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Can urinary biomarkers be used 
in the outcome assessment of pyeloplasty 
in children?
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Abstract 

Background:  To compare the urinary biomarkers—beta 2-microglobulin (β2M), monocyte chemotactic peptide-1 
(MCP-1), and transforming growth factor-beta (TGF-β1)—in the outcome assessment of children with pelviureteric 
junction obstruction (PUJO) undergoing pyeloplasty.

Methods:  A prospective study was conducted on children with PUJO who had pyeloplasty in a tertiary care center 
from July 2016 to March 2018. Urine samples were obtained from freshly voided urine samples before surgery and 
after 6 months of pyeloplasty. Ratio between the levels of biomarkers and urinary creatinine before and after surgery 
were compared.

Results:  A total of 72 patients had pyeloplasty during this period. The mean levels of standardized urinary β2M, 
MCP-1 and TGF-β1 before surgery were 3.94 ± 4.06, 96.63 ± 117.68 and 310.65 ± 423.87, respectively, which was 
significantly higher than the corresponding values in the postoperative period, obtained after 6 months of surgery; 
postoperative mean values were 3.12 ± 3.95, 25.28 ± 32.06, 109.95 ± 118.72 (P < 0.001), respectively. Using Wilcoxon 
signed-rank test, fall of MCP-1 and TGF-β1 was more significant compared to β2M.

Conclusion:  Urinary biomarkers (β2M, MCP-1 and TGF-β) offer an effective way of outcome assessment of pyelo-
plasty for PUJO in children, especially MCP-1 and TGF-β1.
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1 � Background
Pelviureteric junction obstruction (PUJO) is the most 
common cause of hydronephrosis in children [1]. PUJO 
refers to obstruction to flow of urine across the PUJ. Gold 
standard for postoperative assessment after pyeloplasty 
is diuretic renal scintigraphy (DRS). Although drainage 
curve pattern and split function improvement on DRS is 
in line with predicting successful surgery, it has certain 

disadvantages. Requirement of intravenous line, long 
image acquisition time in children are often cumbersome, 
especially with infants. Equivocal drainage curve pattern 
during interpretation of result, adds to the difficulty of 
the treating surgeon in monitoring the affected kidney, in 
addition to increasing the anxiety of the parents.

A viable alternative in the form of urinary biomark-
ers has been suggested in the past decade, but none of 
these has yet been advocated in daily clinical practice 
due to their limitations and the need for further valida-
tion in clinical studies. It is unlikely that a single protein 
will meet the required criteria for a urinary biomarker 
in PUJO, and given the multifactorial nature of PUJO, 
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including the unpredictable course of the condition, 
more than one marker evaluation may be required [2]. 
Urinary biomarkers reflect the normal physiological sta-
tus and can be used to diagnose the disease earlier and 
in making a plan for treatment and monitoring [3]. Being 
of simple and non-invasive nature, urinary biomarkers 
merit further evaluation to obtain sufficient evidence to 
be used as a diagnostic tool for PUJO.

2 � Methods
A prospective study was conducted in the Department 
of Pediatric Surgery at our Institution from July 2016 to 
March 2018 after approval from the Institutional Ethics 
Committee.

All study participants/parents provided written con-
sent for inclusion in the study.

2.1 � Inclusion criteria
All consecutive children up to 15 years of age, admitted 
for elective unilateral pyeloplasty after informed consent 
were included in the study.

2.2 � Exclusion criteria
Bilateral PUJO, nephrotic syndrome, glomerulonephri-
tis, diabetes mellitus, secondary PUJO due to stone dis-
ease, children with associated renal problems in addition 
to PUJO such as vesicoureteric reflux (VUR), posterior 
urethral valve (PUV), vesicoureteric junction obstruc-
tion (VUJO), and multi-cystic dysplastic kidney (MCDK) 
were excluded from the study.

Baseline investigations for surgery were done in all the 
children in addition to urinary creatinine, sonography 
and nuclear scanning with differential function. Ultra-
sound (abdomen and pelvis) and DRS were done not 
only in the preoperative period but also 6  months after 
surgery to see the status of the involved kidney. The level 
of urinary biomarkers (β2-M, MCP-1, and TGF-β1) was 
obtained at admission before surgery and during outpa-
tient follow-up, after 6 months of surgery.

Two groups of data were thus obtained one with the 
level of biomarkers before surgery and other after sur-
gery. Collected data were statistically analyzed using 
appropriate statistical methods. Data for individual 
parameters were presented as mean values and standard 
deviation. Paired T test and Wilcoxon signed-rank tests 
were used for data analysis. All statistical analyses were 
carried out at 5% level of significance. All the data analy-
ses were carried out in IBM SPSS 19 software.

2.3 � Methods to estimate urinary biomarkers level
After obtaining a midstream clean catch of urine sam-
ple, it was collected and stored frozen at -20˚C, and just 
before starting the estimation procedure, the sample was 

thawed by keeping in a container with water at room 
temperature.

Estimation of all three urinary biomarkers was done 
by using enzyme-linked immunosorbent assay (ELISA) 
kit based on the biotin double antibody sandwich tech-
nology. Levels were expressed in nanograms per liter for 
MCP-1 and TGF-β1 and milligram per deciliter for β2-M. 
All specimens were diluted to obtain concentration for 
optimal density according to instructions; the enzymatic 
reaction was quantified in an automatic microplate pho-
tometer. Linear regression equation of the standard curve 
was calculated according to standard concentrations and 
the corresponding optical density (OD) values. Then 
according to the OD value of samples, concentrations 
of the corresponding sample were calculated. Use of the 
ratio of biomarker value to urinary creatinine (standard-
ized value) was obtained to correct for the intraindividual 
coefficients of variation.

3 � Results
A total of 72 patients underwent pyeloplasty for PUJO 
involving unilateral kidney with age varying from 1 to 
156  months, males outnumbered females by a ratio of 
4.53.

A significant number of patients (52/72) had antenatal 
detection of PUJO and only a small number (20/72) pre-
sented late in childhood, without antenatal diagnosis. In 
most of the patients who had antenatal detection, it was 
the antenatal sonogram done between 24 and 30  weeks 
which detected PUJO (71%); around 17% had antena-
tal detection done on a sonogram after 30  weeks while 
12% antenatally diagnosed cases were detected before 
24 weeks of gestation.

In this study, the majority of PUJO was seen on the left 
side (72.2%). Only 24/72 PUJO kidneys were palpable and 
most of the cases did not have a palpable lump (48/72). 
Most of the cases were asymptomatic with only chance 
detection on a sonogram. Symptomatic patients (15/72) 
presented with flank pain, distension, and urinary tract 
infection in different combinations.

The mean level of urinary β2M/Ucr before surgery 
was higher (3.94 ± 4.06) than the same after surgery 
(3.12 ± 3.95). Similar decrease in urinary MCP-1/Ucr 
and TGF-β1/Ucr was observed from 96.63 ± 117.68 
and 310.65 ± 423.87 preoperatively to 25.28 ± 32.06, 
109.95 ± 118.72 postoperatively, respectively. All the 
above biomarker reductions were statistically significant 
(P < 0.001) (Table 1).

Negative rank in the table suggests that in the postop-
erative urine sample, in how many number of patients 
level of a particular biomarker was found to decrease 
from its preoperative value and positive rank gives the 
number of patients in whom postoperative value was 
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not found not to decrease in comparison to preopera-
tive value. Here, among all three urinary biomarkers, 
MCP -1 level decreased in 58 patients out of 72 patients 
followed by TGF-β1 had decreased in 57 patients out of 
72 patients and β2M had decreased in 48 patients out of 
72 patients. Therefore, among all three urinary biomark-
ers, MCP -1 had the highest number of patients with a 
decrease in the urinary level of the biomarker in the post-
operative period (Table 2).

4 � Discussion
Considering the improvement in techniques of antena-
tal sonograms, there has been a change in trend toward 
finding more antenatally diagnosed PUJO cases in the 
outpatient clinic. This is now a normally observed phe-
nomenon in most centers [4]. In our study, 72.22% of 
children were antenatally diagnosed, out of which 71.34% 
were diagnosed in 24–34  weeks of the antenatal scan. 
Several investigators have reported sonographic diag-
nosis at an earlier age of gestation (18–20  weeks). This 
may be both due to the late presentation of the pregnant 
mother and expertise of the sonography [4].

Most of the patients in this study were boys and the left 
side was more involved, comparable to the documented 
literature [5].

As is the case with most other series, the majority of 
patients in our study were asymptomatic, and others 
followed with symptoms like an abdominal lump, flank 
pain, or infection [6, 7].

TGF-β1 is a multifunctional cytokine that plays an 
important role in wound healing and it regulates the 
deposition of collagen through modulation of collagen 
production and degradation. [8]. It has been found that 

in a majority of PUJ obstruction, excessive renal TGF-
β1 production is responsible for the dysregulation of 
extracellular matrix production and the development of 
progressive renal fibrosis [9–12]. Isaka et al. suggested 
that interstitial fibrosis in unilateral ureteral obstruc-
tion could be blocked with TGF-β1 antisense oligode-
oxynucleotides [13].

Seremetis and Maizels found that increased lev-
els of renal tissue TGF-β1 in response to urinary tract 
obstruction were associated with an increase in the 
urinary level of TGF-β1 [9]. It was further shown that 
significant differences in renal pelvic TGF-β1 concen-
trations occurred in children with PUJO when com-
pared to bladder urine [14, 15]. It was also found that 
bladder urinary TGF-β1 concentrations were signifi-
cantly higher in children with PUJO compared to nor-
mal controls and those with dilated non-obstructed 
kidneys. Moreover, bladder urinary TGF-β1 concentra-
tions were seen to decrease following corrective sur-
gery [15, 16].

Taha et  al. described an interesting trend in the uri-
nary TGF-β1 level; this comprised of an initial increase 
in the level during the first month after surgery, fol-
lowed by a persistent but gradual decrease thereafter 
[16]. Follow-up after pyeloplasty at 1 year showed a sta-
tistically significant decrease in urinary TGF-β1 level. 
The initial increase might be attributable to the require-
ment of this growth factor in the successful healing of 
the pelviureteric junction [17].

Our study clearly shows that mean levels of uri-
nary TGF β-1 were significantly (P < 0.05) higher in 
the patients before surgery in comparison to levels 
6 months after pyeloplasty.

A study conducted by Madsen et  al. confirmed 
increased concentrations of neutrophil gelatinase-
associated lipocalin  (NGAL) and β2-M in urine from 
obstructed kidneys when compared with the contralat-
eral kidneys and controls. They observed consistent fall 
in urinary β2-M concentrations following surgery in 
their series of 24 patients [18].

Mean levels of urinary β2 microglobulin were signifi-
cantly (P < 0.05) higher in our patients before surgery in 

Table 1  Comparison of β 2 M, MCP-1 & TGF- β 1 before and after pyeloplasty

β2M beta 2-microglobulin, MCP-1 monocyte chemotactic peptide-1, TGF-β1 transforming growth factor-beta-1, Ucr urinary creatinine

*Paired t test

Parameters Preoperative mean
N = 72

Postoperative mean
N = 72

Statistical significance

β2M/Ucr 3.94 ± 4.06 3.12 ± 3.95 P =  < 0.003*

MCP-1/Ucr 96.63 ± 117.68 25.29 ± 32.07 P =  < 0.001*

TGF-β1/Ucr 310.65 ± 423.87 109.96 ± 118.73 P =  < 0.001*

Table 2  Distribution of positive and negative ranks

β2M beta 2-microglobulin, MCP-1 monocyte chemotactic peptide-1, TGF-β1 
transforming growth factor-beta-1, Ucr urinary creatinine

Negative rank Positive rank Ties Total

β2M/Ucr 48 24 0 72

MCP-1/Ucr 58 14 0 72

TGF-β1/Ucr 57 15 0 72



Page 4 of 5Keshri et al. Afr J Urol          (2021) 27:115 

comparison to levels 6 months after pyeloplasty. How-
ever, around 66.66% of patients showed a decrease in 
urinary β2 microglobulin in the postoperative period 
after 6 months of pyeloplasty.

Taranta-Janusz et al. [19] showed increased levels of uri-
nary MCP-1 in children who developed obstructed kidney 
before undergoing pyeloplasty. Patients from the study 
group 1(surgically managed cases) revealed a significant 
difference in urinary MCP-1 levels in comparison with 
study group 2 (managed conservatively) and control groups 
(P < 0.05). Grandaliano and colleagues analyzed both 
MCP-1 expression on renal biopsies and urinary MCP-1 
concentrations in severe PUJO and found a fourfold higher 
urinary MCP-1 concentration in studied children than 
in healthy controls [20]. By demonstrating a significant 
decrease in urinary MCP-1 after Pyeloplasty, our study is 
in line with the studies made by Taranta-Janusz et al. and 
Grandaliano et  al. In our study, around 80.55% showed a 
decrease in urinary MCP-1 in the postoperative period 
after 6 months of pyeloplasty. Almodhen et al. found a sig-
nificant linear correlation between initial hydronephrosis 
grade and initial bladder urinary TGF-β1 concentration 
[21].

Although several urinary biomarkers have been identi-
fied to be useful in PUJO, use of the number and type of 
biomarkers appear to be limited by several factors such as 
the cost, availability and feasibility of processing the bio-
marker kits [4, 18, 19].

5 � Limitations of the study
As discussed above, use of other biomarkers was limited 
due to the availability of the kits and cost. Urine from the 
renal pelvis would be ideal but would make the study inva-
sive. The periodic levels of urinary biomarkers after longer 
follow-up and also their levels in failed cases would fur-
ther strengthen the evidence of using urinary biomarkers 
to diagnose and follow obstructed kidneys after a correc-
tive operative procedure. A cost comparison of the nuclear 
scintigraphy and biomarker could have established the 
actual working cost, but was beyond the scope of the pre-
sent study.

6 � Conclusion
Utilization of select urinary biomarkers (β2-M, MCP-1, 
and TGF-β1), especially MCP-1 and TGF-β1, in children 
with PUJ obstruction can adequately identify postoperative 
relief of obstruction offering a simple, efficacious and non-
invasive way of follow-up.

7 � Key message

•	 The mean urinary biomarker levels in 72 patients were 
β2M/Ucr—3.94 ± 4.06, MCP-1/Ucr—96.63 ± 117.68 
and TGF-β1/Ucr—310.65 ± 423.87 before pyeloplasty 
and fell to β2M/Ucr—3.12 ± 3.95, MCP-1/Ucr—
25.28 ± 32.06, TGF-β1/Ucr—109.95 ± 118.72 postop-
eratively, reaching statistical significance.

•	 Urinary biomarkers MCP-1 and TGF-β1 provide an 
accurate, non-invasive and reliable method of follow-
up in pyeloplasty in children.
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