including (1) obstruction to the posterior urethra by mucosal folds (PUV), (2) abnormal development of the bladder and the hemitrigone, (3)
abnormalities of the ureteral bud, and (4) abnormal induction of the metanephric blastema by the ureteral bud
resulting in inherent renal dysplasia [2, 3, 4]. Hence, it
can be hypothesized that the severity of the final pathology is determined by the following factors: (1) the extent of an initial developmental defect involving the
mesonephric duct; (2) laterality of the abnormality—the
pathology being less severe if the developmental error is
unilateral and more severe if bilateral; (3) the type of abnormality in position of the ureteral bud and its faulty
development from the mesonephric duct, (4) the extent
of abnormality in development and absorption of the
Common excretory duct, and (5) the extent of inherent
renal dysplasia (Table 10).
The errors in cardinal developmental events would
result in a major and variegated pathology, of which
PUV can only be considered as a proverbial “tip of
the iceberg.” It would be logical to assume that the
anomaly would be severe (and hence typical of the
“classical PUV”) if the development error is bilateral
and atypical (and variable) where the defect is partial
or unilateral. A relatively milder abnormality in development would result in mild changes in the bladder
and urethra and mild hydronephrosis/VUR, with relatively normal kidneys. A more significant error in the
development would result in moderate changes in the
bladder and urethra and moderate hydronephrosis/
VUR with the presence of renal impairment. The
most severe, bilateral developmental abnormality
would lead to severe changes in the bladder and urethra, severe hydronephrosis/VUR, and severe renal
dysplasia and further compounded by progressive
renal scarring (Fig. 1)

Table 5 Clinical group of patients assigned at the time of
diagnosis and initial therapy, based on clinical and investigation
parameters
Clinical group

n = 102

A

18

B

34

C

40

D

10

E

–

VURD syndrome: key to understanding the embryological
basis of PUV

The commonly observed association of PUV with unilateral high-grade reflux into a dysplastic kidney is explained as one of the “pop-off” mechanisms, where the
damage to the one kidney is protective to the other [5,
6]. This simple explanation could be true to the extent
that high-grade reflux on the one side is protective to
the other side during post natal life, by acting as a vent
for the high bladder pressures in these children. But, this
association could give practical clues to the embryogenesis of PUV. The more physiological way of analyzing
this association is to infer that the process of mesonephric duct absorption, ureteral bud origin, absorption, and
induction of metanephric blastema are grossly deranged
only on one side. This results in unilateral severe reflux
with renal dysplasia. The same developmental process
on the opposite side is relatively normal, resulting in a
properly functional, non-refluxing unit on that side. This
would naturally dictate a better early prognosis, irrespective of the final outcome, which in turn depends on
many other variables. The appearance of PUV in these
cases may also not be classical on VCUG or cystoscopy,
as the embryologic defect is unilateral/partial. It is
equally significant that bilateral reflux in association with
PUV, where both renal units are likely to be developmentally abnormal, clearly carries a worse prognosis [5,
6]. The severity of the embryological defect in a case of
PUV can be assessed by considering the following factors: (1) Are the changes confined to the lower urinary
tract or involve the upper tract? (2) Configuration of ureteric orifices and severity of VUR, if present. (3) Is the
abnormality predominantly unilateral/Are both renal
units involved? (4) Is there evidence of inherent renal
dysplasia?

Table 4 Classification of patients based on the present risk stratification guidelines
Classification of patients based on the present risk stratification guidelines

n = 102

Low risk

24 (24%)

Intermediate risk

52 (51%)

High risk

26 (25%)
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Table 6 The major therapeutic intervention adopted in the
cases of PUV

Table 8 Incidence of complications during follow-up in each
risk group

The major
therapeutic
intervention

Total, n
= 102

Low risk
(n = 24)

Intermediate
risk (n = 52)

High risk
(n = 26)

Cystoscopy and
valve ablation

87

24

51

12

Ureterostomy

13

–

1

12

Unilateral

3

–

1

2

Bilateral

10

–

–

10

Vesicostomy

2

–

–

2

The “posterior urethral valve sequence”

Though the initial insult in PUV is developmental, the
later picture is modified by various factors including
changes of obstructive uropathy, maturation of the systems, and results of therapy. The posterior urethral dilatation and urinary bladder changes (including altered
bladder morphology and bladder trabeculations) may
improve or normalize after relief of distal obstruction.
The grade of hydroureteronephrosis (HUN) and VUR
may decrease after successful therapy [6, 7]. Therefore,
the changes associated with PUV in the lower and upper
urinary tract are not static events, but dynamic phenomena related to the progression of disease and results of
therapy [8, 9]. It is also seen that some children who
undergo urinary diversion (vesicostomy/ureterostomy)
for complicated PUV have a significant early recovery
with stabilization of renal function and relief of urinary
sepsis. Irrespective of initial improvement, the risk of
progression to ESRD remains high in this group. These
instances highlight the deleterious secondary effects of
obstructive uropathy, HUN, and VUR, which result in
chronic pressure changes, valve bladder syndrome, and
progressive renal scarring [8–10]. The “acquired” component of PUV should be identified and managed
promptly, as this can be modified by therapy to improve
outcome. Hence, it would be appropriate to consider
PUV as the posterior urethral valve sequence characterized by congenital problems including (1) bladder

Incidence of complications during follow-up in each risk
group

n = 102

Low risk

3/24
(12.5%)

Intermediate risk

20/52
(38%)

High risk

24/26
(92%)

outlet obstruction; (2) changes in bladder and ureter,
VUR; (3) inherent renal dysplasia; and acquired problems including (4) progressive vesical dysfunction, (5)
megaureter with progressive renal scarring, and (6)
metabolic and systemic complications [11–13].
The three key concepts addressed in this study pertain
to the embryological basis of PUV, the necessity of a
clinical subdivision of patients, and the possibility of risk
stratification based on clinical criteria. The variable features were explained in terms of variations in the extent
of the primary developmental error. The embryological
correlation is helpful to evaluate the extent of initial developmental insult, which serves as a baseline data regarding the inherent urological issues and renal damage.
While assessing the pathological features in these children, it is vital to understand the severity of the embryological error and determine the extent of affection to
establish the severity of the disease. The “dynamic” nature of the findings in PUV was analyzed in the background of the evolving nature of the condition.
The limited review of institutional series is added to
highlight the method of risk stratification and its probable utility. The analysis of the results of the series revealed that the need for major therapeutic interventions
Table 9 Incidence of sequelae in each risk group
Major sequelae

Low risk (n
= 24)

Intermediate risk
(n = 52)

High risk* (n
= 26)

Recurrent UTI

2 (8%)

10 (19%)

8 (31%)

Obstructive voiding
symptoms

1 (4%)

12 (23%)

15 (58%)

Table 7 Clinical grouping and reclassification of patients done
during the follow-up at 6 months to 1 year after initial therapy

Persistent
hydronephrosis

2 (8%)

18 (34%)

18 (69%)

Clinical group at follow-up

n = 102

%

Persistent VUR

–

12 (4%)

14 (54%)

AI

14

13.7

9 (17%)

12 (46%)

4

3.9

Progressive renal
scarring

–

A II
BI

24

23.5

Progressive uremia

–

1 (2%)

12 (46%)

B II

6

5.89

–

9 (17%)

18 (69%)

CI

32

31.3

Valve bladder
syndrome

C II

8

7.84

Systemic problems**

–

1 (2%)

14 (54%)

D

13

12.7

E

1

0.98

*Significant overlap of complications was seen in both intermediate risk and
high-risk groups
**Systemic problems include metabolic acidosis, osteodystrophy, growth
failure, etc.
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Table 10 Correlation of the developmental defect with resultant abnormality and possible clinical consequence
Embryological/developmental defect

Resultant abnormality

Clinical consequence

Abnormal insertion and migration of the orifice
of the mesonephric duct

Posterior urethral valve

Obstructive uropathy

Abnormal development and absorption of the
‘Common excretory duct’

Defective development of the
ipsilateral hemitrigone

Abnormal “uretero-trigonal” mechanism with a
neuromuscular defect and abnormal vesicoureteric
junction (VUJ)

Abnormality in the position of the ureteral bud
and its development from the mesonephric duct

Defect in the entire collecting system,
from the ureter to collecting tubules

VUR and reflux nephropthy; ureteric obstruction;
hydroureteronephrosis; megaureter

Abnormal induction of the metanephric blastema Maldevelopment of the kidney
by the ureteral bud

was more in the high-risk group. Individual complications in each risk group were categorized, and all major
complications including persistent VUR, progressive
renal scarring, valve bladder syndrome, and uremia were
observed to be higher in the high-risk group. The available data revealed that the system of classification was
helpful in establishing the prognosis at diagnosis and
reviewing the results of therapy during follow-up. The
description of the posterior urethral valve sequence is
done with the objective of recognition of the disease as
an entity with multiple variable manifestations that generally fits the description of a sequence.

Inherent renal dysplasia

The clinical classification aims to group the patients
based on the extent of affection and response to therapy.
This would serve to identify patients into separate subgroups of therapeutic and prognostic significance. The
risk stratification approach supplements the clinical classification, by offering the option of applying different
commonly used parameters to identify patients at high
risk of ESRD. It is also equally important to anticipate,
recognize, and treat systemic problems associated with
PUV. The broad guidelines proposed for stratification
can be modified or adapted based on additional, new, or
evolving investigations and criteria. The essential aim of

Fig. 1 Schematic representation of the correlation between embryological error and clinical manifestations in posterior urethral valves
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the system is to modulate therapy and follow-up based
on the recognition of risk factors of progressive disease.
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6.

7.

Conclusion
The most critical factors to be accounted for in the diagnosis and management of PUV are the definition of disease severity, recognition of systemic complications, and
identification of children at risk of progression to ESRD.
The proposed developmental defect analysis, the description of the PUV sequence, clinical classification, and
risk stratification approach are only the means to this
end of segregating patient groups within the diagnostic
spectrum.
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