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Introduction
Atrial fibrillation (AF) and heart failure (HF) are leading causes 

of emergency hospital admissions with compounding morbidity and 
mortality.1 AF can cause, or exacerbate HF, even after effective rate 
control has been achieved. Rhythm control can lead to significant 
improvement in HF outcomes, especially when performed early in 
appropriate patients.2

Electrical direct current Cardioversion (DCCV) is an established, 
non-invasive strategy for restoring sinus rhythm.3 Its accessibility, 
immediacy of effect and strong safety profile have led to its application 

as a first-line strategy in the setting of haemodynamic instability.4 It 
can be performed as a ‘proof of benefit’ test to evaluate the change 
in symptom burden resulting from the restoration of sinus rhythm. 
If significant improvement in HF symptoms or cardiac function is 
seen, it can support the subsequent pursuit of invasive rhythm control 
therapies.

Structural remodelling and improved cardiac function have been 
shown in patients with HF with reduced ejection fraction (HFrEF) 
after AF catheter ablation.5 This occurs to a greater extent than through 
anti-arrhythmic drugs (AADs) alone, potentially due to greater 
efficacy in maintaining sinus rhythm, although adverse effects of the 
pharmacotherapies may also play a role. Contemporary guidelines 
recommend AADs and catheter ablation as appropriate rhythm control 
therapies for symptomatic AF.6
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Abstract
Background: Rhythm control for persistent Atrial Fibrillation (AF) can significantly improve cardiac function and heart failure with reduced 

ejection fraction (HFrEF) symptoms in selected patients. Electrical DC cardioversion (DCCV) is an effective short-term rhythm control strategy. 
The long-term rhythm and functional outcomes after DCCV in this cohort, off amiodarone is unclear.

Methods: This retrospective, observational study of patients with persistent AF and HFrEF undergoing elective DCCV in a nurse-led service 
was undertaken. Baseline and follow-up echocardiography and interval rhythm assessments were also performed to evaluate structural and 
functional remodelling and AF-free survival.

Results: 40 patients were included with a left ventricular ejection fraction (LVEF) <35% in 19 (48%). LV EF improvement was seen in 
patients who maintained sinus rhythm at follow-up with an absolute improvement of +20% (13, 22). This was associated with the AF duration 
(U=21.00, p =0.03) and baseline LVEF (U=14.00, p=0.01). 18 (64%) patients were remained free of AF at 12 months. This was associated 
with the change in LV EF (U=59.0, P<0.01) and left atrial size (U= 6.0, p=0.04). Median AF free survival was 434 days (140, 1496) with 6 
patients remaining in sinus rhythm off amiodarone at 2 years.

Conclusions: DCCV may be a feasible strategy for early rhythm control, achieving freedom from AF beyond 12 months in selected patients. 
Reversal of AF-related pathological remodelling in HFrEF patients may be seen if sinus rhythm is sustained and can be used as a bridge to 
catheter ablation in combination with anti-arrhythmic medications.
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The long-term success rate of DCCV as a stand-alone rhythm 
control therapy is inversely correlated with the duration of follow-
up, with most patients relapsing to AF after a single DCCV over 2 
years.7 Anti-arrhythmic drugs (AADs) can be used alongside, and after, 
DCCV to improve acute procedural success.8 However, if AADs are 
required to sustain SR after DCCV, then this strategy may only offer 
transient benefit with relapse of AF when the AADs are discontinued. 
This may lead to a false assurance that effective rhythm control has 
been achieved and potentially delay the consideration of alternative 
rhythm control strategies. Protocolised clinical trials may not reflect 
the nuances of combined rhythm control strategies and personalised 
AAD regimens, which would be important to evaluate the practical 
value of DCCV as a long-term therapy.

This retrospective real-world study of clinical practice is designed to 
determine the long-term rhythm outcomes and the impact of AAD 
withdrawal in HFrEF patients. The structural and functional cardiac 
changes seen after DCCV were also be assessed. 

Methods
A retrospective review of all patients with persistent AF undergoing 

elective DCCV at a district general hospital between February 2017 
and June 2019 was undertaken. Demographic features, survival, 
medications and echocardiographic parameters were extracted from 
the electronic health record (EHR). Date of first diagnosis was taken as 
the first investigation to confirm arrhythmia or LVSD or first reference 
to diagnosis being made in the EHR. AF and HFrEF diagnoses were 
considered contemporaneous when diagnoses were made within 90 
days of each other.

Persistent AF was defined as sustained AF for more than 7 days. AF 
duration was recorded as the duration of continuous AF prior to the 

DCCV. HFrEF was defined as having a left ventricular ejection fraction 
(LVEF) of less than 50% on trans-thoracic echo within 6 months of 
DCCV, and HF symptoms. A standard hierarchical sequence was 
applied for LVEF determination: a Simpson’s biplane approach was 
preferred, then a 2D method and in the absence of the preceding, the 
reported visually estimated LVEF. Where LVEF was reported as a 
range, the midpoint value was used.

Optimal HF therapies were expected to be uptitrated prior to DCCV 
but not mandated. DCCV was performed as per local protocol by 
an experienced arrhythmia nurse specialist as part of a nurse-led 
service. All cases were performed in the fasting state with >4 weeks of 
continuous anti-coagulation mandated, otherwise it was re-scheduled 
till this was achieved. AAD therapies were not interrupted; however 
beta-blocker dose was held on the day of procedure if the resting heart 
rate in AF was <80bpm. A baseline ECG was taken to confirm AF. 

Haemodynamic monitoring was in place and full equipment for 
cardiopulmonary resuscitation was present. ECG leads were connected 
as back up in case pacing was required due to bradycardia or asystole 
after DCCV. After the administration of intravenous sedation, 
synchronized direct-current biphasic shock was administered using 
the anteroposterior pad position. A maximum of 3 shocks were given at 
escalating energy levels from 200J to 360J. Post-procedure ECG taken 
1-hour after the final shock was used to determine procedural success. 
All complications were recorded. Patients were discharged home the 

Figure 1:

Consort diagram to show rhythm outcomes of patients with heart 
failure with reduced ejection fraction after cardioversion at 12 
months after DCCV and final study follow-up. Stratification by 
additional rhythm control treatments (amiodarone and catheter 
ablation) is also shown.

Table 1: Baseline characteristics of patients with heart failure with reduced 
ejection fraction undergoing cardioversion.

Baseline Characteristics n=40

Age (years) 66.2 ±12.2

Male sex (no., %) 26 (65)

BMI 28.0 (25.7,32.6)

Hypertension (n, %) 24 (63)

Diabetes (n, %) 10 (26)

NYHA

1 11

2 19

3 10

4 0

Cause of HF (n, %)

Ischaemic 2 (5)

AF induced-cardiomyopathy 36 (90)

Other

Drug-induced 1 (3)

Idiopathic dilated cardiomyopathy 1 (3)

HF medications

Beta-blocker (n, %) 35 (88)

ACEI/ARB (n, %) 36 (90)

MRA (n, %) 13 (33)

Echocardiographic measurements

LA Diameter (cm) 4.6 (4.2, 5.2)

LV EDV (mL) 130 (103, 168)

LV EF (%) 36 (30, 42)

Duration of continuous AF 7.7 (3.6, 14.3)

>12 months 14 (35)
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same day as default with continued anticoagulation. Anti-arrhythmic 
drugs were continued until follow-up.

Follow-up consultation was performed at 1, 3 and 6 months 
with repeat trans-thoracic echo performed prior to the 3-month 
consultation. Standard practice was to discontinue amiodarone at 
3-months after DCCV, however this was at the discretion of the clinical 
team. Patients were then followed up on a 6 monthly basis with ad 
hoc telephone/email communication if symptoms or recurrent AF 
episodes were recorded. The study was registered and endorsed by the 
Barts Health NHS Trust Clinical Effectiveness Unit, study number 
#12024 and conforms to the principles of the Declaration of Helsinki.

Statistical analysis was performed using SPSS. The Shapiro-Wilk 
test discerned whether data were normally distributed. Continuous 
variables were analysed using two-tailed independent t-test for 
normally distributed data or the Mann–Whitney U test for non-
normally distributed data. Chi squared test will be used for categorical 
variables. Normally distributed data are presented as mean ± standard 
deviation and non-normally distributed data as median (interquartile 
range). Kaplan-Meier analysis of AF-free survival was performed 
and univariate then stepwise multi-variate Cox regression analyses 
were used to estimate the effect of selected variables. Variable 
selection was based on those associated with freedom from AF after 
AF catheter ablation, namely left atrial (LA) size, change in LVEF 
and AF duration.9 Variable selection for improvement in LVEF was 
also based on findings in patients undergoing AF catheter ablation. 
Baseline LVEF, LVIDD, AF duration and a mineralocorticoid receptor 
antagonist (MRA) use were selected.10–12 The level of significance for 
all tests was set at α<0.05. 

Results
Patient characteristics

307 patients underwent DCCV during the study period. 49 patients 
had HFrEF at baseline with 40 patients completing follow-up (table 
1) and included in this study. The mean age was 66±12 years and 26 
(65%) were male. 24 (63%) patients had hypertension and 7 (18%) had 
known ischaemic heart disease with a preceding diagnosis of ischaemic 
heart disease with two cases (5%) of ischaemic cardiomyopathy with 
pre-existing left ventricular systolic dysfunction. 36 (90%) of patients 
were considered to have a contributory AF-induced cardiomyopathy 
and in two cases a drug-induced cardiomyopathy and idiopathic dilated 
cardiomyopathy were suspected. Median duration of persistent AF 
prior to DCCV was 8 (4, 14) months. 14 (35%) patients had AF 
diagnosed more than 12 months prior to DCCV. A HFrEF diagnosis 
whilst in SR preceded the AF diagnosis in 2 (5%) patients, whereas 

Table 2:
Cox regression analysis of variables associated with AF free 
survival after cardioversion in patients with heart failure with 
reduced ejection fraction

Univariate Multi-variate

HR 95% CI p-value HR 95% CI p-value

LA diameter 2.95 0.96-
8.94

0.06 2.95 0.99-8.8 0.05

Change in LVEF 0.95 0.91-
0.99

<0.01 0.97 0.93-1.01 0.19

AF duration 1.00 1.00 0.94

28 (70%) had their diagnoses made concurrently. Median follow-up 
was 4.2 years (3.5-4.7 years). The baseline characteristics of 9 patients 
that did not complete follow-up were not significantly different in 
comparison to those included. (Supplementary table 1) 4 underwent 
AF catheter ablation prior to repeat imaging.

The average LVEF at baseline was 36% (32, 45) and 19 (48%) patients 
had an LV EF <35%. 13 (33%) patients were taking a mineralocorticoid 
receptor antagonist at baseline. No patient had a cardiac device in situ 
at the time of DCCV. The median LA diameter was 4.6cm (4.2, 5.2) 
and LV end diastolic volume (LVEDV) was 130ml (103, 168) (table 1).

Procedural outcomes
No procedures were re-scheduled due to sub-therapeutic 

anticoagulation, with 35 patients established on a direct-acting oral 
anticoagulant and 5 on warfarin. No procedure-related complications 
were reported. 37 (93%) patients were taking amiodarone at time of 
DCCV. Acute success was seen in 37 (93%) patients and sinus rhythm 
was maintained in 28 (70%) of patients at 3-month follow-up. In the 
three patients who were not acutely successful, two did not achieve 
sinus rhythm despite three shocks and the third cardioverted on first 
attempt but relapsed during post-procedure recovery. All three had 
been loaded on amiodarone prior to the DCCV attempt.

Re-do DCCV was performed in two patients, of whom one who 
went on to have AF catheter ablation. 12 (30%) patients underwent 
AF catheter ablation within 12 months of their DCCV; 5 patients had 
had an AF recurrence whilst the remainder were in sinus rhythm. 10 
(83%) of these patients were in sinus rhythm 12 months after catheter 
ablation. The two patients who were in AF at 12 months had already 
had an AF recurrence prior to their ablation.

Of those not having catheter ablation, 18 (64%) patients remained in 
sinus rhythm at 12 months with discontinuation of their amiodarone in 
14 (figure 1). 6 of these patients remained AF-free off AADs at 2 years. 
Change in LV EF (U=59.0, P<0.01) and LA size (U= 6.0, p=0.04) was 
strongly associated with subsequent freedom from AF at 12 months. 
The median AF free survival was 410 days, [110, 1496] (figure 2). 
Excluding those patients who underwent AF catheter ablation, median 
AF free survival was 434 days (140, 1496).

Figure 2:
Kaplan Meier curve of patients with heart failure and reduced 
ejection fraction that shows AF-free survival after DC 
cardioversion without additional rhythm control procedures
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with results expected in 2024 (CT identifier: NCT04987723).

Studies of rhythm control using AF catheter ablation have suggested 
that LA size independently predicts AF recurrence, although concurrent 
LVSD does not.18,19 This association has also been seen in our cohort of 
patients who maintained sinus rhythm. Although the change in LVEF 
was associated with recurrence on univariate analysis, it did not add 
value on multi-variate analysis after LA size was considered. 

HF medical therapies were commonly continued in the context of 
LV function recovery. This may avoid the risk of relapse as can be seen 
on medication withdrawal in patients with functional recovery in non-
ischaemic cardiomyopathy.20

AF often recurred once amiodarone was discontinued. Of the 
patients who did not go on to receive AF catheter ablation, 7 (21%) 
remained in sinus rhythm off AADs beyond 1 year. Previous studies, 
not specific to the HF population, have reported LVEF and duration 
in AF as predictors of acute success and short-term restoration of sinus 
rhythm.21,22 Such studies also considered urgent and elective DCCV 
cases together with a much higher acute and sub-acute failure rate than 
reported in our study, potentially due to incomplete loading with AADs 
and patient selection. Thus, in the setting of LVSD, elective DCCV may 
be an appropriate therapy despite extent of LVSD and LA size. The 
resultant reverse remodelling and functional improvement may suggest 
baseline echocardiographic parameters may significantly improve and 
the treatment may have greater benefit in patients with these features. 13

Chronic AAD use in HFrEF patients is undesirable. HF is a contra-
indication for several anti-arrhythmic agents and co-existent coronary 
artery disease is common, which limits choice further.23 Pre- and post-
DCCV treatment with amiodarone is associated with improved rhythm 
outcomes in the short term and was standard practice in our institution 
during the study period.8 Amiodarone is the most commonly used 
AAD for rhythm control in surveyed European practice.1,24 However, 
extra-cardiac adverse effects, including dermatologic effects, thyroid 
and hepatic dysfunction can occur and so adjunctive courses are often 
limited to 6-12 months.25,26 Amiodarone pre-treatment was used in 
our patient cohort where there was no contra-indication to optimise 
for short-term success. Decisions around discontinuation were at 
the discretion of the direct clinical team and routinely performed 
after the 3-month follow-up appointment. One patient developed a 
rash associated with amiodarone which resolved on discontinuation, 
otherwise no serious adverse event was reported. Such decision-making 
is complex and reflected in the Consort diagram in figure 2.

A step-wise approach to rhythm control; DCCV performed prior to 
AF catheter ablation, should be considered in light of the contemporary 
data supporting early rhythm control.27 Sub-group analysis of EAST-
AFNET4 showed earlier rhythm control can increase the reported 
benefit in HF patients.2,27 The ESC gave a class 1 recommendation in 
2020 for catheter ablation to reverse LV dysfunction in AF patients 
with suspected tachycardia-induced cardiomyopathy.6 DCCV may 
be used as an interim step or to assess response in contemporary 
management of this cohort but it should not delay catheter ablation. 
Alternatively, DCCV may be a more accessible rhythm control therapy 
to restore sinus rhythm urgently and start the remodelling cascade 

Structural remodelling
The median change in LV EF after DCCV was +13% (6%, 20%), with 

22 (55%) patients improving their LVEF to >50%. 28 (70%) patients 
were in sinus rhythm at follow-up echocardiography. Improvement 
in function was associated with rhythm at follow-up (Sinus rhythm: 
+20% (13, 22) vs AF: +5% (-4, 7), p<0.01). Patients who remained in 
AF did not experience a significant change in their LVEF with median 
of 40% (31, 44) at baseline vs 44% (31, 45) after DCCV [Z=-0.98, 
p=0.33]. Prognostic heart failure medications were continued at long-
term follow-up with beta-blockers, renin-angiotensin system-acting 
agents and mineralocorticoid receptor antagonists with no significant 
change compared to baseline; 37 (93%) [p=0.08], 35 (88%) [p=1.00], 
16 (40%) [p=0.366] respectively.

Of the patients in sinus rhythm at follow-up, AF duration (U=21.00, 
p =0.03) and baseline LVEF (U=14.00, p=0.01) were associated with 
recovery of LVEF to >50%. Baseline LA size (U=11.0, p=0.85), baseline 
LVEDV (U=50.0, p=0.76), MRA use (90% of responders vs 10% of 
non-responders, P=0.382). (table 2)

Discussion
DCCV is an accessible, non-invasive rhythm control strategy with 

an attractive risk profile. It has established value as a triage test to 
evaluate the benefit from a ‘trial of sinus rhythm’ in HFrEF patients. 
However, it’s standalone use as a long-term treatment option is limited 
by the downstream risk of recurrence and the increasing availability of 
established long-term rhythm control strategies such as AF catheter 
ablation. Although the acute and short-term success of DCCV 
can be optimised with concomitant amiodarone therapy in HFrEF 
patients, this could be considered to be simply postponing definitive 
rhythm control if the AF is likely to relapse once the amiodarone is 
discontinued. Therefore, characterisation of the durability of rhythm 
control achieved by DCCV off AADs is important to understand 
its long-term therapeutic role. In our cohort, 24 (60%) of HFrEF 
patients were free from AF at 12 months after DCCV. 14 (58%) had 
successfully discontinued their AADs and received no further rhythm 
control therapies during this period. Baseline LA size was significantly 
associated with freedom from AF.

Structural remodelling and LV functional improvement was seen 
in patients maintaining sinus rhythm with the LVEF recovering to 
>50% in 23 (82%) patients and a significant reduction in LA size. The 
rhythm-dependent nature of this improvement supports the clinical 
suspicion that AF was driving LV impairment in these patients. 
Improvement has been shown to be associated with benefit in clinical 
endpoints as well.13 This is also in keeping with a previous case series of 
patients with non-ischaemic dilated cardiomyopathy and comparable 
to the extent of remodelling seen after successful AF catheter ablation, 
or AV node ablation.5,14,15 However, prospectively attributing causation 
and identifying patients with AF-induced cardiomyopathy from 
undiscriminated patients with concurrent AF and HFrEF can be 
challenging. AF duration and baseline LVEF were associated with 
LV function normalisation after successful DCCV; which has also been 
seen after AF catheter ablation in patients with HFrEF.16 Ventricular 
fibrosis on cardiac MRI has also been associated with poorer outcome.17 
The AFHF study is ongoing and aims to identify additional prospective 
markers that may be used to stratify response to AF catheter ablation 
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can be maintained at 1 year after DCCV with the discontinuation of 
AADs possible. Relapse after this timepoint is common and associated 
with increasing LA size. 

As well as being a challenge test to evaluate response, DCCV can be 
a destination therapy for selected patients who may be unsuitable for 
invasive rhythm control strategies or as a bridge combined with AADs 
in selected patients to facilitate the benefits of early rhythm control 
when timely access to catheter ablation is unavailable.
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