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Bartter and Gitelman syndromes are rare, recessively inherited 
tubular disorders which are associated with hypokalemia and 
hypochloremic metabolic alkalosis due to stimulation of the 
renin-angiotensin-aldosterone system by a primary defect in salt 
(NaCl) handling in the thick ascending limb and distal 
convoluted tubule, respectively 

These disorders differ in terms of age of onset, severity, presence  
of urinary concentrating defect and/or hypomagnesemia, and 
magnitude of urinary calcium excretion, reflecting the tubular 
segment of origin







Bartter syndrome (BS) was first described in 1962 by Frederic

Bartter 

Polyuria (which, depending on the subtype, can manifest antenatally with 
polyhydramnios and preterm birth)

Polydipsia

Muscle weakness ,growth retardation

hypokalaemia

hypochloraemic metabolic alkalosis 

Increased urinary excretion of prostaglandins, high plasma renin activity, and 
a resistance to the pressor effects of exogenous

angiotensin II 

Elevated renin and aldosterone levels





Bartter syndrome type 1 (BS1):

Mutations in the gene encoding the luminal NKCC2 transporter

Bartter syndrome type 2 (BS2):

Mutations disrupting the function of the luminal KCNJ1 channel 

BS1 and BS2 are often classified as antenatal BS



Clinical Manifestations
Antenatal Bartter Syndrome

Typical features of aBS type I (NKCC2) and typeII (ROMK) :

Polyhydramnios : within the second trimester of gestation

Premature delivery: (usually around 32 weeks)

Severe polyuria: lifethreatening episodes of dehydration

The polyuria can be massive (>20 mL/kg/h)

Hypercalciuria: leading to nephrocalcinosis within the first months of life

Activation of the RAAS

Magnesium wasting is not common in aBS

Failure to thrive and  growth retardation are invariably observed

Peculiar facies : triangularly shaped face, prominent forehead, large eyes, 
protruding ears, and drooping mouth



Continue

Systemic manifestations : fever of unknown origin, diarrhea, vomiting, and 
generalized convulsions( systemic overproduction of PGE), and recurrent 
urinary tract infection 

Osteopenia:  high urinary excretion of bone resorption markers 

Hypophosphatemia :with decreased tubular phosphate reabsorption  possibly 
related to tubular damage and hypokalemic nephropathy

High Cl and aldosterone concentrations in the amniotic fluid

chronic kidney disease(CKD) : early neonatal events and dehydration 
episodes, hypokalemic nephropathy, nephrocalcinosis, and potential 
nephrotoxicity of nonsteroidal anti inflammatory drugs (NSAID )

transient hyperkalemia: during the first days of life (ROMK  deficient 
patients )





Differential Diagnosis

1- PHA1 is characterized by permanent hyperkalemia with metabolic 
acidosis, whereas type II aBS patients typically have metabolic 
alkalosis, as well as hypercalciuria and nephrocalcinosis

2- Nephrogenic diabetes insipidus :The urinary concentrating defect is 
so severe that it can lead to hypernatremia

3-Medullary nephrocalcinosis, incomplete distal renal tubular 
acidosis: Some patients with aBS may lack metabolic alkalosis during 
the first year of life or even present a transient metabolic acidosis with 
defective urinary acidification



Treatment

Indomethacin starting 4–6 weeks after birth( 0.5 mg/kg/day to 2.5 mg/kg/day)

Reduces polyuria, improves hypokalemia, normalizes plasma renin levels, and reduces 
hypercalciuria 

The ROMK-deficient patients are particularly sensitive to indomethacin, with doses 
well below 1 mg/kg/day sufficient to maintain normal plasma K+ levels 

COX-2 selective inhibitor rofecoxib : significant suppression of PGE2 and correction 
of hyperreninemia

K + supplementation 

K +sparing diuretic

Angiotensin converting enzyme (ACE) inhibitors

Thiazide??







Bartter syndrome type 3 (BS3)

classical BS

Defective function of the basolateral chloride channel CLCNKB   (TAL and 
the DCT)

Affected children are usually born at term

Most patients have episodes of hypokalemic alkalosis and dehydration

Muscular hypotonia and lethargy during the first years of life

Increased urinary excretion of PGE2

Most patient show failure to thrive and growth retardation  due to profound 
growth hormone deficiency

Osteopenia with increased markers of bone resorption

low plasma Cl and severe hypokalemic alkalosis , Increased plasma renin 
levels, with high or inappropriately normal aldosterone Levels



• Iso/hyposthenuria was only evidenced in approximately one-third of patients, 
whereas some achieved urinary osmolality above 700 mOsm/kg

• Only ~20% of patients had sustained hypercalciuria

• Mild hypophosphatemia, which could be related to tubular damage and 
hypokalemic nephropathy

• Half of the patients lacking ClC-Kb have hypomagnesemia

• Kidney failure in BS : salt wasting (including longstanding hypokalemia, 
hypovolemic episodes, or nephrocalcinosis), chronic activation of the RAAS 
with ensuing stimulation of TGF-beta and/or TNF-alpha, and toxicity of NSAID

• kidney cysts :  K + wasting and secondary aldosteronism



Differential Diagnosis

• Use of loop diuretics, laxative abuse

• Chronic vomiting 

• Generalized dysfunction of the proximal tubule (renal Fanconi syndrome), 
for instance, due to cystinosis , or Kearns-Sayre syndrome, a mitochondrial 
cytopathy caused by large deletions in mitochondrial DNA

• Familial kidney dysplasia

• Cystic fibrosis are prone to develop episodes of hyponatremic, 
hypochloremic dehydration with metabolic alkalosis

• Administration of prostaglandins in neonates with a ductus-dependent 
congenital cardiopathy , aminoglycosides or combined chemotherapy

• Partially empty sella detected by MRI





Treatment

✓Potassium supplementation (usually KCl, 1 to 3 mmol/kg/d)

✓Spironolactone (1 to 1.5 mg/kg/d)

✓Indomethacin:  the first 4 years of life at doses ranging from 1 
to 2.5 mg/kg/d

✓Rofecoxib

✓ACE inhibitor

✓Growth hormone deficiency : Recombinant human hormone 
treatment









Age range of patients : 3 months to 6 years and all patients showed 
hypokalemic metabolic alkalosis

3 patients additionally displayed hypercalciuria, with evidence of 
nephrocalcinosis in one case

Screening by Whole Exome Sequencing (WES) and long range PCR revealed 
that 12/17 patients (70%) had a deletion of the entire CLCNKB gene 

4/17 individuals (approximately 25% of cases) : pseudo-Bartter syndrome 
resulting from congenital chloride diarrhea due to a novel homozygous 
mutation in the SLC26A3 gene, Pendred syndrome due to a known 
homozygous mutation in SLC26A4, Cystic Fibrosis (CF) due to a novel 
mutation in CFTR and apparent mineralocorticoid excess syndrome due to a 
novel homozygous loss of function mutation in HSD11B2 gene

1 case (5%) remained unsolved





Bartter syndrome type 4 (BS4a,b)

Bartter syndrome type 4a (BS4a) is caused by disrupting mutations in the gene encoding 

Barttin, a subunit of the basolateral chloride channels CLCNKA and CLCNKB

Type 4b (BS4b) is caused by simultaneous mutations in genes encoding both CLCNKA and 
CLCNKB, giving a phenotype similar to BS4a

✓Polyhydramnios and premature birth (antenatal BS  )

✓Patients can have hypercalciuria and nephrocalcinosis 

✓Moreover  hypomagnesemia

✓Both these subtypes of BS have sensorineural deafness, since both chloride channels and 
their Barttin subunit are expressed in the inner ear 

✓Deafness only occurs if function of both types of chloride channels is impaired



Physical Examination and Clinical Investigation:

A 2.5-year-old girl who complains of FTT and lethargy and vomit ing,

polyuria and dehydrat ion, irr i tabi l i ty referred to nephrology cl inic and

in i t ia l d iagnosis for more evaluat ion and possible treatment done.

LOC: lethargic, hypotonic, not responding to sound/Febri le ×/Toxic ×

Weight: 6.5 Kg<3% L: 79 cm<3%

H&N: bi lateral sensorineural deafness

Chest: normal

Abd: normal



• Lab data:

metabol ic alkalosis (pH7.6)

hypokalemia( 2.9 mEq/ l )

hyponatremia .(123mEq/ l )

serum Mg was normal (2.5)

BUN=49

Creat in ine= 1.2

Ca=9.8

P=4.2

ur inary loss of chlor ine (80 mmol/ l i t )

Hypercalciur ia

serum aldosterone levels were high (1050 ng/ l i t ) normal range 50-800 ,

renin 20(<11.2) ur ine K =52



Bartter syndrome (BS5)

Transient , severe antenatal form of X-linked BS 

Mutations in the gene encoding the protein melanoma-
associated antigen D2 (MAGE-D2)

Severe polyhydramnios causing premature birth

Can be hypercalciuria, hypermagnesuria and nephrocalcinosis

Symptoms resolve after the first weeks of life





Bartter-like subform of familial hypocalcaemia

Autosomal dominant or familial hypocalcaemia can be associated 
with hypokalaemic, hypochloraemic metabolic alkalosis

Before the discovery of MAGED2 mutations,  referred to as Bartter  
syndrome type 5

Nowadays: caused by an activating mutation in the gene encoding the 
basolateral calcium-sensing receptor (CaSR).

Once activated, CaSR reduces the activity of KCNJ1, NKCC2, and 
the Na-K-ATPase, thereby causing a phenotype that can mimic BS



Bartter-like subform of familial hypocalcaemia

Symptomatic during adolescence or in adulthood

In contrast to patients with BS, who in general are normocalcaemic, 
patients with autosomal dominant hypocalcaemia usually present with 
symptomatic hypocalcaemia

Hypercalciuria causing nephrocalcinosis

CaSR activation decreases the activity of the basolateral potassium

channel KCNJ10, which ensures the recycling of potassium over the 
basolateral membrane in order to maintain Na-K-ATPase activity

CaSR activation on the DCT can explain the hypomagnesemia that is 
often seen in patients with familial hypocalcaemia





Gitelman syndrome (GS)

Gitelman syndrome (GS) was first described in 1966 by Hillel Gitelman

Mutations in the gene SLC12A3, encoding NCC and is inherited in an 
autosomal recessive

GS is exclusively a disorder of DCT

Patients typically present in late childhood or adulthood with

Hypokalaemic, hypochloraemic metabolic alkalosis and normal blood

pressure despit hyperaldosteronism

Key features: hypocalciuria with hypermagnesuria

Hypermagnesuria is caused by decreased expression of the luminal 
magnesium channel TRPM6 in cells lining the DCT due to cell dysfunction 
due to the mutations in NCC





Clinical Manifestations

The GS patients are often asymptomatic 

Mild symptoms such as weakness, fatigue, salt craving, thirst, nocturia, constipation, or 
cramps. 

Growth retardation and short stature, reflecting an alteration in the growth hormone-
insulin-like growth factor I axis or pleiotropic effects resulting from magnesium 
depletion

Typical manifestations include muscle weakness, carpopedal spasms, or tetanic episodes 
triggered by hypomagnesemia

Blood pressure is reduced (Some adult patients with GS develop hypertension(40%)

chondrocalcinosis  and sclerochoroidal calcifications : hypomagnesemia may promote 
the formation of calcium pyrophosphate crystals in joints and sclera 

Higher bone mineral density : increased Ca 2+reabsorption and a decreased rate of bone 
Remodeling



• Prolonged QT interval : (~50% of the patient) increased risk for 
ventricular arrhythmias (Potassium and Mg2+ depletion)

• Hypokalemic rhabdomyolysis has been reported 

• The prevalence of thyroid dysfunction was 4.4%

• Increased bacterial and fungal infections, increased prevalence of 
eczema/dermatitis and allergic disease, and the presence of autoimmune 
phenomena in 30% 

• Impairs IL-17 responses, leading to immunodeficiency

• Vertigo  without orthostatic hypertension was described in 22% ,vestibular 
disorder in 8%

• The expression of NCC in the medial part of the endolymphatic sac in the 
inner ear



Criteria for suspecting a diagnosis of GS

Chronic hypokalemia (<3.5 mmol/l) concomitant with inappropriate potassium wasting 
(spot urine, potassium /creatinine ratio >2.0 mmol/mmol [>18 mmol/g])

Metabolic alkalosis

Hypomagnesemia (<0.7 mmol/l [<1.70 mg/dl]); inappropriate magnesium wasting  
(fractional excretion of magnesium >4%)

Hypocalciuria (spot urine, calcium-creatinine ratio <0.2 mmol/mmol [<0.07 mg/mg]) in 
adults ,calcium-creatinine ratio in children should be interpreted according to age  

High renin (activity or plasma levels)

Fractional excretion of chloride >0.5%

Normal or low BP

Normal renal ultrasound with absence of nephrocalcinosis or kidney abnormalities 

The presence of both hypomagnesemia and hypocalciuria is highly predictive for the 
diagnosis of GS









Treatment

✓target for potassium :3.0 mmol/l and magnesium 0.6 mmol/l(1.46 mg/dl)

✓salt consumption (“salt craving”)

✓ Magnesium supplementation(Magnesium chloride, magnesium lactate, 
and magnesium aspartate):300 mg/day (12.24 mmol) of elemental 
magnesium (5 mg/kg in children, i.e.,0.2 mmol/kg)

✓ High doses of oral KCl supplements: (1–2 mmol/kg in children)

✓Eplerenone is a selective aldosterone antagonist, with significantly lower 
affinity for androgen, progesterone, and glucocorticoid receptors

✓Spironolactone

✓ indomethacin , rofecoxib
















