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Introduction: Prenatal sonographic evidence of large, echogenic, or cystic kidneys
may indicate any one of a diverse set of disorders including renal ciliopathies,
congenital anomalies of the kidney and urinary tract (CAKUT), or multisystem
syndromic disorders. Systematic transition planning for these infants from in
utero detection to post-natal nephrology management remains to be established.
Aim of the work: We sought to evaluate the presentation and transition planning
for infants identified in utero with bilateral renal cystic disease.

Methods: Our retrospective observational study identified 72 pregnancies with
bilateral renal cystic disease in a single center from 2012 to 2022; 13 of which
had a confirmed renal ciliopathy disorder. Clinical and imaging data, genetic test
results, and documentation of postnatal follow-up were collected and compared.
Results: In our suspected renal ciliopathy cohort (n=17), autosomal recessive
polycystic disease (ARPKD) was the most common diagnosis (n = 4), followed by
Bardet-Biedl syndrome (BBS, n=3), autosomal dominant polycystic disease
(ADPKD, n=2), HNF1B-related disease (n=2), and Meckel-Gruber syndrome
(MKS, n=2). Four cases were not genetically resolved. Anhydramnios was
observed primarily in fetuses with ARPKD (n=3). Polydactyly (n=3) was
detected only in patients with BBS and MKS, cardiac defects (n=6) were
identified in fetuses with ARPKD (n=3), MKS (n=2), and BBS (n=1), and
abnormalities of the CNS (n =5) were observed in patients with ARPKD (n =1),
MKS (n=2), and BBS (n=3). In general, documentation of transition planning
was incomplete, with post-natal nephrology management plans established
primarily for infants with renal ciliopathies (n = 11/13; 85%).

Conclusion: Prenatal sonographic detection of echogenic kidneys should raise
suspicion for a broad range of disorders, including renal ciliopathies and CAKUT.
Multicenter collaboration will be required to standardize the implementation of
transition guidelines for comprehensive nephrology management of infants
identified in utero with enlarged, echogenic kidneys.

KEYWORDS

echogenic fetal kidneys, transition planning, renal ciliopathies, hepato-renal fibrocystic
diseases, polycystic kidney diseases

1. Introduction

Renal anomalies are detected in 10%-20% of prenatal ultrasounds (1). These anomalies
are most commonly described as bilateral enlarged and/or hyperechogenic kidneys and can
be clustered into three major groups. The first comprises the inherited hepatorenal
fibrocystic diseases (HRFD), a set of monogenic disorders characterized by fibrocystic
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abnormalities of the kidney and dysgenesis of the porto-biliary
tract. These disorders involve mutations in genes encoding
proteins that function in the primary cilium or centrosome, and
thus HRFDs are considered a renal subset of the larger group of
ciliopathy disorders (2). In childhood, the polycystic kidney
diseases, e.g., autosomal recessive polycystic kidney disease
(ARPKD) and autosomal dominant polycystic kidney disease
(ADPKD), are the most common renal ciliopathies or HRFDs,
followed by nephronophthisis (NPHP), Joubert syndrome (JBTS),
Meckel-Gruber syndrome (MKS), and Bardet-Biedl syndrome
(BBS) (2).
anomalies of the kidney and urinary tract (CAKUT) spectrum of

The second group encompasses the congenital

disorders, which can present as renal hypoplasia, ureteropelvic
junction obstruction (UPJO), primary megaureter, vesicoureteral
reflux (VUR), ureterovesical junction obstruction (UVJO), or
posterior urethral valves (PUV), with or without associated renal
cystic disease (3, 4). The final group involves patients with
chromosomal or syndromic disorders. Clinical presentation in all
groups can vary from mild to severe with anhydramnios and
pulmonary hypoplasia causing significant perinatal mortality (5).
From a sonographic imaging perspective, these diverse set of
disorders often mimic or phenocopy one another.

Taken as a whole, renal cystic diseases are a common cause of
pediatric end-stage kidney disease (ESKD), with an overall
incidence of approximately 4 cases per 10,000 births (6). Among
the HRFDs, ADPKD can present in the perinatal period, over
the course of childhood, or in young adulthood, and is caused
primarily by mutations in two genes, PKDI (78% of cases) and
PKD2 (15% of cases), with the remaining 5%-10% of cases due
to rare mutations in other loci (7). In comparison, ARPKD is
less frequent, with an incidence of 1 in 26,500 live births (8). It
is caused primarily by mutations in the PKHDI gene (9). In its
most severe antenatal presentation, ARPKD is characterized by
bilaterally enlarged echogenic kidneys and oligohydramnios, with
21% perinatal mortality due to pulmonary hypoplasia (8, 10).
Surviving patients typically reach adulthood, due to medical
advances in childhood kidney replacement therapy (KRT) and
kidney transplantation (11). The rarer forms of HRFDs, such as
NPHP, JBTS, MKS, and BBS, are characterized not only by renal
cystic disease, but can involve diverse extra-renal features
including polydactyly, occipital encephalocele, hepatic fibrosis,
obesity, and retinal degeneration.

CAKUT represents a diverse group of structural malformations
originating from a failure at any point during the embryonic
development of the kidney and urinary tract. It is the main cause
of ESKD in childhood (~40%) with an incidence of 3-6 affected
children per 1,000 births (12). Clinical presentation can vary
from isolated renal anomalies to syndromic phenotypes. Familial
clustering has been observed. More than 50 genes have been
implicated in CAKUT. The most common mutations involve 12
genes, e.g., BMP7, CDC5l, CHD1l, EYAI, GATA3, HNFIB, PAX2,
RET, ROBO2, SALLI, SIX2, and SIX5 (13). However, single-gene
mutations only explain 10% to 20% of the CAKUT cases (14). In
addition, copy number variants (CNVs), ie., duplications or
deletions of genomic segments, underlie 5%-10% of CAKUT
cases. A recent high-density SNP array analysis involving almost
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3,000 patients with CAKUT and more than 21,000 control
individuals identified numerous disease-associated CNVs (45 at
37 loci), consistent with the known genetic heterogeneity of
CAKUT. Notably, in the majority of patients (65%) CNVs were
detected in 6 loci (1q21, 4p16.1-p16.3, 16p11.2, 16p1l.3, 17ql2,
22q11.2), suggesting that these are critical regions in the
development of kidney and urinary tract (15).

In this retrospective study, we reviewed 11-years of data from
our Prenatal Pediatrics Institute program and identified all cases of
prenatally detected echogenic and/or enlarged kidney with or
without cysts. We compiled the clinical and imaging data with
available genetic testing results and post-natal management plans.
This single center study demonstrates that for infants with
bilateral renal cystic disease there is often a gap in transition
planning from prenatal diagnosis to postnatal specialty management.

2. Methods and materials

This was a retrospective observational study for an 11-year
period from January of 2012 to December of 2022. Pregnant
mothers were referred to the Prenatal Pediatrics Institute by their
primary providers for evaluation of oligo- or anhydramnios, and/
or urogenital, cardiac, or CNS malformations on screening
sonography. Evaluation included detailed obstetric ultrasound as
well as fetal echocardiography and fetal MRI with fetal brain
MRI, when indicated.

We reviewed the Prenatal Pediatrics Institute databases to
identify fetuses diagnosed with genito-urinary (GU) tract
abnormalities at the initial evaluation and then used the search
terms of polycystic kidney disease, renal cyst, enlarged kidney,
and echogenic kidney to identify a subset of fetuses with various
forms of kidney cysts (n=105). Spot review of individual patient
charts revealed that a number of patients had both renal cystic
disease and GU tract anomalies. Therefore, we conducted a
further detailed review using the inclusion criteria of enlarged
and/or echogenic kidneys with or without cysts to capture the
subset of patients with bilateral renal cystic disease as their
predominant anomaly (n = 72).

For each of these 72 fetuses and their mothers, clinical,
imaging, and genetic information was extracted from the
Prenatal Pediatrics Institute databases, as well as the maternal
medical records, and captured in a structured REDCap-based
Database. The data elements included: demographics (sex and
race), maternal information (age, history of diabetes and/or
obesity), imaging findings (enlarged/echogenic kidneys with or
without cystic changes, cysts size, major extrarenal anomalies
including cardiac, skeletal, gastrointestinal, and CNS), perinatal
outcomes of affected fetuses [survival rate, admission to the
neonatal intensive care unit (NICU), need for ventilatory
(karyotype, FISH,
microarray, personalized sequencing panel, exome sequencing)

support], genetic evaluation platforms
and nephrology follow up. The data were analyzed using
descriptive statistics. The Institutional Board Review (IRB) of
Children’s National Hospital study (ID:

Pro00016398).

approved the
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3. Results

3.1. Referrals to the Perinatal Pediatrics
Institute

Our analyses determined that on average there were 600-700
referrals to the Prenatal Pediatrics Institute per year between
2012 and 2022 (Table 1). With the implementation of
telemedicine during the COVID-19 pandemic, there was a
significant increase in referrals to 981 in 2022. Year over year,
80%-90% of the referrals had at least one type of fetal anomaly.
However, anomalies of the genitourinary (GU) tract comprised
only 7%-22% of the referral cases.

Step-wise analysis of this cohort revealed that 5%-21% had
some form of kidney cysts whereas 79%-95% primarily had
other, extra-renal GU anomalies. We further filtered the cases
with renal cysts to enrich for patients with predominantly
bilateral renal cystic disease (n=72), eliminating patients with
both cystic kidneys and GU tract anomalies where CAKUT was
the likely diagnosis of the cystic kidney.

3.2. Maternal characteristics

Mothers of this bilateral renal cystic disease cohort
primarily self-identified as Caucasians (29%) or African-
Americans (29%), with Hispanics (14%) and Asians (11%)
each comprising substantial fractions of the cohort (Table 2).
While African-Americans were somewhat over-represented in
this cohort, the racial and ethnic distribution generally
corresponds to the demographics of metropolitan Washington
DC referral base (16).

The mean maternal age of the renal cystic disease cohort was
35.5 years (Table 2). Maternal obesity was documented in 25
(35%)
documentation in an additional 22 (30%) pregnancies, suggesting
that  this
Interestingly, maternal diabetes was documented in 11 (15%) of

pregnancies. However, there was no specific

clinical feature was not consistently captured,

TABLE 1 Referrals to the prenatal pediatric institute.
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all pregnancies affected, but only present in 4/13 mothers with
fetuses with genetically-confirmed renal ciliopathies.

3.3. Patient characteristics

The renal cystic disease cohort (n=72) was predominantly
male (54%, sex unknown 7%) (Table 2).

Perinatal and postnatal outcomes were assessed. The mean
gestational age (GA) at birth was 40 weeks. Perinatal survival
was high (90%) when termination of pregnancy (TOP) was
excluded. For the 14 (19%) TOP, families cited poor prognosis
due to multiple congenital malformations as the most common
rationale. There was only one stillbirth and no known
spontaneous pregnancy losses. Among the 52 infants born alive,
admission to the neonatal intensive care unit (NICU) was
common, but not universal. Somewhat surprisingly, only 39% of
these neonates required ventilatory support. Using an active
medical record as a proxy for post-natal survival, we could
document survival beyond the neonatal period in 33% of infants.
However, the status was unknown for approximately a quarter of

the cohort, which were presumably lost to follow-up.

3.4. Clinical characteristics of cohort with
bilateral renal cystic disease

Our sequential analyses identified 72 patients that met our
criteria for bilateral renal cystic disease (Table 3). With further
detailed review of individual medical records, we identified 17
(24%) cases of suspected renal ciliopathies. Among the remaining
cases, we identified renal cystic disease associated with 1) urinary
tract anomalies, i.e., CAKUT, (n=10; 14%); 2) chromosomal
abnormalities (n=6; 8%), and 3) syndromic disorders (n=9;
12%). Another 6 (8%) infants had enlarged, echogenic kidneys at
birth, but were subsequently lost to follow-up. Thirteen (18%)
pregnancies ended in either TOP or stillbirth; for 8 (11%) live-
born infants there was no post-natal evaluation documented in

Year TOTAL TOTAL Renal cystic
Referrals Abnormal (%) anomalies ase® (%)
2012 570 515 (90%) 34 (7%) 27 (79%) 7 (21%) 5 (71%)
2013 614 522 (85%) 96 (18%) 91 (95%) 5 (5%) 4 (80%)
2014 623 546 (88%) 107 (19%) 101 (94%) 6 (6%) 3 (50%)
2015 623 557 (89%) 95 (17%) 88 (93%) 7 (7%) 3 (43%)
2016 727 650 (89%) 120 (18%) 108 (90%) 12 (10%) 8 (67%)
2017 763 672 (88%) 118 (17%) 106 (90%) 12 (10%) 10 (83%)
2018 704 606 (86%) 118 (19%) 109 (92%) 9 (8%) 6 (67%)
2019 668 565 (85%) 92 (16%) 86 (93%) 6 (7%) 4 (67%)
2020 672 598 (89%) 136 (22%) 121 (89%) 15 (11%) 11 (73%)
2021 792 710 (90%) 111 (15%) 101 (91%) 10 (9%) 8 (80%)
2022 981 899 (92%) 132 (15%) 116 (88%) 16 (12%) 10 (63%)
TOTAL 7,737 6,840 (88%) 1,159 (17%) 1,054 (91%) 105 (9%) 72 (69%)

TOTAL number of cases with GU anomalies: duplex collecting system, dysplastic kidney, hydronephrosis, hydroureter, MCDK, pyelectasis, PUV, UPJ.
2TOTAL number of cases with Cystic kidneys: cystic kidney, echogenic kidney, enlarged kidney, polycystic kidney, renal cyst.
STOTAL number of cases with Renal cystic disease: subset with echogenic and/or enlarged kidney with or without cysts.
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TABLE 2 Maternal-fetal characteristics for patients with renal cystic
disease.

‘ Median maternal age

Self-identified race (n=72)

35.5 years

Percentage (%)

Caucasian 21 29
African-American 21 29
Asian 8 11
Hispanic 10 14
Unknown 12 17

Maternal obesity (n=72)

Yes 25 35
No 25 35
Unknown 22 30

Maternal diabetes (n=72)

Yes 11 15
No 40 56
Unknown 21 29

Fetal sex (n=72)

Male 39 54
Female 28 39
Unknown 5 7

Infant born alive (n=72)

Yes 52 72
Termination of pregnancy (TOP) 14 19
Stillborn 1 2
Unknown 5 7

Ventilatory support among NICU admissions (n=41)
Yes 16 39
No 25 61

Neonatal survival (n=72)

Alive 24 33
Deceased/TOP 32 45
Unknown 16 22

the medical record. In these cases, the renal cystic disease was not
further characterized. Finally, for 3 (4%) neonates, post-natal
evaluation revealed structurally normal kidneys.

For this study, we defined polyhydramnios as amniotic fluid
index (AFI) >20 cm, oligohydramnios as an AFI of <5 cm, and
anhydramnios as complete absence of amniotic fluid. Fetuses
with suspected renal ciliopathies and TOP/stillborn had the
highest incidence of anhydramnios, with 3 cases in each group.
There were 5 cases with polyhydramnios, one in the suspected
ciliopathies cohort, two in the syndromes group and two in the
undiagnosed/lost to follow up group, respectively.

The most frequent systemic anomalies affected the central
nervous system (CNS) (n=33/72, 46%), followed by cardiac
anomalies (n=22/72, 31%), and skeletal anomalies (n=17/72,
24%) (Table 3).

We were specifically interested in the post-natal referral of
these patients for nephrology follow-up, e.g., at least one visit to
either the general nephrology clinic or the Children’s National
Hospital (CNH) Inherited Renal Disorders (IRD) Program as
documented in the electronic medical record (EMR). Only 11

Frontiers in Pediatrics

10.3389/fped.2023.1243504

infants (15%) were evaluated in the IRD Program and 6 (8%)
cases in the general nephrology clinic. Among the subset of
patients with genetically confirmed ciliopathies, 11/13 (54%) had
nephrology follow up, with 8 cases being seen in the IRD clinic
and 3 cases in the general nephrology clinic. The remaining
infants did not have longitudinal nephrology follow up according
to EMR documentation (Table 3).

3.5. Genetic findings

In our bilateral renal cystic disease cohort, 13/72 fetuses (18%)
had genetic confirmation of a renal ciliopathy disorder (Table 4).
There was no history of consanguinity for any of these
pregnancies. All cases of ADPKD had a positive family history in
accordance with the autosomal dominant inheritance pattern.
The primary genetic diagnostic platform was a customized next
generation sequencing panel (CNH Personalized Sequencing
Panel). Other targeted PKHDI gene
sequencing, sequence analysis and deletion/duplication testing,

methods included
and slice multi-gene testing. Only one fetus with ARPKD

underwent exome sequencing.

3.6. Ultrasound findings and outcomes of
fetuses with confirmed renal ciliopathies

The suspected renal ciliopathy cohort was evenly distributed
between fetuses diagnosed with polycystic kidney disease (n=6/13,
46%) and syndromic ciliopathies (n=7/13, 54%) (Table 5).
Amongst the PKD cases, ARPKD (n=4/6, 67%) was the more
frequent disorder compared to ADPKD (n =2/6, 33%). The group
of syndromic ciliopathies consisted of BBS (n=3/7, 43%), MKS
(n=2/7, 29%), and HNFIB-related renal cystic disease (n=2/7,
29%). The cohort was predominantly male (77%).

Hyperechoic kidneys were present in 100% (n=13) of the
fetuses with renal ciliopathies (Table 5). Echogenicity being
defined as the degree of sonographic intensity of the kidney
parenchyma in comparison to the liver. Almost all fetuses with
ARPKD (n =3/4, 75%) had bilateral massively enlarged kidneys;
half of them had microcysts scattered throughout the renal
parenchyma. Similarly, fetuses with MKS had also multiple
microcysts or parenchyma replaced with innumerable small
cystic structures. The kidneys of fetuses affected by BBS and
ADPKD were enlarged and without evident cysts. The renal
phenotype in HNFIB-related renal cystic disease cases were
variable, characterized by loss of corticomedullary differentiation
and presence of scattered cysts. Oligohydramnios or
anhydramnios occurred in fetuses with ARPKD and one fetus
with MKS, while there was one case of polyhydramnios in a
fetus with HNFI1B-related renal cystic disease.

While the ductal plate malformation (DPM) is an invariant
histopathological finding in patients with ARPKD and can be
observed in a subset of patients with early onset ADPKD,
sonographic imaging abnormalities associated with the DPM are
typically not evident until after birth (17). Consistent with
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TABLE 3 Clinical characteristics of cohort with renal cystic disease (N =72).

Diagnostic category

Amniotic fluid’

Systemic

10.3389/fped.2023.1243504

Follow up

anomalies

- Large interstitial deletion of chromosome
9q22.2q22.32

Unknown (n=2)

Suspected ciliopathy (n=17) Male (n=11) Black (n=6) Normal (n=11) CNS (n=6) Inherited and Polycystic Kidney
Female (n=6) White (n=5) Polyhydramnios (n=1) Cardiac (n=6) Diseases Program (1 =8)
Hispanic (n=3) Oligohydramnios (1 =2) GI (n=2) General Nephrology (n=3)
Asian (n=1) Anhydramnios (n =3) Skeletal (n=3) No Nephrology follow up (1 =2)
Unknown (n=2) Perinatal demise (n =4)
CAKUT (n=10) Male (n=5) Black (n=1) Normal (n=6) CNS (n=3) Inherited and Polycystic Kidney
Female (n=5) White (n=4) Oligohydramnios (1 = 4) Cardiac (n=1) Diseases Program (n =2)
Hispanic (n=3) GI (n=2) General Nephrology (n=1)
Asian (n=1) Skeletal (n=1) No Nephrology follow up (1 =3)
Unknown (n=1) Perinatal demise (n = 4)
Chromosomal abnormalities (n = 6) Male (n=2) White (n=1) Normal (n=4) CNS (n=6) General Nephrology (n=1)
- Trisomy 13 Female (n=3) Hispanic (n=2) Oligohydramnios (n =2) Cardiac (n=15) No Nephrology follow up (n =2)
- Monosomy X Not defined (n=1) | Asian (n=1) Gl (n=4) Perinatal demise (n=3)

Skeletal (n=3)

Congenital hydrocephalus s/p VP shunt,

epilepsy
Gastroschisis

- Beckwith-Wiedemann

- Macrocephaly capillary malformation and
polymicrogyria syndrome s/p VP shunt
Heterozygous for POMT2 gene associated
with muscular dystrophy

- Congenital intracranial cysts

Syndromes (n=9) Male (n=15) Black (n=4)
- Lethal neonatal CPTII deficiency Female (n=4) White (n=1)
- Denys-Drash Asian (n=2)

Unknown (n=2)

Normal (n=4) CNS (n=6) General Nephrology (n=1)
Polyhydramnios (1 =2) Cardiac (n=1) No Nephrology follow up (1 =5)
Oligohydramnios (1 = 3) GI (n=2) Perinatal demise (n=3)

Skeletal (n=2)

Echogenic/enlarged kidneys at birth (n = 6) Male (n=3) Black (n=4) Normal (n=5) CNS (n=1) No Nephrology follow up (1 = 4)
Female (n=2) White (n=1) Oligohydramnios (n=1) General Nephrology (n=2)
Not defined (n=1) | Unknown (n=1)
TOP or stillborn (n=13) Male (n=5) Black (n=4) Normal (n =10) CNS (n=7)
Female (n=5) White (n=5) Anhydramnios (n=3) Cardiac (n=8)
Not defined (n=3) | Asian (n=3) GI (n=5)
Unknown (n=1) Skeletal (n=5)
Undiagnosed/lost to follow-up (n =8) Male (n=4) Black (n=1) Normal (n=3) CNS (n=3) No Nephrology follow up (n =5)
Female (n=3) Hispanic (n=2) Polyhydramnios (n=2) Cardiac (n=2) Perinatal demise (n=3)
Not defined (n=1) | White (n=2) Oligohydramnios (n =2) GI (n=1)
Unknown (n=3) | Anhydramnios (n=1) Skeletal (n=3)
Post-natal normal kidneys (n = 3) Male (n=3) Black (n=1) Normal (n=3) Inherited and Polycystic Kidney
White (n=2) Diseases Program (n=1)

No Nephrology follow up (1 =2)

1 Polyhydramnios, oligohydramnios, and anhydramnios were characterized based on the amniotic fluid index (AFl), with polyhydramnios defined as AFI >20 cm,
oligohydramnios as an AFl of <5 cm, and anhydramnios as complete absence of amniotic fluid.

previous observations, no imaging abnormalities of the liver were
evident in the four patients with genetically resolved ARPKD and
the two patients with ADPKD (Table 5).

Fetuses with MKS presented with either the classic occipital
encephalocele or a Dandy-Walker malformation. Other findings
included hypoplastic cerebellar vermis and polymicrogyria.
Ventriculomegaly was noted in one case of ARPKD and one case
of BBS, respectively. Skeletal findings such as polydactyly and club
foot were seen in the MKS and BBS patients, as expected for these
syndromic  disorders. Cardiac abnormalities ranged from
pericardial effusion in 50% (n=2/4) of ARPKD cases to severe
anatomical defects such hypoplastic left heart syndrome (HLHS)
in one case of MKS and one case of BBS, respectively (Table 5).

With respect to perinatal outcomes, 62% (1 =8/13) were live
born, in one patient with MKS the pregnancy was terminated,
and perinatal demise occurred in 4 cases (ARPKD n =3, MKS
n=1) (Table 5).

Frontiers in Pediatrics 05

4. Discussion

Over the 11-years covered in this retrospective observational
study, our Prenatal Pediatric Institute received >7,500 pregnancy
referrals. As would be expected for a referral center, a fetal
anomaly was detected in the overwhelming majority of cases
(88%). On average, GU tract abnormalities were identified in
17% of these fetuses, with the majority (91%) having non-renal
GU anomalies and only 105 (9%) having some form of kidney
cysts. Among this later subset, 72/105 (69%) had bilateral renal
cystic disease.

Detailed chart review revealed that only 17/72 (24%)
fetuses had a suspected renal ciliopathy, with genetic resolution
in 13 (76%). Among these 13 patients, the most frequent
diagnosis was ARPKD (30%), followed by ADPKD and
HNFI1B-related disease, both well-known ARPKD phenocopy
(18). Other included Meckel-Gruber

disorders diagnoses
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TABLE 4 Genetic characterization in fetuses with prenatally suspected ciliopathies (n = 17).

Diagnosis Family Testing platform Genetic results
history
ARPKD (n=4) Male (n=3) No/unknown No (n=4) Ciliopathies panel (n=1) PKHDI ¢.107C>T; p.Thr36Met (pathogenic
Female (n=1) | (n=4) moderate; ACMG Classification)
PKHDI ¢.8302+5G>A (pathogenic splice variant)
Direct mutation analysis (n=1) | PKHDI ¢.3761_3762delCCinsG; p.Ala1254fs
PKHDI ¢.9370C>T p.His3124Tyr (pathogenic
moderate; ACMG Classification)
Personalized sequencing panel Homozygous
(n=1) PKHDI ¢.7497delT; p.Val2500fs
Whole exome sequencing (n=1) | PKHDI ¢.930delC; p.Thr311fs
PKHDI c.619 G>T; p.Asp207Tyr (VUS; ACMG
classification)
ADPKD (n=2) Male (n=2) No (n=2) Yes (n=2) Not done; + family hx (n=1) —
Personalized sequencing panel PKDI ¢.9499A>T; p.lle3167Phe (benign; ACMG
(n=1) classification)
HNFIb-related renal cystic | Male (n=2) | No No Personalized sequencing panel HNFI1b c.826C>T; p.Arg276*
disease (n=2) HNF1b c.544+1G>A; Intron 2
Meckel-Gruber syndrome | Female (n=2) | No No Ciliopathies panel (n=1) CEP290 ¢.2722C>T; p.Arg908*
(n=2) CEP290 ¢.5012+2T>C (pathogenic splice variant)
Joubert and Meckel-Gruber RPGRIPIL c.149delT; p.Leu50fs
syndrome next generation RPGRIPIL ¢.1709dupA; Asp571fs
sequencing panel (n=1)
Bardet-Bied] syndrome Male (n=3) | No No Personalized sequencing panel Heterozygous
(n=3) (n=2) BBS10 ¢.1000_1001insGA; p.Leu334fs
Homozygous
BBS10 ¢.2119_2120delGT; p.Val707fs
Homozygous
BBSI10 ¢.1677delC; p.Tyr559fs
Next generation sequencing Homozygous
(n=1) BBS2 ¢.1225+2dup (pathogenic splice variant)
Genetically unresolved Male (n=1) No/unknown No (n=4) Personalized sequencing panel Heterozygous
suspected renal ciliopathies | Female (n=3) | (n=4) (n=1) PKD2 ¢.1904C; p.T6351 (VUS; ACMG classification)
(n=4)

(MKS) and Bardet-Biedl (BBS) syndrome, both multi-system
ciliopathies.

ARPKD is the prototype of the hepato-renal fibrocystic diseases
(19) with mutations in the PKHDI gene accounting for >98% of
cases (20). A recent electronic health record-based analysis
estimated that 21% of affected infants died in the immediate
perinatal period due to the consequences of their associated
pulmonary hypoplasia (8). In the current study, all 4 infants with
ARPKD had the classic sonographic features of enlarged,
hyperechoic kidneys. Of note, all the three that suffered perinatal
demise had anhydramnios and cardiac abnormalities, e.g,
pericardial effusion (n=2); thickened myocardium (n=1), raising
the question of whether cardiac dysfunction contributed to their
demise. While the association of ARPKD and cardiac impairment
is not well described, a recent single center study demonstrated that
children with ARPKD have significant prevalence of subclinical left
ventricular hypertrophy, abnormal cardiac remodeling, and systolic
mechano-dysfunction (21). However, this study was conducted in
post-natal survivors across a broad age range (0-18 years). It
remains to be determined whether subclinical cardiac dysfunction is
prevalent in fetuses with ARPKD and whether it is an under-
appreciated contributor to perinatal demise.

Among neonates presenting with enlarged, echogenic kidneys,

mutations in the ADPKD genes, PKDI and less frequent PKD2, are

Frontiers in Pediatrics

detected almost as frequently as PKHDI mutations. These
mutations may be vertically transmitted, arise de novo, or less
commonly, affect both alleles in a recessive mode (22). This
genetic epidemiology is consistent with our ADPKD cohort
where single allele PKDI mutations were identified in both cases.
These infants had enlarged, echogenic kidneys without gross
cysts and normal amniotic fluid indices.

Mutations in HNFIB cause a pleotropic set of GU anomalies,
including CAKUT and various forms of renal cystic disease (e.g.
hyperechogenic kidneys (phenocopying ARPKD), multicystic kidney
disease, renal agenesis, renal hypoplasia, cystic dysplasia, and
hyperuricemic tubulointerstitial nephropathy (23-25). In our cohort,
both fetuses had enlarged echogenic kidneys and one had
polyhydramnios, an association that has been reported previously (26).

MKS is an autosomal recessive multisystem ciliopathy, that is
usually lethal in the neonatal period. Most patients have
pathogenic variants in the MKSI, TMEM?216, and TMEM67
genes (27), though more than 14 loci have been identified. This
syndrome is characterized by a classic combination of occipital
encephalocele, large polycystic kidneys, hepatic fibrosis, and
postaxial polydactyly (27). Both fetuses in our cohort had
enlarged echogenic kidneys, but an otherwise incomplete
phenotype
encephalocele in the other. One pregnancy was carried to term

with polydactyly in one and an occipital
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TABLE 5 Ultrasound characteristics of fetuses with prenatally suspected renal ciliopathies (n =17).

Diagnosis Sex ' Amniotic fluid Kidney Liver Skeletal CNS abnormalities Cardiac Outcome
index anomalies defects
ADPKD M | Normal Echogenic, Normal | None None None Live born
enlarged
M | Normal Echogenic, Not None None None Live born
enlarged assessed
ARPKD M | Anhydramnios Cystic, Normal | None None Pericardial Perinatal demise
echogenic, effusion
enlarged
M | Anhydramnios Cystic, Normal | None None Pericardial Perinatal demise
echogenic, effusion
enlarged
M | Anhydramnios Cystic, Normal | None Ventriculomegaly Thickened Perinatal demise
echogenic, myocardium
enlarged
F Oligohydramnios Cystic, Normal | None None None Live born
echogenic,
enlarged
HNF1b-related M | Normal Cystic, Not None None None Live born
renal cystic disease echogenic assessed
M Polyhydramnios Cystic, Not None None None Live born
echogenic, assessed
enlarged
Meckel-Gruber F Oligohydramnios Cystic, enlarged | Not Polydactyly, Hydrocephalus, hypoplastic HLHS' Perinatal demise
Syndrome assessed | bilateral club foot | vermis
F Normal Cystic, enlarged | Not None Dandy-Walker malformation, Echogenic left Termination of
assessed polymicrogyria, occipital bone ventricular focus | pregnancy
defect
Bardet-Biedl M | Normal Cystic, Not Polydactyly None HLHS' Live born
Syndrome echogenic, assessed
enlarged
M Normal Echogenic, Not None None None Live born
enlarged assessed
M | Normal Echogenic, Not Polydactyly, club | Ventriculomegaly, megacisterna | None Live born
enlarged assessed | foot magna
Unconfirmed M Echogenic, Not Ventriculomegaly Unknown
ciliopathies enlarged assessed
F Cystic, Not Unknown
echogenic assessed
F Cystic, Not Unknown
echogenic, assessed
enlarged
F Normal Not Dandy-Walker malformation, Live born
assessed brainstem dysplasia, cerebellar
hypoplasia

'HLS, hypoplastic left heart syndrome.

and resulted in perinatal demise, in part due to hypoplastic left
heart syndrome, a known MKS extra-renal anomaly (28).

BBS is also an autosomal recessive multisystem ciliopathy
caused by mutations in more than 22 genes, the most disease-
associated genes being BBSI, BBSI0, and BBS2 (29). Renal
manifestations range from enlarged, echogenic kidneys with
reduced cortico-medullary differentiation to a variety of CAKUT
phenotypes, including duplex, ectopic or horseshoe kidney, or
addition to polydactyly,
manifestations include retinal degeneration, obesity, intellectual

renal agenesis. In extra-renal
impairment, and hypogonadism (27), which are typically not
expressed in infancy, causing delay in the median age of clinical
diagnosis to 9 years (30).

It is interesting to consider our single center data in the context
of a recent report from Germany that analyzed 98 fetuses with
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bilateral polycystic kidney disease identified from the 20-year
experience of referral centers in Bonn and Cologne (31).
In this study, 90/98 (92%) fetuses had a genetically confirmed
renal ciliopathy, whereas our study identified 72 fetuses with
bilateral renal cystic disease from an 1l-year experience, of
which only 17/72 (24%) had a suspected renal ciliopathy,
with genetic conformation in 13 (76%). The differences
between these two contemporaneous studies are striking. Both
were retrospective observational studies. In both cohorts,
detailed fetal imaging and genetic evaluation were performed
and the distribution of confirmed renal ciliopathies were
comparable. It is possible that the total number of referred
pregnancies in the German study were significantly higher
than our study, given that the experience was twice as long
and two large centers were involved. In addition, while the
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German study specifically focused on fetuses with isolated
bilateral polycystic kidney disease, our study was more
permissive, excluding CAKUT, chromosomal abnormalities,
and syndromic disorders only in the final analysis of the
suspected renal ciliopathy cohort.

Our study had as a second goal the systematic analysis of
longitudinal post-natal follow-up for patients with bilateral renal
cystic disease, including those with confirmed renal ciliopathies.
Our analysis reveals that while 11/13 (85%) neonatal survivors
with renal ciliopathies were referred for post-natal management
to either our center’s Inherited Renal Diseases Program or the
General Nephrology clinic, nephrology care was much more
limited for patients with bilateral renal cystic disease in the
context of CAKUT (50%), chromosomal disorders (33%), or
syndromes (17%). Only 2/6 patients with genetically-unresolved
enlarged, echogenic kidneys at birth had documented post-natal
nephrology follow-up.

Therefore, this single center study makes clear the need for a
structure management plan as fetuses with renal cystic disease
transition to post-natal life. Such a detailed framework for
prenatal evaluation, delivery, and post-natal management of
cystic renal disease was recently proposed by the European
Network for Early Onset Cystic Kidney Disease (NEOCYST)
consortium (32). Widespread implementation of these guidelines,
similar to the model widely embraced for congenital heart
disease (33, 34) would streamline and optimize the management
of these neonatal survivors.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by the Institutional Review Board (IRB) of Children’s
National Hospital (ID: Pro00016398). Written informed consent
from the participants’ legal guardian/next of kin was not

References

1. Irfan A, O’Hare E, Jelin E. Fetal interventions for congenital renal anomalies.
Transl Pediatr. (2021) 10(5):1506-17. doi: 10.21037/tp-2020-fs-05

2. O’Connor AK, Guay-Woodford LM. Chapter 20—polycystic kidney diseases and
other hepatorenal fibrocystic diseases: clinical phenotypes, molecular pathobiology,
and variation between mouse and man. In: Little M, editor. Kidney development,
disease, repair and regeneration. Academic Press: Elsevier (2016). p. 241-64.

3. Jordan P, Dorval G, Arrondel C, Moriniére V, Tournant C, Audrezet MP, et al.
Targeted next-generation sequencing in a large series of fetuses with severe renal
diseases. Hum Mutat. (2022) 43(3):347-61. doi: 10.1002/humu.24324

4. Morr AK, Mosimann B, Tschumi S, Surbek D, Raio L. Differential diagnosis and
prognosis of fetuses with bilateral enlarged, hyperechogenic kidneys: renal volume and

Frontiers in Pediatrics

10.3389/fped.2023.1243504

required to participate in this study in accordance with the
national legislation and the institutional requirements.

Author contributions

LB-C collected the data, interpreted the data/drafted and
revised the article. AL and NO assisted with data collection.
LG-W provided guidance with the content of the article and
reviewed the article. All authors contributed to the article and
approved the submitted version.

Funding

This work was supported by a philanthropic gift (to LG-W)
from the Moran Family Foundation and Award Number
UL1TR001876 from the NIH National Center for Advancing
Translational Sciences.

Acknowledgments

The authors acknowledge Jasmine Jaber, MS for assistance with
the development of the research project database and the Children’s
National Hospital Department of Radiology Department and
Prenatal Pediatrics Institute for access to their clinical databases.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

amniotic fluid volume with advancing gestation. Z Geburtshilfe Neonatol. (2022) 226
(2):98-103. doi: 10.1055/a-1586-5493

5. Aulbert W, Kemper M]. Severe antenatally diagnosed renal disorders:
background, prognosis and practical approach. Pediatr Nephrol. (2016) 31
(4):563-74. doi: 10.1007/s00467-015-3140-4

6. Raina R, Chakraborty R, Sethi SK, Kumar D, Gibson K, Bergmann C. Diagnosis
and management of renal cystic disease of the newborn: core curriculum 2021. Am
] Kidney Dis. (2021) 78(1):125-41. doi: 10.1053/j.ajkd.2020.10.021

7. Bergmann C, Guay-Woodford LM, Harris PC, Horie S, Peters DJM, Torres VE.
Polycystic kidney disease. Nat Rev Dis Primers. (2018) 4(1):50. doi: 10.1038/s41572-
018-0047-y

frontiersin.org


https://doi.org/10.21037/tp-2020-fs-05
https://doi.org/10.1002/humu.24324
https://doi.org/10.1055/a-1586-5493
https://doi.org/10.1007/s00467-015-3140-4
https://doi.org/10.1053/j.ajkd.2020.10.021
https://doi.org/10.1038/s41572-018-0047-y
https://doi.org/10.1038/s41572-018-0047-y
https://doi.org/10.3389/fped.2023.1243504
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Botero-Calderon et al.

8. Alzarka B, Morizono H, Bollman JW, Kim D, Guay-Woodford LM. Design and
implementation of the hepatorenal fibrocystic disease core center clinical database: a
centralized resource for characterizing autosomal recessive polycystic kidney disease
and other hepatorenal fibrocystic diseases. Front Pediatr. (2017) 5. Article 80.
doi: 10.3389/fped.2017.00080

9. Torres VE, Harris PC. Mechanisms of disease: autosomal dominant and recessive
polycystic kidney diseases. Nat Clin Pract Nephrol. (2006) 2(1):40-55; quiz. doi: 10.
1038/ncpneph0070

10. Denamur E, Delezoide AL, Alberti C, Bourillon A, Gubler MC, Bouvier R, et al.
Genotype-phenotype correlations in fetuses and neonates with autosomal recessive
polycystic kidney disease. Kidney Int. (2010) 77(4):350-8. doi: 10.1038/ki.2009.440

11. Burgmaier K, Kilian S, Bammens B, Benzing T, Billing H, Buscher A, et al.
Clinical courses and complications of young adults with autosomal recessive
polycystic kidney disease (ARPKD). Sci Rep. (2019) 9(1):7919. doi: 10.1038/s41598-
019-43488-w

12. Nicolaou N, Renkema KY, Bongers EM, Giles RH, Knoers NV. Genetic,
environmental, and epigenetic factors involved in CAKUT. Nat Rev Nephrol. (2015)
11(12):720-31. doi: 10.1038/nrneph.2015.140

13. Hwang DY, Dworschak GC, Kohl S, Saisawat P, Vivante A, Hilger AC, et al.
Mutations in 12 known dominant disease-causing genes clarify many congenital
anomalies of the kidney and urinary tract. Kidney Int. (2014) 85(6):1429-33.
doi: 10.1038/ki.2013.508

14. Capone VP, Morello W, Taroni F, Montini G. Genetics of congenital anomalies
of the kidney and urinary tract: the current state of play. Int ] Mol Sci. (2017) 18:796.
doi: 10.3390/ijms18040796

15. Verbitsky M, Westland R, Perez A, Kiryluk K, Liu Q, Krithivasan P, et al. The
copy number variation landscape of congenital anomalies of the kidney and urinary
tract. Nat Genet. (2019) 51(1):117-27. doi: 10.1038/s41588-018-0281-y

16. Bureau USC, editor. American Community Survey 1l-year estimates. Census
Reporter Profile (2021).

17. Hartung EA, Guay-Woodford LM. Autosomal recessive polycystic kidney
disease: a hepatorenal fibrocystic disorder with pleiotropic effects. Pediatrics. (2014)
134(3):e833-45. doi: 10.1542/peds.2013-3646

18. Bergmann C. ARPKD and early manifestations of ADPKD: the original polycystic
kidney disease and phenocopies. Pediatric nephrology (Berlin, Germany). (2015) 30
(1):15-30. doi: 10.1007/500467-013-2706-2

19. Guay-Woodford LM. Autosomal recessive polycystic kidney disease: the
prototype of the hepato-renal fibrocystic diseases. ] Pediatr Genet. (2014) 3
(2):89-101. doi: 10.3233/pge-14092

20. Bergmann C. Genetics of autosomal recessive polycystic kidney disease and its
differential diagnoses. Front Pediatr. (2018) 5:1-13. doi: 10.3389/fped.2017.00221

21. Chinali M, Lucchetti L, Ricotta A, Esposito C, D’Anna C, Rinelli G, et al. Cardiac
abnormalities in children with autosomal recessive polycystic kidney disease.
Cardiorenal Med. (2019) 9(3):180-9. doi: 10.1159/000496473

Frontiers in Pediatrics

09

10.3389/fped.2023.1243504

22. Bergmann C. Early and severe polycystic kidney disease and related
ciliopathies: an emerging field of interest. Nephron. (2019) 141(1):50-60. doi: 10.
1159/000493532

23. Heidet L, Decramer S, Pawtowski A, Moriniere V, Bandin F, Knebelmann B,
et al. Spectrum of HNF1B mutations in a large cohort of patients who harbor
renal diseases. Clin ] Am Soc Nephrol. (2010) 5(6):1079-90. doi: 10.2215/CJN.
06810909

24. Madariaga L, Garcia-Castafio A, Ariceta G, Martinez-Salazar R, Aguayo A,
Castafio L. Variable phenotype in HNF1B mutations: extrarenal manifestations
distinguish affected individuals from the population with congenital anomalies of
the kidney and urinary tract. Clin Kidney J. (2019) 12:373-9. doi: 10.1093/ckj/sfy102

25. Deng L, Liu Y, Yuan M, Meng M, Yang Y, Sun L. Prenatal diagnosis and outcome
of fetal hyperechogenic kidneys in the era of antenatal next-generationsequencing. Clin
Chim Acta. (2022) 528:16-28. doi: 10.1016/j.cca.2022.01.012

26. Gondra L, Decramer S, Chalouhi GE, Muller F, Salomon R, Heidet L.
Hyperechogenic kidneys and polyhydramnios associated with HNF1B gene
mutation. Pediatric Nephrology (Berlin, Germany). (2016) 31(10):1705-8. doi: 10.
1007/s00467-016-3421-6

27. Heidenreich LS, Bendel-Stenzel EM, Harris PC, Hanna C. Genetic etiologies,
diagnosis, and management of neonatal cystic kidney disease. Neoreviews. (2022) 23
(3):e175-88. doi: 10.1542/neo.23-3-e175

28. Taweevisit M, Treetipsatit J, Tantbirojn P, Thorner PS. Combination of cor
triatriatum sinistrum and hypoplastic left heart syndrome in meckel-gruber syndrome:
a case report. Pediatr Dev Pathol. (2009) 12(5):404-9. doi: 10.2350/09-02-0614-CR.1

29. Forsythe E, Kenny J, Bacchelli C, Beales PL. Managing bardet-biedl syndrome-
now and in the future. Front Pediatr. (2018) 6:23. doi: 10.3389/fped.2018.00023

30. Esposito G, Testa F, Zacchia M, Crispo AA, Di Iorio V, Capolongo G, et al.
Genetic characterization of Italian patients with bardet-biedl syndrome and
correlation to ocular, renal and audio-vestibular phenotype: identification of eleven
novel pathogenic sequence variants. BMC Med Genet. (2017) 18(1):10. doi: 10.1186/
512881-017-0372-0

31. Simonini C, Froschen EM, Nadal J, Strizek B, Berg C, Geipel A, et al. Prenatal
ultrasound in fetuses with polycystic kidney appearance—expanding the diagnostic
algorithm. Arch Gynecol Obstet. (2022). doi: 10.1007/s00404-022-06814-8

32. Gimpel C, Avni FE, Bergmann C, Cetiner M, Habbig S, Haffner D, et al.
Perinatal diagnosis, management, and follow-up of cystic renal diseases: a clinical
practice recommendation with systematic literature reviews. JAMA Pediatr. (2018)
172(1):74-86. doi: 10.1001/jamapediatrics.2017.3938

33. Donofrio MT. Predicting the future: delivery room planning of congenital heart
disease diagnosed by fetal echocardiography. Am ] Perinatol. (2018) 35(6):549-52.
doi: 10.1055/5-0038-1637764

34. Haxel CS, Johnson JN, Hintz S, Renno MS, Ruano R, Zyblewski SC, et al. Care of
the fetus with congenital cardiovascular disease: from diagnosis to delivery. Pediatrics.
(2022) 150(Suppl 2):€2022056415C. doi: 10.1542/peds.2022-056415C

frontiersin.org


https://doi.org/10.3389/fped.2017.00080
https://doi.org/10.1038/ncpneph0070
https://doi.org/10.1038/ncpneph0070
https://doi.org/10.1038/ki.2009.440
https://doi.org/10.1038/s41598-019-43488-w
https://doi.org/10.1038/s41598-019-43488-w
https://doi.org/10.1038/nrneph.2015.140
https://doi.org/10.1038/ki.2013.508
https://doi.org/10.3390/ijms18040796
https://doi.org/10.1038/s41588-018-0281-y
https://doi.org/10.1542/peds.2013-3646
https://doi.org/10.1007/s00467-013-2706-2
https://doi.org/10.3233/pge-14092
https://doi.org/10.3389/fped.2017.00221
https://doi.org/10.1159/000496473
https://doi.org/10.1159/000493532
https://doi.org/10.1159/000493532
https://doi.org/10.2215/CJN.06810909
https://doi.org/10.2215/CJN.06810909
https://doi.org/10.1093/ckj/sfy102
https://doi.org/10.1016/j.cca.2022.01.012
https://doi.org/10.1007/s00467-016-3421-6
https://doi.org/10.1007/s00467-016-3421-6
https://doi.org/10.1542/neo.23-3-e175
https://doi.org/10.2350/09-02-0614-CR.1
https://doi.org/10.3389/fped.2018.00023
https://doi.org/10.1186/s12881-017-0372-0
https://doi.org/10.1186/s12881-017-0372-0
https://doi.org/10.1007/s00404-022-06814-8
https://doi.org/10.1001/jamapediatrics.2017.3938
https://doi.org/10.1055/s-0038-1637764
https://doi.org/10.1542/peds.2022-056415C
https://doi.org/10.3389/fped.2023.1243504
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Fetal renal cystic disease and post-natal follow up—a single center experience
	Introduction
	Methods and materials
	Results
	Referrals to the Perinatal Pediatrics Institute
	Maternal characteristics
	Patient characteristics
	Clinical characteristics of cohort with bilateral renal cystic disease
	Genetic findings
	Ultrasound findings and outcomes of fetuses with confirmed renal ciliopathies

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


