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ABSTRACT

Background: Hyperkalemia, characterized by elevated serum potassium levels greater than 5.0 mmol/L, poses significant risks for
patients due to its potential to induce cardiac arrhythmias and conduction abnormalities. This condition is particularly prevalent
among patients with chronic conditions such as kidney disease, heart failure (HF), and diabetes, especially those treated with renin-
angiotensin-aldosterone system inhibitors (RAASi). While these medications are beneficial for heart failure management, they can
exacerbate renal dysfunction and hyperkalemia, both associated with poor clinical outcomes.

Objective: The study aimed to determine the frequency of hyperkalemia among patients presenting with chronic heart failure with
reduced ejection fraction (HFrEF) at a tertiary care facility in Karachi.

Methods: A cross-sectional study was conducted at the Department of Adult Cardiology, National Institute of Cardiovascular Diseases
(NICVD), Karachi, from August 22, 2020, to February 21, 2021. The study enrolled 139 patients aged between 20 and 70 years
diagnosed with HFrEF based on echocardiography findings. Informed consent was obtained from all participants. Comprehensive
clinical evaluations and laboratory measurements of serum potassium were performed to identify hyperkalemia. Data collection
included demographic information, clinical history, comorbid conditions, and serum potassium levels. The data were analyzed using
SPSS Version 25, with descriptive statistics summarizing demographic characteristics and chi-square tests assessing the relationships
between hyperkalemia and patient characteristics.

Results: The mean age of the study cohort was 58.4 + 15.9 years, with a male predominance of 55.4%. Dyslipidemia was observed
in 30.2% of the participants. Hyperkalemia was found in 39.6% of the patients. The analysis showed no significant correlation
between hyperkalemia and gender (p=0.991), hypertension (p=0.948), dyslipidemia (p=0.098), monthly income (p=0.770), or
smoking status (p=0.853).

Conclusion: Hyperkalemia is significantly prevalent in patients with chronic heart failure and reduced ejection fraction. Routine
screening and management of serum potassium levels are crucial in this patient population to mitigate the risks associated with
hyperkalemia and optimize heart failure management.

Keywords: Chronic Heart Failure, Hyperkalemia, HFrEF, Serum Potassium, Renin-Angiotensin-Aldosterone System Inhibitors, Cardiac
Arrhythmias.

INTRODUCTION

Heart failure (HF) is a significant global health concern, impacting approximately 26 million individuals worldwide (1). This complex
clinical syndrome is marked by the heart's diminished capacity to pump or fill with blood, impairing its ability to meet the body's
metabolic needs (2). The prevalence of heart failure is rising, particularly among the aging population, and it is associated with
considerable morbidity, mortality, and a substantial economic burden due to the high costs of its management (3). Clinically, heart
failure is classified into three subtypes: heart failure with reduced ejection fraction (HFrEF), heart failure with preserved ejection
fraction (HFpEF), and heart failure with mid-range ejection fraction (HFmrEF) (4). These classifications are determined based on
ejection fraction measurements, levels of natriuretic peptides, and the presence of structural heart disease and diastolic dysfunction
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(5). Each subtype has distinct pathophysiological characteristics and necessitates specific management strategies to optimize patient
outcomes (6).

Patients with heart failure frequently experience complications such as chronic kidney disease, which elevates their risk of
developing hyperkalemia, particularly when treated with renin-angiotensin-aldosterone system (RAAS) inhibitors (7). Hyperkalemia,
defined by elevated serum potassium levels, is notably prevalent in patients with HFrEF and can lead to severe cardiac complications,
including arrhythmias and increased mortality (8). Managing hyperkalemia requires meticulous monitoring of serum potassium
levels and adjusting therapeutic regimens to mitigate its impact on patient health (9). The pathophysiology of heart failure involves
a cascade of compensatory mechanisms, including the activation of the sympathetic nervous system and the renin-angiotensin-
aldosterone system (10). These mechanisms aim to maintain adequate cardiac output by modifying heart rate, myocardial
contractility, and systemic vascular resistance (11). Additionally, heart failure prompts the release of natriuretic peptides, which aid
in sodium and water excretion and promote vascular dilation (12). In HFpEF, impaired relaxation and increased ventricular stiffness
further complicate clinical management (3).

The etiology of heart failure is multifactorial, encompassing coronary artery disease, hypertension, valvular heart disease, and
cardiomyopathies (13). In the United States, approximately 5.1 million people live with heart failure, with higher incidence and
prevalence rates among older adults, particularly in African-American populations (14). Management strategies for heart failure
have evolved significantly, incorporating lifestyle modifications, pharmacotherapy, and advanced therapies such as implantable
cardioverter-defibrillators and cardiac resynchronization therapy (15). These treatments aim to improve symptoms, enhance quality
of life, and reduce the risk of sudden cardiac death (16).

This study focuses on determining the frequency of hyperkalemia among patients presenting with chronic heart failure with reduced
ejection fraction at a tertiary care center. This focus is essential given the limited data available on this topic, both locally and
internationally. By understanding the prevalence of hyperkalemia, clinicians can better tailor management strategies to improve
outcomes and reduce the adverse effects associated with this electrolyte imbalance in heart failure patients. The prevalence of
hyperkalemia and its associated risks necessitate ongoing research and vigilant clinical practice to ensure optimal patient care.

MATERIAL AND METHODS

The study was conducted as a cross-sectional analysis at the Department of Adult Cardiology, National Institute of Cardiovascular
Diseases (NICVD), Karachi, over a six-month period from August 22, 2020, to February 21, 2021. The objective was to ascertain the
prevalence of hyperkalemia in patients diagnosed with chronic heart failure with reduced ejection fraction (HFrEF). The study
population consisted of 139 patients, determined by a sample size calculation using WHO software, based on an expected
hyperkalemia prevalence of 35.9%, with a margin of error of 8% and a 95% confidence interval.

Participants were selected through non-probability, consecutive sampling. Inclusion criteria encompassed patients aged 20-70 years
diagnosed with chronic heart failure, as defined by previous hospitalization records, symptoms according to the NYHA classification,
ongoing treatment with heart failure medications, and echocardiographic confirmation of HFrEF with an ejection fraction below
45%. Exclusion criteria included non-consenting individuals, patients with unstable angina, recent myocardial infarction,
percutaneous coronary interventions, thyroid disorders, pregnant women, and those with chronic kidney disease. Ethical approval
for the study was obtained from the Institutional Review Board of the College of Physicians and Surgeons Pakistan, ensuring
adherence to the principles outlined in the Declaration of Helsinki.

Data collection procedures adhered to strict ethical standards, with informed consent obtained verbally from all participants prior
to inclusion. Demographic and clinical data were collected, including age, gender, height, weight, and comorbid conditions such as
hypertension, diabetes mellitus, dyslipidemia, and smoking status. Physical measurements were taken using standardized
equipment. Blood samples were drawn for serum potassium level analysis and processed in the hospital's laboratory to confirm
hyperkalemia, defined as serum potassium levels greater than 5.0 mmol/L.

The collected data were analyzed using SPSS Version 25. Descriptive statistics were employed to summarize demographic
characteristics and disease duration, while frequencies and percentages evaluated qualitative variables such as comorbid conditions
and hyperkalemia prevalence. Stratification by age, gender, and comorbidities was employed to control for potential confounders.
The chi-square test was applied to assess the relationships between these variables and hyperkalemia. A p-value of less than 0.05
was considered statistically significant.

Through these rigorous methodologies, the study aimed to provide a comprehensive understanding of the prevalence of
hyperkalemia in patients with HFrEF, thereby contributing valuable insights into the management and clinical outcomes of this
patient population (1).
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RESULTS

The study included 139 patients diagnosed with chronic heart failure with reduced ejection fraction (HFrEF) at the National Institute
of Cardiovascular Diseases (NICVD), Karachi. The mean age of the participants was 58.4 years (+15.9), ranging from 20 to 70 years.
The mean duration of disease among the participants was 3.7 months (+1.3), with a range from 1 to 12 months.

Table 1: Demographic and Clinical Characteristics of Patients (N=139)

Characteristic Mean (SD) / N (%) Range
Age (years) 58.4 (15.9) 20-70
Duration of Disease (months) 3.7 (1.3) 1-12
Gender

Male 77 (55.4%)

Female 62 (44.6%)

Dyslipidemia 42 (30.2%)

The study found that 39.6% of the patients had hyperkalemia, defined as serum potassium levels greater than 5.0 mmol/L. The
prevalence of hyperkalemia and its association with various patient characteristics is detailed in Table 2.
Table 2: Association Between Patient Characteristics and Hyperkalemia (N=139)

Variable Status Hyperkalemia Yes (N, %) Hyperkalemia No (N, %) P-Value

Gender Male 33 (23.7%) 44 (31.7%) 0.991
Female 22 (15.8%) 40 (28.8%)

Hypertension Hypertensive 35 (25.2%) 53 (38.1%) 0.948
Non-Hypertensive 20 (14.4%) 31 (22.3%)

Dyslipidemia Yes 21 (15.1%) 21 (15.1%) 0.098
No 34 (24.5%) 63 (45.3%)

Monthly Income < 15,000 15 (10.8%) 20 (14.4%) 0.770
15,001 — 45,000 30 (21.6%) 51 (36.7%)
> 45,000 10 (7.2%) 13 (9.4%)

Smoking Status Smoker 24 (17.3%) 38 (27.3%) 0.853
Non-Smoker 31(22.3%) 46 (33.1%)

The data revealed no significant statistical correlation between hyperkalemia and gender (p=0.991), hypertension (p=0.948),
dyslipidemia (p=0.098), monthly income (p=0.770), or smoking status (p=0.853). This suggests that the risk of hyperkalemia is
uniformly distributed across different demographic and clinical characteristics.

Overall, the findings indicate that hyperkalemia is significantly prevalent in patients with chronic heart failure and reduced ejection
fraction. This underscores the importance of routine screening and management of serum potassium levels to mitigate the risks
associated with hyperkalemia and optimize heart failure management.

DISCUSSION

The study highlighted the significant prevalence of hyperkalemia among patients with chronic heart failure with reduced ejection
fraction (HFrEF) in a tertiary care setting in Karachi, with 39.6% of the participants exhibiting elevated serum potassium levels. This
finding aligns with previous research that underscores the critical role of hyperkalemia in adversely affecting clinical outcomes and
therapeutic management in heart failure patients (17). The prevalence reported in this study is consistent with Linde et al., although
it is notably higher than in some other studies, which may be attributed to variations in patient demographics, comorbid conditions,
and management strategies (18, 19).

The robust methodological framework employed in this study ensured rigorous data collection and analysis, bolstering the reliability
of the findings. By including a diverse patient population and stratifying data by various demographics and clinical variables, the
study provided a nuanced understanding of how different factors influence the prevalence of hyperkalemia in heart failure patients
(20, 21). Despite the strengths, the study faced limitations, including a relatively small sample size and its single-center design, which
may not provide a comprehensive view of the broader population. Furthermore, the cross-sectional nature of the study limited the
ability to establish causality between heart failure and hyperkalemia (22).

The lack of significant statistical correlations between hyperkalemia and patient characteristics such as gender, hypertension,
dyslipidemia, monthly income, and smoking status suggests that hyperkalemia in heart failure patients may be predominantly
influenced by the heart failure condition itself and its management rather than these common comorbid conditions. This aspect
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opens avenues for further research to explore the underlying mechanisms specific to heart failure pathology and treatment (24).
The association of hyperkalemia with chronic kidney disease and the use of renin-angiotensin-aldosterone system (RAAS) inhibitors
is well-documented, emphasizing the need for vigilant monitoring and management of serum potassium levels in this patient
population to mitigate severe cardiac complications, including arrhythmias and increased mortality (7, 8, 20).

The study's findings reinforce the importance of regular screening for hyperkalemia in patients with HFrEF, particularly those treated
with RAAS inhibitors. The potential health risks associated with hyperkalemia, such as its capacity to precipitate severe cardiac
events, necessitate careful adjustment of therapeutic regimens to balance the benefits of heart failure medications against the risk
of elevated potassium levels (21-24). The management of hyperkalemia in heart failure patients requires a comprehensive approach,
incorporating lifestyle modifications, pharmacotherapy, and advanced therapies to improve symptoms, enhance quality of life, and
reduce the risk of sudden cardiac death (15, 16).

Future research should focus on larger, multicenter studies to enhance the generalizability of the findings and establish targeted
interventions that can effectively manage hyperkalemia without compromising the efficacy of essential heart failure medications.
Such efforts are crucial for enhancing patient outcomes and quality of life among those suffering from this debilitating condition.
The study's contribution to the existing literature is significant, providing valuable insights into the prevalence of hyperkalemia in
patients with HFrEF and underscoring the necessity for continued research and vigilant clinical practice to ensure optimal patient
care.

CONCLUSION

This study indicated that hyperkalemia is notably prevalent in patients with chronic heart failure and reduced ejection fraction
(HFrEF), particularly among those treated with RAAS inhibitors. This study reinforced the importance of routine screening and
meticulous management of serum potassium levels in this patient group to prevent the severe complications associated with
hyperkalemia, such as cardiac arrhythmias, thus optimizing overall heart failure management and patient outcomes.

REFERENCES

1. Juilliere Y, Venner C, Filippetti L, Popovic B, Huttin O, Selton-Suty C. Heart Failure With Preserved Ejection Fraction: A
Systemic Disease Linked to Multiple Comorbidities, Targeting New Therapeutic Options. Arch Cardiovasc Dis. 2018;111(12):766-81.
2. Sapna F, Raveena F, Chandio M, Bai K, Sayyar M, Varrassi G, et al. Advancements in Heart Failure Management: A
Comprehensive Narrative Review of Emerging Therapies. Adv Ther. 2023;15(10).

3. Pagel PS, Tawil JN, Boettcher BT, Izquierdo DA, Lazicki TJ, Crystal GJ, et al. Heart Failure With Preserved Ejection Fraction: A
Comprehensive Review and Update of Diagnosis, Pathophysiology, Treatment, and Perioperative Implications. J Cardiothorac Vasc
Anesth. 2021;35(6):1839-59.

4. Zakeri R, Cowie MR. Heart Failure With Preserved Ejection Fraction: Controversies, Challenges and Future Directions. Heart.
2018;104(5):377-84.

5. Wintrich J, Kindermann |, Ukena C, Selejan S, Werner C, Maack C, et al. Therapeutic Approaches in Heart Failure With
Preserved Ejection Fraction: Past, Present, and Future. Clin Res Cardiol. 2020;109:1079-98.

6. Plitt GD, Spring JT, Moulton MJ, Agrawal DK. Mechanisms, Diagnosis, and Treatment of Heart Failure With Preserved Ejection
Fraction and Diastolic Dysfunction. Expert Rev Cardiovasc Ther. 2018;16(8):579-89.

7. Rosano GM, Tamargo J, Kjeldsen KP, Lainscak M, Agewall S, Anker SD, et al. Expert Consensus Document on the

Management of Hyperkalemia in Patients With Cardiovascular Disease Treated With Renin Angiotensin Aldosterone System
Inhibitors: Coordinated by the Working Group on Cardiovascular Pharmacotherapy of the European Society of Cardiology. Eur Heart
J Cardiovasc Pharmacother. 2018;4(3):180-8.

8. Shah SR, Winchester DE. The Impact of Chronic Kidney Disease on Medication Choice and Pharmacologic Management in
Patients With Heart Failure. Expert Rev Clin Pharmacol. 2018;11(6):571-9.
9. Rossignol P, Ruilope LM, Cupisti A, Ketteler M, Wheeler DC, Pignot M, et al. Recurrent Hyperkalemia Management and Use

of Renin-Angiotensin-Aldosterone System Inhibitors: A European Multi-National Targeted Chart Review. Eur J Heart Fail.
2020;13(4):714-9.

10. Mishra S, Kass DA. Cellular and Molecular Pathobiology of Heart Failure With Preserved Ejection Fraction. Nat Rev Cardiol.
2021;18(6):400-23.
11. Borovac JA, D'Amario D, Bozic J, Glavas D. Sympathetic Nervous System Activation and Heart Failure: Current State of

Evidence and the Pathophysiology in the Light of Novel Biomarkers. World J Cardiol. 2020;12(8):373.

© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation. Page 1685 ¢0¢



Hyperkalemia in Heart Failure Patients with Reduced Ejection Fraction in Karachi J°g’RaL°£.|I'!$at|.th
Memon A, et al. (2024). 4(2): DOI: https://doi.org/10.61919/jhrrv4i2 838 R eareh ammD

12. King J. Pathophysiology of Heart Failure. In: Managing Heart Failure in Primary Care: A Case Study Approach. Springer; 2023.
p.3-11.

13. Ogunniyi MO, Commodore-Mensah Y, Ferdinand KC. Race, Ethnicity, Hypertension, and Heart Disease: JACC Focus Seminar
1/9. ) Am Coll Cardiol. 2021;78(24):2460-70.

14. Coffey S, Roberts-Thomson R, Brown A, Carapetis J, Chen M, Enriquez-Sarano M, et al. Global Epidemiology of Valvular
Heart Disease. Nat Rev Cardiol. 2021;18(12):853-64.

15. Scara A, Palama Z, Robles AG, Dei L-L, Borrelli A, Zanin F, et al. Non-Pharmacological Treatment of Heart Failure—From
Physical Activity to Electrical Therapies: A Literature Review. Int J Environ Res Public Health. 2024;11(4):122.

16. Heidenreich PA, Bozkurt B, Aguilar D, Allen LA, Byun JJ, Colvin MM, et al. 2022 AHA/ACC/HFSA Guideline for the

Management of Heart Failure: Executive Summary: A Report of the American College of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines. J Am Coll Cardiol. 2022;79(17):1757-80.

17. Ferreira JP, Duarte K, McMurray JJ, Pitt B, van Veldhuisen DJ, Vincent J, et al. Data-Driven Approach to Identify Subgroups
of Heart Failure With Reduced Ejection Fraction Patients With Different Prognoses and Aldosterone Antagonist Response Patterns.
JAMA Cardiol. 2018;11(7).

18. Linde C, Bakhai A, Furuland H, Evans M, McEwan P, Ayoubkhani D, et al. Real-World Associations of Renin-Angiotensin-
Aldosterone System Inhibitor Dose, Hyperkalemia, and Adverse Clinical Outcomes in a Cohort of Patients With New-Onset Chronic
Kidney Disease or Heart Failure in the United Kingdom. ESC Heart Fail. 2019;8(22).

19. Holmdahl AJ, Wessberg G, Norberg H, Soderstrom A, Valham F, Bergdahl E, et al. Motives, Frequency, Predictors and
Outcomes of MRA Discontinuation in a Real-World Heart Failure Population. Eur J Heart Fail. 2022;9(2).

20. Ferreira JP, Butler J, Rossignol P, Pitt B, Anker SD, Kosiborod M, et al. Abnormalities of Potassium in Heart Failure: JACC State-
of-the-Art Review. J Am Coll Cardiol. 2020;75(22):2836-50.

21. Hundemer GL, Sood MM. Hyperkalemia With RAAS Inhibition: Mechanism, Clinical Significance, and Management. Prog
Cardiovasc Dis. 2021;172:105835.

22. Charkviani M, Krisanapan P, Thongprayoon C, Craici IM, Cheungpasitporn W. Systematic Review of Cardiovascular Benefits
and Safety of Sacubitril-Valsartan in End-Stage Kidney Disease. Kidney Int Rep. 2023.

23. Chang H-H, Chiang J-H, Tsai C-C, Chiu P-F. Predicting Hyperkalemia in Patients With Advanced Chronic Kidney Disease Using
the XGBoost Model. BMC Nephrol. 2023;24(1):169.

24. Akbar RR. Hyperkalemia-Related Renin Angiotensin-Aldosterone System Inhibitors: Mechanism, Clinical Significance, and
Management. Eur J Med Res. 2023;1(9):555-68.

© 2024 et al. Open access under Creative Commons by License. Free use and distribution with proper citation. Page 1686 466



