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BACKGROUND There is consensus on the safety of standard dose
direct oral anticoagulants (DOACs) for stroke prevention in patients
undergoing cardioversion of atrial fibrillation (AF), but outcomes of
reduced dose DOACs in this setting remain unclear.

OBJECTIVE This systematic review and meta-analysis aimed to
compare the rate of cardioversion-associated thromboembolic
events between patients taking reduced dose DOACs and those
receiving standard dose anticoagulation.

METHODS A systematic search was conducted for studies published
between January 1, 2009, and February 16, 2024 in PubMed, Em-
base, and Cochrane Central Register of Controlled Trials. The
included studies compared the rate of thromboembolic events in pa-
tients with AF undergoing cardioversion on reduced dose DOACs
with the rate in those on standard dose anticoagulation. Odds ratios
were pooled with a random effects model.

RESULTS We identified 2 randomized controlled trials and 8 cohort
studies, which included 5212 patients with AF who underwent car-
dioversion on anticoagulation (1010 patients on reduced dose
DOACs and 4202 patients on standard dose anticoagulation).

Follow-up ranged from 3 hours to 90 days after cardioversion. There
was a numerically higher rate of thromboembolic events in patients
undergoing cardioversion on reduced dose DOACs than in those on
standard dose anticoagulation (0.69% vs 0.29%; odds ratio 1.98;
95% confidence interval 0.72-5.45; P = .19; I* = 0%); however,
the difference was not statistically significant.

CONCLUSION Our systematic review and meta-analysis suggests
that there is a numerically higher risk of thromboembolic events
in patients with AF undergoing cardioversion on reduced dose
DOACs than in those on standard dose anticoagulation. However,
the difference was not statistically significant. These findings raise
concern about the safety of reduced dose DOACs in patients under-
going cardioversion.
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m We identified a numerically higher incidence of
thromboembolic events in patients on reduced dose
direct oral anticoagulants (DOACs) undergoing cardio-
version for atrial fibrillation than in those on standard
dose DOACs.

m The lack of statistically significant difference in the
odds of thromboembolic events between reduced and
standard dose DOAC therapy may be due to insufficient
power rather than a true lack of difference.

m Our results raise concern about the safety of reduced
dose DOACs in patients undergoing cardioversion.

Introduction
There is an increased risk of thromboembolic events after
chemical and electrical cardioversion of atrial fibrillation
(AF) and atrial flutter (AFL). The risk of postcardioversion
thromboembolic events has been found to significantly
drop from 5%-—7% to approximately 0.7% with uninterrupted
anticoagulation therapy.'” The efficacy of standard dose oral
anticoagulation therapy in AF cardioversion has been well
studied, and current consensus is that standard direct oral an-
ticoagulants (DOACs) provide a safe and viable alternative to
warfarin in this setting.z’7 However, it is unclear whether
reduced dose DOAC:s sufficiently prevent thromboembolic
events in patients with AF undergoing cardioversion. This
is particularly important as the prevalence of the use of
reduced dose DOAC:s in patients with AF is approximately
20%.°

DOAC therapy at reduced doses is recommended on the
basis of factors such as age, weight, and renal function.! Ma-
jor landmark trials have demonstrated the effectiveness of
reduced dose regimens in AF compared to warfarin, with
lower bleeding risk compared to full dose regimens.” '
For patients who qualify for dose reduction, this approach
has become the standard of care to minimize bleeding
risks. Importantly, off-label underdosing of DOACs has
been shown to be associated with an increased risk of stroke
and systemic embolism, with no reduction in bleeding
risk.],(),7,l3

Post hoc analyses of landmark trials investigating the out-
comes of cardioversion of patients with AF have highlighted
a potential increased risk of thromboembolic events in pa-
tients on reduced dose DOACs.”” Subsequent observational
studies have revealed efficacy of reduced dose DOACs
similar to that of standard dose anticoagulation therapy.
Given the lack of consensus, a systematic review of the liter-
ature is required to understand the safety of reduced dose
DOAC: in the setting of cardioversion. The aim of this sys-
tematic review and meta-analysis was to compare the rate
of thromboembolic events between reduced dose DOACs
and standard dose anticoagulation in patients with AF or
AFL undergoing cardioversion.

Methods

Registration

The protocol for our study was registered with PROSPERO
(CRD42024513348).

Literature search and data sources

A systematic search of the literature was conducted by 2 in-
vestigators (T.Q. and E.S.) in PubMed, Embase, and Co-
chrane Central Register of Controlled Trials for studies
published between January 1, 2009, and February 16,
2024. The start date of 2009 was selected as it preceded the
approval of DOACs for AF by regulatory bodies. The
PubMed search strategy is available in Online
Supplemental Appendix S1. Language was restricted to En-
glish only. All studies obtained from the search were re-
viewed manually in duplicate (T.Q. and E.S.) for inclusion.
A gray literature search was conducted through databases
(Scopus and OpenGrey), manual Web searches, and confer-
ence proceedings, in addition to ClinicalTrials.gov for
ongoing trials. The reference lists of relevant articles,
including systematic reviews and meta-analyses, were hand
searched.

Study selection and quality assessment

The following inclusion criteria were applied: (1) studies
must compare reduced dose DOACs with standard dose anti-
coagulation in patients cardioverted for AF or AFL and (2)
studies must report on thromboembolic events, including
ischemic stroke, transient ischemic attack, or systemic embo-
lism. We excluded noncomparative trials, case reports, case
series, systematic reviews, and meta-analyses. Abstracts
were included, and although authors were contacted for addi-
tional data, no unpublished data were obtained. The selection
of studies was assessed independently by 2 investigators
(T.Q. and E.S.).

The quality of the primary studies was assessed in dupli-
cate (T.Q. and E.S.). The Newcastle-Ottawa Scale was
used to evaluate cohort studies on selection of study groups,
comparability of study groups, and measurement of out-
comes.'* The Grading of Recommendations, Assessments,
Development and Evaluations approach was used to evaluate
the overall evidence of the randomized controlled trials
(RCTs) and observational cohort studies for risk of bias,
inconsistency, indirectness, imprecision, and publication
bias.'”” A summary of the findings is provided in Online
Supplemental Table S1.

Data extraction and outcome of interest
Two investigators (T.Q. and E.S.) independently extracted
the following data from the included studies: study design,
sample size, intervention, patient demographic data, outcome
data, and definitions of outcomes. Disagreements were
resolved through discussion and, when necessary, consulta-
tion with a third author (M.S.).

For our analysis, reduced dose DOACs included apixaban
2.5 mg twice daily, dabigatran 110 mg twice daily, edoxaban


http://ClinicalTrials.gov

Table 1  Summary of study characteristics
No. of patients Type of anticoagulation
Reduced dose Standard dose Follow-up
Study Year Type DOACs 0AC Reduced dose DOACs Standard dose OAC (d) Definitions
Uziebto-Zyczkowska 2023 Prospective 113 498 Apixaban 2.5 mg BID: 30 Apixaban 5 mg BID: 76 30 Stroke: sudden-onset new focal
et al*® cohort Dabigatran 110 mg BID: Dabigatran 150 mg BID: neurologic deficit in location
52 200 consistent with the territory of
Rivaroxaban 15 mg Rivaroxaban 20 mg daily: the major cerebral artery,
daily: 31 222 confirmed by imaging, with
symptoms that persisted for at
least 24 h
Systemic embolism: acute vascular
occlusion of an extremity or
organ documented by imaging
or surgery
TIA: Brief episode of focal
neurologic deficit with
symptoms lasting <24 h
Schaeffer et al*’ 2018 Prospective 93 992 Apixaban 2.5 mg BID: 14 Apixaban 5 mg BID: 41 0.125 Thromboembolic events: clinically
cohort Dabigatran 110 mg BID: Dabigatran 150 mg BID: documented thromboembolic
31 69 events
Rivaroxaban 15 mg Rivaroxaban 20 mg daily:
daily: 48 292
Warfarin: 375
LMWH: 215
Russo et al'® 2018 Prospective 40 310 All dabigatran 110 mg  Dabigatran 150 mg BID: 30 Stroke: clinically documented
cohort BID 135 stroke
Warfarin: 175 TIA: clinically documented TIA
Systemic embolism: clinically
documented systemic embolism
Shibata et al*’ 2017 Retrospective 87 316 Apixaban 2.5 mg BID: 9 Apixaban 5 mg BID: 25 30 Thromboembolic events: ischemic
cohort Dabigatran 110 mg BID: Dabigatran 150 mg BID: stroke or other embolic event
42 34 such as renal infarction and
Rivaroxaban 15 mg Warfarin: 257 acute limb ischemia
daily: 36
Plitt et al® 2016 RCT 111 254 All edoxaban 30 mg daily Edoxaban 60 mg daily: 30 Stroke: ischemic or hemorrhagic
140 stroke
Warfarin: 114 Systemic embolism: any type of
systemic embolism
Russo et al*° 2016 Prospective 7 70 All rivaroxaban 15 mg  All rivaroxaban 20 mg 90 Stroke: symptoms or clinical signs
cohort daily daily of stroke
Peripheral embolism: symptoms or
clinical signs of peripheral
embolism
Russo et al?* 2015 Prospective 19 101 All dabigatran 110 mg  All dabigatran 150 mg 30 Stroke: ischemic or hemorrhagic

cohort

BID

BID

stroke
Systemic embolism: not defined
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Stroke: clinically documented

30

All dabigatran 110 mg  Dabigatran 150 mg BID:

93 102

2015 Retrospective

Mitamura et al??

stroke

100
Warfarin: 2

BID

cohort

Thromboembolic events: ischemic

30

All dabigatran 110 mg  Dabigatran 150 mg BID:

34 702

2015 Retrospective

Johansson et al®

stroke and TIA

536
Warfarin: 166

BID

cohort

Stroke: sudden-onset focal

30

All dabigatran 110 mg  Dabigatran 150 mg BID:

857

413

2011 RCT

Nagarakanti et al?

neurologic deficit in location

421
Warfarin: 436

BID

consistent with the territory of
the major cerebral artery
Systemic embolism: acute vascular

occlusion of an extremity or

organ documented by means of
imaging, surgery, or autopsy

BID = twice daily; DOAC = direct oral anticoagulant; LMWH = low-molecular-weight heparin; OAC = oral anticoagulation; RCT = randomized controlled trial; TIA = transient ischemic attack.

9-12

30 mg daily, and rivaroxaban 15 mg daily.” ~ Standard dose
anticoagulation included standard dose DOACs (apixaban 5
mg twice daily, dabigatran 150 mg twice daily, edoxaban 60
mg daily, and rivaroxaban 20 mg daily), vitamin K
antagonists, and therapeutic dose low-molecular-weight hep-
arin. Our primary outcome was thromboembolic events,
which was defined as ischemic stroke, transient ischemic
attack, or systemic embolism, using individual trial outcome
definitions (Table 1).

Statistical analysis

The RevMan (version 5) software package provided by the
Cochrane Collaboration was used for combining outcomes
from the individual studies and for statistical analysis.”* Out-
comes were pooled with the use of a random effects model as
described by DerSimonian and Laird.”> Summary estimates
were reported as odds ratios (ORs) and 95% confidence inter-
vals (CIs) for dichotomous variables. The heterogeneity be-
tween studies was assessed by means of Cochrane X* and
I2. I > 50% was considered to represent significant hetero-
geneity.”® Statistical significance was set as P < .05.

Results
Literature search and characteristics of the
included studies
The literature search yielded 2179 studies (1078 from
PubMed, 781 from Embase, 320 from Cochrane Central Reg-
ister of Controlled Trials, and 21 from other sources,
including gray literature and reference lists). Duplicates
were removed, and 1333 studies were excluded during title
and abstract review. The remaining 98 studies were assessed
in full text. Figure 1 summarizes the literature search and
study selection according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses standards.”’
Ten studies met inclusion criteria and were included in the
meta-analysis. We included 2 post hoc analyses of RCTs,” 5
prospective cohort studies,'®'**"*" and 3 retrospective
cohort studies.'”**** Four studies compared reduced dose
dabigatran with standard dose anticoagulation,”'®**** 1
compared reduced dose dabigatran with standard dose dabi-
gatran,”' 1 compared reduced dose rivaroxaban with standard
dose rivaroxaban,’® 1 compared reduced dose edoxaban with
standard dose anticoagulation,” and 3 compared reduced
dose apixaban, dabigatran, and rivaroxaban with standard
dose anticoagulation.'”'*'? Follow-up ranged from 3 hours
to 90 days after cardioversion. Studies had variable defini-
tions of outcomes, which are summarized in Table 1. The
quality of cohort studies was assessed using the Newcastle-
Ottawa Scale in Table 2."*

Baseline characteristics of patients

The 10 studies included a total of 5212 patients who under-
went cardioversion on anticoagulation and were included in
our analysis.”"'®”? A reduced dose DOAC was used in
1010 patients. Standard dose anticoagulation was used in
4202 patients. None of our included studies compared
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Records identified through
database searching
(n=2179)

Additional records identified
through other sources, including
grey literature, review articles and

PubMed: 1078
Embase: 781
CENTRAL: 320

reference lists
m=21)

(n=1333)

Records after duplicates removed

v

Records screened
(n=1333)

Records excluded
(m=1235)
Exclusion criteria: no dosing data,

A 4

Full-text articles
assessed for
eligibility
(m=98)

Lo no cardioversion, non-
comparative studies, case reports,
case series, systematic reviews,
meta-analyses

Full-text articles excluded, with
reasons
(n=288)

A

Studies included in
quantitative synthesis
(meta-analysis)
n=10)

DOAC:S, direct oral anticoagulants

No dosing data: 56
Wrong outcomes: 10
No cardioversion: 22

Figure1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of literature search and study selection. CENTRAL = Cochrane

Central Register of Controlled Trials.

demographic data for patients who underwent cardioversion
on reduced dose DOACs vs those on standard dose
anticoagulation. Of the included studies, Schaeffer et al'” re-
ported that the time in therapeutic range for 70.7% of patients
on warfarin was 59.8% = 29.5%.Click or tap here to enter
text. The baseline characteristics of patients included in
each primary study are summarized in Online
Supplemental Table S2.

Outcomes

Thromboembolic events occurred in 7 patients (0.69%) who
underwent cardioversion on reduced dose DOACs and 12 pa-
tients (0.29%) on standard dose anticoagulation. In compar-
ison to standard dose anticoagulation, there was a
numerically higher rate of thromboembolic events in those
cardioverted on reduced dose DOACs; however, the differ-
ence was not statistically significant (OR 1.98; 95% CI
0.72-5.45; P = .19; I> = 0%) (Figure 2).

We performed separate analyses for RCTs™” and observa-
tional studies.'®* Similar results were observed in RCTs
(OR 2.48; 95% CI 0.25-24.63; P = .17; I> = 47%) and
observational studies (OR 2.11; 95% CI 0.53-8.42; P =
87; I? = 0%) (Figure 3).

Discussion

In this meta-analysis, there was a numerically higher rate of
thromboembolic events in patients with AF undergoing car-
dioversion on reduced dose DOACS than in those on standard
dose anticoagulation; however, the difference was not statis-
tically significant. Moreover, the crude rate of thromboem-
bolic events was overall low.

The current consensus is that standard dose DOACs are
comparable with vitamin K antagonists in reducing the risk
of cardioversion-associated thromboembolic events in pa-
tients with AF."*** This is supported by X-VeRT,
EMANATE, and ENSURE-AF, which demonstrated rates
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T o of thromboembolic events in patients on DOACS similar to
CS8loomwooon g those on warfarin. While these 3 RCTs included patients on
“ 8 reduced dose DOACs, outcomes were not reported specif-
o =] . 5-7
2o 9_ ically for the reduced dose groups.
S3 e RE-LY and ENGAGE-AF-TIMI 48 are the only RCTs
ﬁ % 4§ that have reported outcomes for patients with AF undergoing
X X X X ¥ x X % . .
= o cardioversion on reduced dose DOACs.” The post hoc anal-
S. 9 s ysis of RE-LY compared reduced dose and standard dose da-
S é S =y bigatran with warfarin. The rate of thromboembolic events
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Reduced dose DOACs  Stand

d dose anticoagul.

Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Gorczyca etal 2023 0 113 0 498 Not estimable

Johansson et al 2015 0 34 3 702 11.5% 2.90 [0.15, 57.19]

Mitamura etal 2017 2 93 0 102 11.0% 5.60[0.27, 118.20]

Nagarakanti et al 2011 2 413 4 857 35.5% 1.04 [0.19, 5.69] . —
Plitt et al 2016 2 111 0 254 11.1% 11.62 [0.55, 244.06]

Russo et al 2015 0 19 0 101 Not estimable

Russo et al 2016 0 7 0 70 Not estimable

Russo et al 2018 0 40 2 310 11.0% 1.52 [0.07, 32.30]

Schaeffer et al 2018 0 93 0 992 Not estimable

Shibata et al 2017 1 87 3 316 19.8% 1.21(0.12, 11.81) o J—
Total (95% CI) 1010 4202 100.0% 1.98 [0.72, 5.45] Ee

Total events 7 12
Heterogeneity: Tau? = 0.00; Chi’ = 2.61, df = 5 (P = 0.76); I’ = 0%
Test for overall effect: Z = 1.32 (P = 0.19)

Figure 2
anticoagulant; M-H = Mantel-Haenszel.

Age, female sex, heart failure, and diabetes were independent
predictors of thromboembolic events after cardioversion.” A
cohort study of 1299 patients by Garg et al’' provides addi-
tional support for using the CHADS-VASc score to risk strat-
ify patients on reduced dose DOACs around the time of
cardioversion.Click or tap here to enter text. No thromboem-
bolic events in patients on no, subtherapeutic, and therapeutic
anticoagulation before cardioversion occurred in those with
CHADS-VASc scores below 2. Therefore, in patients on
reduced dose DOACs before cardioversion, the CHADS-
VASc score can be used to inform risk of postcardioversion
thromboembolic events. Accordingly, in those on reduced
dose DOACs with a high risk of thromboembolic events, it
may be reasonable to use a short course (3—4 weeks) of full
dose DOACs with or without TEE before cardioversion.'
Our meta-analysis has several strengths. To our knowl-
edge, this is the first systematic review and meta-analysis

1
u

+ +
10 500

.
0.002 0.1
Reduced dose DOAC Standard dose anticoagula

Forest plot of the individual and combined rates of thromboembolic events. CI = confidence interval; df = degree of freedom; DOAC = direct oral

comparing reduced dose DOACs with standard dose anti-
coagulation for cardioversion of AF/AFL. Our study
pooled data from 10 studies and 5212 patients, 1010 of
whom underwent cardioversion on reduced dose DOACs.
Although several reviews have assessed the efficacy of
DOAC:s in the cardioversion setting, none have specif-
ically reported on outcomes for patients on reduced dose
DOACs."'**

Limitations

The limitations of our meta-analysis are largely related to the
included studies, which reflect the sparsity of the literature on
the use of reduced dose DOACs for cardioversion. Most
included studies were retrospective studies, which have
inherent biases and did not report adjusted events. Conse-
quently, our meta-analysis is limited to unadjusted event
rates. Only 2 studies reported on international normalized

Reduced Dose Standard Dose

Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI|
1.1.1 Observational Studies

Gorczyca et al 2023 0 113 0 498 Not estimahle

Johansson et al 2015 0 34 3 702  11.5% 2.90[0.15, 57.19]

Mitamura et al 2017 2 93 0 102 11.0% 5.60[0.27, 118.20] ¥
Russo et al 2015 0 19 0 101 Not estimable

Russo et al 2016 0 7 0 70 Not estimable

Russo et al 2018 0 40 2 310 11.0% 1.52 [0.07, 32.30]

Schaeffer et al 2018 0 93 0 992 Not estimable

Shibata et al 2017 1 87 3 316 19.8% 1.21[0.12, 11.81] L —
Subtotal (95% CI) 486 3091 53.4% 2.11[0.53, 8.42] i
Total events 3 8

Heterogeneity: Tau? = 0.00; Chi? = 0.72, df = 3 (P = 0.87); I’ = 0%

Test for overall effect: Z = 1.05 (P = 0.29)

1.1.2 RCTs

Nagarakanti et al 2011 2 413 4 857 35.5% 1.04 [0.19, 5.69] —r—

Plitt et al 2016 2 111 0 254  11.1% 11.62 [0.55, 244.06] ol
Subtotal (95% CI) 524 1111  46.6% 2.48 [0.25, 24.63] ——b—-
Total events 4 4

Heterogeneity: Tau? = 1.39; Chi? = 1.88, df = 1 (P = 0.17); I> = 47%

Test for overall effect: Z = 0.78 (P = 0.44)

Total (95% CI) 1010 4202 100.0% 1.98 [0.72, 5.45] il

Total events 7 12

Heterogeneity: Tau? = 0.00; Chi? = 2.61, df = 5 (P = 0.76); I*> = 0% 6002 051 150 506
Test for overall effec_t: Z=132 (P.= 0.19) Favours Reduced Dose Favours Standard Dose
Test for subgroup differences: Chi? = 0.01, df = 1 (P = 0.90), 1> = 0%

Figure 3

of freedom; M-H = Mantel-Haenszel; RCT = randomized controlled trial.

Forest plot of the individual and combined rates of thromboembolic events for observational studies and RCTs. CI = confidence interval; df = degree



Quevillon et al

Reduced Dose DOACs vs Standard Dose Anticoagulation in Cardioversion of AF 949

ratio levels in the pericardioversion period for patients on
warfarin. This is an important consideration as 2 of the 3 pa-
tients with a primary outcome in the warfarin group had an
international normalized ratio of less than 2.'”'° In addition,
the studies did not report baseline characteristics for standard
dose vs reduced dose DOAC:s specifically, but rather for all
patients on DOAC:s instead. Only 2 of the included observa-
tional studies reported details on the appropriateness of
reduced dose DOAC use.'””'” Of these, Shibata et al '° is
the only study in which all patients were dosed according
to drug manufacturer labels. In the other study, 58% of pa-
tients were prescribed reduced dose dabigatran on the basis
of manufacturer labels; however, the remaining 42% were
prescribed a reduced dose on the basis of physician prefer-
ence.'” Therefore, the appropriateness of reduced dosing re-
mains unclear, and the higher rate of thromboembolic events
in the reduced dose DOAC group could be a result of off-
label use of reduced dose therapy. Furthermore, TEE was
used inconsistently, and this could affect our results. All
included patients underwent elective cardioversion, and
hence the results may not apply to those undergoing acute
cardioversion. Finally, given the very low event rates and
small sample size, the negative statistical findings may be
due to insufficient power rather than a true lack of difference.
A future study with a large sample size and adequately pow-
ered analysis should be considered to examine whether there
is any true difference in clinical outcomes.

Conclusion

This meta-analysis identified a numerically higher rate of
thromboembolic events in patients with AF/AFL undergoing
cardioversion on reduced dose DOACs compared to standard
dose anticoagulation; however, the difference was not statis-
tically significant. This finding raises possible concern
regarding the use of reduced dose DOAC:s in the cardiover-
sion period. Given low event rates, larger studies are required
to evaluate this further.
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