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ABSTRACT

The uncommon Bartter syndrome (BS) type III (classic) results from chloride voltage-gated channel Kb (CLCNKB) gene
mutations affecting the chloride channel CIC-Kb in the kidneys' distal tubules. Nephrocalcinosis, premature birth, failure to
thrive, and early-onset maternal polyhydramnios can or cannot manifest as their symptoms. We present the unique, rare,
and novel case of type III BS associated with consanguineous parents (double first cousins) of two children [male 7.5 years,
female 4 months] with a fatal outcome [mortality due to end-stage renal failure]. The male patient is also the first case with
Type III BS that has been followed up for such a long time. Antenatal polyhydramnios was associated in both cases. The
two siblings had different courses of their clinical presentations, signs, symptoms, and complications. Observations at
different times revealed metabolic alkalosis, growth retardation, hypokalemia, hyponatremia, hypochloremia, anemia,
hepatomegaly, superinfections, and high levels of serum bicarbonates. After their death, the CP was advised to undergo
genetic counseling, which recommended preimplantation genetic diagnosis, which they willingly agreed to and are
currently in the process of preparing for.
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1. INTRODUCTION

Consanguinity, the practice of marriage between genetically related individuals, raises concerns about the increased risk of
genetic disorders in offspring. This is because both parents are more likely to have the same genetic mutation [1], which
can cause autosomal recessive disorders (ARD) like cystic fibrosis and thalassemia [2]. Consanguineous parents (CP)
carrying the same recessive gene have been found to have a higher incidence of ARDs. Around 20% of the global
population prefers consanguineous marriages, with prevalence varying across societies depending largely upon geolocation,
culture, social benefits, migration, and religion [3]. Rural areas tend to have a higher number of consanguineous marriages
due to younger marriages, lower socio-economic status, and education. Western/European nations have lower than 0.5%,
while India has 9.9%. Arab nations have 20-50% prevalence, with first-cousin marriages being common [3,4]. A study
found that children born after first-cousin marriages had a 4.4% higher risk of dying before they were born [5] and a range
of 0.7% to 3.8% more birth defects [6]. Consanguinity is a significant predictor of cardiovascular conditions, but not other
diseases like psychiatric disorders, epilepsy, asthma, cancer, or diabetes [7]. Studies in Croatia, Qatar, and Morocco have
however linked consanguinity to various non-communicable diseases such as uni/bipolar depression, cancer, stroke,
cardiovascular disease, diabetes, leukemia, asthma, and epilepsy [8,9], in another study consanguineous marriage
significantly affected autosomal recessive diseases (78.8%), including neurodegenerative, disease cases,
mucopolysaccharidosis, epidermolysis bullosa dystrophica, Phenylketonuria, and sensorineural deafness [5,6]. Saudi
Arabia has a higher rate of hereditary kidney diseases in children compared to global counterparts, including familial
nephrotic syndrome, renal tubular acidosis, marble brain disease, polycystic kidney disease, nephrocalcinosis syndrome,
and familial juvenile nephronophthisis [10].

Frederic C. Bartter wrote about a syndrome in 1962 [11] that included metabolic alkalosis caused by low potassium levels
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and hyperaldosteronism caused by high renin levels in a person who did not have any signs of high blood pressure. Since
then, the condition has been named “Bartter syndrome (BS)” and is known to have five recognized and distinct
genotypic/phenotypic indicators. The most common type of BS is Type I BS, which is caused by changes in the SLC12A1
gene (sodium-potassium-chloride cotransporter). People with this type of BS lose a lot of salt, have low levels of
streptokinase in their urine, and don't grow [12]. Antenatal Bartter syndrome (Type II BS) is characterized by extreme
dehydration, early delivery, polyhydramnios, and other symptoms that manifest either before or soon after birth. The

chloride channel CIC-Kb in the kidneys' distal tubules is affected by mutations in the (Chloride Voltage-Gated Channel Kb)
CLCNKB gene, which causes type III BS [12,13]. “Mutations in the (Barttin CLCNK Type Accessory Subunit Beta)”
BSND and the CLCNKA/CLCNKB genes are linked to polyhydramnios, premature birth, and poor urine concentration
[14,15]. These genes are part of Type [Va and Type IVb, which are subgrouped. Treatment for BS depends on the severity
and type of symptoms, but it usually includes drugs like aldosterone antagonists, non-steroidal anti-inflammatory drugs,
and salt supplements given by mouth or through an IV. The literature primarily reports BS and its associated types through
case reports and short case series [15]. According to a recent systematic review, a total of 18 cases of type III BS were
reported between the years 2012 and 2022 [15], with five of them being associated with consanguinity [16-20]. The period
of follow-up in these cases has been 4 weeks [20] to a maximum of 2.9 years [17], with three cases reported in females [16,
17, 20] and two in males [18,19]. The age range of consanguinity-associated BS in these cases has been between 28 days
[16] and 48 years [17]. We present a case report of a brother and sister, aged 7.5 years and 4 months, respectively,
associated with the consanguinity of double first cousins, with both cases failing to thrive till the mentioned age,
respectively.

Case presentation

This narrative case report is being reported by the author, who is related to the family concerned. The parents of both
deceased children are the nephew and niece of the author, who had a consanguineous marriage in the year 2004. The ages
of the male and female parents at the time of marriage were 22 and 19 years, respectively. Fig 1 presents the family
pedigree of the two affected deceased patients, identifying them as probands 1 and 2. Both parents were cousins, while
their grandparents were also cousins. The report illustrates the medical history and complex consequences of the family
suffering due to shared genetic mutations. Both patients presented with severe health complications and succumbed to
their condition at ages 7.5 years and 4 months, respectively. After the death of their children, the genetic analysis of both
parents revealed a diagnosis of type III BS. The couple has experienced three pregnancies to date, with the first one ending
in a spontaneous miscarriage at 5 months of gestation (2 years after marriage), with the cause of the miscarriage being not

determined.
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Figure 1: Family pedigree of the twwo affected children (boy and girl) aged 7.5 yvears
amnd 4 months respectively, showing the affected proband 1 and Z. Both parents
being the disease carriers. Both parents are cousins to each other, and the
grandparents were cousins as well.

Case 1: Male child.

The first child born to the consanguineous parents (CP) was 4 years after marriage (2 years after the first
pregnancy/miscarriage), born from a full-term normal vaginal delivery, but the pregnancy was complicated by the
development of polyhydramnios (at 2™ trimester end). The birth of child weight was 3 kg, 50 cm in height, 35 cm in head
circumference, and “Apgar score” was 8, which was well within the normal range. After one week after birth, the child
was admitted to Al-Thawra General Modern Hospital, Sana'a, Yemen, with signs and symptoms of hypoglycemia, and
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after preliminary treatment was discharged in stable condition. At 4 months, the child started vomiting persistently, which
led to him being admitted again to the hospital. The child also had signs of growth retardation at this age. At that time,
tests showed low potassium levels, anemia (Hb 6 g/dL), a low number of white blood cells, and a slightly enlarged liver.
There were also positive results for cytomegalovirus (CMV) (IgM and IgG) and Toxoplasma (IgM and IgG). Table 1
displays the results obtained for each investigation parameter over various time periods. The child's condition was
managed with parenteral administration of potassium followed by ongoing oral supplementation. At 3 years, during a
routine follow-up, the child was diagnosed with mild mitral valve regurgitation, which was resolved successfully after
medical treatment. At 4 years, the child showed obvious signs of lagging in normal growth, which prompted hormonal
investigations. The test for growth hormone stimulation showed low levels of [basal - 1.0 ng/ml, 30 minutes - 4.4 ng/ml,
60 minutes - 5.1 ng/ml, 90 minutes - 2.0 ng/ml] and low levels of both total and free testosterone (Table 1). The child's
end-stage of renal failure (RF.) was diagnosed at 6 years old with symptoms of metabolic alkalosis (growth retardation,
muscle weakness, nausea and vomiting, and dehydration). Hemodialysis was initiated and continued for 11 months, with
the child being recommended for kidney transplantation. A kidney transplant failed within 2 weeks due to graft thrombosis,
which led to nephrectomy of the transplanted kidney. Persistent recurring infections and sepsis followed this event. At the
age of 7 years and 5 months, the child finally succumbed to end-stage of renal failure (RF) and died, with sepsis after
nephrectomy being the main cause.

Table 1: Laboratory findings of the two died (male and female) sibling patients as a result of consanguinity
associated type III Bartter Syndrome

Results
Boy Girl
Test (7years 5 months) (4 months) Normal values
Serum Potassium 2.5 mmol/L 1.9 mmol/L 3.5-5.1 mmol/L
Serum Sodium 132 mmol/L 120 mmol/L 136-145 mmol/L
Serum Chloride 87 mmol/L 85 mmol/L 97-110 mmol/L
Serum Bicarbonate - 30 mmol/L 18-24 mmol/L
Serum Bicarbonate 32 mmol/L - 22-28 mmol/L
Serum Urea 18.6 mmol/L - 1.7-8.3 mmol/L
Serum Urea - 281 mg/dl 10-50 mg/dl
Growth Hormone Stimulation Test. N A
Basal: 1.0 ng/ml : Up to 7.0 ng/ml
Growth Hormone Stimulation:
30 minutes
4.4 ng/ml
60 minutes. 51 ng/ml N. A Peak> 10 ng/ml
90 minutes 2.0 ng/ml
Somatomedin C (IGF1) (CC) <250 pgl N.A 124-484
Testosterone (Total), Serum 0.00 ng/dL 2.00—25
Testosterone (Free), Serum 0.1 ng/dL N. A 50-21
% F""d Profile 3.8 pg/mL (2.3 -4.4)
T4 F::Z 1.8 ng/dL N. A (0.8 -2.0)
TSH 3.10 ml U/mL (0.70 — 6.40)
CBC
WBC 24.1 x10A9 /L 4-10x10A9 /L
Platelets 21 x10A9/L 150-400 x10A9/L

Abbreviations: L = liter; N.A = not applicable; ug = microgram; dL = deciliter; CBC = complete blood count; WBC =
white blood cells; TSH = thyroid stimulating hormone;

Case 2: Female Child

The third pregnancy of the concerned parents (CP) was complicated by polyhydramnios, the child was delivered via
cesarean section because of weak labor progression. At birth, the child was healthy with no evidence of any abnormality.
At approximately one month, the child developed persistent vomiting complicated by recurrent aspiration pneumonia. The
symptoms would disappear with routine antibiotics but would soon reappear after completing the drug course.
Hospitalization was required at the age of two and a half months with severe symptoms associated with renal impairment.
Metabolic alkalosis linked to low potassium levels, low sodium levels, low chlorine levels, and high levels of bicarbonates
in the blood were found in the lab (Table 1). Other significant investigative findings included hypercalciuria, which was
suggestive of BS. Despite standard medical management of the condition, the infant progressed to end-stage renal disease
(ESRD) with signs and symptoms of renal failure at the age of 4 months, with the final outcome being death.
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Genetic analysis of the concerned parents (CP): After the deaths of the two children within a span of five years, the CP
was investigated for genetic tests, which included whole exome sequencing, mitochondrial genome analysis, and copy
number variations (CNV). The diagnosis of BS involved children of consanguineous parents (CP) who were linked to the
CLCNKB gene in both parents. It was found that both father and mother had a gross heterogenecous pathogenic deletion of
29 kb at locus (Chrl:16,360,054-16,389,061), which affected the whole CLCNKB gene. The ACMG concluded it was
pathogenic. Once the Multiplex Ligation-dependent Probe Amplification (MLPA) test confirmed Copy Number Variation
(CNV). “According to the American College of Medical Genetics and Genomics (ACMG)” genetic counseling for the
parents is recommended.

Discussion

Bartter syndrome is an autosomal-recessively inherited condition characterized clinically by growth retardation while
laboratory investigations showed metabolic alkalosis, hypokalemia, hypochloremia, and renin-aldosterone axis activation.
It is classified into five types based on mutations of various genetic constituents [CASR, CLCNKB, SLC12A1, KCNJI,
BSND]. This article presents a unique case of two siblings who were both diagnosed with BS because of CP, who were
both found to show gross heterogenous pathogenic deletion of 29 kb at locus (Chrl:16,360,054-16,389,061). As far as
scientific literature is concerned, this is one of the first cases that presents type III BS in a brother and sister, due to
consanguineous parents. The report is especially significant since this is the first case to report a fatal outcome in
consanguinity-associated Type III BS when compared to previous reports [16-20]. This case report is also unique in that it
is only the third case that presented with antenatal polyhydramnios during the third trimester of pregnancy. Abdelgadir IS,
et al. [16], and Azzi A, et al. [20], reported antenatal polyhydramnios, while the other three Type III BS [17, 18, 19],
associated with consanguinity, did not have antenatal polyhydramnios in their reported cases. Since there are only five
Type I1I BS associated with consanguinity reported in the literature [16-20], specific discussion will be directed with these
studies. The first case of the boy aged 7.5 years may also be considered the longest follow-up of consanguinity-associated
Type III BS, as other cases were followed up for 20 days [16], 2.9 years [17], 1 year [18], 2 years [19], and 4 weeks [20].
BS management often involves challenges, including prenatal polyhydramnios, necessitating amniotic fluid drainage and
maternal indomethacin treatment. Between the years 2012 and 2022, the number of all types of BS patients reported has
been approximately 118 patients, out of which 33.05% have been reported to have antenatal polyhydramnios [15].
Premature birth was seen in one tenth of these cases. Symptoms of Type I BS, which include hyposthenuria, acute salt
wasting, high PGE2 production, and failure to thrive, usually manifest at birth. Polyhydramnios and preterm delivery are
possible outcomes of some symptoms that develop during pregnancy. Mutations in either the BSND gene or the
CLCNKA/CLCNKB gene are linked to polyhydramnios, premature birth, and decreased urine concentration [21].
Preemies, polyuria, and polyhydramnios, together with an early postnatal temporary hyperkalemia, may arouse concern for
prenatal BS, according to Mani et al. [22], who state that this condition is caused by a “mutation in the KCNJ1 gene”.
Thakur S. et al. [23] reported a novel finding of a full bladder (fetal polyuria) with severe polyhydramnios in three fetuses,
onset around 24-25 weeks, and concluded that it is an antenatal sign of BS provided no structural abnormalities of the fetus
exists. The CIC-Kb channel, located in the thick ascending limb (TAL), distal convoluted tubule, and collecting duct,
facilitates the transport of chloride ions to the basolateral membrane [22]. Impaired CIC-Kb function in the thick ascending
limb leads to the Bartter phenotype (characterized by hypercalciuria and isosthenuria), while dysfunction in the distal
convoluted tubule results in the Gitelman syndrome phenotype (marked by hypocalciuria) [24]. Impaired CIC-Kb function
in the TAL leads to lower Cl-exit levels, “NaCl reabsorption through Na-K-2C1” co transport (NKCC2), and subsequent
“calcium reabsorption” [22.24]. “Impaired NCC function” in DCT cells leads to hypocalciuria in BS patients. This is due
to reduced Na reabsorption, hyperpolarization, and calcium entry through voltage-activated channels, and lowered Na*
concentration [25]. “Defective basolateral Cl-exit in the DCT” declines chloride reabsorption, leading to the “GLS
phenotype, hypocalciuria in type III BS patients” with diminished “CIC-Kb function”. Type 2 BS has “isosthenuria and
elevated uCa/Cr ratio”, suggesting the CLCNKB mutation is in the TAL, while some types and cases of BS have
hypocalciuria [17]. BS type III has significant phenotypic heterogeneity, from severe salt-losing nephropathy to a
clinically asymptomatic state, with the mutation type possibly affecting the clinical manifestation [17,26]. The prevalence
of severe mutations, including substantial deletions, frameshift, crucial splicing, and nonsense, is higher in individuals
with severe symptoms and earlier onset [17].

Symptoms of the mild classical illness known as Bartter syndrome type 3 include growth retardation, recurrent vomiting,
polyuria, polydipsia, and electrolyte imbalance; the disorder usually starts in infancy. These features are consistent with
our case and earlier case reports [16-20]. The traditional Bartter phenotype is frequently caused by CLCNKB mutations,
although the disorder can alternatively manifest as nephrocalcinosis or nephrolithiasis, with contributory variables such as
hypercalciuria, borderline hyperuricosuria, or hypoeroxaluria [27]. Studies suggest salt replacement and prostaglandin
synthase inhibitors may enhance growth retardation in BS patients. Even after receiving the right therapy, long-term
follow-ups reveal normal electrolyte readings and development metrics; yet problems with imbalanced electrolytes,
acidosis, and stunted growth often continue.

Both parents were counselled after the loss of their two children. The first phase of counselling was focused on the genetic
implications of CP [3], and the fatal outcome associated with it [1]. Consanguinity has been implicated in various genetic
[1,5,6], physical [7,9] and behavioral disorders [29,30]. Pre pregnancy counselling was essential before the CP plan for the
child. The CP were provided with several other options for future pregnancies which included the option of adv wherein
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in vitro fertilization could be performed, followed by genetic testing of embryos before implantation to select unaffected
embryos. Another option was prenatal testing for Amniocentesis or chorionic villus sampling, between 10-15 weeks of
pregnancy to diagnose the condition. Affected fetus could be terminated while non affected would progress. Both parents
chose the first option and are currently in the process of achieving it, without having restored to other options like second
marriage.

Conclusion

Type 3 BS associated with consanguinity resulted in premature death of two children aged 7.5 years and 4 months
respectively. Consanguineous spouses should seek genetic counseling, and hereditary illnesses like BS should be managed
with early identification and care, as this instance establishes.
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