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Abstract
Background
Hyperkalemia is a serious life-threatening condition that leads to significant morbidity and mortality.

Objectives
The aim of this study is to investigate the association between the duration and outcomes in patients
hospitalized with hyperkalemia, as well as associated risk factors and drug-induced hyperkalemia.

Methods
A three-year retrospective chart review study was conducted at a tertiary hospital at King Abdulaziz Medical
City, Riyadh, Saudi Arabia, between January 2016 and April 2019. We included all hospitalized adults
and patients with hyperkalemia. Pediatric patients and dialysis patients with end-stage renal failure were
excluded.

Results
Out of a total of 300 hospitalized patients who were screened for hyperkalemia, only 142 patients were
included. The majority of cases were males (56.3%), whereas 43.7% were females. Most patients were above
55 years old. Regarding comorbidities in patients with hyperkalemia, most of them suffered from high blood
pressure or diabetes. The mean serum potassium value was 5.7 ± 0.51 mEq. The most frequent medications
used in the study population were azole antifungal medication followed by nonsteroidal anti-inflammatory
drugs, beta-blockers, and angiotensin-converting enzyme inhibitors. Around 54 patients were not treated
with medication and were monitored for spontaneous correction of hyperkalemia. Insulin was the most used
medication for the treatment of hyperkalemia. The mean duration for the resolution of hyperkalemia was 12
±9.4 hours. Out of 142 patients, only 10 (7%) patients died with hyperkalemia.

Conclusions
Hospitalized patients are at risk of hyperkalemia. In our study, we found that patients who had hyperkalemia
were significantly likely to have acute kidney injury or cardiovascular diseases, and azole antifungals and
beta-blockers were the most commonly used medications.
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Introduction
Serum potassium plays multiple critical roles and is essential for normal cardiac, nervous, and muscular
functions. Several homeostatic factors keep serum potassium within a narrow range, such as insulin,
aldosterone, β-adrenergic receptors, and blood pH. Any irregularity in these factors can result in hypo- or
hyperkalemia [1]. Hyperkalemia is defined as a high serum level of K+. There is no universal cut-off point for
hyperkalemia, but a level of ≥5.5 mEq/L is widely used [2]. Most frequently, hyperkalemia is associated with
life-threatening cardiac dysrhythmias and arrest, which significantly increase morbidity and all-cause
mortality [3-5]. The time until the resolution of hyperkalemia has been found to be significantly associated
with in-hospital mortality, with an incidence of 1.1 to 10 patients per 100 admitted patients [5-6]. Chronic
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kidney disease, metabolic acidosis, and drugs are considered as the most common risk factors for
hyperkalemia [3,5]. Up to 75% of admitted patients have drug-induced hyperkalemia, particularly those
using renin-angiotensin-aldosterone system inhibitors (RAASis) [5]. Other conditions and risk factors are
hypertension, high protein intake, diabetes mellitus, renal insufficiency, coronary artery disease, and
peripheral vascular disease [4,7]. Hyperkalemia is rarely detected in the general population and has a
reported incidence of less than 5% worldwide. Studies suggest that the occurrence of hyperkalemia appears
to be significant among hospitalized patients [8]. The management of severe hyperkalemia requires both
urgent measures and awareness of the underlying cause in order to save lives and achieve maintenance
therapy to keep potassium levels within their normal range [9]. However, based on our findings, there are no
available data on hyperkalemia among hospitalized Saudi populations. Hence, the aim of this study is to
investigate the association between the duration of hyperkalemia and the outcome among hospitalized
patients. The results could help the high-risk patient populations that are prevalent in Saudi Arabia.

Materials And Methods
This retrospective chart review study examined well-defined clear questions based on the medical record
numbers (MRNs) of patients who attended King Abdulaziz Medical City (KAMC), Riyadh, Saudi Arabia,
between January 2016 and April 2019. KAMC is a tertiary hospital and considered one of the major divisions
of the National Guard Health Affairs. It was established in May 1983 and has a capacity of 1,505 beds. The
hospital provides all types of health services to all National Guard soldiers and their families. The study
included all hospitalized patients with a diagnosis of hyperkalemia at the time of admission or during
hospitalization who were older than 18 years and had serum potassium ≥5.1 mEq/L. Patients younger than
18 years, dialysis patients with end-stage renal failure, and patients with incomplete data were excluded.
Medical records of 300 hospitalized patients were screened for hyperkalemia, of which 142 patients were
included. Hyperkalemia was considered as a condition in which the potassium level in the blood is above
normal [1]. We obtained approval from the Institutional Review Board of KAIMARC. All patients’
information was kept private and confidential by using coding numbers for each patient’s information.
Furthermore, the information was viewed and accessed by only the research members. Patient data were
obtained from medical records through their MRNs. We used descriptive questions to examine the following
variables: gender, mean age, measured potassium level, number of admissions and reasons, associated
medical conditions, medications associated with hyperkalemia, duration of hyperkalemia until resolution,
mortality, associated medical complications, and treatment used for hyperkalemia. Data were saved in an
appropriately designed Excel spreadsheet.

Statistical analysis
Raw data were processed to identify any inaccuracies or incompleteness before the statistical analysis. To
accomplish this, all variables were checked and summarized in terms of maximum and minimum values. The
ranges were checked and compared against the possible ranges of each variable, and those with implausible
values were flagged. A similar process was applied to categorical variables to identify any potential
anomalies, such as miscodes by running a general frequency analysis. The data management and analyses
were carried out using the Statistical Package for Social Sciences (SPSS) version 21.0 (IBM Corp., Armonk,
NY, USA). Descriptive statistical analyses were carried out, and the results are reported as numbers and
percentages for categorical variables and as the mean and standard deviation (SD) for continuous ones.
Continuous variables are summarized as the mean ± SD or the median (range). Proportions were used for
categorical variables. Demographic and clinical information are summarized in frequency tables. A chi-
squared test was used to compare between groups. A multivariate logistic regression analysis was also
carried out using the variables that showed statistical significance at the bivariate level. Interaction between
these variables was also assessed. The adjusted odds ratio (OR) and 95% confidence interval (CI) are also
reported, and the level of significance was determined using p < 0.05.

Results
A total of 300 hospitalized patients were screened for hyperkalemia, of whom 142 patients were
included. The majority of cases were males (56.3%) and 43.7% were females. We divided the patients into
three age groups, and most patients (94.4%) were above 55 years old. Regarding comorbidities among
hyperkalemia patients, 114 of them suffered from high blood pressure (80.2%), 105 (73.9%) had diabetes, 80
(56.3%) had cardiovascular diseases, 65 (45.8%) had chronic kidney disease, 28 (19.8%) had liver disease, and
25 (17.6%) had tumors (Table 1).
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Variable Result

Age, mean ± standard deviation (years) 56 ± 11

Male % 56.3

Female % 43.7

Hypertension % 80.2

Diabetes mellitus% 73.9

Cardiovascular diseases % 56.3

Acute kidney injury % 45.8

Liver cirrhosis % 19.8

Solid tumors % 17.6

Organ transplantation % 7.7

Tissue necrosis % 4.9

Metabolic acidosis % 3.5

Blood transfusion % 1.4

Dehydration % 0.7

TABLE 1: Baseline characteristics of 142 patients hospitalized with hyperkalemia.

The mean serum potassium value was 5.7 mEq, and the highest and lowest potassium levels were 6.5 mEq
and 5.5 mEq, respectively (Figure 1).

FIGURE 1: Potassium levels among hospitalized patients.

Almost half (47.2%) of the study population were found to use azole antifungal medications, whereas 32.4%
used nonsteroidal anti-inflammatory drugs, 31% used beta-blockers, and 30.3% used angiotensin-
converting enzyme inhibitors (ACEIs). Penicillin and saline showed similar results (0.7%; Table 2).
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Medication  Result

Azole antifungals, n (%)  67 (47.2)

Non-steroidal anti-inflammatory drugs, n (%)  46 (32.4)

β-blockers, n (%)  44 (31)

Angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, n (%)  43 (30.3)

Spironolactone/eplerenone, n (%)  17 (12)

Heparin, n (%)  4 (2.8)

Digoxin, n (%)  2 (1.4)

Penicillin, n (%)  1 (0.7)

Saline, n (%)  1 (0.7)

TABLE 2: Prevalence of medications associated with hyperkalemia among hospitalized patients.

Intravenous insulin was the most used medication for the treatment of hyperkalemia in 42 (48%)
hospitalized patients, whereas 34 (39%) were treated with sodium polystyrene sulfonate. About 54 (38%)
patients were not treated with medication and were monitored for spontaneous correction of hyperkalemia
(Figure 2).

FIGURE 2: Medications used for the treatment of hyperkalemia.

A total of 81 (57%) patients were admitted for a few days, and a few (19%) were admitted for more than a
month. The mean duration for the resolution of hyperkalemia was 12 ± 9.4 hours. Out of 142 patients with
hyperkalemia, only 10 (7%) patients died with hyperkalemia.

Hyperkalemia patients were significantly likely to have acute kidney injury and cardiovascular diseases, and
azole antifungals and beta-blockers were the most commonly used medications. All other diseases and
medications were not significantly correlated with hyperkalemia (Table 3).
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Risk factor p-Value

Acute kidney injury 0.00***

Metabolic acidosis 0.978

Cardiovascular disease 0.012***

Diabetes mellitus 0.152

Hypertension 0.144

Beta-blockers 0.028***

Azole antifungal 0.014***

ACEI/ARBS 0.147

NSAIDs 0.385

Spironolactone/eplerenone 0.226

TABLE 3: Correlation of hyperkalemia- and hyperkalemia-induced risk factors.
***Indicates significant correlation with p-value < 0.05

ACEI/ARBS, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; NSAIDs, nonsteroidal anti-inflammatory drugs

Discussion
Hyperkalemia is a common clinical and potentially life-threatening metabolic problem, and its prevalence
among Saudi populations is considered high, especially for those with more comorbidities [5]. Our study
provides an overall assessment of the rates of potassium testing, patterns, and risk factors of hyperkalemia,
as well as the mortality associated with hyperkalemia. In this study, the recorded incidence of hyperkalemia
among hospitalized patients who were not on dialysis was 3%, which is similar to the occurrences recorded
in preceding surveys [5,10]. Some underlying conditions are associated with the onset of hyperkalemia, such
as severe kidney damage, hypertension, congestive heart disorders, and diabetes mellitus. Research also
indicates a relationship of tissue necrosis, metabolic acidosis, and blood transfusion with the development
of hyperkalemia [11]. The incidence of the disease in our facility was slightly higher than that in other
ones [5-6,10]. It could be explained by the mixed varieties of hospitalized patients in our facility, which is
one of the largest in the region.

Exposure to different medications is a significant contributor to hyperkalemia [6]. Of the 300 patients
involved in the study, 75% indicated being on at least one drug that contributes to the onset of
hyperkalemia. The high prevalence of hyperkalemia among inpatients is due to the application of some
medications, including β-blockers, heparin, and potassium supplements. Other drugs associated with
hyperkalemia include aldosterone antagonists and angiotensin receptor blockers [12]. These drugs are used
to treat conditions such as myocardial infarction, hypertension, and heart failure [13]. These medications
reveal a connection with hyperkalemia, which is consistent with other studies that included the use of β-
blockers for patient care [14]. 

The systematic analysis manifests that patients with nonsteroidal anti-inflammatory drug (NSAID)-induced
hyperkalemia achieved rapid restoration to a normokalemic state among hospitalized patients. The use of
nonsteroidal anti-inflammatory medication results in limited potassium homeostasis by creating relative
hyporeninemic hyperaldosteronism, which inhibits the synthesis of renal prostaglandin [15]. The early
hyperkalemia resolution is attributed to fast-acting helpful mediations administered using intravenous
solutions and the control of NSAIDs. The prevalence of NSAIDs as a cause of hyperkalemia reflects the
population, which has a high incidence of kidney diseases and coronary artery diseases, which are less likely
to be treated NSAIDs [16]. The method of collecting data to measure exposure to drugs through the records
of the drugs administered before a hyperkalemia episode is controversial [17]. The flaw of this method is
that it does not capture over-the-counter drugs. Thus, the validity of this information can often be
disregarded. However, this information can be applied for cases in which certain drugs are regularly
administered to manage chronic conditions. Metabolic acidosis, acute kidney damage, and tissue necrosis
are some conditions considered as independent indicators for extended periods before restoration to a state
of normokalemia because the severe metabolic imbalances take relatively longer to repair [3].

Hyperkalemia is a condition related to severe medical consequences and higher in-facility transience. The
rate of mortality from hyperkalemia tends to increase with the severity of hyperkalemia [18]. However, the
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advancement from gentle to toxic arrhythmias is irregular [19]. According to McMahon et al., hyperkalemia
can become fatal if left unattended, resulting in severe cardiac arrhythmias because of the rapid increase of
serum potassium [20]. Another outcome of hyperkalemia is the reduction of latent membrane budding of the
myocardium. This situation leads to a diminished myocardial cell conduction rate and a rise in the
repolarization rate, which is likely to cause hyperkalemia-induced arrhythmic death [21]. 

It is clear that tissue necrosis, the use of calcium gluconate, metabolic acidosis, potassium supplements,
severe kidney damage, and the interval before hyperkalemia firmly reveal a profound association with in-
hospital mortality [22]. Metabolic acidosis, necrosis, and kidney injury are factors that lead to a longer
duration of hyperkalemia. The prolonged hyperkalemia periods contribute to the association with rising
mortality [23]. This report's findings are consistent with those of other studies [22-23].

This study reveals that the use of calcium gluconate in the management of hyperkalemia is associated with
increased in-facility mortality [24]. The increase in mortality can be explained in the context of guidelines
that stipulate the application of calcium salts in the event of electrocardiographic alterations in patients
that indicate severe hyperkalemia-connected mortality among critically sick patients [25]. Furthermore, the
duration before a hyperkalemia episode is linked to a high in-hospital mortality rate [25].

Procedural reviews highlight the limited information available to ascertain the most suitable intervention
strategy for the management of hyperkalemia. Other studies on the subject of hyperkalemia indicate that
little attention has been given to finding the appropriate frequency and period of observing clients with
hyperkalemia [26]. Existing frameworks stipulate that after initial actions for hyperkalemia, physicians
should recheck the serum potassium within one to two hours [27]. After the initial observation, the
frequency of subsequent monitoring can be adjusted depending on the potassium level in the serum.
Furthermore, the potential reversibility of the underlying cause plays a significant role in determining the
frequency of subsequent monitoring [28]. Since our study indicates an independent association between
prolonged duration and adverse outcomes, we conclude that evidence-based intervention for hyperkalemia
among inpatients is vital. However, additional research is necessary to determine the value of initiating
treatment for hyperkalemia in enhancing the outcomes, particularly concerning in-hospital mortality.

A significant constraint of this investigation is that it used a retrospective observational approach. This
approach hinders the extraction of electrocardiograms from all episodes of hyperkalemia. Patient
identification was made using ICD-9 (International Classification of Diseases, 9th Revision) diagnosis codes,
which made it easy to trace all hyperkalemia cases during the study period. Because chronic kidney disease is
a significant contributor, the ability to quantify the frequency of chronic kidney disease using a deliberate
glomerular filtration rate is a chief strength of this study [29].

Independent indicators of in-facility mortality of patients with hyperkalemia include prolonged
hyperkalemia durations and acute kidney diseases. These conditions are attributed to potassium
supplementation, metabolic acidosis, tissue necrosis, and potassium supplementation, as well as the
administration of calcium gluconate in the intervention for hyperkalemia. Thus, it is imperative to provide
aggressive intervention measures for hyperkalemia for these patients. This study was subject to some
limitations being a retrospective study and a single-center study. We recommend the conduction of future
studies with a prospective cohort design to identify potential risk factors.

Conclusions
Hospitalized patients are at risk for hyperkalemia, which is a life-threatening condition associated with
significant morbidity and mortality. In this study, the mean duration for the resolution of hyperkalemia was
12 ± 9.4 hours. The most frequent comorbidities observed in patients with hyperkalemia were hypertension
followed by diabetes mellitus and cardiovascular diseases. Patients who had hyperkalemia were significantly
likely to have acute kidney injury or cardiovascular diseases, and azole antifungals and beta-blockers were
the most commonly associated medications. These findings emphasize the importance of recognizing the
underlying cause, urgent measures to correct potassium levels, and early management in order to save the
lives of patients, as well as achieving maintenance therapy to keep potassium levels within its normal range.
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