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Abstract
Background  Atrial fibrillation (AF) frequently complicates hypertrophic cardiomyopathy (HCM), and anticoagulation sig-
nificantly decreases the risk of stroke in this population. To date, no randomized controlled trials (RCTs) have compared 
direct oral anticoagulants (DOACs) and vitamin K antagonists (VKAs). The present study aimed to systematically compare 
the two anticoagulation strategies in terms of effectiveness and safety.
Method  We performed a systematic literature search and meta-analysis in the PubMed, MEDLINE, and EMBASE databases 
for studies reporting all-cause mortality, major bleeding, or thromboembolic events (TEs). Since no RCTs were available, 
we included observational studies only. The overall hazard ratio (HR) and 95% confidence interval (CI) for each analyzed 
parameter were pooled using a random-effects model.
Results  Five observational studies including 6919 patients were eligible for inclusion. Compared with VKAs, DOACs 
were associated with statistically significant lower rates of all-cause mortality (HR 0.64, 95% CI 0.35–0.54; p < 0.00001), 
comparable major bleeding events (HR 0.64, 95% CI 0.40–1.03; p = 0.07), and TEs (HR 0.94, 95% CI 0.73–1.22; p = 0.65).
Conclusions  Compared with VKAs, a DOAC-based strategy might represent an effective and safe strategy regarding all-cause 
mortality, major/life-threatening bleeding complications, and TEs in HCM patients with concomitant AF. However, further 
prospective studies are necessary to reinforce a DOAC-based anticoagulation strategy in this population.

Key Points 

Up to one of five patients with hypertrophic cardiomyo-
pathy (HCM) experience atrial fibrillation (AF), signifi-
cantly affecting prognosis.

To date, no randomized controlled trials (RCTs) have 
compared direct oral anticoagulants (DOACs) and vita-
min K antagonists (VKAs).

Our study highlighted that compared with VKAs, a 
DOAC-based strategy might represent an effective and 
safe strategy regarding all-cause mortality, major/life-
threatening bleeding complications, and thromboembolic 
events in this population.
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1  Introduction

The prevalence and incidence of atrial fibrillation (AF) in 
patients with hypertrophic cardiomyopathy (HCM) is four 
to six times higher than in the general population, ranging 
from 20 to 23% and 2 to 5% per year, respectively [1–3]. 
The majority of the affected patients experience paroxysmal 
episodes [4]. Since left ventricular diastolic compliance is 
decreased in HCM patients, atrial pump function is essential 
to provide adequate ventricular filling and maintain enough 
cardiac output. Aging, increased left atrial size, and reduced 
left ventricular ejection fraction are well-recognized risk fac-
tors for AF [2, 5, 6]. Notably, AF is associated with a poor 
prognosis in terms of worsening heart failure, risk of stroke, 
and mortality [2, 7, 8]. Specifically, AF per se in the HCM 
population is associated with a 50% relative risk of increased 
mortality, mostly secondary to heart failure- or stroke-related 
complications [8]. As for the general population, the risk of 
thromboembolic events (TEs) in patients with HCM and AF 
is increased, even in cases of isolated brief episodes [2, 4, 
9]. However, the CHA2DS2-VASc score cannot be applied 
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to patients with HCM to determine the need for anticoagu-
lation since these patients are not included in most clinical 
trials of thrombotic prevention in AF [10–13]. Thus, because 
of the high risk of thromboembolism, even patients with a 
CHA2DS2-VASc score of 0 or 1 should be anticoagulated 
[4]. Evidence comparing direct oral anticoagulants (DOACs) 
and vitamin K antagonists (VKAs) has highlighted the effi-
cacy and safety of a DOAC-based strategy for AF in the 
general population, even if the HCM subpopulation was not 
effectively represented [10–13]. The European Cardiology 
Society has recommended, unless contraindicated, VKAs 
in HCM patients who develop AF [14]. On the other hand, 
the American College of Cardiology Foundation Task Force 
recommends DOACs regardless of the CHA2DS2-VASc 
score [15]. Specific antithrombotic regimens in patients 
with HCM have not been validated in randomized controlled 
trials (RCTs). However, recent observational studies tested 
DOAC-based regimens in HCM patients with concomitant 
AF [16, 17]. Thus, the present study aimed to systematically 
compare a DOAC-based versus a VKA-based strategy in 
terms of effectiveness and safety.

2 � Methods

2.1 � Search Strategy and Study Selection

According to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines [18], we conducted a systematic literature search 
of the PubMed, MEDLINE, Cochrane, and EMBASE 
databases through September 2022 for relevant studies. 
Keywords utilized to find the pertinent articles were 
‘AF and HCM’, ‘HCM and anticoagulation’, ‘vitamin K 
antagonist in HCM and AF’, ‘direct oral anticoagulants 
in HCM’, and ‘vitamin K antagonist or direct oral anti-
coagulants in HCM’.

Three co-authors (FO, DC, and AP) independently pro-
ceeded with the preliminary screening process to recognize 
all citations of potential acceptability, and also looked for 
additional citations from the reference list of the included 
articles. The inclusion criteria were as follows:

1.	 Comparison between DOACs and VKAs in HCM 
patients with AF and at least one of the following out-
comes:

•	 overall mortality
•	 major bleeding.

2.	 Follow-up ≥ 3 months.
3.	 Original, untranslated studies (written in the English 

language only) published in a peer-reviewed journal.

4.	 Total study participants ≥100.

Full-text papers of recognized abstracts pertinent to our 
inclusion criteria were evaluated for eligibility. We excluded 
conference abstracts, case reports/series, letters, and editori-
als. The inter-rater reliability of the reviewers was assessed 
using the Kappa statistic [19].

2.2 � Data Extraction

Two authors (AB and MA) independently identified inher-
ent data using a standardized recording tool to document 
the study design, year of publication, number of study par-
ticipants, country of origin, follow-up length, participant 
clinical characteristics, anticoagulation protocol, and study 
outcomes.

2.3 � Quality Assessment

The Newcastle–Ottawa Scale (NOS) was applied to assess 
the quality assessment of the included observational studies. 
Two authors (LT and FRG) evaluated the quality of each 
study by checking three principal categories: (1) selection; 
(2) comparability; and (3) outcomes. Any study can achieve 
a maximum of nine stars (four stars for selection, two for 
comparability, and three for the outcome) [20]. We then 
converted an individual study’s NOS score into the Agency 
for Healthcare Research and Quality (AHRQ) standards 
[21]. Thus, studies were subclassified into the three follow-
ing classes of quality categories (electronic supplementary 
Table S1).

1.	 Poor quality: ≤ 1 star for the selection domain OR 0 
stars for the comparability domain OR ≤ 1 star for the 
outcome domain.

2.	 Fair quality: 2 stars for the selection domain AND 1 or 
2 stars for the comparability domain AND 2 or 3 stars 
for the outcome domain.

3.	 Good quality: ≥ 3 stars for the selection domain AND 
≥ 1 star for the comparability domain AND ≥ 2 stars in 
the outcome domain.

2.4 � Data Analysis and Synthesis

We utilized the Review Manager software (RevMan 5.4.1) 
to conduct our statistical analyses. The overall hazard ratio 
(HR) and 95% confidence interval (CI) for each analyzed 
parameter were pooled using a random-effects model. Fur-
thermore, we have presented forest plots to visually evalu-
ate the pooling results. An HR value of >1 indicates an 
increased risk of the considered outcome; an HR value of 1 
indicates no observed association; and an HR value of <1 
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indicates decreased risk of the outcome of interest. A two-
sided p value <0.05 was considered statistically significant. 
Furthermore, the studies’ heterogeneity results were calcu-
lated using the Higgins I2, which measures the percentage 
of the total variation across the included studies [22]. The I2 
values lie between 0 and 100%. A value of 0% indicates no 
heterogeneity, and we classified heterogeneity into mild (I2 
< 25%), moderate (25 ≤ I2 < 50%), severe (50 ≤ I2 < 75%), 
and very severe (I2 ≥ 75%) [23].

3 � Results

3.1 � Literature Search

Figure 1 shows the flow diagram of the identified studies. 
We identified 1200 records in the preliminary search, and 
1087 records were excluded as they did not meet the inclu-
sion criteria. A total of 18 studies were used for data extrac-
tion and synthesis for our systematic review. Five articles 
were finally included in our meta-analysis [16, 17, 24–26].

3.2 � Characteristics of the Included Studies

The characteristics of the included studies are listed in 
Table 1. All five studies were of an observational, ret-
rospective design [30–34] and were based on four coun-
tries (Korea, China, Spain, United States) and three con-
tinents. The total number of individuals included in our 
meta-analysis was 6919 (3652 and 3267 receiving DOACs 
and VKAs, respectively). Follow-up was heterogeneous, 
ranging from 0.56 years to 6.5 years. Rivaroxaban was 
the most utilized DOAC, while edoxaban was the least 
administered. Warfarin was the VKA of choice in all stud-
ies except for the study by Dominguez et al., in which 
acenocoumarol was used [24]. There was a fair gender 
distribution, while hypertension was the main cardiovas-
cular risk factor. TEs were characterized by stroke plus 
systemic thromboembolism. There was heterogeneity in 
the major bleeding criteria among the studies, even when 
hemoglobin dropped by > 2 g/dL or when unscheduled 
visits/hospitalizations were included.

3.3 � All‑Cause Mortality

Four studies compared DOACs and VKA in terms of all-
cause mortality (Fig. 2). The DOACs strategy was associated 
with a statistically significant reduction in all-cause mortal-
ity outcome (HR 0.64, 95% CI 0.35–0.54; p < 0.00001) with 
no heterogeneity (I2 = 0%).

3.4 � Major Bleeding

A pooled analysis of five papers was performed (Fig. 2b). 
DOACs reduced major bleeding events but the results were 
not statistically significant (HR 0.64, 95% CI 0.40–1.03; 
p = 0.07). Heterogeneity was severe (I2 = 63%).

3.4.1 � Intracranial Bleeding

Figure 2c reports the pooled analysis of the three available 
studies reporting intracranial bleeding. The DOAC-based 
regimen was associated with a reduced risk of intracranial 
hemorrhage (ICH; HR 0.43, 95% CI 0.24–0.76; p = 0.004), 
with low heterogeneity (I2 = 1%).

3.4.2 � Gastrointestinal Bleeding

Gastrointestinal bleeding events were reported in four stud-
ies (Fig. 2d). No statistically significant difference between 
the two anticoagulation regimens was assessed (HR 0.68, 
95% CI 0.42–1.13; p = 0.14), however heterogeneity was 
substantial (I2 = 60%).

3.5 � Thromboembolic Events

Figure 2e reported TEs in the population considered. No sta-
tistically significant difference between DOACs and VKAs 
was appreciated between the two groups (HR 0.94, 95% CI 
0.73–1.22; p = 0.65), with no heterogeneity (I2 = 0%).

4 � Discussion

AF represents a common complication associated with poor 
prognosis in patients with HCM [2, 7, 8]. Pivotal RCTs com-
paring DOACs and VKAs demonstrated the safety and effi-
cacy of a DOAC-based strategy for AF in the general popu-
lation, even if the HCM subpopulation was not effectively 
represented [10–13]. In this setting, the 2014 European 
Society of Cardiology (ESC) guidelines recommend VKAs 
in HCM patients who develop AF to prevent thromboem-
bolism [14], although the newest 2018 practical guidelines 
opted for the use of DOACs [27]. On the other hand, the 
more recent 2020 American College of Cardiology Foun-
dation Task Force recommends DOACs in HCM patients 
with concomitant AF [15]. Notably, the CHA2DS2-VASc 
score is unnecessary to start treatment with a DOAC in this 
setting [15].

Our meta-analysis included the main studies examining 
DOAC-based strategies compared with VKA-based strate-
gies. Although all of the studies were of an observational, 
retrospective design, interesting data have emerged. The 
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overall mortality rate was statistically lower in the DOAC 
group, with no heterogeneity between studies (HR 0.64, 95% 
CI 0.35–0.54; p < 0.00001, I2 0%). Moreover, major bleed-
ing events were comparable between the two strategies (HR 
0.64, 95% CI 0.40–1.03; p = 0.07), even if DOACs were 
associated with a reduced ICH burden (HR 0.43, 95% CI 
0.24–0.76; p = 0.004). Lastly, both strategies showed com-
parable protection from TEs (HR 0.94, 95% CI 0.73–1.22; 
p = 0.65).

However, for a comprehensive evaluation, our results 
must be considered thoroughly. First, Lee et al. and Jung 
et  al. conducted retrospective studies based on Korean 
health insurance review and assessment service databases 
from 2013 and 2016, and 2011 to 2016, respectively [17, 
25]. Overall, they represent about two-thirds of the included 

population sample. Many patients were likely included in 
both studies, possibly affecting the results by overestimat-
ing the effect size. Second, although the pooled analysis of 
the pivotal RCTs comparing DOACs and VKAs in patients 
with AF showed a modest but significant all-cause mortality 
reduction in the DOAC arm [28], our results showed a more 
substantial effect. It is plausible that without randomization, 
frailer patients with more comorbidities or a contraindica-
tion for DOACs would be considered for VKA administra-
tion. Thus, allocation bias may affect the enhanced effect on 
overall mortality outcome. Third, we found severe heteroge-
neity when major bleeding events were considered. Different 
bleeding criteria definitions, possible under/overtherapeutic 
INR in the VKA group, compliance issues, and allocation 
bias might explain the above finding.

Fig. 1   PRISMA flow diagram 
checklist. PRISMA Preferred 
Reporting Items for Systematic 
Reviews and Meta-Analyses
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Besides the above considerations, due to issues with 
adherence to VKAs, DOACs are easily prescribed for 
convenience [29]. Moreover, new oral anticoagulants had 
a favorable risk–benefit profile in the general population, 
with significant reductions in stroke, intracranial hemor-
rhage, and mortality, and with similar major bleeding as for 
warfarin [28]. Furthermore, the DOAC-based strategy is a 

cost-effective advantage compared with warfarin use. Spe-
cifically, although warfarin remained the cheapest outpatient 
drug, considering inpatient admissions, the total cost per 
patient in the DOAC group is lower than VKAs [30].

In the general population, rhythm control strategy based 
on catheter ablation is a widely used strategy to relievesym-
toms or treat heart failure [31, 32]. Because of the valuable 

Fig. 2   Forest plots comparing 
DOAC versus VKA antico-
agulation strategies. a Overall 
mortality; b major bleeding; c 
intracranial hemorrhage; d gas-
trointestinal bleeding; e throm-
boembolic events. SE standard 
error, IV inverse variance, CI 
confidence interval, df degrees 
of freedom, DOACs direct oral 
anticoagulants, VKAs vitamin 
K antagonists, ICH intracranial 
hemorrhage, GI gastrointestinal, 
TE thromboembolic events
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contribution of atrial contraction in providing adequate 
ventricular filling and maintaining sufficient cardiac output, 
maintaining rhythm control is pivotal in the HCM popula-
tion. In this setting, a recent study observed that catheter 
ablation is effective in patients with HCM and AF and is 
associated with a low complication rate, even though the 
success rate following a single procedure is low (about 40%) 
and the risk of relapse is twofold higher [33, 34]. Moreover, 
Creta et al. demonstrated that both VKAs and DOACs are 
comparable in terms of safety and effectiveness in HCM 
patients, even those undergoing catheter ablation [35].

4.1 � Study Limitations

As we elaborated on in the Discussion section of this arti-
cle, the results of our study are affected by non-insignificant 
limitations:

1.	 Observational studies per se are implicitly affected by 
higher sources of biases compared with RCTs (i.e., allo-
cation bias);

2.	 We combined all DOACs without assessing a subgroup 
analysis of the specific molecules;

3.	 Medication compliance is not specified, resulting in an 
important variable affecting effect size;

4.	 Dfferent follow-ups may influence the results of our 
study.

5 � Conclusion

Compared with VKAs, observational-based evidence 
showed that DOACs might represent an effective and safe 
strategy in terms of all-cause mortality, major/life-threaten-
ing bleeding complications and TEs in HCM patients with 
concomitant AF. However, further prospective studies are 
necessary to reinforce a DOAC-based anticoagulation strat-
egy in this population.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40256-​023-​00580-x.
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