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Abstract Chronic hypokalemia is known to induce renal
cyst formation in some diseases including primary al-
dosteronism, distal renal tubular acidosis, Liddle disease
and apparent mineralocorticoid excess syndrome. Al-
though chronic hypokalemia is the main clinical feature
of Bartter syndrome, renal cyst formation in this disease
has never been reported. We describe a patient with
classic Bartter syndrome who exhibited renal cysts and
nephrocalcinosis. Direct sequencing analysis of the
chloride channel CLC-Kb gene identified a heterozygous
nonsense mutation (W610X) in exon 16 indicating a di-
agnosis of Bartter syndrome type III. Although the precise
mechanism underlying the development of renal cysts in
our patient remains unclear, chronic hypokalemia and
nephrocalcinosis may contribute to cyst development.
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Introduction

Bartter syndrome is a heterogeneous disorder character-
ized by renal salt wasting, hypokalemic metabolic alka-
losis and elevated renin and aldosterone levels with nor-
mal or low blood pressure [1]. Recently, five genes have
been identified as causing Bartter and Bartter-like syn-
dromes, including genes for a renal bumetanide-sensitive
Na-K-2Cl co-transporter, an ATP-sensitive inwardly

rectifying K channel (ROMK), a renal chloride channel
(ClC-Kb), a b-subunit of ClC-K (barttin) and a calcium-
sensing receptor (CASR) [1]. Among them, loss-of-
function mutations in the genes of the Na-K-2Cl co-
transporter, ROMK and ClC-Kb (CLCNKB) are classi-
fied as Bartter syndrome types I, II and III, respectively
[1].

Although some phenotypic differences are found in
Bartter and Bartter-like syndromes, hypokalemia is the
predominant finding of these disorders [2]. Chronic hy-
pokalemia can induce renal structural and functional ab-
normalities including a concentrating defect, interstitial
fibrosis and/or chronic inflammation, and renal cyst for-
mation [3, 4]. Renal cyst formation as a consequence of
chromic hypokalemia has been reported in primary al-
dosteronism [3], primary renal potassium wasting [3],
primary distal renal tubular acidosis [5], Liddle syndrome
[6] and apparent mineralocorticoid excess syndrome [6,
7]. However, renal cyst formation in Bartter syndrome has
never been reported. We describe a patient with Bartter
syndrome type III who exhibited renal cysts and neph-
rocalcinosis.

Case report

A 6-year-old girl was referred to our hospital because of polyuria
and polydipsia. The patient was born at 40 weeks of gestation, and
her birth weight was 3.1 kg. The prenatal course was unremarkable
with no polyhydramnios. The family history was unremarkable.
The patient had suffered from polyuria and polydipsia since 2 years
of age.

Physical examination on admission revealed a short stature
(104.7 cm, �2.3 SD) with appropriate proportion. Her body weight
was 15 kg (�1.7 SD) and blood pressure was 110/55 mmHg.

Laboratory studies revealed metabolic alkalosis (pH 7.459 and
HCO3 32.1 mmol/l), hypokalemia (2.3 mEq/l) in the presence of an
inappropriately high potassium excretion [fractional excretion of
potassium (FEK) 20%], hypochloremia (96 mEq/l), an elevated
plasma renin activity (16.9 ng/ml/h, normal 0.3–2.9 ng/ml/h) and
hypercalciuria (urinary calcium/creatinine ratio 1.09, normal
<0.25). Serum concentrations of sodium (140 mEq/l), calcium
(9.3 mg/dl), magnesium (2.5 mg/dl, normal 1.8–2.6), phosphate
(5.1 mg/dl) and creatinine (0.3 mg/dl), blood urea nitrogen (9.9 mg/
dl) level and plasma aldosterone level (5.0 ng/dl, normal 3.6–
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24.0 ng/dl) were normal. Urinalysis showed no abnormalities. The
urinary chloride level was high (105 mEq/l) despite the hypo-
chloremia. Direct sequencing analysis of the CLCNKB using pre-
viously described methods [8] identified a heterozygous nonsense
mutation (W610X) in exon 16. Renal computed tomography (CT)
and renal ultrasound revealed bilateral renal cysts and nephrocal-
cinosis (Fig. 1).

The diagnosis of classic and type III Bartter syndrome with
renal cysts and nephrocalcinosis was made. The patient was treated
with potassium supplementation, indomethacin and spironolactone,
and this treatment partially corrected her hypokalemia (3.2–
3.6 mEq/l) and metabolic alkalosis. Four years later, repeated renal
CT scan remained an unchanged appearance with renal cysts and
nephrocalcinosis.

Discussion

Although Bartter syndrome is an autosomal-recessive
disorder, our patient with classic Bartter syndrome re-
vealed only a heterozygous mutation of CLCNKB. Simon
et al. [8] and Konrad et al. [9] also described a hetero-
zygous mutation of CLCNKB in some patients with
Bartter syndrome, and this might be due to the limitation
of gene analyzing methodology.

Our patient exhibited bilateral renal cysts. Renal cyst
formation has been reported in some diseases exhibiting
chromic hypokalemia. Torres et al. demonstrated that
44% of patients with primary aldosteronism had renal
cysts [3]. Igarashi et al. reported that 70.6% of patients
with primary distal renal tubular acidosis manifested renal
cyst formation [5, 10]. Other diseases with chronic hy-
pokalemia that develop renal cysts include Liddle syn-
drome [6], apparent mineralocorticoid excess syndrome
[6, 7] and primary renal potassium wasting [3]. Although
chronic hypokalemia is the predominant feature of Bartter
syndrome, this patient had the first reported case of renal
cyst formation in this disease.

Although the precise pathogenic mechanisms under-
lying renal cyst formation in chronic hypokalemia remain
unclear, two potential mechanisms have been postulated,
including increased renal cell growth and interstitial in-
jury caused by increased production of ammonia [3, 4].

In a rat model, chronic hypokalemia induced hyper-
trophy and hyperplasia of the epithelial cells in the col-
lecting duct and tubular dilatation because of luminal

obstruction by hyperplastic epithelial cells [4]. In addi-
tion, an experimental study demonstrated that a decreased
extracellular potassium concentration increased the
growth of kidney cells in vitro [11]. Although renal tu-
bular epithelial cell hypertrophy or hyperplasia due to
hypokalemia has not been reported in humans, tubular
abnormalities including cell atrophy, destruction and re-
generation as well as interstitial nephritis have been found
in hypokalemic patients [12], and these may contribute to
the development of renal cysts.

Increased production of intrarenal ammonia secon-
darily because of hypokalemia is another possible ex-
planation of cyst formation in the context of chronic hy-
pokalemia [4]. The enhanced renal production of ammo-
nia may be linked to cyst formation by a number of
mechanisms, including complement activation, stimulat-
ing DNA, RNA and protein synthesis and metabolic
factors associated with renal ammoniagenesis [13].

Our patient exhibited nephrocalcinosis together with the
clinical features of classic Bartter syndrome [2] and a
mutation of CLCNKB. Nephrocalcinosis, which is almost
invariable in antenatal Bartter syndrome, was previously
thought to be absent in classic Bartter syndrome [2] or in
Bartter syndrome type III [8]. However, a recent study
demonstrated that mutations of CLCNKB could exhibit
variable Bartter phenotypes including antenatal Bartter
syndrome, classic Bartter syndrome and Gitelman syn-
drome [9]. Therefore, patients with Bartter syndrome type
III may develop nephrocalcinosis. Because nephrocalci-
nosis can cause nephron obstruction [5], it may also have
contributed to the development of renal cysts in our patient.
However, the reason why renal cysts are not exhibited by
patients with antenatal Bartter syndrome and nephrocalci-
nosis or classic Bartter syndrome remains unclear.
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