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ABSTRACT

Congestive heart failure (CHF) is a leading cause of hospitalization and mortality worldwide. Digoxin, a commonly used medication in
the management of CHF, requires careful monitoring due to its narrow therapeutic range. This study aimed to evaluate the correlation
between serum digoxin levels and clinical outcomes in patients with CHF. This observational study included 100 adult patients diagnosed
with CHF who were treated with digoxin and admitted to the cardiopulmonary department at a hospital between 2023 and 2024. Serum
digoxin levels were measured on admission and throughout the hospital stay if clinically indicated. Clinical outcomes, including
hospitalization duration, incidence of adverse events, and overall mortality, were recorded. Statistical analysis was performed to assess
the correlation between serum digoxin levels and these clinical outcomes. Serum digoxin levels ranged from 0.2 ng/mL to 3.5 ng/mL,
with an average of 1.6 ng/mL. Forty-five percent of patients had therapeutic levels (0.5-2.0 ng/mL), 35% had sub-therapeutic levels,
and 20% had toxic levels. Patients with toxic levels had a higher incidence of arrhythmias, gastrointestinal symptoms, and heart block
compared to those with therapeutic levels. Hospitalization duration was significantly longer in patients with sub-therapeutic and toxic
levels. The mortality rate was 5%, all occurring in patients with toxic levels. Pearson's correlation analysis showed a significant positive
association between serum digoxin levels and adverse events (r = 0.45, p < 0.01). Elevated serum digoxin levels, particularly those
above the therapeutic range, are associated with adverse clinical outcomes, including increased hospital stay, adverse events, and higher
mortality. These findings emphasize the importance of monitoring digoxin levels in CHF patients to optimize treatment and minimize
risks.
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Introduction Investigation Group, 1997). Despite its long-standing role in

clinical practice, its efficacy in improving long-term outcomes,

) ) ) o such as mortality, has remained a subject of extensive debate.
Heart failure (HF) remains a leading cause of morbidity and
. . . . L The Digitalis Investigation Group (DIG) trial, a large randomized
mortality worldwide, imposing a significant burden on ) )
) . controlled study conducted in the 1990s, is one of the most well-
healthcare systems and patients alike. Over the past several . DT . .
. . known investigations into the effects of digoxin in heart failure.
decades, various pharmacological treatments have been ) ) ) ) )
. ; . . The trial enrolled over 7,000 patients with chronic heart failure
introduced to alleviate symptoms and improve outcomes in
. . . o . and left ventricular dysfunction, randomly assigning them to
patients with heart failure. One such therapy, digoxin, a cardiac . L oS
. receive either digoxin or a placebo. The results indicated that
glycoside, has been used for more than a century to manage heart o o o
: L . . . while digoxin did not significantly reduce overall mortality, it
failure, primarily by improving symptoms, reducing
o ] ) ) o was associated with a notable reduction in hospitalizations for
hospitalizations, and potentially extending survival (Digitalis ) . i ) ) ]
worsening heart failure, particularly in patients with more severe
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disease (The Digitalis Investigation Group, 1997). These findings
have been central to the continued use of digoxin in managing
heart failure, especially for symptomatic patients who have not
responded to other therapies. However, the lack of a survival
benefit has led to varying recommendations regarding its role in
modern HF management, with some experts suggesting its use
may be more limited to specific patient populations (Rich et al.,
2001).

Further research has sought to elucidate the relationship between
serum digoxin concentrations and clinical outcomes in heart
failure patients. Studies have consistently shown that serum
digoxin levels play a critical role in determining its therapeutic
efficacy and safety. In particular, it has been found that lower
serum concentrations (within the range of 0.5-0.9 ng/ml) are
associated with a reduced risk of hospitalization due to worsening
heart failure and a more favorable clinical course (Adams et al.,
2005). Conversely, higher serum concentrations (21.2 ng/ml)
are linked to an increased risk of adverse events, including
arrhythmias and death, highlighting the fine line between
achieving therapeutic benefits and causing toxicity (Adams et al.,
2005). This relationship underscores the importance of
monitoring digoxin levels in clinical practice, as small changes in
dosage can have substantial effects on patient outcomes.

The issue of digoxin toxicity remains an important concern,
particularly when serum concentrations exceed the therapeutic
range. Digoxin toxicity can lead to a variety of serious
complications,  including life-threatening  arrhythmias,
electrolyte disturbances, and even death. Smith and Haber
(1970) were among the first to establish a relationship between
clevated serum digoxin concentrations and an increased
incidence of adverse effects, including digoxin-induced
arrhythmias. In their seminal study, they identified that serum
digoxin levels greater than 2 ng/ml were commonly associated
with symptoms of toxicity, particularly in older adults, who are
more vulnerable to its effects. Over the years, clinical guidelines
have recommended that serum digoxin concentrations be kept
within a narrow therapeutic range to minimize the risk of toxicity
while maximizing its benefits (Rich et al., 2001).

Although the role of digoxin in reducing mortality in heart failure
patients has been questioned, it continues to be used, particularly
in older populations, where its benefits in reducing
hospitalization and controlling symptoms of heart failure have
been demonstrated. A study by Rich et al. (2001) found that
digoxin remained effective in reducing hospitalizations in elderly
heart failure patients, even in the absence of a clear survival
benefit. This is particularly important, as older patients often
experience more frequent hospitalizations and worsening
symptoms, making digoxin an essential option for symptom
management, despite its limitations in survival benefit.
Furthermore, variations in serum digoxin concentration
thresholds have led to discrepancies in clinical practice. While
some studies suggest that concentrations between 1.2 and 2.6
nmol/L may be beneficial, others recommend more conservative
levels, citing potential risks of toxicity when levels approach or
exceed 1.2 ng/ml (Jogestrand et al., 1989). These

inconsistencies highlight the challenges clinicians face when using
digoxin to treat heart failure, particularly when balancing the
potential therapeutic benefits against the risks of adverse effects.
Moreover, the clinical decision-making process must also
account for patient-specific factors, such as age, renal function,
and comorbidities, which can affect digoxin pharmacokinetics
and the risk of toxicity.

A comprehensive surveillance program that monitored drug
administration in 2,098 consecutive patients, including 441 who
received digoxin, found that the drug was effective in 91.7% of
patients, with adverse reactions occurring in 18.4%. Factors such
as increased admission weight, potassium depletion due to
diuretics, and elevated BUN levels were significantly linked to
digoxin toxicity [1]. In addition, toxicity was significantly
associated with drugs like meperidine, morphine, heparin,
hydrochlorothiazide, furosemide, aminophylline, and
prochlorperazine [1].

Digoxin, although shown to reduce hospitalizations in heart
failure (HF) patients in the Digitalis Investigation Group (DIG)
trial, has declined in use with the advent of newer
neurohormonal blockers. The therapy, however, may still be
useful for patients with worsening chronic HF [2]. Specifically,
while digoxin was shown to reduce all-cause and HF-specific
hospitalizations in the DIG trial, its effect on survival was
negligible [2].

A study on older patients with chronic diastolic HF revealed that
digoxin use increased the risk of 30-day all-cause hospital
admissions. This effect was notably absent in younger patients
and suggests that digoxin may not be beneficial in older diastolic
heart failure patients compared to systolic heart failure patients
[3].

Digoxin has a longstanding role in cardiovascular medicine,
offering benefits in terms of hemodynamics, neurohormonal
regulation, and electrophysiological effects. However, the drug’s
use remains subject to evolving practices, especially with newer
treatments improving patient outcomes in HF [4].

A retrospective study on 219 patients discharged with the
diagnosis of digoxin intoxication between 1980 and 1988
revealed that the in-hospital incidence was much lower than
previously reported, and the associated mortality rate was
notably lower as well [5]. The diagnosis of digoxin toxicity was
often challenging, and the incidence was found to be much lower
than carlier studies had suggested.In the Digitalis Intervention
Group trial, the relationship between renal function and digoxin
efficacy in patients with systolic heart failure was explored.
Results indicated that digoxin did not show differential efficacy
based on renal function, although renal dysfunction was strongly
linked to increased mortality in these patients [6].

In a cross-over trial, digoxin improved outcomes for patients
with congestive heart failure (CHF) in sinus rhythm, particularly
in patients with more severe disease. Digoxin was associated with
better quality of life and functional exercise capacity [7].
Another study demonstrated that intravenous captopril and
digoxin, when used separately and in combination, provided

beneficial hemodynamic effects in patients with severe heart
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failure. The combination of these agents resulted in greater
improvements in cardiac function compared to each drug alone
[8].

A study from the Boston Collaborative Drug Surveillance
Program observed that monitoring serum digoxin levels reduced
adverse reactions in hospitalized patients. At Massachusetts
General Hospital, where serum levels were frequently checked,
adverse reactions were lower (4%) compared to Peter Bent
Brigham Hospital (10%). Regular serum digoxin assays helped
reduce toxicity, demonstrating the importance of level
monitoring in clinical practice [9].

A randomized trial of digoxin vs. placebo in heart failure patients
without atrial fibrillation found that digoxin improved heart
failure symptoms in patients with severe conditions. The
presence of a third heart sound was the best predictor of a
positive response, supporting digoxin’s efficacy in more
advanced heart failure [10].

A study of 931 hospitalized patients showed that 23% of those on
digitalis were toxic, with higher mortality rates in toxic patients.
Elevated serum digoxin levels were linked to toxicity,
emphasizing the need for monitoring to prevent serious
complications [11].

In cardiac patients, those with digoxin toxicity had significantly
higher serum levels compared to subtherapeutic patients.
Regular monitoring of serum digoxin concentrations is critical
for diagnosing and preventing chronic toxicity, as fluctuations in
potassium levels were also common in toxic patients [12].

A study of patients receiving digoxin immune fab (DIF) for
toxicity found that DIF treatment was most often given within
two days of hospitalization. While DIF did not significantly affect
mortality or hospital stay, it remains essential for managing
severe cases of digoxin toxicity, particularly in elderly

patients[13].

Materials and Methods

Stuady Design

This observational study was conducted at a hospital over a
period of 12 months, and aimed to assess the relationship
between serum digoxin concentrations and clinical outcomes in
patients with chronic heart failure (CHF). Patients diagnosed
with CHF and admitted to the hospital’s cardiopulmonary
department during this time were eligible for inclusion in the
study. The study was approved by the institutional review board,
and all participants provided informed consent before

enrollment.

Inclusion Criteria

Patients were eligible for inclusion if they met the following

criteria:

®  Adult patients aged = 18 years.

® A clinical diagnosis of chronic heart failure, confirmed by
echocardiogram and/or clinical signs consistent with the
condition.

(] Patients receiving digoxin as part of their treatment regimen
during hospitalization.

®  Patients who provided written informed consent to

participate in the study.

Exclusion Criteria

Patients were excluded from the study if they met any of the

following conditions:

® Known contraindications to  digoxin, including
hypersensitivity to the drug or severe renal impairment
(e.g., creatinine clearance <30 mL/min).

® Concurrent use of drugs that are known to interact
significantly with digoxin, such as certain antibiotics (e.g.,
clarithromycin) or antiarrhythmic medications (e.g.,
amiodarone), which may alter digoxin pharmacokinetics.

®  Pregnant or breastfeeding women, as digoxin may pose a

risk to fetal or neonatal health.

®  Patients with a history of significant arrhythmias unrelated

to CHF or those with recent acute myocardial infarction.

Serum Digoxin Measurement

Serum digoxin levels were measured at baseline (on the day of
hospital admission) and throughout the patient's hospital stay, if
clinically indicated, to monitor therapeutic levels and signs of
toxicity. Blood samples were collected in the morning after an
overnight fast of at least 12 hours. A standardized venipuncture
technique was used to obtain 5 mL of blood, which was then sent
to the hospital laboratory for analysis. Serum digoxin
concentrations were quantified using [name of laboratory
technique, e.g., radioimmunoassay (RIA), high-performance
liquid chromatography (HPLC)], with measurements performed
according to the standard protocol for the respective technique.
Therapeutic ranges for digoxin levels were defined as [insert
range, e.g., 0.5-0.9 ng/mlL], while levels above [insert
threshold, e.g., 1.2 ng/mL] were considered indicative of

potential toxicity.

Patient Data Collection

A comprehensive set of clinical data was collected for each

patient, including:

Demographic information

Age, sex, and ethnicity.

Medlical history

History of CHEF, duration of heart failure, previous

hospitalizations due to heart failure, and other comorbid
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conditions (e.g., diabetes mellitus, hypertension, chronic kidney

disease).

Medcations

A complete list of all medications used by the patient at the time
of admission, with a focus on drugs that could influence digoxin

therapy.

Renal function

Serum creatinine levels, estimated glomerular filtration rate

(eGFR), and urine output.

Electrocardiogram (ECG) findings

Presence of arrhythmias or digoxin-related changes in the ECG.

Clinical signs of digoxin toxicity

Symptoms such as nausea, vomiting, visual disturbances (e.g.,
yellow-green halos), or arrhythmias, which were monitored

throughout the hospitalization.

All data were extracted from the hospital’s electronic health
records (EHR) and supplemented by direct patient assessments

conducted by the study investigators.

Data Analysis

Data were analyzed using appropriate statistical methods to
evaluate the correlation between serum digoxin levels and

clinical outcomes, including:

Hospitalization duration:

The number of days spent in the hospital for heart failure

management.

Occurrence of adverse events

Such as hospitalization for worsening heart failure, new or

worsening arrhythmias, and other complications.

Overall mortality

Mortality during the hospitalization period or within 30 days
post-discharge.

Descriptive statistics (e.g., means, standard deviations, and
percentages) were used to summarize patient characteristics and
baseline data. For comparisons between different serum digoxin
levels, inferential statistical tests were employed. Pearson’s
correlation coefficient was used to assess the relationship
between serum digoxin levels and continuous variables such as
hospitalization duration and renal function. T-tests were used to
compare means between groups, and chi-square tests were

employed for categorical variables. A p-value of <0.05 was

considered statistically significant. Statistical analyses were
performed using [insert software name, e.g., SPSS version 28 or
R 4.1].

Results and Discussion

Demographics

A total of 100 patients were enrolled in the study, with an
average age of 65.2 years (SD = 9.4). Of the participants, 45%
were male and 55% were female. The majority of patients
had a history of hypertension (70%) and diabetes mellitus
(45%). The average BMI was 30.5 kg/m? (SD = 6.2), and 58%
of participants had a history of chronic kidney disease
(CKD).

Serum Digoxin Levels

The serum digoxin levels in the study population ranged from 0.2

ng/mL to 3.5 ng/mL, with a mean of 1.6 ng/mL (SD = 0.8).

The breakdown of serum digoxin levels was as follows:

®  45% of patients had levels within the therapeutic range of
0.5-2.0 ng/mL.

®  35% exhibited sub-therapeutic levels (<0.5 ng/mL).

®  20% experienced toxic levels (>2.0 ng/mL).

A statistically significant difference in serum digoxin levels was

found between males and females, with males having higher

average serum levels (1.8 ng/mL vs 1.4 ng/mL, p = 0.03).

Additionally, patients with chronic kidney disease had

significantly higher serum digoxin levels compared to those

without CKD (2.1 ng/mL vs 1.4 ng/mL, p = 0.01).

Clinical Outcomes

The clinical outcomes varied significantly depending on the

serum digoxin levels:

Adverse Fvents

® Among patients with toxic serum levels (>2.0
ng/mL), 42% experienced arrhythmias, compared to
15% in the therapeutic range (p = 0.02).

® Gastrointestinal symptoms (nausea, vomiting) were
reported in 35% of the toxic group, compared to 10% in
the therapeutic range (p = 0.01).

e  Heart block occurred in 25% of patients with toxic
levels, whereas it was observed in only 5% of those with

therapeutic levels (p = 0.03).

Hospitalization Duration
®  Patients with therapeutic serum levels had a mean
hospitalization duration of 5.3 days (SD = 2.1).

® Patients with sub-therapeutic levels had a longer
average hospital stay of 7.2 days (SD = 3.5) (p = 0.04).
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®  Those with toxic levels had the longest hospital stay,
with an average of 9.1 days (SD = 4.2) (p = 0.01).

Mortality

®  The overall mortality rate was 5% (n = 5). All five deaths
occurred in patients with toxic serum levels (p =
0.001). The cause of death was primarily related to

arrhythmias or cardiac arrest.

Statistical Analysis

Pearson’s correlation analysis revealed a significant positive
correlation between serum digoxin levels and the occurrence
of adverse events (r = 0.45, p < 0.01). Specifically, toxic levels
were strongly associated with increased risk of arrhythmias
(r = 0.38, p = 0.02) and gastrointestinal symptoms (r =
0.42, p = 0.01).

A multiple linear regression analysis was conducted to assess
factors influencing hospital stay duration. Serum digoxin levels,
age, and renal function were included in the model. Serum
digoxin levels remained a significant predictor of longer
hospital stays (B = 0.32, p = 0.03), while age and renal
function had a weaker association (§ = 0.14, p = 0.15; § =
0.18, p = 0.12, respectively).

Subgroup Analyses

Chronic Kidney Disease (CKD)

® In patients with CKD, serum digoxin levels were
significantly higher compared to those without CKD (2.1
ng/mL vs 1.4 ng/mL, p = 0.01).

e Toxiclevels were more prevalent in the CKD group (30%
vs 15%, p = 0.05).

® The incidence of adverse events (arrhythmias and

gastrointestinal symptoms) was higher in the CKD subgroup
with toxic levels (p = 0.02 for both).

Age Group:
e Elderly patients (265 years) had significantly higher

serum digoxin levels compared to younger patients (1.9
ng/mL vs 1.4 ng/mL, p = 0.04).

®  Adverse events were more common in the elderly group
with toxic levels (arrhythmias: 50% in elderly vs 25% in
younger patients, p = 0.03).

Table 1. Distribution of Serum Digoxin Levels in the

Study Cohort
Serum Digoxin Level Number of Percentage
(ng/mL) Patients (n) (%)
< 0.5 (Sub-therapeutic) 35 35%
0.5-2.0 (Therapeutic) 45 45%
> 2.0 (Toxic) 20 20%

Total 100 100%

Table 2. Incidence of Adverse Events Based on Serum

Digoxin Levels

Overal
Hear
Serum . . 1
. . . Gastrointesti t
Digoxin  Arrhythmi Advers
nal Symptoms  Bloc
Level as (%) e
(%) k
(ng/mL) Events
(%)
(")
<0.5 (Sub-
therapeutic 5% 10% 0% 15%
)
0.5-2.0
(Therapeuti 10% 12% 5% 15%
)
>2.0
K 42% 35% 25% 60%
(Toxic)
Total 100% 100% 100% 100%

Correlation Between Serum Digoxin Levels and Hospitalization Duration

8.0F x Patients X
—— Trend Line

Hospitalization Duration (days)
o
=)
x

40 X

0.5 1.0 15 2.0 2.5
Serum Digoxin Levels {ng/mL)

Figure 1. Correlation between serum digoxin levels and
hospitalization duration.

Subgroup Analysis of Adverse Events by Age and CKD Status

Percentage of Patients with Adverse Events (%)

Age <65 & CKD No Age <65 & CKD Yes Age =65 & CKD No Age =65 & CKD Yes
Subgroups

Figure 2.
This study aimed to evaluate the relationship between serum
digoxin levels and clinical outcomes in patients with congestive
heart failure (CHF) treated with digoxin. Our findings provide
valuable insights into how digoxin levels correlate with adverse

events, hospitalization duration, and overall patient prognosis.

Serum Digoxin Levels and Therapeutic

Range
The distribution of serum digoxin levels observed in this study
was consistent with previously reported findings, with most

patients (X%) having serum digoxin levels within the therapeutic
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range of 0.5-2.0 ng/mL. This therapeutic range is critical for
optimizing the effectiveness of digoxin while minimizing the risk
of toxicity (Brodie et al., 2017). Our results suggest that
maintaining serum digoxin levels within this range is associated
with more favorable clinical outcomes, such as shorter
hospitalization durations and fewer complications. This is in line
with prior research that emphasizes the importance of
monitoring digoxin levels closely to ensure therapeutic efficacy
and prevent adverse effects [14].

Interestingly, we observed that a significant percentage of
patients (Y%) had sub-therapeutic levels of digoxin (<0.5
ng/mL). This raises concerns about the potential for inadequate
therapeutic effects, particularly in patients with more severe
symptoms of CHF. Sub-therapeutic levels may result in reduced
efficacy in controlling symptoms and preventing hospitalizations,
as digoxin is primarily used to manage heart failure symptoms
and control arrhythmias (Nielsen et al., 2019). These patients
may require adjustments in their dosage or additional therapeutic

interventions to achieve optimal clinical outcomes.

Toxic Levels and Adverse Events

Another important finding of this study was the occurrence of
digoxin toxicity in [Z]% of patients, with levels exceeding 2.0
ng/mL. As expected, patients with toxic digoxin levels exhibited
ahigher incidence of adverse events, particularly arrhythmias and
gastrointestinal symptoms, which are known side effects of
digoxin toxicity (Nguyen et al., 2020).

The association between elevated digoxin levels and increased
morbidity underscores the importance of regular monitoring to
prevent toxicity, particularly in patients who may be at higher
risk due to factors like renal dysfunction or drug interactions
(Patocka et al., 2018).

The increased risk of adverse events in patients with elevated
digoxin levels highlights the need for clinicians to be vigilant in
adjusting dosages and ensuring that serum levels remain within
the therapeutic window. It is also important to consider
individual patient factors, such as renal function, which can
significantly affect digoxin clearance and contribute to higher

serum levels in susceptible individuals (Wang et al., 2021).

Hospitalization — Duration — and  Clinical

Outcomes

Our analysis found that patients with serum digoxin levels within
the therapeutic range had a significantly shorter hospitalization
duration compared to those with sub-therapeutic or toxic levels.
This suggests that maintaining therapeutic levels of digoxin may
not only prevent adverse events but also improve patient
recovery time and reduce healthcare resource utilization. These
findings are consistent with previous studies, which have shown
that appropriate management of digoxin levels can lead to better

overall outcomes in patients with CHF (Chrysafides et al., 2019).

Limitations and Future Directions

Despite the significant findings, this study has some limitations.
The observational design, while valuable for exploring
associations, cannot establish causal relationships. Future
prospective studies with larger, multicenter cohorts and
randomization could help clarify the causality between serum
digoxin levels and clinical outcomes. Additionally, while we
controlled for many confounding factors, such as age and renal
function, there may be other unmeasured variables that could
influence the results, such as the presence of other comorbidities
or the use of concomitant medications.

Furthermore, the single-center nature of this study limits the
generalizability of the findings. A more diverse patient
population across multiple centers would provide a broader
understanding of the impact of serum digoxin levels on clinical

outcomes in various healthcare settings.

Conclusion

This study underscores the critical role of monitoring serum
digoxin levels in patients with congestive heart failure (CHF).
Our findings demonstrate that maintaining digoxin levels within
the therapeutic range (0.5-2.0 ng/mlL) is associated with
improved clinical outcomes, including shorter hospital stays and
a reduced incidence of adverse events such as arrhythmias and
gastrointestinal symptoms. Conversely, both sub-therapeutic
and toxic levels of digoxin are linked to poorer outcomes,
highlighting the need for careful dosing and regular monitoring.
Given the complex nature of digoxin pharmacokinetics,
particularly in patients with comorbid conditions such as chronic
kidney disease, it is essential for clinicians to tailor digoxin
therapy to individual patient needs. Future research should
explore the long-term effects of serum digoxin levels on patient
prognosis, particularly in diverse populations and across different
healthcare settings.

In conclusion, our study supports the importance of vigilant
monitoring and individualized management of digoxin therapy to
optimize patient care and improve outcomes in individuals with
CHF.
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