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Abstract
Background: In periarrest situations and during resuscitation it is essential to rule out reversible causes.
Hyperkalemia is one of the most common, reversible causes of periarrest situations. Typical electrocardiogram (ECG)
alterations may indicate hyperkalemia. The aim of our study was to compare the prevalence of ECG alterations
suggestive of hyperkalemia in normokalemic and hyperkalemic patients.
Methods: 170 patients with normal potassium (K+) levels and 135 patients with moderate (serum K+ = 6.0–7.0 mmol/l)
or severe (K+ > 7.0 mmol/l) hyperkalemia, admitted to the Department of Emergency Medicine at the Somogy County
Kaposi Mór General Hospital, were selected for this retrospective, cross-sectional study. ECG obtained upon admission
were analyzed by two emergency physicians, independently, blinded to the objectives of the study. Statistical analysis
was performed using SPSS22 software. χ2 test and Fischer exact tests were applied.
Results: 24% of normokalemic patients and 46% of patients with elevated potassium levels had some kind of ECG
alteration suggestive of hyperkalemia. Wide QRS (31.6%), peaked T-waves (18.4%), Ist degree AV-block (18.4%) and
bradycardia (18.4%) were the most common and significantly more frequent ECG alterations suggestive of
hyperkalemia in severely hyperkalemic patients compared with normokalemic patients (8.2, 4.7, 7.1 and 6.5%,
respectively). There was no significant difference between the frequency of ECG alterations suggestive of hyperkalemia
in normokalemic and moderately hyperkalemic patients. Upon examining ECG alterations not typically associated with
hyperkalemia, we found that prolonged QTc was the only ECG alteration which was significantly more prevalent in
both patients with moderate (17.5%) and severe hyperkalemia (21.1%) compared to patients with normokalemia (5.3%).
Conclusions: A minority of patients with normal potassium levels may also exhibit ECG alterations considered to be
suggestive of hyperkalemia, while more than half of the patients with hyperkalemia do not have ECG alterations
suggesting hyperkalemia. These results imply that treatment of hyperkalemia in the prehospital setting should be
initiated with caution. Multiple ECG alterations, however, should draw attention to potentially life threatening
conditions.
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Background
Hyperkalemia, a relatively common condition in patients, may lead to fatal cardiac arrythmias. In periarrest
situations and during resuscitation it is essential to rule
out reversible causes, of which hyperkalemia is one of
the most common. According to the European Resuscitation Council electrolyte disturbances, such as hypoand hyperkalemia should be corrected preferably before
cardiac arrest happens [1]. Although, portable devices
are readily accessible in prehospital care to measure
temperature, oxygen saturation and blood glucose levels,
the diagnosis of hyperkalemia in prehospital settings is
currently not possible. Since alterations in the ECG-s of
patients with hyperkalemia have been documented in a
number of investigations, ECG-s have been suggested
to facilitate a non-invasive approach to diagnosing
hyperkalemia [2].
The concentration of potassium in the serum is
tightly regulated between 3.5 and 5.1 mmol/l. As the
level of serum potassium increases, typical ECG alterations appear in a characteristic sequence [3]. Mildly
elevated potassium levels (5.2–5.9 mmol/l) may cause
tall T waves or peaked/tented T waves [3]. Moderately elevated potassium levels (6.0–7.0 mmol/l) typically result in PR interval prolongation, decreased P
wave amplitude, disappearance of the P wave, widening of the QRS complex or conduction blocks with
escape beats, while severe hyperkalemia (> 7.0 mmol/
l) may induce ventricular fibrillation and asystole on
the ECG [3].
Despite these ECG manifestations, the clinical diagnosis
of hyperkalemia remains difficult as the electrophysiological disturbances listed above are not pathognomic of
potassium disorders nor do they appear in each patient
with hyperkalemia [4]. According to earlier studies, the
prevalence of ECG alterations in hyperkalemia was as low
as 14–59% of the cases [4–6]. Reports about severe cases
of hyperkalemia with none or minimal ECG alterations
have also been published [6, 7].
A number of investigations have studied the correlation
between elevated potassium levels and changes in the
ECG [4, 5, 8]. To our knowledge, however, no investigation has been conducted regarding the presence of ECG
manifestations suggestive of hyperkalemia in patients with
normal potassium levels.
The goal of our study was to compare the prevalence
of ECG alterations suggestive of hyperkalemia in normokalemic and hyperkalemic patients. It was also our objective to examine the frequency of certain ECG
alterations possibly associated with elevated potassium
levels. By investigating the frequency of ECG changes in
both groups of patients we aimed to elucidate whether
these ECG alterations may facilitate recognition of
hyperkalemia in the prehospital setting.

Page 2 of 9

Methods
Study design

This was an observational retrospective study performed
at the Emergency Center of the Kaposi Mór General
Hospital in 2013. The study received ethical approval
from the regional ethical committee, the Institutional
Ethics and Research Ethics Committee of the Somogy
County Kaposi Mór Teaching Hospital prior to the research procedure (Reference number: IG/02401–002/
2015).
Patients

The annual census of the Emergency Center is approximately 35,000 patients and 80% of the patients are over
18 years of age. The medical records of adult patients
admitted to the Emergency Center between 01.01.2013.31.12.2013 were chosen randomly from the database of
the Emergency Department. We selected 180 patients
with normokalemia (3.4–5.1 mmol/l) and 182 patients
with moderately (6.0–7.0 mmol/L) or severely (> 7.0
mmol/L) elevated serum or plasma potassium levels,
randomly. Patients were required to have had an ECG
performed within one hour of the laboratory draw. Patients with hemolysed samples were not included in the
study. From the hyperkalemic group, patients with preanalytical errors (15 patients) and patients whose ECG recordings could not be completely analyzed due to
technical reasons (16 patients) were excluded as well as
patients with multiple presentations (16 cases) within
the given interval. Only the first presentation to the
Emergency Center was included. In the group with normokalemic patients, 10 patients were excluded due to
missing ECG or missing potassium values. Finally, electrocardiograms and data from 135 hyperkalemic (moderate hyperkalemia n = 97, severe hyperkalemia n = 38)
and 170 normokalemic patients were analyzed.
Laboratory tests

Potassium levels were measured in the Central Laboratory of the Moritz Kaposi General Hospital with Cobas
8000-C702 module according to the protocol of the
manufacturer (Roche Diagnostics International AG,
Switzerland). The normal range of the potassium level
was 3.4–5.1 mmol/l.
Study protocol

Data including the medical history, comorbidities and
medication record were abstracted from the electronical
medical record of the hospital. The following data were
gathered from each record: demographics (age, gender),
serum and plasma potassium levels, ECG, laboratory
values (creatinine) obtained on same draw as the potassium level, comorbidities of the patients at the date of admission, medication taken by patients prior to obtaining
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the ECG, occurance of cardiac arrest. Data was independently reviewed by two investigators.
ECG analysis

The ECG curves of each patient – recorded within one
hour of the blood draw - were analyzed by two boardcertified emergency physicians, independently. The physicians were blinded to the objectives and method of the
study, to all of the laboratory values (including potassium values), the particular clinical diagnoses and medical histories as well as to each other’s readings. Neither
reader was a caregiver for any of the study subjects. Each
ECG was examined for the following: rhythm, heart rate,
PR interval, AV block, length of QRS interval, ST-T
alterations, length of QTc interval. Cardiac arrest was
documented in cases of pulseless electrical activity,
pulseless ventricular tachycardia, ventricular fibrillation
or asystole. PR interval was considered “prolonged” if PR
duration> 200 ms, QRS interval was considered “wide” if
the QRS duration was > 110 ms. QTc interval was
deemed short if QTc < 350 ms and prolonged, if QTc >
450 ms. T waves were considered peaked if they were
symmetrical and had a large amplitude based on the investigating physician’s judgement, ECG alterations were
considered suggestive of hyperkalemia if the following
were recorded: AV junctional escape rhythm, Ventricular escape rhythm, bradycardia, Ist-IInd-IIIrd degree AV
blocks, wide QRS, peaked T-waves. Although not generally considered typical ECG manifestations of hyperkalemia, the following ECG changes were also recorded:
atrial fibrillation, ST depression, short QTc and prolonged QTc.
Statistics

Data was analysed using SPSS22 software. In order to
test for association of each parameter with measured potassium values, χ2 test, or Fischer exact tests were used
as appropriate. P values ≤0.05 were considered to be statistically significant.

Results
Patient characteristics

Data was collected from 135 hyperkalemic (potassium >
6.0 mmol/l) and 170 normokalemic (potassium 3.4–5.9
mmol/l) patients. Gender distribution between the two
groups was similar. Patients in the hyperkalemic group
were older than patients in the normokalemic (control)
group. Almost a third (29.6%) of the hyperkalemic patients suffered from chronic kidney disease (CKD), while
only 8.8% of the normokalemic patients had CKD. Accordingly, preceding renal replacement therapy among
hyperkalemic patients was significantly more frequent
than among normokalemic patients. Regarding medication, a significantly higher percentage of hyperkalemic
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patients took angiotensin receptor blockers, angiotensin
coverting enzyme inhibitors, non steroid analgesics, potassium supplements, and diuretics (including spironolactone,
amilorid) than normokalemic patients. Comorbidities, such
as heart failure, diabetes mellitus, liver failure, sepsis, cancer
and dehydration were also significantly more prevalent in
hyperkalemic patients. There was no significant difference
between the prevalence of hypertension between normoand hyperkalemic patients. Mortality within 72 h of admission was high (13.3%) in the hyperkalemic group compared
to only 2.4% of normokalemic patients. Data regarding
patient characteristics are shown in Table 1.

The frequency of ECG alterations suggestive of
hyperkalemia in normokalemic versus hyperkalemic
patients

The frequencies of ECG alterations suggestive of hyperkalemia were recorded in patients with normokalemia,
moderate hyperkalemia and severe hyperkalemia.
In the control group, 24.0% of normokalemic patients
had ECG alterations suggestive of hyperkalemia and from
these, 20% had one and 4% had 2 or more ECG changes indicative of hyperkalemia. Less than half of the patients
(46%) with moderate or severe hyperkalemia had some
form of ECG manifestation suggestive of hyperkalemia.
29% of severely hyperkalemic patients had no ECG changes
indicative of hyperkalemia. From the 46% of hyperkalemic
patients exhibiting some form of hyperkalemic ECG manifestation, 30% had one and 16% had two or more ECG alterations suggesting hyperkalemia. (Table 2, Fig. 1).
Significantly more patients with severe hyperkalemia had
wide QRS (31.6%), bradycardia (18.4%), peaked T-waves
(18.4%) and 1st degree AV block (18.4%) compared to normokalemic patients (8.2, 6.5, 4.7, and 7.1%, respectively).
Wide QRS (31.6%) was the most common ECG alteration
in severely hyperkalemic patients and in the normokalemic
group as well. (Table 2, Fig. 2.) There was no significant difference in the frequency of ECG alterations suggestive of
hyperkalemia between the normokalemic and the moderately hyperkalemic groups. (Table 2, Fig. 2).
When normokalemic patients were compared to all
(moderately + severely) hyperkalemic patients, we
found that wide QRS (18.5%) was the only ECG alteration significantly more frequent in all hyperkalemic
patients compared to normokalemic patients (8.2%).
AV junctional rhythm was seen only on the ECG of
hyperkalemic (moderate or severe) patients but was
not present on ECG recorded for normokalemic patients. (Table 2, Fig. 2).
Cardiac arrest occurred in 8 patients with hyperkalemia and 5 of these patients had severely high potassium
levels. None of the patients with normal potassium levels
had cardiac arrest. (Table 2).
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Table 2 Frequency of ECG alterations suggestive of hyperkalemia in normokalemic versus hyperkalemic (moderate and/or severe)
patients (*: p ≤ 0,05), Cardiac arrest included asytole, ventricular fibrillation, pulseless ventricular tachycradia and pulseless electric
activity
1 ECG
≥2 ECG
Cardiac AV junctional Ventricular Bradycardia I°degree II°degree III°degree Wide
alteration alterations arrest
escape
escape
AV-block AV-block AV-block QRS
Control (n = 170)

Peaked
T-waves

% 20%

4%

0.0%

0.0%

0.0%

6.5%

7.1%

0.0%

0.0%

8.2%

4.7%

n
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0

0
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0
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8
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(n = 135)
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The frequency of ECG alterations possibly associated with
hyperkalemia in normokalemic versus hyperkalemic
patients

Frequency of ECG abnormalities possibly associated with
hyperkalemia including atrial fibrillation, QTc changes
and ST depression were registered.
There was no significant difference regarding the frequency of ST depression between patients with normal or
increased levels of potassium. Atrial fibrillation was significantly more frequent in severely hyperkalemic patients
(26.3%) compared to normokalemic patients (10.6%). However, no significant difference regarding atrial fibrillation
was detected between the moderately hyperkalemic and the
normokalemic groups. Prolonged QTc was the only ECG
alteration which was significantly more prevalent in both
patients with moderate (17.5%) and severe hyperkalemia
(21.1%) compared to patients with normokalemia (5.3%).
(Table 3, Fig. 2).

7

The association between the occurance of certain ECG
alterations and the severity of hyperkalemia

We investigated whether the elevations of potassium
levels increased the occurrence of certain ECG alterations. The following differences were found between
moderately and severely hyperkalemic patients: atrial fibrillation (11.3 vs 26.3%, χ2 test, p < 0.05), Io AV block
(4.1% vs 18.4%, Fisher exact test, p < 0.05,) wide QRS
(13.4% vs 31.6%, χ2 test, p < 0.05) and peaked T waves
(6.2% vs 18.4%, Fisher exact test, p = 0.05) were present
more frequently on the ECG recordings of patients with
severe hyperkalemia than on the ECG of patients with
moderate hyperkalemia. (Figs. 2 and 3).

Discussion
Hyperkalemia is one of the most common, potentially
life-threatening metabolic disorders of reversible periarrest conditions that needs to be recognized and treated in

Fig. 1 The frequency of single and multiple ECG alterations suggestive of hyperkalemia in normokalemic and hyperkalemic patients
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Fig. 2 The frequency of ECG alterations suggestive of hyperkalemia
in normokalemic, moderately hyperkalemic and severely
hyperkalemic patients (*: p < 0.05 vs control, #: p < 0.05 vs moderate
hyperalemia) a: Peaked T waves; b: Wide QRS; c: Ist degree AV block;
d: Bradycardia

time [9]. Potassium levels above the normal range often
remain unnoticed and periarrest situations may occur
without warning [10]. Electrocardiography is a widely
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used, easily attainable method to raise the possibility of
hyperkalemia, however there have been conflicting reports about its sensitivity and specificity to signal elevated potassium levels [3, 5, 11].
In our study we investigated whether ECG alterations
suggestive of hyperkalemia were present in a randomly selected group of normokalemic patients admitted to the
Emergency Center. Previous studies have shown that the
ability of physicians to predict hyperkalemia from the
ECG was low with sensitivities between 0.43 and 0.34 and
experienced readers’ ability to predict severity of hyperkalemia were likewise poor [5, 11]. ECGs have often been
shown to be normal in hyperkalemia and a number of
cases have been reported where patients with severely elevated potassium levels did not show typical ECG manifestations [7, 11]. In accordance with these investigations, we
found that less than half of the hyperkalemic patients
exhibited ECG changes suggestive of hyperkalemia, while
the majority of the hyperkalemic patients showed no typical ECG changes at all. A surprisingly high proportion
(24%) of normokalemic patients exhibited ECG alterations
suggestive of hyperkalemia. Thus, based on ECG analysis
alone, normokalemia and hyperkalemia cannot be
confirmed or exluded in patients.
It must be noted, however, that some ECG changes suggestive of hyperkalemia (wide QRS, peaked-T waves, 1st
degree AV-block and bradycardia) were significantly more
prevalent in the severely hyperkalemic group. Although
there wasn’t a significant difference between the frequency
of ECG alterations suggesting hyperkalemia in normokalemic and moderately hyperkalemic patients, the number of
ECG alterations suggestive of hyperkalemia simultaneously
present increased with the degree of serum potassium
elevation. These findings are in line with a previous report
on the higher frequency of ECG changes with increasing
potassium levels [4]. Peaked T waves are considered to be
the typical earliest ECG signs of elevated serum potassium
levels [3–5]. In our study, peaked T-waves was the second
most common ECG manifestation among severely hyperkalemic patients, while wide QRS was the most common
ECG change and significantly more often found among all
hyperkalemic patients compared to patients with normal
potassium levels.
We examined the prevalence of four ECG abnormalities,
whose association with hyperkalemia has been found to be
equivocal according to previous studies. ST depression
may be an ECG manifestation of hyperkalemia [12], but we
did not detect a significant difference in the frequency of
ST depression between normokalemic and hyperkalemic
patients in our study. Atrial fibrillation has been associated
with certain changes in the ECG and most studies have
found that lower potassium levels were associated with a
higher risk of atrial fibrillation [13–15]. Our results
showed, however, that atrial fibrillation was more prevalent
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Table 3 The frequency of ECG alterations possibly associated with hyperkalemia in normokalemic versus hyperkalemic patients. (*: p
≤ 0.05)
Control (n = 170)

All hyperkalemia (n = 135)

AF

ST depression

Short QTc

Prolonged QTc

%

10.6%

28.8%

0.0%

5.3%

n

18

49

0

9

%

15.6%

23.0%

0.7%

18.5%*

n

21

31

1

25

Moderate hyperkalemia
(n = 97)

%

11.3%

22.7%

1.0%

17.5%*

n

11

22

1

17

Severe hyperkalemia
(n = 38)

%

26.3%*

23.7%

0.0%

21.1%*

n

10

9

0

8

in severely hyperkalemic patients compared to normokalemic patients. We attribute these results to the synergistic
effect of two groups of diseases often present in patients
with high potassium levels. Hyperkalemia and heart failure
are common in chronic kidney disease and heart failure is
often the cause of or caused by atrial fibrillation. Therefore,
atrial fibrillation occurs not as the result of hyperkalemia

but rather as the consequence of illnesses often associated
with hyperkalemia.
Although shortening of the QTc interval in hyperkalemia has been reported in several investigations [12, 16],
the possibility of prolonged QTc occurance in hyperkalemia has also been raised [17]. In our study, prolonged
QTc were more frequent in severely hyperkalemic

Fig. 3 The frequency of ECG alterations possibly associated with hyperkalemia in normokalemic versus hyperkalemic patients
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patients compared to normokalemic patients. In fact,
prolonged QTc was the only ECG alteration significantly
more frequent in both moderately and severely hyperkalemic patients compared to the group with normal potassium levels. Although the reasons underlying our
findings need to be clarified, the results imply that prolonged QTc and atrial fibrillation could also draw attention to hyperkalemia, besides the more acknowledged
ECG manifestations of hyperkalemia.
Our study has other implications. When we compared
baseline data from patients in the normokalemic and
hyperkalemic groups, CKD and comborbidities such as
heart and liver failure were significantly more frequent in
hyperkalemic patients. CKD and/or hemodialysis have
been known to increase the likelihood of hyperkalemia [4,
18] and so patients suffering from renal failure are more at
risk of developing potassium cardiotoxicity [19]. The usage
of certain types of medication, including ACEI, ARB and
potassium-sparing diuretics has been associated with an increased number of hyperkalemia-related hospitalizations
and mortality [20–23]. In keeping with earlier studies, we
found that the application of these types of drugs was also
more common in patients with elevated potassium levels.
Our data underline the importance of regular monitoring
of electrolytes in patients taking hyperkalemia-inducing
medication, preferably already in non-urgent situations
within the primary care setting since ECG diagnosis of
hyperkalemia is uncertain.
To our knowledge, this study is the first to investigate
ECG alterations suggestive of hyperkalemia in a large
number of patients with normal potassium levels. Besides supporting evidence for the unreliability of ECG
diagnosis in hyperkalemia, our results show that a fourth
of normokalemic patients also exhibit ECG alterations
suggestive of hyperkalemia. This indicates that treatment
of suspected hyperkalemia in the prehospital setting,
prior to laboratory confirmation of potassium levels,
may not be prudent. Although it has been suggested that
initiation of life-saving treatment with calcium in suspected hyperkalemia prior to laboratory confirmation of
hyperkalemia would be advisable, we disagree with this
proposition [24]. Investigations have shown, that the empiric treatment of hyperkalemia based on ECG alone
was predicted to lead to the mistreatment of at least 15%
of patients [11] and treatment decisions should not depend only on the presence of ECG alterations [4].
Limitations

Our study has several limitations. The normokalemic
(control) group and hyperkalemic group were not
matched regarding age, medication and comorbidites.
This was to be expected, however, as this investigation
was a cross-sectional study of patients admitted to emergency care. The interpretation of ECGs may be another
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confounding factor, since a number of ECG alterations
can be due to other causes than hyperkalemia or alternatively, ECG changes due to other conditions may mask
signs of hyperkalemia. We argue, however, that in the prehospital, emergency setting information regarding medication and previous illnesses is not readily available to the
caregiver and therefore, he or she must make decisions regarding diagnosis and treatment with none or very limited
information. Another limitation of our study is that although the investigation was conducted on a relatively
large number of patients, a larger-scale study examining
the ECG alterations suggestive of hyperkalemia in normokalemic patients would be needed to confirm our results.

Conclusion
Our findings imply, what previous studies have suggested, that the ECG is not a reliable tool in the diagnosis of hyperkalemia. To this, our study adds valuable
information by demonstrating that a minority of patients
with normal potassium levels may also exhibit ECG alterations considered to be typical for hyperkalemia.
These results underline the importance of accurate
laboratory-confirmed diagnosis of hyperkalemia prior to
initiation of treatment. Nevertheless, since ECG alterations suggestive of hyperkalemia are more frequent in
hyperkalemic patients, any change in the ECG attributable to hyperkalemia should draw attention to a potentially life threatening condition, in the prehospital
emergency setting, especially in periarrest situations.
Abbreviations
CKD: Chronic kidney disease; DM: Diabetes mellitus; ECG: Electrocardiogram;
HF: Heart failure; HT: Hypertension; K suppl: Potassium supplementation;
RRT: Renal replacement therapy
Acknowledgements
The authors wish to thank Gábor Göbl M.D. and Professor László Rudas M.D.
for their insightful input on the manuscript.
Authors’ contribution
All authors were involved in delivery of the investigation. CV, TO, JB, EP and
NF prepared the manuscript. AS and ZK analyzed the ECG curves. KD
performed the statistical analysis. CV, AS, ZK, MK, RB and NF collected the
data. All authors have read and approved the final manuscript.
Funding
This work was supported by the GINOP 2.3.2-15-2016-00047 grant. The
funding source did not have any role in the study design; in collection,
analysis and interpretation of data, or in writing and submitting this
manuscript.
Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
Ethics committee approval was obtained from the Institutional Ethics and
Research Ethics Committee of the Somogy County Kaposi Mór Teaching
Hospital (Reference number: IG/02401–002/2015.)
Consent for publication
Not applicable.

Varga et al. BMC Emergency Medicine

(2019) 19:33

Page 9 of 9

Competing interests
The authors declare they have no competing interests.
21.
Author details
1
Department of Emergency Medicine, Somogy County Kaposi Mór General
Hospital, Tallián Gyula street 20-32, Kaposvár 7400, Hungary. 2Institute of
Emergency Care and Pedagogy of Health, Faculty of Health Sciences,
University of Pécs, Vörösmarty Mihály street 4, Pécs 7621, Hungary.
3
Hungarian National Ambulance Service, Kossuth Lajos u. 41, Marcali 8700,
Hungary. 4Department of Oncology, Békés County Kálmán Pándy General
Hospital, Semmelweis street 1, Gyula 5700, Hungary. 5Department of Surgery,
Somogy County Kaposi Mór General Hospital, Tallián Gyula street 20-32,
Kaposvár 7400, Hungary. 6Institute of Primary Health Care, Medical School,
University of Pécs, 7623 Hungary Pécs, Rákóczi street 2, Pécs, Hungary.
7
Institute of Nutritional Sciences and Dietetics, Faculty of Health Sciences,
University of Pécs, Vörösmarty Mihály street 4, Pécs 7621, Hungary.
Received: 1 February 2019 Accepted: 22 May 2019

References
1. Truhlar A, Deakin CD, Soar J, Khalifa GE, Alfonzo A, Bierens JJ, et al.
European resuscitation council guidelines for resuscitation 2015: section 4.
Cardiac arrest in special circumstances. Resuscitation. 2015;95:148–201.
2. DeBehnke DJ, Hilander SJ, Dobler DW, Wickman LL, Swart GL. The
hemodynamic and arterial blood gas response to asphyxiation: a canine
model of pulseless electrical activity. Resuscitation. 1995;30(2):169–75.
3. Diercks DB, Shumaik GM, Harrigan RA, Brady WJ, Chan TC.
Electrocardiographic manifestations: electrolyte abnormalities. J Emerg Med.
2004;27(2):153–60.
4. Montague BT, Ouellette JR, Buller GK. Retrospective review of the frequency
of ECG changes in hyperkalemia. Clin J Am Soc Nephrol. 2008;3(2):324–30.
5. Freeman K, Feldman JA, Mitchell P, Donovan J, Dyer KS, Eliseo L, et al.
Effects of presentation and electrocardiogram on time to treatment of
hyperkalemia. Acad Emerg Med. 2008;15(3):239–49.
6. Martinez-Vea A, Bardaji A, Garcia C, Oliver JA. Severe hyperkalemia with
minimal electrocardiographic manifestations: a report of seven cases.
J Electrocardiol. 1999;32(1):45–9.
7. Ryuge A, Nomura A, Shimizu H, Fujita Y. Warning: the ECG may be Normal
in severe hyperkalemia. Intern Med. 2017;56(16):2243–4.
8. Acker CG, Johnson JP, Palevsky PM, Greenberg A. Hyperkalemia in
hospitalized patients: causes, adequacy of treatment, and results of an
attempt to improve physician compliance with published therapy
guidelines. Arch Intern Med. 1998;158(8):917–24.
9. Webster A, Brady W, Morris F. Recognising signs of danger: ECG changes
resulting from an abnormal serum potassium concentration. Emerg Med J.
2002;19(1):74–7.
10. Gumz ML, Rabinowitz L, Wingo CS. An integrated view of potassium
homeostasis. N Engl J Med. 2015;373(18):1787–8.
11. Wrenn KD, Slovis CM, Slovis BS. The ability of physicians to predict
hyperkalemia from the ECG. Ann Emerg Med. 1991;20(11):1229–32.
12. Levis JT. ECG diagnosis: hyperkalemia. Perm J. 2013;17(1):69.
13. Krijthe BP, Heeringa J, Kors JA, Hofman A, Franco OH, Witteman JC, et al.
Serum potassium levels and the risk of atrial fibrillation: the Rotterdam
study. Int J Cardiol. 2013;168(6):5411–5.
14. Yan L, Jiang T, Yang X, Xu M. Spontaneous conversion of atrial fibrillation
caused by severe hyperkalemia: a case report. Medicine (Baltimore). 2018;
97(15):e0442.
15. Liu R, Chang Q, Liu A. Permanent atrial fibrillation: special electrocardiogram
in hyperkalemia. Int J Cardiol. 2016;215:519–20.
16. Khan IA. Long QT syndrome: diagnosis and management. Am Heart J. 2002;
143(1):7–14.
17. Joki N, Tokumoto M, Takahashi N, Nishimura M. Current perspectives on sudden
cardiac death in hemodialysis patients. Contrib Nephrol. 2018;196:5–12.
18. Aslam S, Friedman EA, Ifudu O. Electrocardiography is unreliable in
detecting potentially lethal hyperkalaemia in haemodialysis patients.
Nephrol Dial Transplant. 2002;17(9):1639–42.
19. Paice B, Gray JM, McBride D, Donnelly T, Lawson DH. Hyperkalaemia in
patients in hospital. Br Med J (Clin Res Ed). 1983;286(6372):1189–92.
20. Arampatzis S, Funk GC, Leichtle AB, Fiedler GM, Schwarz C, Zimmermann H,
et al. Impact of diuretic therapy-associated electrolyte disorders present on

22.

23.
24.

admission to the emergency department: a cross-sectional analysis. BMC
Med. 2013;11:83.
Alharbi FF, Souverein PC, de Groot MCH, Blom MT, de Boer A, Klungel OH,
et al. The impact of serum potassium-influencing antihypertensive drugs on
the risk of out-of-hospital cardiac arrest: a case-control study. Br J Clin
Pharmacol. 2017;83(11):2541–8.
Juurlink DN, Mamdani MM, Lee DS, Kopp A, Austin PC, Laupacis A, et al.
Rates of hyperkalemia after publication of the randomized Aldactone
evaluation study. N Engl J Med. 2004;351(6):543–51.
Centers for Disease C, Prevention. State-specific trends in chronic kidney failure-United States, 1990-2001. MMWR Morb Mortal Wkly Rep. 2004;53(39):918–20.
Riccardi A, Tasso F, Corti L, Panariello M, Lerza R. The emergency physician
and the prompt management of severe hyperkalemia. Intern Emerg Med.
2012;7(Suppl 2):S131–3.

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

