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Abstract

Background. Surgical techniques for posterior urethral
valve (PUV) ablation are compared by their mean postoperative
urodynamic values. Clinical success, however, is defined by
thresholds: a patient either does or does not reach an acceptable
residual volume, flow rate and outlet resistance. Whether a
technique delivers success for an individual child depends on the
dispersion of its results as much as on their mean, and a mean-
based ranking can therefore mislead.

Objective. To estimate the probability that an individual
patient meets a composite urodynamic success criterion under
each of three ablation techniques, and to determine the
discriminating capacity and optimal cut-off of the urethral
resistance coefficient.

Methods. Postoperative distributions of post-void
residual volume, mean flow rate and urethral resistance
coefficient reported for 142 boys (endoscopic resection n = 32;
polyethylene valvulotome n = 49; metallic valvulotome n = 61)
were used as inputs to a Monte-Carlo simulation of 200 000
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virtual patients per technique. Composite success was defined as
residual volume < 15 ml and mean flow rate > 10 ml/s and
resistance coefficient < 0.12, all three simultaneously. The
simulation was repeated with an inter-variable correlation of 0
and 0.30. Discrimination between the obstructed and relieved
states was quantified by binormal ROC analysis with Youden-
optimal cut-offs.

Results. Simulated composite success probabilities
were 39.8 % for endoscopic resection, 97.4 % for the
polyethylene valvulotome and 82.8 % for the metallic
valvulotome; introducing correlation changed these by less than
4.3 percentage points. The ranking differs from that obtained by
comparing means, in which the metallic valvulotome performs
best on every individual variable. The discrepancy is attributable
entirely to the dispersion of postoperative flow rate in the metallic
group (15.36 £ 5.60 ml/s), which reduced the marginal
probability of reaching 10 ml/s to 83.1 % despite the highest
mean. Binormal ROC analysis of the resistance coefficient gave
areas under the curve of 0.967, 1.000 and 0.996 with Youden-
optimal cut-offs of 0.192, 0.146 and 0.100 respectively.

Conclusions.  Probabilistic  modelling identifies
variability, rather than the mean, as the factor limiting composite
success after metallic valvulotome ablation. The dispersion of
postoperative flow rate in that group is disproportionate to the
other groups and requires verification against the primary
records. Comparative studies reporting only means may rank
techniques in an order that does not reflect the probability of
success for an individual child.

Keywords: Posterior urethral valve; Monte-Carlo simulation;
probabilistic modelling; ROC analysis; composite endpoint;
urodynamics; paediatric urology.

Introduction

Endoscopic and instrumental ablation of posterior
urethral valves relieves the anatomical obstruction, but a
substantial proportion of patients retain lower urinary tract
dysfunction and progress to chronic Kkidney disease [1-3].
Comparisons between ablation techniques are conventionally
reported as group means with significance tests, and the
technique with the most favourable means is judged superior.

This convention rests on an assumption that is rarely
stated: that a better mean implies a higher probability of a good
outcome for the individual patient. The assumption fails
whenever the outcome is defined by a threshold. A technique that
produces a high mean flow rate with wide scatter may leave more

Int. J. Med. Sci. Dent. Health 2026

children below an acceptable flow than a technique with a lower
but tightly clustered mean. The distinction matters clinically,
since the decision facing the surgeon concerns a particular child,
not a group average.

Clinical success after valve ablation is in fact a
conjunction of conditions — adequate emptying, adequate flow
and acceptable outlet resistance — that must hold simultaneously.
The probability of such a composite event is not recoverable from
marginal means and requires either individual-level data or
simulation from the reported distributions. Monte-Carlo methods
are established for this purpose in health-economic and
diagnostic modelling [4, 5] but have not been applied to the
comparison of PUV ablation techniques.

The aims of this study were, first, to estimate by
simulation the probability of composite urodynamic success
under each of three ablation techniques, and second, to determine
how well the urethral resistance coefficient discriminates the
obstructed from the relieved state and at what cut-off.

Methods

Source data. Postoperative urodynamic distributions
were taken from a cohort of 142 boys operated on for PUV: group
I, endoscopic valve resection (n = 32); group Il, polyethylene
valvulotome ablation (n = 49); group I1I, metallic valvulotome
ablation (n = 61). Three variables entered the composite criterion:
post-void residual volume V; (ml), mean flow rate Q (ml/s) and
the urethral resistance coefficient K, (dimensionless). Their
postoperative means and standard deviations are given in Table
1.

Composite success criterion. Success was defined as
the simultaneous fulfilment of

V, <15mlAQ>10ml/sA K, <0.12 (1)

The residual-volume threshold corresponds to near-
complete emptying in this age range; the flow threshold is set
below the postoperative mean of every group so as not to favour
any technique; the resistance threshold lies between the
postoperative means of groups | and Il. Because the choice of
thresholds is a modelling decision rather than an established
standard, results are reported for the stated values and their
sensitivity examined below.

Monte-Carlo simulation. For each technique, 200 000
virtual patients were generated. Each variable was drawn from a
normal distribution with the group's reported postoperative mean
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and standard deviation. Dependence between variables was
introduced through a single common factor,

X, = +5(JpoiZo+1-pZ)) @

where Zo is a shared standard normal variate, Z; are
independent standard normal variates, and o; = +1 for variables
whose increase indicates a better outcome and —1 otherwise, so
that a favourable common factor moves all three in the clinically
concordant direction. Simulations were run at p = 0
(independence) and p = 0.30. The success proportion among the
200 000 draws estimates the probability in equation (1); with this
sample size the Monte-Carlo standard error is below 0.12
percentage points. Marginal probabilities for each condition were
computed analytically from the normal distribution function.

Binormal ROC analysis. Treating the preoperative and
postoperative distributions of K, as the two classes, the area under
the ROC curve follows in closed form as

and sensitivity and

C— Hpost
S

specificity at a cut-off c

*. The Youden index J = sensitivity + specificity
post

— 1 was maximised over c on a grid of 501 points in [0, 0.5].

Sample size for a confirmatory study. The number of
patients per arm required to detect the observed between-
technique difference in postoperative K, was obtained from

2

z +Z
n= 2(%} with o = 0.05 and power 0.80.

Software. Simulations were performed in Python 3.12

with NumPy 2.4 and SciPy 1.17, using a fixed random seed for
reproducibility.

Ethics. The study was conducted in accordance with the
Declaration of Helsinki and approved by the local ethics
committee of [institution], protocol No. [number] of [date]. The
simulation used aggregate statistics only; no individual patient

AUC = Hiove = Hiost - data were accessed for this analysis.
pre T Spost Results
Table 1. Postoperative distributions used as simulation inputs (mean + SD)
Variable Group | (n=32) Group 11 (n = 49) Group Il (n=61)
Post-void residual V., ml 11.19+7.19 9.10+1.58 8.93+2.28
Mean flow rate Q, ml/s 13.42£0.81 12.67 £ 0.96 15.36 £ 5.60
Urethral resistance K, 0.11 £ 0.06 0.08 £ 0.02 0.05 £ 0.02
Coefficient of variation of Q, % 6.0 7.6 36.5

Marginal and joint success probabilities are given in
Table 2. Under independence the composite success probability
was 39.8 % for endoscopic resection, 97.4 % for the polyethylene
valvulotome and 82.8 % for the metallic valvulotome.
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Introducing a common factor with p = 0.30 raised the values to
44.0 %, 97.5 % and 82.9 % respectively; the ordering was
unchanged and the largest shift, in group I, amounted to 4.2
percentage points.
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Table 2. Marginal and composite probabilities of urodynamic success (Monte-Carlo, 200 000 draws per technique)

Technique P(Vr<15) P(Q=>10) P(Ku<0.12) | Composite, p = | Composite, p =
0 0.3

I  — endoscopic | 70.2 % 100.0 % 56.6 % 39.8 % 44.0 %

resection

Il — polyethylene | 100.0 % 99.7 % 97.7 % 97.4 % 97.5 %

valvulotome

i —  metallic | 99.6 % 83.1% 100.0 % 82.8 % 82.9 %

valvulotome

Marginal probabilities computed analytically; composite probabilities by simulation.

points.
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Figure 1. a) Modelled postoperative distributions of the urethral resistance coefficient with the success threshold; b) composite
success probability by technique at two levels of inter-variable correlation.

The limiting condition differs between techniques. In
group | both the residual-volume condition (70.2 %) and the
resistance condition (56.6 %) are binding, reflecting
postoperative means close to the thresholds combined with wide
dispersion (V;=11.19 £ 7.19 ml; K, = 0.11 £ 0.06). In group 11
the residual-volume and resistance conditions are met almost
with certainty (99.6 % and 100.0 %), and the sole limiting factor
is the flow-rate condition (83.1 %). This occurs despite group 11
having the highest postoperative mean flow rate of the three
(15.36 ml/s against 13.42 and 12.67), because its standard
deviation of 5.60 ml/s corresponds to a coefficient of variation of
36.5 %, against 6.0 % and 7.6 % in the other two groups.

Int. J. Med. Sci. Dent. Health 2026

Because the thresholds in equation (1) are modelling
choices, each was varied while the other two were held fixed
(Table 4). Group | remained lowest under every variant. The
ordering of groups Il and 111, in contrast, is not robust: tightening
the resistance criterion to K, < 0.08 reverses it (77.2 % for the
metallic technique against 49.9 % for the polyethylene), and
raising the flow criterion to 12 ml/s brings the two to within 1.7
percentage points. Relaxing the residual-volume criterion to 20
ml or the resistance criterion to 0.15 leaves the reported ordering
unchanged.
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Table 4. Sensitivity of the composite success probability to the choice of thresholds

Threshold set Group | Group Il Group 1
Q > 8 ml/s (others as stated) 39.7 % 97.7 % 90.2 %
Q> 10 ml/s (reference) 39.7 % 97.5 % 82.7 %
Q=12 ml/s 38.2% 74.0 % 72.3%
Kuy<0.08 21.7% 49.9 % 77.2%
Ku<0.10 30.4 % 83.9% 82.2%
Ku<0.15 52.5% 99.7 % 82.8%
V<10 ml 24.6 % 69.7 % 56.5 %
V<20 ml 50.4 % 97.5% 83.1%

In each row the stated threshold is varied and the remaining two are held at their reference values (V< 15 ml, Q > 10 ml/s, K, < 0.12).
Computed analytically under independence.

Binormal ROC results for the urethral resistance
coefficient are given in Table 3 and Figure 2. Discrimination
between the obstructed and relieved states was excellent in every
group, with areas under the curve of 0.967 (group 1), 1.000 (group

Table 3. Binormal ROC characteristics of the urethral resistance coefficient

I1) and 0.996 (group I1). Youden-optimal cut-offs fell at 0.192,
0.146 and 0.100 respectively, giving sensitivities of 0.914 to
0.999 and specificities of 0.896 to 0.999.

Group AUC Optimal cut- | Sensitivity Specificity Youden J
off

I — endoscopic | 0.967 0.192 0.914 0.896 0.810

resection

Il — polyethylene | 1.000 0.146 0.999 0.999 0.999

valvulotome

I —  metallic | 0.996 0.100 0.994 0.977 0.971

valvulotome
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Figure 2. Binormal ROC curves for the urethral resistance coefficient as a discriminator between the preoperative and
postoperative states.

The standardised difference in postoperative urethral
resistance between the polyethylene and metallic techniques was
d = 1.50. A confirmatory two-arm study designed to detect a
difference of this magnitude with 80 % power at a. = 0.05 would
require 7 patients per arm. Powering the same study for a more
conservative effect of d = 0.50 would require 64 patients per arm.

Discussion

The central result is a divergence between two ways of
ranking the same three techniques. Compared on postoperative
means, the metallic valvulotome is superior on every individual
variable: the lowest residual volume, the lowest urethral
resistance, the highest flow rate. Compared on the probability that
an individual patient satisfies all three conditions at once, it ranks
second, behind the polyethylene valvulotome. The two rankings
are not in conflict; they answer different questions. The mean-
based comparison asks which technique performs better on
average, the probabilistic comparison asks which is more likely
to deliver an acceptable result to the next child on the operating
list.

The mechanism of the divergence is straightforward.
When success is defined by a threshold, the relevant quantity is
the distance from the mean to the threshold measured in standard
deviations. Group Il has the largest such distance for residual
volume and resistance, but the smallest for flow rate, because its
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postoperative flow rate is six to seven times more dispersed than
in the other two groups.

That dispersion warrants attention in its own right. A
coefficient of variation of 36.5 % for postoperative flow rate,
against 6.0 % and 7.6 % in the comparison groups, is not readily
explained by biological variation alone, particularly since the
same group shows the tightest distributions of all three for
detrusor pressure (49.51 + 0.38 ¢cmH-0) and resistance (0.05 +
0.02). Three explanations should be considered before the finding
is interpreted clinically: a transcription or unit error in the primary
records; genuine heterogeneity of outcome within the metallic-
valvulotome group, for instance a subgroup with residual valve
tissue; or a difference in the timing of postoperative uroflowmetry
within that group. The first is easily checked against source
documents and should be excluded before publication of any
inference resting on this value. If the dispersion is genuine, it
identifies a clinically actionable target: reducing the variability of
the metallic technique, rather than improving its average
performance, would make it the best-performing option on the
composite criterion as well.

The ROC analysis supports the use of the urethral
resistance coefficient as a single summary measure of the
outcome of ablation, in line with the established practice of
grading bladder outlet obstruction by a scalar index [6-9]. The
group-specific optimal cut-offs, ranging from 0.100 to 0.192, are
not directly transferable between techniques, since each is
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optimal for separating that group's own preoperative and
postoperative distributions. A cut-off intended for general clinical
use would need to be derived from a pooled sample against an
external reference standard such as cystoscopic confirmation of
residual valve tissue, not from the pre—post contrast used here.
The near-perfect area under the curve obtained in group 11 should
be read in that light: it reflects the almost complete separation of
two distributions with very small standard deviations, and cannot
be interpreted as diagnostic accuracy against an independent
standard.

The sample-size calculation illustrates a practical
consequence of the effect magnitudes involved. Differences of
this size between techniques could in principle be confirmed in a
randomised trial of fewer than ten patients per arm. Such a trial
would nevertheless be underpowered for the outcomes that matter
most in this condition — renal function, continence and
reintervention — which show far smaller between-technique
differences and would require sample sizes larger by two orders
of magnitude.

Limitations

The simulation reproduces the reported first and second
moments of the postoperative distributions and assumes
normality; real urodynamic variables are typically right-skewed,
and residual volume in particular is bounded below by zero, so
the normal model slightly overstates the probability of very low
values. A truncated or log-normal specification would be
preferable if individual data were available. The dependence
structure was reduced to a single common factor with an assumed
correlation, since the empirical correlation matrix could not be
estimated from aggregate data; the low sensitivity of the results
to p mitigates but does not remove this limitation. The thresholds
in equation (1) are not established standards, and as Table 4
shows the ordering of groups Il and Il depends on them: it
reverses when the resistance criterion is tightened to 0.08. The
reported ranking should therefore be read as conditional on the
stated definition of success. The dispersion values in the source
data were interpreted as standard deviations rather than standard
errors. Allocation to technique was not randomised and baseline
severity differed between groups, so the simulated probabilities
describe the observed cohorts and should not be read as causal
estimates of technique effect. Finally, the composite criterion
covers immediate urodynamic performance only and does not
incorporate renal or continence outcomes.

Conclusions

Int. J. Med. Sci. Dent. Health 2026

Probabilistic modelling of composite urodynamic
success gives a ranking of PUV ablation techniques that differs
from the ranking obtained by comparing means, and identifies the
dispersion of postoperative flow rate — not its mean — as the
factor limiting success after metallic valvulotome ablation. The
urethral resistance coefficient discriminates the obstructed from
the relieved state with an area under the curve of 0.967 to 1.000,
supporting its use as a scalar summary of the result of ablation,
though technique-specific cut-offs are not transferable to general
diagnostic use. Comparative studies in this field should report the
probability of meeting clinically defined thresholds alongside
group means, since the two need not agree.
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