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ABSTRACT

Gitelman syndrome (GS) is a rare renal tubulopathy 
with an autosomal recessive mode of inheritance, caused 
by biallelic pathogenic variants in the SLC12A3 gene. 
The clinical features may overlap with other disorders, 
such as Bartter syndrome type 3, HNF1B nephropathy or 
even mitochondrial disease, but can be distinguished by 
molecular genetic analysis.

Here we report on two preschool brothers, who pre-
sented with a several months’ history of episodes of car-
popedal spasms and muscle aches. 

The biochemical analyses revealed hypokalemia and 
hypomagnesemia without metabolic alkalosis. A 24-h 
urine sample demonstrated hypocalciuria. 

The molecular analyses showed that both patients 
were heterozygous for 3 (likely) pathogenic variants 
in SLC12A3: c.1805_1806del; p. (Tyr602Cysfs*31), 
c.2660+1G>A and c.2944 A>T; p. (Ile982Phe). Analy-
sis of the parents showed that the mother was heterozy-
gous for the c.2944 A>T p.(Ile982Phe) variant, and the 
father carried the other 2 variants (c.1805_1806del and 
c.2660+1G>A).

Herein we present two children in a family from N. 
Macedonia with clinical manifestations and electrolyte im-
balances suggestive of GS. The results of the tubulopathy 
next generation sequencing (NGS) panel confirmed the 
diagnosis. The boys are treated with a high salt diet and 
oral potassium and magnesium supplements. 
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INTRODUCTION

Gitelman syndrome (#MIM 263800, GS) is a rare and 
autosomal recessive renal disorder, characterized by hypo-
kalemic metabolic alkalosis, hypomagnesemia and hypo-
calciuria [1]. It was first described in 1966 by Gitelman, 
Graham and Welt [2], and the underlying gene SLC12A3 
was identified in 1996 [3]. The prevalence has been vari-
ably estimated, but it is typically around 1 in 40,000 among 
Caucasians [4]. Yet, based on the frequency of pathogenic 
variants, the actual prevalence maybe as high as 1:1250, 
suggesting that many patients may go undiagnosed [5]. 

Although presentation in the neonatal period has been 
reported, only a few patients are actually diagnosed be-
cause of symptoms in childhood [6]. Most patients present 
with symptoms in adolescence or adulthood. The spectrum 
of clinical manifestations is wide, from asymptomatic to 
severe forms. Salt craving, episodes of muscle weakness 
or symptoms of neuromuscular irritability, fatigue, exces-
sive thirst, growth delay or delayed puberty and abdominal 
pain have all been reported [7]. There is also variability 
in the biochemical manifestations [8]. Several other dis-
orders, especially Bartter syndrome type 3, have similar 
symptoms [8].

Biallelic disease-causing variants in SLC12A3 have 
been found in the majority of patients with GS. This gene 
is located on the long arm of chromosome 16 (16q13) and 
contains 26 exons [3, 9]. In some patients, only a single 
heterozygous coding variant is identified, but with the 
advent of new sequencing technology, intronic variants on 
the other allele, copy number variants or complex genomic 
rearrangements may be found [10].

SLC12A3 encodes the 1030 amino-acid thiazide-
sensitive sodium chloride cotransporter (NCCT) protein 
(NM_000339.2; OMIM 600968) that mediates apical 
sodium-chloride uptake in the distal convoluted tubule 
(DCT) [11]. 

Here, we report on two preschool boys with clinical 
presentation of Gitelman syndrome, confirmed by mo-
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lecular analysis. They are, to the best of our knowledge, 
the first described and confirmed cases of GS in childhood 
in our country. Yet, given the frequency of the disorder 
around the world, the question arises, whether other cases 
have remained undiagnosed. We therefore present these 
patients to raise awareness of this disorder in the Republic 
of N. Macedonia.

CASE REPORT 

A 7-year-old boy was admitted with episodes of car-
popedal spasms and muscle aches, after vomiting in the 
preceding months. He was born at term, in the 39th ges-
tation week of a normal pregnancy, with a birth weight 
(BW) of 3150gr (-0.58 SDS) and length (BL) 50cm (-0.04 
SDS). His past medical history and family history were 
unremarkable.

The carpopedal spasms and muscle aches later also 
manifested in his younger brother at the age of 7.5 years. 
His birth parameters, BW of 3670gr (0.23 SDS) and BL 
(0.16 SDS) were also within reference range with an oth-
erwise unremarkable past medical history.

The boys’ height (-0.5 SDS in older versus -0.91 
SDS in younger brother) and weight (1.24 SDS versus 
-1.96 SDS) and pubertal stage, A1B1P1, at the onset of 
symptoms, and during the follow-up period, have been 
appropriate for their sex and age.

Our patients never had clinical signs of dehydration. 
The initial and follow-up measured biochemical pa-

rameters revealed electrolyte imbalances shown in Tables 
1a and 1b. 

The serum parameters of hepatic and renal function 
were within reference range, as were those for parathy-
roid and thyroid function. Although hypokalemia and 
hypomagnesemia may contribute to prolongation of the 
Q-T interval [8], the performed electrocardiogram and the 
measured Q-T interval (0.36 sec) were normal, as were 
kidney ultrasound, audiogram and electroencephalogram. 

The molecular analysis was performed after written 
informed consent had been obtained from the parents. A 
next generation sequencing (NGS) panel, as described 
previously [12] was used and revealed in the older brother 
three heterozygous variants in SLC12A3 (NM_000339.3): 
c.1805_1806del, c.2660+1G>A and c.2944 A>T, all con-
firmed by Sanger sequence analysis. The same constella-
tion was found in the younger brother. 

Their mother was found to be heterozygous for the 
c.2944 A>T; p. (Ile982Phe) pathogenic variant and their 
asymptomatic father was heterozygous for the other two 
pathogenic variants SLC12A3 c.1805_1806del; p. (Tyr-
602Cysfs*31) and c.2660+1G>A, thus confirming that 
these two variants are on the same allele. 

The paternal variants are considered pathogenic. 
The c.2660+1G>A variant affects the canonical donor 
splice site of exon 22 and has been recurrently identified 

Table 1: The pertinent biochemical values in blood (1a) and 
urine (1b) are shown bellow. Values are in mmol/l, unless 
otherwise indicated. Age-appropriate reference ranges from our 
hospital are provided in brackets were applicable. 
1a. The initial and current follow-up measured biochemical 
parameters in serum

Patients

At the onset  
of the disease Follow up

Older  
boy

age 7 
years

Younger 
boy

age 7 
years

Older  
boy

age 12 
years

Younger 
boy

age 8 
years

Urea
(2.6-6.4) 2.7 3.5 3.1 3.9

Creatinine
(0-104 mcmol/l) 43 42 42.4 39.1

Total proteins
64-83 g/l 78 80 72 77

Sodium 
(136-145) 140 138 136 139

Potassium 
(3.5-5.1) 2.9 3.2 3.4 3.4

Chloride 
(98-107) 100 99 95 98

Calcium 
(2.1-2.55) 2.57 2.7 2.74 2.53

Phosphorus 
(0.85-2.15) 1.62 1.61 1.62 1.29

Magnesium 
(0.7-1.0) 0.66 0.67 0.68 0.68

pH  
(7.35-7.45) 7.38 7.43 7.41 7.43

Bicarbonate
(23-29) 23.8 24.2 23.3 23.4

Parathormone (PTH) 
9.2-44.6 pg/ml 43.6 28.1 27.5 19.9

1b. The initial and current follow-up measured biochemical 
parameters in urine

Patients

At the onset  
of the disease

Follow  
up

Older  
boy

Younger 
boy

Older  
boy

Younger 
boy

Sodium 171 143 55 191
Potassium 33.5 143.5 62.1 97.7
Chloride 164 187 57 240
Calcium <0.5 <0.5 <0.5 <0.5

Phosphorus 15.34 36.38 6.75 7.61
Magnesium 3.58 4.85 1.89 5.4

Creatinine (mcmol/l) 3802 4288 7412.5 10715.9
Urine Calcium/
Creatinine ratio  
[mg/mg] <0.14

<0.0465 <0.0412 <0.0238 <0.0165
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in Gitelman syndrome [12, 13]. The other variant results 
in a frameshift. Thus, both are null variants (PVS1), that 
are absent in controls (PM2) and in a gene that is highly 
specific for the phenotype (PP3) and are thus annotated 
as pathogenic.

The maternal variant c.2944 A>T; p. (Ile982Phe) is 
absent in controls (PM2) and was found in trans with a 
pathogenic variant (PM3). In silico tools predict that this 
variant is likely damaging (PP3) and as the phenotype is 
highly specific for this gene (PP4), this variant was clas-
sified as likely pathogenic. 

The boys were advised to maintain an increased salt 
intake and were prescribed oral potassium and magnesium 
supplements. The follow up period has been uneventful 
with occasional episodes of paresthesia. 

DISCUSSION

Gitelman syndrome is an inherited renal tubulopathy 
[11, 14] typically diagnosed in adolescence or adulthood. 
There are only a few reports of it being diagnosed before 
the 6th year of age [4, 6, 15, 16, 17].

The non-specificity of the symptoms, and their mild 
presentation are perhaps the reason for the late recogni-
tion of the syndrome. Indeed, many patients may have 
no apparent symptoms and are identified when a blood 
test is obtained for unrelated reasons. Thus, hypokale-
mic metabolic alkalosis with hypomagnesaemia should 
prompt the suspicion of this diagnosis [18, 19, 20, 21, 
22] which should be then confirmed by genetic testing. 
A Gitelman-like phenotype can also be acquired: for in-
stance, chronic diarrhea [23], vomiting, bulimia, anorexia, 
long-term abuse of laxatives or diuretics may mimic the 
symptoms of mild forms of GS.

In 2011 Vargas et al. [24] reported 172 mutations 
in a large cohort of 448 GS patients, of which 59% were 
missense mutations detected by direct sequencing and in 
approximately 6%, large rearrangements were found by 
MLPA analysis. 

Glaudemans et al., 2012 [25], in a cohort of 163 pa-
tients with clinical signs of GS detected 114 mutations 
in the SLC12A3 gene by direct sequencing of which 31 
were novel. 

No specific genotype-phenotype correlations have 
been reported.

In 2018, Ashton et al. [12], identified 269 variants 
in 27 genes in 410 patients by using a specially designed 
kit for targeted amplification of 37 known tubulopathy 
disease genes. The emergence of simultaneous sequencing 
of a panel of multiple genes has become an increasingly 
used method. They genetically confirmed 63 GS patients 
with childhood-onset symptoms by the panel sequencing. 

This comprehensive method distinguished the overlapping 
phenotypes and enabled an accurate diagnosis. A few iso-
lated cases of GS patients have been associated with other 
rare conditions such as nephrotic syndrome, parathyroid 
adenoma or growth hormone deficiency, which presum-
ably just reflects the frequency of the syndrome, as these 
symptoms are likely unrelated [26, 27, 28]. 

The two brothers with GS fulfilled already established 
biochemical diagnostic criteria by the KDIGO consensus 
report [17] and the tubulopathy panel sequencing followed 
by the Sanger sequencing confirmed the diagnosis. The 
treatment with a high salt diet and oral potassium and 
magnesium supplements followed the recommendations 
from the consensus guidelines. It has helped to maintain 
the biochemical parameters almost within reference range 
and reduced the frequency of the symptoms to a minimum. 

Some GS patients with severe symptoms have been 
treated with intravenous potassium and/or magnesium sup-
plements and/or potassium-sparing diuretics, pain medica-
tions, renin angiotensin system blockers and nonsteroidal 
anti-inflammatory drugs [17, 29, 30, 31]. The efficacy of 
these treatments remains to be established.

The frequency and severity of symptoms in patients 
with GS is variable, but the majority of them have a good 
prognosis although, some cases may develop chronic renal 
insufficiency [31] or cardiac arrhythmias [1, 32]. 

CONCLUSIONS

We present the first two siblings, aged 7 years and 
7.5 years at the time of the diagnosis, from N. Macedonia 
with typical clinical features and electrolyte disturbances 
of Gitelman syndrome. The findings of the next genera-
tion sequencing methods were consistent with the clinical 
diagnosis of GS. A treatment with a high salt diet and oral 
potassium and magnesium supplements allows our patients 
a good quality of life and maintains their biochemical 
parameters within the normal range. 
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