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Abstract
Background The aim of this study was to identify predictors
of ‘intrauterine fetal renal failure’ in fetuses with severe con-
genital lower urinary tract obstruction (LUTO).
Methods We undertook a retrospective study of 31 consecu-
tive fetuses with a diagnosis of LUTO in a tertiary Fetal Center
betweenApril 2013 and April 2015. Predictors of ‘intrauterine
fetal renal failure’ were evaluated in those infants with severe
LUTO who had either a primary composite outcome measure
of neonatal death in the first 24 h of life due to severe pulmo-
nary hypoplasia or a need for renal replacement therapy within
7 days of life. The following variables were analyzed: fetal
bladder re-expansion 48 h after vesicocentesis, fetal renal ul-
trasound characteristics, fetal urinary indices, and amniotic
fluid volume.
Results Of the 31 fetuses included in the study, eight met the
criteria for ‘intrauterine fetal renal failure’. All of the latter had
composite poor postnatal outcomes based on death within

24 h of life (n=6) or need for dialysis within 1 week of life
(n=2). The percentage of fetal bladder refilling after
vesicocentesis at time of initial evaluation was the only pre-
dictor of ‘intrauterine fetal renal failure’ (cut-off <27 %, area
under the time–concentration curve 0.86, 95 % confidence
interval 0.68–0.99; p=0.009).
Conclusion We propose the concept of ‘intrauterine fetal re-
nal failure’ in fetuses with the most severe forms of LUTO.
Fetal bladder refilling can be used to reliably predict ‘intra-
uterine fetal renal failure’, which is associated with severe
pulmonary hypoplasia or the need for dialysis within a few
days of life.
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Introduction

Fetal lower urinary tract obstruction (LUTO) or fetal bladder
outlet obstruction is a spectrum of congenital anomalies char-
acterized by a dilated fetal bladder, a dilated proximal urethra,
and bilateral hydronephrosis consistent with obstruction in the
urethra [1–4]. Its incidence is approximately 2.2 per 10,000
births, and it is commonly diagnosed during the late first or
early second trimester of pregnancy [1–4]. There are different
etiologies for LUTO, including posterior urethral valves, an-
terior urethral valves, urethral atresia, urethral stenosis, and
prune-belly syndrome [5–7]. Complete bladder outlet obstruc-
tion (severe LUTO) is associated with high perinatal mortality
due to pulmonary hypoplasia and severe renal impairment/
damage [5–8]. Fetal intervention is usually performed for se-
vere LUTO (presence of enlarged fetal bladder with severe
bilateral hydronephrosis and oligohydramnios/anhydramnios)
with ‘favorable’ renal indices, such as the absence of ultraso-
nographic aspects compatible with renal dysplasia and good
fetal urinary biochemistry (urinary sodium<100 mEq/L, chlo-
ride<90mEq/L, osmolarity<200mOsm/L andβ2-microglob-
ulin<6 mg/L) [2, 7–24]. Fetuses with ‘unfavorable’ renal in-
dices seem not to benefit from prenatal intervention [2, 3, 7, 8,
10, 25].

Later in pregnancy, some fetuses develop ultrasound (US)
findings suggestive of renal dysplasia associated with either a
mildly distended bladder with thick bladder wall or progres-
sively decreasing amniotic fluid levels. These findings suggest
that the fetal kidneys are producing little urine (oliguria/an-
uria). In this situation, perinatal mortality is extremely high
due to severe pulmonary hypoplasia and neonatal renal failure
in the first days of life.

In the study reported here, we propose the concept of ‘in-
trauterine fetal renal failure’ based on a series of fetuses with
LUTO followed in our tertiary referral Fetal Center. In addi-
tion, we investigated potential predictors of ‘intrauterine fetal
renal failure’ at the time of the prenatal diagnosis.

Methods

Study design

Between April 2013 and April 2015, we reviewed a cohort
of consecutive fetuses with isolated LUTO that were re-
ferred to the Baylor College of Medicine/Texas Children’s
Fetal Center. LUTO was diagnosed based on the ultraso-
nographic confirmation of a dilated bladder and proximal
urethra associated with bilateral hydroureternephrosis [8,
26]. Isolated LUTO was considered if there were no asso-
ciated fetal structural malformations on comprehensive fe-
tal US examination fetal echocardiography and normal kar-
yotype. The diagnosis of ‘intrauterine fetal renal failure’

was considered when (1) a fetus with LUTO presented
w i t h US s i gn s s ugge s t i v e o f r e n a l dy s p l a s i a
(hyperechogenic cystic kidneys with no cortical-
medullary differentiation) (Fig. 1a) associated with a mild-
ly distended bladder with a thickened wall (Fig. 1b) and (2)
progressively decreasing amniotic fluid levels after fetal
vesicoamniotic shunt placement.

Perinatal management

All patients were evaluated according to a prenatal multi-
disciplinary LUTO management protocol that included: (1)
an initial comprehensive ultrasonographic evaluation of
fetal anatomy; (2) fetal echocardiogram; (3) prenatal genet-
ic counseling and fetal karyotyping; (4) prenatal consulta-
tion with maternal–fetal (fetal intervention) specialists, pe-
diatric nephrologists, and pediatric urologists. Amniotic

Fig. 1 a Ultrasound (US) image of fetal renal kidney showing
hyperechoic kidney with no corticomedullary differentiation at
21 weeks of gestation (Case #3 in Table 1). b US image showing a
mildly distended bladder with ‘keyhole sign’ at 21 weeks of gestation
(Case #3 in Table 1)
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fluid was collected during the amniocentesis and
cordocentesis for the fetal fluorescence in-situ hybridiza-
tion test and karyotyping (or chromosomal microarray),
and at the same time an US-guided vesicocentesis was
performed for investigating fetal urinary biochemistry. ‘Fa-
vorable’ urinary biochemistry was defined using standard
criteria: urinary sodium of <100 mEq/L; chloride of
<90 mEq/L; osmolality of >200 mOsm/L; beta2-
microglobulin of<6 mg/L, at between 18 and 30 weeks
of gestation [27, 28]. We performed a second evaluation
48 h after the initial evaluation, including a repeat fetal US
examination and a second fetal vesicocentesis (in the case
of ‘unfavorable’ urinary biochemistry observed during the
initial evaluation). Fetal bladder volume was measured
during the first and second US examinations using
SonoAVC software (Automatic Volume Calculation; GE
Medical Systems, Waukesha, WI) and a Voluson E8 ultra-
sound machine (GE Medical Systems) (Fig. 2a, b). The
percentage of fetal bladder refilling 48 h after the first fetal
vesicocentesis was calculated by the following equation:

(Last fetal bladder volume − initial fetal bladder volume)/
(initial fetal bladder volume)×100.

US-guided percutaneous fetal vesicoamniotic shunt
placement was offered in cases of severe LUTO associated
with oligohydramnios/anhydramnios with either (1) ‘fa-
vorable’ renal function in the first sample or (2) improve-
ment in biochemistries in the second sample and no signs
on the US image suggestive of renal dysplasia. Patients
were followed once a week, and a repeated vesicoamniotic
shunting was offered in the case of shunt dislodgement or
obstruction.

Delivery timing and route were based on standard
obstetric principles. After delivery, all surviving neo-
nates were evaluated and followed by pediatric special-
ists, including pediatric urologists, nephrologists, and
neonatologists. After birth, a voiding cystourethrogram
and cystoscopy were performed to evaluate the bladder
and the urethra in all cases. Autopsy was offered if fetal
or neonatal demise occurred.

Statistical analysis

The primary composite postnatal outcome was death within
the first 24 h of life due to severe pulmonary hypoplasia or the
need for dialysis within the first week of life.

The following data were analyzed: (1) gestational age at
diagnosis; (2) US findings during the first examination at
our center, including severity of hydronephrosis according
to the Grignon’s classification [26]; hyperechogenicity of
the kidneys (renal tissue with similar echogenicity to the
bones); presence of renal cortical cysts; renal dysplasia
(enlarged hyperechogenic cystic kidneys with no
corticomedullary differentiation); presence of hydroureter;
(3) severe oligohydramnios (amniotic fluid index<5th per-
centile for gestational age or presence of anhydramnios);
(4) fetal urinary biochemistry (favorable vs. unfavorable)
[27, 28]; (5) percentage of fetal bladder refilling 48 h after
the first fetal vesicocentesis; (6) fetal intervention versus
no fetal intervention; (7) gestational age at diagnosis of
‘intrauterine fetal renal failure’; (8) gestational age at de-
livery, and (9) newborn weight.

Continuous variables were expressed as the mean and stan-
dard deviation or as the median and range, as appropriate,
based on the distribution of the data. Categorical variables
were expressed as absolute values or as percentages. Data
were evaluated using the Fisher’s exact test, Mann–Whitney
U test, and two-tailed Student’s t-test as appropriate. Receiver
operating characteristic (ROC) curve analysis was used to
select cutoff-values for the percentage of fetal bladder refilling
to predict ‘intrauterine fetal renal failure’ (highest sensitivity
and specificity) (IBM SPSS Statistics for Windows ver. 20;
IBMCorp., Armonk, NY). A p value of <0.05 was considered
to be significant.

Fig. 2 a Three-dimensional (3D)-US rendered image of fetal bladder at
initial evaluation with a volume of 180mL (Case #5 in Table 1). b 3D-US
rendered image of fetal bladder 48 h after fetal vesicocentesis with a
volume of 30 mL (Case #5 in Table 1)
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Results

During the study period, a total of 31 consecutive fetuses with
a diagnosis of primary LUTO were evaluated at our center.
Four patients elected to terminate the pregnancy, one fetus
died after the first US examination at our center, and one
patient was lost to follow-up. These six fetuses were excluded
from the analysis, and therefore, the evaluation of ‘intrauterine
fetal renal failure’ was investigated in 25 patients. Among
these, eight (32.0 %) fetuses developed ‘intrauterine fetal renal
failure’ later during pregnancy (Table 1). All of them met the
primary composite postnatal outcome of either death within
24 h of life (n=6) or the need for dialysis within the first week
of life (n=2). Table 1 shows the characteristics, prenatal US
findings at initial evaluation and at diagnosis of ‘intrauterine
fetal renal failure’, and clinical outcomes. Cases #1, 2, 3, and 5
were considered to have ‘unfavorable’ fetal urinary biochem-
istry and no fetal intervention was offered. All of those infants
died immediately after birth due to severe pulmonary
hypoplasia.

Case #4 was a male fetus diagnosed with severe LUTO and
‘favorable’ renal function at gestational age (GA) 17 weeks
with severe oligohydramnios. A fetal vesicoamniotic shunt
(VAS) was placed at GA 18 weeks and was confirmed to be
working at GA 19 weeks. However, at GA 20weeks the shunt
dislodged into the amniotic cavity, and another shunt had to be
placed, with success. Weekly US follow-up revealed that the
shunt was working, as the bladder was decompressed and the
amniotic fluid volume was normal. At GA 26 weeks, howev-
er, the amniotic fluid index dropped from 12 to 6 cm and the
fetal bladder remained empty; the kidneys became more
hyperechogenic and developed signs of renal dysplasia. At
GA 28 weeks, there was anhydramnios. The diagnosis of ‘in-
trauterine fetal renal failure’was discussed with the family. At
GA 34 weeks, a 2000-g male newborn was born by sponta-
neous vaginal delivery with mild to moderate pulmonary hy-
poplasia, as the infant required mechanical support for the first
3 days of life. He also required peritoneal dialysis. Postnatal
diagnosis of urethra atresia was confirmed by cystoscopy.

Case #6 was a male fetus with a prenatal diagnosis of
severe LUTO at GA 20 weeks associated with anhydramnios.
At our initial evaluation, favorable urinary analysis was ob-
served at GA21weeks and aVASwas placed at GA22weeks.
At GA 23 weeks, US examination confirmed that the shunt
was in the correct place with an empty fetal bladder and nor-
mal amount of amniotic fluid. At GA 24 weeks, the shunt was
dislodged into the amniotic cavity, and a large fetal bladder
with associated oligohydramnios was identified on US exam-
ination. A second VAS was then placed the next day. At GA
26 weeks, fetal US revealed oligohydramnios (amniotic fluid
index 6 cm), empty fetal bladder with the shunt in the correct
position, and bilateral hyperechoic kidneys with renal cysts.
At GA 27 weeks, we observed anhydramnios, empty fetal

bladder with the shunt in the correct position, and signs of
renal dysplasia. The diagnosis of ‘intrauterine fetal renal fail-
ure’ with extremely high likelihood of postnatal end-stage
renal disease (ESRD) was considered and discussed with the
parents. The 2081-g baby boy was born at 33 weeks with
minimal respiratory distress. However, the infant required
peritoneal dialysis within the first week of life. Urethra atresia
was diagnosed by postnatal cystoscopy.

Case #7 was a male fetus referred to our center at GA
19 weeks due to a diagnosis of severe LUTO and
anhydramnios. AVAS was placed the same week after a com-
plete multidisciplinary evaluation. Initially, the fetal urinary
analysis was considered ‘favorable’. However, 2 weeks later
US examination revealed oligohydramnios with a small fetal
bladder and the shunt in the correct position. At GA 24 weeks,
signs of ‘intrauterine fetal renal failure’ were observed. A
2664-g baby boy was born, but died within the first day of
life due to severe pulmonary hypoplasia.

Case #8 was a female fetus referred to our Fetal Center
because of extremely large kidneys and a cystic lesion close
to the fetal bladder neck, with possible diagnosis of cloacal
anomaly, in association with oligohydramnios. At our center,
we confirmed enlarged bladder (15 mL), extremely large kid-
neys (right kidney 85 mL; left kidney 45 mL) due to severe
urinoma (Fig. 3a) associated with a cystic lesion inside the
bladder that was more likely to be a prolapsed ureterocele
causing urethral obstruction (Fig. 3b). Fetal echocardiogram
revealed signs of cardiac failure due to compression caused by
the extremely dilated kidneys. Bilateral US-guided fetal
nephrocentesis and vesicocentesis were performed. After the
procedure, fetal magnetic resonance imaging confirmed the
findings but suggested that there were large pericapsular
urinomas with small kidneys. The results of the fetal urinary
biochemistry suggested a borderline renal function (urinary
sodium 115 mEq/L; chloride 90 mEq/L; osmolarity
250 mOsm/L; beta2-microglobulin 4 mg/L). After multidisci-
plinary evaluation, we proposed a fetal cystoscopy with po-
tential laser ablation of the ureterocele and a vesicoamniotic
shunt. The family elected to go ahead with the procedure. The
Fetal Therapy Board approved the request. At GA 20 weeks,
we attempted entry into the bladder with fetoscope without
success due to a small bladder. We placed a VAS (Harrison
fetal shunt) after amnioinfusion and injection of sterile saline
into the fetal bladder, but the shunt migrated 2 days later. The
fetal bladder remained small during the following days with
associated oligohydramnios. No more fetal intervention was
indicated. There was a progressive reduction in the size of the
bladder and the bilateral pericapsular urinomas. At GA
25 weeks, fetal bladder volume was minimal (7 mL), and
the pericapsular urinomas were respectively 5 and 12 mL
(much smaller than before) associated with anhydramnios
(‘intrauterine fetal renal failure’). A 1636-g female baby was
born at GA 31 weeks, with signs of moderate pulmonary
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hypoplasia, extremely small kidneys, and anuria. The new-
born died in the first day of life.

Seventeen fetuses did not have signs of ‘intrauterine renal
failure’. None of these met the primary composite postnatal
outcome of either death within 24 h of life or the need for
dialysis within the first week of life. Two of them had a normal
amount of amniotic fluid during the entire pregnancy and did
not undergo fetal intervention; all of them survived with normal
renal function (6 month follow-up). Fetal intervention was per-
formed in 13 fetuses with severe LUTO and oligohydramios (9
of whom had severe oligohydramios/anhydramnios); 11
(84.6 %) of these infants survived, of whom eight (61.5 %)
had normal renal function (2 infants needed dialysis) at
6 months of life. The other two infants did not undergo fetal
intervention, survived but needed dialysis that started after the
first month of life. The overall survival in this group of patients
was 88.2 % (15/17), with four (29.4 %) infants needing dialysis
after the first month of life (at 6-month follow-up).

Table 2 shows the prenatal US characteristics in fetuses
with ‘intrauterine fetal renal failure’ in comparison to those

born without severe pulmonary hypoplasia or the need for
dialysis in the first week of life. Fetuses that progressed with
‘intrauterine fetal renal failure’ later in pregnancy had less
severe bilateral hydronephrosis (p=0.02) and reduced per-
centage of bladder refilling 48 h after the first vesicocentesis
(p=0.008) during their initial evaluation. In addition, there
was a tendency of fetuses with ‘intrauterine fetal renal failure’
to present with initial US findings suggestive of ‘renal dyspla-
sia’ when compared to fetuses without ‘intrauterine fetal renal
failure’ (p=0.08). The other factors were not associated with
the prenatal diagnosis of ‘intrauterine fetal renal failure’.

The ROC curve analysis provided the value −27 % of the
variable ‘percentage of fetal bladder refilling’ as the best cut-off
to predict the condition ‘intrauterine fetal renal failure’ (sensi-
tivity 80%, specificity 75%, area under the time–concentration
curve 0.86, 95 % confidence interval 0.68–0.99; p=0.009;
Fig. 4).

The perinatal mortality in the group with ‘intrauterine fetal
renal failure’ was 75 % (6/8), and the two surviving infants
had fetal VAS placements and required dialysis in the first
weeks of life.

Discussion

In the study reported here we describe the concept and the
clinical findings related to intrauterine renal failure in fetuses
with severe LUTO. This situation is characterized by the ap-
pearance of hyperechogenic kidneys consistent with renal
dysplasia and anuria on US images. Fetal anuria can be diag-
nosed when there is a small bladder with a thick wall associ-
ated with anhydramnios. Intrauterine fetal renal failure can
also occur despite fetal intervention (e.g., VAS placement).
In our experience, intrauterine fetal renal failure occurred even
after fetal intervention, but later in pregnancy and despite the
initially ‘favorable’ urinary indices. Postnatally these infants
have either severe pulmonary hypoplasia (depending on the
GA that anhydramnios occurred) or ESRDwithin first days of
life. The ‘intrauterine fetal renal failure’ is clearly the most
severe form of renal disease in LUTO.

Our study suggests that ‘intrauterine fetal renal failure’ can
be predicted by evaluating bladder refilling after US-guided
vesicocentesis. In our experience, we observed that those fe-
tuses with severe forms of LUTO and poor renal function did
not produce adequate urine to refill the bladder within 2 days.
We objectively evaluated bladder refilling by measuring the
fetal bladder volumes before fetal vesicocentesis and 48 h
after the fetal bladder was drained. We estimated the percent-
age of bladder refilling, which was the only factor we found to
be associated statistically with the diagnosis of ‘intrauterine
fetal renal failure’. Based on the ROC curve analysis, if the
fetal bladder refilling within 48 h is <27 %, there is a high

Fig. 3 a 2D-US image revealing extremely enlarged kidneys due to
pericapsular urinomas at 19 weeks (Case #8 in Table 1). b 2D-US
image showing a mildly distended fetal bladder due to prolapsed
ureterocele at 19 weeks (Case #8 in Table 1)
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probability that this fetus will progress to ‘intrauterine fetal
renal failure’.

Once the diagnosis of ‘intrauterine renal failure’ is
established, the prognosis is very poor. At the present time,
these cases are not considered to be candidates for fetal inter-
vention (VAS or fetal cystoscopy) due to the extremely high
mortality and morbidity regardless of intervention. It has been
suggested that a therapeutic option for fetuses with severe
LUTO and anhydramnious could be serial amnioinfusions.
Bienstock et al. [29] reported a case of bilateral renal agenesis
treated with serial amnioinfusion in which the newborn sur-
vived the newborn period and was able to undergo peritoneal
dialysis as a bridge to planned renal transplantation. It is pos-
sible that these same principles can be applied to fetuses with
severe LUTO and ‘intrauterine fetal renal failure’. The objec-
tive of serial amnioinfusion for those fetuses would be to
reduce the severity of pulmonary hypoplasia and therefore
increase the chance that the newborn survives to begin peri-
toneal dialysis. This hypothesis has not been confirmed and
needs further investigation.

In conclusion, we have characterized a subset of fetuses
with severe LUTO who do not produce sufficient urine in
utero due to ‘intrauterine renal failure’. This situation is asso-
ciated with severe pulmonary hypoplasia and ESRD within
the first few days of life. While the present study has some

Table 2 Comparisons of the
characteristics at the initial
evaluation among fetuses with
‘intrauterine fetal renal failure’
and those without it

Prenatal US characteristics ‘Intrauterine fetal renal
failure’ (n=8)

No ‘intrauterine fetal renal
failure’ (n=17)

p value

Gestational age at 1st US examination
at our center (weeks)

20.8 (17.3–21.7) 19.6 (16.0–30.1) 0.98

Presence of keyhole sign 7 (87.5 %) 15 (88.2 %) 0.99

Presence of hydroureters 7 (87.5 %) 10 (58.8 %) 0.21

Severity of hydronephrosis

I 4 1 0.02*
II 1 4

III 2 4

IV 0 8

V 1 0

Presence of hyperechogenic kidneys 7 (87.5 %) 9 (52.9 %) 0.18

Presence of renal cortical cysts 3 (37.5 %) 2 (11.8 %) 0.28

Presence of renal dysplasia 3 (37.5 %) 1 (5.9 %) 0.08

Favorable’ fetal urinary analysis 4 (50.0 %) 10 (58.8 %) 0.36

Severe oligohydramnios 8 (100.0 %) 11 (64.7 %) 0.13

Initial fetal bladder volume (mL) 35.0 (4.0–190.0) 40.0 (15.0–205.0) 0.61

Percentage of fetal bladder refilling −60 % (−80 to −5 %) −4 % (−70 to +7 %) 0.008*

Fetal Intervention 4 (50.0 %) 13 (76.5 %) 0.19

Gestational age at delivery (weeks) 32.5 (30.4–34.9) 34.0 (27.0–39.0) 0.55

Newborn weight (g) 2040 (1636–2664) 3027 (890–4196) 0.32

*Statistically significant at p < 0.05

Data are presented as the median value with the range in parenthesis, or as a number with the percentage in
parenthesis, unless stated otherwise

Fig. 4 Receiver–operating characteristic (ROC) curves for the prediction
of ‘intrauterine fetal renal failure’ using the percentage of fetal bladder
refilling
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limitations, including the retrospective design and the small
cohort size, it appears that the percentage of fetal bladder
refilling 48 h after fetal vesicocentesis can be used to clinically
predict the ‘intrauterine fetal renal failure’.
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