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CASE REPORT
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Abstract 

Background: Gitelman Syndrome (GS) is a hereditary tubulopathy associated with a biallelic inactivating mutations 
of the SLC12A3 gene encoding the thiazide‑sensitive sodium‑chloride cotransporter (NCCT). The typical clinical mani‑
festation is a hypokalemic metabolic alkalosis with significant hypomagnesemia, and low urinary calcium excretion. 
Hypocalciuria is widely believed to be a hallmark of GS that distinguishes it from Barter’s syndrome, presenting as 
hypercalciuria. The pathomechanism of hypocalciuria in GS is not fully elucidated. Up to date, a clinical course of GS 
with normocalciuria has been reported only in men, while women have a milder course of the disease with typical 
hypocalciuria, which is believed as the result of sex hormone. Additionally, there is a growing evidence that calcium 
channels of the distal nephron could be regulated by a variety of hormones, including aldosterone (Aldo).

Case presentation: We present the case of a 28‑year‑old Caucasian woman with asymptomatic, chronic hypoka‑
lemia, hypomagnesemia, hypochloremic alkalosis and normal urinary calcium excretion. A high renin levels with nor‑
mal concentration of Aldo in serum have also been found. The values of blood pressure were low. Based on genetic 
studies, two heterozygous mutations in the trans position were confirmed: c.2186G>T (p.Gly729Val) and c.1247G>C 
(p.Cys416Ser) in the SLC12A3 gene, which ultimately confirmed the diagnosis of GS.

Conclusions: We report here the first case of genetically confirmed GS manifested as normocalciuria in a Caucasian 
woman. Thus, our result does not confirm a role of sex hormones on the level of calciuria. Based on the results of nor‑
mal Aldo concentration despite high renin level in our patient, we hypothesized that Aldo may be connecting with 
the level of urinary calcium excretion in patients with the GS.
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Background
Gitelman Syndrome (GS), (OMIM: 263800), also referred 
to as familial hypokalemia-hypomagnesemia, is an 
autosomal recessive congenital tubulopathy, primarily 
characterized by hypokalemic metabolic alkalosis with 
significant hypomagnesemia and low urinary calcium 
excretion described by Hillel Gitelman in 1966 [1]. Most 

cases of GS are associated with a biallelic inactivating 
mutations of the SLC12A3 gene, located on chromosome 
16, which encodes thiazide-sensitive sodium chloride 
cotransporter (NCCT), located in the apical membrane 
of the distal convoluted tubule (DCT) [2, 3]. To date, 
about 250 pathogenic variants have been identified in 
this gene [4]. The disorder occurs in approximately 1–10 
per 40,000 Caucasian patients (heterozygotes 1:100) [4]. 
Thus, GS is one of the most common genetically deter-
mined tubulopathies [2, 3].

According to the consensus developed by KDIGO 
experts [2], clinical criteria indicating GS diagno-
sis are chronic hypokalemia below 3.5 mmol/L with 
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inadequately elevated a spot urine potassium to cre-
atinine ratio (uK/Cr) above 2.0 mmol/mmol, meta-
bolic alkalosis, hypomagnesemia below 0.7 mmol/L and 
elevated fractional urinary magnesium excretion > 4%, 
decreased a spot urine calcium to creatinine ratio (uCa/
Cr) below 0.2 mmol/mmol (< 0.07 mg/mg) in adults and 
fractional chloride excretion above 0.5%. Moreover, the 
occurrence of elevated serum renin levels and low or 
normal blood pressure values are typical. As part of the 
differential diagnosis, it is also recommended perform-
ing an ultrasound examination of the kidneys in order 
to exclude nephrocalcinosis, nephrolithiasis, malforma-
tion of the urinary tract and kidney cysts. On the other 
hand, clinical features against the diagnosis of GS are the 
use of thiazides or laxatives, evidence of normokalemia, 
absence of metabolic alkalosis, low renin levels, uK/Cr 
ratio below 2.0 mmol/mmol (< 18 mmol/g), high ratio of 
uCa/Cr above 0.57 mmol/mmol, hypertension, edema, 
abnormalities in kidney ultrasound, maternal polyhy-
dramnios, occurrence of symptoms before the age of 3.

In clinical practice, GS most often requires differen-
tiation with classical Bartter syndrome (BS). The con-
stellations of the metabolic disturbances found in these 
tubulopathies are similar to the side effects of diuretics. 
Regarding GS, it corresponds to the disorders found in 
patients using thiazide diuretics, while in BS, the symp-
toms are similar to the use of loop diuretics [5]. In both 
syndromes, patients present similar metabolic disorders 
such as hypokalemia, hypomagnesemia and metabolic 
alkalosis. In typical cases, they are distinguished by the 
presence of hypercalciuria in BS and hypocalciuria in GS 
[2, 6]. Clinical manifestations of GS are associated with 
high phenotypic variability. Even concerning an identi-
cal NCCT mutations, clinical features of typical GS (with 
hypocalciuria) were present in women whereas features 
of typical BS were present in men (without hypocalciu-
ria). Authors have suspected that differences in sex may 
explain this phenotype variability [7].

We present, a case of Caucasian woman with geneti-
cally confirmed GS and atypical clinical manifestation 
with normocalciuria.

Case presentation
A 28-year-old Caucasian woman was admitted to the 
Department of Nephrology, Hypertension, and Inter-
nal Medicine for the diagnosis of accidentally detected, 
for the first time in her life, asymptomatic hypokalemia 
with a potassium concentration of 2.4 mmol/L. In the 
medical history so far, the patient denied the presence 
of chronic diseases. Five years prior, she had given birth 
to a healthy child. The laboratory tests performed at that 
time had not assessed the concentration of electrolytes in 
the serum. The patient’s family history was not burdened 

with kidney and genetic diseases. During hospitalization, 
the patient did not report any symptoms, and denied 
using laxatives and diuretics. She had an increased appe-
tite for salted products as well as vegetables and fruits. 
Physical examination revealed overweight with a BMI 
of 28 kg/m2, without signs of cushingoid body structure 
and stretch marks. Blood pressure (BP) values were low 
as 90/60 mmHg. A differential diagnosis of hypokalemia 
was performed according to the algorithm presented on 
Fig. 1.

A computed tomography (CT) revealed normal 
anatomy of adrenal glands. The length of kidneys were 
127 mm of right and 103 mm of left. A complete dupli-
cation of the renal pelvis was detected. Based on the 
angio-CT examination, the anatomical variant of the 
right kidney vascularization by 4 renal arteries was dem-
onstrated, one of which originated from the right com-
mon iliac artery, and the others from the aorta. The left 
kidney had a single renal artery. There was no evidence 
of hemodynamically significant stenosis or fibromuscular 
angiodysplasia.

The results of laboratory test regarding urinalysis and 
blood serum  are presented in the following Tables  1, 2 
and 3.

Additionally, an increased concentration of renin has 
been found with the simultaneous normal Aldo con-
centration and normal ratio of Aldo to direct renin 
concentration (ADRR). On this basis, primary hyperal-
dosteronism was excluded. A normal circadian rhythm 
of ACTH and cortisol secretion was also demonstrated, 
as well as the correct concentration of TSH and free thy-
roid hormones. Immunological studies did not reveal the 
presence of antinuclear antibodies (ANA) or anti-neutro-
phil cytoplasm antibodies (ANCA).

A suspicion of tubulopathy was done based on the 
results of laboratory and imaging tests as well as a clini-
cal manifestation. On the basis of gene sequencing 
using the Sanger method, the mutation c.2186G > T(p.
Gly729Val) in one allele of the SLC12A3 gene and the 
coexisting mutation c.1247G > C (p.Cys416Ser) (refer-
ence sequences: NM_000339.2 and NP_000330.2) were 
confirmed (Fig. 2). Both mutations are registered in the 
ClinVar database as pathogenic variants for Gitelman 
syndrome (ID: 992415 and 994,770 respectively). Unfor-
tunately, due to the lack of consent of the patient’s parents 
to conduct genetic tests, it was not possible to determine 
the exact mechanism of inheriting the mutation.

Analysis was performed with Mutation Surveyor soft-
ware. The mutants are marked with arrows.

The patient was recommended an oral supplementa-
tion of potassium chloride (6 tablets of 600 mg every 
4 h) and magnesium chloride (2 tablets of 100 mg every 
8 h) as well as a potassium-rich diet. Treatment with 
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mineralocorticoid receptor antagonists (MCRA) or thi-
azide diuretics were not introduced into therapy due to 
the planned pregnancy.

Discussion and conclusions
The differential diagnosis of hypokalemia with hyperka-
liuria should include the blood gas analysis and blood 
pressure measurement, according to the algorithm pre-
sented in Fig. 1. The late age of symptoms onset and low 
blood pressure values, despite the elevated concentra-
tion of renin in the serum, as well as characteristic devia-
tions in electrolyte and acid-base in our patient suggested 
the diagnosis of GS. Although, doubts were raised by 
the level of urinary calcium excretion, which was in the 
normal reference range (from 2.52 to 4.32 mmol/day). 
According to KDIGO, the assessment of electrolyte 
excretion in spot urine as a ratio to creatinine is recom-
mended. The threshold for diagnosis of hypocalciuria in 
adults according to this criterion was defined as the uCa/
Cr ratio < 0.2 mmol/mmol (< 0.07 mg/mg) [2]. In the ana-
lyzed case, the uCa/Cr ratio was 0.39 mmol/mmol, and it 
was either in the normal laboratory range. What’s more, 
the authors of the KDIGO consensus has concluded 
that the levels of calciuria in GS may be variable, and 
hypomagnesemia does not always occur, therefore only 
a confirmation of hypercalciuria can exclude the GS [2]. 

Since, urinary calcium excretion may not always be a reli-
able test in the differential diagnosis to distinguish GS 
patients from BS patients, the genetic testing remains the 
decisive tool in the diagnosis [3].

The medical literature describing the GS cases without 
hypocalciuria are sparse. The retrospective study con-
ducted on the group of 117 GS patients with confirmed 
SLC12A3 mutations has not shown a hypocalciuria (uCa/
Cr < 0.04 mg/mg) and hypomagnesemia (< 1.7 mg/dL) in 
as much as 6 and 8% of patients, respectively [8]. There 
are also a two case reports available on this topic. The 
first one describes a female with genetically confirmed 
GS presenting with pseudo-normal uCa excretion due to 
coexisting primary hyperparathyroidism (PHP). Surgical 
removal of the parathyroid gland adenoma has resulted 
in developing of typical hypocalciuria [9]. We excluded 
PHP in our patient, on the base of normal levels of serum 
PTH, calcium and phosphate. Furthermore, the results 
of serum levels of vitamin D and alkaline phosphatase 
were normal (Table  1). The second report of GS with 
normocalciuria concerns two unrelated Chinese fami-
lies with molecularly proven GS, in which male patients 
had severe hypokalemia with episodes of paralysis from 
childhood, impaired maximal urine concentrating ability, 
normal serum Mg and normal uCa excretion (laboratory 
findings typical of BS) [7]. In opposite, female patients 

Fig. 1 Algorithm for differential diagnosis of hypokalemia



Page 4 of 8Flisiński et al. BMC Nephrology          (2022) 23:170 

were asymptomatic. They had milder hypokalemia, the 
intact urine concentration ability, hypomagnesemia and 
hypocalciuria (laboratory findings typical of GS). Never-
theless, all patients had the same novel pair of SLC12A3 
mutations – an adenosine to cytosine single base substi-
tution at nucleotide 2135 (C2135A, TCG to TAG) on 1 
allele and 2 base pair deletions at nucleotide 2881–2 (del 
AG) on the second allele were found in exon 17 and exon 
24, respectively [7]. In our report, the course of GS was 
mild and oligosymptomatic, and there was no hypoc-
alciuria. A genetic study confirmed the presence of two 
missense mutations in the SLC12A3 gene: c.2186G > T 
(p.Gly729Val) and c.1247G > C (p.Cys416Ser). Interest-
ingly, in a different report presenting a 6-year-old boy of 
Polish origin with GS secondary to an identical SLC12A3 
mutations c.2186G > T (p.Gly729Val) and c.1247G > C 
(p.Cys416Ser) the presence of hypocalciuria has been 

indicated [10]. Thus, these results do not prove the role 
of specific mutations nor sex hormones as a contributory 
factors for hypocalciuria in GS. Although, the sex hor-
mone may have an impact on the severity of disease and 
the age of symptom onset.

The renal excretion of Ca is precisely regulated in the 
DCT and CNT, which actively reabsorb about 10% of the 
filtered Ca load under normal conditions. In these seg-
ments, Ca reabsorption is mediated by transient receptor 
potential vanilloid 5 (TRPV5) and 6 (TRPV6) channels 
localized on luminal membrane [11]. The pathomech-
anism of hypocalciuria in GS is not fully elucidated 
yet, but it can be connected with the primary defect of 
NCCT as this disorder is observed after administration 
of thiazide diuretics which inhibit the NCCT and in the 
model of NCCT deficient mice [12]. The NCCT defect 
is believed to be responsible for the decreased reab-
sorption of NaCl. The increased NaCl load that reaches 
further part of the DCT and the collecting duct (CD) is 
responsible for the excessive loss of water. Secondary 
hypovolemia stimulates increased renin secretion from 
the juxtaglomerular apparatus and leads to the activation 
of the renin-angiotensin-aldosterone system (RAA). Aldo 
by stimulating epithelial Na channels (ENaC) in the api-
cal plasma membrane of the DCT and the CD leads to 
increased reabsorption of Na ions, which is counterbal-
anced by the simultaneous excretion of K ions into the 
urine through ROMK (renal outer-medullary potassium) 
channels. Na reabsorption also produces an electrochem-
ical gradient that facilitates the excretion of hydrogen (H) 
ions by the alpha intercalated cells in the DCT and the 
CT, leading to the development of metabolic alkalosis 

Table 1 The results of biochemical tests of serum and blood gas 
analysis at the baseline

Laboratory parameter Patient results Normal range

Biochemical tests of blood serum
 Sodium [mmol/L] 136.6 136–145

 Potassium [mmol/L] 2.4 3.5–5.0

 Chloride [mmol/L] 96.6 98–110

 Calcium [mmol/L] 2.51 2.1–2.55

 Magnesium [mmol/L] 0.55 0.85–1.15

 Phosphate [mmol/L] 1.21 0.74–1.52

 Serum osmolality [mOsmol/kg  H2O] 294 285–295

 Creatinine concentration [mg/dL] 0.76 0.60–1.10

 Glomerular filtration (GFR) accord‑
ing to MDRD [mL/min/1.73m2]

96.5 ≥90

 Renin in supine position [μU/mL] 80.7 4.2–59.7

 Renin in upright position [μU/mL] 308.6 5.3–99.1

 Aldosterone in supine position [ng/
dL]

13.6 3.7–31.0

 Aldosterone in upright position 
[ng/dL]

35.7 3.7–43.2

   PTH [pg/mL] 26.2 18,5‑88,0

 25‑hydroxyvitamin D3 [ng/mL] 51.6 30–100

 Alkaline phosphatase [U/L] 85 46–116

 Glucose [mg/dL] 86 70–99

 HbA1c [%] 5.6 <  5,7%

 Albumin [g/dL] 4.3 3.5–5.0

 Uric acid [mg/dL] 4.8 2.6–6.0

 AST [U/l] 21 < 34

 ALT [U/l] 34 < 36

Venous blood gas analysis
 pH 7.374 7.35—7.45

  HCO3 concentration [mmol/L] 33 21—27

 BE [mmol/L] 5.9 −2.3 — + 2.3

 pCO2 [mmHg] 57.8 32—45

Table 2 The results of 24‑h urine collection at the baseline

Laboratory parameter Patient result Normal range

Creatinine excretion [mmol/
day]

10.79 6.54–13.88

Sodium excretion [mmol/day] 262.7 40–220

Potassium excretion [mmol/
day]

506.2 25–125

Magnesium excretion [mmol/
day]

11.7 3.0–5.0

Calcium excretion [mmol/day] 4.32 2.50–8.00

Chloride excretion [mmol/day] 0.45 0.11–0.25

Potassium fractional excretion 
[%]

79.6 < 6.5% (if hypokalemia)

Sodium fractional excretion [%] 1.2 0–1

Magnesium fractional excretion 
[%]

12.1 2–4

Calcium fractional excretion [%] 0.12 0.01–0.25

Chloride fractional excretion 
[%]

3.4 <  0.5
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[13]. Aldo also increases the magnitude of the lumen 
negative transepithelial voltage and decline the intracel-
lular Cl concentrations, which hyperpolarizes the plasma 
membrane of DCT cells [14].

Hyperpolarization of the luminal membrane of the 
DCT cells stimulate the entry of Ca into the cell through 
TRPV5 and TRPV6 channels [15]. In turn, increased 
activity of the type 1 Na/Ca exchangers (NCX1) and an 
ATP-dependent Ca pumps (PMCA1b) in the basolateral 

membrane are responsible for the transport into the 
blood compartment of 70 and 30% of Ca, respectively 
[16]. Additionally, a lumen-negative transepithelial volt-
age favors Mg secretion [14].

Aldo physiologically increases the expression of the 
ENaC channels in the apical plasma membrane and the 
activity of NCCT in the DCT [17]. The elevated Aldo 
levels also play a role in the adaptive changes seen in 
the distal nephron of NCCT – deficient (NCC −/−) 

Fig. 2 Identification of the SLC12A3 mutations using Sanger sequencing. *Missense mutation c.1247G > C leads to p.Cys416Ser (A), mutation 
c.2186G > T leads to p.Gly729Val (B). The reference sequences were: NM_000339.2 and NP_000330.2
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animals. The ultrastructural analysis performed in 
NCC −/− mice (an animal model of GS) shows that 
the early segment of DCT (DCT1), which physiologi-
cally lacks epithelial ENaC and TRPV5 channels, is 
almost absent. While the late segment of DCT (DCT2) 
seems intact and shows a weak expression of ENaC 
and a high expression of TRPV5. In contrast, the con-
necting tubule (CNT) has exhibited a marked epithe-
lial hypertrophy accompanied by an increased apical 
abundance of ENaC. Thus, increased Na reabsorption 
through ENaC in the CNT of NCC −/− mice may be 
an adaptation mechanism stimulated by the elevated 
plasma Aldo levels [18]. There is a growing evidence 
that Aldo despite Na also enhances Ca reabsorption by 
the distal nephron [19]. An experimental study shows 
that the incubation of rabbit distal tubules with Aldo 
enhances transport of both Na and Ca by the luminal 
membranes. Aldo increases the number of Ca channels 
in the plasma membranes without influencing their 
affinity for Ca. What’s more, the effect of Aldo on Ca 
transport has been inhibited by addition of NaCl in 
concentration of 100 mmol/L into the kidney tubules 
[20]. Similarly to Aldo, the most of the other Ca regu-
lating hormones, such as PTH, calcitonin or Ang II act 

both on the Na and Ca cation transports in the distal 
nephron but in opposite directions [20].

Additionally, it has been shown in GS patient that uCa 
excretion increased from 0.2 to 3.4 mmol/day during a 
high-sodium diet (250 mmol/day) period, while at the 
same time uNa excretion increased from 12 to 239 mmol/
day, respectively [21].

In the presented case, the highest values of the uCa/Cr 
ratio corresponded to the highest concentration of Na in 
a spot urine. Moreover, there was an inverse relationship 
between the level of Na and Ca in the urine and the con-
centration of Aldo in the serum (Table 3).

According to the other hypothesis, hypocalciuria in 
GS ca be the result of mild contraction of the extracellu-
lar fluid volume and subsequent increased Ca reabsorp-
tion in the proximal tubule [22]. Dietary Na restriction 
has been reported to aggravate the volume depletion 
and to augment the hypocalciuria in NCC-deficient mice 
[12]. Although, a study conducted in patients with GS, 
who received an infusion of isotonic saline, has not con-
firmed that hypovolemia is the main factor responsible 
for hypocalciuria [23]. On the other hand, hypovolemia 
and salt wasting in GS are responsible for stimulation of 
increased levels of serum renin and Aldo.

Table 3 The results of biochemical tests of spot urine and serum at the baseline and the control visit

Laboratory parameter Patient result at the baseline Patient result at the control Normal range

Biochemical tests of spot urine
 pH 8 7.5 5.0–6.9

 Urine‑specific gravity 1.008 1.016 > 1.023

 Protein negative negative negative

 Albumin to creatinine ratio (ACR) [mg/mmol] 0.752 Not done < 3

 Protein to creatinine ratio (PCR) [mg/mmol] 14.2 21.3 < 15

 Glucose [mg/dL] absent absent (−)

 Urine osmolality [mOsmol/kg  H2O] 454 Not done 50–1400

 Sodium concentration [mmol/L] 65 41.5 25–150

 Potassium concentration [mmol/L] 121.8 Not done 25–100

 Chloride concentration [mmol/L] 165 306 20–40

 Magnesium concentration [mmol/L] 3.29 6.30 0.4–6.67

 Calcium to creatinine ratio (Ca/Cr) [mmol/mmol] 0.39 0.24 0.20–0.57

Biochemical tests of blood serum
 Aldosterone in supine position 35.7 52.0 3.7–43.2

 Creatinine concentration [mg/dL] 0.67 0.57 0.60–1.10

 Glomerular filtration rate (GFR) according to CKD‑EPI [mL/
min/1.73m2]

120 124 ≥90

 Sodium [mmol/L] 139.2 140.9 136–145

 Potassium [mmol/L] 3.9 3.9 3.5–5.0

 Chloride [mmol/L] 98.8 104.9 98–110

 Calcium [mmol/L] 2.42 2.42 2.1–2.55

 Magnesium [mmol/L] 0.53 0.62 0.85–1.15
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Surprisingly, the results of our patient’s confirmed 
a normal Aldo concentration despite significantly 
increased level of renin. At the same time, the correct 
responses of renin and Aldo were demonstrated in 
functional tests (Table 1). It has been proven that serum 
Aldo may not be as high as expected for the degree of 
hyperreninemia in BS and GS due to a low total body 
potassium content [21]. Additionally, an impairment of 
chymase-dependent conversion of angiotensin (Ang) I 
to Ang II has been responsible for normal levels of Ang 
II and Aldo despite a few times greater than normal 
concentrations of renin and Ang I in GS patient [19]. 
Moreover, the study which analyzed the effect of diet on 
RAA axis in GS patient has shown that concentration 
of Aldo and plasma renin activity (PRA) increases dur-
ing the low-sodium and high-potassium diets. While 
a high-sodium diet does not inhibit PRA, it decreases 
Aldo level. There have also been normal responses to 
posture with elevation in PRA and Aldo on ambulation 
compared to recumbent values [21].

In conclusion, we believe that in the presented case 
of a patient with Gitelman’s syndrome, normocalciuria 
could depend on the hydration status, dietary sodium 
content, as well as a low aldosterone levels (Table  3). 
Finally, we cannot exclude that structural damage to 
DCT secondary to prolonged hypokalemia in GS also 
contributed to calcium leakage. Further, studies in 
larger groups of patients with GS are necessary to con-
firm this observation.

Abbreviations
ADRR: A ratio of aldosterone to direct renin concentration; Aldo: Aldosterone; 
ANA: Antinuclear antibodies; ANCA: Anti‑neutrophil cytoplasm antibodies; 
BS: Barter syndrome; CLC‑KB: Kidney‑specific basolateral chloride channel; 
CT: A computed tomography; dRTA : Distal tubular renal acidosis.; ENaC: 
Epithelial sodium channel; GS: Gitelman syndrome; NaCl: Sodium chloride; 
NCCT : Thiazide‑sensitive sodium chloride cotransporter; NCX1: Type 1 of Na/
Ca exchanger; MCRA : Mineralocorticoid receptor antagonists; PHP: Primary 
hyperparathyroidism; PMCA: Plasma membrane calcium ATPase; pRTA : Proxi‑
mal renal tubular acidosis; ROMK: Renal outer‑medullary potassium channels; 
TRPM6: The transient receptor potential cation channel subfamily M member 
6; TRPV5: The apical transient receptor potential vanilloid 5 calcium channel; 
TRPV6: Transient receptor potential vanilloid subfamily member 6; uCa: Urinary 
calcium excretion; uCa/Cr: A spot urine calcium to creatinine ratio; uCl: Urinary 
chloride excretion; uK/Cr: A spot urine potassium to creatinine ratio; uNa: 
Urinary sodium excretion.

Acknowledgements
Not applicable.

Authors’ contributions
MF analyzed the patient data and drafted the final manuscript. ES and BM and 
NB‑H acquired the patient data and prepared a draft version of the article. AS‑T 
prepared and analyzed the results of genetic study. OH and JM substantively 
revised the manuscript. All authors read and approved the final manuscript.

Funding
This research was funded by grant from Nicolaus Copernicus University in 
Toruń, Poland.

Availability of data and materials
The authors declare that [the/all other] data supporting the findings of this 
study are available within the article [and its supplementary information files].

Declarations

Ethics approval and consent to participate
This study was approved by the Bioethics Committee of the Nicolaus 
Copernicus University functioning at Collegium Medicum in Bydgoszcz (No. 
KB68/2021).

Consent for publication
Patient has given the written consent for publication of this case report.

Competing interests
The authors declare no conflict of interests.

Author details
1 Department of Nephrology, Hypertension and Internal Medicine, Col‑
legium Medicum in Bydgoszcz, Nicolaus Copernicus University in Toruń, ul. 
Curie‑Skłodowskiej 9, 85‑094 Bydgoszcz, Poland. 2 Student’s Scientific Associa‑
tion of Department of Nephrology, Hypertension and Internal Medicine, 
Collegium Medicum in Bydgoszcz, Nicolaus Copernicus University in Toruń, 
ul. Curie‑Skłodowskiej 9, 85‑094 Bydgoszcz, Poland. 3 Medgen ‑ MedGen 
Diagnostic Laboratory, MedGen Medical Center, ul. Wiktorii Wiedeńskiej 9a, 
02‑954 Warsaw, Poland. 4 Department of Clinical Genetics, Collegium Medicum 
in Bydgoszcz, Nicolaus Copernicus University in Toruń, ul. Curie‑Skłodowskiej 
9, 85‑094 Bydgoszcz, Poland. 

Received: 12 January 2022   Accepted: 8 April 2022

References
 1. Gitelman HJ, Graham JB, Welt LG. A new familial disorder character‑

ized by hypokalemia and hypomagnesemia. Trans Assoc Am Phys. 
1966;79:221–35.

 2. Blanchard A, Bockenhauer D, Bolignano D, Calò LA, Cosyns E, Devuyst 
O, et al. Gitelman syndrome: consensus and guidance from a kidney 
disease: improving global outcomes (KDIGO) controversies conference. 
Kidney Int. 2017;91:24–33.

 3. Vargas‑Poussou R, Dahan K, Kahila D, Venisse A, Riveira‑Munoz E, Debaix 
H, et al. Spectrum of mutations in Gitelman syndrome. J Am Soc Nephrol. 
2011;22:693–703.

 4. Glaudemans B, Yntema HG, San‑Cristobal P, Schoots J, Pfundt R, Kamsteeg 
E‑J, et al. Novel NCC mutants and functional analysis in a new cohort of 
patients with Gitelman syndrome. Eur J Hum Genet. 2012;20:263–70.

 5. Kardalas E, Paschou SA, Anagnostis P, Muscogiuri G, Siasos G, Vryonidou 
A. Hypokalemia: a clinical update. Endocr Connect. 2018;7:R135–46.

 6. T da S C, Heilberg IP. Bartter syndrome: causes, diagnosis, and treatment. 
Int J Nephrol Renovasc Dis. 2018;11:291–301.

 7. Lin S‑H, Cheng N‑L, Hsu Y‑J, Halperin ML. Intrafamilial phenotype vari‑
ability in patients with Gitelman syndrome having the same mutations in 
their thiazide‑sensitive sodium/chloride cotransporter. Am J Kidney Dis. 
2004;43:304–12.

 8. Tseng M‑H, Yang S‑S, Hsu Y‑J, Fang Y‑W, Wu C‑J, Tsai J‑D, et al. Geno‑
type, phenotype, and follow‑up in Taiwanese patients with salt‑losing 
Tubulopathy associated with SLC12A3 mutation. J Clin Endocrinol Metab. 
2012;97:E1478–82.

 9. Rego T, Fonseca F, Cerqueira R, Agapito A. Gitelman syndrome and 
primary hyperparathyroidism: a rare association. BMJ Case Rep. 
2018;2018:bcr‑2017‑223663.

 10. Prościak K, Storek M, Zwolińska D, Kiliś‑Pstrusińska K. Zespół Gitelmana o 
wczesnym początku – opis przypadku i nowości literaturowe. Ann Acad 
Med Siles. 2017;71:99–103.

 11. van de Graaf SFJ, Bindels RJM, Hoenderop JGJ. Physiology of epi‑
thelial Ca2+ and Mg2+ transport. Rev Physiol Biochem Pharmacol. 
2007;158:77–160.



Page 8 of 8Flisiński et al. BMC Nephrology          (2022) 23:170 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 12. Schultheis PJ, Lorenz JN, Meneton P, Nieman ML, Riddle TM, Flagella M, 
et al. Phenotype resembling Gitelman’s syndrome in mice lacking the api‑
cal Na+−cl‑ cotransporter of the distal convoluted tubule. J Biol Chem. 
1998;273:29150–5.

 13. Fremont OT, Chan JCM. Understanding Bartter syndrome and Gitelman 
syndrome. World J Pediatr. 2012;8:25–30.

 14. Ellison DH. Divalent cation transport by the distal nephron: insights 
from Bartter’s and Gitelman’s syndromes. Am J Physiol Renal Physiol. 
2000;279:F616–25.

 15. Gesek FA, Friedman PA. Mechanism of calcium transport stimulated by 
chlorothiazide in mouse distal convoluted tubule cells. J Clin Invest. 
1992;90:429–38.

 16. Gjata M, Tase M, Gjata A, Gjergji Z. Gitelman’s syndrome (familial 
hypokalemia‑hypomagnesemia). Hippokratia. 2007;11:150–3.

 17. Alvarez de la Rosa D, Li H, Canessa CM. Effects of aldosterone on biosyn‑
thesis, traffic, and functional expression of epithelial sodium channels in 
A6 cells. J Gen Physiol. 2002;119:427–42.

 18. Loffing J, Vallon V, Loffing‑Cueni D, Aregger F, Richter K, Pietri L, et al. 
Altered renal distal tubule structure and renal Na(+) and Ca (2+) 
handling in a mouse model for Gitelman’s syndrome. J Am Soc Nephrol. 
2004;15:2276–88.

 19. Eto K, Onaka U, Tsuchihashi T, Hirano T, Nakayama M, Masutani K, et al. A 
case of Gitelman’s syndrome with decreased angiotensin II‑forming activ‑
ity. Hypertens Res. 2006;29:545–9.

 20. Leclerc M, Brunette MG, Couchourel D. Aldosterone enhances renal cal‑
cium reabsorption by two types of channels. Kidney Int. 2004;66:242–50.

 21. Gibbs CJ, Millar JG. Renin‑angiotensin‑aldosterone and kallikrein investi‑
gations in a patient with resistant hypomagnesaemia due to Gitelman’s 
syndrome. Ann Clin Biochem. 1995;32(Pt 4):426–30.

 22. Costanzo LS, Weiner IM. On the hypocalciuric action of chlorothiazide. J 
Clin Invest. 1974;54:628–37.

 23. Cheng C‑J, Shiang J‑C, Hsu Y‑J, Yang S‑S, Lin S‑H. Hypocalciuria in 
patients with Gitelman syndrome: role of blood volume. Am J Kidney Dis. 
2007;49:693–700.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Gitelman syndrome with normocalciuria – a case report
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Discussion and conclusions
	Acknowledgements
	References


