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Abstract
Purpose  To evaluate the predictive role of maternal urinary CA 19-9 as a non-invasive marker for diagnosing antenatal 
posterior urethral valve (PUV).
Methods  A total of 40 women in the third pregnancy trimester were enrolled. Case group (group A) consisted of 20 women 
with a diagnosis of antenatal PUV. Twenty women with similar gestational age, fetal sex, normal US, and no history of 
congenital anomalies were chosen as a control group (group B). Maternal urine samples were collected and urinary CA 19-9 
was measured in both groups. The correlations between maternal urinary CA 19-9 and APD (measured during pregnancy 
and the initial evaluation of the newborn) were assessed. CA 19-9 level in first urine of neonates was also evaluated.
Results  The mean ± SD of maternal urine CA 19-9 was higher in PUV group compared to the control group (131.6 ± 23.8 
vs. 13 ± 2.7 U/mL). In addition, there was a significant correlation between maternal urinary CA 19-9 and the APD measured 
at the third trimester (p < 0.001) and the initial evaluation of fetus after birth according to SFU grading system (p < 0.001). 
However, no significant difference was found between gestational age and urinary CA 19-9 level (p = 0.34). There was also a 
significant correlation between the CA 19-9 level in first urine of neonates and CA 19-9 level of maternal urine (p < 0.001).
Conclusions  This is the first time that maternal urinary CA 19-9 has been applied as a noninvasive and practical diagnostic 
marker in antenatal PUV.
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Abbreviations
ANH	� Antenatal hydronephrosis
APD	� Anteroposterior renal pelvic diameter
CA 19-9	� Carbohydrate antigen
SFU	� Society for Fetal Urology

Introduction

Posterior urethral valve (PUV), as the most frequent cause 
of pediatric obstructive uropathy, affects 1 out of 5000–8000 
male fetuses [1]. PUV has the most destructive consequences 
by progressing to end-stage renal disease (ESRD) in almost 

50% of the affected patients [2, 3]. It is valuable that all 
clinicians be aware of the importance of prenatal diagno-
sis of PUV as an important underlying cause of antenatal 
hydronephrosis (ANH) and take measures to prevent the dis-
semination of potentially damaging consequences as a result 
of inappropriate, costly, and invasive therapies.

Numerous systems have been used to diagnose and evalu-
ate the grade of ANH [4]. Although anteroposterior pelvic 
diameter (APD) is objective for prediction of pathology, 
other features are also necessary for determining the severity 
of ANH. In general, the Society of Fetal Urology (SFU) has 
been considered as the most appropriate grading criteria for 
the diagnosis and grading of ANH [5]. It is well described 
that infants diagnosed as obstructive nephropathy along with 
SFU grades III and IV should be carefully monitored with 
serial ultrasonography (US) [6]. Having in mind the pitfalls 
of conventional imaging, renal US, differential radionu-
clide renal scans, and urinary creatinine concentration in 
making an accurate decision in diagnosis and management 
of PUV and severe ANH [7], finding a cost-effective and 
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non-invasive substitute is crucial for accurate diagnosis 
of severe PUV in cases who are in need of urgent surgical 
procedure.

The identification of prenatal biomarkers that predict 
postnatal outcomes of the affected fetus is the main research 
goal. It has been reported that CA 19-9 which is slightly 
expressed in the normal renal pelvis may reach higher lev-
els in some cases with severe hydronephrosis [8, 9]. In this 
context, we have recently found a significant relationship 
between maternal urinary Ca 19-9 levels and ANH in a pilot 
study [10]. The aim of the current study was to focus on 
the urinary levels of CA 19-9 in pregnant women with a 
diagnosis of antenatal PUV and compare the results with 
normal pregnancies. CA 19-9 level in first urine of neonates 
was also compared in normal patients and those affected 
with PUV.

Patients and methods

A total of 40 pregnant women in their third pregnancy 
trimester were enrolled in this study and followed up for 
diagnosis of PUV between 2014 and 2016 at the depart-
ment of urology at our institution. The current study 
was approved by the institutional review board and after 

explaining the purpose of the study, informed consent 
was obtained from all pregnant women. Complete history 
and data collection included maternal age, gestational age 
(GA), abdominal US, and the presence of comorbidities. 
Patients with a history of any maternal disease, uninten-
tional abortion/miscarriage, malignancy, the presence of 
benign disease that could possibly cause an increase in 
CA 19-9 level, and fetal anomaly (except PUV for case 
group) were excluded from the study. The study design is 
summarized in Fig. 1.

Twenty women with a diagnosis of PUV were consid-
ered as case group (group A), while women with similar 
gestational age (GA), normal US, and no history of any con-
genital anomalies were chosen as a control group (group 
B). Maternal urine samples were collected and the level of 
urinary CA 19-9 was measured using an electrochemilumi-
nescence enzyme immunometric kit (Roche Elecsys Kits, 
Roche Diagnostics GmbH, Mannheim, Germany).

Hydronephrosis grade was evaluated according to the 
APD measured at the third trimester, and the SFU grading 
system in the initial evaluation of fetus after birth (“Appen-
dix”) [11]. No hydronephrosis was categorized by SFU 
grade = 0 and an APD diameter ≤ 7 mm, mild hydrone-
phrosis was categorized by SFU grade I–II and an APD of 
7–10 mm, moderate hydronephrosis was categorized by SFU 

Fig. 1   Diagnostic algorithm for 
managing ANH. SFU indicates 
Society of Fetal Urology, US 
ultrasonography
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grade III and an APD of 10–15 mm, and severe hydrone-
phrosis was defined as SFU grade IV and an APD ≥ 15 mm.

In addition, the correlations between maternal urinary 
CA 19-9 levels and the APD measured at the third trimester 
and the initial evaluation of fetus after birth were assessed 
with abdominal ultrasound (between 3 and 4 days of life, 
according to SFU grading system); CA 19-9 levels in first 
urine of neonates were also measured to evaluate the cor-
relation between CA 19-9 level in first urine of neonates and 
CA 19-9 level of maternal urine.

Results

The prenatal and postnatal characteristics of fetuses in the 
control group and different types of hydronephrosis in case 
group are summarized in Table 1. The mean ± SD of mater-
nal age was 28.7 ± 1.8 and 29.4 ± 2.1 years in group A and 
B, respectively. The mean ± SD of GA was 31.24 ± 0.1.8 and 
29.58 ± 2.1 weeks at the time of collecting maternal urinary 
samples in groups A and B, respectively.

According to the results of prenatal US, 4 fetuses had 
mild AHN (APD: 8.53 ± 0.24 mm); while 11 and 5 fetuses 
suffered from moderate and severe AHN (13.33 ± 0.33 
and 19 ± 0.58 mm, respectively). In addition, the APD of 
controls was 5.46 ± 0.1 mm. Postnatal US was performed 
according to SFU grading, the results of which were quite 
similar to the prenatal evaluation with a low increase in 
hydronephrosis grade from the prenatal period to postnatal 

time. Accordingly, three fetuses had grade II, while ten 
and seven fetuses suffered from grade III and IV. In addi-
tion, all the neonates of the control group were in grade 0 
of hydronephrosis according to SFU grading.

The respective mean ± SD maternal urinary CA 19-9 
level in control and PUV group was 131.6 ± 23.8 and 
13 ± 2.7 U/mL. The mean ± SEM neonatal urinary CA 
19-9 level in each group was as follows: 14.59 ± 3.07 U/
mL in the control group, and 331.62 ± 33.85 U/mL in PUV 
group. Creatinine level was significantly lower in the con-
trol group in the third postnatal day, compared with that 
of PUV group (0.6 ± 0.2 vs. 1.7 ± 0.3 mg/dL, p = 0.03).

The correlation between maternal urinary CA 19-9 and 
the APD measured at the third trimester was found to be 
significant (r = 0.838, p < 0.001). Additionally, a signifi-
cant correlation was detected between maternal urinary 
CA 19-9 and the initial evaluation of fetus after birth 
according to SFU grading system (r = 949, p < 0.001). Sta-
tistical analysis revealed a significant correlation between 
the CA 19-9 level in first urine of neonates and CA 19-9 
level of maternal urine (r = 0.990, p < 0.001). However, we 
found no significant correlation between gestational age 
and urinary CA 19-9 level (p = 0.34) or maternal age and 
urinary CA 19-9 level (p = 0.45) (Table 1, Fig. 2).

Bladder outlet obstruction was relieved in all cases 
with PUV; using a urethral catheter, and when the child 
was stable, cystoscopic valve ablation or vesicostomy was 
performed.

Table 1   Comparison of study 
variables in PUV and control 
groups

APD ≥ 15 in third trimester was defined as severe ANH
The correlation between maternal urinary CA 19-9 and APD (p = 0.02), SFU grading (p < 0.001), and first 
urinary CA 19-9 (p = 0.03) was found to be significant
PUV posterior urethral valve, CA 19-9 carbohydrate antigen 19-9, GA gestational age, SD standard devia-
tion

PUV group (N = 20)
Mean ± SD (range)

Controls (N = 20)
Mean ± SD (range)

p value

Maternal age (years) 28.7 ± 1.8 (26–32) 29.4 ± 2.1 (28–35) 0.82
GA (weeks) 31.24 ± 1.8 (28–37) 29.58 ± 2.1 (26–35) 0.75
Maternal urinary CA 19-9 (U/mL) 131.6 ± 23.8 13 ± 2.7 0.0001
First urinary CA 19-9 (U/mL) 331.62 ± 33.85 14.59 ± 3.07 0.0001
Creatinine level at day 3 (mg/dL) Mild ANH: 0.7 ± 0.1

Moderate ANH: 1.9 ± 0.2
Severe ANH: 2.5 ± 0.2

0.6 ± 0.2 0.9
0.003
0.0001

SFU grade Grade II (N = 3)
Grade III (N = 10)
Grade IV (N = 7)

Grade 0

APD measured at the third trimester (mm) Mild ANH: 8.53 ± 0.24 
(N = 4)

Moderate ANH: 
13.33 ± 0.33 (N = 11)

Severe ANH: 19 ± 0.58 
(N = 5)

5.46 ± 0.1 (N = 20)
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Discussion

To the best of our knowledge, this study demonstrated the 
first published attempt to elucidate increased maternal uri-
nary CA 19-9 levels as a noninvasive diagnostic and pre-
dictive biomarker with significant correlation in pregnant 
women with fetal PUV. There was also a significant corre-
lation between the CA 19-9 level in first urine of neonates 
with CA 19-9 level of maternal urine. The obtained results 
could help us to decrease radiation exposure in fetuses by 
applying non-invasive modalities as the wise alternates 
and obtaining a more comprehensive prenatal judgment 
for patients with clinically significant PUV.

Multiple causes such as renal parenchyma dysplasia due 
to high hydrostatic pressure in the urinary tract [12] and 
activated vasoactive factors and cytokines in response to 
obstruction [13] may cause ESRD in patients with PUV. 
Management of fetuses with PUV will impact the health of 
the infant after birth which culminates in the more effec-
tive postnatal evaluation, timely referral to a pediatric 
urologist, and promising intervention to reduce damaging 
outcomes.

Bedsides, US is an efficient tool for exclusion of 
obstruction in the presence of infection or renal failure 
and it has been considered to help decision making even 
for trainee urologists [14, 15]. Postnatal US should be per-
formed for all patients with ANH and the optimal time 
for US has been considered after the first 48 h of life [16, 
17]. So, in the current study, the initial postnatal US was 
performed within 72–96 h after birth in all patients. How-
ever, classifications based only on APD cannot be reliable 
due to the fact that pyeloectasia without calyx dilatation 
is usually not a sign of considerable obstruction [18]. The 
SFU introduced a subjective grading system to study the 
postnatal evolution of prenatally detected hydronephrosis 
and classify hydronephrosis [19]. This method of grading 
has important implications in patient diagnosis, treatment, 
and outcome. This grading system is frequently used to 
standardize the severity of hydronephrosis, and compare 
results among patients and centers. Due to the fact that 
SFU grading system is regularly used to standardize meth-
ods of performing and grading the US and radionuclide 
examinations in patients with hydronephrosis, we used 
this system for all children and compared results among 
patients.

Non-invasive, simple, particular and economic methods 
such as measuring the urinary biomarkers may be used as 
an adjunct to radiologic evaluation to increase the sen-
sitivity and specificity of prenatal diagnoses. Although 
CA 19-9 is known as a tumor marker, later evidence has 
emerged in support of a role for CA 19-9 elevation in a 
non-fatal condition such as benign hydronephrosis [20, 
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21]. In our previous report, we elucidated the association 
of urinary and cystic fluid levels of tumor marker CA 19-9 
and unilateral multicystic dysplastic kidney indicating the 
significance of this marker in malignant conditions [22]. 
In one study in 2015, it has been suggested that a high 
level of urinary CA 19-9 can be considered as a feasible 
clinically marker for differentiating between obstruction 
and non-obstructive dilatation [23]. In another study, the 
results of immunohistochemical (IHC) evaluation con-
firmed that CA 19-9 was positive in the apical surface 
of cells in the noncancerous renal pelvic epithelium with 
hydronephrosis [24]. According to the study of Arik et al., 
CA 19-9 was found to be elevated in patients with renal 
failure [25]. Therefore, benign hydronephrosis caused by 
obstructive dilatation and malignant conditions such as 
unilateral multicystic dysplastic kidneys is among the dif-
ferential diagnosis of elevated CA 19-9 level.

Urinary CA 19-9 is a probable biomarker of disease pro-
gression and close monitoring of the levels should be taken 
into consideration for determination of a useful therapeutic 
manipulation. The prognostic value of this marker has been 
also evaluated in benign urological diseases such as hydro-
nephrosis and ureteropelvic junction obstruction (UPJO) [8, 
22]. In our previous study, we demonstrated that the decrease 
in urinary CA 19-9 after pyeloplasty in patients with UPJO 
is considered as effective surgical outcomes and resolution 
of renal damage [26]. We also demonstrated that the level of 
CA 19-9 measured in voided urine can be an alternative test 
with more reliable clinical implications as compared with 
serum CA 19-9 in patients with UPJO.

It has been recently demonstrated that high urinary CA 
19-9 levels can be considered as a non-invasive clinical 
marker for postnatal differentiation between obstruction and 
non-obstructive hydronephrosis in patients with unilateral 
ANH [26]. We used maternal urine CA-19-9 as a noninva-
sive, clinically applicable marker for diagnosis of PUV with 
significant correlation with prenatal APD, postnatal SFU 
grading system and CA 19-9 levels in first urine of neonates.

In spite of the fact that Kutlu et al. did not find a signifi-
cant correlation between CA 19-9 level and hydronephro-
sis [27], these values were significantly correlated to one 
another in our previous study [10]. It has been also supposed 
that the CA 19-9 level cannot be considered as an efficient 
parameter for non-invasive prediction of urinary obstruction 
[27]. Nevertheless, we demonstrated the role of maternal 
urinary CA 19-9 in terms of diagnosing PUV in our prena-
tal assessments in which a significant correlation was also 
found between maternal urinary CA 19-9 and the level of 
this biomarker in first urine of neonates affected with PUV.

According to our unpublished data, we verified that CA 
19-9 in the aspirated amniotic fluid and fetal bladder urine 
puncture is clinically applicable in patients with congeni-
tal obstructive nephropathy (PUV). However, no attempt at 

prenatal uro-amniotic shunting should be made when the 
noticeable outcome is predicted by measuring the maternal 
urinary CA 19-9 [28]. So, due to the invasiveness of this 
procedure, in the current study, we tried a non-invasive pro-
cedure for the more accurate diagnosis of PUV. In another 
study in 2006, it has been indicated that urinary CA 19-9 
can be used as a more efficient method compared to serum 
CA 19-9 in patients with benign hydronephrosis [20]. The 
results of the current study suggested maternal urinary CA 
19-9 as a noninvasive marker and surrogate for the appropri-
ate follow-up and treatment of patients with PUV.

Atar et al. reported a non-significant association between 
age and urinary CA 19-9 levels in ANH [23]. Similarly, we 
demonstrated that CA 19-9 level in maternal urine is a ben-
eficial criterion in evaluating patients with PUV and may 
increase sensitivity and specificity in obstructive nephropa-
thy detection, while no significant correlation was found 
between maternal urinary CA 19-9 levels with GA or mater-
nal age.

It has been also demonstrated that patients with PUV 
had increased levels of CA 19-9 in the amniotic fluid and 
first urine [29]. Remarkably, the present clinical study rep-
resented a different pattern compared to the previous study; 
it is the first study of measuring the urine levels of CA 19-9 
in pregnant women for the diagnosis of fetal PUV.

PUV as a severe congenital abnormality can disturb the 
development of the urinary tract and decrease the renal func-
tion. Therefore, in cases with bilateral renal impairment on 
prenatal ultrasonography or those with oligohydramnios 
accompanied by elevated maternal Ca 19-9 level, the diag-
nosis of PUV is highly suspected. So, the application of 
this non-invasive, uncomplicated, and cheap method may 
help the clinicians to be prepared for instantaneous post-
natal action to decrease the morbidity rate. In spite of all 
promising findings of the current study, an absolute need of 
further studies and evaluating different criteria necessities 
to avoid serial diuretic renal scintigraphy as a gold standard 
modality in discriminating obstructive from non-obstruc-
tive uropathies in newborns with ANH history. In addition, 
larger populations and further investigations are needed to 
elucidate in more detail the correlation of urine CA 19-9 
with PUV, plan for further surgical intervention, and allow 
prediction of long-term renal functional status.

Conclusion

The results of the current study demonstrated that increasing 
urine CA 19-9 levels in maternal urine is one of the most 
clinically significant parameters in pregnant women caring 
fetuses with PUV. In addition, the degree of elevation cor-
related with some clinical features, such as APD and SFU 
grade. However, further accumulation of clinical data should 
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be conducted to draw a firm conclusion regarding the practi-
cal implication of the results for the diagnosis of PUV.
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Appendix: SFU grading description

Grade Description

Grade 0 No dilatation of the renal pelvis
Grade I Mild dilatation of the renal 

pelvis (without dilatation of the 
calyces)

Grade II Mild dilatation of the renal pelvis 
and calyces without parenchy-
mal atrophy

Grade III Moderate dilatation of the renal 
pelvis and calyces with mild 
cortical thinning

Grade IV Gross dilatation of the renal pelvis 
and calyces plus thinning of the 
renal parenchyma
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