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Abstract

Objective: To evaluate patients who had undergone pyeloplasty for pelviureteric junction obstruction, by measuring the
anteroposterior diameter (APD) of the renal pelvis in supine and prone positions, and determine whether a decrease in APD in
prone position can exclude obstruction in dilated renal system. Materials and Methods: From January 2012 to December 2013,
patients who had undergone pyeloplasty were evaluated by ultrasound in two centers. The difference of APD of the renal pelvis in
supine and prone positions was obtained. Correlation was made with the pre- and post-pyeloplasty renal function by radionuclide
renogram. Results: There were 42 patients (31 males, 11 females; age range 5 months to 18 years). Residual hydronephrosis was
detected in 41 patients of whom 35 patients (85%) showed decrease in APD by >10% in prone position. These patients and the
one without hydronephrosis showed either no deterioration or improvement in renal function. Six patients (15%) showed either no
change or increase in APD in prone position. Three patients (7.5%) were confirmed to have decrease in renal function indicating
obstruction. Three patients (7.5%) showed no deterioration of renal function, but sluggish drainage on radionuclide renogram.
Conclusion: Demonstration of decreased APD of renal pelvis in prone position by ultrasound is useful to differentiate obstructed
from non-obstructed dilated renal system, and it correctly identified 85% candidates with successful pyeloplasty. In patients with
no decrease or increase in APD at prone position, further follow-up is recommended to rule out obstruction.
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Introduction detected.®! USG and radionuclide renograms are commonly

used to document success following pyeloplasty.*>*! While
Dismembered pyeloplasty for pelviureteric junction  differential functions have been sufficiently evaluated,
obstruction (PUJO) has a high success rate.! Considering a number of studies have shown that the function and
that majority of patients will experience a favorable = 4V€ pattern do not alwaxs IMprove On renograms after
outcome following pyeloplasty, a large number of pyeloplasty.*' Ultrasound is a useful, non-invasive tool to
patients routinely undergo post-operative evaluation assess hydronephrosis, but only few studies have evaluated

by which probl . Hent b its role after pyeloplasty.?*%121 Besides the inability to
y WhICh problems occurrng i some patients can be quantify the functional status of the kidney, the use of

ultrasound as a marker of success of pyeloplasty is limited

Access this article online due to the persistence and, at times, worsening of dilatation
Quick Response Code: of pelvicalyceal system after pyeloplasty.*'>'* To overcome
Website: these drawbacks, previous investigators have proposed
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using ultrasound to calculate pelvis/cortex ratio and percent
improvement in anteroposterior diameter (APD) to predict
the success of pyeloplasty.’*l But these have not gained
widespread acceptance and the technique concerned has
not been standardized.
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In this study, we used a standardized ultrasound technique
to evaluate the APD of the renal pelvis in patients underwent
pyeloplasty and compared the measurements between
supine and prone positions with the aim to determine
whether the difference between the two helps to exclude
obstruction in dilated renal system post pyeloplasty and
predict the success of pyeloplasty.

Materials and Methods

The study was carried out in two different sites with
a standardized technique that has been described
subsequently. The first institution is in a developing country
with mobile population. Pediatric patients (age 0-15 years)
who had undergone pyeloplasty (either in the same
institute or other institutes) were consecutively recruited
to the study from January 2012 to December 2013. These
subjects attended the institute either for follow-up following
pyeloplasty or for other non-urological problems. As there
was no institutional review board, consents were obtained
from the parents and management of the hospital. Those
patients who did not have a pre-pyeloplasty renogram were
excluded from the study. The second institution is a tertiary
referral center for pediatric urology in a developed country.
All subjects (age 0-15 years) underwent pre-operative
assessment and pyeloplasty in the same institute, and were
being regularly followed up after the surgery. As there is
no Institutional Review Board in the first institute, consent
of the management of the hospital was taken while in the
second institute approval from the head of department of
ultrasonography was taken. Consent from the parents was
obtained after explaining the procedure to them.

Ultrasound examination was performed by a single
operator (VYFL, sonographer >20 years of experience and
AS, radiologist > 7 years of experience) in each tertiary care
center, respectively using the Prosound Alpha 6 machine
from Hitachi-Aloka Medical America, Inc. The imaging
procedure was standardized as follows:

All children were instructed to have adequate fluid intake
prior to the study as the measurement of APD could
be variably affected by hydration status of the subject,
particularly in children.P! Just before the ultrasound
scanning, all subjects were instructed to void (in infants,
we ensured an almost empty bladder was visualized
before scanning started) as a full bladder could impair
drainage of urine from the kidneys into the bladder and
affect the APD measurement. APD was first measured
in the transverse plane at the level of renal hilum with
the patient in supine position and with the ultrasound
probe placed laterally in mid-axillary line. Afterward, the
measurement was repeated when the patient lay prone.
Each APD was measured three times and the average was

taken. Appropriate magnification was done for correct
measurements. During this examination, the presence or
absence of calyceal dilatation was also recorded.

At the end of each examination, the percentage change of
APD was calculated with the following formula:

% change in APD = (average APD in supine position - average
APD in prone position)/average APD in supine position x 100.

A % change of greater than +10% was taken to be an
indicator of non-obstructed collecting system.

The reproducibility and degree of agreement of supine and
prone APD measurements of 10 subjects were compared
between the two operators [VYFL, WCWC (radiolog ist
with >20 years experience)] in the second institute. To
determine the intra-observer error, three measurements
were obtained for APD in both supine and prone positions
by each operator. To determine inter-observer error, the
mean values from all APD measurements were compared
between the two operators.

All patients included in this study had also undergone
a pre-operative and at least one post operative
diuretic radionuclide renogram (Symbia E Gamma camera,
Siemens; USA) using either EC[Ethylene Dicysteine] or
MAGS3 [Mercapto acetyl triglycine]. The difference in
differential renal functions before and after pyeloplasty was
evaluated. In the second institute, reference was also made
for patients who had more than one post-op pyeloplasty
renograms performed. If there was no interval deterioration (in
which deterioration was defined as an interval drop of >5%
differential function) or there was improvement in differential
renal function post pyeloplasty, and the patient was
asymptomatic, the pyeloplasty was regarded as successful.

The primary hypothesis of the study was to see if a decrease
in APD in prone position was indicative of successful
pyeloplasty. The secondary objective was to see if those
who did not show a decrease in APD in prone position had
deterioration of renal function by > 5% suggesting persistent
obstruction requiring a secondary pyeloplasty.

The results were tested using Wilcoxon signed rank sum
test for difference in APD between supine and prone
positions. The relationship between change in APD and
success of pyeloplasty as indicated by the results of diuretic
radionuclide renogram was tested by Chi-square test. Both
statistical tests were performed at 5% level of significance
using the statistical analysis software SPSS version 19 [IBM
Corp. Released 2010. IBM SPSS Statistics for Windows,
Version 19.0. Armonk, NY: IBM Corp.].
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In the first institution, out of 48 patients, 12 did not have
a pre-pyeloplasty renogram and hence were excluded
from the study. In the second institution, seven patients
with complete record were recruited. In the total cohort of
43 patients included (31 males and 12 females; age from
5 months to 18 years), 33 had undergone left-sided and
9 had undergone right-sided dismembered pyeloplasty. The
postoperative time period ranged from 3 months to 15 years.
None of them had symptoms suggestive of obstruction.
There was excellent correlation in repeated measurements
made by the operators. The Intraclass correlation [ICC] for
the single operator was 0.986 (95% CI 0.978-0.991). There
was also very good reproducibility between the two
operators (ICC =0.85, 95% CI = 0.70-0.94).

There was no hydronephrosis seen in one patient and
this patient did not show any deterioration of renal
function in the post-pyeloplasty renogram [no. 18 in
Table 1]. There were 36 patients who had a decrease of
APD by >10% in prone position [Figures 1-3]. They had
either improvement or no deterioration of renal function
in their post-pyeloplasty renograms as compared to
their pre-pyeloplasty renograms [Table 1, Figure 1]. This
association was statistically significant (P < 0.005 by
Chi-square test). This confirmed the primary hypothesis of
the study that a decrease in APD by >10% in prone position
suggests a successful pyeloplasty.

There were five patients who had an increase in APD in
prone position [Figure 4], and in one patient, there was no
change in APD in prone position [Table 2]. Three of these
patients had deterioration of function of the operated kidney,
as compared to the pre-pyeloplasty renograms [Figure 4].
Deterioration of differential renal function ranged from
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Figure 1 (A-C): (A) Post-pyeloplasty ultrasound showing APD of
left kidney in supine 23 mm and in prone position 12 mm (B) Pre-
pyeloplasty renogram showing left kidney having 23% differential
function (C) Post-pyeloplasty renogram showing 33.3% of left kidney
— improved renal function suggesting a successful pyeloplasty

6 to 12%. This was taken as indicative of secondary PUJO
and these subjects were advised a second pyeloplasty.
Calyceal dilatation was also noted these patients.

In three subjects who showed increase in APD (range from
8.8 t0 27.4%) in prone position, the differential renal function
on MAG3 renogram was either static or improved. Review
of dynamic images of the radionuclide renogram showed
sluggish drainage from the dilated pelvis into the ureter
but no definite accumulation of tracer with time. All three
subjects underwent another follow-up renogram within
the next 6 months which confirmed static differential renal
function. Thus, the secondary objective, that is, an absence
of decrease in APD in prone position/increase in APD in
prone position indicates a failed pyeloplasty, could not be
ascertained as statistically significant.

The success of pyeloplasty is conventionally evaluated
with ultrasound by demonstrating a decrease in
hydronephrosis and with radionuclide renograms by
showing improvement in function and/or drainage
pattern.>#!2 Diuretic renography has been regarded as the
gold standard to document surgical success of pyeloplasty,
but is invasive, expensive, and is associated with the
risk of radiation. At times, despite pyeloplasty, the renal
function and drainage pattern show no improvement on
radionuclide renogram, leading to a diagnostic dilemma
for the clinician and anxiety among patients and parents.
Furthermore, residual hydronephrosis (even though to a
lesser degree compared with the pre-op status) is common
after pyeloplasty. Patients who undergo pyeloplasty later
in life also have persistence of hydronephrosis and poor
radiological improvement due to the decreased resilience
of the renal pelvis.’'? Patients are, therefore, advised to
have repeated assessment by ultrasound and/or diuretic
renogram. Studies have shown that repeated nuclear

Figure 2: Post Pyeloplasty ultrasound showing APD of 1.42 cm in
supine and 1.18 cm in prone position
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Figure 3: Post Pyeloplasty ultrasound showing APD of 14 mm in supine
and 10 mm in prone position

studies are not necessary as it is uncommon for patients
to have significant fluctuations in split function.? Also,
given the >95% success rate of pyeloplasty, the large
number of renograms currently performed in daily practice
are not cost-effective for identifying just a small portion
of patients who might be benefitted; therefore, a more
selective approach is advocated. Some investigators have
also questioned the value of routine radionuclide renogram
after pyeloplasty. Ultrasound alone has been proposed for
the initial assessment after pyeloplasty, with renogram
reserved for those patients who do not show improvement
on ultrasonography.l'>!¢!

Though ultrasound is easily accessible and non-invasive, itis,
by nature, operator dependent. The status of pre-ultrasound
hydration and the amount of urine in the bladder can affect the
degree of hydronephrosis.’"* The degree of hydronephrosis
is also very variable postoperatively. Amling et al. found
that hydronephrosis could remain the same or worsen
in the first several months following pyeloplasty even
in those kidneys which show good response to surgery
ultimately.''? Kis ef al. found slow improvement in the
pelvic dilatation in the first postoperative year.!"” Park ef al.
found faster improvement in grade III hydronephrosis as
compared to grade IV hydronephrosis, but even when all
grades of hydronephrosis were considered, only 56% of
patients achieved normalization.! Nest et al. found that
majority of cases took more than 6 months to improve on
ultrasound.["! To the best of our knowledge, currently there
is no international recommended standardized protocol to
guide ultrasound measurement for determining the severity
of hydronephrosis.'”! Investigators have tried to determine
the success of pyeloplasty on ultrasound by using various
parameters such as calyx/parenchyma ratio,'¥ parenchyma/
pelvicalyceal area ratio,!') pelvis/cortex ratio,* and percent
improvement in APD.P! Very few studies have evaluated
the usefulness of Resistive Index and Resistive Index Ratio,
as determined by Doppler evaluation of the kidneys, in
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Figure 4 (A-C): (A) Post-pyeloplasty ultrasound showing APD of
left kidney in supine 44 mm and in prone position 46 mm (B) Pre-
pyeloplasty renogram showing 46% differential function of left kidney
(C) Post-pyeloplasty renogram showing 24.9% differential function of
left kidney, indicating obstruction

patients who have undergone pyeloplasty. Though these
parameters correlate well with the results of diuretic
renography,®! they cannot differentiate a non obstructed
collecting system from PUJO,?!l especially if there has been
severe damage initially.l?

There is usually a dilemma of differentiating a dilated
but non-obstructive system from a dilated and obstructed
system in post-pyeloplasty patients. The above scenario is
particularly complicated in situations where patients usually
come to seek medical advice with no previous records.
Some patients do have regular follow-up, but radionuclide
renograms might not be available. Ultrasound is commonly
used as an investigatory tool for any abdominal problem.
If hydronephrosis is found, it is not easy to distinguish
whether it is due to residual hydronephrosis or secondary
PUJO.B71221 We sought to look for a solution to this dilemma
by comparing the renal pelvis APD in supine and prone
positions. The rationale of the design of the study is based
on the fact that the renal pelvis and collecting system drains
better in prone position. In the prone position, the proximal
end of ureter is placed more anteriorly than the upper pole of
the kidney. The pelvis also falls anterior to the psoas muscle.
So, the pelvis and upper ureter fill more rapidly in prone
position.”* The non-obstructed dilated pelvis would drain
better in prone position and would have an APD less than
that in the supine position. On the other hand, the obstructed
systems would not drain better in prone position, and hence,
the APD of these systems, in prone position, would be more
or equal to the APD in supine position.

The same rationale has been employed and proved to be
valid by the authors in evaluation of prenatally detected
PUJ obstruction. In the previous study, children who had
a decrease in APD in prone position by >10% as compared
with supine position showed resolution or no deterioration
of hydronephrosis and did not require pyeloplasty, while
those who showed no decrease in APD in prone position had
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Table 1: Demographic data, ultrasound findings, and differential renal function in children who has reduced APD from supine to prone

position (negative value at % change in APD)

1 18 years F L 12 years 30
2 9 years F L 1% years 29
3 4 years M L 1 year 30
4 11 years M L 10 years 21
5 11 years F R 9 years 18
6 5 months M R 3 months 31
7 8 years M L 4 months 35
8 3 years M R 2 years 30
9 3 years M R 5 years 35
10 3 years M L 5 years 34
" 18 years M L 2 years 29
12 2 years M L 12 years 27
13 6 years M L 2 years 35
14 10 months M L 6 months 28
15 6 months M L 3 months 32
16 4 years M L 1 year 38
17 10 years M L 2 years 31
18 7 years F L 4 months 27
19 1%2 years F L 3 months 29
20 18 years F R 10 years 20
21 9 years M L 5 years 19
22 9 years M L 6 years 30
23 17 years M L 6 months 23
24 6 years F L 4 years 15
25 11 years F L 4 years 25
26 2 years M L 1 year 30
27 6 years M L 4 months 18
28 5 years M R 4 year 31
29 4 years M R 4 months 30
30 8 years M L 6 months 25
31 4 years M R 7 months 15
32 13 years M L 5 years 22
33 13 years F R 5 years 20
34*  14.75years M L 14 years 4 months 33
35*%  6.67 years M L 5 years 7 months 51
36*  14.25years M L 13 years 10 months 36
37*  14.08years M L 1 year 4 months 32

*Indicates data from the second institute

worsening of hydronephrosis and needed pyeloplasty.’!
Based on this, we took the 10% cut-off value as indicative
of successful pyeloplasty in the current study.

Findings of this study support the primary hypothesis. We
found that all patients who had a decrease in the APD in
prone position by >10% as compared to supine position
had better renal function after pyeloplasty. Therefore, we
propose that a decrease of APD >10% in prone position
is indicative of a successful pyeloplasty and no further
radionuclide renogram is required. Interestingly, all these
patients had no calyceal dilatation. This finding of absence of

32 28 16 —42.9 No
36 20 4 —80 No
33 28 22 —21.43 No
21 29 21 —21.59 No
20 28 18 —35.72 No
34 10 8 -20 No
40 12 8 —33.33 No
37 26 14 —46.15 No
35 16 13 —18.75 No
35 23 20 —13.04 No
34 36 22 —38.89 No
31 24 19 —20.83 No
42 19 16 —15.79 No
31 17 14 —17.65 No
39 25 21 —16 No
47 19 16 —15.79 No
37 22 12 —45.45 No
30 Nil Nil No
35 10 7 -30 No
22 31 25 -19.35 No
23 25 22 -12 No
36 23 14 -39.13 No
28 22 15 -31.82 No
20 24 21 -12.5 No
28 41 35 14.63 No
37 19 13 -31.58 No
21 49 37 -24.49 No
37 14 10 -28.57 No
39 15 10 -33.33 No
30 26 21 -19.23 No
25 15 12 -20 No
26 25 15 -40 No
23 35 20 -42.86 No
46 18.7 16.07 -14.08 No
52 20.67 16.67 -19.35 No
47 12.07 10.77 -10.8 No
31 9.93 8.28 -14.02 No

calyceal dilatation in cases that have undergone a successful
pyeloplasty is in accordance with the findings of other
investigators who reported that calyceal dilatation resolves
early and pelvic dilatation persists longer.'”! Recently,
Lantz et al. have shown that prone position for renograms
facilitates drainage and is a more accurate representation
of postoperative outcome after pyeloplasty.’*”!

Of the six patients who did not meet the above criteria,
three (50%) were confirmed to have secondary PUJO with
deteriorating renal function which required a second
surgery. In the other three subjects (50%), only sluggish
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Table 2: Demographic data, ultrasound findings, and differential renal function in children who have either no change or increased APD
from supine to prone position (zero or positive value at % change in APD)

1 17 F L 15 years 21
2 10 F L 4 years 36
3 9 M L 8 years 35
4% 1.0 F L 4 months 51
5% 1.3 M L 5 months 19
6* 1.92 M L 2 years 9 months 41

*Indicates data from the second institute

drainage was demonstrated on diuretic renogram without
further deterioration in renal function. Hence, we propose
that those who fail to achieve a decrease of APD >10%
in prone position should be under close follow-up
with ultrasonography. A further diuretic renogram is
recommended to differentiate secondary obstruction from
sluggish drainage pattern. Interestingly, all cases with
deteriorating renal function [cases 1-3 in Table 2] were found
to have co-existing calyceal dilatation, while those without
deteriorating renal function [cases 4-6 in Table 2] did not
show calyceal dilatation. Thus, in addition to increased APD
in prone position, calyceal dilatation might be a useful sign
with higher predictive value to identify dilated system with
obstruction. The above statement/suggestion, however,
needs to be validated with a larger sample size.

There are a number of limitations in this study. In the
first institution, pre-pyeloplasty ultrasound findings were
not available in the majority of patients. The timing of
ultrasound postoperatively was variable, ranging from
3 months to 15 years after pyeloplasty. The operative
details of many patients, with regard to whether they
had undergone a reduction of pelvis or only a simple
excision of the pelvi-ureteric junction, were not available.
All cases were not operated by a single surgeon. The
timing of postoperative renograms was highly variable.
However, these limitations are a regular scenario in many
developing countries where radionuclide studies are
not easily available, patients are lost to follow-up, many
get diagnosed late in life, and a single-center follow-up
is uncommon due to variable health care practices.
A patient who has undergone pyeloplasty in the past
comes to seek medical advice for a non-renal pathology.
An ultrasound examination is performed which detects
hydronephrosis and the sonologist faces the dilemma
of differentiating a dilated but non-obstructed system
from a dilated and obstructed system. This dilemma is
further compounded when the clinician gets a renogram
done, but the differential renal function and the drainage
curves cannot answer the question of differentiating a
dilated non-obstructed system from an obstructed system,
especially in the absence of pre pyeloplasty renograms.
It is in these scenarios that a simple bedside ultrasound

18 15 19 26.66 +
24 40 44 10 +
29 28 28 0 +
49 10.0 13.07 40.91 No
18 14.07 15.3 8.77 No
50 10.7 11.33 5.92 No

evaluation and measurement of APD of renal pelvis in
supine and prone positions can be useful.

The aforementioned limitations were partially overcome by
a collaborative study carried out in the second institution,
which is a tertiary referral center for pediatric urology. In
this latter institution, all subjects had pre-op ultrasound and
diuretic renogram, as well as regular imaging follow-up
post pyeloplasty, if there was persistent hydronephrosis.
The surgical notes were also available and all subjects
underwent standardized procedure of pyeloplasty by the
same team of surgeons. There are also additional merits
of this joint study. Firstly, the ultrasound examination was
validated by clearly laid out protocol including patient
preparation and scanning technique. Intra-observer and
inter-observer variability was measured and proved that
ultrasound technique was reliable and reproducible.
Secondly, serial follow-up was available for patients with
discrepancies in the first supine-prone ultrasound and
diuretic renogram, which enhances a better understanding
about the interpretation of the ultrasound findings.

A proposed algorithm for investigating children with
previous PUJO and treated with pyeloplasty is given in
Flow chart 1.

Conclusion

We propose to use a simple ultrasound technique to measure
the APD of renal pelvis in both supine and prone positions
to differentiate a dilated non-obstructed system from a
possibly obstructed system in children after pyeloplasty.
A decrease in APD in prone position by >10% as compared
to supine position indicates a successful pyeloplasty, thus
obviating the need for any further investigation with diuretic
renogram. In those patients who do not show a decrease in
APD in prone position or even an increase in APD in prone
position, diuretic radionuclide study is recommended. If
our proposal is validated by larger-scale study, ultrasound
may become a reliable diagnostic tool and lead to a new
guideline for imaging children after pyeloplasty. This new
protocol, hopefully, will help to alleviate parents’ anxiety,
saving time and money for further investigation, and reduce
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Children Post
Pyeloplasty

Hydronephrosis
on Ultrasound

No hydronephrosis
on Ultrasound

No further
investigation

Supine Vs Prone
Ultrasound

Decrease in APD in

Increase APD in

prone position by prone position or

>10% No change
_No further Diuretic Radionuclide
investigation Renogram

|
| |
> 5% drop in
differential renal
function

No significant drop in
renal function

PUJO = Consider Suggtive of sluggish
S d loplast OW In dilated system
econd pyeloplasty " Follow up

Flow chart 1: Proposed algorithm for Evaluation of patients who have
undergone pyeloplasty

the radiation exposure in this group of children by limiting

redundant radionuclide studies.
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