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Abstract

Background Clinical guidelines recommend peri-cardioversion anticoagulation in patients with atrial fibrillation (AF). We
performed a systematic review and meta-analysis to compare the safety and efficacy of direct oral anticoagulants (DOACs)
versus vitamin K antagonists (VKAs) in patients with AF undergoing cardioversion.

Methods We searched CENTRAL, MEDLINE, and EMBASE for randomized controlled trials (RCTs) and observa-
tional studies comparing DOACs to VKAs in patients undergoing cardioversion for AF. We performed title, abstract,
and full-text screening, data extraction, and risk of bias evaluation independently and in duplicate. We pooled data
using a random effects model and evaluated the overall quality of evidence using Grading of Recommendations
Assessment, Development and Evaluation.

Results We identified three eligible RCTs (n=5203) and 21 observational studies (n=11,855). The three RCTs and four
observational studies were at low risk of bias. In RCTs (mean follow-up, 30 days), thromboembolic events occurred in 0.18%
of patients receiving DOACs, as compared with 0.55% receiving VK As (relative risk [RR] 0.40, 95% CI [0.13, 1.24], moderate
quality). Major bleeding occurred in 0.42% of patients receiving DOACs as compared with 0.64% receiving VKAs (RR 0.62,
95% CI [0.28, 1.35], moderate quality), and death occurred in 0.28% of patients receiving DOACs as compared with 0.38%
receiving VKAs (RR 0.70, 95% CI [0.23, 2.10], low quality). Confidence in the estimates of effect for observational studies was
very low.

Conclusion DOACs peri-cardioversion in patients with AF appears safe from both a bleeding and thromboembolic
risk perspective. Available evidence supports the use of DOACs as standard of care peri-cardioversion in patients
with AF.
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Introduction

Atrial fibrillation (AF) is the most common heart rhythm dis-
order [1]. It independently increases the risk of ischemic
stroke by four to five times and is an independent risk factor
for heart failure and death [2, 3]. In rate-controlled patients
with symptomatic AF, guidelines recommend electrical or
chemical cardioversion to improve symptoms and quality of
life [4-9]. As such, anticoagulation is strongly recommended
before and after electrical cardioversion for AF with duration
>48h[4, 10, 11]. Oral anticoagulation therapy is recommend-
ed for at least 3 weeks prior and for at least 4 weeks after
cardioversion [5, 6, 12]. Warfarin, a vitamin K antagonist
(VKA), has been extensively studied for stroke prophylaxis.
However, VKAs require ongoing dosing management to
maintain a therapeutic INR, and cardioversion may be delayed
when INR levels are subtherapeutic. By contrast, direct oral
anticoagulants (DOACs) have a more rapid onset and consis-
tent level of anticoagulation [13]. In fact, guidelines suggest
DOAG:S, instead of VKAS, for patients with AF [5, 6, 12, 14].

At a tissue level, oxidative stress and expression of adhesion
molecules, along with reduction in nitrous oxide, seem to play a
role in atrial thrombogenesis among patients with AF [15, 16].
Interestingly, these factors can be mitigated by factor Xa
inhibitors—a type of DOAC [17]. Furthermore, large random-
ized controlled trials (RCTs) have demonstrated the non-
inferiority of DOACs to VK As for stroke prophylaxis in patients
with AF [18-21]. Additionally, in 2014, Ruff et al. published a
meta-analysis demonstrating a significant reduction in stroke
(19%) and all-cause mortality (10%) with the use of DOACsS,
compared to VKAs, in patients with AF [22]. European registries
have already demonstrated increased prescription and uptake of
DOAC:s [23]. Given their convenience, we wanted to establish
DOACS’ safety and efficacy in patients with AF undergoing
cardioversion. As such, we performed a systematic review and
meta-analysis of randomized controlled trials (RCTs) and obser-
vational studies comparing the impact of DOACs and VKAs on
thromboembolism, bleeding, mortality, and thrombus detection
on transesophageal echocardiography (TEE) in patients with AF
undergoing electrical cardioversion.

Methods

We registered our protocol with PROSPERO
(CRD42018089256).

Identification of Studies We searched Cochrane CENTRAL,
MEDLINE, and EMBASE from inception to December 2017.
We screened clinicaltrials.gov, WHO ICTRP, and the ISRCTN
Register for completed and ongoing, but yet unpublished studies.
We reviewed conference proceedings from the American
Association for Thoracic Surgery, European Association for
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Cardio-Thoracic Surgery, Society of Thoracic Surgeons,
American Heart Association, American College of Cardiology,
and European Society of Cardiology meetings within the past
2 years. We did not apply language restrictions.

Study Inclusion and Selection We performed title and abstract
screening independently and in duplicate using the Covidence
online software [24]. If a reviewer deemed a study relevant, it
was retrieved for full-text review. We resolved disagreements
regarding eligibility through discussion or third-party arbitra-
tion. Eligible studies met the following criteria:

1. population: adults (> 18 years of age) with AF undergoing
electrical cardioversion;

2. intervention: DOAC;

comparator: VKA or VKA plus adjunct;

4. outcomes: thromboembolism, bleeding, mortality, and
thrombus on TEE; and,

5. design: RCT or observational.

W

Data Collection and Management We performed data extrac-
tion independently and in duplicate using pre-piloted forms. If
there was a discrepancy, a third party reviewed the data. We
contacted study authors to obtain additional information when
required.

Risk of Bias Assessment for Randomized Controlled Trials
Risk of bias (ROB) was evaluated as “low,” “likely low,”
“high,” or “likely high” using the Cochrane Collaboration
tool [25]. Two independent reviewers assessed each trial in
six domains: random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of out-
come assessment, selective reporting, and other sources of
bias. If all aspects were considered to have “low” or “likely
low” risk of bias, we considered the study to be “low” risk. If
even one aspect or more was considered to have “likely high”
risk of bias, we considered the paper to be “unclear” risk.
Studies with at least one aspect considered to have “high” risk
of bias were considered to be “high” risk.

Assessment of Risk of Bias in Included Observational Studies
We used the CLARITY tools to assess the risk of bias in
observational studies [26].

Summary Measures of Treatment Effect and Unit of Analysis
We evaluated the clinical and methodological heterogeneity of
included studies to assess whether pooling data was appropriate.
We performed analyses using Review Manager 5.3 (RevMan
5.3) [27]. We expected heterogeneity among studies and applied
a random effects model to pool relevant results and summarize
the evidence. We analyzed RCTs and observational studies sep-
arately [28]. We presented dichotomous outcomes as relative
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Fig. 1 PRISMA systematic review flow diagram for study selection

risks (RR) and continuous variables as mean differences (MD)
with 95% confidence intervals (CI).

Assessment of Heterogeneity We used the chi-square test for
homogeneity and the /* statistic to assess heterogeneity.

Publication Bias We inspected the funnel plots for publication
bias if, for an outcome, 10 or more studies were pooled.

Subgroups We pre-specified the following subgroups to ex-
plain possible heterogeneity within data:

1. Mechanism of action: factor Xa versus direct thrombin
inhibitors

2. Risk of bias: high and unclear versus low risk of bias

Assessment of Confidence in Pooled Effect Estimates We used
the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) approach to evaluate the quality of
the evidence for each outcome [29]. We separated the
GRADE assessment for RCTs and observational studies.

Results

Figure 1 summarizes the screening and study selection process.
We identified 325 citations for title and abstract screening. Of
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Table 1 Risk of bias for
randomized controlled trials

Goette et al. Ezekowitz et al. Cappato et al.

Bias domain
Random sequence generation

(selection bias)
Allocation concealment

(selection bias)

Blinding of participants and personnel

(performance bias)
Blinding of outcome assessment

(detection bias)
Incomplete outcome data

(attrition bias)

All outcomes
Selective reporting

(reporting bias)

All outcomes
Other bias

Authors’ judgement

Low Likely low Low
Likely low Low Likely low
Low Low Low
Low Low Low
Low Low Likely low
Low Low Low
Low Low Low

these, we reviewed the full text of 43 studies. Six additional
studies were found during the gray literature search; one of
these, a randomized controlled trial, is currently ongoing [30].
A total of three RCTs and 21 observational studies were includ-
ed in our final analysis [18, 31-54]. The RCTs were all multi-
center and evaluated factor Xa inhibitors only. They reported
thromboembolism, bleeding, mortality, and thrombus on TEE.
Nineteen observational studies reported thromboembolisms, 18
reported bleeding, 11 reported thrombus on TEE, and seven
reported mortality. Three observational studies were post-hoc
analyses of larger multi-center trials evaluating DOACs versus
VKAs in patients with AF [34, 40, 46].

The three RCTs included a total of 5203 patients with AF
undergoing elective cardioversion (Appendix 1) [31-33].
Ezekowitz et al. compared apixaban to VKAs and
unfractionated heparin, while Goette et al. compared
edoxaban to warfarin and enoxaparin [32, 33]. Cappato et al.
compared rivaroxaban to warfarin only [31]. The mean
follow-up was 30 days.

The 21 observational studies included 11,855 patients with
AF undergoing elective cardioversion (Appendix 1). Seven ob-
servational studies compared VKAs with dabigatran, one study
compared VKAs with apixaban, another compared VKAs with
edoxaban, and 12 studies compared warfarin with two or more
DOAC:s. The follow-up ranged from 30 days to 2 years.

Al RCTs (Table 1) and four observational studies (Table 2)
were considered to be at low risk of bias. Seventeen observa-
tional studies were considered to be at high risk of bias in the
absence of matching of patients or adjustment for prognostic
variables (Table 2).

Thromboembolism (Fig. 2) In RCTs, the incidence of throm-

boembolism was 0.18% with DOACs and 0.55% with VKAs
(RR 0.40, 95% CI [0.13, 1.24], p =0.11, P =7%, moderate-
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quality evidence). We downgraded the quality of evidence for
serious imprecision (Table 3). Observational studies, however,
suggested that DOACs were associated with a significantly
lower incidence of thromboembolic events compared to
VKAs (RR 0.51, 95% CI [0.26, 0.99], p =0.05, > =27%,
very low-quality evidence). We downgraded the quality of
evidence for serious risk of bias (Table 4).

Bleeding (Fig. 3) In RCTs, 1.8% of patients receiving DOACs
experienced bleeding, compared with 2.5% of patients receiving
VKAs (RR 0.85, 95% CI [0.58, 1.23], p =0.38, I =0%,
moderate-quality evidence). Results were consistent when we
limited our analysis to major bleeding, as reported in all three
RCTs (RR 0.62, 95% CI [0.28, 1.35], p =0.23, * =0%,
moderate-quality evidence). We downgraded the quality of evi-
dence for bleeding and major bleeding due to serious imprecision
(Table 3). Appendix 2 summarizes the definitions of bleeding
used in the included RCTs. Observational studies, however, sug-
gested that DOACs were associated with a significantly lower
incidence of bleeding compared to VKAs (RR 0.59, 95% CI
[0.34, 1.00], p =0.05, P =34%, very low-quality evidence).
We downgraded the quality of evidence in observational studies
due to serious risk of bias (Table 4).

Mortality (Fig. 4) In RCTs, the incidence of mortality was
0.3% in patients receiving DOACs compared to 0.4% among
patients on VKAs. Mortality did not differ significantly be-
tween groups in RCTs (RR 0.70, 95% CI [0.23, 2.10], p =
0.52, I* = 5%, low-quality evidence) or observational studies
(RR 0.87, 95% CI[0.42, 1.78], p =0.69, I* = 0%, very low-
quality evidence). The quality of evidence for RCTs was
downgraded due to very serious imprecision (Table 3). The
quality of evidence for observational studies was downgraded
due to serious risk of bias and serious imprecision (Table 4).
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a Randomized controlled trials

DOACs VKAs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Cappato etal 2014 2 1002 3 502 359% 0.33[0.06, 1.99] —
Ezekowitz et al 2017 0 7hA3 6 747 147% 0.08 [0.00,1.35) -
Goette et al 2016 3 1085 4 1104 494% 0.76[0.17,3.37] ——
Total (95% CI) 2850 2353 100.0% 0.40[0.13,1.24] -.-
Total events 5 13
Heterogeneity: Tau®= 0.08; Chi*= 216, df= 2 (P = 0.34); F=7% t t t t
Test for averall effect Z=1.59 (P=0.11) 4.gs Favm?rg DOACS Favours1V0K1\s 200

b Observational studies
DOACs VKAs Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Arujuna etal 2014 0 122 0 107 Not estimable
Barysiene etal 2017 0 126 0 306 Not estimable
Bastoetal 2016 0 38 0 30 MNot estimable
Carizoetal 2015 0 335 4 139 45% 0.05[0.00, 0.85)
Chirino Navarta etal 2015 0 45 2 56 4.2% 0.25[0.01,5.03)
Femiaetal 2017 6 175 12 109 20.0% 0.31[0.12,0.81) —
Flakeretal 2014 0 265 0 275 MNot estimable
Irmeretal 2016 2 318 3 194 9.8% 0.41 [0.07, 2.41) _—1
Kalejs etal 2016 4 143N 13 748 17.2% 0.16 [0.05, 0.49) ——
Kelther etal 2018 2 382 1 137 6.2% 0.72[0.07, 7.85) —_— T
Kochhauser etal 2014 2 429 0 471 4.2% 5.49[0.26,114.00]
Nagarakanti et al 2011 7 1318 4 664 157% 0.88 [0.26, 3.00) —
Pallisgaard etal 2015 1 456 1 774 4.9% 1.70[0.11, 27.07]
Persidskikh etal 2017 0 30 0 20 Not estimable
Plitt et al 2016 2 29 0 114 4.2% 2.28[0.11,47.19]
Russoetal 2017 1 175 1 175 49% 1.00 [0.06, 15.86]
Serpytis et al 2015 0 210 0 204 Not estimahle
Vermaetal 2014 2 429 0 471 4.2% 5.49[0.26,114.00]
Total (95% CI) 6536 4994 100.0% 0.51 [0.26, 0.99] -
Total events 29 41
Heterogeneity: Tau®= 0.34; Chi*=15.17,df=11 (P=0.17), F=27% 0 EiDS 011 110 260

Test for overall effect: Z=1.99 (P = 0.05)

Fig.2 Forest plot demonstrating thromboembolic events for DOACs and
VKAs with or without adjuncts. Square markers represent point estimate
of risk ratios (RR) for individual studies, with square size proportional to
the weight given to each study in the meta-analysis. Horizontal lines

Thrombus on TEE (Fig. 5) The risk of thrombus on TEE did
not differ significantly between groups in RCTs (RR
1.07, 95% CI [0.80, 1.42], p =0.65, I* =0%, low-
quality evidence). The quality of evidence was
downgraded for serious imprecision and indirectness
(Table 3). Observational studies demonstrated a signifi-
cantly lower risk of thrombus on TEE in patients receiv-
ing DOACs compared to patients on VKAs (RR 0.61,
95% CI [0.39, 0.97], p =0.08, I =43%, very low-
quality evidence). The quality of evidence was
downgraded for serious risk of bias, imprecision, and
indirectness (Table 4).

@ Springer

Favours DOACs Favours VKAs

indicate 95% confidence intervals (CI). The solid diamond represents
the estimated 95% confidence interval for effect size of all meta-
analyzed data

Subgroup Analyses

Factor Xa Inhibitors vs Direct Thrombin Inhibitors Subgroup
analysis of factor Xa inhibitors versus other types of
DOACs was not possible because all RCTs evaluated
factor Xa inhibitors and, for observational studies,
study-level data were not available for the different
types of DOAC:s.

High vs Low Risk of Bias All RCTs were at low risk of bias. As
such, we were unable to pursue this subgroup analysis. Four
observational studies were deemed to be at low risk of bias,



Cardiovasc Drugs Ther (2019) 33:339-352

347

while the rest were determined to be at high risk of bias; as
such, sensitivity analyses were conducted (Appendix 3). The
tests for subgroup differences were not statistically significant
for thromboembolic events (p =0.19), mortality (p =0.73),
and thrombus on TEE (p =0.42). For bleeding events, how-
ever, the risk was significantly different in studies at low risk
of'bias (RR 1.37,95% CI [0.57, 3.32]) compared to studies at
high risk of bias (RR 0.46, 95% CI [0.26, 0.82]) (p =0.04).
The studies at a higher risk of bias involve significant con-
founding variables, especially around patient selection; pa-
tients at higher risk of bleeding were likely prescribed
VKAs, allowing for ongoing monitoring and reversibility, if
needed.

a Randomized controlled trials

Publication Bias Publication bias was evaluated for observa-
tional outcomes of thromboembolic events, bleeding events,
and thrombus on TEE (Appendix 4). Bias was suspected for
bleeding events on visual inspection.

Discussion

This systematic review and meta-analysis of RCTs and observa-
tional studies included 17,008 patients with AF undergoing car-
dioversion. Thromboembolism, bleeding, and mortality did not
differ significantly in RCTs based on whether patients received
DOACs or VKAs. Observational studies demonstrated a

DOACs VKAs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Cappato etal 2014 6 1002 4 502 8.7% 0.75[0.21, 2.69]
Ezekowitz et al 2017 14 743 19 747 28.45% 0.731[0.37,1.49) &
Goette et al 2016 32 1085 35 1104 B1.8% 0.92[0.57,1.48]
Total (95% CI) 2850 2353 100.0% 0.85[0.58,1.23] j

Total events 52 58
Heterogeneity: Tau®= 0.00; Chi*=0.34, df= 2 (P = 0.85); F=0%

0.5 2

oT
L8]
(SN

Test for averall effect Z=0.89 (P=0.39) Favours DOACs Favours VKAS

b Observational studies
DOACs VKAs Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Arujuna etal 2014 0 122 0 107 MNot estimable

Basto etal 2016 0 38 1 30 26% 0.26 [0.01,6.28)

Carizzo etal 2015 1 335 1 139 3.3% 0.41[0.03,6.59]

Chirino Navarta etal 2015 5 45 7 56 12.9% 0.89[0.30, 2.61) | —

Femiaetal 2017 3 175 4 109 8.9% 0.47[0.11, 2.05) — 1

Flaker etal 2014 1 265 1 275 3.3% 1.04 [0.07,16.51]

Irmer etal 2016 6 318 4 194 109% 0.92(0.26,3.20) ——

Kalejs etal 2016 5 1431 22 748 14.4% 0.12[0.05,0.31] —

Keltner etal 2018 1 382 1 137 3.3% 0.36 [0.02, 5.69]

Kochhauser etal 2014 6 429 11 471 141% 0.60[0.22,1.61) —1

Nagarakanti et al 2011 15 1319 4 664 12.7% 1.89[0.63,5.67) o

Pallisgaard et al 2015 0 456 0 774 Not estimable

Persidskikh etal 2017 0 30 0 20 MNot estimable

Plitt et al 2016 0 251 0 114 Not estimable

Russoetal 2017 2 175 3 175 6.8% 0.67[0.11,3.94)] —_—T

Serpytis etal 2015 0 210 0 204 Mot estimable

Vermaetal 2014 2 429 3 4n 6.8% 0.73[0.12, 4.36) —

Total (95% CI) 6410 4688 100.0% 0.59 [0.34, 1.00] e

Total events 47 62

Heterogeneity: Tau®= 0.28; Chi*= 16.69, df=11 (P=0.12); F= 34% 50 01 051 1=U 100=

Test for overall effect. Z=1.95 (P = 0.05)

Fig. 3 Forest plots demonstrating bleeding events for DOACs and
VKAs with or without adjuncts. Square markers represent point
estimate of risk ratios (RR) for individual studies, with square size
proportional to the weight given to each study in the meta-analysis.

Favours DOACs Favours VKAs

Horizontal lines indicate 95% confidence intervals (CI). The solid
diamond represents the estimated 95% confidence interval for effect
size of all meta-analyzed data
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significantly lower incidence of thromboembolism and bleeding
among patients receiving DOACs. And, while observational
studies are mired with selection bias and confounding factors
likely influence results, clinical trials do not always provide suf-
ficient information. RCTs may have—as was the case here—
small and select study populations, and well-monitored adher-
ence, which do not reflect real-world conditions [55].

Studying anticoagulation-related adverse events peri-
cardioversion is challenging. With thromboembolic event
rates of 0.3% with DOACs and 0.4% with VKAs—as ob-
served in both RCTs and observational studies in this meta-
analysis—a trial aiming to demonstrate a 25% relative risk
reduction in thromboembolism would require over 100,000
participants to achieve 80% power (alpha=0.05). While
non-inferiority designs may seem like an interesting alterna-
tive, underpowered non-inferiority designs are inherently bi-
ased towards non-inferiority. Given these challenges, this me-
ta-analysis, summarizing the totality of available evidence
surrounding DOAC:s in patients with AF undergoing cardio-
version, is likely to remain the best evidence to guide

a Randomized controlled trials

clinicians. The RCT-derived evidence for DOACs peri-
cardioversion in patients with AF is reassuring with point
estimates that favor DOACs when evaluating patient-
important outcomes such as mortality, thromboembolism,
and bleeding.

From a practical perspective, VKAs have significant disad-
vantages: food and drug interactions, increased hemorrhagic risk
in older patients, and requirement for INR monitoring [56, 57].
When prescribing VKAs in patients undergoing cardioversion,
guidelines strongly recommend an INR range of 2 to 3 [5, 6, 12].
Maintenance of an INR in the therapeutic range is challenging,
especially early after initiating VKA treatment [58]. Large, multi-
center trials comparing VKAs to DOACs have reported times in
therapeutic range between 55 and 65% [18-20, 59]. Meanwhile,
in the first month of VKA therapy, time in the therapeutic range
was only 51% to 58% in similar, multi-center trials [60—62]. Less
time in the therapeutic range has been associated with a higher
risk of bleeding and death [63]. The time in the therapeutic range
achieved in RCTs is known to be higher than that in observation-
al studies, suggesting that the safety and efficacy of VKAs

DOACs VKAs Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
Cappato etal 2014 5 1002 3 502 543% 0.83[0.20, 3.48] —a—
Ezekowitz etal 2017 2 753 1 747 20.4% 1.98 [0.18, 21.83] &
Goette et al 2016 1 1085 5 1104 253% 0.20[0.02,1.72) -
Total (95% CI) 2850 2353 100.0% 0.70 [0.23, 2.10] gl
Total events 8 9

. 2 3 2 . — 2= t } } +
Heterogeneity: Tau®*= 0.05; Chi*=2.11,df=2 (P=0.35); F=5% 005 02 ] : 20

Test for averall effect. Z=0.65(P=0.52)

b Observational studies
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DOACs VKAs Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Arujuna et al 2014 o 122 0o 107 Not estimahle
Flaker etal 2014 2 265 2 275 13.6% 1.04[0.15,7.31]
Irmer et al 2016 5 318 3 194 256% 1.02[0.25, 4.21)] —
Pallisgaard et al 2015 2 456 12 774 23.2% 0.28 [0.06, 1.26) e —
Plitt ot al 20186 1 251 o 114 51% 1.37 [0.08, 22.25]
Russoetal 2017 1 175 1 175 6.8% 1.00[0.06, 15.86]
Serpytis etal 2015 5 210 3 204 257% 1.62[0.39, 6.69] e E—
Total (95% CI) 1797 1843 100.0% 0.87[0.42,1.78] B
Total events 16 21
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Test for overall effect: Z= 0.39 (P = 0.69)

Fig.4 Forest plots demonstrating mortality for DOACs and VKAs
with or without adjuncts. Square markers represent point estimate
of risk ratios (RR) for individual studies, with square size propor-
tional to the weight given to each study in the meta-analysis.

@ Springer

Favours DOACs Favours VKAs

Horizontal lines indicate 95% confidence intervals (CI). The solid
diamond represents the estimated 95% confidence interval for ef-
fect size of all meta-analyzed data
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portrayed in RCTs may exceed results in the “real world” [64].
Subtherapeutic INRs are particularly important peri-
cardioversion as they may lead to procedure cancellations,
transoesophageal echocardiograms, and delays that impact pa-
tient quality of life, all at costs to the healthcare system [36]. In
the X-Vert trial, for example, there was a significant increase of
22 days in median days to cardioversion with VKAs compared
to rivaroxaban [31].

In contrast, DOACs carry a predictable therapeutic effect,
do not require routine monitoring, and have fewer drug or
food interactions [65]. Concerns with using DOACs revolve
around the lack of widely available reliable reversal agents
with patients and physician concerns about the management
of life-threatening bleeding [66]. With an incidence of major
bleeding of 0.004% with DOACs in RCTs, these events are
rare peri-cardioversion and, based on our pooled estimate of
risk, potentially less frequent with DOACs compared to
VKAs. This is consistent with the results of larger RCTs with

a Randomized controlled trials

longer follow-up in patients with AF where DOACs decreased
the risk of major bleeding when compared with warfarin [67].

Two distinct populations of patients undergo cardioversion.
A majority of patients who undergo cardioversion require life-
long oral anticoagulation [31, 33, 68]. Among such patients,
DOAC:S are shown to be as effective as VKAs, while being
safer, with lower rates of life-threatening bleeds [67]. A recent
survey of AF patients treated with DOACs and VKAs as
outpatients demonstrated a significantly greater patient satis-
faction among those taking DOACs, without any impact on
adherence [69]. Our results suggest that these benefits can be
extended to the cardioversion period, especially in the 15—
25% of patients who undergo cardioversion and do not need
long-term oral anticoagulation per current guidelines [32, 33,
68]. These patients are invariably younger and are often more
active, and given that there is no evidence of compromise in
overall effect, DOACs should be favored for their conve-
nience and predictability.

DOACs VKAsS Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
Cappato etal 2014 21 410 10 218 15.0% 1.12[0.54, 2.33] .j
Ezekowitz etal 2017 30 420 31 420 346% 0.97 [0.60,1.57)
Goette et al 2016 47 589 42 594 50.4% 1.13[0.76,1.68] ]
Total (95% CI) 1419 1232 100.0% 1.07 [0.80, 1.42] *."
Total events 98 a3
Heterogeneity: Tau®= 0.00; Chi*=0.25, df= 2 (P = 0.88); F=0% 05 07 15 3

Test for overall effect: Z=0.46 (P = 0.65)
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DOACs VKAs Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Barysiene etal 2017 2 126 5 306 65% 0.97[0.19, 4.94] B
Chirino Navarta et al 2015 4 55 11 56 11.7% 0.37[0.13,1.09) —_—
Cohenetal 2016 3 47 0 3 2.3% 4.67[0.25, 87.33]
Flaker etal 2014 0 86 0 85 Not estimable
Irmeretal 2016 22 318 14 194 20.0% 0.96 [0.50,1.83] ——
Kalejs etal 2016 76 143 52 728 28.0% 0.74 [0.53,1.05] —
Kochhauser etal 2014 0 429 0 47 Mot estimable
Nagarakanti et al 2011 5 327 1 88 41% 1.35[0.16,11.37)
Russoetal 2017 1 175 1 175 26% 1.00 [0.06, 15.86]
Sharifetal 2017 2 68 8 119 7.2% 0.44 [0.10, 2.00] T
Zyllaetal 2015 8 205 32 180 17.7% 0.22[0.10, 0.46] —
Total (95% CI) 3267 2433 100.0% 0.61[0.39, 0.97] <>
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Test for overall effect. Z=2.08 (P =0.04)

Fig. 5 Forest plot demonstrating thrombus on transesophageal echo for
DOACs and VKAs with or without adjuncts. Square markers represent
point estimate of risk ratios (RR) for individual studies, with square size
proportional to the weight given to each study in the meta-analysis.
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Horizontal lines indicate 95% confidence intervals (CI). The solid dia-
mond represents the estimated 95% confidence interval for effect size of
all meta-analyzed data
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Strengths and Limitations

Our systematic review and meta-analysis has several
strengths: pre-registration, a comprehensive search strategy,
the inclusion of randomized and observational data, and a
rigorous evaluation of the quality of evidence. Furthermore,
unlike a previous meta-analysis on the topic, we divided ob-
servational and RCT data [70]. Our review and meta-analysis
also has limitations. First, included studies evaluated different
DOACSs against VKAs, and some used adjuncts, like low
molecular weight or unfractionated heparin, to the VKAs.
Although this may lead to clinical heterogeneity, it also re-
flects clinical practice. Second, despite including all available
evidence, the number of participants remains insufficient to
evaluate for differences in patient-important outcomes be-
tween DOACs and VKAs. Third, the definitions for bleeding,
and major bleeding, varied among studies.

Conclusions

Based on moderate-quality data from RCTs and very low-quality
observational data, the results of our systematic review and meta-
analysis suggest that using DOACs peri-cardioversion in patients
with atrial fibrillation appears to be safe from both a bleeding and
thromboembolic risk perspective. Available evidence supports
the use of DOAC:s as standard of care for peri-cardioversion in
patients with atrial fibrillation.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflicts of
interest.

Ethical Approval This article does not contain any studies with human
participants or animals performed by any of the authors.

References

1. Humphries KH, Jackevicius C, Gong Y, et al. Population rates of
hospitalization for atrial fibrillation/flutter in Canada. Can J Cardiol.
2004;20:869-76.

2. deLusignan S, van Vlymen J, Hague N, Thana L, Dzregah B, Chan
T. Preventing stroke in people with atrial fibrillation: a cross-
sectional study. J Public Health (Oxf). 2005;27:85-92.

3. Carroll K, Majeed A. Comorbidity associated with atrial fibrilla-
tion: a general practice-based study. Br J Gen Pract. 2001;51:884—6
889-91.

4. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE,
Cleveland JC Jr, et al. 2014 AHA/ACC/HRS guideline for the
management of patients with atrial fibrillation: a report of the
American College of Cardiology/American Heart Association
Task Force on Practice Guidelines and the Heart Rhythm Society.
J Am Coll Cardiol. 2014;64:e1-76.

@ Springer

10.

11.

12.

15.

16.

17.

18.

20.

21.

22.

23.

Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B,
et al. 2016 ESC guidelines for the management of atrial fibrillation
developed in collaboration with EACTS. Eur Heart J. 2016;37:
2893-962.

Macle L, Cairns J, Leblanc K, Tsang T, Skanes A, Cox JL, et al.
2016 focused update of the Canadian Cardiovascular Society
Guidelines for the Management of Atrial Fibrillation. Can J
Cardiol. 2016;32:1170-85.

Klein HH, Trappe HJ. Cardioversion in non-valvular atrial fibrilla-
tion. Dtsch Arztebl Int. 2015;112:856-62.

Laszlo R, Laszlo S, Graze H, Schreieck J. Electrical cardioversion
for atrial fibrillation. Dtsch Med Wochenschr. 2010;135:750-4.
Camm AJ, Savelieva I, Lip GY. Guideline Development Group for
the NICE Clinical Guidelines For the management of atrial fibril-
lation. Rate control in the medical management of atrial fibrillation.
Heart. 2007;93:35-8.

Cutro R Jr, Burkart TA, Curtis AB. Rapid achievement of therapeu-
tic anticoagulation positively affects outcome in patients undergo-
ing cardioversion for persistent atrial fibrillation. Clin Cardiol.
2006;29:78-82.

Reiffel JA. Cardioversion for atrial fibrillation: treatment options
and advances. Pacing Clin Electrophysiol. 2009;32:1073-84.
January CT, Wann LS, Alpert JS, et al. 2014 AHA/ACC/HRS
guideline for the management of patients with atrial fibrillation: a
report of the American College of Cardiology/American Heart
Association Task Force on practice guidelines and the Heart
Rhythm Society. Circulation. 2014;130:e199-267.

Gibson CM, Basto AN, Howard ML. Direct oral anticoagulants in
cardioversion: a review of current evidence. Ann Pharmacother.
2018;52:277-84.

You JJ, Singer DE, Howard PA, Lane DA, Eckman MH, Fang MC,
et al. Antithrombotic therapy for atrial fibrillation: antithrombotic
therapy and prevention of thrombosis, 9th ed: American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines.
Chest. 2012;141:e531S-75S.

Goette A, Hammwohner M, Bukowska A, et al. The impact of rapid
atrial pacing on ADMA and endothelial NOS. Int J Cardiol.
2012;154:141-6.

Lendeckel U, Amdt M, Wrenger S, Nepple K, Huth C, Ansorge S,
et al. Expression and activity of ectopeptidases in fibrillating human
atria. J Mol Cell Cardiol. 2001;33:1273-81.

Bukowska A, Zacharias I, Weinert S, Skopp K, Hartmann C, Huth
C, et al. Coagulation factor Xa induces an inflammatory signalling
by activation of protease-activated receptors in human atrial tissue.
Eur J Pharmacol. 2013;718:114-23.

Connolly SJ, Ezekowitz MD, Yusuf S, Eikelboom J, Oldgren J,
Parekh A, et al. Dabigatran versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2009;361:1139-51.

Giugliano RP, Ruff CT, Braunwald E, Murphy SA, Wiviott SD,
Halperin JL, et al. Edoxaban versus warfarin in patients with atrial
fibrillation. N Engl J Med. 2013;369:2093—-104.

Patel MR, Mahaffey KW, Garg J, Pan G, Singer DE, Hacke W, etal.
Rivaroxaban versus warfarin in nonvalvular atrial fibrillation. N
Engl J Med. 2011;365:883-91.

Granger CB, Alexander JH, McMurray JJ, et al. Apixaban versus
warfarin in patients with atrial fibrillation. N Engl J Med. 2011;365:
981-92.

Ruff CT, Giugliano RP, Braunwald E, Hoffman EB, Deenadayalu
N, Ezekowitz MD, et al. Comparison of the efficacy and safety of
new oral anticoagulants with warfarin in patients with atrial fibril-
lation: a meta-analysis of randomised trials. Lancet. 2014;383:955—
62.

Papp J, Zima E, Bover R, Karaliute R, Rossi A, Szymanski C, et al.
Changes in oral anticoagulation for elective cardioversion: results
from a European cardioversion registry. Eur Heart J Cardiovasc
Pharmacother. 2017;3:147-50.



Cardiovasc Drugs Ther (2019) 33:339-352

351

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Covidence systematic review software VHI, Melbourne, Australia.
Available at www.covidence.org. Accessed 12 Jan 2018.

Higgins JP, Altman DG, Gotzsche PC, et al. The Cochrane
Collaboration’s tool for assessing risk of bias in randomised trials.
BMJ. 2011;343:d5928.

Tool to Assess Risk of Bias in Cohort Studies The Clarity Review
Group. http://help.magicapp.org/knowledgebase/articles/327941-
tool-to-assess-risk-of-bias-in-cohort-studies. Accessed 1 June 2018.
Review Manager (RevMan) [Computer program]. Version 5.3.
Copenhagen: The Nordic Cochrane Centre TCC; 2014.
DerSimonian R, Laird N. Meta-analysis in clinical trials. Control
Clin Trials. 1986;7:177-88.

Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-
Coello P, et al. GRADE: an emerging consensus on rating quality of
evidence and strength of recommendations. BMJ. 2008;336:924—6.
Antonopoulos P. Anticoagulation with rivaroxaban in cardioversion
- the ARC Study (ARC). Stroger Hospital: John H; 2015.
Cappato R, Ezekowitz MD, Klein AL, Camm AJ, Ma CS, le
Heuzey JY, et al. Rivaroxaban vs. vitamin K antagonists for cardio-
version in atrial fibrillation. Eur Heart J. 2014;35:3346-55.
Ezekowitz MD, Pollack CV Jr, Halperin JL, England RD, VanPelt
Nguyen S, Spahr J, et al. Apixaban compared to heparin/vitamin K
antagonist in patients with atrial fibrillation scheduled for cardio-
version: the EMANATE trial. Eur Heart J. 2018;39:2959-71.
Goette A, Merino JL, Ezekowitz MD, Zamoryakhin D, Melino M,
Jin J, et al. Edoxaban versus enoxaparin-warfarin in patients under-
going cardioversion of atrial fibrillation (ENSURE-AF): a
randomised, open-label, phase 3b trial. Lancet. 2016;388:1995—
2003.

Nagarakanti R, Ezekowitz MD, Oldgren J, Yang S, Chernick M,
Aikens TH, et al. Dabigatran versus warfarin in patients with atrial
fibrillation: an analysis of patients undergoing cardioversion.
Circulation. 2011;123:131-6.

Barysiene J, Zebrauskaite A, Petrikonyte D, Marinskis G,
Aidietiene S, Aidietis A. Findings of transoesophageal echocardio-
gram in appropriately anticoagulated patients with persistent atrial
fibrillation prior to planned cardioversion. BMC Cardiovasc
Disord. 2017;17:67.

Basto AN, Fewel NP, Gupta R, Stock EM, Mia TM. A comparison
between dabigatran and warfarin on time to elective cardioversion.
J Atr Fibrillation. 2016;8:1355.

Carrizo AG, Lamelas P, Pinilla Echeverri N, Morillo CA. Real
world usage of oral anticoagulants in patients undergoing electrical
cardioversion for atrial tachyarrhythmias. Can J Cardiol. 2015;31:1.
Chirino Navarta DA, Palacios R, Leonardi MS, Trejo G, Baletti L,
et al. Presence of thrombus and spontaneous contrast in the left
atrium of patients with atrial fibrillation anticoagulated with
dabigatran and acenocoumarol. Rev Argent Cardiol. 2015;83.
Femia G, Fetahovic T, Shetty P, Lee A. Novel oral anticoagulants in
direct current cardioversion for atrial fibrillation. Heart Lung Circ.
2018;27:798-803.

Flaker G, Lopes RD, Al-Khatib SM, et al. Efficacy and safety of
apixaban in patients after cardioversion for atrial fibrillation: in-
sights from the ARISTOTLE trial (Apixaban for Reduction in
Stroke and Other Thromboembolic Events in Atrial Fibrillation). J
Am Coll Cardiol. 2014;63:1082-7.

Rostock T, Sonnenschein S, et al. Long-term anticoagulation is not
associated with reliable absence of left atrial appendage thrombi in
atrial fibrillation patients referred for electrical cardioversion. Heart
Rhythm. 2016;13:1.

Lejnieks A, Erglis A, et al. Comparison of dabigatran and
rivaroxaban versus warfarin in patients with persistent and long-
standing atrial fibrillation undergoing electrical cardioversion with
high risk of stroke and embolism. Circulation. 2016;134.
Kochhauser S, Khaykin Y, Beardsall J, et al. Comparison of out-
comes after cardioversion or atrial fibrillation ablation in patients

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

with differing periprocedural anticoagulation regimens. Can J
Cardiol. 2014;30:1541-6.

Pallisgaard JL, Lindhardt TB, Hansen ML, Schjerning AM, Olesen
JB, Staerk L, et al. Cardioversion and risk of adverse events with
dabigatran versus warfarin-a nationwide cohort study. PLoS One.
2015;10:¢0141377.

Persidskikh Y, Mrochek A, Goncharik D, Chasnoits A,
Plashchinskaya L, Barsukevich V, et al. Short-term pre cardiover-
sion anticoagulation with dabigatran etexilate in patients with per-
sistent atrial fibrillation. Europace. 2017;19:1ii398.

Plitt A, Ezekowitz MD, De Caterina R, et al. Cardioversion of atrial
fibrillation in ENGAGE AF-TIMI 48. Clin Cardiol. 2016;39:345-6.
Russo V, Rago A, Papa AA, D’Onofrio A, Golino P, Nigro G.
Efficacy and safety of dabigatran in patients with atrial fibrillation
scheduled for transoesophageal echocardiogram-guided direct elec-
trical current cardioversion: a prospective propensity score-matched
cohort study. J Thromb Thrombolysis. 2018;45:206—12.

Serpytis P, Palsauskaite R, Navickas G, Tamosiunas T, et al.
Dabigatran vs. warfarin and the postcardioversion thromboembolic
risk. Eur Heart J. 2015;4:1.

Sharif Z, Srinivas B, Tiedt I, Ryan N, Awadalla M, Sullivan V, et al.
Evaluating cardioversion outcomes for atrial fibrillation on novel
oral anticoagulants versus warfarin: experience at a tertiary referral
centre. Ir J Med Sci. 2017;186:615-20.

Zylla MM, Pohlmeier M, Hess A, Mereles D, Kieser M, Bruckner
T, et al. Prevalence of intracardiac thrombi under phenprocoumon,
direct oral anticoagulants (dabigatran and rivaroxaban), and bridg-
ing therapy in patients with atrial fibrillation and flutter. Am J
Cardiol. 2015;115:635-40.

Arujuna A, Ooues G, Abbas A, Sivanandarajah P, Sidhu B, et al.
Electrical cardioversion of atrial fibrillation with the novel oral an-
ticoagulants: a single centre UK-based registry experience. EP Eur.
2014;16:iii16.

Cohen R, Aroney N, Blenkhorn A, Cross J. The incidence of left
atrial appendage thrombus in warfarin versus NOACS prior to
transoesophageal echocardiogram guided cardioversion. Heart
Lung Circ. 2016;25:5279-80.

Verma A, Beardsall J, Juta R, Hache P, Lenton-Brym T, Tsang B,
et al. Comparison of outcomes post-cardioversion of patients with
differing peri-procedural anticoagulation regimens. Can J Cardiol.
2014;30:S182.

Emily Keltner CW, Becker A, Davis C, Wilson WW. No difference
in 30-day adverse event rate or recurrence of atrial fibrillation be-
tween warfarin and direct oral anticoagulants used in elective car-
dioversion: an outpatient registry analysis. Circulation.
2018;136(suppl_1):1.

Mayer F, Kirchmayer U, Coletta P, Agabiti N, Belleudi V, Cappai
G, di Martino M, Schneeweiss S, Davoli M, Patorno E. Safety and
effectiveness of direct oral anticoagulants versus vitamin K antag-
onists: pilot implementation of a near-real-time monitoring program
in Italy. J] Am Heart Assoc. 2018;7.

Optimal warfarin management for the prevention of thromboem-
bolic events in patients with atrial fibrillation: a systematic review
of the clinical evidence. Ottawa (ON), 2011.

Fitzmaurice DA, Blann AD, Lip GY. Bleeding risks of antithrom-
botic therapy. BMJ. 2002;325:828-31.

Schein JR, White CM, Nelson WW, Kluger J, Mearns ES, Coleman
CL Vitamin K antagonist use: evidence of the difficulty of achiev-
ing and maintaining target INR range and subsequent conse-
quences. Thromb J. 2016;14:14.

Alexander JH, Lopes RD, Thomas L, Alings M, Atar D, Aylward P,
et al. Apixaban vs. warfarin with concomitant aspirin in patients
with atrial fibrillation: insights from the ARISTOTLE trial. Eur
Heart J. 2014;35:224-32.

Schulman S, Kakkar AK, Goldhaber SZ, Schellong S, Eriksson H,
Mismetti P, et al. Treatment of acute venous thromboembolism with

@ Springer


http://www.covidence.org
http://help.magicapp.org/knowledgebase/articles/327941-tool-to-assess-risk-of-bias-in-cohort-studies
http://help.magicapp.org/knowledgebase/articles/327941-tool-to-assess-risk-of-bias-in-cohort-studies

352

Cardiovasc Drugs Ther (2019) 33:339-352

61.

62.

63.

64.

65.

66.

dabigatran or warfarin and pooled analysis. Circulation. 2014;129:
764-72.

Investigators E, Bauersachs R, Berkowitz SD, et al. Oral
rivaroxaban for symptomatic venous thromboembolism. N Engl J
Med. 2010;363:2499-510.

Investigators E-P, Buller HR, Prins MH, et al. Oral rivaroxaban for
the treatment of symptomatic pulmonary embolism. N Engl J Med.
2012;366:1287-97.

Grzymala-Lubanski B, Labaf A, Englund E, Svensson PJ,
Sjalander A. Mechanical heart valve prosthesis and warfarin - treat-
ment quality and prognosis. Thromb Res. 2014;133:795-8.
Korenstra J, Wijtvliet EP, Veeger NJ, et al. Effectiveness and safety
of dabigatran versus acenocoumarol in ‘real-world’ patients with
atrial fibrillation. Europace. 2016;18:1319-27.

Raval AN, Cigarroa JE, Chung MK, et al. Management of patients
on non-vitamin K antagonist oral anticoagulants in the acute care
and periprocedural setting: a scientific statement from the American
Heart Association. Circulation. 2017;135:€604-33.

Habert JS. Minimizing bleeding risk in patients receiving direct oral
anticoagulants for stroke prevention. Int J Gen Med. 2016;9:337-47.

@ Springer

67.

68.

69.

70.

Eikelboom J, Merli G. Bleeding with direct oral anticoagulants vs
warfarin: clinical experience. Am J Med. 2016;129:S33-40.
Hansen ML, Jepsen RM, Olesen JB, et al. Thromboembolic risk in
16 274 atrial fibrillation patients undergoing direct current cardio-
version with and without oral anticoagulant therapy. Europace.
2015;17:18-23.

Benzimra M, Bonnamour B, Duracinsky M, Lalanne C,
Aubert JP, Chassany O, et al. Real-life experience of quality
of life, treatment satisfaction, and adherence in patients re-
ceiving oral anticoagulants for atrial fibrillation. Patient
Prefer Adherence. 2018;12:79-87.

Brunetti ND, Tarantino N, De Gennaro L, Correale M, Santoro F,
Di Biase M. Direct oral anti-coagulants compared to vitamin-K
antagonists in cardioversion of atrial fibrillation: an updated meta-
analysis. J] Thromb Thrombolysis. 2018;45:550-6.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.



	Direct...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Subgroup Analyses

	Discussion
	Strengths and Limitations
	Conclusions
	References


