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1 | INTRODUCTION

Abstract

Background and Aims: Hypokalemia is one of the most common problems in the
emergency department (ED). Severe hypokalemia, defined as a serum potassium
level <2.5mEq/L, is a relatively uncommon electrolyte disorder, and few studies
have reported its prevalence, etiology, symptoms, and management in the ED.
Therefore, we aimed to investigate them in this study.

Methods: This retrospective single-center study included adult patients whose
serum potassium levels were measured in the ED between 2012 and 2019. Data
including age, sex, serum potassium levels, and serum creatinine levels were
collected from the electronic medical records.

Results: The serum potassium levels of 21,616 adult patients were measured. The
median age of these patients was 73 years (range: 57-83 years), and 38% were men.
The prevalence of severe hypokalemia was 0.4%. The most common symptom of
symptomatic severe hypokalemia was weakness (p=0.001). Malnutrition, use of
Japanese herbal medicine, and use of diuretics were the main causes of severe
hypokalemia. Sixty-one patients (70%) underwent electrocardiography. Fifty-nine
patients (68%) received treatment for severe hypokalemia within one day of the visit.
Conclusion: The management of severe hypokalemia in the ED may be suboptimal.

Emergency physicians should be vigilant to avoid missing hypokalemia.
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patients with various conditions, such as diabetes, chronic kidney

disease, myocardial infarction, and heart failure.>®

Hypokalemia is one of the most commonly encountered electrolyte
abnormalities in the general population. An observational study of
patients in a large Swedish healthcare system found that hypokalemia
occurred in 49,662 (13.6%) of 364,955 individuals." Furthermore,

hypokalemia has been associated with increased mortality for

Unlike hypokalemia, severe hypokalemia, which is defined as a
serum potassium level <2.5mEq/L, is relatively uncommon.’
A U-shaped relationship between serum potassium and all-cause
mortality has been reported for the entire population and patients

with heart failure, chronic kidney disease, and diabetes mellitus;
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the more severe the degree of hypokalemia, the higher the
mortality.> Therefore, severe hypokalemia, although infrequent, is
very important.

According to one study of 43,805 patients admitted to the
emergency department (ED), 53 patients (0.1%) had severe hypoka-
lemia, and furthermore, 49% of patients with severe hypokalemia
were symptomatic, and 17% of these patients died during hospital-
ization.® Moreover, it has been reported that 45% of patients with
severe hypokalemia are not treated for severe hypokalemia during
their stay in the ED.®

To the best of our knowledge, only a limited number of studies
have focused on the prevalence, etiology, symptoms, and manage-
ment of severe hypokalemia in the ED.® Therefore, we investigated
the prevalence, etiology, symptoms, and management of severe

hypokalemia in the ED.

2 | MATERIALS AND METHODS

All adult patients (18 years or older) with serum potassium levels
measured in the ED between 2012 and 2019 were included in this
study. This study was conducted at a 420-bed university-affiliated
hospital with 10 intensive care unit (ICU) beds and 20 high care unit
(HCU) beds. Severe hypokalemia was defined as a serum potassium
level <2.5mEq/L, as used by previous studies.”® Normokalemia was
defined as a serum potassium level of 3.6-5.0mEqg/L, as used in a
previous study.” The estimated glomerular filtration rate (eGFR) was
calculated using the following formula: eGFR (ml/min/1.73 m?) = 194 x
serum creatinine” %74 x age %287 x 0.739 (if female).'® Severe rhabdo-
myolysis was defined as a creatine phosphokinase level 25000 IU/L, as
used in a previous study.’’ Data such as age, sex, serum potassium
levels, and serum creatinine levels were collected from the electronic
medical records. All laboratory values were measured using central
laboratory auto-analyzers immediately after blood collection. All medical
records of patients with severe hypokalemia were reviewed by two
physicians (R. M. and N. ) with experience diagnosing hypokalemia.
Data on symptoms, causes, and initial treatment of hypokalemia in the
ED, as well as electrocardiographic changes due to hypokalemia, were
collected from electronic medical records. Only symptoms that could
not be explained by conditions other than severe hypokalemia were
considered to be attributable to severe hypokalemia. If there was
disagreement between the two physicians, then a third physician was
consulted. This study was approved by our Institutional Review Board
(IRB) in October 2021 (No. 5390). Informed consent was waived due to

the retrospective nature of this study.

2.1 | Statistical analyses

SPSS version 21.0 (IBM Corp) was used for data analysis. Continuous
data were expressed as mean and standard deviations for normally
distributed variables and median and interquartile ranges for non-
normally distributed variables. Categorical data were expressed as

numbers and percentages. Continuous data were compared using
unpaired t tests for normally distributed variables and the
Mann-Whitney U test for non-normally distributed variables.
Categorical data were compared using the x? test. The results were
considered statistically significant at p < 0.05.

3 | RESULTS

3.1 | Patient characteristics

Between 2012 and 2019, the serum potassium levels of 21,616 adult
patients were measured in the ED. The median age of the patients
was 73 years (range: 56-81 years). A total of 11,344 patients
(53%) were male. The median eGFR was 63 ml/min/1.73 m?
(range: 41-82 ml/min/1.73 m?). The median serum potassium level
was 4.1 mEqg/L (range: 3.8-4.5 mEq/L). The distribution of the serum
potassium levels is shown (Figure 1). Severe hypokalemia was
observed in 87 patients (0.4%).

3.2 | Characteristics of patients with severe
hypokalemia

The median age of patients with severe hypokalemia was 73 years
(range: 57-83 years), and 33 patients (37%) were male (Table 1). The
median serum potassium level was 2.4 mEq/L (range: 2.0-2.4 mEq/L).
Seventy-two patients (83%) who presented with severe hypokalemia
were admitted to the hospital after presenting to the ED. Sixty-one
patients (70%) were admitted to the ICU or HCU. The common
presenting symptoms of patients in the ED were altered mental

status, weakness, fever, and dyspnea.
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FIGURE 1 Distribution of serum potassium (N =21,616). The
median serum potassium level was 4.1 mEq/L (range: 3.8-4.5 mEq/L).
Severe hypokalemia (<2.5 mEqg/L) was observed in 87 patients (0.4%)
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TABLE 1 Characteristics of patients with severe hypokalemia.
Variables All (N=87)
Age (years) 73 (57-83)
Male (%) 33 (37%)
Laboratory data

Serum creatinine (mg/dl) 0.8 (0.5-1.0)
eGFR (ml/min/1.73 m?) 65 (45-99)
Serum potassium (mEq/L) 2.4 (2.0-2.4)
Hemoglobin (g/dl) 11.5+3.0
Albumin (mg/dl) 3.1+0.9
Serum CPK (IU/L) 203 (66-594)
Comorbidities
Hypertension 25 (29%)
Diabetes 11 (13%)
Disposition
Admitted to the hospital 72 (83%)
Admitted to the ICU or HCU 61 (70%)
Admitted to the hospital ward 11 (13%)
Common symptoms
Altered mental status 21 (24%)
Weakness 12 (13%)
Fever 6 (7%)
Dyspnea 5 (6%)

Note: Continuous data are expressed as mean and standard deviation for
normally distributed variables and as median (interquartile range) for
non-normally distributed variables.

Abbreviations: CPK, creatine phosphokinase; eGFR, estimated glomerular
filtration rate; HCU, high care unit; ICU, intensive care unit.

3.3 | Symptoms of severe hypokalemia

Symptoms that could not be explained by conditions other than
severe hypokalemia were observed in 15 patients (17%) (Table 2).
Some of the patients had more than one symptom. Of the
symptomatic patients, 12 (80%) had weakness, 4 (27%) had
severe rhabdomyolysis, 2 (13%) had constipation, and 1 (7%) had
muscle pain (p =0.001).

3.4 | Electrocardiogram (ECG) changes due to
hypokalemia

The results of the ECG performed in the ED were available for 61
patients (70%). Of the patients who underwent ECG in the ED, 47
(77%) experienced changes in ECG results attributable to severe
hypokalemia. ST-segment depression was observed in 33 patients
(54%), a U wave was observed in 24 patients (39%), T-wave flattening

Open Access

TABLE 2 Symptoms of severe hypokalemia.
N=15
Weakness” 12 (80%)
Severe rhabdomyolysis 4 (27%)
Constipation 2 (13%)
Muscle cramps 1 (7%)
Note: Some patients had more than one symptom.
#p=0.001.
TABLE 3 Etiology of severe hypokalemia.
N=54
Malnutrition” 16 (30%)
Use of Japanese herbal medicine® 14 (26%)
Diuretics” 13 (24%)
Diarrhea 7 (13%)
Hypothermia 3 (6%)
Insulin 3 (6%)
Vomiting 2 (4%)
Others 10 (19%)

Note: Some patients had more than one etiology.
?Bakumondoto, Hochuekkito, Juzentaihoto, Rikkunshito, Saireito,
Shakuyakukanzoto, and Yokukansan.

PAzosemide and furosemide.

#p=0.001.

and inversion were observed in 24 patients (39%), and QT elongation
was observed in 8 patients (13%). The prevalence of changes in ECG
results was 78% for symptomatic patients and 45% for asymptomatic
patients (p = 0.008).

3.5 | Etiology of hypokalemia

Severe hypokalemia was identified in 53 patients (60%) (Table 3).
Malnutrition was observed in 16 patients (30%) (p =0.001). Four-
teen patients (26%) used Japanese herbal medicine and 13 patients
(24%) used diuretics. Serum magnesium levels of 56 patients
(64%) were measured. Twenty-three patients (41%) had a serum

magnesium level less than 1.7 mg/dl.

3.6 | Treatment of severe hypokalemia

Fifty-nine patients (68%) were treated for hypokalemia during
their stay in the ED or within 24 h of presentation to the ED
(Table 4). Twenty-nine patients (33%) received only intravenous
potassium replacement therapy, 24 patients (28%) received
both intravenous and oral potassium replacement therapy, and
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TABLE 4 Potassium replacement therapy for severe
hypokalemia.
N=87
Intravenous only” 29 (33%)
Intravenous and oral 24 (28%)
Oral only 6 (7%)
None 28 (32%)
*p=0.001.

6 patients (7%) received only oral potassium replacement therapy
(p=0.001).

3.7 | Cause of death for patients with severe
hypokalemia

Fourteen patients (16%) with severe hypokalemia died after the index
ED visit. Five patients experienced cardiac arrest on arrival. The
causes of death included injury, cardiovascular disease, septic shock,
and hypothermia. The median serum potassium level of patients who
died was 2.4 mEq/L (range: 2.1-2.5 mEq/L), and that of patients who
survived was 2.4 mEqg/L (range: 2.0-2.4 mEq/L) (p = 0.434).

4 | DISCUSSION

Few studies have reported the prevalence, symptoms, etiology, and
prognosis of severe hypokalemia in the ED. The prevalence of severe
hypokalemia in the ED has been reported as 0.1%.% In the current
study of more than 21,000 patients, the prevalence of severe
hypokalemia was 0.4%. Our results were comparable to those of a
previous study.® The definition of severe hypokalemia used in this
study was a serum potassium level of <2.5 mEq/L, as used in previous
studies.”®

Symptoms of hypokalemia generally do not appear until the
serum potassium level is less than 3.0 mEqg/L.” Symptoms of severe
hypokalemia include muscle weakness, muscle pain, cramps, rhabdo-
myolysis, and constipation. It has been reported that 49% of patients
with severe hypokalemia had symptoms, with the most common
symptom being weakness, which was reported in 73% of patients.®
Although the percentage of symptomatic patients in this study was
small (17%), the most common symptom of severe hypokalemia in
this study was also weakness, which was observed in 80% of patients
(b =0.001).

ECG changes occurring with hypokalemia include flattening and
inversion of the T wave, prolongation of the QT interval, the presence
of a U wave, and ST-segment depression.’>** Hypokalemia leads to
delayed conduction, delayed ventricular repolarization, a shortened
refractory period, and increased automaticity, resulting in a variety of
electrocardiographic changes.’ Seventy-seven percent of the
patients who had ECGs performed had ECG changes due to severe

hypokalemia. This finding is comparable to that of a previous study
that reported that 69% of patients who underwent ECG experienced
changes in results caused by severe hypokalemia.’

In this study, malnutrition, use of herbal medicines, use of
diuretics, and vomiting were the most frequent causes of severe
hypokalemia, with malnutrition being the most frequent (p = 0.001). It
has been reported that 28% of patients with severe hypokalemia
have malnutrition.® Many traditional Japanese herbal medicines
(“kampo” in Japanese), which originated from Chinese herbal
medicine, are frequently used in Japan.'® Five patients were using
Yokukansan and four patients were using Shakuyakukanzoto.
Yokukansan and Shakuyakukanzoto (Tsumura Co.) are among the
most frequently prescribed Japanese herbal medicines. Both contain
licorice and are known to cause hypokalemia attributable to
pseudoaldosteronism.'® Thiazide diuretic and loop diuretics are
well-known causes of hypokalemia.’”

Hypomagnesemia is an important cause of hypokalemia.'®
Hypokalemia associated with magnesium deficiency is often refrac-
tory to treatment with potassium.? It has been reported that 38% of
patients with hypokalemia have concomitant hypomagnesemia.?®
Similar to previous reports, 41% of the patients whose serum
magnesium levels were measured had magnesium deficiency.
However, because only 64% of patients had their serum magnesium
measured, the importance of measuring the serum magnesium of all
patients with severe hypokalemia needs to be emphasized.

Patients with severe hypokalemia should undergo continuous
ECG monitoring, sequential measurements of potassium levels, and
intravenous potassium administration. Seventeen percent of patients
with severe hypokalemia were not hospitalized. Additionally, 30% of
the patients with severe hypokalemia did not undergo ECG in the ED.
Furthermore, 32% of patients were not treated for severe hypokale-
mia during their stay in the ED or within 24 h of presenting to the ED.
Finally, only 61% of patients received intravenous potassium
replacement therapy. Most patients admitted to the hospital were
eventually given potassium replacement for hypokalemia, but there is
ample room for improvement regarding its implementation.
Inadequate treatment of severe hypokalemia in the ED has been
reported.8 Therefore, more attention should be focused on the
management of patients with severe hypokalemia in the ED.

Fourteen patients (16%) with severe hypokalemia died after
the index ED visit. It has been reported that 17% of patients with
severe hypokalemia died during hospitalization.? An increase in
short-term in-hospital mortality has been reported for patients with
hypokalemia.?*?? It is unclear whether severe hypokalemia itself has
an independent impact on patient outcomes; however, potassium is
an important determinant of myocardial function, and severe
hypokalemia can lead to arrhythmia and sudden cardiac death. The
exact cause of death for patients who experienced cardiac arrest was
unknown; however, severe hypokalemia may have triggered the
sudden death of these patients.

This study had several limitations. First, it was conducted at a
single institution, which may have resulted in selection bias.

Second, there were no data regarding urinary electrolytes, plasma
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renin, aldosterone, or cortisol levels. Third, there were no data
regarding dietary intake. Fourth, the present analysis was limited
to serum potassium levels, which were first measured after the ED

visit.

5 | CONCLUSION

In conclusion, of the patients who presented to the ED with severe
hypokalemia, 30% did not undergo ECG, and approximately 40%
were not administered intravenous potassium replacement within
24 h of presentation. Physicians in the ED should be vigilant to avoid
missing hypokalemia. The management of patients with severe

hypokalemia may be suboptimal.
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