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Purpose: Antenatal hydronephrosis (AH) is found in 0.5%–1% of neonates. The aim of 
the study was to assess the urinary concentrations of 3 biomarkers, endothelin-1 (ET-1), 
monocyte chemotactic peptide-1 (MCP-1), and N-acetyl-glucosaminidase (NAG) in se-
verely hydronephrotic neonates.
Materials and Methods: Neonates with a history of prenatal hydronephrosis were en-
rolled in the prospective study in 2 groups. Group 1 included neonates with severe forms 
of obstruction requiring surgical intervention and group 2 included neonates with mild-
er forms of obstruction without any functional impairment. Fresh voided urinary levels 
of ET-1, MCP-1, and NAG were measured and their ratios to urinary Cr were calculated. 
Results: Fourty-two neonates were enrolled into the 2 groups: group 1, 24 patients (21 
male, 3 female); group 2, 18 neonates (16 male, 2 female). There were no statistically 
significant differences between urinary ET-1, NAG, MCP-1 values, and ET-1/Cr and 
NAG/Cr ratios in groups 1 and 2. The urinary MCP-1/Cr ratio was significantly higher 
in group 1 than in group 2. For comparison of groups 1 and 2, the cut-off values were 
measured as 0.5709 ng/mg (sensitivity, 75%; specificity, 67%; positive predictive value 
[PPV], 71%; negative predictive value [NPV], 71%), 0.927 ng/mg (sensitivity, 77%; spe-
cificity, 72%; PPV, 77%; NPV, 72%), and 1.1913 IU/mg (sensitivity, 62%; specificity, 
67%; PPV, 68%; NPV, 60%) for ET-1/Cr, MCP-1/Cr, and NAG/Cr ratios, respectively.
Conclusions: The urinary MCP-1/Cr ratio is significantly elevated in neonates with se-
vere obstruction requiring surgical intervention. Based upon these results, urinary 
MCP-1/Cr may be useful in identification of severe obstructive hydronephrosis in 
neonates.
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INTRODUCTION

Antenatal hydronephrosis (AH) is a relatively common 
finding on gestational ultrasound: it is observed in about 
0.5% to 1% of pregnant women, especially after the 28th 
gestational week [1,2]. The most common etiologies are 

unilateral or bilateral obstructive uropathy [3]. Ureteropelvic 
junction obstruction (UPJO) is the most common finding 
in fetuses with AH and in neonates with unilateral 
hydronephrosis. Ureterovesical junction obstruction is the 
second most common obstructive disorder in these neo-
nates [1,4].
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The diagnosis and treatment of neonates with AH is con-
troversial [1,2]. It has been suggested that most babies do 
not need any treatment other than observation and close 
follow-up [5]. In infants whose renal function is severely re-
duced owing to obstructive uropathy, prompt surgical 
treatment is recommended [6,7]. The current tools for as-
sessment of renal differential function and obstruction are 
renal scintigraphy modalities, such as 99mTc-MAG3, 
99mTc-DTPA, and 99mTc-EC scans [5-7]. This technique has 
some limitations, including cost, exposure to ionizing radi-
ation, invasiveness (because of the need for injections in all 
cases and catheterization in many cases), and finally in-
accessibility in some countries [8]. Therefore, development 
of a diagnostic modality that is less invasive and has no risk 
of exposure to toxic chemicals is necessary. Urinary bio-
markers are candidates for assessment of kidney injury 
and have been studied widely for this purpose [9,10]. 
Theoretically, these markers could be used for the early di-
agnosis of kidney damage in cases with obstruction [11,12].

In this study, we assessed the urinary levels of 3 markers 
in neonates: endothelin-1 (ET-1), monocyte chemotactic 
peptide-1 (MCP-1), and N-acetyl-beta-D-glucosaminidase 
(NAG). These biomarkers are potentially related to the re-
nal cell injury that occurs before the clinical appearance of 
the insult. ET-1 is a strong vasoconstrictor that has a role 
in the development of stenosis in the preglomerular 
arterioles. It is a mediator of vascular and cellular damage 
in the course of urinary system obstruction [13,14]. MCP-1 
is a peptide with 76 amino acids that belongs to the family 
of chemokines and exerts strong chemoattractant activ-
ities on monocytes, T cells, and natural killer cells. It plays 
an important role in acute and chronic human tubulointer-
stitial diseases [15,16]. NAG is a lysosomal enzyme that is 
abundantly present in the cells of the proximal tubule. It 
is considered to be a very sensitive marker of renal tubular 
impairment in various disease states [17-19]. Low NAG 
levels are found in normal urine as a result of the exocy-
tosis/endocytosis transport system of the proximal 
tubules. Any perturbation of this system results in an ele-
vated excretion of different NAG isoenzymes, including in-
termediate forms, which then provides an excellent early 
indicator of any kind of tubular damage [19].

MATERIALS AND METHODS

1. Patients and study design
Neonates with a prenatal history of hydronephrosis were 
enrolled in this study. The prospective study was approved 
by the Research Committee of Mazandaran University of 
Medical Sciences (approval number #4/P/674) and was per-
formed from March 2012 to January 2014. All parents pro-
vided signed, written informed consent before enrollment 
of their neonates into this study. AH was defined as an ante-
roposterior (AP) pelvic diameter of ＞7 mm after the 36th 
gestational week and ＞5 mm before the 36th gestational 
week on an ultrasound exam. Postnatal ultrasonography 
was performed on days 3–7 and weeks 6–8 on the basis of 

our hospital policy. The severity of hydronephrosis was as-
sessed according to the Society of Fetal Urology criteria and 
is presented as grade 1 to grade 4. Cystography was per-
formed at week 1 for neonates with severe bilateral hydro-
nephrosis and at weeks 6–8 in other infants with significant 
persistent postnatal hydronephrosis. Those with ves-
icoureteral reflux (VUR) were excluded from the study. 

Neonates without VUR who had persistent significant 
hydronephrosis (grade 3 or 4, or pelvic diameter ＞15 mm) 
were studied by dynamic renal scan by use of 99mTc-MAG3, 
99mTc-DTPA, and 99mTc-EC radiopharmaceuticals for as-
sessment of the presence of any obstruction and the se-
verity of renal function impairment. The obstruction was 
defined as a time to reduction of tracer uptake to half value 
(T1/2) of more than 15 minutes. A differential function of less 
than 40% was considered as functional impairment of the 
renal unit. The indications for surgery were differential re-
nal function ＜40%, bilateral obstruction, unilateral ob-
struction in a solitary kidney, and severely symptomatic 
patients. In this study, patients were categorized into two 
groups: group 1 included neonates who had severe hydro-
nephrosis and were candidates for surgical intervention on 
the basis of functional impairment of the involved kidney 
(differential renal function, ＜40%); group 2 included neo-
nates with less severe hydronephrosis with preserved re-
nal function who did not need any surgical treatment. 
Those with VUR, posterior urethral valve, and other post-
bladder obstructions were excluded from the study. 

2. Measurement of biomarkers 
All neonates were assessed for blood urea nitrogen, plasma 
creatinine (Cr), and urinary levels of ET-1, MCP-1, NAG, 
and Cr. Fresh first-morning voided urine samples were ob-
tained in the first week before contrast studies. The sam-
ples were collected in sterile polypropylene containers. 
One-milliliter aliquots were centrifuged at 4000×g for 10 
minutes and the supernatant fraction was stored at -80°C 
until analysis. The urine was tested for the presence of 
blood or leucocytes by use of urine analysis strips; samples 
containing blood or leucocytes were excluded. All samples 
were analyzed in duplicate and blinded to clinical status. 

Urinary levels of ET-1 and MCP-1 were determined by 
use of commercially available immunoassays (Abcam, 
Cambridge, UK) according to the manufacturer’s protocol. 
In addition, urinary NAG concentrations were measured 
by a colorimetric assay according to the manufacturer’s rec-
ommendation (Boehringer-Mannheim GmbH, Ingelheim 
am Rhein, Germany). In brief, samples were placed into 
wells coated with a mouse monoclonal antibody as a 
catcher. After washing, biotinylated antihuman MCP1, 
ET-1, or NAG antibody was added. Unbound antibodies 
washed away, and a horseradish peroxidase-conjugated 
streptavidin was used for detection of the presence of 
3,3',5,5'-Tetramethylbenzidine substrate. Reference con-
centrations of ET-1, MCP-1, and NAG were used for assay 
calibration. Absorption was determined with an en-
zyme-linked immunosorbent assay (ELISA) reader 
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TABLE 1. Demographic and clinical findings of patients with 
antenatal hydronephrosis with or without obstruction

Variable
AH with 
surgery 
(n=24)

AH without 
surgery 
(n=18)

p-value

Sex
Male 
Female 

Age at first postnatal 
presentation (d)

Gestational Maturity 
Term 
Preterm

Type of delivery 
Natural vaginal 

delivery
Caesarian delivery

Laterality
Unilateral 
Bilateral

Birth weight (g) 
BUN (mg/dL)
Creatinine (mg/dL)

21 (88)
3 (12)

6.54±2.9

23 (94)
1 (6)

3 (13)

21 (87)

18 (75)
6 (25)

3263±484
17.58±8.97
0.63±0.14

16 (89)
2 (11)

7.6±3.4

17 (94)
1 (6)

3 (17)

15 (83)

9 (50)
9 (50)

3338±371
21.00±12.41

0.50±0.12

0.89

0.60
0.83

0.66

0.09

0.58
0.52
0.09

Values are presented as number (%) or mean±standard deviation.
AH, antenatal hydronephrosis; BUN, blood urea nitrogen.

TABLE 2. Ultrasonographic findings in hydronephrotic neonates 
with and without surgery according to SFU classification

Grade AH with surgery AH without surgery

1
2
3
4

0 (0)
0 (0)
4 (17)

20 (83)

1 (6)
2 (11)
4 (22)

11 (61)

Values are presented as number (%).
SFU, Society of Fetal Urology; AH, antenatal hydronephrosis.

(Biotek ELX800, Bio-Tek Instruments Inc., Winooski, VT, 
USA) at 450 nm. The assay sensitivities were 1.1 and 0.41 
ng/L for MCP-1 and ET-1 and 5 U/L for NAG, respectively. 
Inter- and intra-assay coefficients of variation were below 
10%. For each assay, the results were calculated with refer-
ence to a standard curve. The sensitivities of the assays 
were 1.1 ng/L for MCP-1, 0.41 ng/L for ET-1, and 5 U/L for 
NAG, respectively. All samples were analyzed in duplicate 
with the appropriate standards on 96-well microplates. For 
practical purposes, we collected random urinary measures 
and then normalized the results to urinary Cr values to 
modulate the daily changes in urinary excretion of 
markers. The values were expressed in ng/mg or U/mg Cr. 

3. Statistical analysis
Categorical variables were presented as percentages, 
whereas continuous variables were expressed as 
means±standard deviation or median (25–75th quartiles). 
The normality of distribution was assessed by using the 
Kolmogorov-Smirnov test. Statistical analysis of the dif-
ference between groups with normal distributions was de-
termined by using the t-test or Fisher exact test to compare 
two groups. The chi-square test was used for the qualitative 
data. Nonparametric tests such as the Mann-Whitney test 
were used for variables that were not distributed normally. 
A receiver operating characteristic (ROC) curve was drawn 
and the sensitivity and specificity of the different cutoff 
points for ET-1, MCP-1, NAG, ET-1/Cr, MCP-1/Cr, and 
NAG/Cr were determined. The best cutoff point was chosen 
according to the ROC curve. In addition, the area under the 

curve was calculated. The results were expressed with a 
95% confidence interval (CI). A p-value of ＜0.05 was con-
sidered statistically significant. All statistical analysis 
was performed by using SPSS ver. 16 (SPSS Inc., Chicago, 
IL, USA).

RESULTS

1. Basic and demographic data
Forty-two neonates were enrolled in this study and classi-
fied into two groups: group 1 included neonates with AH 
who were candidates for surgical intervention (n=24, 21 
males and 3 females); group 2 included neonates with AH 
with milder degrees of obstruction who did not need any 
surgical intervention (n=18, 16 males and 2 females). The 
demographic and other characteristics of the study pop-
ulation are summarized in Table 1. There were no sig-
nificant differences in sex, gestational maturity, or type of 
delivery between the groups (p=0.89, p=0.83, and p=0.66 
respectively). Surgery was performed in all group 1 pa-
tients at a mean age of 4.24 months for functional 
impairment. In this study, 27 patients (64%) had unilateral 
hydronephrosis; however, there was no significant differ-
ence in laterality in the two groups of patients (p=0.09). As 
shown in Table 2, most neonates in group 1 had severe de-
grees of hydronephrosis in the pre- and postnatal period.

2. Biomarker measurements
The median urinary levels and 25th and 75th quartiles of 
the biomarkers (ET-1, MCP-1, and NAG) are presented in 
Table 3. For standardization purposes, we calculated val-
ues as a ratio to urinary Cr (ET-1/Cr, MCP-1/Cr, and 
NAG/Cr). The Kolmogorov-Smirnov test was used for as-
sessment of normality of distribution; none of the dis-
tributions met the criteria for normality, so nonparametric 
tests were performed. In comparison between the two 
groups, there were no significant differences for absolute 
measures of ET-1, MCP-1, and NAG. When we stand-
ardized the values to urinary Cr, however, some differences 
appeared. The ET-1/Cr ratio was not significantly different 
between the two obstructive groups. The NAG/Cr ratio was 
higher in group 1 than group 2, but the difference was not 
statistically significant. The MCP-1/Cr ratio was sig-
nificantly higher in group 1 than in group 2 (1.47 ng/mg vs. 
0.46 ng/mg, respectively; p=0.012).
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TABLE 3. Urinary ET-1, MCP-1, and NAG levels and their ratio to urinary Cr in hydronephrotic patients with or without obstruction 
or surgery

Parameter AH  with surgery AH without surgery p-value

ET-1 (ng/L)
ET-1/Cr (ng/mg)
MCP-1 (ng/L)
Urinary Cr (mg/mL)
MCP-1/Cr (ng/mg)
NAG (IU/mL)
NAG/Cr (IU/mg)

10.28 (8.65–12.25)
0.88 (0.55–1.23)

18.56 (16.45–21.88)
10.0 (7.5–20.0)
1.47 (0.86–2.36)

18.98 (15.28–39.71)
1.36 (0.77–2.74)

10.70 (8.88–15.37)
0.46 (0.33–0.81)

18.15 (16.20–19.50)
22.50 (16.25–52.50)

0.46 (0.33–0.81)
20.24 (15.17–27.98)

0.89 (0.49–1.71)

0.496
0.099
0.638
0.008*

0.012*

0.989
0.069

Values are presented as median (25th–75th quartiles).
ET-1, endothelin-1; MCP-1, monocyte chemotactic peptide-1; Cr, creatinine; AH, antenatal hydronephrosis; NAG, N-acetyl-glucosaminidase.
*p＜0.05 statistically significant.

FIG. 1. Receiver operating characteristic (ROC) curve to detect 
severe obstruction (differentiate group 1 from group 2). (A) For 
endothelin-1 to creatinine ratio (ET-1/Cr), area under the curve 
(AUC)=0.657 (standard error [SE], 0.094; 95% confidence 
interval [CI], 0.473–0.841). (B) For monocyte chemotactic 
peptide-1 to creatinine ratio (MCP-1/Cr) ratio, AUC=0.732 (SE, 
0.084; 95% CI, 0.568–0.896). (C) For N-acetyl-beta-D-gluco-
saminidase to creatinine ratio (NAG/Cr), AUC=0.627 (SE, 
0.088; 95% CI, 0.500–0.844).

3. Receiver operating characteristic
The sensitivity and specificity of the ET-1/Cr, MCP-1/Cr, 
and NAG/Cr ratios were calculated from the ROC curves 
(Fig. 1). Groups 1 and 2 were compared to find the cutoff 
value for distinguishing neonates with severe obstructive 
hydronephrosis from those with milder forms without any 
indication for surgical intervention.

For comparison of groups 1 and 2, the cutoff values were 

measured as follows: 0.5709 ng/mg (sensitivity, 75%; spe-
cificity, 67%; positive predictive value [PPV], 71%; neg-
ative predictive value [NPV], 71%) for ET-1/Cr, 0.927 
ng/mg (sensitivity, 77%; specificity, 72%; PPV, 77%; NPV, 
72%) for MCP-1/Cr, and 1.1913 IU/mg (sensitivity, 62%; 
specificity, 67%; PPV, 68%; NPV, 60%) for NAG/Cr ratios 
(Table 4).
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TABLE 4. Cutoff value, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and area under the 
curve (AUC) of urinary MCP/Cr, ET/Cr, and NAG/Cr ratios for comparing obstructive hydronephrotic neonates with and without 
indication for surgery

Parameter Cutoff value Sensitivity Specificity PPV NPV AUC

MCP-1/Cr (ng/mg)
ET-1/Cr (ng/mg)
NAG/Cr (IU/mg)

0.9270
0.5709
1.1913

77%
75%
62%

72%
67%
67%

77%
71%
68%

72%
71%
60%

0.732
0.657
0.672

MCP-1, monocyte chemotactic peptide-1; Cr, creatinine; ET-1, endothelin-1; NAG, N-acetyl-glucosaminidase.

DISCUSSION

Urinary tract obstruction in the perinatal period is a chal-
lenge for clinicians. The risk of permanent renal damage 
warrants surgical intervention in the first year of life 
[20,21]. Assessment of differential renal function by scinti-
graphic studies is at the center of decision-making 
strategies. These radioisotope studies are relatively in-
vasive, however. In this study, we evaluated the role of uri-
nary biomarkers for this purpose. 

The cellular effect of urinary obstruction comprises three 
basic mechanisms: (1) leukocyte (especially macrophage) 
migration and interstitial infiltration, (2) vasogenic effects 
and ischemia, and (3) cellular death and apoptosis. The 
markers for each of the 3 pathways are MCP-1 for the first 
stage, ET-1 for the vascular pathway, and NAG for the cel-
lular stage [22]. Despite the common characteristics of the 
3 markers, each biomarker has a unique mechanism of 
action. In our study, only the MCP-1/Cr ratio was sig-
nificantly higher in the severe obstruction group than in 
the mild obstruction group. The NAG/Cr ratio was not sig-
nificantly higher in the severe obstruction group, and the 
ET-1/Cr ratio was similar in the 2 groups. The immunologic 
and tubulointerstitial changes in the obstructive process 
begin to develop in the first weeks of life, but other processes 
such as vascular or enzymatic processes take more time to 
develop. The participants in our study were neonates aged 
less than 2 weeks, and thus our results support this timing 
of events.

Grandaliano et al. [15] studied 24 children affected by 
congenital UPJO and 15 healthy children. They measured 
urinary MCP-1 levels by ELISA and evaluated MCP-1 gene 
expression by in situ hybridization. They found that uri-
nary MCP-1 concentrations were significantly positively 
correlated with the mean transit time of 99mTc-MAG3 
through the cortex of the obstructed kidney.

Stephan et al. [16] performed an animal study on 48 sur-
gically obstructed male juvenile Wistar rats (28 days old). 
The renal pelvic urinary concentration and renal mRNA 
expression of MCP-1 were correlated with the grade of ob-
struction and indicated the degree of subsequent renal 
damage in hydronephrosis.

The role of MCP-1 was assessed in two recent studies. 
Bartoli et al. [23] studied 76 patients with UPJO and 30 nor-
mal children. Urinary MCP-1 increased significantly in the 
UPJO group compared with the control group and sig-

nificantly improved in the operated group. The results sup-
ported the role of urinary MCP-1 as a marker of tubu-
lointerstitial damage in human obstructive nephropathy. 
Taranta-Janusz et al. [24] performed a prospective 
case-control study in children with hydronephrosis caused 
by UPJO. Children were categorized into two study groups: 
the first group comprised 15 surgical cases with severe hy-
dronephrosis due to a unilateral, critical degree of ureteral 
stenosis and who underwent pyeloplasty; the second group 
comprised 21 conservative cases with mild, nonobstructive 
hydronephrosis who did not require any surgery. A third 
group was a healthy control group. Those authors reported 
that urinary MCP-1/Cr levels from voided urine before and 
after surgery and concentrations obtained from the af-
fected pelvis were significantly greater than in the second 
group and the control group (p＜0.05). The difference in the 
MCP-1/Cr level from voided urine and the concentration 
in the affected pelvis was not statistically significant.

Madsen et al. [25] reported on 28 children with unilateral 
UPJO and 13 healthy sex- and age-matched children. The 
preoperative concentration of urinary MCP-1 was sig-
nificantly increased compared with the controls. There was 
a further increase in the cytokine in the peri- and post-
operative (1 day and 3 weeks) samples followed by a decline, 
but the concentrations in the postoperative (3 months and 
1 year) samples were not significantly different from the 
controls.

We found similar results in our study. The MCP-1/Cr ra-
tio was significantly higher in obstructive neonates with 
surgical indication. A cutoff ratio with 77% sensitivity and 
72% specificity was found.

We did not find the same results for NAG or ET-1. This 
was due to the age of the patients. One or 2 weeks of post-
natal life are not long enough for the vascular or enzymatic 
pathways of cellular damage induced by obstruction to be-
gin [22]. Sharifian et al. [13] determined a cutoff point of 
≥50 pg/dL for the urinary ET-1 level for diagnosis of hydro-
nephrosis in children. The sensitivity and specificity of this 
test were 88.9% and 75.5%, respectively. Knerr et al. [26] 
assessed gene expression in 20 tissue specimens obtained 
from UPJO patients. The expression of ET-1 in the ob-
structed ureteropelvic junction was significantly higher 
than in control tissue.

Ma et al. [18] analyzed the clinical urinary NAG value 
in evaluating the degree of damage to hydronephrotic kid-
neys in children. Urine NAG levels in healthy and hydro-
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nephrotic kidneys were 3.31×(10–3±0.11)×10–3 IU/L and 
5.91×(10–3±0.17)×10–3 IU/L, respectively (p=0.05). There 
was a significant positive correlation between urinary 
NAG levels from hydronephrotic kidneys and pathologic 
grades (r=0.769, p＜0.05). 

Skalova et al. [17] studied 31 children with hydro-
nephrosis diagnosed by use of abdominal ultrasonography 
either prenatally or postnatally. The urinary NAG/Cr ratio 
was significantly higher in the patients with hydro-
nephrosis in comparison with the reference data. This find-
ing, of no relation between the urinary NAG/Cr level and 
the severity of obstruction, is similar to the results of our 
study.

There are few studies on neonates with AH. Therefore, 
our hypothesis that the age of the children is the most im-
portant factor in the discrepancy in urinary levels of the 
three biomarkers may be only a simple assumption. Larger 
studies with a range of ages are needed to confirm this 
theory. 

CONCLUSIONS

The urinary MCP-1/Cr ratio is significantly elevated in ne-
onates with severe obstruction requiring surgical inter-
vention. These results suggest that urinary MCP-1/Cr may 
be useful in the identification of severe obstructive hydro-
nephrosis in neonates.
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