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Abstract

Background: Pediatric pyeloplasty in ureteropelvic junction obstruction (UPJO) is indicated in renal impaired
drainage or renal function deterioration. The improvement of renal function after pediatric pyeloplasty is still
controversial in poorly functioning kidneys. Past studies on poorly functioning kidneys had a variable SRF
specification, and these studies often had a limited number of patients so that they did not achieve statistical
significance. The study aims to detect the renal functional improvement after pediatric Anderson-Hynes pyeloplasty
(AHP) with split renal function (SRF) less than 20% (poor renal function).

Results: A retrospective study included 46 pediatric patients with unilateral UPJO who underwent open AHP with SRF
< 20% on a renal isotope scan from August 2012 to October 2018. Success was defined based on either improvement
in symptoms, improvement in drainage on postoperative renography, and/or improvement or stability in SRF on the
renal scan done 6 months postoperatively and yearly thereafter. Deterioration of SRF by more than 5% was deemed to
be deterioration. An increase in SRF of more than 5% was deemed to be an improvement.
A total of 46 patients with a mean age of 32 months with poor renal function on isotope renogram (SRF < 20%) were
included. All patients had an obstructive pattern on the preoperative radionuclide scans. The median preoperative SRF
was 9.26%. The mean (range) follow-up was 30 months. The success rate was 91.3%. Three patients underwent redo
pyeloplasty, whereas a secondary nephrectomy was necessary for one. The remaining (42) patients showed stability or
improvement of SRF with no further symptoms. Renal scintigraphy at 6 and 12 months after surgery revealed
significantly increased SRF compared to preoperative one.

Conclusion: Poorly functioning renal unit with SRF < 20% can show functional improvement and recoverability after
pediatric pyeloplasty.
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Background
In children with unilateral ureteropelvic junction ob-
struction (UPJO), a reduction in the split renal function
(SRF) of less than 40% is usually considered an indica-
tion for surgery [1]. Improvement of SRF in poorly

functioning kidneys after pediatric pyeloplasty is still
under dispute [2, 3]. A study showed that PUJO cases
with SRF < 35% had a high risk of substantial biopsy
histological changes and a low likelihood of postopera-
tive improvement in SRF [4].
The pyeloplasty vs. nephrectomy indication is focused

primarily on the results of repeated renal ultrasonog-
raphy (US) and renal scintigraphy [5]. Usually, nephrec-
tomy was recommended when SRF < 10% [6, 7]. Long-
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term follow-up studies suggest that even with an initial
SRF of less than 10%, a considerable increase in SF can
be seen when pyeloplasty is done so that nephrectomy is
not warranted [8–10].
Past studies on poorly functioning kidneys had a vari-

able SRF specification, and these studies often had a lim-
ited number of patients so that they did not achieve
statistical significance [11].
In this study, we conducted Anderson-Hynes pyelo-

plasty (AHP) for UPJO in children with poor renal func-
tion defined as SRF less than 20% on a renogram to
detect renal function improvement and avoid unneces-
sary nephrectomy. Besides, to promote better manage-
ment of family expectations and understanding of the
course of UPJO in cases where a renal function has
already been significantly reduced.

Methods
A retrospective study included 46 children with unilat-
eral UPJO with a normal contralateral kidney, who
underwent AHP in poorly functioning kidneys with SRF
< 20% on renogram from August 2012 to October 2018.
The research was approved by Urology and Faculty Eth-
ics Committees (IRB No. Uro-surg./D/2017/0001), and
informed consent that were given by parents of all cases
were reviewed.
Bilateral UPJO and UPJO with associated congenital

anomalies such as duplex kidneys, posterior urethral
valve, vesicoureteric reflux, solitary kidney, and crossed
renal ectopia were excluded. Records of detailed history,
clinical examination, and routine investigations have
been reviewed.
The diagnosis of UPJO was based on the renal US, the

hydronephrosis degree according to the guidelines of the
Society of Fetal Urology (SFU) (grade I–IV) [12], and
obstructed drainage in renal scintigraphy using Tc-99m
DTPA. Renal static and dynamic images were per-
formed, and SRF proportions were detected. Excretory
urography and magnetic resonance urography (MRU)
were done in selected cases.
Open AHP had been done in all children. During oper-

ation, the antegrade double-J (DJ) stent was fixed in all chil-
dren and then postoperatively removed after 4–6 weeks.
The primary outcome was to evaluate the functional

success of AHP for UPJO in poorly functioning kidneys
with SRF < 20% on renogram. Succeeded AHP was de-
fined based on either improvement in symptoms, im-
provement in drainage on renal scintigraphy, and/or
improvement or stability in SRF on the renal scintig-
raphy using Tc-99m DTPA done 6 months after the op-
eration and annually afterward. Renal scintigraphy
performed at the last follow-up was involved in the
study.

Deterioration of SRF by more than 5% of the pre-
operative value was deemed to be deterioration. An in-
crease in SRF of more than 5% in the ipsilateral kidney
was deemed an improvement. A change in SRF of within
± 5% was deemed stable renal function [13, 14].
The secondary outcome was detecting the impact of

child age at AHP, gender, the affected side, clinical pres-
entation, parenchymal thickness, SFU Grade of hydrone-
phrosis, and preoperative SRF on the outcome of AHP.
IBM SPSS Statistics version 23.0 (IBM Co., USA) was

used to collect and analyze data. We used the chi-square
or Fisher’s exact tests for categorical variables. The con-
tinuous variables were evaluated by Student’s t test or
Mann-Whitney U test for, respectively, equal and un-
equal distributions. p < 0.05 was significant.

Results
A total of 46 children with a mean age of 32 months (3
to 154 months), and boys to girls ratio of 4:1, with poor
renal function on renal scintigraphy (SRF < 20%) were
included in the study. All children had an obstructive
pattern (T1/2 > 20 min) on the preoperative renal scintig-
raphy. There were no abnormalities present in the
contralateral kidney in the US. The mean preoperative
SRF was 9.26% (range 3–19%). Patient preoperative fea-
tures are given in Table 1.

Table 1 Preoperative characteristics of the patients

Gender: n (%)

• Male 36 (78.3)

• Female 10 (21.7)

Affected side: n (%)

• Left 21 (45.7)

• Right 25 (54.3)

Age at AHP (months): mean (range) 32 (3–154)

Clinical presentation: n (%)

• Antenatal diagnosis 14 (30.5)

• Abdominal pain 10 (21.7)

• Incidental occurrence 9 (19.6)

• Palpable mass 6 (13)

• UTI 7 (15.2)

SRF (%): mean (range) 9.26 (3–19)

Parenchymal thickness mm: mean (range) 4.5 (3-7)

APD (cm): mean (range) 7.1 (2.5–17)

SFU Grade of hydronephrosis: n (%)

• Grade 3 9 (19.6)

• Grade 4 37 (80.4)

SFU, Society of Fetal Urology, SRF split renal function, APD anteroposterior
diameter, AHP Anderson-Hynes pyeloplasty
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No intra-operative complications were detected, the
mean operative time was 90.3 ± 20.6 min, and there was
no major intra-operative blood loss.
The mean (range) follow-up was 30 (12–84) months.

The success rate of AHP was 91.3%. Three children re-
quired redo pyeloplasty, while a secondary nephrectomy
was required for one. The remaining 42 children dis-
played improvement or stability of SRF on follow-up
renal scintigraphy with no additional symptoms.
Renal scintigraphy at 6 and 12 months after surgery

revealed significantly increased SRF compared to pre-
operative one (mean 19.7% and 21.2%, p = 0.002 and
0.009 respectively). However, there is no statistical
difference between 6 months and 12 months after
AHP (p = 0.29).
At 6 months, SRF improved in 24 cases (52.2%),

remained stable in 18 (39.1%), and deteriorated in 4
cases (8.7%). The level of SRF improvement was in the
range of 8–21%. On the other hand, postoperative diur-
etic renography demonstrated normal drainage in 22
children (47.8%) and prolonged drainage in 24 children
(52.2%). Postoperative outcomes at 6 months are pro-
vided in Table 2.
We analyzed the impact of child age at AHP, gender,

the affected side, clinical presentation, parenchymal
thickness, SFU Grade of hydronephrosis, and preopera-
tive SRF on the outcome of AHP. We observed no sta-
tistically significant relationship between these variables
and the success of AHP in the study group of children
(Table 3).

Discussion
UPJO is the most prominent upper urinary tract con-
genital anomaly; it causes flank pain, hematuria, UTI,
and renal function deterioration. Open pyeloplasty is a
gold standard therapy for UPJO with a recorded success
rate of more than 95% [15–17].
Broad use of the US and the advancement of new im-

aging modalities also contributed to earlier UPJO diag-
nosis. The definition of poorly functioning kidneys
shows wide variability. We considered the kidney is
poorly functioning if SRF < 20%, and in the literature,
other cut-offs were used, are ranging from < 30 to < 5%.
This is the reason for heterogeneity in the results of dif-
ferent studies. We assume that there is no evidence to
justify the use of a clear cut-off [5, 8–11, 18, 19].
Research has been undertaken to establish the associ-

ation between SRF, histological renal changes, and re-
sults after pediatric pyeloplasty. They detected that with
SRF< 35%, the kidneys have a high probability of major
histological improvements and a low probability of SRF
improvement [4].

Table 2 Postoperative functional and morphological changes at
6 months

Success: n (%) 42 (91.3)

SRF (%): mean (range) 19.7 (0–34)

SRF changes: n (%)

• Improved 24 (52.2%)

• Stable 18 (39.1%)

• Deteriorated 4 (8.7%)

Postoperative renal drainage: n (%)

• Normal 22 (47.8%)

• Prolonged 24 (52.2%)

SFU Grade of hydronephrosis: n (%)

• Grade 0 2 (4.4)

• Grade 1 6 (13)

• Grade 2 28 (60.9)

• Grade 3 6 (13)

• Grade 4 4 (8.7)

SFU Society of Fetal Urology, SRF split renal function

Table 3 Univariate analysis of preoperative factors in relation to
the outcome of pyeloplasty

Succeeded Failed P value

Age 0.09

• Below one year 19 1

• Above one year 23 3

Sex 0.11

• Male 33 3

• Female 9 1

Side 0.34

• Left 19 2

• Right 23 2

Parenchymal thickness 0.19

• ≤ 5 mm 20 3

• > 5 mm 22 1

Preoperative SRF 0.71

• ≤ 10% 19 2

• 11–19% 23 2

Clinical presentation 0.28

• Antenatal diagnosis 13 1

• Abdominal pain 9 1

• Incidental occurrence 8 1

• Palpable mass 5 1

• UTI 7 0

SFU grade of hydronephrosis: n (%) 0.18

• Grade 3 8 1

• Grade 4 34 3

SFU Society of Fetal Urology, SRF split renal function
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UPJO management’s objectives are to release obstruc-
tion, avoid additional renal function deterioration, and
relieve symptoms. The effects of pyeloplasty in children
with poorly functioning kidneys are still appraised [19].
The UPJO natural history is unpredictable; although

some patients undergo severe and permanent kidney
damage, others demonstrate stabilization or improve-
ment over time [20].
We researched the improvement of SRF after AHP in

46 children with preoperative SRF less than 20% on
renal scintigraphy to detect renal function improvement
and avoid unnecessary nephrectomy. The cases were di-
agnosed by using US and diuretic renal scintigraphy
using DTPA.
Our study’s presentation mode is the antenatal diagno-

sis, abdominal swelling, accidentally discovered, UTI, or
abdominal pain. There were no cases admitted with pyo-
nephrosis or needed DJ stents or percutaneous nephrost-
omy (PCN). We observed no significant effect on
postoperative SRF from preoperative presentation mode.
Capolicchio et al. noticed minimal recovery after pyelo-

plasty is in with poorly functioning kidneys and hydrone-
phrosis diagnosed antenatally [13]. Salem et al. reported
the same results in all their studied populations [21].
In several studies, the PCN tube was used preopera-

tively in all their patients to detect the chance of renal
recovery [8, 9, 11]. While in our study, PCN not used in
any case, as the policy in our center to use PCN only in
case of an emergency such as pyonephrosis, single kid-
ney, or bilateral obstruction with elevated serum creatin-
ine, this opinion is in agreement with Lone et al. in their
study [5]. Also, PCN fixation in pediatrics is done under
general anesthesia, which epitomizes the child’s extra
risk [22].
The success rate in the current study was 91.3%.

Redo-pyeloplasty was needed in three children, while
one case needed a nephrectomy. The stability or im-
provement of SRF was detected in forty-two cases on
follow-up radiography with no additional complaints.
The mean follow-up (range) was 30 (12–84) months,
which is in range with most of the previous studies [5, 8,
9, 18, 19].
Renal scintigraphy at 6 and 12 months after AHP re-

vealed significantly increased SRF compared to pre-
operative one (median: 14.8% and 15.7%, p = 0.002 and
0.009, respectively). However, there is no statistical dif-
ference between 6 months and 12 months after surgery
(p = 0.29).
Menon et al. studied 112 patients with SRF< 20 undergo-

ing pyeloplasty. The improvement of mean SRF was detected
from 3.1 ± 2.9 to 18.4 ± 14.1% in the preoperative < 10% and
from 14.8 ± 3.4 to 23.71 ± 10.48% in the 10–20% group and
10 cases needed a nephrectomy. PCN was done in 34 pa-
tients with significant improvement in mean SRF [11].

Wagner et al. reported pyeloplasty outcomes in 32 cases
by dividing them into three groups (I > 40%, II 10–40%,
III < 10%). They detected an increase of SRF one year after
the operation in cases with < 10% SRF [18].
A retrospective analysis of pyeloplasty in 39 cases was

divided into group I with SRF (10–30%) and group II
with SRF < 10%. The mean SRF increased after the oper-
ation to 38.9% in group I and 19% in group II. The suc-
cess rate was 90%, with a mean follow-up period of 41.6
months [19].
In other, the study of Lone et al. included 24 pyelo-

plasty cases with SRF ≤ 15%. The postoperative SRF im-
provement was to a mean of 18.08 ± 7.3% at 3 months
with no significant changes at 9 months and 18 months
results, so the significant SRF improvement happens
early after pyeloplasty [5].
In a retrospective study done by Gnech et al., the im-

provement in SRF was observed in 13 (36%), stability in
16 (45%), and deterioration in 7 patients (19%). Patients
with improved SRF > 5% were compared with the other
cases; the only postnatal presentation was associated
with better progress [23].
Chandrasekharam et al. retrospectively studied pyelo-

plasty’s functional outcome in children, with substantial
improvement in most kidneys with compromised func-
tion, particularly with SRF less than 30%. Children with
abdominal swelling at an early age demonstrated im-
proved outcomes and substantial continued improve-
ment for one year after surgery [22].
Nayyar et al. retrospectively analyzed 32 cases after

pyeloplasty with a split function of less than 20%. The
success rate was 93.7% [24]. In their study, Aziz et al.,
with a comparatively small number of cases, placed a
nephrostomy in hydronephrotic kidneys with SRF <
10%. The renal function increased significantly after the
initial PCN, eliminating any nephrectomy need in them
[8]. Another study analyzed the outcomes of 23 pediatric
pyeloplasties. The hydronephrotic kidneys, which had
decreased GFR preoperatively enhanced postoperatively,
were found. The change was more evident in the kidneys
with substantially decreased preoperative GFR [25].
In this study, there was no association between im-

provement of SRF after AHP and other preoperative fac-
tors, such as the age of patients at AHP and severity of
hydronephrosis, which is the same as Wagner et al.
study [18]. The improvement of hydronephrotic kidney
SRF with an antenatal diagnosis was no different than
those diagnosed later, as stated by Capolicchio et al. and
Cornford and Rickwood [13, 26].
Despite the latest classification, the Urinary Tract

Dilation (UTD) Classification System, this study used
SFU classification because it is a retrospective study,
and this system has not been popularized for postsur-
gical kidneys [27].
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There were drawbacks to our analysis. The first had a
retrospective style and a comparatively limited number
of cases; this caused the analysis deficient in identifying
some variations. It appears to be a large series that un-
derlines the study results’ clinical relevance due to poor
renal function, with PUJO kidneys is a relatively uncom-
mon disease. The second limitation was the usage of
DTPA in renal scintigraphy as MAG3 is favored in
pediatrics, kidneys with impaired function, and patients
with a potential obstruction due to its more effective ex-
traction; however, unfortunately, it is not available in
our country [28].

Conclusion
A poorly functioning renal unit with SRF < 20% can
show functional improvement and recoverability after
pediatric pyeloplasty, so offering pyeloplasty for these
children can preserve their kidneys and avoid unneces-
sary nephrectomy.
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