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An Adult Case of Bartter Syndrome Type III Presenting with Proteinuria
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Bartter syndrome (BS) I–IV is a rare autosomal recessive disorder affecting salt reabsorption in 
the thick ascending limb of the loop of Henle. This report highlights clinicopathological findings 
and genetic studies of classic BS in a 22-year-old female patient who presented with persistent 
mild proteinuria for 2 years. A renal biopsy demonstrated a mild to moderate increase in the me-
sangial cells and matrix of most glomeruli, along with marked juxtaglomerular cell hyperplasia. 
These findings suggested BS associated with mild IgA nephropathy. Focal tubular atrophy, inter-
stitial fibrosis, and lymphocytic infiltration were also observed. A genetic study of the patient and 
her parents revealed a mutation of the CLCNKB genes. The patient was diagnosed with BS, type 
III. This case represents an atypical presentation of classic BS in an adult patient. Pathologic find-
ings of renal biopsy combined with genetic analysis and clinicolaboratory findings are important 
in making an accurate diagnosis.
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▒ CASE STUDY ▒

Bartter syndrome (BS) is a rare renal tubulopathy that was 
first described by Bartter in 1962.1 The condition is character-
ized by polyuria, hypokalemia, metabolic alkalosis, and hyper-
reninemic-hyperaldosteronism with normal or slightly low 
blood pressure due to renal loss of sodium and hyperplasia of the 
juxtaglomerular apparatus (JGA). The condition is also referred 
to as salt-wasting nephropathy.1 The prevalence of BS is 1 in 
1,000,000, compared with 1 in 40,000 for Gitelman syndrome 
(GS).2 The classification depends on the severity of the symp-
toms and type of genetic mutation. Clinically, BS can be classi-
fied into two variants, antenatal/neonatal BS and classic BS, ac-
cording to the onset of age. Genetically, BS can be classified into 
five variants according to type of gene mutation.3 Type III BS 
presents as classic BS, which is characterized by polyuria, poly-
dipsia, and a tendency for dehydration, but with normal or 
slightly increased urinary calcium excretion and no tendency to 
develop kidney stones. Patients with classic BS might have 
symptoms in the first two years of life, but most cases are usually 
diagnosed at school age or in adolescence.4 However, age of on-
set and clinical severity are highly variable.5-7

Here, we present a case of late onset BS, with typical hyper-
plasia of juxtaglomerular cells on renal biopsy and molecular di-

agnostic confirmation of a familial chloride channel Kb (CLCNKB) 
gene mutation. 

CASE REPORT

Mild proteinuria had been incidentally detected in a 22-year-
old woman during a regular health check-up 2 years prior to 
presentation. She visited a local clinic for a follow-up check. She 
took medication to treat hyperlipidemia for 1 year and did not 
take any other drugs including diuretics or laxatives. She was ad-
mitted to our hospital for evaluation of persistent mild proteinuria. 

The prenatal course was unremarkable. On physical examina-
tion, her height was 153 cm, her body weight was 49 kg and 
her blood pressure was 100/60 mm Hg. No edema was found, 
and normal muscle strength and reflexes were noted. The rest of 
the physical examination was unremarkable. The laboratory ex-
amination revealed blood urea nitrogen of 10.9 mg/dL, creati-
nine of 0.68 mg/dL, sodium of 137 mmol/L, potassium of 2.59 
mmol/L, chloride of 94.7 mmol/L, magnesium of 2.05 mEq/L, 
and bicarbonate of 31.2 mEq/L. Serum levels of IgG, IgA, IgM, 
C3, and C4 were normal. Anti-nuclear antibody was negative. 
Urinalysis showed a specific gravity of 1.007, trace protein, pH 
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8.0, and no red blood cells. The spot urine protein/creatinine ra-
tio was 0.95 g/g creatinine. Abdominal sonography revealed nor-
mal-sized kidneys, without nephrocalcinosis or stones. Plasma 
renin activity was elevated at 27.98 ng/mL/hr (normal range, 
0.50 to 1.90 ng/mL/hr in a supine position), but serum aldoste-
rone was 13.2 pg/mL within normal limits (normal range, 1 to 
16 pg/mL in a supine position). The urine prostaglandin E2 
level was elevated at 2,815 ng/day (normal range, 400 to 620 
ng/day). These findings suggested BS or pseudo-BS/GS caused 
by vomiting or diuretics.

Light microscopy of renal biopsy demonstrated 14 glomeruli, 
two of which were globally sclerotic. Most glomeruli appeared 
moderately increased in size and cellularity due to prominence 
of the mesangium and JGA. Five glomeruli showed marked 
enlargement with hyperplasia (Fig. 1A) and hypergranulosis of 
the JGA (Fig. 1B). The mesangium was diffusely expanded due 

to mild to moderate increase in cells and matrix (Fig. 1A). There 
was moderate tubular atrophy and interstitial fibrosis with in-
filtration of lymphocytes. The interlobular arteries and arteri-
oles displayed mild to moderate intimal fibrous thickening and 
medial sclerosis. Immunofluorescence revealed weak positive 
(1+) staining for IgG, IgA, and fibrinogen and trace (+/–) of 
staining for C3 and lambda in the mesangium (Fig. 1C). Elec-
tron microscopy revealed mild increase in the mesangial cells and 
matrix with rare small mesangial electron-dense deposits and 
hyperplastic juxtaglomerular cells with increased electron dense 
renin and progranules (Fig. 1D). 

Genetic analysis revealed a homozygous deletion of exon 
1–14 and heterozygous deletion of exon 15–19 in the CLCNKB 
gene (Fig. 2A). Her father had heterozygous deletion of exon 
1–14 (Fig. 2B), and her mother had heterozygous deletion of all 
examined exons of the CLCNKB gene (Fig. 2C). However, her 
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Fig. 1. Renal biopsy in a patient with Bartter syndrome with IgA nephropathy. (A) Glomerulus shows hyperplasia of juxtaglomerular cells with 
increased mesangial cells and matrix (periodic acid-Schiff). (B) Glomerulus shows hyperplasia and hypergranulosis of juxtaglomerular cells 
(Jones’ methenamine silver, × 1,000). (C) Immunofluorescence reveals weak (1+) staining for IgA in the mesangium. (D) Electron micrograph 
of the juxtraglomerular apparatus shows abundant progranules and mature renin granules (Hitach HT7700 EM, × 6,000).
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parents displayed no renal symptoms or abnormal renal function.

DISCUSSION

BS is an autosomal recessive genetic disorder whose primary 
pathogenic mechanism is defective transepithelial chloride re-
absorption in the thick ascending limb of the loop of Henle. The 
disorder is the result of defective function of proteins responsible 
for transporting ions to renal cells. Five types of genetic muta-
tions are associated with the five different forms of the disease. 
Type I is due to an SLC12A1 mutation encoding the bumeta-
nide-sensitive Na+-K+-2Cl- cotransporter (NKCC2), and type 
II is the result of KCNJ1 encoding the inward rectifying K+ ch-
annel (ROMK). Type III or classic BS results from a mutation of 
CLCNKB, encodes for the kidney-specific basolateral chloride 
channel (CIC-Kb). The CIC-Kb protein is required to ensure 
the exit of chloride (Cl-) on the basolateral side. Impaired CIC-
Kb function reduces Cl- efflux and decreases Na-K-Cl reabsorp-
tion through NKCC2 by modifying the transepithelial voltage 

gradient and causing salt loss in urine.4 Type IV is due to muta-
tions of BSND encoding barttin (the β-subunit of the basolateral 
chloride channel). Finally, type V, with the features of autosomal 
dominant hypocalcemia, is caused by gain-of-function mutations 
of the calcium-sensing receptor.3,5,8,9 Types I, II, and IV are clas-
sified as antenatal BS. 

Renal calcium handling can be used to differentiate between 
classic BS and GS. Hypomagnesemia is considered a well-defined 
characteristic of GS but it also affects a considerable number of 
patients with BS. The most definitive diagnostic method of BS is 
molecular analysis.10,11 The patient in the current case had no 
symptoms in the neonatal period or in childhood. This patient 
had no symptoms of polyuria, dehydration, or polydipsia except 
for nocturia and presented with mild proteinuria and mild hy-
pokalemic metabolic alkalosis at 22 years of age. Clinically, this 
patient’s diagnosis raised a suspicion of GS rather than BS, but 
deletion of the CLCNKB gene in the genetic analysis confirmed 
type III BS.

Although proteinuria is not a classic symptom in BS, it has 

Fig. 2. Capillary electrophoretic pattern of the multiplex ligation-dependent probe amplification products of the patient’s family. (A) The pa-
tient has a large homozygous deletion and a large heterozygous deletion. (B) Her father has a heterozygous deletion of exon 1–14. (C) Her 
mother has a heterozygous deletion of all examined exons of the CLCNKB gene. 
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been a presenting symptom in cases associated with other glo-
merular diseases, such as focal segmental glomerulosclerosis, C1q 
nephropathy or immune complex glomerulopathy.12-15 Our pa-
tient had mild proteinuria for 2 years. The presence of mild to 
moderate mesangial proliferation in the renal biopsy, in addi-
tion to the weak positive immunofluorescence staining for IgA in 
the mesangium pointed to the possibility of mild IgA nephropa-
thy coexistent with BS. Electron microscopy revealed rare small 
paramesangial electron dense deposits.

Renal changes in BS are probably caused by stimulation of the 
renin-angiotensin axis and activation of transforming growth 
factor β (TGF-β).16 Laboratory studies have suggested that ex-
posure of mesangial cells to angiotensin II results in proliferation, 
hypertrophy, and TGF-β production.13 Although patients with 
BS have high angiotensin II level and activation of the renin-an-
giotensin axis, they also demonstrate normo/hypotension, re-
duced peripheral resistance, and hyporesponsiveness to vasopres-
sor agents. Patients with BS and GS, as well as heterozygous 
carriers of both disorders, have lower blood pressure than the 
general population.2 In addition to volume depletion, another 
possible contributor to the lower blood pressure in BS is increased 
renal release of vasodilator prostaglandins E2 (PGE2). The in-
creased renal production of PGE2 results from impaired entry 
of sodium chloride into the macula densa cells at the end of the 
thick ascending limb of the loop of Henle, which increases the 
expression of cyclooxygenase 2.17 Therefore, these patients do 
not develop hypertension or associated complications such as 
cardiovascular remodeling and atherogenesis.18 The cause of re-
nal dysfunction in patients with BS is unclear. 

The histologic and molecular features of BS have been well 
described in the literature,3,5,6 and histologic findings of BS con-
sistently show juxtaglomerular hyperplasia, interstitial fibrosis 
and nephrocalcinosis. Juxtaglomerular hyperplasia is a charac-
teristic finding but is not a necessary finding for diagnosis. Jux-
taglomerular hyperplasia can be associated with a variety of 
causes, such as chronic hypovolemic states with hypokalemia due 
to chronic vomiting or laxative abuse, familial chloride diarrhea, 
or cystinosis.4 The ingestion of diuretics is perhaps the most 
common cause of chronic hypokalemic alkalosis. For an accurate 
diagnosis, other causes must be rule out through careful history 
taking, plasma and urine electrolyte measurement, or various 
diuretic screening methods.19

Accounting for the patient’s clinical, laboratory, and pathologi-
cal findings of BS, in conjunction with the results of genetic anal-
ysis of both the patient and her parents, the patient was diag-
nosed with type III BS. This case shows the importance of renal 

biopsy and molecular analysis in delineating the cause of an atyp-
ical presentation of classic BS in an adult patient.
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