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Severe polyhydramnios as neonatal presentation of Bartter’s syndrome type IV
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Abstract

Introduction: Bartter’s syndrome comprises a heterogeneous group of inherited

salt-losing tubulopathies. There are two forms of clinical presentation: classical and
neonatal, the most severe type. Types I and II account for most of the neonatal cases. Types
Il and V are usually less severe. Characteristically Bartter's syndrome type 1V is a salt-
losing nephropathy with mild to severe neonatal symptoms, with a specific feature -
sensorineural deafness. Bartter's syndrome type IV is the least common of all recessive types
of the disease.

Description: the first reported case of a Portuguese child with neurosensorial deafness,
polyuria, polydipsia and failure to thrive, born prematurely due to severe polyhydramnios,
with the G47R mutation in the BSND gene that causes Bartter s syndrome type 1V.

Discussion: there are few published cases of BS type IV due to this mutation and those
reported mostly have moderate clinical manifestations which begin later in life. The poor
phenotype-genotype relationship combined with the rarity of this syndrome usually precludes
an antenatal diagnosis. In the presence of a severe polyhydramnios case, with no fetal malfor-
mation detected, normal karyotype and after maternal disease exclusion, autosomal recessive
diseases, including tubulopathies, should always be suspected.
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Introducao

Bartter’s syndrome (BS) is a genetic tubulopathy,
characterized by hypokalemia, metabolic alkalosis,
and secondary hyperaldosteronism with normal to
low blood pressure due to the renal loss of sodium.
Accordingly to the severity and age of presentation,
Bartter’s syndrome has been classified as: Neonatal
BS (ABS) or classical BS (CBS). ABS onset can be
intra-uterine or in the neonatal period, and is charac-
terized by urinary concentration defect, with
polyuria and loss of sodium, potassium and chloride,
and nephrocalcinosis. CBS presents later in life and
generally has milder symptoms. 1.2

Globally, BS is a rare hereditary disorder, with
an estimated prevalence of 1,2 per million people.
Since the first description of the syndrome was in
1962, the pathophysiology of BS has been inten-
sively studied, and BS can be classified based on the
channel and the gene mutated that affects its func-
tion. Mutation of several genes may result in BS,
which is known for its genetic heterogeneity.
Bartter’s syndrome cannot be corrected (except by
kidney transplantation). Thus, treatment, which must
be lifelong and, is aimed to correct volume and elec-
trolyte disturbances.3

Description

A 31-year-old healthy pregnant woman was referred
to the prenatal diagnosis department at the hospital
due to polyhydramnios diagnosed at 30 weeks of an
otherwise, uneventful first gestation of a non-
consanguineous couple. The detailed ultrasound scan
performed at 32 weeks at the center revealed:
stomach and bladder were well represented, cephalic
measurements near the 95th percentile, decreased
fetal movements with apparent abnormal posturing
of the extremities. At that moment, shortness of
breath and painful uterine contractions were reported
by the pregnant woman. The clinical situation was
explained to the couple, who refused invasive
testing, but agreed on blood collecting to perform
thyroid function, serologic (TORCH infections) and
indirect Coombs testing, which were all normal.

Due to severe polyhydramnios (deepest pocket
of amniotic fluid of 20 cm) and increasing symp-
toms, at 33 weeks of gestation, the pregnant woman
was admitted for induction of fetal lung maturation
with betamethasone, and amniodrainage (1500mL),
the latter needed to be repeated at 35 weeks of gesta-
tion (with additional 1400mL drainage). The cytoge-
netic analysis of the amniotic fluid revealed a normal
karyotype for a male fetus (46, XY).
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At 36 weeks of gestation, an elective cesarean
section was performed and a male newborn was
delivered with 2880 grams (percentile 64) and Apgar
index of 8/9/9. At physical examination, macro-
cephaly and peculiar facies (triangular shaped face,
high forehead, asymmetric eyelids, retrognatism,
low-set proeminent ears), axial hypotonia with
peripheric hypertonia and abnormal posturing of the
extremities: extended upper extremities, cubital
deviation of the fists, persistently closed hands with
camptodactily and discrete cavus feet were noted.
The transient-evoked otoacoustic emissions
screening test failed at birth. The newborn was
discharged on the 15th day after birth, to continue
ambulatory follow-up in the outpatient clinics of
neurodevelopmental, neuropediatrics and genetics.
Neurosensorial deafness was confirmed and a
cochleae implant was placed 1 month after birth.

Considering the described anomalies, deafness,
muscle hypotonia and dysmorphic syndrome, neuro-
muscular and metabolic diseases were considered.
Microarray was normal and gene panel testing for
Marfan-like diseases was also negative. Congenital
infection by cytomegalovirus was also excluded.
After 7 months of age, weight gain deceleration was
noted but the psychomotor development was unre-
markable. The initial laboratory evaluation showed
no alterations, with normal thyroid, celiac disease
and organic acids screening tests. A sweat test was
also performed: the first was positive, but a subse-
quent test was normal, as the stool elastase. No addi-
tional clinical manifestations suggested cystic
fibrosis. A kidney evaluation was requested and the
child was referred to a pediatric nephrologist. At the
time of that appointment, the parents reported to
have noticed, over the last months, the child’s exces-
sive fluid intake, awakening during the night with
thirst. Severe polyuria (around 8mL/kg/day) and
polydipsia (water intake around 2.5 L/day) were
confirmed, a blood gas analysis revealed metabolic
alkalosis with hypokalemia, the renal ultrasound
revealed nephrocalcinosis and the diagnosis of
Bartter syndrome was deemed to be very probable.
This diagnosis was confirmed by the genetic
sensorineural hearing loss workup that had already
been performed, which identified homozygosity for
a missense mutation in the BSND gene (G47R),
which are Bartter’s syndrome type IVacauses.
Therapy with indomethacin and potassium chloride
was initiated with a good response, including more
adequate diuresis, decreased perception of poly-
dipsia and increased appetite.



Discussion

Bartter’s syndrome (BS) is a rare hypokalemic salt-
wasting tubulopathy that affects the sodium chloride
reabsorption in the medullary thick ascending limb
of the loopof Henle, mimicking a loop diuretic as
furosemide. This defect impairs urine concentration
and increases sodium delivery to the distal tubule,
leading to hypokalemia, metabolic alkalosis and
secondary hyperaldosteronism with normal to low
blood pressure. Genetic sequencing, to date, identi-
fied 7 genes linked to BS and BS-like syndromes
(BSND, CASR, CLCNKA, CLCNKB, KCNI1,
MAGED?2 and SLC12A1). BS type 1V is caused by
mutations in the BSND gene (on the chromosome
1p31), that affect the barttin function (BS type IVa),
or due to the combined impairment of the CLCNKa
and CLCNKDb genes by digenic inheritance, resulting
in a phenotype that mimics the one cause by defects
in barttin (BS type IVD). Barttin acts as an essential
beta subunit for the proper function of the voltage
sensitive CIC-Ka and CIC-Kb chloride channels
located in the basolateral membrane of renal tubules,
as the thick ascending loop (TAL) of Henle, and in
the potassium-secreting epithelia of the inner ear.1.2:4

After the successful gene identification, it was
possible to divide this group of pathologies
according to the nephron-segment involved, into
loop disorders, distal convoluted tubule (DCT)
disorders and combined disorders.5

Regarding the clinical presentation, BS can also
be divided in CBS and ABS. BS types I and II
account for most cases of ABS and are the most
severe. Their onset is frequently intra-uterine with
polyhydramnios or in the early neonatal period with
polyuria and life-threatening volume depletion,
impaired development and high mortality if left
untreated. Type III is frequently known as CBS and
is usually clinically milder, first presenting during
early adolescence. BS type IV is called ABS with
sensorineural deafness, and its presentation is similar
to types I and II, with the additional hearing deficit.
Globally, BS is a rare hereditary disorder and BS
type IV is the least common of all recessive types of
Bartter syndromes.1-4

When we try to correlate the BS classical classi-
fication from type I to IV with the affected nephron-
segment, conditions that affect the DCT, both DCT
(BS types I and II) and combined disorders (BS type
IV) are associated to polyhydramnios.5

A case was reported of a neonate born prema-
turely due to polyhydramnios, homozygous for the
G47R mutation of BSND gene. From our review of
the literature, there are few published cases of BS

Neonatal presentation of Bartter's syndrometype IV

type IV due to the G47R mutation of BSND gene
(substitution of arginine for glycine at 47 amino acid
position), and those reported mostly have moderate
clinical manifestations, beginning later in life.6-8
Thus, to the best of our knowledge, the first reported
case of BSND with such severe antenatal and
neonatal manifestations from a non-consanguineous
couple in Portugal.

On the examination, this child had a peculiar
facies similar to that first reported by Miyamura et
al.6 in 2003, characterized by triangular shaped face,
with prominent forehead, drooping mouth and
protruding big ears. This facial appearance was first
reported in a Japanese man, born of consanguineous
parents, with the same G47R mutation, presenting
sensorineural deafness, fatigue, weakness and poly-
dipsia. In that case the diagnosis was only made at
28 years old, due to mild clinical manifestations,
lacking the main features of ABS such as polyhy-
dramnios, premature labor and salt-losing tubu-
lopathy. The same phenotype, with peculiar facies,
hearing loss, recurrent episodes of vomiting and
dehydration since the first weeks of life, with
hiypokalemic metabolic alkalosis with preserved
renal function and failure to thrive had already been
described in a series of 20 Costa Rican children in
1997, which shared a single common ancestor. In
most of them, the pregnancy was complicated due to
polyhydramnios and they were born prematurely. In
the subset of patients that was later available for
genetic testing, Kurtz et al.9 identified a predomi-
nant mutation on the SCL12A1 gene, which is
known to be cause of BS type 1.4,6,9,10

Birkenhéger et al.11 identified 7 different muta-
tions in the BSND gene, and there have been
reported more allelic variants. Besides, the same
mutation may originate different clinical pheno-
types, because of the individual variability in the
genes of additional channels or in the modifying
genes that regulate the expression.4.11

One of the most notorious aspects of this case is
the fact that the parents were unrelated: the mother
was Brazilian and the father Portuguese, with no
common ancestors found after family-trees review.
Also both parents had no familiar history of deafness
or renal disease. Since BS type IV has an autosomal
recessive mode of transmission, it is mostly
described in children born from consanguineous
couples.

Polyhydramnios affects up to 2 percent in 100
pregnancies. 40% of these cases are considered idio-
pathic on the neonatal evaluation but actually, after
birth, in around one-fourth an anomaly is diagnosed.
Within the fetal causes, we should exclude chromo-
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somal/genetic anomalies, malformations (most
missed in prenatal diagnosis are tracheoesophageal
fistula, cardiac septal defects and cleft palate), meta-
bolic diseases and congenital infection. Other causes
include maternal or placental conditions (Table 1).
Fetal anomalies are the most common etiology of
severe polyhydramnios, while maternal causes and
idiopathic factors are more frequently associated
with milder cases.12,13

In the presence of a severe polyhydramnios case,
with no fetal abnormalities, normal karyotype and
after maternal disease exclusion, autosomal reces-
sive diseases, including tubulopathies, should always

Table 1

be suspected.

Genetic neonatal diagnosis of BS is possible
with mutational analysis of genomic DNA from
cultured amniocytes, but only if the mutation is
already known, because of the delay in sequencing
the genes. Nevertheless, if the suspicion is raised,
biochemical analysis of the amniotic fluid can be
helpful in the prediction of fetal BS. In our case, this
test was not performed at the time because the
amniodrainage BS was not suspected. This tubu-
lopathy interferes with the establishment of a hyper-
tonic medullar interstitial gradient necessary for
water reabsorption in the collecting duct, which

Polyhydramnios Etiology.

Fetal Conditions Chromosomal anomalies

Fetal anomalies

Maternal Conditions Metabolic disorders

Infections

Diabetes Mellitus

Hypercalcemia

Placental Conditions Chorioangioma

Idiopathic
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Trisomy 18
Trisomy 21
Turner syndrome

¢ Central nervous system: anencephaly, neural tube
defects

¢ Gastrointestinal: duodenal or esophageal atresia,
tracheoesophageal fistula, gastroschisis, omphalocele
® Musculoskeletal: micrognathia, cleft palate,
myotonic dystrophy, arthrogryposis, achondroplasia,
thanotophoric dysplasia

® Respiratory: diaphragmatic hernia, congenital cystic
adenomatoid malformation, chylothorax

¢ Cardiac: septal defects, arrhythmias

* Renal: tubular disorders

e Nonimmune or immune hidropsy

e Anemia: alloimmunization, parvovirus B19 infection,
fetomaternal hemorrhage, alpha-thalassemia

¢ Fetal tumors: teratoma, hemangioma

® Twin-to-twin transfusion syndrome (multiple gesta-
tions)

Gaucher disease

Parvovirus B19
Cytomegalovirus
Toxoplasmosis

Gestacional diabetes
Pre-existing type 1 or type 2 diabetes



leads to increase fetal urine production, which, in
turn, leads to amniotic fluid protein dilution. This
dilution is not observed in polyhydramnios of
nonrenal origin, such as maternal diabetes, Pierre
Robin syndrome, chloride diarrhea or digestive tract
atresia. In this case, if the suspicion of BS would
have been raised during the prenatal period, an early
diagnosis in the antenatal period could have been
made, allowing for an earlier optimized manage-
ment, with a better imbalance of volume and elec-
trolytes, reduction of the risk of progression to
nephrocalcinosis and improved growth.2,14

Some authors advocate the use of non-steroidal
anti-inflammatory drugs (NSAIDs), as indomethacin
in a low doses, starting before 32 weeks of gestation
to inhibit prostaglandin production and slow the rate
of amniotic fluid production, in the few cases diag-
nosed antenatally but further studies are needed to
confirm the safety and efficacy of this approach, in
arresting the progression of polyhydramnios and,
consequently, preterm birth. After 32 weeks of gesta-
tion, due to the risk of premature closure of the
ductus arteriosus, if NSAIDs are used, repeated
ultrasound assessment for the development of
tricuspid regurgitation is needed.13

There are multiple proteins involved in salt reab-
sorption in the thick ascending limb of the loop of
Henle, causing different types of Bartter’s syndrome.
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Also, the same transporter/channel can be affected

by several mutations, and same genetic variant can
lead to a different phenotypic manifestations. The
poor phenotype-genotype relationship combined
with the rarity of this syndrome usually precludes an
antenatal diagnosis, which would allow early inter-
vention and therapy. BS type IV was suspected and
diagnosis was made because of the severe polyhy-
dramnios, followed by a premature birth resulting in
a neonate with polyuria, polydipsia, failure to thrive
and neurosensorial deafness.
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