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There is limited data on the prevalence and risk factors of hyperkalemia in heart failure patients who
received spironolactone as an add-on to standard therapy, including angiotensin-converting enzyme
inhibitors or angiotensin II receptor blockers. The objective of this study is to determine the incidence
of hyperkalemia and identify its risk factors among heart failure patients using spironolactone.
This retrospective chart review included adult heart failure patients (=18 y) who were initiated on
spironolactone therapy, using health information system data to capture the period from treatment
initiation to the incidence of hyperkalemia. The study was conducted at King Abdulaziz Medical City in
Riyadh. An excel-based tool (Microsoft® Excel; version 2018) was used for systematic data sampling and
analysis. A total of 349 patients met the inclusion criteria. 43 % of patients were men while 57 % were
women. The mean age of patients was (64.87+14.02) y. 161 patients were received 12.5 mg spironolactone,
40 % of those patients who had incidence of hyperkalemia. 62 % of those who developed hyperkalemia
were on angiotensin-converting enzyme inhibitors, 28 % on angiotensin II receptor blockers, 14 % on
potassium supplements. 263 patients were received 25 mg spironolactone, 47 % of patients had incidence
of hyperkalemia. 49 % of those who developed hyperkalemia were on angiotensin-converting enzyme
inhibitors, 31 % on angiotensin II receptor blockers, and 22 % on potassium supplements. 17 patients
were received 50 mg spironolactone, 53 % of patients had incidence of hyperkalemia. Our study showed
that half of heart failure patients who used spironolactone developed hyperkalemia and were either
on angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers. Further study with a
larger sample size is required to clarify and confirm our study findings.
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Heart Failure (HF) is a leading cause of death in
the cardiovascular system. Worldwide, it is the
primary cause of morbidity and mortality!"s. HF
has been linked to a number of serious clinical
outcomes, including atrial fibrillation, stroke,
peripheral embolism, pulmonary embolism, hepatic
dysfunction, pulmonary congestion, and kidney
failure. Disruptions in potassium homeostasis are
prevalent in patients with HF and have been linked
to adverse clinical outcomes™*. Potassium balance
in HF is influenced by neurohormonal mechanisms
and the medications used for treatment®”. Chronic
Kidney Disease (CKD) is common in patients with
HF and increases the risk of hyperkalemia. CKD is
defined as an estimated Glomerular Filtration Rate
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(eGFR) of <60 ml/min/1.73 m? persisting for >3 mo,
which further elevates the risk of hyperkalemia in
HF patients.

Spironolactone is a Mineralocorticoid Receptor
Antagonist (MRA) and a potassium-sparing diuretic.
It competes with aldosterone for binding to its
cytoplasmic receptor, promoting sodium secretion
and reducing electrically coupled potassium
secretion®?).  Gynecomastia, Gastrointestinal (GI)
upset, and hyperkalemia are the most frequently
reported adverse effects of spironolactone!'”.
Hyperkalemia is a potentially fatal condition
defined by a serum potassium concentration of >5
mmol/I!"2, The Randomized Aldactone Evaluation
Study (RALES) trial established a precedent for
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the use of spironolactone in patients with HF. This
trial enrolled patients with severe HF who had an
Ejection Fraction (EF) of <35 % and discovered that
adding spironolactone to standard therapy reduced
morbidity and mortality. According to the American
Heart Association's guidelines, spironolactone is
recommended in patients with New York Heart
Association (NYHA) class II-IV who have a Left
Ventricular EF (LVEF) of <35 % and in patients who
have had a Myocardial Infarction (MI) and have an
LVEF <40 % with symptoms of HF or an LVEF <40
% with Diabetes Mellitus (DM)!*151. According to a
population-based time series analysis, the publication
of the RALES trial was associated with abrupt
increases in the rate of spironolactone prescriptions
and hyperkalemia-related morbidity and mortality!'¢l.
The risk of hyperkalemia was four times greater
with spironolactone and an Angiotensin-Converting
Enzyme Inhibitor (ACEI)/Angiotensin Receptor
Blocker (ARB) compared to placebo in patients with
preserved EF enrolled in the Treatment Of Preserved
Cardiac function heart failure with an Aldosterone
anTagonist (TOPCAT) trial!”. Additionally, a
cohort study conducted in Brazil evaluated the
risk of hyperkalemia in HF patients treated with
ACEIs with or without spironolactone. The study
found that the spironolactone group had a higher
incidence of hyperkalemial'®l. 30 patients developed
hyperkalemia in a retrospective study of 125
Congestive HF (CHF) patients. They discovered that
kidney function, DM, and medications for HF are all
independently associated with hyperkalemial'?!. In a
nested case-control study in Germany, HF patients
receiving ACE inhibitors or ARBs in combination
with spironolactone had a significantly higher risk of
hyperkalemia, particularly those over the age of 70
y2%, Currently, there is limited data on the incidence
and risk factors for hyperkalemia in HF patients
receiving spironolactone in addition to standard
therapy with ACEIs or ARBs. The purpose of this
study was to determine the incidence and identify the
risk factors for hyperkalemia in HF patients treated
with spironolactone.

MATERIALS AND METHODS

Study design:

From March 1%t 2016 to March 31%t 2019, this
retrospective descriptive chart review was conducted
at King Abdulaziz Medical City (KAMC) in Riyadh,
Saudi Arabia. Both in-patients and out-patients
with HF requiring spironolactone were included,
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identified through the BESTCare electronic health
system. Patients were primarily assessed by a
multidisciplinary care team, including cardiologists,
internists, and family medicine providers. Eligible
patients were aged 18 y or older, with the following
exclusion criteria, CKD requiring dialysis, cancer, or
a history of hyperkalemia (defined as two consecutive
readings >5 mmol/l prior to starting spironolactone).

Data collection:

The data for this study were extracted from the
patients' charts and entered into an Excel sheet
using a data collection form. The demographic data
extracted included the patient's age, gender, weight,
EF, and baseline potassium levels, all collected from
patient records prior to spironolactone initiation.
Additional data gathered included comorbidities,
spironolactone dose, incidences of hyperkalemia
(if any), time to the first event, other medications
(ACEI, ARBs, digoxin, furosemide, Beta (f)-
blockers, and potassium supplements), as well as
average potassium, creatinine, and Brain Natriuretic
Peptide (BNP) levels.

Follow-up:

Patient follow-up in this study was retrospective,
utilizing data from the BESTCare electronic HIS
at KAMC. Patients were tracked from the initiation
of spironolactone therapy until the first recorded
incidence of hyperkalemia. Unlike the RALES trial,
which implemented specific follow-up intervals, this
study did not have predefined check-up schedules.
Monitoring frequency and clinical assessments,
including potassium and creatinine levels, were
conducted based on individualized clinical needs, as
documented in the patient records.

Statistical analysis:

For systematic data collection and analysis, an
Excel-based tool (Microsoft® Excel; version
2018) was used. Descriptive statistics (i.e., means
and frequencies) were used to present patients'
demographic characteristics, clinical variables,
study outcomes, and other variables. The mean
and Standard Deviation (SD) summarized the
study's findings, while percentages and proportions
were used for categorical variables. The study was
approved by the King Abdullah International Medical
Research Center's (KAIMRC) Ethical Review Board
in Riyadh, Saudi Arabia. Informed consent was
waived due to the lack of patient interaction.
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RESULTS AND DISCUSSION

A total of 429 patient records were reviewed. 80
subjects were excluded from the study based on
at least one of the following criteria, any form of
cancer, a history of hyperkalemia, hemodialysis,
or missing data. As a result, 349 patients met the
study's inclusion criteria and were included in the
statistical analysis. The baseline characteristics of
these patients are summarized in Table 1. The mean
age of the population was 64.87 y (SD 14.02), and
57 % were male. Prior to initiating spironolactone,
the mean baseline potassium level was 4.34 mmol/l
(SD 3.45). The majority of patients (75 %) had an EF
level of <40 %. Additionally, 69 % of patients were
diagnosed with DM, and 23 % were diagnosed with
CKD (Table 1).

During the follow-up period, a total of 164 incidents
(47 %) were recorded. 60 % of these cases occurred
in patients aged 65 y or older, and 56 % were male
(fig. 1 and fig. 2). We compared various doses
of spironolactone (12.5 mg, 25 mg, and 50 mg).
Hyperkalemia occurred in 40 % of patients receiving
12.5 mg of spironolactone. Of these patients, 62 %
were also taking an ACEI, 28 % were taking an ARB,

and 14 % were taking potassium supplements. A total
of 263 patients received 25 mg of spironolactone,
and 47 % of them developed hyperkalemia. 49 %
of those who developed hyperkalemia were taking
an ACEI, 31 % were taking an ARB, and 22 %
were using potassium supplements. 17 patients
received 50 mg of spironolactone, and 53 % of these
patients developed hyperkalemia. Among those who
developed hyperkalemia, 44 % were taking an ACEI,
22 % were taking an ARB, and 22 % were using
potassium supplements (fig. 3).

The combination of Renin-Angiotensin-Aldosterone
System (RAAS) inhibitors and spironolactone is
recommended for HF patients with NYHA classes II-
IV, particularly those with reduced LVEF or a history
of MI, as it has been shown to improve morbidity
and mortality!'*'3). However, this combination is also
associated with an increased risk of hyperkalemia,
a significant adverse effect?'?*), Currently, data
on hyperkalemia incidence and risk factors in HF
patients receiving spironolactone in addition to RAAS
inhibitors are limited. This study aimed to address
this gap by assessing the incidence and contributing
factors for hyperkalemia in this population.

TABLE 1: STUDY POPULATION BASELINE CHARACTERISTICS

Variable (n=349) Values
Age (mean+SD) 64.87+14.02
>65 y old (%) 194 (56)
<65y old (%) 155 (44)
Weight (mean+SD) 79.72£19.68
Sex
Female (%) 148 (43)
Male (%) 201 (57)
Potassium baseline (mean+SD) 4.15+0.5
Type of HF
EF >40 (%) 87 (25)
EF <40 (%) 260 (74)
EF=10-20 (%) 22 (8)
EF=20-30 (%) 176 (68)
EF=30-40 (%) 61 (23)
Comorbidities
CKD (%) 83 (23.7)
DM (%) 240 (69)
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Patients experienced hyperkalemia based on
age group

Fig. 1: Patients experienced hyperkalemia based on age group
Note: (H): >65 y old and (/): <65y old

Patients experienced hyperkalemia based on
gender

Fig. 2: Patients experienced hyperkalemia based on gender
Note: (m): >65 y old and (M): <65 y old
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Fig. 3: Incidence of hyperkalaemia among included patients who received spironolactone during the follow-up period
Note: (W): ACEI; (W): ARBs; (1): Furosemide; (M): Digoxin; (m): Beta blockers and (m): K supplements

Our findings revealed that 164 patients (53 %)
developed hyperkalemia, supporting previous
studies that have linked spironolactone use to a
higher incidence of hyperkalemial'”'8l. 60 % of
cases occurred in patients aged 65 y or older,
indicating an association between older age and an
elevated risk of hyperkalemia, consistent with the
findings of Juurlink er al.'3?%. Additionally, the
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incidence of hyperkalemia increased with higher
spironolactone doses, with the highest rate observed
in patients receiving 50 mg. Although only 9 patients
received this dose, the dose-response pattern is
in line with prior literature?!. In this study, we
defined hyperkalemia as a serum potassium level
>5.0 mmol/l, which is lower than the usual clinical
threshold of >5.5 mmol/l. This threshold was chosen
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to maintain consistency with criteria used in trials
such as RALES, thereby enhancing sensitivity in
detecting early hyperkalemia events. Additionally,
20 % of patients received potassium supplements,
likely due to concurrent diuretic therapy, which can
lead to hypokalemia. Potassium supplementation in
these cases helps maintain electrolyte balance, an
important aspect of HF management. The high rate
of furosemide (Lasix) use (99 %) reflects its role
in managing volume overload in HF. However, due
to inconsistent documentation, we were unable to
fully assess volume status and its relationship with
hyperkalemia risk, which represents a limitation
of the dataset. Overall, our findings suggest that
hyperkalemia risk increases when spironolactone
is used in conjunction with RAAS inhibitors,
particularly in older patients and at higher doses.
This study has several limitations. As a retrospective
analysis, it depends on the accuracy of medical
records, and our small sample size may limit the
generalizability of findings to other populations.
Additionally, the single-center design further limits
the scope of our conclusions. Future research
could expand on our findings by exploring larger,
multicenter cohorts, investigating additional risk
factors, and examining the relationship between
spironolactone dosage and the incidence of
hyperkalemia. In summary, our study enhances the
understanding of hyperkalemia risk in HF patients
on spironolactone, supporting previous findings
and identifying areas for further investigation. Our
study found that half of the HF patients treated with
spironolactone developed hyperkalemia. Patients
who experienced hyperkalemia were predominantly
receiving ACEIs or ARBs. The highest incidence
of hyperkalemia was associated with a 50 mg dose
of spironolactone. Further research with a larger
sample size is needed to confirm and expand upon
our findings.
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