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Abstract 

Background: Hypokalemia in patients with heart failure is increasing, with an increasing incidence of 6.8% in 

Asia and 19.7% in Indonesia; globally, 63 million people suffer from heart failure. Hypokalemia is defined as a 

serum potassium level below 3.5 mEq/L [mmol/L], which can lead to decreased heart function, muscle weakness, 

arrhythmias and cardiac arrest. The use of diuretic drugs such as furosemide in heart failure patients may be a 

risk factor for hypokalemia. Objective: This study aims to determine the difference in potassium levels before and 

after furosemide administration as well as the possibility of hypokalemia due to furosemide administration in 

inpatients diagnosed with heart failure at Prof. Dr. I.G.N.G. Ngoerah Hospital. Methods: This is a cross-sectional 

observational study with retrospective medical record collection. The minimum sample size was calculated using 

Lemeshow's Formula of One Proportion Estimation Method with Absolute Precision Proportion, data normality 

test with Kolmogorov-Smirnov (p>0.05) and parametric test with paired t-test (p<0.05). This study included 101 

patients that met the inclusion criteria with 11 patients having more than one inpatient visit, so a total 114 'patients' 

medical records were obtained. Results: Potassium levels before and after hospitalization showed a significant 

difference (p<0.05). A total of 84 'patients' data showed a decrease in potassium levels, with 49 of them showing 

a reduction in >15% and 35 showing a decrease of ≤15%. Conclusion: Prevalence of hypokalemia in patients with 

a diagnosis of heart failure and furosemide therapy at Prof. Dr. I.G.N.G. Ngoerah Hospital during January 2022-

December 2023 after hospitalization was 29%. 
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INTRODUCTION 

Heart failure is caused by abnormalities in the 

function and structure of the heart that can interfere with 

the ventricles filling and pumping blood to the heart 

(Heidenreich et al., 2022). According to the European 

Society of Cardiology (ESC), by 2022, an estimated 63 

million people worldwide will suffer from heart failure 

(Rosano et al., 2022). Indonesia has the second-highest 

number of heart failure patients in Asia (Savarese et al., 

2022). According to Riset Kesehatan Dasar (Riskesdas), 

in 2018, 1.5% or nearly 4 million Indonesians suffered 

from heart failure. Bali is in 21st place with 1.1% of heart 

failure patients (Kemenkes RI, 2018). Heart disease is 

the second-highest cause of death after stroke in 

Indonesia (Donsu et al., 2020). Death in heart failure 

patients can be caused by several conditions, such as 

shortness of breath, fatigue and fluid retention (DiPiro 

et al., 2021). Fluid retention is the impact of the heart's 

compensatory response in maintaining heart function 

and can cause edema, difficulty breathing, and an 

increase in the amount of phlegm (DiPiro et al., 2021; 

PERKI, 2020). One way to treat fluid retention is to 

administer diuretic drugs such as furosemide, which 

prevents the reabsorption of potassium, sodium, and 

chloride in the henle loop thereby increasing the 

excretion of water and salt through the urine. However, 

furosemide administration in heart failure patients is 

associated with a 30% incidence of hypokalemia 

(Aimbudlop & Saengpanit, 2023). 

Hypokalemia is a clinical condition when the 

concentration of potassium in the blood serum is less 

than 3.5 mEq/L (mmol/L), which can cause decreased 

heart function, arrhythmias, and cardiac arrest (DiPiro et 

al., 2021). This condition can be caused by 

comorbidities in heart failure patients such as kidney 

failure (Sarnowski et al., 2022; Thomsen et al., 2018), 

diabetes (Thomsen et al., 2018), and gastric bleeding 

(Rizos et al., 2017), as well as the use of drugs such as 

Angiotensin Converting Enzyme inhibitors (ACEi), 

Angiotensin Receptor Blocker (ARB), beta-blockers, 

spironolactone, and diuretics called furosemide (Chang 

et al., 2016; Rawal et al., 2020). One way to prevent 

hypokalemia in heart failure patients is by monitoring 

potassium levels before and after administration of 

diuretics such as furosemide and paying attention to the 

correct dosage. Therefore, this study was conducted to 

analyze potassium levels before and after hospitalization 

in heart failure patients receiving furosemide therapy 

and the possibility of hypokalemia in heart failure 

patients due to furosemide administration at Prof. Dr 

I.G.N.G. Ngoerah Hospital. 

MATERIALS AND METHODS 

Observational research with a cross-sectional 

design and retrospective collection of medical record 

data has been carried out and  ethical exemption 

obtained from the Ethics Commission of the Faculty of 

Medicine, Udayana University 

No.1300/UN14.2.2.VII.14/LT/2024 with protocol 

number 2024/01/1/0602 and a research permit from 

Prof. Dr. I.G.N.G. Ngoerah Hospital with number 

DP.04.03/D.XVII.2.2.2/27373/2024. Sample data were 

collected from medical records of heart failure patients 

at Prof. Dr. I.G.N.G. Ngoerah Hospital who met the 

exclusion and inclusion criteria while hospitalized in the 

period January 2022-December 2023 using a purposive 

sampling method. 

Materials 

The tools used in this research are data collection 

forms, Statistical Package for the Social Sciences 

(SPSS) Version 29, and Microsoft Office applications 

for data processing. The materials used in this research 

comprise medical record data of patients diagnosed with 

heart failure at Prof. Dr. I.G.N.G. Ngoerah Hospital 

during the period January 2022-December 2023. The 

medical record data used included patient identity, 

patient diagnosis, hospital admission and discharge 

dates, patient final status (death or recovery), disease 

history, 'patients' laboratory data such as laboratory data 

such as pre- and post-hospitalization potassium data, 

sodium, creatinine, BUN, and eGFR; body mass index 

(BMI), and 'patients' medication history such as patients' 

daily medicine prescribed data, past medical history, and 

drug usage history.  

Population 

The population in this research included all patients 

who had been diagnosed with heart failure at Prof. Dr. 

I.G.N.G. Ngoerah Hospital during the period January 

2022-December 2023. The inclusion criteria included 

patients with a diagnosis of heart failure who received 

furosemide therapy as a diuretic during their 

hospitalization at Prof. Dr. I.G.N.G. Ngoerah Hospital 

and had complete potassium data in their medical 

records during the period January 2022-December 2023. 

The exclusion criteria included patients with untraceable 

and unreadable medical records. The minimum sample 

size was calculated using the Lemeshow Formula One 

Proportion Estimation Method with Absolute Precision.  

𝑛 =  
𝑍2

1−α 2⁄  +𝑃(1−𝑃)

𝑑2   

The calculations were made with a 95% confidence 

level (1-α value) and an absolute precision of 0.09. The 

anticipated population proportion (P1) value refers to 
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research by Aimbudlop and Saengpanit (2023), which 

stated that the prevalence of hypokalemia patients is 0.3, 

so the minimum sample size obtained is 100 samples.  

Data analysis 

Data on patient characteristics, potassium levels 

before and after hospitalization, and data on patients 

with comorbid kidney failure, including potassium 

levels in patients diagnosed with heart failure and 

receiving furosemide at Prof. Dr I.G.N.G. Ngoerah 

Hospital, during the period January 2022 - December 

2023 have been collected for descriptive and statistical 

analysis. The normality test was carried out using the 

Kolmogorov-Smirnov method (p>0.05), and the 

parametric test using the paired t-test method (p<0.05) 

was applied only to potassium level data before and after 

hospitalization. Meanwhile, descriptive analysis was 

applied to patient characteristics data and potassium 

level data in patients with comorbid kidney failure. The 

SPSS Version 29 application was used for statistical 

tests. 

 

RESULTS AND DISCUSSION 

Figure 1. Flowchart of Hospitalized Heart Failure 

Patients Receiving Furosemide with Available 

Potassium Data Before and After Hospitalization at 

Prof. Dr. I.G.N.G. Ngoerah Hospital from January 2022 

to December 2023 

Characteristics of patients 

The data obtained included 101 patient medical 

records that met the inclusion criteria, with 11 patients 

having more than one inpatient visit so a total 114 

'patient's medical records were obtained. Characteristics 

of patients are shown in Table 1. 

 

 

Figure 1. Flowchart of hospitalized heart failure patients receiving furosemide with available potassium data before and 

after hospitalization at Prof. Dr. I.G.N.G. Ngoerah Hospital from January 2022 to December 2023 
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Table 1. Characteristics of heart failure patients receiving furosemide with available potassium data before and after 

hospitalization at Prof. Dr. I.G.N.G. Ngoerah Hospital from January 2022 to December 2023 

Characteristics 
Number of Patients 

(n total = 101) 
Percentage (%) 

Age (years) 

15-25 1 1 
26-35 7 6.9 
36-45 18 17.8 
46-55 27 26.7 
56-65 26 25.7 
> 65  22 21.8 

Gender 
Male 66 65.4 
Female 35 34.6 

Duration of Hospitalization 

0-7 days 74 64.9 
8-14 days 29 25.4 
15-21 days 4 3.5 
> 21 days 7 6.1 

Patient Status 
Recovered 97 85.1 
Death 17 14.9 

Diagnoses 

Acute Decompensated Heart 

Failure 
98 86 

Congestive Heart Failure 11 9.6 
Chronic Heart Failure 4 3.5 
Right Heart Failure 1 0.9 

Comorbidities 

Kidney 62 38 
Heart 33 20.3 
Diabetic 29 17.8 
Hypertension 24 14.7 
Dyslipidemia 15 9.2 

Social History 
Smoking 29 28.7 
Non-Smoking 68 67.3 
Unknown 4 4 

Body Mass Index (BMI) 

Underweight (less than 18.5) 6 5.9 
Normal (18.5 to less than 25) 62 61.4 
Overweight (25 to less than 30) 23 22.8 
Obesity (30 or greater) 10 9.9 

Abbreviations: n: Number of Patients 

Table 1 shows that the majority of patients were 

aged 45 years and over (74.2%) and male (65.4%). This 

is due to a decrease in physiological function in elderly 

patients (Heidenreich et al., 2022), and male patients 

have a higher risk of experiencing heart failure than 

women because women can produce the hormone 

estrogen which acts as a heart protector by regulating 

lipoprotein levels (Riyadina, 2019). Furthermore, based 

on the characteristics of comorbidities in patients in this 

study, as shown in Table 1, it is known that kidney 

disease is the most common comorbidity experienced by 

patients, namely 62 (38%), followed by heart disease as 

many as 33 (20.3%), and diabetes as many as 29 (17.8%) 

in third place. These three comorbidities are risk factors 

for the increased incidence of heart failure (Walli-Attaei 

et al. 2024; Bozkurt et al., 2025). In addition, smoking 

and excess weight can also contribute to an increased 

risk of cardiovascular disease, although they are not 

major risk factors. Active smokers have high levels of 

inflammation, cardiomyocyte injury, myocardial 

fibrosis, and decreased left ventricular function 

(Gorrdiener et al., 2022), although in this study, there 

were fewer patients with smoking habits (29 of 114 

patients (28.7%) than non-smokers and only 10 of 114 

patients (9.9%) had a BMI of 30 or greater (obesity), but 

this needs to be considered because patients with high 

BMI (  tend to be at higher risk of experiencing HFrEF 

(Heart Failure with Reduced Ejection Fraction) (Powell 

et al., 2021). This is because overweight patients have a 

greater heart workload and are at risk of developing 

hypertension (Rumaisyah et al., 2023). 

Potassium level data 

The data obtained included 114 values of potassium 

levels before and after hospitalization in patients with a 

diagnosis of heart failure at RSUP Prof. Dr. I.G.N.G. 

Ngoerah, who received furosemide during the period 
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January 2022 to December 2023. Normality test results 

conducted using the Kolmogorov-Smirnov method 

showed a p-value > 0.05, indicating that the data were 

normally distributed, so it was continued with the 

parametric paired t-test on the value of potassium levels 

before and after hospitalization. Table 2 shows the 

results of paired t-test analysis. 

Based on the results of paired t-test analysis, the p-

value <0.05 was obtained, which is <0.001. This 

indicates a significant difference between the value of 

potassium levels before and after hospitalization. Next, 

in this study, the potassium levels of 114 patients were 

divided into two groups, namely the group of patients 

who experienced a decrease in potassium levels and the 

group of patients who experienced an increase in 

potassium levels after hospitalization. 

 

 

Table 2. Results of Paired t-test analysis of potassium levels before and after hospitalization in heart failure patients 

receiving furosemide at Prof. Dr. I.G.N.G. Ngoerah Hospital from January 2022 to December 2023 

Description 
Number of patients 

(n total=114) 
Average potassium level 

(mmol/L) ± SD 
p-value 

Before Hospitalization 114 4.3±0.9 
<0.001 

After Hospitalization 114 3.9±0.7 
Abbreviations: n= number of patients; SD: Standard Deviation 

 

Table 3. Table of increased potassium levels in 30 heart failure patients receiving furosemide before and after 

hospitalization at Prof. Dr. I.G.N.G. Ngoerah Hospital from January 2022 to December 2023 

Potassium Level Before 

Hospitalization (mmol/L) 

Potassium Level After 

Hospitalization (mmol/L) 

Difference Potassium 

Level Before and 

After Hospitalization 

(mmol/L) 

Percentage Difference 

Potassium Level Before 

and After 

Hospitalization (%) 

4.2 4.4 0.2 4.5 

3.4 3.6 0.2 5.6 

2.9 3.5 0.6 17.1 

3.2 3.5 0.3 8.6 

3.3 3.9 0.6 15.4 

3.8 3.9 0.1 2.6 

3.9 4 0.1 2.5 

4 4.2 0.2 4.8 

3.1 4.4 1.3 29.5 

3.1 3.4 0.3 8.8 

3.5 4.4 0.9 20.5 

4.1 5 0.9 18 

3.4 4 0.6 15 

4.1 4.7 0.6 12.8 

3.8 4.3 0.5 11.6 

3.8 3.9 0.1 2.6 

3.9 4.4 0.5 11.4 

3.5 3.9 0.4 10.3 

4.5 5.5 1 18.2 

2.9 3.6 0.7 19.4 

5.5 5.6 0.1 1.8 

3.4 3.8 0.4 10.5 

3.6 4.1 0.5 12.2 

3.5 4.3 0.8 18.6 

3.8 4.7 0.9 19.1 

3.2 3.5 0.3 8.6 

4 5.5 1.5 27.3 

3.6 4.4 0.8 18.2 

3.8 5.1 1.3 25.5 

3.6 4.4 0.8 18.2 
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Table 4. Table of decreased potassium levels in 84 heart failure patients received furosemide before and after 

hospitalization at Prof. Dr. I.G.N.G. Ngoerah Hospital from January 2022 to December 2023 

Potassium Level Before 

Hospitalization (mmol/L) 

Potassium Level After 

Hospitalization (mmol/L) 

Difference Potassium 

Level Before and After 

Hospitalization 

(mmol/L)* 

Percentage Difference 

Potassium Level Before 

and After Hospitalization 

(%)* 

3.6 3.5 -0.1 -2.9 

4.6 3.7 -0.9 -24.3 

4.1 4 -0.1 -2.5 

3.7 3 -0.7 -23.3 

5.7 4.4 -1.3 -29.5 

4.2 3.6 -0.6 -16.7 

6.6 5.2 -1.4 -26.9 

5 4.5 -0.5 -11.1 

5.4 3.9 -1.5 -38.5 

5.3 3.3 -2 -60.6 

6.5 6.1 -0.4 -6.6 

5 4.2 -0.8 -19 

4.1 3.6 -0.5 -13.9 

3.9 3 -0.9 -30 

4 3.7 -0.3 -8.1 

3.9 3.3 -0.6 -18.2 

4.8 4.6 -0.2 -4.3 

6.1 4.7 -1.4 -29.8 

4.3 3.4 -0.9 -26.5 

4.2 3.4 -0.8 -23.5 

3.8 2.6 -1.2 -46.2 

5.8 4.4 -1.4 -31.8 

5.5 3.5 -2 -57.1 

4.2 3.5 -0.7 -20 

4.9 4.5 -0.4 -8.9 

4 3.2 -0.8 -25 

3.6 2.8 -0.8 -28.6 

5.4 3.5 -1.9 -54.3 

3.8 3 -0.8 -26.7 

4.8 3.6 -1.2 -33.3 

3.5 3.2 -0.3 -9.4 

5.3 4.2 -1.1 -26.2 

4.3 4.2 -0.1 -2.4 

4.2 4.2 0 0 

4.5 4.4 -0.1 -2.3 

4 3.2 -0.8 -25 

3.8 3.7 -0.1 -2.7 

7.9 4.5 -3.4 -75.6 

3.6 2.8 -0.8 -28.6 

3.5 3.1 -0.4 -12.9 

3.8 3.7 -0.1 -2.7 

4.5 3.9 -0.6 -15.4 

5.7 4.5 -1.2 -26.7 

4.2 3.5 -0.7 -20 

2.9 2.5 -0.4 -16 

4.4 3.6 -0.8 -22.2 

6.7 4.9 -1.8 -36.7 

5.1 4.6 -0.5 -10.9 

4.1 3.1 -1 -32.3 
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Potassium Level Before 

Hospitalization (mmol/L) 

Potassium Level After 

Hospitalization (mmol/L) 

Difference Potassium 

Level Before and After 

Hospitalization 

(mmol/L)* 

Percentage Difference 

Potassium Level Before 

and After Hospitalization 

(%)* 

4.8 4.6 -0.2 -4.3 

4 3.6 -0.4 -11.1 

5 4.6 -0.4 -8.7 

4.2 3.7 -0.5 -13.5 

3.9 3.7 -0.2 -5.4 

3.9 3 -0.9 -30 

3.6 3.5 -0.1 -2.9 

6 4.5 -1.5 -33.3 

5.1 4.8 -0.3 -6.3 

5.3 3.7 -1.6 -43.2 

3.8 3.5 -0.3 -8.6 

4.3 4.1 -0.2 -4.9 

4.4 4 -0.4 -10 

4.6 3.2 -1.4 -43.8 

4.6 3.3 -1.3 -39.4 

5.1 3.8 -1.3 -34.2 

4.4 4.1 -0.3 -7.3 

5.1 4 -1.1 -27.5 

4.7 4.2 -0.5 -11.9 

4.7 4.4 -0.3 -6.8 

4.1 3.3 -0.8 -24.2 

5.5 3.8 -1.7 -44.7 

4.2 3.4 -0.8 -23.5 

4.7 3.8 -0.9 -23.7 

3.4 3.4 0 0 

4.4 4.2 -0.2 -4.8 

5 2.1 -2.9 -138.1 

6.2 4.2 -2 -47.6 

4.9 4.7 -0.2 -4.3 

4.3 3.9 -0.4 -10.3 

3.5 3.4 -0.1 -2.9 

3.9 3.1 -0.8 -25.8 

3.7 3.6 -0.1 -2.8 

4 3.5 -0.5 -14.3 

4.8 3.2 -1.6 -50 

*: the negative value means the potassium level was decreasing after hospitalization 

 

Table 5. Categorized potassium levels after hospitalization in heart failure patients receiving furosemide at Prof. Dr. 

I.G.N.G. Ngoerah Hospital from January 2022 to December 2023 

Classification of Potassium Levels 

Number of Patients who 

Increased Potassium Levels 

After Hospitalization (n=30) 

Number of Patients who 

Decreased Potassium Levels 

After Hospitalization (n=84) 

Hypokalemia (< 3,5 mmol/L) 1 32 

Normal (3,5-5,1 mmol/L) 27 50 

Hyperkalemia (>5,1 mmol/L) 2 2 

Abbreviation: n=number of patients 

 

The increase or decrease was calculated based on 

the reduction in potassium levels after hospitalization 

with potassium levels before hospitalization. 

Furthermore, the percentage difference was calculated. 

Patients were said to have increased potassium levels if 

the potassium levels after hospitalization were greater 

than before hospitalization. Conversely, patients were 

said to have decreased if the potassium levels after 

hospitalization were smaller than before hospitalization. 

Of the 114 patients, there were 30 patients who 

experienced an increase in potassium levels (see Table 
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3) and 84 patients who experienced a decrease in 

potassium levels after hospitalization (see Table 4). 

In the group of patients who experienced increased 

potassium levels, the most significant percentage 

difference in potassium levels before and after 

hospitalization was 29.5%, and the smallest was 1.8%. 

The larger percentage difference indicates a greater 

increase in potassium levels after the patient was 

hospitalized. Increased potassium levels can be caused 

by the presence of comorbid diseases such as kidney 

disease and diabetes mellitus as well as the use of  Renin 

Angiotensin Aldosterone System (RAAS) and 

Mineralocorticoid Receptor Antagonist (MRA) 

inhibitor drugs. This result is in line with a cohort study 

in Denmark, which states that the incidence of 

hyperkalemia was 39% during a follow-up period of 2.2 

years. The study also mentioned that kidney disease and 

diabetes will interfere with potassium excretion and 

regulation. In addition, the use of RAAS inhibitors and 

MRA, which are standard treatments for heart failure, 

can also interfere with potassium excretion, causing 

hyperkalemia (Thomsen et al., 2018). Although heart 

failure patients on therapy may have increased 

potassium levels, several mechanisms may also lead to 

decreased potassium levels during treatment. 

In the group of patients who experienced decreased 

potassium levels, the percentage difference in potassium 

levels before and after hospitalization was 138.1%, and 

the smallest was 0%. The larger percentage difference 

indicates a greater decrease in potassium levels. The 

percentage showing a value of 0% in the group of 

patients who experienced decreased potassium levels 

can occur because there is no difference in potassium 

levels before and after hospitalization.  

Decreased potassium levels in heart failure patients 

after hospitalization may be due to several factors such 

as diuretic use, RAAS activation, and insulin use. 

Studies have shown that 10 to 50% of patients treated 

with diuretics may develop hypokalemia (Ring et al., 

2022). The dose or duration of the use of Furosemide as 

a loop diuretic (Ferreira et al., 2020). Furosemide can 

increase water and electrolyte excretion through urinary 

excretion, inhibit Na+, K+, and Ca2+ co-transporters in 

the loop of henle, and induce prostaglandin-mediated 

and aldosterone hormones (Felker et al., 2020).  

Moreover, based on Table 4, from 84 data of 

patients who had decreased potassium levels, 49 patients 

showed a decrease of >15%, and 35 patients showed a 

decrease of ≤ 15%. Patients with a decrease in potassium 

levels >15% have a higher risk of arrhythmias that can 

trigger sudden cardiac death in heart failure patients 

(Aimbudlop & Saengpait, 2023). This is caused by low 

K+ concentrations that can increase heart muscle 

excitability and delay repolarization (Ring et al., 2022). 

Arrhythmias often trigger sudden cardiac death in heart 

failure patients (Zaher et al., 2024).  

Furthermore, after the potassium levels after 

hospitalization were obtained, we then grouped the 

potassium levels into three groups: hypokalemia, 

normal, and hyperkalemia, as can be seen in Table 5. 

Based on the results in Table 5, most patients in this 

study had normal potassium levels, both in the group of 

patients who experienced increased potassium levels 

after hospitalization (27 of 30 patients) and also in the 

group of patients who experienced decreased potassium 

levels after hospitalization (50 of 84). In the group of 

patients who experienced increased and reduced 

potassium levels after hospitalization, only two patients 

from each group had hyperkalemia, and more patients 

had hypokalemia (32 of 84 patients) in the group who 

experienced decreased potassium levels than in the 

group who experienced increased potassium levels after 

hospitalization, only 1 of 30 patients. The changes in 

potassium level values in patients are also influenced by 

several factors, such as the presence of kidney disease 

and the use of drugs that affect RAAS. Kidneys are 

responsible for 90-95% of potassium elimination, so 

abnormal conditions in the kidneys will interfere with 

the regulation of a patient's potassium levels (Ferreira et 

al., 2020).  

One of the factors that play a role in increasing or 

decreasing potassium levels is the presence of kidney 

failure. In this study, there were more than half of the 

heart failure patients in this study (62 out of 114 

patients) who also had comorbid kidney disorders. 

Moreover, for a more in-depth descriptive analysis in 

this study, we classified the kidney disorders 

experienced by patients and explored the data so that the 

results of Table 6 were obtained. 

Based on Table 6, all heart failure patients with 

concomitant kidney disease experienced a decrease in 

potassium levels after treatment, with chronic kidney 

disease (CKD) stage IIIB patients experiencing the 

highest reduction of potassium levels. In CKD stage 

IIIB, decreased potassium levels often occur due to a 

combination of diuretic use, relatively active renal 

excretion, dietary changes, and the influence of other 

drugs. However, as the disease progresses to advanced 

stages (stages IV and V), the kidneys lose their ability to 

excrete potassium, making patients more prone to 

hyperkalemia than hypokalemia (Sarnowski et al., 

2022). In addition to CKD patients, changes in 



Jurnal Farmasi dan Ilmu Kefarmasian Indonesia Vol. 12 No. 1 April  2025      45 

 

 

P-ISSN: 2406-9388   ©2025 Jurnal Farmasi dan Ilmu Kefarmasian Indonesia 

E-ISSN: 2580-8303  Open access article under the CC BY-NC-SA license 

potassium also occur in acute kidney injury (AKI) 

patients, although the decrease is not as great as in CKD 

patients. AKI patients generally have increased serum 

creatinine levels and decreased urinary excretion 

(Kellum et al., 2021). Patients with lower glomerular 

filtration rate (eGFR), higher creatinine clearance, and 

renal failure comorbidities are more likely to develop 

hyperkalemia (Jun et al., 2021). In addition, patients 

with ACKD who have multiple bilateral cysts growing 

in the kidneys also have decreased potassium levels. 

Cysts in ACKD patients cause loss of renal tissue that 

triggers mitogenic signaling, changes in sodium and 

potassium concentrations, activation of the RAAS 

system, and hyperplasia of renal tubular cells (Teuwafeu 

et al., 2023).  

Based on Table 6, all heart failure patients with 

concomitant kidney disease experienced a decrease in 

potassium levels after treatment, with chronic kidney 

disease (CKD) stage IIIB patients experiencing the 

highest reduction of potassium levels. In CKD stage 

IIIB, decreased potassium levels often occur due to a 

combination of diuretic use, relatively active renal 

excretion, dietary changes, and the influence of other 

drugs. However, as the disease progresses to advanced 

stages (stages IV and V), the kidneys lose their ability to 

excrete potassium, making patients more prone to 

hyperkalemia than hypokalemia (Sarnowski et al., 

2022). In addition to CKD patients, changes in 

potassium also occur in acute kidney injury (AKI) 

patients, although the decrease is not as great as in CKD 

patients. AKI patients generally have increased serum 

creatinine levels and decreased urinary excretion 

(Kellum et al., 2021). Patients with lower glomerular 

filtration rate (eGFR), higher creatinine clearance, and 

renal failure comorbidities are more likely to develop 

hyperkalemia (Jun et al., 2021). In addition, patients 

with ACKD who have multiple bilateral cysts growing 

in the kidneys also have decreased potassium levels. 

Cysts in ACKD patients cause loss of renal tissue that 

triggers mitogenic signaling, changes in sodium and 

potassium concentrations, activation of the RAAS 

system, and hyperplasia of renal tubular cells (Teuwafeu 

et al., 2023).  

Based on Table 6, it also shows that heart failure 

patients in this study, in addition to having comorbid 

kidney disorders, also had other comorbidities, called 

diabetes, hypertension, and dyslipidemia. The presence 

of additional comorbidities can affect potassium levels. 

Where in this study, patients with additional comorbid 

diabetes experienced hyperkalemia, while patients with 

additional comorbid cancer experienced hypokalemia. 

Diabetic patients are at risk of hyperkalemia due to the 

condition of hyporeninemic hypoaldosteronism, which 

causes RAAS dysfunction so that there is a decrease in 

aldosterone secretion by the adrenal glands, which plays 

a role in K+ secretion so that potassium levels in the 

blood increase. In addition, uncontrolled diabetic 

patients also generally experience hyperosmolality, 

which causes K+ ions to leave the cells so that potassium 

levels in the blood increase (Goia-Nishide, 2022), and 

patients with diabetes have a prevalence ratio of 1.38 to 

experience hyperkalemia compared to those without 

diabetes because diabetes can cause diabetic 

nephropathy, which can reduce kidney function and 

potassium excretion ability. In addition, insulin 

deficiency in diabetes can also disrupt the distribution of 

potassium between intracellular and extracellular fluids 

so that potassium levels in the blood tend to be high 

(Thomsen et al., 2018).  

The presence of comorbid dyslipidemia and 

hypertension can also affect the patient's potassium 

levels. Heart failure patients who also have hypertension 

are at risk of experiencing increased potassium levels 

caused by the use of antihypertensive drugs (Rakugi et 

al., 2021), such as the use of RAASi drugs (ACEi, ARB, 

ARNi), which work by inhibiting the action of 

angiotensin II, thereby reducing aldosterone hormone 

levels, which regulate potassium secretion, thereby 

increasing the risk of hyperkalemia (Oktaviono & 

Kusumawardhani, 2020; Rakugi et al., 2021). The risk 

of hyperkalemia associated with renin-angiotensin-

aldosterone system (RAAS) inhibition ranges from 2% 

to 10% in patients with hypertension (Chang et al., 

2016). Besides that, patients with dyslipidemia will also 

tend to have altered potassium levels, as patients with 

central obesity, hypertriglyceridemia, low HDL-C and 

high fasting plasma glucose tend to have lower serum 

potassium levels (Sun et al., 2014). 

In this study, heart failure patients were also 

prescribed other drugs besides furosemide, which can 

affect potassium levels, as seen in Table 7.  

Based on Table 7, instead of furosemide, patients 

also received other drugs such as Angiotensin 

Converting Enzyme inhibitors (ACEi), Angiotensin II 

Receptor Blockers (ARB), beta blockers, 

spironolactone, potassium chloride (KSR), and insulin. 

Those drugs can also affect potassium levels in heart 

failure patients. There were 84 (73.7%) prescriptions of 

ACEi and 23 (20.2%) prescriptions of ARB. These two 

groups of drugs are angiotensin II antagonists and are 

commonly used in heart failure patients (Heidenreich et 

al., 2022). Inhibition by angiotensin II will reduce levels 
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of the hormone aldosterone, which regulates potassium 

secretion. The decrease in aldosterone levels due to 

ACEi and ARB is mostly offset by increased distal 

sodium so that potassium levels remain stable. However, 

in patients with renal perfusion, the proximal 

reabsorption becomes very strong, reducing distal 

sodium levels and increasing the risk of hyperkalemia 

(Oktaviono & Kusumawardhani, 2020).  

There were 82 (71.9%) prescriptions using β-

blocker drugs that inhibit β receptors in the cell 

membranes of various organs. This class of drugs 

induces hyperkalemia by suppressing the secretion of 

the hormone aldosterone from the adrenal cortex and 

decreasing the activities of the Na+-K+ ATPase pump so 

that potassium absorption by cells will also decrease 

(Rawal et al., 2020). 

Table 7 also shows that there were 85 (74.6%) 

prescriptions of spironolactone. This drug works by 

competitively blocking the action of aldosterone, 

resulting in decreased sodium reabsorption and 

increased potassium retention (Patibandla et al., 2023). 

Patients with spironolactone therapy have a 10% lower 

risk of hypokalemia than patients with loop diuretic 

therapy (Ferreira et al., 2020). In addition, 33 (29%) 

patients received potassium supplements, namely KSR, 

which can increase body potassium levels (Table 7). 

KSR will be ionized into K+ and Cl- in the body. Kalium 

ions will then undergo reabsorption in the kidneys 

(Yamada & Inaba, 2021). The use of potassium 

supplements in patients undergoing furosemide therapy 

will reduce the risk of hypokalemia by 12% (Aimbudlop 

& Saengpait, 2023). Based on Table 7, it is also known 

that there are 23 (20.2%) patients using insulin. The 

physiological response to insulin is the activation of the 

Na+-K+ ATPase pump, which increases the absorption 

of K+ into cells, thereby providing defense against 

hyperkalemia (Ring et al., 2022).

 

Table 6. Classification of comorbid kidney disease and the potassium level in 62 heart failure patients receiving 

furosemide before and after hospitalization at Prof. Dr. I.G.N.G. Ngoerah Hospital from January 2022 to December 

2023 

Classification of Comorbid 

Kidney Disease 

Number of 

Patients 

(n total=62) 

Average 

Potassium 

Before 

Hospitalization 

(mmol/L) 

Average 

Potassium 

After 

Hospitalizati

on 

(mmol/L) 

Number of 

Patients with 

Hyperkalemia 

or 

Hypokalemia 

(n total=62) 

Other 

Comorbidities 

owned by 

patients 

Acute Kidney Injury (AKI) 32 4.2 3.7 11 Hypokalemia 

0 Hyperkalemia 
Diabetes Type 2 

Dyslipidemia 

Hypertension 

Atrial Fibrillation 
Acquired Cystic Kidney 

Disease (ACKD) 
11 4.6 4 2 Hypokalemia 

0 Hyperkalemia 
Dyslipidemia 

Hypertension 

Atrial flutter 

Diabetes Type 2 
Chronic Kidney Disease 

(CKD) 
19     

CKD Stage II 2 4 3.9 0 Hypokalemia 

0 Hyperkalemia 
Diabetes Type 2 

Hypertension 
CKD Stage III A 6 4.8 4.1 1 Hypokalemia 

1 Hyperkalemia 
Diabetes Type 2 

Hypertension 

Atrial Fibrillation 
CKD Stage III B 4 6 4.5 1 Hypokalemia 

1 Hyperkalemia 
Diabetes Type 2 

CKD Stage IV 4 4.2 4 2 Hypokalemia 

0 Hyperkalemia 
Diabetes Type 2 

Atrial Fibrillation 

Paroxysmal 
CKD Stage V 3 5 4.3 0 Hypokalemia 

0 Hyperkalemia 
Diabetes Type 2 

Atrial flutter 
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Table 7. Drugs Used by Heart Failure Patients Who Received Furosemide During Hospitalization at Prof. Dr. I.G.N.G. 

Ngoerah Hospital from January 2022 to December 2023 

Classification of Drugs Number of Prescriptions Percentage (%) 
Angiotensin Converting Enzyme inhibitors (ACEi) 84 73.7 
Angiotensin II Receptor Blockers (ARB) 23 20.2 
Beta-Blocker 82 71.9 
Spironolactone 85 74.6 
Potassium Chloride (KSR) 33 29 
Insulin 23 20.2 

 

This study has several strengths, including a 

comprehensive evaluation of potassium level 

fluctuations in heart failure patients receiving 

furosemide therapy, a large sample size that enhances 

the reliability of findings, and a holistic approach that 

considers multiple influencing factors such as 

comorbidities and concurrent medications. 

Additionally, the use of robust statistical analyses 

strengthens the validity of the results. However, there 

are some limitations, such as the retrospective study, 

which relies on the availability and accuracy of medical 

records, and the fact that it was conducted in a single 

hospital, potentially limiting the generalizability of the 

findings. The study also does not account for the dosage 

of furosemide, which may influence potassium levels. 

Future research should focus on prospective studies to 

calculate the furosemide dose given to patients with 

renal impairment and track furosemide and potassium 

levels over time after dose adjustments. In addition, 

multicenter studies are needed to increase 

generalizability. 

 

CONCLUSION 

This study highlights the dynamic changes in 

potassium levels among heart failure patients receiving 

furosemide therapy during hospitalization. These 

findings reinforce the need for continuous potassium 

monitoring and individualized therapeutic strategies to 

reduce the risk of potassium imbalance, especially 

hypokalemia. Given the complexity of factors affecting 

potassium levels, including comorbid conditions and 

use of certain medications, a multidisciplinary approach 

is essential to optimize patient outcomes. 
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