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Uvodnik
Editorial

BARTTER'S AND BARTTER-LIKE SYNDROMES

Introduction

Several major developments in the
understanding of disorders influencing
sodium homeostasis particularly associ-
ated with hypokalaemic alkalosis have
occurred in the recent past and have hel-
ped in our understanding of Bartter's
syndrome and Bartter like syndromes in
childhood.

Bartter's syndrome

Bartter's syndrome comprises
hypokalaemia, hypochloraemia and me-
tabolic alkalosis with increased urinary
Na’, K, and CI losses (1). There is an
increase in plasma renin and aldosterone
levels but blood pressure is normal.
Children with Bartter's syndrome on
clinical grounds are subdivided into the
"classic" and "neonatal" forms. These
conditions are inherited on an autosomal
recessive basis. Gitelman's syndrome
which has similarities with Bartter's
syndrome, is biochemically and gene-
tically distinct and hence is now dif-
ferentiated (2).

Pathogenesis

Bartter's syndrome results from Na"
and CI” wasting in the thick ascending
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limb of the loop of Henle (3). Abnorma-
lities in the frusemide-sensitive Na' /
K/ 2CI" (NKCC2) cotransporter, the
renal outer medullary K™ channel
(ROMK), the chloride channel (CIC-Kb)
involved in CI” reabsorption from tubu-
lar cell into blood and recently barttin
(BSNB) a chloride channel subunit,
have all been reported in patients with a
Bartter's phenotype (Table 1) (4-6).

NKCC2 mutations

Bartter's syndrome can be caused by
mutations of NKCC2 in the thick ascen-
ding limb of the loop of Henle (4). Vari-
ous mutations (frameshift, nonsense, or
missense) of the gene for NKCC2 have
been found in affected patients. These
mutant alleles cause loss of NKCC2
function resulting in salt wasting from
the loop of Henle.

The salt wasting coupled with vo-
lume contraction leads to renin-angio-
tensin-aldosterone system activation and
with increased Na" reabsorption by
ENaC in the distal nephron. This Na
reabsorption in the distal nephron is lin-
ked to both K™ and H" secretion with
resulting hypokalaemic alkalosis. Incre-
ased fluid delivery to the distal nephron
as well as direct loss of K in the loop of
Henle also contributes to hyperkaliuria.

Increased systemic production of
prostaglandin E, (PGE,) which is seen in
these patients is not specific to Bartter's
syndrome as was once thought but
secondary to chronic hypokalaemia,
volume contraction, and elevated levels
of angiotensin 1l. However, elevated
levels of systemic and urinary PGE,
activate the renin-aldosterone axis and

inhibit ROMK activity with disruption
of K recycling and NKCC2 function.
This elevation of prostaglandin coupled
with activation of the kallikrein-kinin
system as well as chronic volume con-
traction together contribute to the lack of
hypertension in spite of the high plasma
renin levels.

In addition there is impairment of
urine concentration and dilution as well
as reduced distal Cl™ reabsorption. Incre-
ased urinary ammonium ion excretion
impairs the decrease in urine pH during
ammonium chloride loading. Reduction
of CI” absorption in the loop of Henle
interferes with the voltage-driven para-
cellular reabsorption of Ca*" and Mg*",
resulting in hypercalciuria and hyper-
magnesuria. There is also a contribution
by prostaglandins to urinary Ca*" and
Mg® losses by increase of bone re-
sorption. The hypercalciuria of Bartter's
syndrome is associated with the develo-
pment of nephrocalcinosis. Enhanced
distal nephron Mg® reabsorption pro-
bably compensates for proximal hyper-
magnesuria, reducing Mg® losses and
preventing significant hypomagnesae-
mia.

ROMK and CIC-Kb mutations

Another group of Bartter's syndrome
patients have mutations in ROMK (5,6).
Loss of ROMK function interferes with
K" recycling and as a result inhibits
NKCC2 function. Mutations that inacti-
vate the gene for CIC-Kb result in CI”
wasting and features of Bartter's syn-
drome.

Most but not all children with "neo-
natal" Bartter's syndrome have mutati-
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Table 1
Single gene defects causing Bartter's and Giteman's syndromes
Tablica 1.
Barterov i Gitemanov sindrom zbog defekta jednog gena
Syndrome Inheri- Gene Gene

yn tence localization produce
Neonatal Bartter's AR 15q Na'/K*/2C1~ co-transporter NKCC2
syndrome
Neonatal Bartter's AR 11q Renal potassium channel ROMK
syndrome
Neonatal Bartter's AR 1 Barttin-Bsubunit for CIC-Kb in

p .
syndrome renal tubule and inner ear
Classic Bartter's AR 1p Renal chloride channel CIC -Kb
syndrome
Gitelman's -
AR 16q Na'/C1™ co-transporter NCCT

syndrome

ons of the genes encoding NKCC2 or
ROMK, whilst those with late-onset or
"classic" type Bartter's syndrome have
abnormalities of the gene for CIC-Kb
(7). However, correlation between geno-
type and phenotype is not perfect and
some patients with Bartter's syndrome
do not show any of the above ab-
normalities and some of these have the
BSND mutation. It is likely that other
unrecognized gene mutations may also
be responsible.

Renal biopsy in '"neonatal" and
"classic" cases shows juxtaglomerular
cell hyperplasia, vacuolar changes in
proximal tubular cells, tubular atrophy
with cystic dilatation, and interstitial
fibrosis as a consequence of chronic
hypokalaemia and hypercalciuria.

Mutations affecting BSND

Recently a fourth variant of Bartter's
syndrome has been described with mu-
tation of BSND encoding for the integral
membrane protein barttin (8). This is an
essential subunit for the chloride channel
CIC-Kb in the loop of Henle but also is
important in K* recycling in the inner
ear. Clinically affected patients have
sensorineural deafness.

Neonatal Bartter's syndrome
clinical features

Clinical features of neonatal Bart-
ter's syndrome include polyhydramnios
(caused by intrauterine polyuria), pre-
mature delivery, postnatal polyuria, vo-

miting, failure to thrive, hypercalciuria
and nephrocalcinosis. Salt craving is so-
metimes present and most affected indi-
viduals have hypokalaemia, metabolic
alkalosis plus hyperreninaemia and hy-
peraldosteronsim. Occasionally aldoste-
rone concentration may be inappropri-
ately low because of the severe hypo-
kalaemia but increases after treatment
with K" supplements has started. Uri-
nary CI” excretion is markedly increased
and prenatal diagnosis of Bartter's syn-
drome may be made by showing high
amniotic fluid levels of CI". Increased
urinary excretion of PGE, is said to be a
characteristic feature of neonatal Bart-
ter's syndrome but may not be present in
all patients especially during early neo-
natal period. The Bartter patients with
the BSND mutation also present in the
neonatal period and congenital deafness
is a feature.

"Classic" Bartter's syndrome
clinical features

In "classic" Bartter's syndrome,
symptoms begin during the first 2-3
years of life. They are generally milder
than in the neonatal form and include
polyuria, polydipsia and vomiting, epi-
sodic dehydration, constipation, and
failure to thrive. Blood pressure is nor-
mal. Subsequently fatigue, recurrent
carpopedal spasms, and developmental
delay may be seen but nephrocalcinosis
is usually absent.

Diagnosis and differential diagnosis

Biochemically the findings in neo-
natal and classic forms of Bartter's
syndrome are similar. The most obvious
laboratory feature is hypokalaemia, with
plasma K' levels of 1.5-2.5 mmol/L.
Increased levels of renin and aldosterone
are characteristic reflecting extracellular
fluid volume depletion. There is increa-
sed fractional excretion of K*, Na', and
Cl'. Hyperuricaemia is reported due to
extracellular fluid depletion and hypo-
magnesaemia is seen in some patients.
Defective urine concentration, dilution,
and acidification are present. The glome-
rular filtration rate is usually normal
initially but may decline with time.

The distinction between Bartter's
syndrome and other conditions associa-
ted with persistent hypokalaemic meta-
bolic alkalosis can be made on blood
pressure and urinary CI™ excretion. The
absence of hypertension distinguishes
Bartter's syndrome from renal artery
stenosis, renin-secreting tumours, and
low-renin  causes of hypertension
(primary hyperaldosteronism, Liddle's
syndrome, apparent mineralocorticoid
excess, glucocorticoid responsive aldo-
steronism as well as salt retaining forms
of congenital adrenal hyperplasia). Chlo-
ride depletion may occur as a result of
laxative abuse, cyclical vomiting, colo-
nic adenoma, and congenital chloridorr-
hoea. Excessive loss of CI in sweat, for
example, in cystic fibrosis, and dietary
CI" deficiency may also lead to C1™ dep-
letion but urinary CI in all these cases is
low at less than 10 mmol/L.

Presence of high urinary CI” (more
than 20mmol/L), with hypokalaemic
metabolic alkalosis suggests Bartter's or
Gitelman's syndrome or diuretic use or
abuse. The essential findings distinguis-
hing Bartter's from Gitelman's syndrome
are the presence of significant hypoma-
gnesaemia, hypermagnesuria, and hypo-
calciuria in the latter. Most patients with
the onset of symptoms in late childhood
or adult life will turn out to have
Gitelman's syndrome. Diuretics, other
than potassium-sparing agents and
carbonic anhydrase inhibitors, can cause
hypokalaemic metabolic alkalosis. The
metabolic disturbances as a result of
administration of loop diuretics, how-
ever, mimics Bartter's syndrome quite
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precisely. Diuretics and their metabolites
should be measured in urine whenever
diuretic consumption is suspected (oc-
casionally as a form of Miinchausen by
proxy syndrome) and testing may be
necessary on several occasions to ex-
clude this with certainty.

Patients with NKCC2 mutations
commonly have more severe clinical and
biochemical abnormalities. The disease
can be initially less severe in patients
with ROMK mutations who might mani-
fest milder salt wasting and sometimes a
biochemical picture akin to pseudohypo-
aldosteronism type 1 (hyponatraemia,
hyperkalaemia, and metabolic acidosis)
with hypokalaemia and metabolic al-
kalosis developing some weeks later.

Erythrocytes from patients with
Bartter's syndrome show increased in-
tracellular Na" associated with a reduced
Na' efflux (9). These abnormalities may
represent a widespread defect in mem-
brane electrolyte transport or be a
secondary phenomenon to longstanding
hypokalaemia. The changes can be re-
versed by treatment with indomethacin
with correction of hypokalaemia. Mea-
surement of erythrocyte intracellular Na*
levels have diagnostic value in Bartter's
syndrome as well as being useful in as-
sessing response to therapy.

Treatment

In the neonatal form of Bartter's
syndrome there are markedly abnormal
fluid and electrolyte changes that need
often aggressive correction. Saline infu-
sions may be needed and potassium
chloride supplementation is always
necessary. Spironolactone or triamterene
can be useful in helping with the correc-
tion of the hypokalaemia. In the past
angiotensin-converting enzyme (ACE)
inhibitors have been used for correction
of hypokalaemia but results were con-
flicting and these are not recommended.
Magnesium deficiency may aggravate
renal K™ wasting and, if present, should
be corrected.

The efficacy of long-term treatment
with prostaglandin synthase inhibitors,
such as indomethacin or ibuprofen, is
well established (10). These drugs have
no direct effect on the inherited renal
tubular abnormalities but act predomi-
nantly by reducing cortical perfusion

and decreasing delivery of Na" and CI°
to the distal nephron. Additionally the
effects of prostaglandins on the renal
tubules are neutralized. Treatment re-
sults in correction of the hypokalaemia
plus reduction of polyuria and poly-
dipsia, restitution of normal growth, and
improved activity. Plasma levels of re-
nin and aldosterone reduce to the normal
range but inspite of these benefits the
plasma potassium levels rarely exceed
3.5 mmol/L.

Prognosis

Untreated, patients may succumb to
dehydration, electrolyte disturbance, or
intercurrent infection. With appropriate
therapy, the majority of children show
clinical improvement with catch-up
growth. Pubertal and mental develop-
ment are usually normal although early
reports did describe developmental
delay. Chronic tubulo-interstitial ne-
phropathy secondary to hypokalemia,
hypercalciuria, and nephrocalcinosis
may lead to progressive reduction in
GFR. The patients with the BSND mu-
tation seem to be especially prone to
develop renal failure. There are occasio-
nal reports of renal transplantation in
patients with end-stage renal disease
(ESRD) following which the biochemi-
cal abnormalities are reported to return
to normal.

Gitelman's syndrome

Gitelman syndrome is an autosomal
recessive condition also characterized by
hypokalaemic metabolic alkalosis asso-
ciated with hypocalciuria and hypoma-
gnesaemia.

Pathogenesis

The similarity between features cau-
sed by thiazide administration and those
of Gitelman's syndrome suggested that
the defect might be situated in the distal
convoluted tubule. It has now been
shown to be due to inactivating mutati-
ons of the gene involved in the thiazide
sensitive apical Na'/Cl  cotransporter
(NCCT) (Table 1). Loss of NCCT fun-
ction causes Na™ and Cl~ wasting from
this segment, leading to hypovolaemia
and secondary activation of the renin-
angiotensin-aldosterone  system. This

results in an increase in collecting tubule
Na' reabsorption but is counterbalanced
by K" and H' excretion resulting in
hypokalaemic alkalosis.

The mechanisms causing the increa-
sed urinary Mg®" and reduced urinary
Ca’" are not clearly understood. It has
been proposed that efflux of intracellular
Cl" through basolateral CIC-Kb might
promote Ca>" reabsorption in the distal
convoluted tubule cells resulting in
hypocalciuria. This nephron segment al-
so reabsorbs about 5% of filtered Mg**
and loss of NCCT function might inhibit
Mg*" absorption by an Na' - dependent
mechanism.

Clinical features and diagnosis

Patients with Gitelman's syndrome
present with hypokalaemia at a later
stage than those with "classic" Bartter's
syndrome and are frequently asym-
ptomatic. They sometimes have features
of muscular weakness and tetany (2, 3).
Polyuria and growth retardation are not
major manifestations but some indivi-
duals are shown to have chondrocal-
cinosis. There is no history of maternal
hydramnios or prematurity. The findings
that allow distinction from Bartter's
syndrome are marked hypomagnesae-
mia, increased urine magnesium losses
and hypocalciuria. Plasma renin and al-
dosterone are increased but not to the
degree seen in Bartter's syndrome. Urine
prostaglandins are not increased.

Treatment

Magnesium supplements, either in
the form of magnesium chloride or mag-
nesium glycerophosphate are recom-
mended, the latter being useful in pati-
ents intolerant of magnesium chloride.
Mg*" supplements correct hypomagne-
saemia and prevent tetany and also
usually correct the hypokalaemia. How-
ever, K" supplements may be required in
some patients. Prostaglandin synthase
inhibitors are usually not thought to be
useful, but some patients do show
improvement of clinical and biochemical
abnormalities following the addition of
indomethacin. The long-term prognosis
for renal function and growth is good
but therapy with Mg®" supplements is
required lifelong.
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Conclusion

As can be seen in the space of the
past 6 years remarkable developments
have occurred in the understanding of
the aetiopathogenesis of Bartter-like
syndromes in childhood. The ability to
elucidate the distinct genetic subgroups
by molecular genetic technology has
revolutionized our view on such conditi-
ons and it is anticipated that even more
precise classifications will be possible in
the future. A number of review articles
concerning this topic exist to which the
reader is referred if more detail is
required (3, 12, 13).
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