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Article 
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Abstract 

Background: Strategies to restore sinus rhythm in hemodynamically stable patients with recent atrial 
fibrillation (AF) and hemodynamic stability admitted to the emergency department (ED) are the focus 
of debate. The present study was carried out to compare pharmacological cardioversion (PC) and 
electrical cardioversion (EC) in terms of their efficacy in converting to sinus rhythm. Methods: A 
retrospective, analytical observational study was carried out in patients seen in the ED over four 
consecutive years with episodes of uncomplicated AF. Two rhythm control strategies were evaluated: 
PC (followed or not by EC) and EC. Demographic and clinical variables were also compiled for both 
groups. Results: A total of 401 cardioversion procedures in 284 patients were analyzed. The mean 
patient age was 62.81 ± 12.07 years, and 67.4% were male. PC was carried out in 160 subjects (56.3%), 
with a success rate of 76.8%, and EC was performed in 98 patients (34.5%), with a success rate of 
94.9%. Significant differences between the two strategies were found for the primary objective 
(cardioversion to sinus rhythm), with the EC group presenting the best results (p = 0.0001). 
Conclusions: EC is safe and more effective in converting to sinus rhythm. The efficacy of PC alone is 
limited, and additional procedures for rhythm control are often required. 

Keywords: atrial fibrillation; cardioversion; emergency department; pharmacological cardioversion; 
electrical cardioversion; stable atrial fibrillation 
 

1. Introduction 

Atrial fibrillation (AF) is a supraventricular tachyarrhythmia caused by uncoordinated electrical 
activation of the atria, resulting in ineffective atrial contraction. [1,2] The estimated prevalence of AF 
in the United States is 1%, and this figure increases to 6-12% in the elderly population. [3–5] 

Acute AF is the arrhythmia most frequently requiring treatment in the emergency department 
(ED). [6,7] It accounts for between 3-4% of all medical consultations in Canada and the United States, 
with 430,000 visits to the ED every year. [7,8] Acute AF generally refers to symptomatic episodes of 
recent onset (detected for the first time, recurrent paroxysmal or recurrent persistent episodes) and 
lasting less than 48 hours, for which cardioversion is a safe treatment option. [7,9] 

The two main approaches to controlling this arrhythmia in the ED are rate control and rhythm 
control. Negative chronotropic drugs are used for rate control and are the preferred method for 
controlling ventricular response in chronic AF. [7] In rhythm control, reversion to normal sinus 
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rhythm is achieved by pharmacological cardioversion (PC) or electrical cardioversion (EC), and the 
patient can usually be discharged within a few hours. This is the preferred method for controlling 
acute AF in the ED. [7] On the other hand, younger patients tend to be more symptomatic when 
presenting AF, and may obtain greater benefits from a rhythm control strategy in the ED, improving 
the symptoms-free time without increasing adverse events. [10] 

There is little evidence for many aspects of the management of acute AF in the ED. EC is the 
preferred option for hemodynamically unstable patients with AF. [1] However, there are no clearly 
defined guidelines as to whether the initial form of rhythm control in hemodynamically stable 
patients should be PC or EC. PC does not require sedation. However, it is associated with a lower 
success rate (approximately 50%) and has the side-effects of antiarrhythmic drugs. [2] EC requires 
anesthesia for appropriate sedation during the procedure, but it has a higher success rate, which 
reached 88% in a study by Fried et al. [2,11] EC can also be used after PC, significantly increasing the 
success rate. A recent study found no significant differences between the strategies of EC, and PC 
followed by EC. Both approaches were effective in restoring sinus rhythm and reducing the length 
of hospital stay. [7] 

The main objective of the present study was to compare the efficacy in terms of the success rate 
of conversion to sinus rhythm in patients with uncomplicated AF of recent onset, using two strategies 
in the ED: attempted PC (followed by EC if necessary), and attempted EC. 

2. Material and Methods 

We conducted a retrospective, analytical observational study in patients with acute AF admitted 
to the ED of a tertiary care hospital (AF Cardiac Emergency Register in Hospital Universitario Lucus 
Augusti, Lugo, Spain: RECUFA-HULA). The patients were recruited from 1 January 2017 to 31 
December 2020. 

Patients who arrived in the ED with palpitations underwent examination for vital signs (heart 
rate and blood pressure), and a 12-lead electrocardiogram (ECG) was performed. They were 
immediately treated with EC if they were diagnosed with AF and presented hemodynamic 
instability. The clinical approach in hemodynamically stable patients is based on the patient’s clinical 
features, the duration of the arrhythmia (longer or shorter than 24 hours), and whether the patient is 
being treated with anticoagulants. 

2.1. Study Design and Setting 

All patients with AF presenting in the ED during a period of four consecutive years were 
retrospectively evaluated for inclusion in this study. Demographic and clinical information was 
obtained from the center’s electronic medical records, after obtaining due patient consent. Patient 
destination at discharge, the start of anticoagulation treatment, and bleeding complications during 
follow-up were recorded. 

2.2. Selection of Participants 

The study included hemodynamically stable patients diagnosed with acute AF of at least 3 
hours’ duration, with symptoms requiring early management, and for whom PC or EC was an 
appropriate clinical option. The PC or EC strategy began within 48 hours of arrival in the ED, or 
during the first 7 days with appropriate anticoagulation treatment for at least four weeks prior to the 
episode. 

The exclusion criteria were: lack of informed consent, patients with hemodynamic instability 
requiring immediate cardioversion, AF secondary to an acute process (pneumonia, pulmonary 
embolism, sepsis, etc.) and spontaneous reversion to sinus rhythm. Patients with previous episodes 
of acute AF or with heart valve disease were not excluded if they were receiving appropriate 
anticoagulant treatment. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 August 2025 doi:10.20944/preprints202508.0134.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0134.v1
http://creativecommons.org/licenses/by/4.0/


 3 of 9 

 

2.3. Methods and Measurements 

2.3.1. Data Extraction 

The electronic medical records of all the patients were reviewed, and the clinical information 
was recorded on a form prepared specifically for the study. The clinical variables collected included: 
demographic data (age and sex), personal cardiovascular history (high blood pressure, dyslipidemia, 
heart failure, coronary artery disease, heart valve disease and peripheral vascular disease) and 
clinical history related to cardiovascular disease (diabetes mellitus, obesity, chronic kidney disease, 
smoking, oncohematological diseases), baseline antiarrhythmic, cardiac and anticoagulant 
treatments, thrombotic and bleeding risks (CHA2DS2-VASc and HAS-BLED scores), whether it was 
the first episode of arrhythmia and its duration, the medical procedure performed (PC and EC), 
whether hospital admission was required, treatment at discharge, and thromboembolic and bleeding 
complications. 

A clinical evaluation, including a transthoracic echocardiogram, was performed during patient 
follow-up. 

Cardioversion Treatments 

The treatment strategies included PC or EC during patient stay in the ED, or delayed 
programmed EC for rate control. PC or EC was considered successful when reversion to sinus rhythm 
was achieved, as demonstrated in a post-procedure ECG. 

In the eligible patients, the treating physician in the ED was responsible for the approach and 
treatment in each case, according to the established clinical protocol for the management of AF in the 
ED, and agreed upon by the cardiology and emergency departments. The clinical decision was based 
on the patients’ clinical stability, the duration of the AF and adequate anticoagulation. The treatment 
was personalized in each case, including: selection of the antiarrhythmic drugs and doses used, the 
energy setting in EC and the number of attempts, and the sedation and analgesia used. 

All the participants gave written informed consent, and the protocol was approved by the local 
research ethics committee. 

The outcome variable was the success rate of conversion to sinus rhythm in both the PC and EC 
groups. The need for additional procedures (consecutive EC) for rhythm control was also analyzed. 
Demographic and clinical characteristics were compiled in each group and compared in search of 
differences preventing analysis. 

Statistical Analysis 

Qualitative variables were reported as numbers (%). Inter-group differences were calculated 
with the chi-squared test. Continuous variables were reported as the mean ± standard deviation (SD), 
and inter-group differences were analyzed with the Student-t test. 

Statistical significance was considered for p<0.05. The analyses were performed using the SPSS 
version 21.0 statistical package. 

3. Results 

3.1. Clinical Characteristics 

The study included 401 cardioversion procedures in a total of 284 patients (Figure 1). The 
subjects were classified into three groups, based on the initial rhythm control strategy: 
pharmacological cardioversion (PC) in the emergency department (n=160); electrical cardioversion 
(EC) in the emergency department (n=98); and delayed programmed electrical cardioversion (EC) 
(n=26). In our study, the analysis focused on the patients with cardioversion procedures performed 
during their first visit to the ED (n=258) and excluded patients with delayed EC and losses during 
follow-up. 
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The mean patient age was 62.81±12.07 years (range 29-92), and 174 were male (67.4%) (Table 1). 
AF was de novo in 38 subjects (14.7%), and 218 (84.5%) had episodes of paroxysmal AF. The mean 
duration of symptoms onset was less than 12 hours in 215 patients (83.3%). The mean CHA2DS2-VASc 
score was 1.90 ± 1.51, and the mean HAS-BLED score was 0.64 ± 0.78. 

 

Figure 1. Flow chart of patient inclusion and success rate of the cardioversion procedures. 

PC: pharmacological cardioversion in the emergency department; EC: electrical cardioversion 
in the emergency department; P-EC: electrical cardioversion after pharmacological cardioversion in 
the emergency department. 

Table 1. Demographic, clinical and echocardiographic characteristics of the patients included in the study. 

 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 August 2025 doi:10.20944/preprints202508.0134.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0134.v1
http://creativecommons.org/licenses/by/4.0/


 5 of 9 

 

Most patients had comorbidities (Table 1). The most common: dyslipidemia (DLP) (65.5%), 
Hypertension (HT) (57.4%), obesity (34.1%), diabetes mellitus (DM) (19.8%), heart failure (14.3%), 
smoking (13.6%), coronary artery disease (9.7%), peripheral vascular disease (9.3%), chronic kidney 
disease (8.5%) and heart valve disease (8.1%). 8.1% had oncological issues, and 2.7% had anemia. 

As regards home medication (Table 1), 130 patients (50.4%) were receiving prior anticoagulant 
treatment, mainly with vitamin K antagonists (30.6%) versus direct-acting anticoagulants (19.8%). A 
total of 131 patients were being treated with antiarrhythmic drugs, mainly amiodarone (32.6%) and 
flecainide (18.2%). In turn, 129 patients were being treated with negative chronotropic drugs: A total 
of 106 (41.1%) were being treated with beta-blockers, 3 (1.2%) with calcium antagonists, and 20 (7.8%) 
with digoxin. 

After cardioversion in the emergency department, 168 patients (65.1%) were referred to 
cardiology, and only 7 (2.7%) required hospital admission. At discharge, 178 subjects received 
anticoagulation treatment (69.0%), with vitamin K antagonists being the most commonly used 
drugs(40.7%). During the 3-month follow-up, there were 5 cases of bleeding (1.9%), which was light 
bleeding in all cases, in the form of: epistaxis (1), hematuria (3 cases) and hemoptysis (1 case). No 
thromboembolic events were recorded. 

All patients underwent a transthoracic echocardiogram during follow-up (Table 1). Left 
ventricular systolic function was preserved in 222 patients (86%), 135 (52.3%) had a dilated left atrium 
(mild in 51.2%), and mitral insufficiency was the most prevalent valve disorder, present in 56 cases 
(18.9%), which were mostly mild (14.1%). 

3.2. Cardioversion Strategy and Clinical Characteristics 

PC was the initial strategy in 160 patients. The success rate was 27.5% (44 patients), with 
reversion to sinus rhythm up to discharge from the ED. In the 116 cases (72.5%) in which PC was not 
effective, sequential EC was performed in 88 patients and proved effective in 81 cases (success rate 
93.1%). EC as an initial strategy was performed in 98 subjects and was effective in 93 cases (success 
rate 94.9%). 

Statistically significant differences for the primary objective (cardioversion to sinus rhythm) 
were observed between the two strategies, with better results in the EC group (95.3% vs. 76.8%; 
p=0.0001). 

As regards the clinical features, significant differences were only observed for the presence of 
dyslipidemia, obesity, anti-arrhythmia treatment and prior negative chronotropic treatment, which 
were greater in the PC group compared to the EC group (p=0.0001, p=0.046 and p=0.0001, 
respectively) (Table 2). 

Table 2. Statistical comparison of demographic, clinical and echocardiographic characteristics between the two 
cardioversion groups. 
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PC: pharmacological cardioversion in the emergency department; EC: electrical cardioversion in the emergency 
department. 

4. Discussion 

Atrial fibrillation is the arrhythmia that most frequently requires treatment in the ED. [1,7] In 
particular, acute AF is a condition in which the rhythm control strategy using CP or EC is a safe 
option. [9] There is consensus among scientific societies that EC is the method of choice in cases of 
AF with hemodynamic instability. [1] This is not the case in patients who are hemodynamically 
stable, where both strategies can be used interchangeably, depending on the clinical characteristics 
involved. 

In the present study we evaluated the differences in efficacy between two cardioversion 
strategies: pharmacological (with or without sequential EC) and electrical, in hemodynamically stable 
patients with acute AF admitted to the ED. 

Age is the most important risk factor in the development of AF. [15] The mean age in our study 
was 62.81 years, there were few young people, and there was a strong tendency towards advanced 
ages (range 29-92 years). These data are similar to those published by Stiell et al. and Scheuermeyer 
et al., with mean ages of around 60 years in both groups. [7,14] More than half of the subjects of the 
study were men (67.4%), which is consistent with the lower incidence of AF in women, although this 
relationship tends to invert with advancing age. [16] A total of 84.5% of the subjects had experienced 
a previous episode of paroxysmal AF, and in 83.3% of the cases the duration of symptoms was less 
than 12 hours until contact with the ED. 

Most of the patients in the study presented comorbidities. AF is a multisystemic disorder with 
multiple direct causal interactions with comorbidities. [15] Huxley et al. considered that more than 
half of the AF burden is potentially avoidable through the optimization of cardiovascular risk factors. 
[17] In our study, 57.4% of the patients had a history of arterial hypertension. Chronic arterial 
hypertension leads to remodeling and profibrotic changes in the left atrium and ventricle. [18] In a 
recent study, arterial hypertension was the most important risk factor for the development of AF, 
accounting for almost 25% of the cases. [17] Furthermore, 34.1% of the patients had a body mass index 
of over 30 kg/m2. Sustained obesity is associated with multiple cardiovascular risk factors, including 
arterial hypertension and DM, which represent an important substrate for atrial remodeling, and 
contribute to the onset and persistence of AF. [19] There are also strong links between weight gain 
and electroanatomical remodeling of the atria. [20] The prevalence of obesity has increased 
significantly in recent decades, and it now accounts for 17.9% of all AF cases. [17,21] A total of 19.8% 
of our patients had DM. Patients with type 2 DM have a 40% greater risk of developing AF than non-
diabetic subjects. [22,23] A total of 13.6% of the patients in the study were smokers, and an increased 
risk of AF has been reported in smokers versus non-smokers. [24] 

Our study included 401 cardioversion procedures in a total of 284 patients, with the primary 
endpoint being the success rate of conversion to sinus rhythm in both the PC and the EC groups. PC 
was the initial strategy in 160 subjects (56.3%), with low levels of effectiveness (27.5%). In patients in 
which PC proved ineffective and who underwent sequential EC, the latter was found to be effective 
in 93.1% of the cases; the overall effectiveness thus increased considerably (75.9%) with the combined 
strategy (pharmacological and electrical cardioversion). Stiell et al. suggested higher levels of 
efficacy, reaching 96%. [7] However, unlike this study, a single antiarrhythmic drug was not used in 
the PC arm, and this may be associated with different success rates depending on the drug used. The 
ESC guidelines on AF recommend flecainide or propafenone (except in patients with severe 
structural heart disease) and vernakalant (except in patients with recent acute coronary syndrome or 
severe heart failure) as antiarrhythmic drugs with class I indication for rhythm control in PC for acute 
AF. [1] A recent meta-analysis has reported an overall efficacy of 85.25% with this strategy. [2] 

EC was the initial strategy in 98 subjects (34.5%), with high success rates (94.8%). These data are 
consistent with the studies by Stiell et al. in which the EC arm showed a success rate of 92%, and 
Fried et al., in which the success rate reached 88%. [7,11] The percentage of patients in this strategy 
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was lower, despite its extremely high success rate. This lower level of use may be related to the fact 
that it is considered to be a more aggressive therapy, and to more limited physician experience in its 
implementation. 

Our study showed significant differences between the two strategies in terms of achieving the 
objective, with the EC group obtaining better results than the PC group (95.3% vs. 76.8%; p= 0.0001). 
This is consistent with previous observations by Bellone et al., Danker et al. and Scheuermeyer et al., 
who reported higher success rates in the group subjected to EC. [12–14] Both types of cardioversion 
proved to be safe procedures, with low complication rates, and only 7 patients (2.7%) required 
admission to hospital. There were only 5 cases of mild bleeding (1.9%) at three months of follow-up, 
and no thromboembolic events were recorded. Cardioversion for AF in the emergency department 
is a safe option, with low complication rates and no differences with respect to programmed 
cardioversion. [8] The safety profiles of the two cardioversion strategies (EC and PC) are comparable, 
except for arterial hypotension (which is higher in the PC group), with no significant clinical 
consequences. [2,7] 

The patients were evaluated again over follow-up, and a transthoracic echocardiogram was 
performed in all cases. A low presence of structural heart disease was observed in both groups: 52.3% 
had left atrial dilatation (which was mild in 51.2% of the cases). 

The decision regarding anticoagulation was made based on the CHA2D2-VASC score, with most 
of the patients being low risk individuals. A total of 178 patients (69%) received anticoagulant 
therapy, predominantly in the form of vitamin K antagonists (59%), which is probably related to the 
fact that there is no funding to cover direct-acting oral anticoagulants for new patients in the Spanish 
public healthcare system. 

5. Conclusions 

In hemodynamically stable patients with acute AF treated in the ED, electrical cardioversion is 
safe and comparatively more effective as a sinus rhythm cardioversion strategy. The efficacy of PC 
used alone is limited, and additional procedures for rhythm control are therefore often needed. 

5.1. Study Limitations 

Although this is a single-center, retrospective, non-randomized study, it focuses on the real-life 
management of patients with acute AF undergoing cardioversion in the ED of a large-volume 
university hospital. Furthermore, the clinical characteristics of the two groups were balanced and 
similar to those found in other previously published studies. 

Various antiarrhythmic drugs were used in the PC arm, which may be associated with 
potentially different success rates and adverse effects for each drug. However, the clinical practice 
guidelines recommend no single concrete drug. The decision therefore corresponds to the 
supervising physician and is more consistent with daily clinical practice. 

The times from AF to cardioversion were recorded from interviews with the patients, and as 
such the times reported may sometimes be inaccurate. However, they accurately represent the 
situation found in routine clinical practice. 
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