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Gitelman Syndrome: An Important Cause of Severe
Hypokalemia and Periodic Paralysis

Friska Sinaga?, Ridho M. Naibaho?, Wilfried Herdin Sibuea?® ®

Abstract

Gitelman syndrome is a relatively rare renal tubular disorder. Though
it has been reported as a recessively inherited disorder, sporadic
cases have also been reported. Traditionally, Gitelman syndrome is
considered as benign or mild tubulopathy. We present the case of an
18-year-old male patient with severe hypokalemia and periodic pa-
ralysis. Subsequent laboratory investigation revealed renal wasting
hypokalemia, metabolic alkalosis, secondary hyperaldosteronism,
hypomagnesemia and hypocalciuria, indicating that the patient might
have had a renal tubular disorder. The confirmation of Gitelman syn-
drome was determined by evaluating tubular function using thiazide
and furosemide challenge test. Genetic study was bypassed due to our
technical unavaibility. Treament included magnesium aspartate/po-
tassium aspartate, potassium chloride tablets and potassium-sparing
diuretic. We are presenting our case seeing that Gitelman syndrome is
not a syndrome to be overlooked as it bears a risk of severe complica-
tions. Gitelman syndrome may present in adulthood and should be
borne in mind in the diagnosis of hypokalemia.

Keywords: Gitelman syndrome; Renal tubular disorder; Hypoka-
lemia; Periodic paralysis

Introduction

Gitelman et al [1] in 1966 described a different myriad of pa-
tients with renal tubulopathy. Hypokalemia, hypomagnesemia
due to renal defective mechanism to conserve potassium and
magnesium ions, metabolic alkalosis and hypocalciuria are the
hallmark features of the reported cases. All share the similar
characteristics with Bartter syndrome, but the hypomagnesemia
and normocalcemic-hypocalciuria are the typical that distin-
guish Gitelman syndrome from the “classical”” Bartter syndrome
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[1-3]. Gitelman syndrome, which is attributed to defects of the
transportation system in the distal convoluted tubule (DCT), is
recognized linked to the gene encoding the thiazide-sensitive
Na-Cl cotransporter (NCCT) located on chromosome 16q. Bar-
tter syndrome, on the other hand, is caused by mutations in the
transporters in the thick ascending of loop of Henle [4]. Sodium
chloride wasting and subsequent activation of renin-angioten-
sin-aldosterone system (RAAS) explain the clinical phenotype
of this rare tubulopathy [2, 3]. The definitive diagnosis of Gitel-
man syndrome lies in the documentation of a homozygous/com-
pound heterozygous mutation in the NCCT gene by direct se-
quencing, which is not always available in every institution [5].

The clinical phenotype of Gitelman syndrome patient is
highly heterogenous in terms of age of presentation, severity
of biochemical abnormalities and clinical manifestation [6].
Recently, we diagnosed a patient as Gitelman syndrome by
evaluating laboratory results and distal nephron function test.
So that the traditional view to NCCT mutation results in only
mild salt-wasting, Gitelman syndrome is considered a mild
variant of salt-losing tubulopathy [2-4, 7]. However, our case
below presents with severe hypokalemia and paralysis. At first
glance, he was misdiagnosed as hypokalemic periodic paraly-
sis and Gitelman syndrome has not been considered. The diag-
nosis was established after an effort on laboratory examination
to find the cause by doing comprehensive workup.

Case Report

An 18-year-old Indonesian male who had experienced 3 years
episodes of generalized weakness along with diffuse muscle
aches and cramp was admitted to our hospital in January 2009.
The usual weakness was precipitated by resting after physical
exertion and came into a stereotypical fashion: it began with
numbness in proximal part of extremities, tiredness, fatigue
and then progressively worsened until the patient was unable
to walk. Each episode usually lasted a few hours to couple of
days with residing weakness. Between attacks, his only symp-
toms were nocturia and occasionally joint pain. One year ear-
lier, he was found to be hypokalemic when he visited a private
clinic for evaluation of similar weakness. Complete data were
unavailable, except that the last consultation on December
2008 disclosed a potassium concentration of 3.0 mEq/L and
that he received potassium supplementation. However, hy-
pokalemia was never completely corrected and he was referred
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Figure 1. The photograph of the patient, please notice on foot weak-
ness and both legs fell laterally (black arrow).

for diagnostic stay.

The patient was non-smoker, and consumed no alcohol or
any herbal products. There was no vomiting or diarrhea, and
he had no past history for any medical prescription including
diuretics or recreational drugs. His parents noted that he had
a habit of salty foods such as pickles, salted fish, and potato
crips. Perinatal history was unremarkable and experienced
a normal delivery with birth weight of 3,100 g. He grew up
normally with no childhood history of tetany or similar symp-
toms. No other family member had a similar illness and there
was no history of parental close-family marriages.

On admission, he was alert, look very weak and lying list-
lessly. Physical examination showed a thin man (he was 1.64
cm in tall and weighed 48 kg) with normal in-patient blood
pressure. Throughout his course in the hospital, his blood pres-
sure measurements were around 100 - 110 over 65 - 70 mm Hg.
There was no eye or other signs suggestive of thyrotoxicosis
and his thyroid gland was not enlarged. Cardiac examination
showed a regular rate of 70 beats/min in the supine position.
Chest expansion was limited. Examination of the abdomen re-
vealed no tenderness or masses but diminished bowel sounds.
There was muscular atrophy and both legs fell laterally (Fig.
1). Manual motoric muscle test revealed 1/5 weakness in his
neck and extremities with diminished deep tendon reflex in
upper and lower extremities. All nervi cranialis remain intact.
There were no sensory deficits and pathological reflexes were
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absent bilaterally. Trousseau’s and Chvostek’s sign was nega-
tive. He was clinically euvolemic as skin turgors were found
to be normal. The rest of the general physical examination in-
cluding spine was also normal.

The results of laboratory workup are shown in Table 1 with
outstanding findings of severe hypokalemia (K = 1.5 mEq/L),
metabolic alkalosis (pH = 7.55; HCO; = 31.5 mMol/L; PCO,
= 32.2 mm Hg), hypomagnesemia (Mg = 1.3 mg/dL) with hy-
pocalciuria (urinary calcium excretion ranged between 19.2
and 16.9; N = 50 - 400 mg/g creatinine). Creatine phospho-
kinase (CPK) level was 1,236 IU/L (maximum at day 2 with
CPK level 1,977 TU/L). Urinalysis showed a pH of 7.0 and
specific gravity of 1.015. No glucosuria and hemoglobinuria
were detected but trace of proteinuria was present. Glomeru-
lar filtration rate (GFR) expressed as creatinine clearance was
normal. The urinary electrolyte values revealed sodium excre-
tion was 402 mEq/L, chloride was 281 mEq/L and potassium
was 41.8 mEq/L per 24 h. The urinary Ca/creatinine ratio was
low at 0.04 mg/mg (N > 0.2) [8]. The fraction excretion of
potassium (FE, ) was 29.4% (N = 4-16%, mean value 8%) [9]
and high transtubular potassium gradient (TTKG) suggested
that renal potassium wasting was responsible for the hypoka-
lemia [10]. This findings indicated that the patient might have
had renal tubulopathy and prompted us to examine distal tu-
bular function.

To identify the impaired portion of the renal tubules, we
performed renal clearance studies using two diuretics, that is,
thiazide and furosemide. These studies were performed using
the protocol described earlier by Kageyama et al [11] and in-
formed consent was obtained from the patient. For thiazide-
loading test, 50 mg (about 1 mg/kg of body weight) of hy-
drochlorothiazide was orally administered; for the furosemide
loading test, 40 mg of furosemide was given intravenously to
the patient. Furosemide and thiazide tests were carried out in
two phases with 7 days apart. Changes in fractional excretion
of solutes (for sodium, potassium and chloride), free-water
clearance (Cyp,(), chloride clearance (C,), distal fractional
chloride reabsorption (DFCR) and fractional distal delivery of
chloride (FDDC) were measured. As shown in Table 2, furo-
semide injection resulted in marked increased in FE,, FE,,
and FE, with reduced Cj;,,, while thiazide did not significant-
ly alter the C,,, but did result in increased fractional excretion
of solutes but to a lesser extent than caused by furosemide.
DFCR was markedly decreased by furosemide administration
(from 83.4% to 7.2%), whereas thiazide had only a minor ef-
fect on this parameter.

The subsequent data on the electrocardiogram (Fig. 2)
showed a normal sinus rhythm with QRS rate of 80 - 90 beats/
min, QRS complex duration of 0.1 s, ST-segment depression in
leads V1 through V5 with flattened T, prominent U waves and
prolonged corrected QT interval (QTc = 580 ms). Chest X-ray
was normal. Features of his electromyography and nerve con-
duction study performed after resolution of hypokalemia were
similar to those observed in periodic paralysis. Ultrasound of the
kidney and suprarenal was unremarkable. There was no nephro-
calcinosis. Magnetic resonance imaging of the whole abdomen
demonstrated neither adrenal hyperplasia nor intraabdominal
mass. Endocrine examination disclosed high plasma renin ac-
tivity (PRA) and plasma aldosterone concentration (PAC). The
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Table 1. Biochemical Investigation in the Hospital

Investigations '(]:(;1;?:5);01:)’ 2000 Third day First week ;l;)l;ifl;i:v:;lzharge) Normal value

Plasma electrolyte
Sodium 138.2 1354 139.3 137 135 - 145 mEq/L
Potassium* 1.5 32 2.1 3.6 3.5-5.0mEq/L
Chloride 90.0 86.0 96.0 92.0 95 - 110 mEq/L
Calcium 9.2 10.3 9.0 9.4 9.0 - 10.2 mEqg/L
Magnesium* 1.3 1.0 1.8 2.1 1.9 - 7.4 mEq/L
Creatinine 0.82 0.76 0.91 0.88 0.7 - 1.4 mg/dL
Plasma osmolality 289.5 287.5 294.7 291 285 - 295 mOsm/kg
CPK* 1,236 748 314 55 29 -200 IU/L

Endocrine evaluation
Triiodothyronine NT 1.12 NT NT 0.8 - 2.0 ng/mL
Free thyroxine NT 120.5 NT NT 60 - 120 mMol/L
TSHs NT 2.6 NT NT 0.3-5.0IU/mL
Plasma aldosterone* NT NT 93.0 NT <15 ng/dL
PRA* NT NT 17.8 NT 0.7 - 3.3 ng/mL/h
PAC/PRA ratio NT NT 52 NT <30

Blood gas analysis
pH* 7.5 NT 7.4 NT 7.35-7.45
PCO, 32 NT 37 NT 35-45 mm Hg
Bicarbonate* 31.3 NT 25 NT 18 - 23 mEqg/L
Base excess* 11.7 NT 4.4 NT +25

Urine electrolyte excretion per 24 h
Sodium* NT 402.0 164.9 173.0 60 - 220 mEq
Potassium* NT 41.8 324 21.7 <10 mEq
Urine osmolality NT 542 651 363 250 - 900 mOsm/kg
FEK* NT 29.4 NT 22.6 9.6% (4.6 - 20.4)*
TTKG* NT 6.9 NT 8.2 6.0 (4.1-10.5)
Chloride* NT 281.0 184.0 158.0 60 - 200 mEq
Calcium* NT 19.2 16.9 96.9 50 - 400 mg/g cr
Creatinine NT 33.6 NT 41.5 25 - 400 mg/dL
Calcium/creatinine ratio® NT 0.04 NT 0.23 > 0.2 mg/mg°

The calculations are: TTKG = ([K] urine/(U/P) osmolality)/[K] plasma; FE (%) = ([K] urine x [Cr] plasma)/([Cr] urine x [K] plasma). NT: not tested;
TSHs: sensitive thyroid stimulating hormone; PAC: plasma aldosterone concentration; PRA: plasma renin activity, PCO,: partial pressure of carbon
dioxide; FE,: excretion fraction of potassium; TTKG: transtubular potassium concentration gradient. 2From reference: Elisaf M and Siamopoulos KC
(Postgrad Med J 1995). PFutrakul et al (Am J Kidney Dis 1999). °Bettinelli A, et al (J Pediatr 1992). *Abnormal value.

PAC-to-PRA ratio was 5.22. Other endocrine investigations
related to hypokalemic paralysis included thyroid function test
such as triiodothyronine (T3), thyroxine (T4) and thyroid stimu-
lating hormone (TSHs) which were within the reference range.
He was diagnosed as Gitelman syndrome based on anam-
nestic data, clinical picture, repeated laboratory documentation
of hypokalemia, hypomagnesaemia, metabolic alkalosis, hy-
pocalciuria, and secondary hyperreninism hyperaldosteronism.
The diagnosis was supported on the basis of DCT defect evi-
denced by blunted thiazide response. In this patient, the thick
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ascending limb of Henle was intact as demonstrated by ap-
propriate natriuretic response after loop diuretic injection [4].
The patient was initially treated with vigorous volume re-
placement with normal saline (3 - 4 L/day), intravenous potas-
sium chloride (reaching 120 mEq/day) and placed also on an
oral magnesium replacement due to observed hypokalemia and
hypomagnesemia. On the second hospital day, the patient be-
gan to have significant movement and progressively improved
muscle strength with concomitant increased in his potassium
level. After 1 week, the muscle weakness recovered follow-
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Table 2. Data on Renal Clearance Studies

Ciao (ML/min)  C, (mL/min)  FEy, (%) FE. (%) FE,(%) DFCR(%) FDDC (%)
Basal 5.6 1.7 2.49 31.5 2.1 83.4 18.2
Thiazide 6.7 2.1 12.1 59.6 7.5 78.4 30.8
Furosemide 1.1 20.4 26.2 72.5 30.5 7.2 51.8

U,sm: urinary osmolality; C,,,4: maximal free water clearance; C,: chloride clearance; Fe,: fractional excretion of sodium; FE,: fractional

osm-”

excretion of potassium; FE,: fractional excretion of chloride; DFCR: distal fractional chloride reabsorption; FDDC: fractional distal delivery

of chloride. The parameter used are: 1) solute-free water clearance (C,;,q) =V % (1 - U /P

urine osmolality, and P |

osm)» Where V is urine flowrate in mL/min, U_  is

is plasma osmolality; 2) chloride clearance (C)) =V x U /P, where U, is urinary chloride concentration, and P

is plasma chlorid concentration; 3) distal fractional chloride reabsorption (DFCR) = C,,,/[C,;,0 + C)l; 4) fractional distal delivery of chloride

(FDDC) = [Cyyyo + Cllcreatinine clearance; 5) fractional excretion of solute (FEy) = 100 x [U,/P,] x [P_/U

«l» Where P__is plasma creatinine

concentration, and U is urinary creatinine concentration. X was taken for Na, K and Cl.

ing a rise in serum potassium, and his CPK had decreased to
314 IU/L which normalized after 3 weeks. Doses of intrave-
nous and oral supplementation of potassium and magnesium
were adjusted according to symptoms and serum electrolytes;
spironolactone was also added with titration dose started from
50 mg bid. The weakness gradually progressed and manual
motoric test improved to 4-5/5 in all extremites. The patient
discharge with formulation consisted of 600 mg oral potassium
chloride tid, 100 mg spironolactone bid and 300 mg magnesi-
um aspartate/potassium aspartate tid (maximum serum potas-
sium and magnesium were 3.6 and 2.1 mEq/L, respectively).
He was also counselled regarding the importance of regular
follow-up and need for being complaint with the treatment and
exclusively scheduled for six monthly visits course in June
2009. Serum electrolytes of the patient’s parents and his older
brother were normal.

Discussion

Hypokalemia is a common clinical problem in endocrinolo-
gists’ and nephrologists’ or general internists’ practice. The

causes of hypokalemia in most cases were obvious from the
patient’s history and in the majority of cases can be traced by a
simple investigation. Nevertheless, its etiology in some cases
is not staightforward and demands a workup with sometimes
surprising conclusions [12]. Gitelman syndrome is also known
as familial hypokalemic hypomagnesemia, because hypoka-
lemia is the most common presentation [1, 2]. Due to its low
prevalence, Gitelman syndrome is rarely considered in the
initial differential of weakness and paralysis. The problem of
this rare inherited tubulopathy is that overlooked hypokalemia
could cause paralysis or even death due to ventricular arrhyth-
mias and cardiac arrest [3]. We will discuss how we reach the
diagnosis of Gitelman syndrome and the most likely explana-
tion for its management in our patient.

Four potential mechanisms were thought to responsible
for hypokalemia. These include inadequate potassium intake
(i.e. anorexia nervosa, long-term hunger), potassium shift from
extracellular to intracellular fluid compartment, non-renal loss
(i.e. sweating, vomiting and diarrhea), and excess renal po-
tassium losses [11, 13]. Hypokalemia in our patient seemed
not to be related to inadequate intake as anorexia nervosa and
long-term hunger were not detected. Potassium cellular shift

I T I

aVR aVL aVF

V1 V2 V3

vAa V5 V6 '
Figure 2. Electrocardiograph of the patient note the typical hypokalemic pattern of myocardial repolarization disturbance with
depressed ST segment, wide and bizzare T wave deflection, the occurrence of U wave (black arrow) and prolonged QTc interval

(580 ms).
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might be related to hypokalemic periodic paralysis, or during
treatment with insulin, salbutamol and theophylline, was ex-
clusively excluded by negative history of such medications.
Thyrotoxicosis was not the case as thyroid function test was
found to be normal. Chronic vomiting was also excluded as
the patient had no history of persistent vomit and his urinary
chloride was high, consistent with active renal salt loss [11].
The last possibility is therefore increased renal loss that should
be confirmed by findings of high urinary potassium excretion.

In our case, hypokalemia was proven to be in renal ori-
gin as we can demonstrate high potassium loss (high urinary
potassium excretion, high FE, and high TTKG) [13]. The hy-
pothesis of diuretic abuse could also fit well with renal hypoka-
lemia. Urinary diuretic screen was not available in our labora-
tory; however, this possibility could be promptly excluded by
negative history of medication abuse. Nonetheless, the patient
kept very low potassium levels while he was in our ward while
no outer medication was allowed. Acid-base status is helpful
in the rapid approach to a patient with hypokalemic paraly-
sis. Metabolic alkalosis is present in patient with renal potas-
sium wasting syndrome while there is no acid-base alteration
in hypokalemic periodic paralysis. Cystic fibrosis was another
possibility that was attributed to hypokalemia and alkalosis
metabolic; it is typically present in infancy with combination
of a failure to thrive and respiratory symptoms [12, 13]. High
urinary chloride confirmed renal cause of hypokalemia which
makes the possibility of cystic fibrosis very small.

The following features were present in our patient: an age
of 18 years, normal blood pressure, hypokalemia, metabolic al-
kalosis, hypomagnesemia and hypocalciuria. In a patient with
known hypokalemic metabolic alkalosis associated with high
renin and aldosterone levels and low-normal blood pressure
level, the main differential diagnosis could be limited to salt
losing-tubulopathies, namely, Gitelman and Bartter syndromes
[2-5, 12]. The serum magnesium concentration distinguishes
between the two syndromes, being low in Gitelman syndrome
and normal in Bartter syndrome [2-4]. Therefore, the most
likely hypothesis seemed to be Gitelman syndrome for a num-
ber of reasons: presentation in early adulthood, normal growth
and hypomagnesemia. The occurrence of hypocalciuria was
thought to be pathognomonic of Gitelman syndrome and was
used as the distinguished feature between both syndromes [2,
3, 8]. A genetical study would confirm the diagnosis and clarify
about clinical and biochemical features of Gitelman syndrome
in this case but we could not do gene testing due to lack of
facilities [3, 5]. Though this limitation, we do not have many
doubts about the diagnosis as we perfomed a renal clearance
study to evaluate the tubulopathy.

Theoretically, Gitelman syndrome is likely to represent
a defect of the DCT, primary site of action of thiazide. This
fact could be used for diagnostic purposes that if patients with
Gitelman syndrome take a test dose of thiazide, the normal
effect of increased Na, Cl and K diuresis fails to appear. Mean-
while, furosemide acts in the loop of Henle that is anatomically
proximal to the DCT will increase Na and Cl diuresis [4]. In
our patient, natriuresis and chloruresis responses were blunted
following thiazide-loading test as compared to increased val-
ues obtained by furosemide. Upon furosemide injection, there
was net increase in C; due to eventually defect in the DCT,
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chloride load fails to get reabsorbed. On the other hand, thi-
azide only mildly increased the FDDC and mildly decreased
the DFCR. The moderate degree of NaCl and potassium wast-
ing, the exaggerated natriuresis and kaliuresis after furosemide
and blunted thiazide response, all suggest the presence of a
primary defect in the DCT, in accordance with the findings of
Gitelman syndrome [4, 11, 14]. The reported thiazide test sen-
sitivity is 93% and specificity 100% to discriminate Gitelman
syndrome [14].

Bettineli et al [8] formulated clinical diagnostic criteria
for Gitelman syndrome. They defined the case of Gitelman
syndrome as sets of abnormalities comprised of hypokalemia
of renal origin (< 3.6 mmol/L), hypomagnesemia (< 1.58 mg/
dL) and hypocalciuria (molar ratio of urinary calcium to creati-
nine < 0.2) in terms of normal urine concentrating ability and
normal GFR. Hypomagnesemia and hypocalciuria give a high
probability for the diagnosis [15]. Nakhoul et al [3] also added
negative screening for diuretics and recurrent vomiting from
the history in the absence of arterial hypertension. The present
case consistently fulfilled all these criteria and renal clearance
test has support the diagnosis of Gitelman syndrome. He was
treated accordingly.

Gitelman syndrome is caused by genetic mutations of
SCL12A3 located on g3 of chromosome 16 which encodes
NCCT in the distal convoluted tubule (DCT) [5]. The NCCT
in the DCT of the kidney was responsible for the 5-7% reab-
sorption of NaCl [2, 5, 11, 15]. The prevalence of Gitelman
syndrome is around 25 cases per 1 million inhabitants [2].
Although there is an autosomal recessive mode of inheritance
and the syndrome is well described in siblings [5, 15], many
cases appear to be sporadic [2]. Japanese investigators [16, 17]
published several reports of patients with sporadic Gitelman
syndrome with a compound heterozygote of a known missense
mutation in the SLC12A3 gene. Our patient also appears to
be a sporadic case as we could not find a similar history in a
nearby family member and hypokalemic screening has nega-
tive results.

The complete linkage between clinical picture in Gitelman
syndrome and SCL12A3 mutations is now recognized that the
underlying potassium wasting is mediated by chronic renal
salt-wasting and stimulation of RAAS as the consequence of
relative hypovolemia [2-5]. At the end of RAAS cascade, in-
creased aldosterone drive in the collecting tubule (Fig. 3) will
cause increased sodium reabsorbtion but caused enhanced po-
tassium and hydrogen ions secretion accounting for an atten-
dant hypokalemia and alkalosis seen in affected patients [2].
Symptoms of Gitelman syndrome patients range from asymp-
tomatic, to mild symptoms of cramps and weakness to severe
manifestation such as tetany, paralysis and rhabdomyolisis.
Salt craving, polydipsia, polyuria, and nocturia are also promi-
nent symptoms [3, 7].

Epidemiologic studies have demonstrated that there is no
ethnic predilection for Gitelman syndrome and both sexes are
equally affected [3, 6, 7]. However, sex difference may ac-
count for some variability because in some series reported by
Lin et al [18] that male patients could be affected more se-
verely. Asian population was also reported to have more severe
disease with respect to paralysis symptoms [19, 20]. Balavoine
et al [6] have demonstrated two mutations of the SCL12A3
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Defective CI transport in DCT
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Figure 3. Pathophysiology of Gitelman syndrome. The primary abnormality is defective CI- reabsorption in the DCT due to inacti-
vating mutations in the NCCT gene. This leads to the main features of the syndrome, which are hypokalemic metabolic alkalosis,
secondary hyperaldosteronism, normotension, hypomagnesemia, hypocalciuria and blunted response to angiotensin Il. DCT,
distal convoluted tubule; NCCT, thiazide-sensitive Na-Cl cotransporter. Source: Shaer AJ. Am J Med Sci 2001, with permission.

gene have seen more severe symptoms and hypokalemia com-
pared to one or no mutation group. The possible explanation
for the high frequency of complications found in our patient
could be related either to genetic background or probably to
more severe potassium and salt wasting which induces more
activation of RAAS and deleterious consequences with meta-
bolic pathways.

Hypokalemia is likely to be universal in Gitelman syn-
drome and its detection is the main clue leading to diagno-
sis [2-4]. Although hypokalemia is commonly mild in Gitel-
man syndrome, there are some reported cases having severe
hypokalemia [21]. Cruz et al [7] reported that 6% of patients
with Gitelman syndrome present with hypokalemic paralysis.
Tang et al [19] have demonstrated the presence of myocyte
necrosis in a case of Gitelman syndrome with markedly el-
evated levels of muscle enzymes. Nishihara et al [22] reported
case with severe hypokalemia (1.2 mMol/L) who developed
rhabdomyolisis and acute renal failure (ARF). To prevent ARF
due to rhabdomyolisis, there is no specific treatment except
to maintain fluid and electrolyte balance and preserve tissue
perfusion. The risk of developing rhabdomyolisis occurs when
potassium level is lower than 2 mMol/L [23]. Although rhab-
domyolisis was clearly present in our case, rapid rehydration
and correction of hypokalemia prevented the development of
renal failure.

Our patient’s ECG on admission showed evidence of
prolonged QTc interval (580 ms) which resolved (not shown)
after treatment of both potassium and magnesium deficiency.
Hypokalemia and hypomagnesemia simultaneously prolonged
the duration of the action potential of cardiomyocytes and con-
sequently increased the risk of ventricular arrhythmias [2, 3].
Bettinelli et al [24] found that patients presenting QTc interval

> 500 ms are at risk of developing such complication. Prolon-
gation of QTc also potentially predisposed to enhanced toxic-
ity of QT-prolonging drugs such as macrolide, antihistamine,
cisapride, etc. [24]. These medication should better be avoided
for the patient. He should also be discouraged to participate in
sporting activities as this may trigger malignant arrhythmias
and left ventricular dysfunction [25].

Finally, as with other hereditary diseases, neither the tubu-
lar defects in Bartter nor Gitelman syndrome can be fully cor-
rected [2-5]. Current available management has been designed
to antagonizing secondary increased in aldosterone secretion
and potassium supplementation [2, 3, 7]. Our patient was
started on intravenous potassium and magnesium supplemen-
tation and subsequently he was discharged on oral potassium
and magnesium along with spironolactone. He should receive
these medication in his lifetime to avoid atrophy and muscle
weakness. It is sometimes not possible to normalize serum
level of the electrolyte completely and it is more beneficial to
focus attention on the amelioration of patient’s complaints [2,
7]. We advised him to take sufficient salt as low NaCl intake
exaggerates volume depletion and increases the secondary hy-
peraldosteronism resulting in intense hypokalemia [2, 3]. The
patients is doing well, at least that is what we found on his last
outpatient follow-up in June 2009. The prognosis of Gitelman
syndrome is favorable because it is a chronic benign disease,
and a lifelong nephrological, cardiovascular or endocrinologi-
cal dispensarization is inevitable, thus mandating long-term
evaluation. Overall, no complications occurred in treated pa-
tients [7, 19-21, 24, 25].

In summary, Gitelman syndrome is one of the rare caus-
es of hypokalemia and it seems a challenge for physicians.
In spite of being a congenital disorder, salt-losing tubulopa-
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thy may present in adulthood and should be borne in mind in
the diagnosis of hypokalemia. Our patient is an example of
Gitelman syndrome presenting with severe hypokalemia and
periodic paralysis. Assessment of serum electrolytes including
magnesium, evaluation of renal potassium and calcium excre-
tion, acid-base analysis and presence of secondary hyperal-
dosteronism are essential in the approach to the patients with
hypokalemic paralysis. If possible, diagnoses were performed
at the genetic level. Dynamic studies with diuretic challenge
test may be of diagnostic help when mutational study is not
available. Suitable treatment protects patients from potentially
dangerous complications.
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