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Abstract
Purpose Amiodarone is a potent inhibitor of the CYP450:3A4 and inhibitor of the P-glycoprotein, both of which metabolize new
oral anticoagulants (NOACs). Patients who are on NOACs and are concomitantly treated with amiodarone may have a higher
risk of major bleeding according to recent retrospective trials. Whether this increased risk outweighs the benefits of NOACs
compared to warfarin is unknown. We aimed to compare clinical outcomes between NOACs and warfarin in patients with atrial
fibrillation (AF) being treated with amiodarone.
Methods We performed a systematic review of MEDLINE, Cochrane, and Embase for randomized controlled trials that com-
pared NOACs to warfarin for prophylaxis of ischemic stroke/thromboembolic events (TEs) in patients with AF and reported
outcomes on TE, major bleeding, and intracranial bleeding (ICB). Risk ratio (RR) and 95% confidence intervals were measured
using the Mantel-Haenszel method. Fixed effects model was used, and if heterogeneity (I2) was > 25%, effects were analyzed
using a random model.
Results A total of four studies comparing NOACs to warfarin were included in the analysis. The total number of patients on
amiodarone was 6197. Mean follow up was 23 ± 5 months. No statistically significant difference for TE prevention (RR, 0.73;
95% CI 0.50–1.07), major bleeding (RR, 1.02; 95% CI 0.68–1.53), or ICB outcomes (RR, 0.58; 95% CI 0.22–1.51) between
patients on NOACs + amiodarone when compared to patients on warfarin + amiodarone.
Conclusion Among patients with AF taking amiodarone, there is no increased risk of stroke, major bleeding, or ICBwith NOACs
compared to warfarin.
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stroke and embolism trial in atrial
fibrillation

TE ischemic stroke/thromboembolic
events

VKA vitamin K antagonist

1 Introduction

The prevalence of atrial fibrillation (AF) in the United States is
projected to exceed 10 million by 2050 [1]. Early pivotal trials
demonstrated the efficacy of vitamin K antagonists (VKAs) for
prevention of thromboembolic events (TEs) in patients with non-
valvular AF (NVAF) and were mainstay treatment until the ad-
vent of the new oral anticoagulants (NOACs): dabigatran,
rivaroxaban, apixaban, and edoxaban. The main drawback asso-
ciatedwithVKAs is the need for constant monitoring due to their
multiple drug-drug interactions and unpredictable pharmacoki-
netic and pharmacodynamic properties, which has often been
attributed to the main cause of medication non-adherence [2].
On the other hand, the NOAC’s predictable pharmacologic prop-
erties allow fixed-dose administrationwithout the need of routine
monitoring, thus improving adherence and quality of life in pa-
tients with NVAF [3, 4]. Additionally, NOACs have demonstrat-
ed to be at least non-inferior toVKAs in stroke prevention, with a
reduced risk of bleeding, such as intracranial hemorrhage [5–8].

Amiodarone is the most commonly used antiarrhythmic in
patients with AF, and up to 11% of patients treated with
NOACs are also receiving amiodarone [9–11]. Importantly,
amiodarone is a potent CYP450-3A4 and P-glycoprotein in-
hibitor, both of which metabolize NOACs [12]. Although no
significant impact of amiodarone on the efficacy of NOAC
has been established, a recently published study reported a
higher risk of major bleeding and intracranial bleeding in pa-
tients who are concomitantly treated with amiodarone and
NOACs as compared to patients on NOACs alone [13].
Nonetheless, there is no evidence from prospectively random-
ized trial supporting this finding. Additionally, it is currently
unknown whether or not this increased risk of bleeding sur-
passes the risk of bleeding associated with concomitant use of
amiodarone and warfarin use, in which case concurrent use of
amiodarone and NOACs would result in a net clinical hazard.

In this meta-analysis, we aimed to compare clinical out-
comes between NOACs and the vitamin K antagonist warfa-
rin in patients with AF being treated with amiodarone.

2 Methods

2.1 Search strategy

We searched PubMed, Embase, and Cochrane Central
Register of Clinical Trials using the terms Atrial Fibrillation

AND (Bleeding OR Stroke OR embolism OR thrombosis)
AND (Dabigatran OR Rivaroxaban OR Edoxaban OR
Apixaban) AND (Warfarin OR Vitamin K antagonist) under
clinical trials. Our search was limited to humans in peer-
reviewed journals from 1990 to September 2017. No language
restriction was applied. The reference lists of identified articles
were also reviewed (Fig. 1).

2.2 Selection criteria

Studies had to fulfill the following criteria to be included in the
analysis: (1) the study was designed in a randomized con-
trolled fashion; (2) the population was composed of patients
with non-valvular AF who were assigned to receive NOACs
or VKAs; (3) information about the concurrent use of amio-
darone was readily available; (4) trials included efficacy and
safety outcomes as part of their respective analyses; (5) the
study provided enough data to calculate risk ratios (RR). The
PRISMA statement for reporting systematic reviews and
meta-analyses was applied to the methods of this study.

3 Data extraction and quality assessment

Two authors (R.A and J.R) searched the studies and extracted
the data independently and in duplicate. Data was extracted
using standardized protocol and reporting forms.
Disagreements were resolved by consensus. We extracted
characteristics of each study including methodology and base-
line patient demographics, comorbidities, use of amiodarone,
warfarin and NOACs, acute complications, long-term stroke
rate, major bleeding, and intracranial bleeding. If this infor-
mation was not readily available in the written article, the
principal investigator of the study was contacted to provide
pertinent information. The quality of reporting of the studies
was assessed using standard criteria defined in the Cochrane
Handbook for Systematic Reviews of Interventions [14]. This
validated instrument for appraising randomized trials mea-
sures risk of bias in seven categories: (1) adequate random
sequence generation, (2) allocation concealment, (3) blinding
of participants and personnel, (4) blinding of outcome assess-
ment, (5) incomplete outcome data, (6) selective reporting,
and (7) other bias. Each trial is described as having a high,
low, or unclear risk of bias in each of the seven domains [14].

4 Primary and secondary outcomes

The primary outcomes were risk of thromboembolic events
(TEs), major bleeding, and intracranial bleeding (ICB) in pa-
tients with atrial fibrillation (AF) being treated with amioda-
rone taking NOACs or VKAs.

74 J Interv Card Electrophysiol (2019) 54:73–80



5 Statistical analysis

Descriptive statistics are presented as means and standard de-
viations (SDs) for continuous variables and number of cases
(n) and percentages (%) for dichotomous and categorical var-
iables. Statistical analysis was performed in line with recom-
mendations from the Cochrane Collaboration and the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines, using Review Manager
(RevMan), version 5.3, the Cochrane Collaboration, 2014.
Heterogeneity was assessed using the I2 statistics, which is
the proportion of total variation observed among the studies
attributable to differences between studies rather than sam-
pling error (chance). Data were summarized across treatment
arms using the Mantel-Haenszel risk ratio (RR) random-
effects model. We considered I2 less than 25% as low and I2

greater than 75% as high. We used fixed effects models for
analyses with low heterogeneity, whereas random-effects
model of DerSimonian and Laird was used if I2 > 25%.

6 Sensitivity analysis

All analyses were performed using the intention-to-treat prin-
ciple. Publication bias was estimated visually by funnel plots.
If any bias was observed, further bias quantification was mea-
sured using the Begg–Mazumdar test, Egger test, and the
Duval and Tweediés trim and fill test. Furthermore, the “left-
out method” was used in order to assess specific impact of
each study in the analysis.

7 Results

7.1 Study selection

A total of 1732 articles were identified, out of which 1529 did
not meet inclusion criteria based on article and abstract evalu-
ation (including 100 duplicate abstracts). After evaluation of the
203 abstracts, a total of 178 abstracts were excluded because
they did not compare the strategies included in the present
study. Twenty-five full-text manuscripts were assessed for eli-
gibility, out of which 20 were excluded based on predefined
inclusion criteria. One study was ultimately excluded from the
final analysis since it did not include amiodarone use data [15].
Finally, 4 studies enrolling a total of 71,683 patients were in-
cluded in the present analysis. Given that two doses of
dabigatran and edoxaban were included in randomized evalua-
tion of long-term anticoagulation therapy therapy (RE-LY) and
effective anticoagulation with factor Xa next generation in atrial
fibrillation trial (ENGAGE AF-TIMI 48), only patients receiv-
ing the current recommended doses of these medications (i.e.,
edoxaban 60mg daily and dabigatran 150mg bid) were includ-
ed, yielding a total of 6197 receiving either NOACs or VKAs
and amiodarone [5–8]. All of the included studies used warfarin
as the selected VKA, and analysis in this trial was based on the
results for this VKA. Post hoc analysis data missing from the
original manuscript was used in patients with NVAF for the
rivaroxaban once-daily oral direct factor Xa inhibition com-
pared with vitamin k antagonism for prevention of stroke and
embolism trial in atrial fibrillation (ROCKETAF), apixaban for
reduction in stroke and other thromboembolic events in atrial
fibrillation trial (ARISTOTLE), and ENGAGE AF-TIMI 48

Fig. 1 Selection of studies
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trial with the purpose of analyzing the effect of amiodarone on
the specified clinical endpoints (Fig. 1) [9–11].

8 Quality assessment and publication bias

Three of the studies included in this meta-analysis had a “low
risk” for bias due to their randomized double-blind design,

with the RE-LY trial considered to be at “unclear risk” for
detection and performance bias due to its open-label design.
Overall, all studies showed low risk of bias (Figs. 2 and 3).
Funnel plots did not suggest publication bias.

9 Baseline characteristics data analysis

The safety and efficacy in clinical outcomes between NOACs
and warfarin in patients with AF being treated with amioda-
rone were analyzed from four RCTs that enrolled a total of
71,683 patients (mean age 72 ± 8 years; male 62%). Mean
follow up was 23 ± 5 months. A total of 3212 patients were
concomitantly on NOAC and amiodarone, with 3085 patients
concomitantly on warfarin and amiodarone.

Time in therapeutic range (TTR) for patients receiving warfa-
rin was > 50% in all included studies, with lower TTR in patients
receiving amiodarone compared to patients without amiodarone
or on other antiarrhythmic drugs. No statistical difference was
reported for the baseline variables in the four included studies.

10 Primary outcome

The total number of patients on amiodarone was 6197. There
was no statistical difference for TE prevention (RR, 0.73; 95%
CI 0.50–1.07), major bleeding (RR, 1.02; 95% CI 0.68–1.53),
and ICB (RR, 0.58; 95% CI 0.22–1.51) between patients on
NOACswhen compared to patients on warfarin in patients with
AF being treated with amiodarone (Fig. 4).

11 Sensitivity analysis

We examined every baseline characteristic (Table 1), and none
of them was associated with a significant impact on the results
of this meta-analysis. Analysis assessing exclusively factor Xa
inhibitors did not demonstrate difference in the efficacy and
safety outcomes (Figs. 1 and 2 in the Supplementary Data).

Fig. 2 Risk of bias summary: review authors’ judgments about each risk
of bias item for each included study, according Cochrane Handbook for
Systematic Reviews of Interventions

Fig. 3 Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies, according
Cochrane Handbook for Systematic Reviews of Interventions
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12 Discussion

Currently available data demonstrate that NOACs are at least
non-inferior (with a slight superiority for the entire NOAC
group) when compared to warfarin for the prevention of stroke
or systemic embolism, with a significant reduction in intracra-
nial hemorrhage, total mortality, and major bleeding as com-
pared to warfarin. Nonetheless, drug interactions could possi-
bly have an impact on these positive results; particularly, ami-
odarone is known to interfere with hepatic metabolism of both
NOACs and amiodarone. Although post hoc analyses of the
ENGAGE AF, ARISTOTLE, and ROCKET AF trial have
been published [9–11], to the best of our knowledge, this is
the first meta-analysis including data for all four currently
available NOACs. Importantly, we included 4 randomized
studies, with a large number of patients and a mean follow
up of 23 months. The pertinent findings of this study were as
follows:

1. No statistically significant difference for TE prevention
(RR, 0.73; 95% CI 0.50–1.07) was found in patients re-
ceiving NOACs + amiodarone vs. patients receiving war-
farin + amiodarone.

2. The combination of NOACs + amiodarone demonstrated
a similar safety profile to the combination of warfarin +
amiodarone, demonstrated by no significant differences in

major bleeding (RR, 1.02; 95% CI 0.68–1.53) or ICB
(RR, 0.58; 95% CI 0.22–1.51) events (Fig. 4).

Amiodarone, a potent inhibitor of the P-gp transporter and
moderate inhibitor of CYP3A4-mediated metabolism, signifi-
cantly affects metabolism of both warfarin and NOAC, which
could have significant impact in clinical outcomes.
Amiodarone reduces time in therapeutic range (TTR) among
patients taking warfarin [9–11], a measure that effectively pre-
dicts proper anticoagulation. As such, higher TTR is predictive
of lower risk of stroke and major hemorrhages [16]. Warfarin
non-adherence is considered to be the most common cause of
explainable aberrant INRs in patients under this medication
[17]. However, concurrent amiodarone use is associated with
an increased risk of stroke in patients treated with warfarin,
probably associated with a lower TTR (mostly below accepted
therapeutic range) in this group of patients [9–11]. Our study
demonstrated no difference between warfarin and NOACs in
the rates of major bleeding, TE, or ICB in a large population of
patients with similar characteristics receiving amiodarone
(Fig. 4). Nonetheless, NOACs use only (without concurrent
amiodarone use) had been previously demonstrated to be as-
sociated with a lower risk of these outcomes when compared
to warfarin alone [5–8]. This lack of benefit seen with the
combination of NOACs and amiodarone could be explained
by an increase in the anticoagulant effect of NOACs caused by

Fig. 4 Forrest plots and funnel plots for the comparative analyses of clinical outcomes in patients concomitantly using NOAC and amiodarone vs
Coumadin and amiodarone. a Stroke. b Major bleeding, c Intracranial bleeding
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amiodarone. Furthermore, Lupercio et al. described no differ-
ence in the rate of stroke, major bleeding, and ICB in a meta-
analysis of randomized clinical trials when NOACs where
used vs concomitant use of amiodarone [18]. Although this
result could be interpreted as a major drawback for concurrent
NOAC and amiodarone use, this combination is at least as safe
as the combination of warfarin and amiodarone, with the
added benefit of ease of use, reduced food and drug interac-
tions, and lack of need for monitoring, all of which have a
positive impact on patient satisfaction [19]. In turn, patient
satisfaction is a strong predictor of adherence to anticoagulant
treatment [20]. Furthermore, Briceno et al. showed that stroke
prevention with NOACs is superior than warfarin for stroke
prevention in patients with non-valvular atrial fibrillation, as
evidenced by the results of their meta-analysis as there was a
significant difference favoring NOACs for systemic embolism
(OR, 0.84; 95% CI, 0.72–0.97; P = 0.01), all-cause mortality
(OR, 0.89; 95% CI, 0.84–0.94; P < 0.001), and safety out-
comes (OR, 0.79; 95% CI, 0.65–0.97; P = 0.026) compared
with warfarin [21]. Therefore, we believe that even though no
clinical benefit is seen with the combination of NOACs +
amiodarone vs warfarin + amiodarone in our meta-analysis,
NOACs should still be the drug of choice in patients with AF
receiving amiodarone to increase patient satisfaction and ad-
herence. Most patients receiving amiodarone have paroxysmal
AF and have a lower prevalence of structural heart disease [9,
11]. Therefore, physicians should consider antiarrhythmic
drugs other than amiodarone in such patients when treated
with anticoagulants in order to avoid drug interactions.

13 Limitations

This study has several limitations, many of them common to
meta-analyses. First, heterogeneous populations were enrolled
across the included studies in this meta-analysis, since differ-
ent study protocols were used. Nonetheless, due to the high
methodological quality of the included studies, we believe our
results provide strong evidence on the safety and effectiveness
of NOACs in patients with concurrent amiodarone use.
Additionally, sensitivity analysis did not reveal any difference
among methodologies (Supplementary Figs. 1–2). Second,
given that studies were randomized for receiving NOACs or
warfarin, but not for amiodarone, a possible selection bias is
introduced. Nonetheless, since amiodarone was not the prima-
ry medication to be evaluated in the studies and patients were
randomized to one of two treatments, no significant differ-
ences between patients receiving NOACs and warfarin was
found. Although the effect of the addition of amiodarone to
NOACs could only be established by a randomized trial (in
which patients with need of anticoagulant treatment and anti-
arrhythmic therapy were randomized to amiodarone vs other
antiarrhythmics stratified according to anticoagulant

treatment), we believe our results are reassuring both for pa-
tients and physicians who deal with concurrent amiodarone
and NOACs use. Lastly, in view of the lack of current avail-
able data evaluating pharmacokinetic/pharmacodynamic
properties, dose of amiodarone/time on amiodarone/BMI,
and/or head to head comparison within the NOACs group,
the study evaluated NOACs as a group and therefore we be-
lieve that they should be treated equally; future studies ad-
dressing this important topic might give further information
to help the analysis of this group of medications.

14 Conclusions

In this meta-analysis of randomized trials, the concomitant use
of amiodarone and NOACs in patients with NVAF appears to
be safe and effective as compared with warfarin, as it does not
negatively impact clinical outcomes such as TE, major bleed-
ing, and ICB. Although physicians should consider alternative
antiarrhythmic drugs in patients treated with anticoagulants
for stroke prevention in NVAF, our results are reassuring
about the safety and efficacy of this combination.
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