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Hypokalemia as arisk factor for prolonged QT interval and
arrhythmia in inherited salt-losing tubulopathy
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Purpose: To analyze electrocardiograms (ECGs) of patients with a salt-losing tubulopathy (SLT) and to determine the frequency
and risk factors for long QT and arrhythmia.

Methods: A total of 203 patients aged <19 years with SLT, specifically Bartter syndrome and Gitelman syndrome, who had a 12-
lead ECG were included in this retrospective study. We analyzed the presence of an arrhythmia or prolonged corrected QT (QTc)
on ECGs obtained for these patients. Demographic and laboratory data were compared between patients with abnormal and
normal ECG findings.

Results: Out of the 203 SLT patients, 38 (18.7%) underwent electrocardiography and 10 (40.0%) of 25 patients with inherited SLT
had abnormal ECG findings, including prolonged QTc and arrhythmias. The abnormal ECG group had significantly lower serum
potassium levels than the normal group (median [interquartile range]: 2.50 mmol/L [2.20-2.83] vs. 2.90 mmol/L [2.70-3.30],
P=0036), whereas other serum chemistry values did not show significant differences. The cutoff level for a significant difference
in QTc interval was serum potassium level <2.50 mmol/L. One cardiac event occurred in a 13-year-old boy, who developed parox-
ysmal supraventricular tachycardia and underwent cardiac ablation. No sudden cardiac deaths occurred in this cohort.
Conclusions: The incidence of ECG abnormalities in patients with inherited SLT was 40.0%, whereas the ECG screening rate was
relatively low (18.7%). Therefore, we recommend ECG screening in patients with inherited SLT, especially in those with serum po-
tassium level <2.50 mmol/L.
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Introduction These conditions may result in hypokalemia, metabolic alkalo-

sis, activated plasma renin, and normal or low blood pressure

Bartter syndrome (BS) refers to an inherited salt-losing tub-
ulopathy (SLT) characterized by a defect in salt reabsorption
in the thick ascending limb of the loop of Henle [1]. Gitelman
syndrome (GS) shares metabolic abnormalities with BS [2] and
is caused by a defect in the thiazide-sensitive sodium/chloride
cotransporter in the distal convoluted tubule, resulting in SLT [3].

[4]. Fluctuations in potassium levels can significantly affect the
electrical characteristics of the heart muscles. Hypokalemia can
lead to the development of ventricular arrhythmias, resulting
in life-threatening conditions. Hypokalemia also causes elec-
trocardiographic changes, such as QT interval prolongation,
ST-segment depression, flat or low-amplitude T waves, and
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often prominent U waves [5]. Patients may experience presyn-
cope, vertigo, ataxia, or blurred vision [6-8].

The frequency of cardiac arrhythmia or sudden death is un-
known. To date, cardiac arrhythmia or death associated with
BS and GS has been reported in six cases in the literature: three
as cardiac arrhythmia and three as sudden cardiac death [7-
11]. Therefore, the cardiac manifestations of BS and GS can be
fatal. Hypokalemia, hypomagnesemia [7], QT dispersion, and JT
dispersion [12] have been suggested as risk factors for cardiac
arrhythmia in SLT. However, no large-scale studies have been
conducted to date.

Therefore, the purpose of this study was to assess the fre-
quency of electrocardiographic abnormalities and identify as-
sociated risk factors in patients diagnosed with inherited SLT.

Methods

Patients

Patients visiting Seoul National University Children's Hospital
between January 1991 and May 2022 who were younger than 19
years of age and who underwent 12-lead electrocardiography
with a diagnosis of an SLT were included in this retrospective
study. Inherited SLT encompassed BS and GS. The exclusion
criteria included non-nephrogenic electrolyte imbalance and
other genetic diseases (Fig. 1).

Hypokalemic salt-losing tubulopathy
(<19 yr) (n=203)

\ 4

Unchecked 12-lead ECG (n=165)

A4

Checked
12-lead ECG (n=38)

Exclusion (n=13)
>  Drug-induced tubulopathy Gl loss
Kearns-Sayre syndrome

v v

Abnormal ECG Normal ECG
(n=10) (n=15)

Fig. 1. Patient flowchart. ECG, electrocardiography, GI, gastrointestinal.
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Electrocardiogram

All electrocardiograms (ECGs) obtained for eligible patients
during the study period were analyzed. QT intervals were mea-
sured in leads II, V5, and V6, and the longest value was used.
The QT interval was adjusted for heart rate using the Bazett for-
mula (QTc=QT/RR®*; all units are ms). ECGs findings were cate-
gorized as abnormal if they included a prolonged corrected QT
(QTc) or an abnormal rhythm. Abnormal rhythm was defined
as the absence of sinus rhythm. All patients’ data of QTc were
classified based on recommended QTc interval value from
Goldenberg and Moss [13]. For classification, those with a pro-
longed QTc were grouped in the abnormal ECG group, whereas
those with normal and borderline QTc values were grouped
into the normal ECG group. For group comparisons, one ECG
per patient was selected, with the criterion being an abnormal
rhythm or the longest QTc.

Clinical manifestations

Clinical information, including sex, age, height, weight, and
body mass index (BMI), as well as serum sodium, potassium,
calcium, and magnesium levels, were compared between the
two groups. Age, height, weight, and BMI were analyzed closest
to the time of ECG measurement, and laboratory findings in-
cluding serum electrolyte and creatinine levels were analyzed
within 24 hours of ECG measurement.

Statistics

Statistical analyses were performed using SPSS version 27.0
(IBM Corp.). Continuous variables are presented as medians
(interquartile range [IQR]). Between-group comparisons were
conducted using the Mann-Whitney U test for continuous vari-
ables and the Fisher exact test for categorical variables. Statisti-
cal significance was set at a P-value below 0.05.

Results

A total of 203 patients were diagnosed with SLT at Seoul Na-
tional University Children’s Hospital during the study period.
Among them, 38 (18.7%) had available ECG data. Patients with
non-nephrogenic tubulopathies such as chemotherapy-in-
duced tubulopathy, electrolyte imbalance derived from the
gastrointestinal tract, and other known genetic diseases were
excluded from the study (n=13). Ultimately, the study group
comprised 25 individuals.

The number of ECGs performed varied for each patient

https://doi.org/10.3339/ckd.23.011


https://doi.org/10.3339/ckd.23.011

Kangetal. Hypokalemia and abnormal electrocardiography

(median, 2; range, 1-127). A total of 172 ECGs were obtained from
eligible patients, of which 80 were classified as normal and 92
as abnormal. One patient had 127 ECGs (49 normal, 78 abnor-
mal) alone due to a paroxysmal supraventricular tachycardia
(PSVT) event and prolonged hospitalization; therefore, we ex-
cluded this patient. Thereafter, there were 31 normal ECGs and
14 abnormal ECGs. ECGs were mostly performed due to hypo-
kalemia or symptomatic conditions such as poor oral intake, di-
arrhea, vomiting, and muscle cramps; besides these conditions,
ECGs were also performed before the thiazide loading test to
diagnose SLT (n=4) and for pre-operative evaluation (n=3).

To compare the characteristics and biochemical profiles
of patients according to ECGs, one ECG was assigned to each
patient. This resulted in 15 patients, including one patient with
PSVT in the normal ECG group and 10 patients in the abnor-
mal ECG group (Fig. 1). No significant differences were noted

Table 1. Comparison of patient characteristics and biochemical values
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between the normal and abnormal ECG groups in terms of
sex, age, weight, height, or BMI (Table 1). A comparison of se-
rum chemistry values is shown in Table 1. The median serum
potassium levels were 2.90 mmol/L (IQR, 2.70-3.30 mmol/L) in
the normal ECG group and 2.50 mmol/L (IQR, 2.20-2.83 mmol/
L) in the abnormal ECG group, showing a significant difference
between the two groups (P=0.036). No significant differences
were noted in the serum sodium, chloride, total calcium, mag-
nesium, or total carbon dioxide levels between the two groups.
We also compared the general features and biochemical
values based on serum potassium levels (Tables 2, 3). When
comparing serum potassium levels below 3.00 mmol/L and
above 3.00 mmol/L, no statistical significance was noted for
any indicator (Table 2). However, when comparing serum po-
tassium levels below 2.50 mmol/L and above 2.50 mmol/L, a
significant difference was noted in the QTc interval. Between

Characteristic Normal ECG group (n=15) Abnormal ECG group (n=10) P-value
Sex (male: female) 87 64 1000
Age (yr) 104 (5.25-176) 4.27(0.51-14.8) 0160
Weight (kg) 34.0(12.6-50.5) 12.2(6.25-42.0) 0160
Height (cm) 1353 (976-155.5) 899 (68.2-1536) 0212
BMI (kg/m?) 16.9(139-221) 147 (124-19) 0472
Sodium (mmol/L) 1390 (132.0-139.0) 136.0 (132.0-138.3) 0311
Potassium (mmol/L) 290 (270-3.30) 2.50(2.20-2.83) 0036
Chloride (mmol/L) 96.0(92.0-1010) 90.5(84.8-100.0) 0.238
Calcium (mg/dL) 990(9.60-10.2) 9.85(9.60-104) 0.892
Magnesium (mg/dL) 150 (1.35-1.85) 170 (1.28-218) 0697
Total CO, (mg/dL) 270(24.0-32.0) 290 (26.0-355) 0.215
Values are presented as median (interquartile range).
ECG, electrocardiography; BMI, body mass index; CO,, carbon dioxide.
Table 2. Comparison of characteristics and biochemical values by potassium level (=3.0 mmol/L vs. <3.0 mmol/L)
Characteristic Serum potassiu{n (230mmol/L)  Serum potassiu_m (<3.0 mmol/L) P-value
(n=6) (n=19)
Sex (male: female) 4:2 109 0661
Age (yr) 116 (570-154) 578(301-175) 0.555
Weight (kg) 389(156-46.8) 20.6(8.70-50.5) 0475
Height (cm) 134.8 (92.0-155.9) 114.0 (81.0-155.0) 0731
BMI (kg/mz) 15.3(13.3-20.9) 15.3(13.3-21.6) 1000
Sodium (mmol/L) 1385 (136.5-140.3) 1370 (132.0-139.0) 0.303
Chloride (mmol/L) 97.5(92.8-103.8) 930 (870-1000) 0246
Calcium (mg/dL) 995(9.83-101) 990 (9.60-10.5) 0.926
Magnesium (mg/dL) 165 (1.35-2.03) 170 (1.35-2.00) 0.897
Total CO, (mg/dL) 285(230-31.3) 280 (25.5-33.5) 0494
QTc (ms) 4360 (413.0-462.3) 4420 (411.0-492.0) 0.514

Values are presented as median (interquartile range).
BMI, body mass index; CO,, carbon dioxide; QTc, corrected QT interval.
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Table 3. Comparison of characteristics and biochemical values by potassium level (2.5 mmol/L vs. <2.5 mmol/L)

Serum potassium (2.5 mmol/L)

Serum potassium (<2.5 mmol/L)

Characteristic (n=19) (n=6) P-value
Sex (male: female) 109 4:2 0661
Age (yr) 708 (302-17.5) 116 (2.82-16.3) 0.887
Weight (kg) 206(870-434) 340 (10.2-81.3) 0.514
Height (cm) 1120 (79.3-153.5) 1454 (82.9-1630) 0343
BMI (kg/m?) 15.3(132-21.2) 16.6 (137-301) 0581
Sodium (mmol/L) 1380 (132.0-139.0) 1380 (134.3-140.5) 0687
Chloride (mmol/L) 93.0(88.0-1000) 96.5(82.0-104.8) 0.877
Calcium (mg/dL) 100 (9.60-104) 9.80(9.08-101) 0400
Magnesium (mg/dL) 170 (140-210) 1.50 (1.28-1.83) 0424
Total CO, (mg/dL) 27.5(24.0-32.3) 28.5(24.0-370) 0506
QTc (ms) 4350 (403.0-4680) 4910 (439.5-586.8) 0.030
Values are presented as median (interquartile range).
BMI, body mass index; CO,, carbon dioxide; QTc, corrected QT interval.
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Fig. 2. A12-]ead electrocardiography with narrow QRS tachycardia.

the group with a serum potassium level 22.50 mmol/L (n=19)
and the group with a level <2.50 mmol/L (n=6), the median QTc
interval was 4350 ms (IQR, 4030-4680 ms) and 4910 ms (IQR,
4395-586.8 ms), respectively, showing a significant difference
(P=0030).

One patient presented with PSVT (Fig. 2); he was a 13-year-
old boy with severe hypokalemia (2.20 mmol/L) and normal
serum magnesium (1.70 mmol/L). The patient's father had a
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history of sudden cardiac death of an unknown cause. The pa-
tient underwent cardiac ablation. The patient harbored a con-
firmed CLCNKB mutation and was diagnosed with type III BS.
He was the only patient who underwent a cardiac intervention
for PSVT, specifically cardiac ablation. To date, PSVT has not
recurred; however, due to recurrent severe hypokalemia, long-
term inpatient treatment was administered, including potas-
sium replacement and other medications, including potassi-
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um-sparing diuretics and a thiazide, with regular electrolyte
level and ECG monitoring.

Fourteen patients (56.0%) were currently being followed up
in the nephrology or pediatric departments at this center, but
the remaining patients were either transferred (n=4) or lost to
follow-up (n=7). Only two individuals had normalized QTc, three
still had prolonged QTc, and five had no follow-up ECG; there-
fore, normalization was unknown. Three patients progressed to
chronic kidney disease with a long-term prognosis regardless
of the ECG findings. No sudden cardiac death was observed in
any patient during the study period.

Discussion

This retrospective study assessed the frequency of electro-
cardiographic abnormalities and explored the associated risk
factors in patients diagnosed with inherited SLT. The study
findings revealed that 40.0% of the patients with SLT had a
prolonged QTc interval, and one of the 25 patients experienced
a cardiac arrhythmia in the form of PSVT. The incidence of pro-
longed QTc is not well established in BS [1], whereas it can be as
high as 500% in GS [3].

Cortesi et al. [7] suggested that SLT itself increases patients’
vulnerability to arrhythmia, especially in case of severe hypo-
kalemia. Baseline ECG checks should be conducted for patients
with BS and GS [14]. However, the rate of ECG screening for SLT
was found to be low (18.7%) in our study cohort. Therefore, it
is important to enforce regular ECG screening to enable early
detection of any potential arrhythmia or QTc prolongation in
patients with SLT. We found significant differences in serum
potassium levels between the normal and abnormal ECG
groups, indicating an association between serum potassium
levels and prolonged QTc or arrhythmia. This aligns with the
findings of previously reported cases that consistently empha-
sized the association between hypokalemia and occurrence of
cardiac arrhythmia or death in individuals with BS and GS [7-
11]. The target serum potassium level of 3.00 mmol/L for the
general population may not be applicable to patients with SLT.
According to Konrad et al. [1] and Blanchard et al. [3], maintain-
ing a serum potassium level of 300 mmol/L may require an
increased dose of potassium supplements and other medica-
tions, possibly leading to a decrease in medication compliance
in patients with severe SLT. Consistent with a previous report [7],
the present study analyzed the potassium cutoff level for QTc
prolongation, which was a serum potassium level of 2.50 mmol/L.
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A prolonged QT interval is known to increase the risk of devel-
oping ventricular arrhythmias [13]. Therefore, achieving and
maintaining this target serum potassium level in SLT is crucial
toavoid arrhythmia.

The recommended treatment to maintain an optimum se-
rum potassium level is as follows. A potassium supplement
containing potassium chloride must be administered, starting
with 1-2 mmol/kg/day, and titration must be tailored to the in-
dividual patient while considering symptoms and side effects.
Inthe case of severe hypokalemia, intravenous supply is essen-
tial. Simultaneously, the patients are strongly encouraged to
consume potassium-rich foods [1,2]. Patients with BS are usu-
ally also administered nonsteroidal anti-inflammatory drugs
(NSAIDs), such as indomethacin (1-4 mg/kg/day divided in 3-4
doses), ibuprofen (15-30 mg/kg daily in 3 doses), and celecoxib
(2-10 mg/kg/day divided in 2 doses), and there is insufficient
evidence to recommend specific NSAIDs. In addition, for ab-
normal electrolyte status, potassium-sparing diuretics, angio-
tensin-converting enzyme inhibitors or angiotensin receptor
blockers, and thiazides may be helpful, but their routine use is
not recommended, as they may result in hypovolemia [1]. In the
case of GS patients, indomethacin is rarely used, and angio-
tensin-converting enzyme inhibitors and angiotensin receptor
blockers are occasionally used, but should be discontinued if
there is a risk of hypovolemia [2].

This study has some limitations. First, while the number of
patients diagnosed with SLT was relatively high, the low num-
ber of ECGs available for patients resulted in limited patient
recruitment. In the future, more ECGs should be performed
to increase the statistical power. Second, the number of ECGs
and intervals varied widely among individuals, making it sta-
tistically challenging to analyze each ECG individually. We also
evaluated ECG abnormalites other than prolonged QTc, such
as ST depression, flat T-wave, and prominent U wave. Howev-
er, since those abnormalities were only identified in a small
number of patients, we based our comparison on QTc prolon-
gation alone. In the presence of abnormal ECG findings, regular
ECG follow-ups are necessary for assessing risk factors. Third,
because of the retrospective nature of this study, all patients
had different follow-up periods; therefore, it was not possible
to compare long-term outcomes. Lastly, this study does not
provide evidence to determine whether BS and GS themselves
increase the risk of arrhythmias or if the higher incidence of
arrhythmias is solely due to hypokalemia.

In conclusion, as hypokalemia is strongly correlated with pro-
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longed QTc, it is important to maintain serum potassium levels
above 2.50 mmol/L and to be aware of symptoms such as acute
diarrhea or vomiting, which can cause hypokalemia. As the in-
cidence of abnormal ECG findings was found to be quite high
(400%) in our study, it may be beneficial to conduct ECG screen-
ing for every BS and GS patient. If an abnormality is found
during ECG screening, regular follow-up ECGs are required, and
further cardiologic evaluation should be considered.
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