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Abstract: Digoxin has a narrow therapeutic index, requiring close monitoring to
prevent toxicity, particularly in patients with heart failure, polypharmacy, and
impaired renal function. Due to limitations in therapeutic drug monitoring (TDM), we
estimated digoxin serum levels using pharmacokinetic formulas based on creatinine
clearance. This retrospective observational study aimed to conduct an initial risk
screening by estimating digoxin concentrations, evaluating drug interactions, and
assessing heart rate in 17 heart failure patients at a regional general hospital in Jambi
(January–August 2025). Descriptive analysis revealed that 76% of patients were within
the therapeutic range, while 24% exceeded it, with elevated levels correlating with
higher creatinine  serum and lower creatinine clearance. Common drug interactions
involved furosemide, bisoprolol, and proton pump inhibitors, with spironolactone
posing a severe risk. Clinically, bisoprolol combined with hypokalemia appeared
associated with lower heart rates in patients with predicted toxic concentrations.
While the formula-based pharmacokinetic approach serves as a useful exploratory
initial screening tool, these findings require further validation through laboratory-
based TDM and larger studies.

Introduction
Congestive heart failure is a complex clinical syndrome
arising from various cardiovascular and non-cardiovascular
conditions that contribute to increasing morbidity,
mortality, and the economic burden on the health system.
Although several developed countries report stable
prevalence rates, hospitalization and death rates due to
congestive heart failure continue to show a high trend (1).
Globally, an estimated 64 million individuals are living with
congestive heart failure (1). In Asia, prevalence trends
show a varied pattern: the Asia Pacific, Central Asia, and
East Asia regions experienced declines, while Southeast
Asia and South Asia showed increases in cases (2). Based
on the 2019 Global Burden of Disease report, Indonesia
ranks second in the prevalence of heart failure in Asia,
namely 990.90 per 100.000 population, below China
(1.032.83) and followed by Malaysia (809.47) (2).

Current management of congestive heart failure is
based on left ventricular ejection fraction (LVEF), which is
divided into HFrEF (LVEF ≤ 40%), HFmrEF (LVEF 41%–49%),
and HFpEF (LVEF ≥ 50%). In addition to LVEF, the ACC/AHA
classifies patients into four clinical stages (A–D) with

specific intervention focuses. Stage A focuses on
modifying risk factors to prevent further heart damage. In
Stage B patients, the focus is on managing structural risk
factors and in several patient can start initiation therapy
pharmacology, while in Stage C patients with congestive
heart failure classification experiencing reduced ejection
fraction (HFrEF, LVEF ≤40%), the pharmacological
approach involves four main therapeutic pillars, namely
Angiotensin Converting Enzyme-Inhibitor (ACE-
i)/Angiotensin receptor-neprilysin inhibitor
(ARNI)/Angiotensin II receptor blockers (ARB), beta-
blocker, Mineralocorticoid Receptor Antagonist (MRA),
Sodium-Glucose co-transporter-2 (SGLT2) inhibitor, and
diuretics are recommended to overcome congestion (3). In
patients with stage D or refractory heart failure,
interventions are tailored to the clinical condition to
reduce symptoms, morbidity, and mortality (4). Additional
therapy, such as digoxin, can be considered in patients
who remain symptomatic despite receiving standard
therapy or for those who show intolerance to the main
regimen (4).

Digoxin is a cardiac glycoside with positive inotropic
and negative chronotropic effects, increasing cardiac
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contractility while decreasing heart rate. This drug is
beneficial in reducing symptoms, reducing hospitalization
rates, and slowing the progression of congestive heart
failure. However, digoxin is not recommended as first-line
therapy because it has a narrow therapeutic index. The
recommended therapeutic range for patients with
congestive heart failure is 0.5–0.9 ng/mL, while patients
with atrial fibrillation usually require higher levels (1–2
ng/mL). Dosing beyond this range can increase the risk of
toxicity (3, 5). Therefore, regular monitoring of serum
digoxin concentrations, at least every six months, is highly
recommended to ensure the safety of therapy (6). Digoxin
toxicity is nonspecific, including gastrointestinal,
neurological, cardiological, and visual disorders, with visual
disturbances being one of the most typical manifestations
(7). The risk of toxicity increases not only due to overdose,
but also due to predisposing factors such as advanced
age, hypokalemia, hypomagnesemia, hypercalcemia,
impaired renal function, dehydration, hypoxemia, and
myocardial ischemia (7). Furthermore, drug interactions,
both pharmacokinetic and pharmacodynamic, can increase
the potential for toxicity. For example, furosemide can
cause hypokalemia, which potentiates the toxic effects of
digoxin, characterized by, among other things, sinus
bradycardia and ST-segment depression (8).

Digoxin level monitoring is ideally performed through
serum testing (therapeutic drug monitoring/TDM) because
it is the standard method for directly assessing drug
exposure, especially for drugs with a narrow therapeutic
index such as digoxin (9). However, in practice, access to
TDM remains limited in many healthcare facilities in
Indonesia due to limited resources, laboratory facilities,
and test availability. This diagnostic gap becomes
increasingly dangerous when paired with local
epidemiological realities. Data from the studies in a
regional setting in Jambi, Indonesia, revealed an alarming
trend where analysed digoxin prescriptions in a local
hospital setting were categorised as clinically
inappropriate, especially to geriatric patients, largely due
to a lack of individual risk adjustment, failure to monitor
renal function, and unmanaged drug interaction (10). This
critical condition raises the need for a more applicable
alternative approach to estimate individual digoxin
exposure. One approach is mathematical model-based
pharmacokinetic estimation, which accounts for patient
clinical characteristics such as kidney function, age, and
body weight. Several mathematical models have been
developed to predict digoxin concentrations, such as the
Sheiner, Koup, Jusko, and Jelliffe models. In this study, we
used the Sheiner model because its comprehensive
approach has been validated in previous studies and
shows a good correlation with serum levels in patients
with congestive heart failure. This approach is
strengthened by the Cockcroft-Gault equation to estimate
creatinine clearance and provide a more accurate picture
of drug excretion (11).

The Sheiner mathematical model is employed in this
study to estimate steady-state digoxin levels, with
creatinine clearance serving as the primary predictor of
total digoxin clearance. The resulting calculations are not
definitive serum concentration values but function as a
stratification index for assessing the risk of drug
accumulation in healthcare facilities lacking laboratory-
based Therapeutic Drug Monitoring (TDM). Previous

studies in Indonesia, including those by Wulandari et al.
(2021), have used pharmacokinetic equations that
combine the Sheiner equation with the Mosadegh and
Bafghi formula to estimate steady-state digoxin levels for
routine dose adjustments. However, these studies
primarily relied on mathematical estimates derived from
baseline parameters and did not account for important
clinical confounders or complex drug-drug interactions
(12).

To address this diagnostic gap, the current study
introduces an adjusted Sheiner model that incorporates
specific clinical and drug-interaction correction factors,
including obesity, thyroid status, and concurrent use of P-
glycoprotein inhibitors. This adjusted pharmacokinetic
approach offers a low-cost, initial risk-stratification and
screening tool to identify patients at elevated risk of drug
accumulation and toxicity. It serves as a practical
alternative in resource-limited settings where standard
Therapeutic Drug Monitoring (TDM) is unavailable.
Additionally, this approach provides a more individualized
initial estimate of digoxin levels than standard dosing,
particularly for patients with impaired renal function or
those experiencing drug interactions that may alter
digoxin concentrations.

Furthermore, the estimated digoxin levels are
correlated with clinical outcomes, specifically signs and
symptoms of toxicity such as bradycardia in patients with
congestive heart failure. Pulse rate was selected as the
primary clinical marker because bradycardia is an objective
cardiovascular finding that can be assessed retrospectively
from medical records. The objective of this study is to
evaluate the relationship between pharmacokinetic-based
estimations of digoxin levels and clinical manifestations of
toxicity.

Methodology

Study Design
This study is an observational, retrospective design that
uses medical record data from patients with congestive
heart failure treated at one of the general hospitals in
Jambi Province from January to August 2025.

Ethical Clearance
The initial phase of the study involved obtaining
administrative permits and ethical approval. The research
protocol was approved by the Faculty of Medicine and
Health Sciences (No. 2131/UN21.8/PT.01.04/2025) and
received authorization from the Head of the Research and
Library Division at one of the general hospitals in Jambi
Province (No. S.330/RSUD.2.1/VII/2025).

Population and Sample
The study population included all patients with congestive
heart failure receiving digoxin therapy during the study
period. The sample was determined using a total sampling
method based on fulfillment of the inclusion criteria,
namely: (1) aged ≥ 18 years; (2) receiving digoxin therapy
for at least seven days; and (3) having complete medical
records related to treatment. The exclusion criteria in this
study were: (1) patients undergoing routine hemodialysis;
and (2) patients with Acute Kidney Injury (AKI). The
collected data included patient demographic
characteristics, laboratory test results, vital signs, and all
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information related to the treatment regimen during
hospitalization.

Calculation Estimated Digoxin Concentration
The estimated digoxin concentration measurement was
obtained using the Equation 1 (13). Measurement of total
digoxin clearance in patients with congestive heart failure
is carried out using the Sheiner Formula (Equation 2). The
patient's creatinine clearance measurement was calculated
using the Cockcroft–Gault formula as seen in Equations 3
and 4.

This study applied specific correction factors to the
calculation of total patient clearance. Conditions such as
thyroid disorders (hyper/hypothyroidism) and specific
drug interactions were not ignored but instead integrated
into the formula by multiplying the patient's clearance
value by the relevant adjustment factors (Table 1). This
allowed the model to remain representative of the
patient's digoxin elimination profile despite these
confounding factors.

Data Analysis
The estimated digoxin concentrations were categorized
into two groups based on the standard therapeutic
reference range: therapeutic concentrations (0.5–2 ng/mL)
and toxic concentrations (>2 ng/mL). Although the
optimal target for congestive heart failure patients is 0.5–
0.9 ng/mL, using a 2 ng/mL threshold in this classification
aims to identify patients at absolute risk of toxicity based
on standard pharmacokinetic parameters. Data analysis
was performed descriptively to better describe the clinical
profiles of both groups and to avoid interpretation bias
arising from limited statistical power in a small sample.
Patient demographic data, including age, gender, length
of hospitalization, comorbidities, nutritional status,
creatinine serum level, creatinine clearance, and
electrocardiogram findings, were presented as frequency
distributions, percentages, and means with standard

deviations (SD). To provide an accurate hemodynamic
picture, the heart rate (pulse) values​​used were the average
of routine measurements (4 times daily) during each
patient's hospitalization. A detailed comparison of mean
pulse trends is presented across various therapy
subgroups, including digoxin alone, digoxin and bisoprolol
combination therapy, and comorbidities such as
hypokalemia.

Results and Discussion

Characteristics of Congestive Heart Failure
Patients
Of the 19 patients with congestive heart failure treated
between January and August 2025, two patients were
excluded because they received digoxin therapy for less
than seven days. As a result, serum drug levels had not yet
reached steady state. The limited sample size in this study
was due to digoxin not being a first-line therapy, but
rather an adjunct therapy for patients who remained
symptomatic after receiving the standard regimen. Thus, a
total of 17 patients were analyzed. Of this population, a
pharmacokinetic evaluation showed that 13 patients (76%)
had estimated digoxin concentrations within the
therapeutic range (0.5–2 ng/mL), while 4 patients (24%)
had concentrations exceeding the toxic limit (>2 ng/mL).
In general, the descriptive analysis of demographic
characteristics showed no significant differences in age,
gender, length of hospitalization, or the accumulation of
comorbidities between the therapeutic and toxic
concentration groups.

In terms of age, the therapeutic group was dominated
by productive-age patients aged 18–59 years (9 patients),
whereas in the toxic group, the distribution was balanced
between the 18–59 age range (2 patients) and the elderly
group (≥60 years; 2 patients). The dominance of the age
group <60 years is in line with the latest global
epidemiological trends. A study of the global burden of

(Eq. 1)

(Eq. 2)

(Eq. 3)

(Eq. 4)

Table 1. Factors that can affect digoxin clearance (13).

Factor Correction Value

Obesity Ideal Body Weight
Amiodarone 0.5
Quinidine 0.5

Verapamil 0.75
Hyperthyroidism 1.3
Hypothyroidism 0.7

C ​ =ss ​

CL ​ × τtotal

F × D

CL ​ =digoxin [0.33 mL/min/kg × Weight (kg)] + [0.9 × CL ​ (mL/min)]cr

CL ​ =cr males ​

72 × Creatinine Serum (mg/dL)
(140 − Age) × Weight (kg)

CL ​ =cr females ​ ×
72 × Creatinine Serum (mg/dL)

(140 − Age) × Weight (kg)
0.85
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disease reported that from 1990 to 2021, the group of
adolescents and young adults aged 15–49 years globally
experienced a significant increase in the burden of
congestive heart failure and is projected to continue to
increase until 2035 (14).

Based on the gender distribution in Table 2, male
patients accounted for the majority of study subjects
overall, both in the therapeutic concentration group (9 of
13 patients; 69.2%) and in the toxic concentration group (3
of 4 patients; 75%). The predominance of male patients in
this congestive heart failure (CHF) population aligns with
global literature showing significant biological (sex) and
sociocultural (gender) differences between men and
women. Male patients have a significantly higher
predisposition to developing heart failure with reduced
ejection fraction (HFrEF). This is driven by the higher
incidence of coronary artery disease and myocardial
infarction in men, which are the primary etiologies of
myocardial structural damage. In contrast, the prevalence
of male patients in this study is generally due to aging and
non-ischemic comorbidities (15). Therefore, the high
proportion of male patients in this study (a total of 12 out
of 17 patients) logically correlates with the clinical needs
of the male population, which is predominantly a case of

refractory HFrEF, requiring additional inotropic
intervention in the form of digoxin.

The length of stay (LOS) of patients in both groups
was dominated by short-term hospitalizations (≤7 days). In
the therapeutic concentration group, 11 of 13 patients
(84.6%) were treated for ≤7 days, and a similar pattern was
observed in the toxic concentration group, where 3 of 4
patients (75%) had the same length of stay. The finding
that the majority of congestive heart failure patients in this
study had a length of stay ≤7 days is consistent with the
clinical profile of the efficiency of care for congestive heart
failure patients across various hospitals in Indonesia. Based
on a study by Laariya et al. (2026), the average length of
stay for patients with acute and chronic heart failure
experiencing acute exacerbations falls within a relatively
short and efficient range. This controlled LOS duration
generally reflects successful clinical stabilization of the
acute phase (e. g., addressing circulatory congestion and
shortness of breath) through interventions with primary
drug regimens, such as intravenous diuretics combined
with appropriate inotropic agents (16).

In the therapeutic concentration group (0.5–2 ng/mL),
84.6% of patients (11 of 13) had normal nutritional status,
while 15.4% (2 patients) were overweight. In contrast, all

Table 2. Characteristics of congestive heart failure patients on digoxin therapy.

Parameters
Digoxin Concentration

0.5 - 2 ng/mL (N=13) > 2 ng/mL (N=4)

Age

18-59 years 9 (69%) 2 (50%)
≥60 years 4 (31%) 2 (50%)
Sex

Men 9 (69%) 3 (75%)
Women 4 (31%) 1 (25%)
Length of Hospitalization

≤ 7 days 10 (77%) 3 (75%)
> 7 days 3 (23%) 1 (25%)
Nutritional Status
Normal 11 (85%) 2 (50%)

Overweight 2 (15%) 0 (0%)
Obesity 0 (0%) 2 (50%)
Comorbidities

≤ 2 comorbidities 12 (92%) 4 (100%)
> 2 comorbidities 1 (8%) 0 (0%)
Creatinine Cerum (mg/dl) (mean ± SD) 0.96 ± 0.28 1.35 ± 0.26

Creatinine Clearance (mean ± SD) 120.38 ± 29.73 82.00 ± 5.35
Electrocardiogram
AV block present 0 (0%) 3 (75%)

No AV block present 13 (100%) 1 (25%)
Potassium Levels (mEq/L) (mean ± SD) 3.78 ± 0.78 3.70 ± 0.62
Digoxin Daily Dose

0.25 mg 13 (100%) 4(100%)
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obese patients in the study (2 patients; 100%) were in the
toxic concentration group (>2 ng/mL). The relationship
between nutritional status (body mass index) and
accumulated digoxin levels is complex. Digoxin is widely
distributed throughout body tissues, especially skeletal
muscle and myocardium, but has low affinity for adipose
tissue. As a result, the drug's volume of distribution (Vd) is
correlated with lean body mass rather than total body
weight (17). Regarding comorbidities, most subjects in
both groups had 2 or fewer. In the therapeutic
concentration group, 92.3% (12 of 13) had ≤2
comorbidities; in the toxic concentration group, all
patients (4; 100%) had ≤2 comorbidities. Congestive heart
failure (CHF) rarely presents alone, often occurring
alongside chronic disease clusters such as hypertension,
diabetes mellitus, coronary heart disease, and chronic
kidney disease (18).

Based on laboratory parameter monitoring results, the
differences in the mean creatinine and creatinine clearance
profiles between patients in the therapeutic and control
groups reflect the Sheiner formula's structure, which treats
creatinine clearance as the primary predictor variable. The
mean creatinine serum level has an inverse linear
relationship with the creatinine clearance value (CLcr).
Depending on the pharmacokinetic model used, a
decrease in renal function will mathematically increase the
estimated digoxin level. In the group of patients with
digoxin concentrations within the therapeutic range (0.5–2
ng/mL), renal excretory function is in an adequate
condition, indicated by a low mean creatinine serum level
of 0.96 ± 0.28 mg/dL with a high filtration capacity (CLcr)
reaching 120.38 ± 29.73 mL/min. Conversely, significant
drug accumulation is projected in the group of patients
with toxic concentrations (> 2 ng/mL). This group showed
a significant decrease in kidney function, characterized by
a high mean serum creatinine of 1.35 ± 0.26 mg/dL,
followed by a drastic decrease in creatinine clearance to
82.00 ± 5.35 mL/min.

Therefore, the high estimated steady-state digoxin
concentration in patients with poor renal function (high
creatinine serum and low CLcr) is a mathematical
relationship inherent in the conceptual model and must be
recognized as a limitation of its circularity.
Pharmacokinetically, digoxin is a hydrophilic compound
that is eliminated predominantly by the kidneys
(approximately 60–80%) in its intact form through active
glomerular filtration and tubular secretion. When the renal
filtration rate decreases, as reflected by lower CLcr values
in the toxic group, the body's ability to clear digoxin from
the systemic circulation also decreases substantially. This
decrease in total clearance triggers the progressive
accumulation of cardiac glycosides in the serum, which
ultimately escalates drug levels beyond the upper limit of
the safe therapeutic window and exponentially increases
the risk of absolute toxicity in patients with congestive
heart failure (19). This approach is not intended to replace
direct serum Therapeutic Drug Monitoring (TDM), but
rather serves as an initial, clearance-based screening tool
to predict the risk of drug accumulation in clinical settings
with limited laboratory facilities.

Digoxin toxicity is associated with various
electrocardiographic (ECG) abnormalities, including
atrioventricular (AV) block. The ECG manifestations of AV
block observed in patients with predicted toxic

concentrations are described to assess their
correspondence with the molecular pharmacodynamic
theory of digoxin action. Given the very limited sample
size in the toxic concentration group (n=4) and reliance on
mathematical estimation, these findings are exploratory
and hypothesis-generating rather than definitive.
Nevertheless, they highlight the importance of
individualized cardiac conduction monitoring in patients
with congestive heart failure and reduced renal elimination
function. These manifestations result from digoxin's effects
on the cardiac conduction system, which are more
pronounced at toxic levels. In this study, AV block in
patients with congestive heart failure and toxic digoxin
concentrations aligns with digoxin's mechanism of action:
inhibition of the Na⁺/K⁺-ATPase pump increases
intracellular sodium, influencing calcium uptake via
Na⁺/Ca²⁺ exchange, thereby prolonging the action
potential and increasing vagal tone (20).

Based on the study results, all subjects in both groups
(100% in group 0.5-2 ng/mL (n=13) and 100% in group >2
ng/mL (n=4) received a uniform daily digoxin dose of 0.25
mg. The 0.25 mg/day dose is a standard maintenance
dose often prescribed to adult patients with chronic heart
failure or atrial fibrillation to control the ventricular rate.

Potential Drug Interactions in Patients with
Congestive Heart Failure
Congestive heart failure is a clinical syndrome that
develops due to various etiologies and is often
accompanied by complex comorbidities. This condition
causes most patients to undergo therapy with multiple
medications (polypharmacy), significantly increasing the
risk of drug interactions. Digoxin, as a drug with a narrow
therapeutic index, is highly susceptible to interactions with
various other drugs that can affect its pharmacokinetics
and pharmacodynamics.

Based on the medication records of patients with
congestive heart failure during their hospitalization,
several potential drug interactions were identified, as
shown in Table 3. Of all the interactions observed, there
was one potential severe interaction, namely between
digoxin and spironolactone, which was identified in 36% of
patients (n=6). Based on the literature review, this
combination has a pharmacokinetic mechanism that can
reduce digoxin clearance and inhibit its elimination. This
trend is consistent with a large-scale clinical study by
Englund et al. (2004) of patients undergoing therapeutic
drug monitoring. The study classified spironolactone as
one of the main P-glycoprotein (P-gp) inhibitors (Class I P-
gp inhibitor), which is significantly associated with
increased serum digoxin levels in the body (21).

In terms of moderate interaction, the combination of
digoxin and furosemide showed the highest frequency in
this study, at 83% (n=14). Theoretically, furosemide, as a
potent loop diuretic, is known to be associated with a risk
of hypokalemia due to increased renal potassium
excretion. The literature suggests that hypokalemia can
increase myocardial sensitivity to digoxin, potentially
increasing the risk of arrhythmias (8). This potential risk of
clinical interaction is clearly illustrated in a case report by
Patel et al. (2022), where the use of furosemide with
digoxin was reported to be associated with digoxin toxicity
triggered by hypokalemia. In addition to furosemide,
hydrochlorothiazide, a thiazide diuretic (identified in 18%
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of cases in this study), can also cause hypokalemia,
especially at high doses or when combined with loop
diuretics (22).

Beta blockers are first-line therapy in patients with
congestive heart failure, especially those with reduced
ejection fraction. The use of these drugs has been shown
to improve ventricular function, improve quality of life, and
reduce the incidence of arrhythmias (3). However, the
combination of beta blockers, such as bisoprolol, with
digoxin (found in 36% of this study) warrants clinical
consideration. Several studies have shown that
coadministration of digoxin and bisoprolol is associated
with an increased risk of major cardiovascular events
(MACE) compared with the use of digoxin alone or
bisoprolol alone (23).

This study found a potential interaction between
digoxin and proton pump inhibitors (PPIs), such as
omeprazole (12%) and lansoprazole (24%). According to
the literature, PPIs work by increasing gastric pH by
suppressing acid secretion and by increasing intercellular
permeability in the gastric mucosa. When administered
concomitantly with digoxin, these changes in gastric pH
may increase digoxin absorption. In contrast, increased
mucosal permeability can increase the amount of drug
that passes through the gastric lining. The combination of
these two mechanisms has been reported to increase

digoxin bioavailability (24). In addition to the effect on
gastric pH, a review published by Mar et al. (2022)
confirmed that the interaction between digoxin and PPIs
may also involve the P-glycoprotein (P-gp) transport
pathway. Given that digoxin has a narrow therapeutic
index and is a P-gp substrate, concomitant use of PPIs that
inhibit P-gp may reduce digoxin's gastrointestinal effects,
potentially increasing digoxin bioavailability and systemic
exposure. The use of sucralfate (6%) should also be
considered, as this agent can interfere with digoxin
absorption through binding in the gastrointestinal tract,
which has been reported to reduce its therapeutic effect
(25).

The interaction between nonsteroidal anti-
inflammatory drugs (NSAIDs) and digoxin is an important
aspect that needs to be considered in clinical practice,
especially in patients with cardiovascular disease. In this
study, several types of NSAIDs used by patients, including
diclofenac sodium (6%), ketorolac (6%), and meloxicam
(6%), were identified as interacting with digoxin. Based on
pharmacokinetics, the use of NSAIDs together with
digoxin is known to increase digoxin concentrations in the
blood, primarily through mechanisms such as decreased
renal blood flow and impaired excretory function. This risk
is potentially higher in patients with impaired renal
function, because elimination is further inhibited,

Table 3. Types of digoxin – other drug interactions in patients with congestive heart failure.

Interaction
Severity Types of Drugs Types of

Interaction Interaction Mechanism
Frequency
Occurrence %
(n)

Major Spironolactone Pharmacokinetics Spironolactone decreases digoxin clearance
and inhibits digoxin elimination.

36% (6)

Moderate Furosemide Pharmacodynamics Furosemide-induced hypokalemia increases
the risk of digoxin arrhythmic toxicity.

83% (14)

Moderate Hydrochlorothiazide Pharmacodynamics Hypokalemia and hypomagnesemia-induced
hydrochlorothiazide increase the risk of
digoxin arrhythmic toxicity.

18% (3)

Moderate Propylthiouracil Pharmacodynamics PTU increases sensitivity to digoxin. 12% (2)
Moderate Bisoprolol Pharmacodynamics The risk of bradycardia and AV block

increases.
36% (6)

Moderate Omeprazole Pharmacokinetics Omeprazole increases gastric pH, thereby
increasing digoxin absorption.

12% (2)

Moderate Lansoprazole Pharmacokinetics Lansoprazole increases gastric pH, thereby
increasing digoxin absorption.

24% (4)

Moderate Sucralfate Pharmacokinetics Decreases digoxin absorption and levels. 6% (1)

Moderate Diclofenac Sodium Pharmacokinetics Decreases digoxin clearance and increases
digoxin levels, especially in CKD and the
elderly.

6% (1)

Moderate Ketorolac Pharmacokinetics Decreases digoxin clearance and increases
digoxin levels, especially in CKD and the
elderly.

6% (1)

Moderate Meloxicam Pharmacokinetics Decreases digoxin clearance and increases
digoxin levels, especially in CKD and the
elderly.

6% (1)

Note: One patient may experience more than one type of drug interaction simultaneously during hospitalization, so that
the total cumulative percentage may exceed 100%.
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increasing the likelihood of digoxin toxicity (26).

Evaluation of Digoxin Concentration Estimation
Based on Patient Hemodynamic Parameters
This study evaluated the relationship between estimated
digoxin concentrations (therapeutic and toxic categories)
determined through pharmacokinetic calculations and the
patient's mean heart rate. It also described the influence of
concomitant clinical factors such as bisoprolol use and the
presence of hypokalemia. As a drug with a narrow
therapeutic index, digoxin has a negative chronotropic
effect, meaning fluctuations in plasma concentrations can
significantly affect heart rate and rhythm {Formatting
Citation}. Research by Gona et al. (2023) showed that
bradycardia is the most common cardiovascular
manifestation of digitalis toxicity. In contrast, other
symptoms, such as palpitations, junctional rhythm, and
torsades de pointes, have a lower incidence (28).
Therefore, evaluating vital parameters such as heart rate is
crucial for monitoring the clinical picture of elevated
digoxin levels, especially when combined with bisoprolol
(a beta-blocker that lowers heart rate) and hypokalemia,
which theoretically increases the heart's sensitivity to
digoxin. Table 4 presents a comparison of mean pulse
rates by category of estimated digoxin concentration,
which serves as a basis for viewing trends in how each
comorbid condition contributes to changes in patient
hemodynamics.

Based on mean pulse rate, in patients receiving
digoxin alone, there was no significant difference between
groups with levels within the therapeutic range and those
at the toxic threshold (89.7 ± 14.9 vs. 86.4 ± 10.7). These
descriptive findings suggest that, within this small cohort,
elevated mathematical estimates of digoxin levels above
the threshold may not be invariably associated with a
significant change in pulse rate when digoxin is
administered alone, without other confounding factors. In
other words, calculated digoxin levels > 2 ng/mL do not
automatically manifest as bradycardia in all patients within
this retrospective sample; comorbidities, such as atrial
fibrillation, which are common in patients with congestive
heart failure taking digoxin, may also help maintain a
higher ventricular rate despite elevated estimated digoxin
levels. In this study, three of the four congestive heart
failure patients with estimated digoxin levels >2 ng/mL
were found to have atrial fibrillation. Research conducted
by Mousavi and Akbarian (2021) also showed that patients
given digoxin had a higher average pulse rate than
patients with congestive heart failure without atrial
fibrillation (29).

In patients receiving the combination of digoxin and
bisoprolol, the mean pulse rate was lower than in those
receiving digoxin alone, both at estimated therapeutic

(73.3 ± 9.8 vs. 89.7 ± 14.9 bpm) and estimated toxic
digoxin levels (66.2 ± 11.5 vs. 86.4 ± 10.7 bpm). This
finding is consistent with the pharmacological mechanism
of beta-blockers, which inhibit adrenergic stimulation,
resulting in a consistent decrease in pulse rate. Therefore,
as an exploratory observation, the combination of digoxin
and bisoprolol suggests a trend toward a stronger
negative chronotropic effect than digoxin alone, though
this requires validation in larger prospective cohorts. Given
the retrospective design, reliance on mathematical
estimation, very limited subgroup sample sizes, and high
interpatient variability, these hemodynamic trends must be
interpreted with strict caution as hypothesis-generating
rather than definitive clinical conclusions. Furthermore,
comorbidities, baseline cardiac rhythm, and individual
differences in sensitivity to sympathetic and vagal effects
may also influence the magnitude of the decrease in pulse
rate.

The mean pulse rate in patients with digoxin and
hypokalemia tended to be lower in the estimated toxic
group than in the estimated therapeutic group (73.4 ±
11.1 vs. 86.3 ± 5.6 bpm). The mean difference was
approximately 13 beats per minute. From a
pathophysiological perspective, this descriptive
observation is consistent with the literature, which
indicates that hypokalemia can increase myocardial
sensitivity to digoxin and enhance its effects on the cardiac
conduction system. In low potassium conditions, digoxin's
affinity for the Na⁺/K⁺-ATPase enzyme increases, thereby
increasing the degree of inhibition of the ion pump and
increasing the risk of bradycardia, atrioventricular block,
and other arrhythmias, especially when digoxin levels are
toxic (7). The decrease in the mean pulse rate seen in the
hypokalemia group provides a preliminary, descriptive
glimpse into the potential interaction between
mathematically estimated toxic digoxin concentration and
low potassium levels. Given the retrospective design, small
sample size, and reliance on calculated pharmacokinetic
values rather than measured serum assays, these
subgroup findings should be considered strictly
exploratory. These data provide preliminary descriptive
insights into hemodynamic trends that may generate
hypotheses for future, well-powered prospective clinical
trials.

Conclusion
Evaluation of mathematically estimated digoxin levels
based on a pharmacokinetic approach suggests a
potential drug accumulation in some patients with
congestive heart failure, with higher estimated digoxin
exposure observed in patients with lower renal function.
Overall, within this small cohort, the majority of patients
(76%) were at estimated therapeutic concentrations, while

Table 4. Comparison of mean pulse rate based on therapeutic and toxic digoxin levels.

Patient Groups
Digoxin Concentration

0.5 - 2 ng/mL (N=13) >2 ng/mL (N=4)

Pulse (Digoxin) (mean ± SD) 89.7 ± 14.9 86.4 ± 10.7
Pulse (Digoxin + Bisoprolol) (mean ± SD) 73.3 ± 9.8 66.2 ± 11.5

Pulse (Digoxin + Hypokalemia) (mean ± SD) 86.3 ± 5.6 73.4 ± 11.1
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24% had estimated concentrations >2 ng/mL. As an
exploratory observation, electrophysiological
manifestations, such as atrioventricular block, were more
frequently observed in patients with estimated toxic
concentrations. The descriptive profile suggests a trend
toward lower renal function values in the group with
higher estimated concentrations. Furthermore, preliminary
observations in this limited subgroup showed a trend
toward lower heart rates in patients with combined
hypokalemia or bisoprolol use with digoxin. Given the
retrospective study design, the very limited sample size,
and reliance on mathematical estimation rather than
actual serum measurement, these findings regarding
concomitant clinical effects, such as hypokalemia,
bisoprolol use, and the influence of other medications
(such as spironolactone and diuretics), must be interpreted
cautiously as strictly preliminary and hypothesis-
generating, requiring further confirmation in larger
prospective studies. As a standard of care consistent with
the literature, monitoring renal function and electrolyte
levels (especially potassium), and regularly reviewing drug
interactions remain important clinical recommendations
for patients receiving digoxin therapy. Overall, this small,
retrospective study provides valuable exploratory findings
regarding the patient's hemodynamic profile, serving as
hypothesis-generating insights rather than definitive
clinical conclusions and warranting validation in future
prospective studies.

Abbreviations
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= Dose; CL = Total Clearance; τ = Dosing Interval;
CL = Digoxin Clearance; CLcr= Creatinine Clearance

Declaration

Author Information

Nurul Kamilah Sadli
*Corresponding author

Department of Pharmacy, Faculty of Medicine and
Health Sciences, Jambi University, 36122, Indonesia..
Contribution: Conceptualization, Resources, Formal
Analysis, Writing – Original Draft, Data Curation,
Investigation.

Santi Perawati
Department of Pharmacy, Faculty of Medicine and Health
Sciences, Jambi University, 36122, Indonesia..
Contribution: Formal Analysis, Data Curation,
Methodology.

Vina Neldi
Department of Pharmacy, Faculty of Medicine and Health
Sciences, Jambi University, 36122, Indonesia..
Contribution: Validation, Formal Analysis,
Conceptualization.

Novia Tri Astuti
Department of Pharmacy, Faculty of Medicine and Health
Sciences, Jambi University, 36122, Indonesia..
Contribution: Data Curation, Validation, Methodology.

Marizki Pondawinata

Department of Pharmacy, Faculty of Medicine and Health
Sciences, Jambi University, 36122, Indonesia..
Contribution: Methodology, Conceptualization, Data
Curation.

Syaza Putri Humaira
Department of Pharmacy, Faculty of Medicine and Health
Sciences, Jambi University, 36122, Indonesia..
Contribution: Investigation, Project Administration.

Acknowledgment
The authors would like to thank the Institute for Research
and Community Service at the University of Jambi for the
financial support provided through the 2025 PNBP Grant
from the Faculty of Medicine and Health Sciences,
University of Jambi (Grant No.
333/UN21.11/PT.01.05/SPK/2025), which enabled the
successful completion of this research. Gratitude is also
extended to the hospital in Jambi that granted permission
to conduct this study.

Conflict of Interest
The authors declare no conflict of interest.

Data Availability
The datasets generated and/or analyzed during the
current study are available in the article.

Ethics Statement
This study was approved by the Faculty of Medicine and
Health Sciences (No.2131/UN21.8/PT.01.04/2025) and
received authorization from the Head of the Research and
Library Division at one of the general hospitals in Jambi
Province (No. S.330/RSUD.2.1/VII/2025).

Funding Information
This work was funded by Lembaga Penelitian dan
Pengabdian Kepada Masyarakat (LPPM) Universitas Jambi
under grant number No. 333/UN21.11/PT.01.05/SPK/2025.

References
1. Shahim B, Kapelios CJ, Savarese G, Lund LH. Global
Public Health Burden of Heart Failure: An Updated Review.
Card Fail Rev. 2023;9. doi:
https://doi.org/10.15420/cfr.2023.05

2. Feng J, Zhang Y, Zhang J. Epidemiology and Burden
of Heart Failure in Asia. JACC: Asia. 2024;4(4):249-264. doi:
https://doi.org/10.1016/j.jacasi.2024.01.013

3. Nugroho B, Hadinata Y. Tatalaksana Perioperatif Ventilasi
Mekanik pada Pasien dengan Gagal Jantung Kiri. JAI b.
2019;11(2):109-115. doi:
https://doi.org/10.14710/jai.v11i2.24450

4. Correction to: 2022 AHA/ACC/HFSA Guideline for the
Management of Heart Failure: A Report of the American
College of Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines. Circulation.
2022;145(18). doi:
https://doi.org/10.1161/cir.0000000000001073

5. Redzuan AM, Hui LY, Saffian SM, Islahudin FH, Bakry
MM, Aziz SAA. Features of Digoxin Toxicity in Atrial

total 
digoxin 

Sciences of Pharmacy · 10.58920/sciphar0502636 Page 280

https://doi.org/10.58920/sciphar0502636


Nurul K S et al. 2026 ETFLIN Portfolio

Fibrillation and Congestive Heart Failure Patients: A
Systematic Review. Arch Pharm Pract. 2023;14(1):50-55.
doi: https://doi.org/10.51847/qoqv0p1dbk

6. Baron DK, Zandijk AJL, Rienstra M, Voors AA, Samuel M,
Van Veldhuisen DJ. Impact of serum digoxin
concentrations on clinical outcomes in patients with heart
failure: insights from the BIOSTAT-CHF study. Europace.
2025;27(Supplement_1). doi:
https://doi.org/10.1093/europace/euaf085.285

7. Andrews P, Anseeuw K, Kotecha D, Lapostolle F,
Thanacoody R. Diagnosis and practical management of
digoxin toxicity: a narrative review and consensus.
European Journal of Emergency Medicine. 2023;30(6):395-
401. doi: https://doi.org/10.1097/mej.0000000000001065

8. Patel R, Patel P, Patel N, Gangwani J, Patel D. Case report
on the interaction between furosemide and digoxin that
caused digoxin toxicity. J. Drug Delivery Ther. 2022;12(5-
S):9-12. doi: https://doi.org/10.22270/jddt.v12i5-s.5717

9. Beci̇ T-Kizilkaya M, Oncu S, çAvuşOğLu D, Koca HB.
Evaluation of Serum Drug Concentrations in a Tertiary Care
Hospital: A Cross-Sectional Study. Journal of Basic and
Clinical Health Sciences. 2024;8(1):143-151. doi:
https://doi.org/10.30621/jbachs.1326233

10. Yuliawati Y, Krisdiawati K, Sutrisno D, Yulion R.
Potentially inappropriate medication use in geriatric based
on 2015 beers criteria. SCIENTIA J. Far. Kes. 2020;10(1):70.
doi: https://doi.org/10.36434/scientia.v10i1.217

11. Sae-lim O, Doungngern T, Jaisue S, Cheewatanakornkul
S, Arunmanakul P, Anutrakulchai S, et al. <p>Prediction Of
Serum Digoxin Concentration Using Estimated Glomerular
Filtration Rate In Thai Population</p>. Ijgm. 2019;Volume
12:455-463. doi: https://doi.org/10.2147/ijgm.s218393

12. Suryoputri MW, Maharani L, Mustikaningtias I.
Penyesuaian Dosis Digoxin pada Pasien Gagal Jantung di
RSUD Margono Soekardjo Purwokerto. jifi. 2021;19(2):248.
doi: https://doi.org/10.35814/jifi.v19i2.778

13. Winter ME. Farmakokinetika Klinis Dasar. 5th ed.
Jakarta: EGC; 2012.

14. Shu S, Zeng Z, Yang Y, Wang H, Sun B, Thangaraju P, et
al. Trends and projections of heart failure among
adolescents and young adults: an in-depth analysis for the
Global Burden of Disease Study 2021. European Heart
Journal - Quality of Care and Clinical Outcomes.
2025;11(7):1108-1122. doi:
https://doi.org/10.1093/ehjqcco/qcaf040

15. Delco A, Portmann A, Mikail N, Rossi A, Haider A,
Bengs S, et al. Impact of Sex and Gender on Heart Failure.
Cardiovasc Med. 2023. doi:
https://doi.org/10.4414/cvm.2023.02274

16. Laariya TA, Ulfa MM, Maliki FA. Association between
the type of hospital ward and length of stay (los) of
inpatients with heart failure. dmj. 2025;15(1):29-34. doi:
https://doi.org/10.14710/dmj.v15i1.52649

17. Figueiredo E, Machado FP. Digoxin’s roles in heart
failure patients An overview. Insufic Card. 2010;5(1):59–64.

18. Qamer SZ, Malik A, Bayoumi E, Lam PH, Singh S, Packer
M, et al. Digoxin Use and Outcomes in Patients With Heart
Failure With Reduced Ejection Fraction. The American
Journal of Medicine. 2019;132(11):1311-1319. doi:
https://doi.org/10.1016/j.amjmed.2019.05.012

19. Vahid E, Fatemeh M, Shiva S, Shadi Z, Azin G.
Evaluating plasma Digoxin concentration after an
intravenous loading dose in patients with renal failure.
Arch Clin Nephrol. 2021:033-037. doi:
https://doi.org/10.17352/acn.000053

20. Delicata L, Gatt A, Paris JL, Bonello J. Symptomatic
digoxin toxicity in a patient on haemodialysis. BMJ Case
Rep. 2020;13(6):e234899. doi: https://doi.org/10.1136/bcr-
2020-234899

21. Englund G, Hallberg P, Artursson P, Michaëlsson K,
Melhus H. Association between the number of
coadministered P-glycoprotein inhibitors and serum
digoxin levels in patients on therapeutic drug monitoring.
BMC Med. 2004;2(1). doi: https://doi.org/10.1186/1741-
7015-2-8

22. Sica DA. Diuretic‐Related Side Effects: Development
and Treatment. J of Clinical Hypertension. 2004;6(9):532-
540. doi: https://doi.org/10.1111/j.1524-6175.2004.03789.x

23. Lam SHM, Romiti GF, Olshansky B, Chao TF, Huisman
MV, Lip GYH. Combination therapy of beta-blockers and
digoxin is associated with increased risk of major adverse
cardiovascular events and all-cause mortality in patients
with atrial fibrillation: a report from the GLORIA–AF
registry. Intern Emerg Med. 2024;19(5):1369-1378. doi:
https://doi.org/10.1007/s11739-024-03629-0

24. Gabello M, Valenzano MC, Barr M, Zurbach P, Mullin
JM. Omeprazole Induces Gastric Permeability to Digoxin.
Dig Dis Sci. 2009;55(5):1255-1263. doi:
https://doi.org/10.1007/s10620-009-0851-z

25. Mar PL, Horbal P, Chung MK, Dukes JW, Ezekowitz M,
Lakkireddy D, et al. Drug Interactions Affecting
Antiarrhythmic Drug Use. Circ: Arrhythmia and
Electrophysiology. 2022;15(5). doi:
https://doi.org/10.1161/circep.121.007955

26. Dunbar D, Ouanounou A. An update on drug
interactions involving anti-inflammatory and analgesic
medications in oral and maxillofacial medicine: a narrative
review. Front Oral Maxillofac Med. 2025;7:11-11. doi:
https://doi.org/10.21037/fomm-22-70

27. Maury P, Rollin A, Galinier M, Juilliere Y. Role of digoxin
in controlling the ventricular rate during atrial fibrillation: a
systematic review and a rethinking. Rrcc. 2014:93. doi:
https://doi.org/10.2147/rrcc.s44919

28. Gona SR, Rosenberg J, Fyffe-Freil RC, Kozakiewicz JM,
Money ME. Review: Failure of current digoxin monitoring
for toxicity: new monitoring recommendations to maintain

Sciences of Pharmacy · 10.58920/sciphar0502636 Page 281

https://doi.org/10.58920/sciphar0502636


Nurul K S et al. 2026 ETFLIN Portfolio

therapeutic levels for efficacy. Front. Cardiovasc. Med.
2023;10. doi: https://doi.org/10.3389/fcvm.2023.1179892

29. Mousavi M, Akbarian M. Comparison of heart rate and
symptoms in two different methods of digoxin
prescription. Jccr. 2021;14(5):119-124. doi:
https://doi.org/10.15406/jccr.2021.14.00527

Additional Information

How to Cite
APA 7th Edition: Sadli, N. K., Perawati, S., Neldi, V., Astuti,
N. T., Pondawinata, M. & Humaira, S. P. (2026). Exploratory
Study of Digoxin Safety Based on Pharmacokinetic
Approach and Drug Interactions in Patients with
Congestive Heart Failure. Sciences of Pharmacy, 5(3), 273-
282. https://doi.org/10.58920/sciphar0502636

Vancouver: Sadli NK, Perawati S, Neldi V, Astuti NT,
Pondawinata M, Humaira SP. Exploratory Study of Digoxin
Safety Based on Pharmacokinetic Approach and Drug
Interactions in Patients with Congestive Heart Failure.
Sciences of Pharmacy. 2026;5(3):273-282.
https://doi.org/10.58920/sciphar0502636

Harvard: Sadli, N. K., Perawati, S., Neldi, V., Astuti, N.
T., Pondawinata, M. & Humaira, S. P. (2026) 'Exploratory
Study of Digoxin Safety Based on Pharmacokinetic
Approach and Drug Interactions in Patients with
Congestive Heart Failure', Sciences of Pharmacy, 5(3), pp.
273-282. doi: 10.58920/sciphar0502636

Publisher Note
All claims expressed in this article are solely those of the
authors and do not necessarily reflect the views of the
publisher, the editors, or the reviewers. Any product that
may be evaluated in this article, or claim made by its
manufacturer, is not guaranteed or endorsed by the
publisher. The publisher remains neutral with regard to
jurisdictional claims in published maps and institutional
affiliations.

Open Access
This article is licensed under a Creative Commons
Attribution 4.0 International License. You may share and
adapt the material with proper credit to the original
author(s) and source, include a link to the license, and
indicate if changes were made.

Sciences of Pharmacy · 10.58920/sciphar0502636 Page 282

https://doi.org/10.58920/sciphar0502636

