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Abstract

Introduction: Hyperkalemia is a common complication in patients with heart failure (HF) and is
associated with increased mortality, a higher risk of hospitalization, and interruption of evidence-
based neurohormonal therapies. In Costa Rica, however, information regarding its frequency, clinical
characteristics, and management remains limited. Methods: This observational, descriptive, and
retrospective study was conducted at the Heart Failure Clinic of Hospital Clinica Biblica (San José,
Costa Rica) between June 2015 and June 2025. Cases were identified through the institutional
dispensing registry of sodium polystyrene sulfonate (SPS), allowing capture of episodes specifically
treated with this medication. Patients with confirmed HF were included, while those with stage V
chronic kidney disease (CKD), those on dialysis, and individuals with incomplete medical records
were excluded. The observed proportion of SPS-treated hyperkalemia was estimated using the total
number of unique HF patients treated during the same period as the denominator. Demographic
data, comorbidities, pharmacologic therapy, hyperkalemia severity, and clinical management were
collected. Results: A total of 355 medical records were reviewed, of which 42 corresponded to HF
patients who experienced hyperkalemia treated with SPS. Among 11,805 unique HF patients in the
institutional database during the study period, the observed proportion was 0.37%, with annual
variation between 0.26% and 2.1%. The cohort consisted predominantly of older adults, 74% of whom
were aged 80 years or older. Thirty-five patients had CKD (mainly stages 3 and 4), and 21 had
diabetes mellitus. Severe hyperkalemia was the most common presentation (61.9%), followed by
moderate (28.6%) and mild (9.5%) cases. According to chronic treatment lists, 30 patients were
receiving RAAS inhibitors and 21 were receiving MRAs at the time of the episode. Discontinuation
of spironolactone was the most frequent therapeutic intervention, while RAAS inhibitors were
generally maintained or dose-adjusted. Two deaths occurred during follow-up, both attributed to HF
decompensation, with no arrhythmias documented before death. Conclusions: In this private-center
registry, the observed proportion of SPS-treated hyperkalemia in HF patients was low, although this
reflects methodological constraints and does not represent the true incidence of hyperkalemia. The
identified cases occurred in a clinically vulnerable population characterized by advanced age,
multimorbidity, and a high prevalence of CKD. The predominance of severe hyperkalemia and
frequent MRA discontinuation underscore the challenge of balancing hyperkalemia risk with the
need to maintain therapies with established prognostic benefit. These findings highlight the
importance of strategies that support continuation of guideline-directed medical therapy and
underscore the need for future multicenter studies,i ncluding patients with advanced CKD to better
characterize the burden of hyperkalemia in HF populations in Costa Rica.
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1. Introduction

Hyperkalemia is a common electrolyte abnormality in patients with heart failure (HF) and is
associated with increased mortality, higher hospitalization rates, and clinical decompensation,
particularly when serum potassium levels are markedly elevated (1). International reports show wide
variability in the incidence of hyperkalemia among individuals with HF, with substantially higher
rates in those with chronic kidney disease (CKD) or multiple comorbidities (1,2).

Several studies have consistently identified major risk factors for hyperkalemia in this
population, including CKD, diabetes mellitus, advanced age, hypertension, and the use of renin—
angiotensin—-aldosterone system inhibitors (RA ASi) or mineralocorticoid receptor antagonists (MRA)
(2,3). Beyond its clinical impact, hyperkalemia is a key barrier to optimal HF therapy, as it frequently
leads to dose reduction, underuse, or discontinuation of RAASi/MRA, thereby preventing patients
from reaching guideline-recommended target doses and contributing to therapeutic inertia (2).

Despite extensive international evidence, local data remain scarce. In Costa Rica, little is known
about the frequency of hyperkalemia among patients with HF or its relationship with clinical risk
factors. In this context, the present study provides real-world information on the observed proportion
of hyperkalemia episodes treated with sodium polystyrene sulfonate (SPS) and describes the clinical
characteristics of affected patients, thereby contributing to a better understanding of this complication
in a private healthcare setting.

2. Materials and Methods

This study employed an observational, descriptive, and retrospective design conducted at the
Heart Failure Clinic of Hospital Clinica Biblica (San José, Costa Rica). The analysis covered a ten-year
period from June 2015 to June 2025.

2.1. Case Identification

The identification of cases was performed in two steps. First, the institutional dispensing registry
for sodium polystyrene sulfonate (SPS) was used to identify patients who had potentially
experienced hyperkalemia and received SPS treatment. This registry-based approach is not intended
to be a sensitive detection method; rather, it captures only episodes managed with SPS and therefore
likely underestimates the true frequency of hyperkalemia. Second, the corresponding medical
records were reviewed to confirm a formal diagnosis of heart failure, as documented by the treating
cardiologist.

This identification strategy captured only hyperkalemia episodes treated with SPS; therefore,
the findings describe this specific subgroup and do not reflect all hyperkalemia events occurring in
the broader patient population. Episodes managed solely with medication adjustments, diuretics,
dietary interventions, or treatment at other healthcare facilities were not included.

2.2. Population and Eligibility Criteria

To describe the frequency of SPS-treated hyperkalemia, the denominator consisted of all unique
patients with a confirmed diagnosis of heart failure who were registered in the hospital’s electronic
medical record during the same period. This value (n=11,805) reflects individual patients rather than
clinical encounters or repeated visits. Based on this population, the cumulative proportion of patients
who developed a hyperkalemia episode requiring SPS was calculated. Because case identification
relied exclusively on SPS use, this proportion does not represent the true incidence of hyperkalemia
in the heart failure population but rather the frequency of episodes detected through this specific
mechanism.
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All patients with confirmed heart failure were eligible for inclusion. Those with stage V chronic
kidney disease, those receiving dialysis, or those with incomplete medical records were excluded.
Hyperkalemia was classified according to institutional criteria: mild (5.0-5.5 mEq/L), moderate (5.6
6.0 mEq/L), and severe (>6.0 mEq/L).

2.3. Data Collection

Data were extracted through direct review of the institutional electronic medical record. The
variables collected included demographic characteristics, relevant comorbidities (including CKD
stage), heart failure classification based on left ventricular ejection fraction, pharmacologic therapy
(RAAS inhibitors, MRA, and other HF medications), and laboratory values—particularly serum
potassium and renal function parameters. Clinical management decisions during each episode, such
as continuation, dose adjustment, or discontinuation of RAASi/MRA and SPS administration, were
also documented. The review and extraction of medical record data were conducted between October
and November 2025, after ethical approval had been obtained.

2.4. Medication Exposure Definition

Information on pharmacologic therapy was obtained from the chronic treatment lists
documented in the electronic medical record. Because prescription dates and duration of medication
use were not consistently available, it was not possible to define a precise temporal exposure window.
Therefore, medication exposure was defined as therapy recorded as active in the medical record at
the time of the index hyperkalemia episode. This definition reflects real-world documentation
practices in retrospective chart reviews and allows descriptive assessment of treatment patterns, but
it does not permit inference regarding temporal or causal relationships between medication use and
hyperkalemia.

2.5. Data Handling and Analysis

All extracted data were compiled into an electronic spreadsheet and manually verified to ensure
accuracy and completeness. Given the descriptive nature of the study, results are presented as
absolute and relative frequencies for categorical variables and as measures of central tendency and
dispersion for continuous variables.

2.6. Ethical Considerations

This study was approved by the Scientific Ethics Committee of the University of Costa Rica
(protocol CEC-UCR-348-2025; approved on September 17, 2025). Given its retrospective design and
the exclusive use of information contained in medical records, patient confidentiality was ensured
and individual informed consent was not required.

3. Results

3.1. Sample Selection

During the period from June 2015 to June 2025, a total of 355 dispensations of sodium
polystyrene sulfonate (SPS) were identified. After reviewing medical records, patients without a
confirmed diagnosis of heart failure, those with stage V chronic kidney disease or undergoing
dialysis, and cases with insufficient clinical information were excluded. Ultimately, 42 patients met
the inclusion criteria and were included in the analysis (Figure 1).
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Figure 1. Flowchart of patient selection.

3.2. Observed Proportion of SPS-Treated Hyperkalemia

Among the 11,805 unique patients with a documented diagnosis of heart failure in the hospital
database during the study period, the observed proportion of hyperkalemia episodes managed with
SPS was 0.37 percent, with annual fluctuations between 0.26 percent and 2.1 percent. This proportion
reflects only episodes captured through SPS dispensing and does not represent the true incidence of
hyperkalemia in the heart failure population, as it includes only treated cases rather than all
hyperkalemia events.

3.3. Demographic Characteristics

The age distribution was markedly skewed toward advanced age, with no cases documented in
individuals younger than 60 years. Three patients (7.1%) were aged 60-69 years, eight (19%) were 70—
79 years, 18 (42.9%) were 80-89 years, and 13 (31%) were 90 years or older. Overall, 74% of the cohort
consisted of patients aged 80 years or more (Figure 2). The sex distribution was balanced, with no
meaningful differences between men and women.
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Figure 2. Age distribution of patients with hyperkalemia.
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3.4. Heart Failure Classification

Based on left ventricular ejection fraction, 22 patients (52.4%) had heart failure with preserved
ejection fraction (HFpEF), 14 (33.3%) had heart failure with reduced ejection fraction (HFrEF), and
five (11.9%) had heart failure with mildly reduced ejection fraction (HFmrEF). In one patient (2.4%),
the ejection fraction could not be determined due to incomplete information.

3.5. Chronic Kidney Disease Classification

Chronic kidney disease was highly prevalent in the cohort. Of the 42 patients included, 35 had
documented CKD, predominantly in advanced stages. Classification was based on the estimated
glomerular filtration rate calculated using the CKD-EPI equation incorporating age, serum creatinine,
and sex. Approximately half of the cases corresponded to stage 4 CKD, about one-fifth to stage 3b,
and roughly 12% to stage 3a. Two cases of acute kidney injury were identified, and in one patient
CKD stage could not be determined due to incomplete information.

3.6. Severity and Serum Potassium Levels

Hyperkalemia severity was determined according to the highest serum potassium value
recorded during the index episode. Among the 42 patients, four (9.5%) had mild hyperkalemia, 12
(28.6%) moderate hyperkalemia, and 26 (61.9%) severe hyperkalemia. The high proportion of severe
cases likely reflects the SPS-based identification method, which tends to capture more clinically
significant episodes (Table 1).

Serum potassium at presentation showed a median of 6.28 mmol/L, a mean of 6.29 mmol/L, and
a range from 5.16 to 7.61 mmol/L, consistent with the predominance of moderate to severe episodes.

Table 1. Severity of hyperkalemia in the study cohort (n = 42).

Hyperkalemia severity N (%)
Mild 4 (9.5%)
Moderate 12 (28.6%)
Severe 26 (61.9%)

3.7. Comorbidities

Among the included patients, 35 had CKD (mainly stages 3 and 4), 21 had diabetes mellitus, and
a substantial proportion had hypertension, reflecting a high burden of cardiovascular and metabolic
multimorbidity.

3.8. Pharmacologic Treatment

At the time of hyperkalemia or during early follow-up, 30 patients (71.4%) were receiving renin—
angiotensin—-aldosterone system inhibitors (RAASi), 21 (50%) mineralocorticoid receptor antagonists
(MRA), and 16 (38.1%) were on both drug classes. The most frequent intervention was the
discontinuation of spironolactone, whereas RAASi were generally maintained or dose-adjusted, with
complete discontinuation being uncommon (Table 2).

Table 2. Pharmacologic therapy among the 42 patients included in the study. Abbreviations: RAASi = renin—

angiotensin—-aldosterone system inhibitors; MRA = mineralocorticoid receptor antagonists.

Treatment N (%)
RAASI 30(71.4%)
MRA 21 (50%)
Both therapies 16 (38.15)
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3.9. Management of Hyperkalemia

All included patients received sodium polystyrene sulfonate, as its dispensing constituted the
initial identification criterion. SPS use was documented primarily in moderate and severe episodes,
and no adverse events attributable to the medication were documented in the available records;
however, underreporting is possible given the retrospective nature of the study and the absence of
systematic surveillance for medication-related complications.

3.10. Hospitalizations

Hospitalization was documented in all 42 patients at the time of the index hyperkalemia episode.
Admissions were primarily related to heart failure decompensation and/or the management of
hyperkalemia, according to clinical records.

3.11. Outcomes

Two deaths occurred during follow-up. In both cases, the documented cause was
decompensated heart failure, with no arrhythmias reported prior to death.

3.12. Exploratory Analysis

An exploratory logistic regression analysis was conducted to evaluate potential factors
associated with hyperkalemia severity. Given the small sample size and the very low event-per-
variable ratio, the model does not meet statistical assumptions and must be interpreted strictly as
hypothesis-generating.

Age showed a possible association with both moderate and severe hyperkalemia, and diabetes
mellitus demonstrated a signal of association with moderate hyperkalemia. No consistent patterns
were observed for sex, chronic kidney disease, MRA use, or RAAS inhibitor use. The wide confidence
intervals reflect the limited statistical power of the model (Table 3).

Table 3. Exploratory logistic regression for factors associated with moderate and severe hyperkalemia (reference
group: mild hyperkalemia) Note: Due to insufficient event-per-variable ratios, these findings should not be

interpreted as statistically reliable and are presented solely for exploratory purposes.

Moderate Hyperkalemia Severe Hyperkalemia
Factor OR (95% CI) P-value (95% CI) p-value
Age (per year) 1.021 (1.001-1.042) 0.0456  1.029(1.001-1.058)  0.0478
Sex (male) 0.797 (0.150—4.22) 07948 0.143 (0.006-3.28) 0.7014
hronic Kidney Di
(CCIZ‘]’)“)“ idney Disease 111 (3 5.10-4-0.13) 0.8887  0.007 (0.00009-0.56)  0.1929
Diabetes Mellitus 0.666 (0.165-2.67) 0.0307  0.260 (0.041-1.63) 0.1436
MRA use 0.289 (0.024-3.42) 07799 0.228 (0.015-3.51) 0.3210
RAAS inhibitor use 0.571 (0.078-4.18) 03984 0997 (0.953-1.042)  0.9983

4. Discussion
4.1. Observed Proportion of Hyperkalemia

In this registry, an observed proportion of SPS-treated hyperkalemia of 0.37 percent was
identified among patients with heart failure. Although this value appears lower than rates described
in international studies (2—4), such comparisons must be interpreted with caution, as most published
cohorts report all hyperkalemia episodes identified through systematic laboratory surveillance. In
contrast, our study captured only episodes treated with SPS. The observed proportion therefore
reflects a treatment-based subset rather than the true epidemiologic burden of hyperkalemia and
likely underestimates its actual frequency.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Several factors may explain the low observed proportion. The identification method, based
exclusively on SPS dispensing, misses mild or moderate episodes managed with therapeutic
adjustments or dietary or diuretic interventions, as well as cases treated outside the private center.
The exclusion of patients with stage V CKD, who are at particularly high risk for hyperkalemia
further reduces case capture. Additionally, patients receiving outpatient care in the private sector
may seek emergency care in the public system during acute decompensations, contributing to
underreporting. For these reasons, the observed proportion should not be interpreted as an
epidemiologic rate.

4.2. Patient Profile

Patients in this study were predominantly older adults with a high burden of comorbidities,
particularly CKD (35 of 42 cases), consistent with international evidence linking CKD to both
hyperkalemia and adverse outcomes in heart failure (5-8). The coexistence of CKD, diabetes mellitus,
and advanced age parallels reports showing elevated hyperkalemia prevalence in multimorbid
patients (6,9). These characteristics, rather than isolated biochemical derangements, may reflect
increased clinical vulnerability, as supported by literature describing hyperkalemia as a marker of
frailty and higher hospitalization risk (9-11).

4.3. Age as a Risk Factor

Patients with hyperkalemia were predominantly older adults, aligning with findings by
Sriperumbuduri et al., who reported higher hyperkalemia incidence and recurrence in older
individuals with multiple comorbidities (12). In our population, 74 percent aged 80 years or older age
likely reflects accumulated pathophysiologic burden rather than an independent risk factor (12).
Although the exploratory regression suggested a possible association between older age and greater
severity, the limited sample size precludes inferential conclusions; these findings should be
considered hypothesis-generating only.

4.4. Predominance of Severe Hyperkalemia

Severe hyperkalemia predominated in this cohort (over 60 percent of episodes), a pattern
expected given the SPS-based capture method, which preferentially identifies clinically significant
events (8,13). The predominance of severe cases is also consistent with the cohort’s multimorbidity
profile, including CKD and advanced age, which reduce physiologic reserve and increase
susceptibility to marked potassium elevations.

4.5. Absence of Sex Differences

No sex-related differences were observed in the occurrence or severity of hyperkalemia. This
finding aligns with literature reporting minimal clinically meaningful differences between men and
women once comorbidities are considered (9). However, the small sample size limits the ability to
detect subtle differences.

4.6. Mortality

Two deaths occurred during follow-up, both attributed to heart failure decompensation. No
arrhythmias were documented before death, although undetected events cannot be excluded. This
pattern aligns with evidence indicating that progression of heart failure, rather than hyperkalemia
itself, accounts for most mortality in patients with HF (1,13). Given case-capture limitations and
sample size, the relationship between hyperkalemia severity and mortality cannot be inferred.

4.7. Use of RAAS Inhibitors and MRAs

RAAS inhibitors and MRAs are foundational therapies in HF management, though their use is
associated with an increased risk of hyperkalemia. Evidence indicates that discontinuation of these

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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therapies following hyperkalemia may worsen outcomes (1,9,10,14-17). In our cohort, MRA
discontinuation was common, while RAAS inhibitors were generally maintained or dose-adjusted, a
pattern consistent with prior reports (6,15,18,19). These findings underscore the need for strategies
that support continuation of neurohormonal therapy, particularly MRAs, in patients with high
hyperkalemia risk, though the retrospective nature of the study limits inference regarding causality.

4.8. Relevance of New Therapies and Modern Management of Hyperkalemia

New potassium binders and non-steroidal MRAs have demonstrated benefits in facilitating
continuation of RAAS-modifying therapies in high-risk patients (15,19-21). Likewise, SGLT2
inhibitors and ARNIs have been associated with lower hyperkalemia risk and improved treatment
optimization (5,20). In Costa Rica, where CKD and diabetes prevalence is high and SPS has
historically been the primary potassium-lowering option (18,22,23), these therapies could help reduce
MRA discontinuation. However, limited access remains a barrier (21). These considerations
contextualize the observed treatment patterns but extend beyond the dataset’s scope.

4.9. Clinical Implications for Costa Rica

The clinical profile observed in this cohort mirrors national reports documenting frequent
multimorbidity among patients with HF, including diabetes, hypertension, and CKD (22). A recent
Costa Rican study similarly found that HF patients with diabetes exhibit greater frailty and
heightened susceptibility to electrolyte disturbances (23). Within this context, the high prevalence of
CKD and the observed patterns of therapy discontinuation highlight ongoing challenges in
optimizing HF management in the country.

4.10. Study Limitations

This study has several limitations. Its retrospective design relied on the completeness of medical
records, and case capture was restricted to SPS-treated episodes, potentially omitting many
hyperkalemia events. Patients treated at other facilities would not be captured, and exclusion of
individuals with stage V CKD further reduces representativeness (24). The small sample size limited
statistical power; therefore, the regression analysis is exploratory only. The absence of time-at-risk
data precludes incidence calculation. Additionally, incomplete documentation regarding medication
changes and follow-up constrained evaluation of management decisions. Comparisons with
international cohorts must be interpreted cautiously, as methodological differences, particularly case-
capture strategies limit direct comparability.

4.11. Strengths

Strengths of this study include its real-world context, decade-long time frame, clinically
grounded inclusion criteria, detailed documentation of management strategies, and the novelty of
being the first systematic description of SPS-treated hyperkalemia in HF patients in Costa Rica.

5. Conclusions

In this registry from a private center in Costa Rica, the observed proportion of hyperkalemia
episodes treated with sodium polystyrene sulfonate among patients with heart failure was low
compared with values reported internationally. However, this difference likely reflects
methodological variability rather than true epidemiologic differences. Studies reporting higher
frequencies typically identify all hyperkalemia episodes through systematic laboratory surveillance,
whereas our SPS-based approach captures only clinically significant events managed with this
medication. Accordingly, these findings represent treatment-captured cases and should not be
interpreted as estimates of hyperkalemia incidence in the broader heart failure population.

The episodes identified occurred predominantly in older adults with multimorbidity and a high
prevalence of chronic kidney disease, underscoring the clinical vulnerability of this subgroup. The
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predominance of severe hyperkalemia and the need for hospitalization further emphasize the
relevance of the detected events. Two deaths occurred during follow-up, both related to heart failure
decompensation, consistent with literature describing heart failure progression as the leading cause
of mortality in this population.

Regarding management, discontinuation of mineralocorticoid receptor antagonists was
common, whereas renin-angiotensin—-aldosterone system inhibitors were generally maintained or
dose-adjusted. This pattern highlights the ongoing challenge of balancing hyperkalemia risk with the
need to preserve evidence-based neurohormonal therapies.

Overall, these findings underscore the need for strategies that support the continuation of
guideline-directed medical therapy, including close monitoring, individualized dose adjustments,
and, when available, therapeutic options that enable safe maintenance of MRAs. The results also
highlight the importance of future multicenter studies that incorporate both public and private
healthcare settings and include patients with advanced CKD to better characterize the true burden of
hyperkalemia in individuals with heart failure in Costa Rica.
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Abbreviations

The following abbreviations are used in this manuscript:

HF Heart failure

CKD Chronic kidney disease

SPS Sodium polystyrene sulfonate

RAASi Renin-angiotensin-aldosterone system inhibitors
MRA Mineralocorticoid receptor antagonists

HFpEF heart failure with preserved ejection fraction
HFmrEF heart failure with mildly reduced ejection fraction
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CKD-EPI  Chronic Kidney Disease Epidemiology Collaboration equation

SGLT2 sodium—glucose cotransporter 2

ARNI angiotensin receptor—neprilysin inhibitor
OR Odds ratio

Cl Confidence interval
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