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Purpose: The main goal of pyeloplasty is to maintain or improve renal function. Diuretic 
renography is the gold standard for evaluating renal function after pyeloplasty. Renal 
ultrasonography (RUS) is commonly used to determine hydronephrosis in pediatric patients. 
We hypothesized that the change in the renal parenchymal cortex would predict pyeloplasty 
success. In this study, we aim to measure renal cortical thickness change after pyeloplasty in 
ureteropelvic junction obstruction patients.
Materials and Methods: We retrospectively reviewed 38 patients who underwent pyelo
plasty between 2005 and 2019. We divided patients into three age groups and compared the 
difference of renal parenchymal thickness change by using generalized estimating equations 
to identify associated factors for renal cortical thickness change after pyeloplasty.
Results: Thirty-nine kidney units were identified. The median age at the time of surgery was 
41.61±40.99 months. Generalized estimating equations showed significant change of renal 
parenchymal thickness over the period of follow-up (p=0.02). The estimate of thickness 
change was 0.0373 mm/month. Age at the time of surgery was not associated with significant 
renal cortical thickness over the period of follow-up. The positive predictive factors for renal 
cortical thickness were creatinine clearance, pre-operative anteroposterior diameter and pre- 
operative renal differential function. The negative factors for decrease of renal cortical 
thickness were body weight, presentation with abdominal mass, and history of infection.
Conclusion: Renal cortical thickness after pyeloplasty was improved over the period of 
follow-up. Age at surgery was not associated with improvement of renal parenchymal 
thickness.
Keywords: ureteropelvic junction obstruction, renal parenchymal thickening, 
ultrasonography, hydronephrosis

Introduction
Ureteropelvic junction obstruction (UPJO) is the most common cause of pediatric 
hydronephrosis (HN).1,2 The condition is diagnosed from various presentations and 
ages. The pathological causes of UPJO are not well known, and include both 
extrinsic and intrinsic factors. If untreated, severe HN patients may develop clinical 
deterioration such as urinary tract infections (UTI), hematuria, decline in renal 
function, and permanent kidney damage.3 Approximately 20–50% of pediatric 
patients will end up with surgical treatments.4 The long-term success rate of 
surgical correction with Anderson- Hynes pyeloplasty is more than 95%.5,6 

Pyeloplasty is slowly changing from open to minimally invasive (laparoscopic 
and robotic), which seems to be safe, efficient, and guarantee adequate outcomes.7
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The main goals of treatment are to relieve symptoms 
and maintain or improve renal function.8 Therefore, early 
detection and careful clinical evaluation may prove bene
ficial for those patients. Renal ultrasonography (RUS) is 
non-invasive, free from radiation effects, and is the most 
commonly used method to study HN in pediatric urologic 
patients. However, RUS is not the gold standard imaging 
study for evaluation after surgery. Currently, diuresis reno
graphy with technetium Tc 99m diethylene triamine pen
taacetic acid (DTPA) and technetium Tc 99m 
mercaptoacetyltriglycine (MAG-3) is commonly used to 
determine the success of surgery.9,10 Diuresis renography 
has a significant associated cost and is not available in 
some centers. A review of the current published data fails 
to yield a consensus on the ideal post-pyeloplasty radiolo
gical follow-up in the pediatric population.11,12 Several 
studies have reported improved renal cortical thickness 
that reflects renal function after pyeloplasty.13,14 Hence, 
in this study, we aim to determine renal cortical thickness 
change after pyeloplasty in UPJO patients. The secondary 
objective is to determine a correlation between age at 
surgery and renal parenchymal thickness change after 
pyeloplasty.

Materials and Methods
This study was conducted at the urology department of 
a tertiary hospital. All cases were diagnosed by MAG-3 
lasix renography and ultrasonography. The indications for 
surgery included: Increasing of antero-posterior (AP) dia
meter on ultrasonography, low or decreasing differential 
renal function, and breakthrough infection. We reviewed 
data of ureteropelvic junction obstruction patients that 
received dismember pyeloplasty from 2005 to 2019. We 
used ICD 9 CM code 55.87 to identify ureteropelvic junc
tion obstruction patients. We included patients under 15 
years old who had both pre-operative and post-operative 
ultrasonography. If patients were older than 15 years old, 
missing ultrasonography pre- and post-operative, loss to 
follow-up, or evidence of ureterovesical junction obstruc
tion or vesicoureteral reflux were excluded from this study. 
The pre-operative data included gender, body weight, 
height, presentation of disease, kidney disease side, asso
ciated abnormality of KUB system, history of infection, 
indication of surgery, date at diagnosis and surgery, serum 
BUN, and creatinine. Pre-operative and post-operative 
renal ultrasonography information recorded maximum 
renal parenchymal thickness and AP diameter of the 
renal pelvis. Open pyeloplasty was performed by two 

senior urologists in our institute. Renal ultrasonography 
was performed by a pediatric radiologist to measure ante
roposterior pelvic diameter, parenchymal thickness. 
Diuretic renography was used to diagnose UPJO and 
showed differential renal function.

We hypothesized that renal thickness would increase 
after the surgery. Assuming that the standard deviation of 
cortical thickness is three times the error, with 
a significance level set at < 0.05, the required sample 
size would be 35. Statistical analysis used R software 
Version 3.5.1 to determine the mean and standard devia
tion from demographic data. Since the subjects were mea
sured more than once, instead of ordinary t-test or linear 
regression, Generalized estimating equations (GEE) were 
employed to predict the change in each subgroup.

Results
Clinical Characteristics of Patients
There were 65 cases from 2005 to 2019. After excluding 
patients without pre-operative or post-operative RUS, 
a total of 38 cases were included in this study. All patients 
received Anderson-Hynes dismembered pyeloplasty and 
renal pelvic reduction without internal ureteral stent. 
Three quarters were male and two thirds had an affected 
left side. Nearly 50% of patients were diagnosed from 
antenatal ultrasonography and the other half presented 
with UTI, abdominal mass, or abdominal pain (Table 1). 
The most commonly associated urinary system abnormal
ity was bilateral UPJO and two kidney units were per
formed in bilateral disease patients, with the second 
operation a year after the first. There were 24 kidney 
units performed through pyeloplasty without associated 
urinary system abnormality. Nearly two thirds of the 
patients had no UTI before undergoing pyeloplasty. The 
most common indication for pyeloplasty was UTI in 15 
kidney units, followed by renal deterioration, abdominal 
mass, and abdominal pain.

Pre-operative RUS displayed a renal parenchymal 
thickness of 5.51 mm and 41.32 mm, and a 41.32 mm 
anteroposterior renal pelvic diameter in the affected kid
ney. The mean renal differential function in the disease 
side was 44.7% (Table 2).

Pre-Operative Predictors for 
Improvement of Parenchymal Thickness
Renal parenchymal thickness was improved over the fol
low-up time (Figure 1). Time to intervention was not 
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correlated with improvement of cortical thickness 
(Table 3). High baseline values of creatinine clearance, 
antero-posterior diameter were associated with increasing 

of renal parenchyma, while body weight and history of 
infection decreased renal parenchymal thickness (Table 4).

Discussion
Among our patients, renal parenchyma increased over time 
after pyeloplasty. Predictors for improvement of thickness 
included high baseline values of creatinine clearance, 
antero-posterior diameter. On the other hand, predictors 
for reduction of renal parenchymal thickness were body 
weight and history of infection.

The improvement of renal cortical thickness may be an 
indirect sign of post-operative success and improvement of 
renal function. After the obstruction was corrected, renal 
function could recover, especially in patients with good 
baseline pre-operative renal function. The return of kidney 
function may correlate with nephron mass, as determined 
by cortical thickness.15,16 Renal biopsy has been used by 
Huang et al17 to predict the ability of the recovery. 
Sclerotic glomeruli was found to be associated with severe 
injury of the kidney and reduction in renal function. In this 
study we did not perform any biopsy because we consid
ered that this invasive procedure was unnecessary in rou
tine practice.

Time to intervention is difficult to address. We found 
that time to intervention does not associate with cortical 
thickness change. A systematic review by Castagnetti et al11 

reported that improvement of surgical outcome seemed 
unrelated to age of surgery. They found that pre-operative 
renal function was a predictor for improved surgical out
come. In our report, patients with good creatinine clearance, 
small pre-operative anteroposterior diameter and good pre- 
operative renal differential function have positive progres
sion of renal cortical thickness. Our report concedes with 
that of Harraz et al.13 They found the most important pre
dictors for improved renal function after pyeloplasty were 

Table 1 The Patients’ Characteristics of 39 Renal Units

Variables No. of Renal 
Units

Sex

Boys 29

Girls 10

Affected side

Left 26
Right 13

Presentation

Prenatal ultrasound 17 (43.6%)

Urinary tract infection 10 (25.6%)
Abdominal mass 9 (23.0%)

Abdominal pain 3 (7.8%)

Associated abnormality

No 24

Bilateral UPJO 12
Bilateral VUR 1

Duplex kidney 1

Multicystic dysplastic kidney 1

History of infection

No 23
1 time 12

2 times 2

>2 times 1
No data 1

Indication for surgery
Infection 15

Renal deterioration 13

Abdominal mass 8
Abdominal pain 3

Age at diagnosis in months, mean (SD) 31.51 (42.91)

Age at surgery in months, mean (SD) 41.61 (40.99)

Body weight in kg, mean (SD) 15.32 (9.07)

Height in cm, mean (SD) 93.10 (23.47)

Body mass index, mean (SD) 16.92 (2.86)

Blood urine nitrogen in mg%, mean (SD) 13.59 (4.80)

Creatinine in mg/dL, mean (SD) 0.37 (0.16)

Creatinine clearance in mL/min/1.73m2, mean 
(SD)

78.03 (24.46)

Abbreviations: UPJO, ureteropelvic junction obstruction; UVJO, ureterovesical 
junction obstruction; VUR, vesicoureteral reflux.

Table 2 Pre-Operative Renal Ultrasonography and Diuretic 
Renography of 39 Renal Units

Variables Disease Side Contralateral 
Side

Mean SD. Mean SD.

enal parenchymal thickness 

(mm)

5.51 2.54 9.20 3.88

Anteroposterior pelvic 

diameter (mm)

41.32 24.01 8.21 7.15

Renal differential function (%) 44.73 12.86 55.26 12.86
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baseline split renal function and cortical renal thickness. 
Kern et al10 also reported post-operative increasing in renal 
parenchymal to collecting system area with ratio ≥0.48 and 
has a 100% positive predictive value for pyeloplasty 
success.

Various findings of ultrasound such as downgrading of 
anterior–posterior pelvic diameter and parenchymal to pel
vic ratio were described as predictors for surgical out
comes. Han et al18 reported that high ratio of 
hydronephrosis area to renal parenchyma mass was 
a predictor for poor outcome. Kern et al10 showed that 
changing of renal parenchymal to collecting system area 
ratio (RPCSR) from pre-operative were the best predictor 

for pyeloplasty success. Almodhen et al19 showed that 
reduction of anterior–posterior pelvic diameter could 
reflect the success of an operation. However, early 
improvement on ultrasound could also be due to renal 
pelvic reduction rather than real improvement. The ratio 
of renal parenchymal and collecting system area may be 
a useful method for those patients.

Urine biomarkers such as neutrophil gelatinase- 
associated lipocalin (NGAL), monocyte chemotactic 
peptide-1 (MCP1) are several potential predictors for 
post-operative outcomes. Both biomarkers were elevated 
in surgical patients and will decrease to a normal level 
after 3–12 months of surgery.20,21 We did not have 

Figure 1 Median and IQR of renal parenchymal thickness change after pyeloplasty in 39 kidney units during the follow-up period. It summarizes the Generalized Estimating 
Equations (GEE) and shows renal parenchymal thickness improved over the period of follow-up. It was significantly increased in 24 months (2.4 mm IQR=1.85–3.05) and 48 
months (2.4 mm IQR=1.5–3.2).

Table 3 Generalized Estimating Equations (GEE) of Renal Parenchymal Thickness Changed by Time of Follow-Up and by Age at 
Surgery

Estimate Thickening Change (mm) Std Err p-value

Time of follow-up 0.0373 0.0168 0.02*

Age at surgery ≤1 year old 0.3314 0.5123 0.52

Age at surgery 1–5 years old 0.0461 0.5001 0.93
Age at surgery > 5 years old 0.6377 0.4461 0.15
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available data on urine markers. We hope it will be 
a strong available predictor in the future.

There are several limitations in our study. We did not 
have the data on changes of renal function. Variation in 
types of urinary diversion such as stent-less, JJ stent, or 
nephrostomy tube may have effects on the renal function 
outcome. Although our study is a small and retrospective 
review, we believe this outcome may be an essential 
study to develop a concept of time to follow-up and 
renal function improvement after pyeloplasty. The con
cept of using renal cortical thickness changing to predict 
operation outcome should be investigated by future larger 
studies.

Conclusions
Our small study suggested that the renal parenchymal 
cortex could gain thickness after pyeloplasty, especially 
among those with good baseline renal function parameters.

Ethical Approval
Review of medical records were performed without re- 
consent, which was approved by the Human Research 
Ethical Committee of the Faculty of medicine, Prince of 
Songkla University (Approval number: REC. 61-263-10- 
1). After data sheet fill-up, data were anonymously ana
lyzed. All patients identities were protected in the whole 
process of analysis and manuscript preparation, which was 
in compliance with the Declaration of Helsinki.
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The authors report no conflicts of interest in this work.
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