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Abstract

Introduction: The role of digoxin (cardiac glycoside) in controlling the heart rate (HR) for the treatment of atrial
fibrillation (AF) patients has not been explored in depth.

Methods: To contribute to the limited data, our team conducted retrospective analysis of the clinical records of 1444 AF
patients. We divided the AF patients into two groups, wherein group 1 patients were treated with beta-blockers (BB), low-
dose digoxin, and an anticoagulant (vitamin K antagonist/factor-IIa inhibitor/factor-Xa inhibitor), and group 2 patients were
treated with just BB and an anticoagulant. Our objectives were to compare the impact of combination therapy of BB and
digoxin on the resting HR in patients with permanent AF and the patients’ quality of life (QOL) at periodic intervals.

Results: The findings of our study showed a better control of the resting HR rate (<110bpm) and an improved QOL
among the group 1 patients when compared with group 2 patients.

Conclusion:Our findings are indicative of the favorable clinical outcomes that resulted from the addition of a low-dose of
digoxin to the AF treatment regimen. However, larger studies/trials elucidating the outcomes of AF patients treated with
the dual rate control therapy are required, to clarify the role of digoxin, guide the choice of agents, and standardize the AF
treatment protocol.
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Introduction

Atrial fibrillation (AF) is considered the most common
cardiac arrhythmia. It can lead to severe neurological
deficits due to its high potential of causing stroke and it may
even cause death. Approximately 1% of the adult pop-
ulation above the age of 60 years have AF. The incidence
rate of AF increases with the age.1–3 The condition mostly
affects the elderly but can also be seen in the younger
population, albeit with increased severity and lower inci-
dence rates in the latter group. AF is a highly heterogeneous
disease in terms of its epidemiology and pathophysiology,
and its treatment plans tend to vary from patient to patient.4

Overall, AF limits the level of activity and decreases the
quality of life (QOL) in the affected individuals.3,4

Genetic factors, hypertension, hyperthyroidism, val-
vular heart disease, smoking, alcohol consumption, etc.,
are factors that are commonly implicated in the occurrence
of AF in the young, reflecting the multifactorial etiology of
this condition.3,5–8 Priority should be given to tracing the
presence of an underlying disease in its early stages to treat
the disease and prevent its complications.8,9 Scrutinizing
the potential hidden causes of idiopathic AF would en-
courage further research regarding AF pathophysiology
and its potential effective treatment.9

The non-stroke outcomes of AF may include myocar-
dial infarction, heart failure, cognitive impairment/
dementia, chronic kidney disease progression, and an in-
creased risk of mortality.10–13 When AF occurs as a
complication of cardiac surgery, it is known as postoper-
ative atrial fibrillation (POAF). The increased risk of POAF
is believed to be associated with a postoperative over-
expression of monoamine oxidase.4–6,14–16

The overall risk of stroke increases by 142% in patients
with AF. The risk of ischemic stroke increases by 133% in
patients with AF as compared with the individuals without
AF.17 AF accounts for almost one-third of all stroke cases
caused by thromboembolic events (TE), and the mortality
rate in such cases is higher when compared with strokes of
other etiologies.18,19 Furthermore, the severity of stroke is
higher and the degree of debilitation in the AF patients is
much worse than the non-AF stroke patients.20,21 Silent
cerebral infarctions (SCI’s) are a common feature in AF
patients, putting them at a greater risk of developing
cognitive impairment, disabilities, and stroke events in the
future. The rate of SCIs occurrence is even higher in post-
AF ablation procedures.18,22

Post-stroke pain (PSP) is experienced in many patients
irrespective of the underlying cause of stroke, compro-
mising the overall quality of life (QOL). In many countries,
the patient’s QOL is evaluated based on pre-established
questionnaire(s). The following five parameters are used to
assess the QOL; anxiety, depression, fatigue, cognitive
function and physical function.23,24 Periodic evaluations of
these parameters can further help the physicians to provide
supportive therapies and care for a better QOL.24,25

Treatment of AF with or without stroke is important and
challenging, and can substantially decrease mortality if
instituted accurately. Overall, the mainstay of the treatment
includes converting the rhythm back to normal sinus
rhythm and achieving rate control and preventing
stroke.26–28 In specialized units, ablation therapy is also
used on a large scale to destroy the abnormal foci leading to
AF, but it is not feasible for all patients worldwide due to
limited resources and scarcity of cardiovascular
surgeons.26,28–30 Left atrial appendage obliteration, if and
when possible can also be used to reduce the risk of the
stroke event.29

Most often pharmacological therapy is initiated to
prevent TEs and strokes, especially, when surgical pro-
cedures are not possible due to various reasons.26,27 Al-
though the use of anticoagulation agents reduce the risk of
TEs and strokes, they tend to increase the chances of
bleeding in some patients, and therefore, before the initi-
ation of the anticoagulation therapy and periodically
thereafter, the patients need to be evaluated for bleeding
tendencies, using the HAS-BLED score as an assessment
tool.29 Furthermore, the choice of agent is based on in-
dividuals’ preferences, risks versus potential benefits, and
cost.26,27,29,31

The drug classes that are used for controlling the heart
rate in AF patients are beta-blockers, non-dihydropyridine
calcium channel blockers/antagonists (CCB; diltiazem or
verapamil), and cardiac glycosides.32 Among these, beta-
blockers are widely prescribed due to their effectiveness in
maintaining sinus rhythm and controlling ventricular rate
during AF and decreasing mortality.33,34 Although the use
of cardiac glycosides (e.g., digoxin) alone in AF patients
has been controversial, citing their benefits many physi-
cians still prefer their use in combination with beta-
blockers, especially for heart failure with low ejection
fraction that can be worsened by a high ventricular rate.35,36

Nevertheless, many studies have highlighted the limita-
tions of digoxin use due to its narrow therapeutic index and
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constant need for serum levels monitoring. Furthermore,
some studies have shown the association of digoxin with
increased all-cause mortality in AF patients, with or
without HF.33,35 The paucity of clinical data on the po-
tential benefits of the digoxin use as the sole rate-
controlling agent in AF patients has led to its restrictive
use by clinicians. However, many studies have highlighted
that the combination therapy of digoxin and beta-blockers
decreases mortality.35,37 On the other hand, CCBs may also
be used in AF patients, but they are contraindicated in HF
patients with systolic dysfunction.36 Additionally, digoxin
can be of tremendous help in situations of hypotension or
when beta-blockers are absolutely contraindicated due to
the presence of underlying pathologies or sedentarism in
patients; nonetheless, it is not the first line of treatment to
control HR in AF patients32,35,37.

Aim

Our primary objective was to compare the extent of rate
control (lenient rate control (<110 bpm)) between the two
groups of patients with permanent AF, wherein group 1
received the triple therapy of low-dose digoxin (0.125 mg/
day), beta-blockers, and anticoagulants and group 2 re-
ceived the dual therapy of beta-blockers and anticoagu-
lants. We also aimed at assessing the patients’ quality of life
in both the groups and of the patients who had transient
ischemic attacks during the study period.

Method

In our retrospective study, we extracted and analyzed the
records of patients with permanent AF. These patients were
admitted multiple times for follow-ups/complications/
acute-episodes during the period of 2015–2019, to the

Municipal Emergency University Hospital, Timisoara,
Romania. We excluded the following patients; newly di-
agnosed cases between the period of January 2017 to
December 2019, patients who underwent ablation or
electrical cardioversion, patients who received beta-
blockers alone (without anticoagulants due to low
CHA2DS2-VASc score <2) or other treatment options, and
patients with incomplete documentation. We obtained
ethical consent from concerned regulatory authorities be-
fore initiating this study.

The baseline parameter taken into consideration is
shown in (Table 1). Mortality rate was compared as well.
Patients receiving triple therapy (beta-blockers + digoxin +
anticoagulants) were denoted as group 1, while those re-
ceiving dual therapy (beta-blockers and anticoagulants)
were referred to as group 2. The prescribed dose of beta-
blockers was either bisoprolol 10 mg/zi, or nebivolol 5 mg/
zi, or metoprolol succinate 200 mg/zi. The patients were
followed-up every 6 months for the assessment of their
QOL (patient-reported), based on the MMSE exam (Mini
Mental State Exam), and SCL-90-R checklist. To assess the
QOL (patient reported), these patients were evaluated
based on five primary parameters: anxiety, depression,
fatigue, cognitive function, and physical function.

Statistical analysis

Statistical analysis was performed with SPSS software
(version 17, SPSS Inc., Chicago, USA). The data were
electronically filed using Microsoft Excel (version 2013,
MS Corp., Redmond,Washington, USA). Pharmacological
treatment plans were statistically analyzed to compare the
degree of rate control (lenient rate control (110 bpm) and
QOL between the groups. Additionally, QOL of a subset of
patients within group 1 was noted and assessed.

Table 1. Assessment of baseline parameters.

Variable Group 1 (triple therapy) (n = 298)
Group 2 (dual therapy)
(n = 466) p value

Sex (male) 151 (50.5%) 217 (46.5%) 0.198
Diabetes mellitus type II 98 (33.0%) 135 (28.9%) 0.158
COPD* 62 (20.9%) 101 (21.6%) 0.786
Hypertension 254 (85.3%) 389 (83.4%) 0.440
Obesity 97 (32.5%) 149 (31.9%) 0.858
Ischemic cardiomyopathy 174 (58.4%) 286 (61.4%) 0.304
Angina pectoralis 114 (38.2%) 178 (38.2%) 0.808
Asthma 32 (10.6%) 46 (9.9%) 0.756
Hypertriglyceridemia 147 (49.2%) 210 (45.1%) 0.188
Increased low density lipoprotein 172 (57.7%) 245 (52.6%) 0.099
Dyslipidemia 140 (46.9%) 206 (44.1%) 0.374
Atherosclerosis 60 (20.1%) 100 (21.4%) 0.643

*Chronic obstructive pulmonary disease.
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Results

A total number of 1444 cases having a diagnosis of AF or
its complications were admitted. Out of which 501
(34.69%) patients had paroxysmal AF while the remaining
943 (65.30%) had the permanent type of AF. 87.5% pre-
sented to the emergency room (ER) and were then shifted to
the medical wards after initially stabilizing the acute
condition, while only 12.5% of cases were admitted for a
regular pre-planned follow-up of the medical condition.
Out of 943 cases, 938 cases (99.46%) were above the age of
45 years, while only five patients were below 45 years.
Based on the inclusion criteria, only 764 out of 943 cases of
permanent AF were included in our study. Out of these 764
cases, 298 patients (39%) received the prescribed triple
therapy and were part of group 1, while the remaining 466
patients (60.99%) received the dual therapy (beta-blockers
and anticoagulants) were assigned to group 2 (Figure 1).
There were no significant differences in the baseline
characteristics between the two groups.

The results of the periodic (every 6 months) assessments
of the patients showed that in 204 (68.45%) patients from
group 1 had better rate control (lenient HR <110 bpm),
while only 129 out of 466 patient (27.68%) from group 2
patients had similar findings (Figure 2).

A significantly more number of patients (56.37%) in
group 1 reported better QOL versus the patients in group 2
(18.02%). Within group 1, the reported self-assessed QOL
was marginally better among the less active older patients
with compromised cardiac output. Furthermore, among the
group 1 patients who had transient ischemic attack (TIA)
during the period (2015–2019) also expressed satisfaction

with their post event QOL when compared with group 2
patients who had TIA.

During the follow-up period of 2015–2019, the overall
mortality in both groups was 10.47%. However, mortality
in group 1 [8.04% (24 cases)] was lower than the group 2,
wherein the mortality was higher by 4% [12.01% (56
cases)] (Figure 2).

On comparing the patients from both the groups having
heart failure with different grades of NYHA (New York
Heart Failure) classification with reduced (HFrEF) or
sustained ejection fraction (HFsEF), it was noted that group
2 patients were in more advanced stage of heart failure
compared to the group receiving digoxin (Figure 3).

Discussion

Management of AF entails anticoagulation for stroke
prevention, selection of patients for sinus rhythm resto-
ration, and the control of HR. In contrast to other man-
agement strategies, the rate control therapy has a poor
evidence base38,39. Citing this deficiency European society
of cardiology (ESC) and guidelines from the National
Institute for Health and Care Excellence41 have mandated
rate control-oriented research39–41.

Due to limited evidence base, there are wide variations
in terms of choice of first-line and subsequent therapy for
rate control,39,41–44 resulting in the frequent use of com-
bination therapy by clinicians worldwide.39 Most guide-
lines suggest that the treatment of choice should be
individualized, based on the presence of ongoing patient
symptoms39,41,45. However, the recommendations are
predicated on the observational data and low-quality trials

Figure 1. Pie chart showing the percentage of patients receiving different therapy combinations. Group 1 patients (61%) who were on
digoxin, beta-blockers, and anticoagulants. Group 2 patients (39%) who had just beta-blockers and anticoagulants on their treatment
plan.
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with a small number of participants and few weeks’ worth
of follow-up.39,46 There are no randomized control trials
(RCTs) comparing different long-term HR control options
in AF.39 In AF patients with concomitant HF and reduced
ejection fraction (EF), BBs do not reduce all-cause mor-
tality or hospital admissions.47 Also, comprehensive sys-
tematic reviews have shown that the use of digoxin neither
increases nor decreases mortality.48 Studies have demon-
strated that digoxin reduces hospital admissions in patients
with HF and reduced EF in sinus rhythm.32,39 However, the

impact of digoxin on AF patients is unknown,39 and more
studies are required to explore the clinical outcomes. Al-
though BBs have a greater impact on HR during exercise
when compared with digoxin, there is no evidence that BBs
also increase exercise capacity.39 A small RCT has also
shown that BBs do not improve arrhythmia-related
symptoms when compared with CCBs (diltiazem and
verapamil). Moreover, the effect of CCBs on HR is more as
compared with digoxin alone; however, CCBs are not
given to AF patients with reduced EF to avoid adverse

Figure 3. Comparison between groups 1 and 2 based on the New York Heart Failure classification of severity of heart failure with
reduced or sustained ejection fraction.

Figure 2. Comparison between groups 1 and 2 shown by a clustered column chart on the basis of the following three parameters, heart
rate <110 bpm, better quality of life, and mortality.
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outcomes.39 Only one RCT involving AF patients with
concomitant HF has reported improvement in left ven-
tricular EF in patients on a combination of carvedilol and
digoxin versus placebo and digoxin.40,49 Most of the
current information on the impact of digoxin as a rate-
controlling agent in AF is based on the data of observa-
tional studies and not randomized trials.36 Similarly, our
retrospective study showed that long-term survival may be
increased in patients suffering from permanent atrial fi-
brillation when cardiac glycosides are added.

Studies such as Atrial Fibrillation Follow-up Investi-
gation of Rhythm Management (AFFIRM) and Rate
Control versus Electrical Cardioversion for Persistent
Atrial Fibrillation (RACE) that evaluated the addition of
rhythm control strategies reported no difference in the
clinical outcomes when the AF patients were treated with
anti-arrhythmic drugs or direct current cardioversion in
addition to the ongoing HR control drug regimen.27,28,39

Many meta-analyses and smaller trials have also high-
lighted that rhythm control is not superior to control of
heart rate alone.39,50–52

Anticoagulation therapy (vitamin K antagonist/FIIa
inhibitors/FXa inhibitors) in AF is also crucial to pre-
vent strokes/TIAs. Due to similarities in the pathogenesis
of venous thrombosis and AF associated thromboembolic
events, some studies even suggest screening patients with
recurrent venous thrombosis and positive family history for
thrombotic events. These patients should undergo throm-
bophilia testing (e.g., protein C, protein S, antithrombin,
lupus anticoagulant, and activated protein C resistance).19

However, AF patients on NOACs/DOACs (FIIa and FXa
inhibitors) may cause false results, and therefore, such
patients need to be carefully assessed.53

As one of the goals of AF therapy is to prevent dete-
rioration in patients’ QOL, administering pertinent ques-
tionnaires can help identify changes in QOL. Many authors
encourage the use of such standardized questionnaires to
guide the AF treatment plans in patients with or without
TIA/stroke.25

Limitations of the study

Since the QOL assessment is entirely patient response-
based, the results might be erroneous. A more concrete
method of evaluation of QOL would help future studies.
Furthermore, no power analysis was performed for the
calculation of sample size.

Conclusion

Rate control is vital in the management of AF, especially in
older patients with permanent AF. However, due to the
dearth of controlled trial evidence, the patients’ risk strati-
fication and choice of HR control agents are at the discretion

of the prescribing clinicians. This lack of standardized
treatment protocol necessitates large RCTs on the impact of
varying AF therapies on the heart function and disease
sequelae. The result of our retrospective study indicate that
the addition of small dose digoxin to the treatment protocol
may help in better control of the HR (<110 bpm at rest),
especially in physically less active older patients with
compromised cardiac output, and improve overall QOL.
Combination therapy comprising beta-blockers, low-dose
digoxin, and anticoagulants may decrease mortality among
AF patients to a higher extent in centers where cardiovas-
cular surgeries are not feasible to treat AF.
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