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Objective: To investigate a selection of renal injury biomarkers in fetal congenital lower
urinary tract obstruction (LUTO) and their potential to identify renal damage in significant
obstructive patterns, eventually to benefit fetal intervention and predict the outcome in
terms of survival.

Study Design: Ten fetuses with congenital LUTO were submitted to fetal urine analysis that
included six renal injury biomarkers: Neutrophil gelatinase-associated lipocalin (NGAL),
kidney injury molecule-1 (KIM-1), transforming growth factor beta-1 (TGF-B1), retinol-
binding protein (RBP), cystatin C (uCyC), and microalbuminuria (UALB). The results were
compared with urinary parameters of patients born with LUTO and healthy newbormns.

Result: The majority of fetal biomarker levels showed significantly higher values when
compared to all groups at birth with exception of KIM-1 and uALB. RBP and uCyC
performed with 100% accuracy to identify severe renal damage in fetal LUTO.

Conclusion: Urine CyC, NGAL, RBP, and TGF-B1 demonstrated high capability of
identifying significant renal impairment due to severe LUTO and may contribute to
currently used fetal medicine diagnostic parameters.

Keywords: congenital urinary tract obstruction, hydronephrosis, renal biomarkers, fetus, kidney injury

INTRODUCTION

Congenital urinary tract obstruction is considered the most frequent fetal anomaly detected by
prenatal ultrasound (US) and the leading cause of chronic renal disease (CKD) in children (1).
Lower urinary tract obstruction (LUTO), with an incidence of 2.2 - 3.3 per 10,000 births (2), is
associated with high fetal and neonatal mortality, mostly due to severe early- to mid-gestation
oligohydramnios (3). In male fetuses, the typical and most frequent LUTO-related anatomical
abnormality is posterior urethral valve (PUV), 63%, while in females LUTO is associated with more
complex and rare abnormalities such as cloacal plate dysgenesis and megacystis micro-colon
syndrome (2). These malformations may present a wide and extreme spectrum of outcomes, from
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prenatal death to slightly reduced renal mass with almost normal
function. The screening US is capable of identifying enlarged
fetal urinary bladder starting from the 10th gestational week
(GW), although its reliability to discriminate obstructive from
non-obstructive (transitional) forms, as well as to provide
postnatal renal function prognosis, is not completely
understood and depends on the underlying etiology and the
presence of associated malformations (4, 5). A few studies have
shown that the earlier the US finding of megacystis is made, the
poorer the outcome (6). This is attributed to the higher
prevalence of the most severe obstruction patterns (e.g.,
urethral atresia) and frequent chromosomal aberrations in the
first trimester of gestation (6). On the other hand, for up to 90%
of fetuses with normal karyotype and bladder length < 15 mm the
megacystis will resolve spontaneously (4, 5). Obstruction that
occurs after 22 GW is associated with chronic interstitial
nephropathy and its severity correlates with the duration and
degree of obstruction (4, 7). Serial US is frequently used in
prenatal follow-up while fetal amniotic fluid analytes are
sometimes obtained to determine the indication for fetal
bladder decompression, although several studies have shown
that neither of these is sufficiently reliable to predict the final
renal function outcome (8). Currently, this intervention is
considered when fetal amniotic fluid analytes are higher than
usual (sodium > 100 mg/dL, chloride > 110 mg/dL, Osmolarity >
210 mOsm/L, 3-2 microglobulin > 6 mg/L) and accompanied by
oligohydramnios. However, the results and prognosis continue
to be reserved and without obvious benefit for the child (9). In
the last few decades, there has been an increasing interest and
development of biomarkers for early detection of renal
impairment, including their possible application in patients
with congenital LUTO in order to better predict the postnatal
outcome and eventually to benefit early intervention. In this
study six urinary biomarkers of renal injury, neutrophil
gelatinase-associated lipocalin (NGAL), kidney injury
molecule-1 (KIM-1), transforming growth factor beta-1 (TGF-
B1), retinol-binding protein (RBP), cystatin C (CyC), and
microalbuminuria (LALB), were measured in fetal urine to
verify their potential to identify renal damage in fetuses with
known LUTO, which may eventually benefit fetal intervention,
as well as to predict the outcome in terms of survival. These
potential and novel biomarkers of tubular damage or glomerular
filtration have already been tested in different clinical settings,
proving their efficiency with variable success (10-14). The
studies on fetal congenital LUTO are scant, mainly due to
ethical and practical concerns, although the few that were
performed brought some promising preliminary results (15).

METHODS

This study is part of a larger and recently published longitudinal
and prospective study on renal biomarkers in infants with LUTO
in comparison to gestational age-matched healthy newborns
with follow-up from birth to the end of the first year of life
(16). The study protocol was approved by the institution’s Ethics

Committee (Reg. N° 0383/11, CAPPesq—HCFMUSP),
supported by Sdo Paulo Research Foundation—FAPESP Grant
(Reg. N° 2012/50337-9), and was carried out in accordance with
the Declaration of Helsinki. Each participant signed an informed
parental consent form. The study participants were recruited
between June 2012 and June 2016 at the Fetal Medicine Unit,
during prenatal US visits, between 16 and 32 GW. The LUTO
inclusion criteria were based on the diagnosis of antenatal
hydronephrosis with minimal grade III anterior-posterior renal
pelvic diameter (by Grignon et al.), defined according to fetal US
parameters (17) and LUTO (with or without hydronephrosis)
with reduced amniotic fluid volume, renal cortex, increased or
abnormal thickness of bladder wall or its volume (megacystis),
fusiform dilatation of urethra (keyhole sign), etc. (18). The
fetuses with severe congenital LUTO with the indication of
invasive tests that excluded fetal chromosomal and genetic
defects were submitted for fetal urine analysis which included
six renal injury biomarkers: neutrophil gelatinase-associated
lipocalin (NGAL), kidney injury molecule-1 (KIM-1),
transforming growth factor beta-1 (TGF-B1), retinol-binding
protein (RBP), cystatin C (CyC), and microalbuminuria
(LALB). In addition, when indicated by a fetal medicine
specialist, and exclusively in cases of an isolated LUTO with
eventual unilateral or bilateral hydronephrosis, vesicoamniotic
or bilateral pyeloamniotic shunting was also performed. The
exclusion criteria for these procedures were: multi-fetal
pregnancies, chromosomal anomalies, structural anomalies
unrelated to LUTO, normal amniotic fluid volume or analytes,
and maternal contraindications.

Fetal urine was obtained between the 16th and 32nd GW
when deemed necessary and exclusively by fetal medicine
specialists, using 18-22G needle bladder puncture, under local
anesthesia and fetal US guidance. The results were compared
with urine biomarker parameters of newborns with LUTO and
healthy infants matched by gestational age, obtained between the
3rd and 7th day from birth and at 12 months of age (16).
Postnatal urine was collected using collecting bags and the US
was performed between the 3rd and 7th day of life and at 12
months of age. Infants with confirmed genetic diseases or other
congenital anomalies, systemic diseases (e.g., necrotizing
enterocolitis, respiratory distress syndrome, sepsis, and
neonatal asphyxia), hyperbilirubinemia > 10 mg/dL at 7th day
of life or after, hemolytic anemia, uncontrolled gestational
hypertension and/or diabetes, severe chronic medical
conditions, incomplete family history and/or clinical follow-up
were excluded from the study. The urine samples were
immediately centrifuged, and the supernatant stored at —70°C.
Postnatal renal function was estimated by measuring levels of
serum CyC and creatinine (sCr) to calculate glomerular filtration
rate and by renal US that was performed in the first week of life
and at 12 months of age. Urine NGAL, KIM-1, RBP, TGF-31,
CyC, and serum CyC were measured using commercially
available Quantikine™ (R&D Systems, Inc., Minneapolis, MN,
USA) kits and Multiskan MS® (Labsystems, Helsinki, Finland)
microplate reader, strictly following manufacturer instructions.
All obtained values were in the range of the standard curve
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provided by the manufacturer. Creatinine and HALB were
processed on a Cobas C501® Chemistry Analyzer (Roche,
Rotkreuz, Switzerland) and analyzed by modified Jaffe and
nephelometric methods, respectively. All the biomarker
samples were run in duplicate and normalized by uCr.

Statistical Analysis

Numerical variables were expressed as statistical measures:
mean, standard deviation, median, and percentiles. Pearson’s
chi-square test was used for the comparison between the groups
in relation to the categorical variables. Student’s t-test was used
for numerical variables with equal and unequal variances or the
Mann-Whitney test for the comparison between groups. To
evaluate the degree of discrimination of the outcomes, ROC
curves and area under the curves (AUC) were obtained with
respective confidence intervals for the aforementioned parameter
and cutoff points that maximize sensitivity and specificity sum
values. The margin of error used in statistical test decisions was
5%, and the intervals were obtained with 95% confidence. The
Statistical Package for Social Sciences (1BM® sPSs® version 24
for 108®, USA), MEDCALC® (version 14.8.1), and GraphPad
Prism® (version 9) were used to perform statistical analyses.

RESULTS

Ten fetuses with confirmed severe congenital LUTO with
indication of invasive tests for fetal diagnosis of malformations
and genetic conditions were included in the study (Figure 1).
The mean gestational age at the time of inclusion was 26.8 + 3.6
weeks. In terms of outcome, 5/10 fetuses were submitted to the
legal termination of pregnancy, 2/10 were stillborn, and 3/10
were born full-term. The three surviving fetuses were submitted
to fetal interventions between 31 and 32 GW, which included

insertion of vesico-amniotic shunting (one case of anterior
urethral valve, megapenis, and megaurethra) and bilateral
pyelo-amniotic shunting (one case of bilateral hydronephrosis
and one PUV case). They were followed for at least 1 year with
the pediatric nephrology and urology teams. The comparison
between the sub-groups of severely obstructed fetuses, 10 LUTO
patients, and 24 healthy newborns (control group) in terms of
demographic characteristics, such as gender (masculine:
feminine = 2:1), ethnicity (African Brazilian: Caucasian = 1:1),
maternal and final gestational age showed no statistical difference
(p 2 0,18). Comparative analysis of urine biomarkers’ values in
all groups is presented in Figure 2. Statistical significance of p <
0.001 was observed for RBP, NGAL, and uCyC when fetal values
were compared with controls’ values at birth and at the age of 12
months. Fetal RBP, NGAL, TGF-£81, and uCyC levels were
significantly higher when compared to corresponding values
from the subgroup of survivors with LUTO (p < 0.01). The
values of the same biomarkers observed in both subgroups, fetal
and LUTO, were significantly elevated in comparison to their
levels in the control group at birth (Figure 2).

Diagnostic performance of single renal biomarkers regarding
identification of renal damage in fetal congenital LUTO (ROC
curve, Figure 3) was considered excellent for RBP (cut-off value
727.3 ng/g), NGAL (cut-off value 2.88 ng/g), uCyC (cut-off value
11.37 ng/g), and TGF-81 (cut-off value of 6.17 pg/g). KIM-1 and
HALB didn’t perform well at all (cut-off 0.67 ng/g, 58.3%
specificity and 50% sensitivity; cut-off 20 mg/g, 20.8%
specificity and 75% sensitivity, respectively).

At birth, the three surviving infants from the fetal group
presented lower levels of urinary biomarkers in terms of absolute
values when compared to non-survivors (80% lower in case of
NGAL and RBP and 50% lower in case of uCyC, approximately),
but still significantly above the control group range (Figure 4).
Two of these patients were submitted to bilateral pyelo-amniotic
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(50%)
‘Syndromic malformations
Interrupted Follow-up
(logistic issues,

transfer to other centers)

21 Excluded
(46,7%)
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(50%)

37 newborns
(42%)

PUV (71,4
3 patients with fetal urinalysis AL

1 Bilateral Hydronephrosis.
1Pl
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%)

fetuses with urinalysis

1 Ureterocele (14,3%)
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incomplete protocol
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Chronic health
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FIGURE 1 | Recruitment dynamics in the period from June 2012 to June 2016. PUV, posterior urethral valve; AUV, anterior urethral valve.
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FIGURE 2 | Comparative analysis of urine biomarkers in fetuses, infants born with low urinary tract obstruction (LUTO), and healthy infant controls. RBP, retinol-
binding protein; NGAL, neutrophil gelatinase-associated lipocalin; KIM-1, kidney injury molecule; TGF-B1, transforming growth factor beta-1; uCyC, urine cystatin C;
MALB, microalbuminuria; uCr, urine creatinine; LUTO, low urinary tract obstruction; statistical significance at p < 0.05, *) Mann-Whitney Test only.

shunting in the fetal period with KIM-1, TGF-$31, and uCyC
levels in the range of controls at 12 months of age. In all three
patients, NGAL and MALB values remained higher when
compared to controls’ values, mostly during the whole

ROC curve

< o RBP
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B & KIM-1
[y
g ~o- TGF-R1
e UCYC
-+ MALB
0 T 1 I 1 1
0 20 40 60 80 100
100% - Specificity%
Biomarker Cutoff AUC pVaue Sasivity Spedfiqty  95%Cl
vaue (%) (%)
RBP (pg/mg uCr) 727.30 1000 <0.001 100 100 72.25- 100.00
NGAL (ng/mg uCr) 288 09% <0.001 95,8 100 79.76 - 99.79
KIM-1 (ng/mL) 0.67 0548 0.6638 583 50 38.83-75.53
TGF-B1(pg/mguCr) 617 0983 <0.001 95,8 20 79.76 - 9.79
uCyC (ng/mg uCr) 1137 1000 <0.001 100 100 86.20- 100.00
MALB (mg/g uCr) 2009 0646 0358 20.83 75 9.24- 4047

FIGURE 3 | Diagnostic performance of renal injury biomarkers regarding the
identification of renal damage due to fetal urinary tract obstruction. ROC, receiver
operating characteristic curve; AUC, area under the curve (95% confidence
interval); RBP, retinol-binding protein; NGAL, neutrophil gelatinase-associated
lipocalin; MALB, microalbuminuria; uCyC, urine cystatin C; KIM-1, kidney injury
molecule-1; TGF-B1, transforming growth factor beta 1; uCr, urine creatinine.

observational period while RBP and CyC levels were very high
in the perinatal period and decreased with age, meeting the
normal values throughout most of the observed period.
However, the three survivors evolved to CKD stage 2, based on
serum cystatin and serum creatinine values. During follow-up,
they were maintained on alkali supplementation, on account of
renal tubular acidosis, with satisfactory growth and development.

DISCUSSION

There are more than 4000 peptides in fetal urine, which may
represent an important pool of potential biomarkers for the
various developmental diseases in which early prediction could
affect treatment and clinical decision-making. All currently available
diagnostic methods are unsatisfactory in predicting postnatal renal
function and may lead to unjustified offering of termination or
continuation of the pregnancy resulting in early (in utero, at birth,
or within the first months) end-stage CKD (8). This is the first study
that evaluated the diagnostic performance of six urine biomarkers
(RBP, NGAL, KIM-1, TGF-£1, uCyC, and pALB) in the setting of
fetal LUTO, compared to LUTO and healthy newborns matched by
gestational age, with insight on postnatal renal function prediction.
The present results show remarkably high fetal urine values for RBP,
uCyC, and NGAL when compared to the control group, especially
in non-survivors with 100% sensitivity and specificity for renal
damage in severe LUTO. Relatively high RBP values in all the
subgroups, in the fetal period and at birth, can be explained by its
reduced excretion due to immaturity of the proximal convoluted
tubule. In healthy individuals, the process of tubular maturation can
extend until complete at 2 years of life, when the RBP excretion
levels become stable and independent of age (19, 20).

Frontiers in Urology | www.frontiersin.org

June 2022 | Volume 2 | Article 883903


https://www.frontiersin.org/journals/urology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/urology#articles

Kostic et al.

Fetal Biomarkers for Renal Injury

5 TGF81(pgmguCr) | MALB (mgfguCr)
* uCYC(ngmguCr)  © RBP (ngmguCr)
-0 GFR (mUmin) v NGAL (ngimg uCr)

%0 Biateral
2500 roterstom

Patient 1, bilateral hydronephrosis

6000 A TGF-81(pg/mguCr) @ MALB (mg/g uCr)

© WCYC(ngmguC)  © RBP (ng/mg uCr)
o GFR (mbmin) v NGAL (ng/mg uCr)

4000
2000

100

Pationt 2, postaioruretralvalve and bila. hydronephrosis
6000 & TGRA1(GoMIUC) B MALB (ngiguCr)

© uCyC(ngmguCr)  © RBP (ngimg uCr)

4000 < GFR (mumin) ¥ NGAL (ngimg uCr)

2000

2 years o
b, .8
“\. -~ \
L x
"v
i
\
B
L SE
o elem
\ e Y
E N I N R
< & &
"&'@ & s« & & @‘« ‘\,&‘

Patient 3, Anterior uretral valve, megapenis

FIGURE 4 | The first-year renal biomarkers profile of the infants submitted to
fetal interventions and fetal urinalysis who survived and continued follow-up.
RBP, retinol-binding protein; NGAL, neutrophil gelatinase-associated lipocalin;
KIM-1, kidney injury molecule; TGF-B1, transforming growth factor beta-1;
uCyC, urine cystatin C; MALB, microalbuminuria; uCr, urine creatinine; GFR,

glomerular filtration rate; PUV, posterior urethral valve.

The three survivors’ fetal values for RBP and uCyC were very
high when compared to normal range but 80% and 50% lower,
respectively, when compared to non-survivors. This finding is
promising in terms of potential prediction of advanced stage
CKD and lesser chance of survival, thus facilitating the decision
for termination of pregnancy (when this option is legally
available) or indication of fetal intervention in carefully
selected cases. RBP, uCyC, NGAL, and TGF-f}1 seem to be
better predictors of poor renal function and poor outcome,
individually, when compared to the currently used urine

parameters (8, 21, 22). Fetal uCyC was demonstrated to be
superior to US and fetal urinary sodium to discriminate
postnatal renal disease from preserved renal function (23). As
soon as fetuses (especially with PUV) reach the 22nd GW, they
may express elevated urine levels of several inflammatory
biomarkers, including TGF-31, as a response to LUTO (24).
The most important limitation of this study is the very low
number of participants. This is principally due to rigorous legal
and ethical policies involved in this type of investigation. The
study was performed in a single center with a considerable loss of
potential participants due to logistical issues, mainly because of
frequent transfers to other centers or personal migrations to
distant regions of the country. Regardless of these challenges, the
verified fetal values were extremely high and doubtlessly
merit consideration.

In conclusion, uCyC, NGAL, RBP, and TGF-81 demonstrated
high capability in identifying significant renal impairment due to
severe in utero LUTO, with the potential to discriminate between
postnatal outcomes and perspective to contribute to currently used
fetal medicine parameters.
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