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Abstract

Background: Evidence regarding the impact of perinatal ureteropelvic junction obstruction
(UPJO) and surgical correction during infancy, on somatic growth are scarce. Understanding
these impacts could help advise parents and aid in treatment decision making.

Objectives: To assess the impact of unilateral UPJO and surgical correction on somatic
growth in infants diagnosed antenatally and treated during infancy.

Design: A retrospective bi-institutional analysis of somatic growth in patients under 2years
who underwent dismembered pyeloplasty for the treatment of UPJO was conducted.
Methods: We evaluated patients who were diagnosed with unilateral hydronephrosis during
pre-natal ultrasound screening for detection of fetal anomalies between May 2015 and
October 2020. The height and weight of patients who were diagnosed with UPJO were recorded
at the age of 1 month, time of surgery, and 6 months after surgery. Standard deviation scores
(SDSs) for height and weight were calculated and compared.

Results: Forty-eight patients under the age of 2years were included in the analysis. Median
age and weight at pyeloplasty were 6.9 months and 7.5kg. At 1 month, the median SDS for
weight in the entire cohort was -0.30 [interquartile range (IQR): -1.0 to 0.63] and the median
SDS for height was -0.26 (IQR: -1.08 to 0.52). In 22.9% of patients (11/48), weight and height
were below -1 age-appropriate standard deviations, and 6.3% (3/48) were below -2 standard
deviations, suggesting growth restriction. When comparing SDS for the entire cohort, there
was no significant difference corelated to measurement time or effect of surgery. In the
growth restricted cohort, we found a significant improvement in linear growth for height,
which was demonstrated between birth and surgery as well as after surgery.

Conclusion: Infants with unilateral UPJO diagnosed antenatally as a single anomaly may be
at an increased risk of somatic growth restriction in comparison with the general population.
In children with growth restriction at time of birth, height seems to improve regardless of
surgical treatment. Pyeloplasty during infancy does not seem to negatively affect somatic
growth. These findings can be used to counsel parents regarding the potential effects of UPJO
and pyeloplasty.
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Introduction

Ureteropelvic junction obstruction (UPJO) is
one of the most common pediatric genitourinary
anomalies that causes antenatal hydronephrosis

(AH). Pediatric urinary obstruction is associated
with potential urinary tract infection (UTI),
renal scarring, and functional deterioration and
has been shown to have implications on renal
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function during adulthood.!-3> Due to the poten-
tial harmful effects of the obstruction, most
patients are followed up closely after birth with
regard to indications for active treatment. As a
substantial proportion of patients will experience
improvement or resolution of hydronephrosis,
corrective surgery, that is, pyeloplasty, is reserved
for patients with worsening of hydronephrosis
[Society for Fetal Urology (SFU) classification
grade 3 or 4], deterioration of renal function, or
complications.* The role of pyeloplasty in pre-
venting renal function deterioration has been
shown>® and is considered the gold standard for
treatment. However, the timing of surgery and
surgical approach have been a matter of debate.
In recent years, several studies have shown renal
functional advantages in performing early pyelo-
plasty in patients under the age of 1 year.”® The
performance of pyeloplasty in infants has demon-
strated safety, feasibility, and excellent long-term
outcomes.10-13

As severe presentation of UPJO in the antenatal
and infancy period carries reduced future renal
function, it could potentially have systemic impli-
cations as well. The negative impact of renal dis-
ease and congenital urinary tract abnormalities on
somatic growth during childhood has been shown
in several studies.!#16 Potential pathological
mechanisms for growth failure in these patients
are recurrent infections, tubulointerstitial dys-
functions, anorexia, and increased catabolism.1?
Most studies examining somatic growth in uri-
nary tract anomalies have focused on vesi-
coureteral reflux (VUR) and demonstrated the
beneficial effect of treatment on physical somatic
development.17-19

The aim of this study was to assess the impact of
severe unilateral UPJO as a single anomaly on the
somatic growth of infants and to examine the
effect of minimally invasive pyeloplasty. We
hypothesized that infants born with severe unilat-
eral UPJO would display growth restriction that
will be partially reversible after surgical
treatment.

Materials and methods

A retrospective analysis of somatic growth pat-
terns in patients under the age of 2years who
underwent unilateral robotic or laparoscopic dis-
membered pyeloplasty at two academic medical
centers between May 2015 and October 2020 was
performed. All patients were diagnosed during

pre-natal ultrasound screening for detection of
fetal anomalies and were followed up according to
the urinary tract dilation (UTD) group recom-
mendations.2? UPJO was diagnosed postnatally
using a combination of ultrasound and diuretic
renography. The study was approved by the
Shamir Medical Center ethics committee and per-
formed in accordance with the Declaration of
Helsinki (IRB 0317-19-ASF). Surgical indica-
tions for intervention were SFU grade 3—4 hydro-
nephrosis, obstructing pattern on diuretic
renography with impaired function (<40%), dete-
rioration of kidney function; or febrile UTI with
concomitant hydronephrosis.

We excluded patients with bilateral renal anoma-
lies or concomitant anomalies such as skeletal
birth defects, genetic syndromes, or systemic
chronic disease that can potentially affect somatic
parameters. One patient who had a surgical fail-
ure and required a re-do pyeloplasty was also
excluded from the analysis.

All patients underwent robotic (n=41) or laparo-
scopic (n=7) dismembered pyeloplasty with
insertion of a Double J (D]) stent or a Pippi-sally
nephroureterostomy according to surgeon prefer-
ence. DJ stents or nephroureterostomies were
removed 2—4 weeks after surgery.

Post-operative assessment included serial renal
ultrasounds and MAG3 diuretic renography. A
successful outcome was defined as improved
hydronephrosis on renal ultrasound and a non-

obstructive pattern on renography during
follow-up.
Pre-operative, operative, and post-operative

assessment included age at surgery; sex; laterality;
pre- and post-operative imaging documenting
degree of hydronephrosis; split renal function;
T1/2; operative time; complications graded
according to Clavian-Dindo classification; use of
stents; and length of follow-up.

Patient’s height and weight were recorded at
1 month, day of surgery, and 6 months after sur-
gery in order to assess somatic growth. Standard
deviation scores (SDSs) for height and weight
were calculated as the number of standard devia-
tions from the mean for appropriate age and sex
on the basis of the World Health Organization
(WHO) child growth standard.?! We compared
the SDS regarding patient’s height and weight at
three different time points as stated above. We
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Table 1. Patient demographic, and pre- and post-operative characteristics.

Variable

Unilateral pyeloplasty (n=48)

Median age at surgery (months, IQR)
Median weight at surgery (kg, IQR)
Sex

Males/females
Laterality

Right/left
Median operative time in minutes (IQR)
No. of high-grade complications (%)
SFU degree

1

2

8

4

Median kidney function (IQR]

Median follow-up in months (IQR)

Need for re-operation (n, %)

6.9 (4.1-9.7)
7.5(6.2-8.9)
36/12

22/26

143 (120-185)
3(6.3)

Pre-operative Post-operative

0% 35.4%
0% 56.3%
12.5% 4.2%
87.5% 4.2%

Pre-operative
44% (41-52%)

Post-operative
47% (45-53%)

6.9 (6.2-8.9)
1(2.0)

IQR: interquartile range; SFU: Society for Fetal Urology.

performed a sub-group analysis comparing a
group of patients who were below one standard
deviation for height and weight (SDS < —1) at
the age of 1 month with all other patients.

All statistical analyses were performed on SPSS
statistics® v.25 software (IBM, Armonk, NY,
USA). Variables are expressed as median with
interquartile range (IQR) for continuous varia-
bles or n (%) for categorical variables. We used
the Student’s i-test for comparison of normally
distributed continuous variables and the Mann—
Whitney U-test for non-normally distributed var-
iables. The Pearson chi-square or Fisher’s exact
test were used for comparison of categorical
variables.

The variations of the SDS throughout the study
period were analyzed using a one-way repeated-
measures analysis of variance (ANOVA) and were
represented by means of box plot graphs. Post
hoc analysis was performed using a pairwise

comparison between measurements with a
Bonferroni correction for multiple comparisons.
Statistical significance was defined as p<0.05.

Results

During the study period, 48 patients under the
age of 2years fulfilled the study inclusion criteria
and were included in the analysis. All patients
underwent unilateral minimally invasive dismem-
bered pyeloplasty for UPJO. Patient demo-
graphic, and pre- and post-operative data are
presented in Table 1.

Median age and weight at the time of operation
for the whole cohort were 6.9 months and 7.5 kg.
At the age of 1 month, the median SDS of weight
in the entire cohort was —0.30 (IQR: -1.0 to
0.63) and the median SDS of height was —0.26
(IQR: —1.08 to 0.52). In 22.9% of patients
(11/48), weight and height were below —1 age-
appropriate standard deviations, and 6.3% (3/48)
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Table 2. Comparison of patients with somatic SDS < -1 with patients with SDS > -1.
Variable Patients with somatic restriction  Patients with somatic SDS > -1 at p
(SDS < -1) at 1 month 1month
(n=11) (n=37)
Median age at surgery (months, IQR) 6 (5-11) 7 (4-9) 0.41
Median weight at surgery (kg, IQR) 6.5 (5.8-8.7) 7.9 (6.5-9.5) 0.43
Sex
Males/females 8/3 28/9 0.84
Laterality
Right/left 8/3 14/23 0.04
Median operative time in minutes (IQR) 141 (123.7-168.6) 154 (120-194) 0.44
No. of high-grade complications (%) 1(9.1) 2 (5.4) 0.23
SFU degree 3-4 (n) Pre-operative Post-operative  Pre-operative Post-operative
" 1 37 3 0.34
Median kidney function (IQR) Pre-operative Post-operative  Pre-operative Post-operative 0.39
41% (38-45%) 45% (41-49%) 46% (41-50%) 48% (45-54%)
Median follow-up in months (IQR) 7.2 (6.4-8.5) 6.8 (6.1-9.6) 0.52

IQR: interquartile range; SFU: Society for Fetal Urology.

were below —2 standard deviations, suggesting
growth restriction.

During the post-operative period, three patients
(6.3%) developed Clavien-Dindo grade 3-5 com-
plications. One patient required admission and
treatment in the pediatric intensive care unit due
to post-operative septic shock. One patient had
omental hernia through the port wound after
removal of a drain and needed wound closure.
Another patient had a Pippi-sally nephroureteros-
tomy stent that leaked and required an insertion
of a DJ stent.

During follow-up after surgery, 44/48 (92%)
patients had marked improvement in hydrone-
phrosis. In the remaining four patients, SFU
grades 3-4 were observed, and all had a non-
obstructed MAG3 renogram. Median follow-up
was 6.9 (6.2-8.9) months during which anthro-
pometric measurements were registered.

When comparing a group of patients below —1
SD for height and weight at the age of 1 month
(n=11), that is, growth restricted group, and

those with SDS > -1 (n=37), there were no sig-
nificant differences regarding pre-operative,
operative, or post-operative clinical parameters
(Table 2).

SDS for the entire cohort in the three time peri-
ods measured were not significantly difference
corelated to measurement time or effect of sur-

gery (Figure 1).

Patient’s weight and height SDS for the entire
cohort, children with SDS > -1, and the
restricted growth group are presented in Table 3.

When examining the growth restricted cohort
(n=11), we found a significant improvement in
linear growth for height, which was demonstrated
in the periods between birth and surgery
(»p=0.029), as well as during follow-up after sur-
gery (p=0.04). Regarding weight, we observed a
trend toward increased growth restriction (decline
in linear growth) in the period between birth and
surgery which remained stable after surgery.
However, these trends were not statistically sig-
nificant (Figure 2).
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(a) Height SDS trend for the entire cohort (b) Weight SDS trend for the entire cohort

M One month M Surgery Follow-up [ One month W Surgery [ Follow-up
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Figure 1. Box plots for height and weight of the entire cohort.

Table 3. Comparison of SDS during the study period.

Variable Age of 1 month Time of surgery 6 months follow-up p
Entire cohort (n=48)
Median weight SDS (IQR) -0.30 (-1.0 t0 0.63) -0.23 (-1.53 to 0.52) -0.24 (-1.1t0 0.59) 0.16
Median height SDS (IQR) -0.26 (-1.08 to 0.52) 0.13 (-0.61 to 1.07) -0.03 (-0.82 to 1.02) 0.21
Normal growth cohort (n=37)
Median weight SDS (IQR) 0.26 (-0.74 t0 0.71) 0.02 (-0.79 to 0.55) 0.09 (-0.82 to 0.73) 0.49
Median height SDS (IQR) 0.13 (-0.26 to 0.87) 0.43 (-0.1t0 1.18) 0.31(-0.7 to 1.21) 0.37

Restricted growth cohort (n=11)

Median weight SDS (IQR)
Median height SDS (IQR)

-1.05 (-1.53 to -0.54)
-1.49 (-1.92 to -1.08)

-1.54(-2.88 to -0.61)
-1.20 (-1.54 to -0.31)

-1.56 (-3.11 to -0.63) 0.45
-0.65(-1.63 to -0.15) 0.04

(a) Height SDS trend for the growth restricted group (b) Weight SDS trend for the growth restricted group
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Figure 2. Box plots for height and weight of the growth restricted group.

Discussion

In this retrospective study of children with severe
hydronephrosis who underwent minimally inva-
sive pyeloplasty, we demonstrated an increased
tendency for growth restriction in comparison
with the general population. Children with sig-
nificant somatic growth impairment seem to
demonstrate catch-up growth after birth reflected

in SDS for length. Pyeloplasty during infancy did
not seem to negatively affect somatic growth.

Somatic growth in children is a multi-factorial
process with a complex interplay between genetic,
nutritional, environmental, and hormonal causes.
Growth regulation occurs by paracrine and endo-
crine mechanisms with secretion of growth
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hormone (GH), insulin-like growth factor-I
(IGF-1), as well as thyroid hormone, glucocorti-
coids, androgens, and sex steroids.22-24

Pathological factors such as genetic disorders,
renal disease, pre-natal factors, and malnutrition
are known to negatively affect growth.2> Several
studies have examined the relation between renal
impairment and growth retardation. In an early
seminal study by West and Smith,!® children with
renal impairment, most of whom suffered from
bilateral hydronephrosis, displayed reduced
caloric intake, chronic acidosis, and growth retar-
dation. Polito ez al.2% reported on growth patterns
in 156 children with VUR and normal creatinine
clearance. At the time of diagnosis, patients with
bilateral VUR and signs of renal scarring had a
significant decrease in the relative height and nor-
mal weight-for-height in comparison with normal
children. In a follow-up study, they reported sig-
nificant catch-up growth in children with severe
VUR who were treated surgically.2?”

Only few reports on growth patterns of children
with UPJO have been published. Tapia ez al.?8
reported on the systemic effects of pyeloplasty in
38 children with unilateral UPJO and found that
in their cohort, 72% of children younger than 1
year were below the 50th percentile in height
prior to treatment. After surgery, the distribution
of heights became normal. They concluded that
unilateral hydronephrosis systemically affects
body growth and overall renal function, and that
such abnormalities may be corrected after sur-
gery. Chandrasekharam er al.?® evaluated the
impact of UTT and pyeloplasty on somatic growth
in children diagnosed with symptomatic unilat-
eral UPJO. In their study, out of 61 children who
were reviewed, 26.2% displayed growth impair-
ment, defined by the authors as an SDS of under
—2 for height measurements. Patients who suf-
fered recurrent UTI were more likely to display
impaired somatic growth. The authors demon-
strated catch-up growth in the children who were
affected during the post-surgical follow-up.

Our study is unique in the sense that it reflects the
impact of unilateral UPJO and its treatment in
infants diagnosed antenatally. While our study
cohort is comprised from children diagnosed with
AH and surgically treated before the age of
2years, both studies mentioned above examined
older children (mean age at surgery of 2.5and
6years, respectively). Although our cohort dem-
onstrated a higher percentage of patients below

-1 SDS (22.9%), and -2 SDS (6.3%) in compari-
son with the normal population, the studies men-
tioned above presented a higher rate and severity
in growth retardation. A cohort of older children
who were diagnosed later might contribute to
ongoing renal function deterioration and explain
these differences. In that sense, we believe that
our study better reflects the somatic impact in the
contemporary diagnostic and treatment era.

In our cohort of growth restricted children, we
found that in the period between birth and sur-
gery, height improved significantly while there
was a non-significant trend of weight restriction
after birth that remained stable after surgery.
These changes might imply an intra-uterine
insult, related to the renal anomaly or other
unknown factors which were diminished after
labor. However, as such change can be multi-fac-
torial, further research to elicit specific causes is
needed. A different explanation to our findings
could be that the short time interval for surgical
treatment of these children allowed to display a
negative change in weight but not in height, and if
these children were not operated on, perhaps a
decline in height would occur later on.

Interestingly, after surgery, continued growth in
terms of height and stable weight was demon-
strated. As weight, especially during the first years
of life, can rapidly change in response to multiple
factors, height is considered a better predictor of
long-term somatic growth. As our follow-up
period was relatively short (median of 6.9 months
after surgery), catch-up growth for all parameters
might be demonstrated only after longer
follow-up.

In concordance with the existing literature, our
study demonstrated a relation between unilateral
UPJO as a single anomaly and an increased risk of
somatic growth restriction. Such changes seem to
be more moderate in the current era in compari-
son with earlier studies, possibly due to earlier
diagnosis and treatment.

The limitations of this study include its retrospec-
tive nature, relatively small cohort size, and short
follow-up period. As growth during infancy can
be affected by multiple parameters such as
genetic, socioeconomic, and environmental
changes, these factors which were not assessed in
this study could potentially skew our results.
However, the use of an SDS from growth charts,
which compare the study cohort with the normal

journals.sagepub.com/home/tau


https://journals.sagepub.com/home/tau

E Kord, BB Neeman et al.

pediatric population, eliminates this bias. Another
limitation is the lack of global renal function
assessment as we measured only the affected kid-
ney function by way of renal scintigraphy.
Therefore, we were not able to conclude possible
associations between global kidney function and
somatic growth.

To the best of our knowledge, ours is the first
study to examine this relation in a contemporary
cohort of children, diagnosed and treated early
with minimally invasive surgery during infancy.

Conclusion

Infants with unilateral UPJO diagnosed antena-
tally as a single anomaly may be at an increased
risk of somatic growth restriction in comparison
with the general population. In children with
growth restriction at time of birth, height seems
to improve regardless of surgical treatment.
Pyeloplasty during infancy does not seem to neg-
atively affect somatic growth. These findings can
be used to counsel parents regarding the potential
effects of UPJO and pyeloplasty.
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