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Abstract

Background: High risk of embolic events exists in both patients with chronic atrial fibrillation (AF) and patients in
the perioperative period of ablation (effective treatment for AF). Therefore, anticoagulant therapy is important. Oral
anticoagulants can be divided into two major categories: vitamin K antagonists (VKAs) and non-vitamin K
antagonist oral anticoagulants (NOACs). VKAs, represented by warfarin, have been widely used as traditional
anticoagulants, whereas NOACs have been used in clinical practice, but their anticoagulant effects and side effects
are still the focus of research. We used a meta-analysis to compare the incidence of left atrial thrombi (LAT)
between different anticoagulants.

Methods: We searched PubMed, EMBASE, Web of Science, and the Cochrane Library databases for observational
studies that compared the transesophageal echocardiography (TEE) findings for patients treated with NOACs and
VKAs. The incidence of LAT and dense spontaneous echocardiographic contrast (dense SEC) were extracted as the
basis of the meta-analysis.

Results: Fifteen studies were included in the meta-analysis. We found that patients anticoagulated with NOACs and
VKAs had similar incidence of LAT (OR = 0.74, 95%Cl: 0.55-1.00). After excluding the heterogeneous article by
sensitivity analysis, we found the incidence of LAT in patients anticoagulated with NOACs is lower than VKAs (OR =
0.59, 95%Cl: 0.42-0.84). The results of subgroup analysis showed that the incidence of LAT among three types of
NOACs have no significant difference (dabigatran vs. rivaroxaban, OR=1.16 [0.75, 1.81]; rivaroxaban vs. apixaban,

OR =0.97 [0.54, 1.74]; dabigatran vs. apixaban, OR = 1.09 [0.55, 2.16)).

Conclusion: Patients anticoagulated with NOACs may have lower incidence of LAT than VKAs. The incidence of
LAT among different type of NOACs are similar.
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Background

Atrial fibrillation (AF) is the most commonly sustained
cardiac arrhythmia, with a prevalence of 3% in adults [1].
The probability of stroke or heart failure is significantly in-
creased in patients with AF [2]. Several studies have
shown that 20-30% of ischemic stroke patients are simul-
taneously diagnosed with AF [3-5]. Research has previ-
ously shown that left atrial thrombi (LAT) are the main
source of embolism and stroke [6]. Therefore, the forma-
tion of LAT must be prevented in patients with AF with
either drug-induced anticoagulation or occlusion of the
left atrial appendage [7]. Treatment of AF with ablation is
the fundamental method of preventing LAT, but there is
high risk of embolization during perioperative period. In
general, drug anticoagulation is widely used as the first
choice for thrombosis prevention. Currently, anticoagu-
lant drugs can be divided into two categories: vitamin K
antagonists (VICAs) and non-vitamin K antagonist oral an-
ticoagulants (NOACs). VKAs, the anticoagulants first used
in AF patients, can significantly reduce the risk of stroke
and death [8]. However, the use of VKAs is limited by
their shortcomings, such as the need to closely monitor
the international normalized ratio (INR) and their suscep-
tibility to genetic and environmental factors. In recent
years, NOACs have been rapidly adopted as a substitute
for VKAs in clinical practice [9]. The main advantage of
NOAG: is that the anticoagulant effect is predictable and
the INR need not be monitored. However, whether
NOAC:s are superior to VKAs has not been established. A
meta-analysis showed that NOACs entailed a lower inci-
dence of intracranial bleeding than VKAs, but a higher in-
cidence of gastrointestinal bleeding [10]. Research on the
anticoagulant effects and side effects of NOACs is still
topical.

It has been reported that the annual risk of ischemic
stroke in patients with AF alone is approximately 1.3%
[11]. In a meta-analysis, the incidence of stroke was 0.35%
in patients with AF undergoing anticoagulation drug ther-
apy [12]. The guidelines suggest that oral anticoagulation
should be started at least 3 weeks before cardioversion and
continue for 4 weeks after it [13], and transesophageal
echocardiography (TEE) can be used to rule out LAT be-
fore cardioversion [14]. In recent years, many studies have
used TEE to compare the clinical results of different anti-
coagulants, including the incidence of LAT and the inci-
dence of dense spontaneous echocardiographic contrast
(dense SEC). We conducted a meta-analysis to summarize
these findings and to compare the incidence of LAT be-
tween patients anticoagulated with NOACs and VKAs.

Methods

Search strategy

In accordance with the Cochrane Handbook recommen-
dations and the Preferred Reporting Items for Systematic
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Reviews and Meta-Analyses (PRISMA) guidelines [15,
16], we performed a systematic review of the literature
and searched PubMed from the beginning of the data-
base to March 2019. The Web of Science, EMBASE, and
the Cochrane Library databases were also used for fur-
ther searches. The search strings are reported in Add-
itional file 1. The grey literature was not explored in this
study.

Endnote X9 was used to eliminate duplicates. We
browsed the titles and abstracts to identify observational
studies that compared the incidence of LAT between
different anticoagulants, and we read the full texts to
eliminate studies that lacked relevant data.

Document quality assessment

Two authors (XZ and JY) assessed the quality of the lit-
erature according to the Agency for Healthcare Research
and Quality (AHRQ) scale independently. If there was
disagreement, it was resolved by SJH.

Data extraction

We extracted relevant data from these studies, including
the number of included patients, the type of oral antico-
agulants and the mode of administration, the INR for
patients with VKAs, the ethnicity of patients, the inci-
dence of LAT and dense SEC in TEE findings. The data
for patients who took anticoagulants for <3 weeks or
who took them irregularly were excluded.

Statistical analysis

We calculated the odds ratio (OR), with 95% confidence
interval (CI), separately for each outcome and trial, and
then pooled and compared the outcomes with a fixed-
effects model. We assessed the heterogeneity of the data
with the Cochran Q statistic and I* test. Publication bias
was tested with a funnel plot. A sensitivity analysis was
used to further explore the heterogeneity of the included
articles. We compared the pooled effect before and after
deleting each document separately. If the effect changed,
we considered that the article had a significant impact
on the pooled effect. These documents were deleted and
the others were analyzed further. All statistical analyses
were performed with Review Manager (RevMan 5.3).

Results

Search results

We recovered 1510 articles with searches of the
PubMed, Web of Science, EMBASE, and Cochrane Li-
brary databases. After we excluded duplicate articles
with Endnote X9, 1316 articles remained. When we
browsed the titles and abstracts, we excluded 1289 arti-
cles. The remaining 27 articles were observational stud-
ies comparing incidence of LAT between patients
anticoagulated with VKAs and NOACs. After we read



Yang et al. BMC Cardiovascular Disorders (2019) 19:261

the full texts of these 27 articles, 12 were excluded be-
cause they lacked TEE data or patient information. The
remaining 15 articles were included in this meta-analysis
[17-31]. The PRISMA flow diagram is shown in Fig. 1.
The AHRQ scale was used to assess the quality of the
literature, as shown in Additional file 2. The INR of war-
farin and dose profile were reported in Additional file 3.

Meta-analysis

Figure 2 shows the incidence of LAT in 7016 patients
(4009 treated with NOACs; 3007 treated with VKAs) in
12 studies, with OR =0.74 (95% CI: 0.55-1.00). Figure 3
shows the incidence of LAT and dense SEC in 4330 pa-
tients (2216 treated with NOACs; 2114 treated with
VKAs) in seven studies, with OR=0.76 (95% CI: 0.57—
1.01). The incidence of LAT in patients treated with
dabigatran, rivaroxaban, or apixaban is shown in Add-
itional files 4, 5, or 6, respectively.

The Cochran Q statistic and I” test suggested that there
was no significant heterogeneity within the studies (P> 0.1,
I? = 0). A funnel plot (Additional file 7) did not suggest a high
risk of publication bias. It is difficult to evaluate publication
bias with a funnel plot in analyses that include < 10 studies.

Sensitivity analysis
We analyzed the incidence of LAT in patients anticoagu-
lated with NOACs or VKAs with a sensitivity analysis,

Page 3 of 8

which showed that four of the studies (Frenkel, 2016; Ka-
wabata, 2017; Tint, 2017; and Kim, 2018) had a greater im-
pact on the pooled effects than the other studies. When
these four studies were deleted and the meta-analysis was
performed again, the OR value was 0.59 (95% CIL: 0.42—
0.84) (Fig. 4). A further sensitivity analysis was performed
on the remaining eight studies, and we found that the
pooled effects did not change after the deletion of each in-
dividual study. So far the heterogeneity of the studies in-
cluded in this group was considered low.

When we analyzed the incidence of LAT and dense SEC
in the patients treated with NOACs or VKAs, a sensitivity
analysis showed that two studies (Da Costa, 2017; Kim,
2018) had a greater impact on the pooled effects than the
other studies. After we deleted these two studies, a sensi-
tivity analysis of the remaining studies was performed, and
another study (Wyrembak, 2017) was found to have a
greater impact on the pooled effects than the other stud-
ies. Therefore, we believe that the heterogeneity among
these studies was very large and the reliability of this result
was considered low.

A sensitivity analysis of the articles that examined
the three individual NOACs showed that none influ-
enced the pooled effects significantly, and the articles
included in the three analyses were considered to be
less heterogeneous than those used in the overall ana-
lysis. Therefore, the results were reliable.

searched on
PUBMED (n=426)

searched on EMBASE, Cochran
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(n=1084)
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Fig. 1 PRISMA flow diagram
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Fig. 2 forest plot for LAT between NOACs and VKAs
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Subgroup analysis
A subgroup analysis of races showed that for Europeans,
the incidence of LAT in patients with NOACs is lower
than VKAs (OR: 0.68, 95%CI: 0.48-0.97), while there
was no such significant difference among Asians or
Americans (Fig. 5).

A subgroup analysis of the anticoagulation time
showed that the incidence of LAT in patients with
NOACs and VKAs were similar during anticoagulation
for 3 weeks, which is according to the guideline, or dur-
ing anticoagulation for more than 1 month (Fig. 6).

Discussion

In this study, we compared the incidence of LAT in pa-
tients with AF anticoagulated with NOACs or VKAs, and
we detected no significant difference between NOACs and
VKAs (OR: 0.74, 95% CI: 0.55—1.00). Both the Q statistic
and I” test suggested that there was no significant hetero-
geneity in the included studies (P = 0.51, I? = 0), and a fun-
nel plot did not suggest significant publication bias. To

further analyze the heterogeneity between the studies in-
cluded, we performed a sensitivity analysis and found that
four studies significantly influenced the pooled effects, in-
dicating that they differed significantly from the other
studies. When we omitted these studies from the meta-
analysis, the incidence of LAT in patients anticoagulated
with NOAC:s is lower than VKAs (OR: 0.59, 95% CI: 0.42—
0.84). The sensitivity analysis was repeated on the
remaining studies, and no significant heterogeneity was
detected. Therefore, we believe that the results of this ana-
lysis were reliable relatively.

Dense SEC predicts thrombosis, and the presence
of LAT and/or dense SEC can be used as an indica-
tor of left atrial abnormalities. Therefore, we also
analyzed the incidence of LAT or dense SEC be-
tween patients with NOACs and VKAs, but detected
no significant difference between them (OR: 0.76,
95% CI: 0.57-1.01). Both the Q statistic and I* test
indicated that there was no significant heterogeneity
in the studies included (P=0.46, 12=0). Because
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Fig. 3 forest plot for LAT/dense SEC between NOACs and VKAs
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Test for overall effect: Z = 1.99 (P = 0.05)
Test for subaroup differences: Chi? = 1.23. df = 2 (P = 0.54). I? = 0%

Fig. 5 subgroup analysis of races
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1.4.1 More than one month
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Fig. 6 subgroup analysis of anticoagulation time
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fewer than 10 studies were included in this meta-
analysis, a funnel plot could not be used to evaluate
the publication bias. In the sensitivity analysis, two
studies had a significant impact on the pooled ef-
fects. After these two were omitted, the remaining
five studies were analyzed for sensitivity, and another
study was found to significantly affect the pooled ef-
fects. Therefore, we believe that the studies included
in this analysis were highly heterogeneous and that
the results obtained were unreliable.

Dabigatran, rivaroxaban, and apixaban are commonly
used NOACs, so we analyzed the effects of the three
drugs. There was no significant difference among the
three medications in the incidence of LAT. However, be-
cause of the small scale of the data, we did not perform
a LAT/dense SEC analysis. Considering the inevitable
differences in research methods used in the studies, we
conducted a subgroup analysis for further discussion. A
subgroup analysis of races suggested that NOACs are
more effective than VKAs in Europeans (OR: 0.68,
95%CI: 0.48—0.97), whereas NOACs and VKAs are simi-
larly effective among Asians. However, studies of Ameri-
can population were highly heterogeneous (P =0.05,
12 =75%) and there are differences in the characteristics
of patients using VKAs and NOACs due to the circum-
stances of each country, so we could draw no convincing
conclusion. In fact, the number of studies and their in-
cluded patients for Asian or American are far less than

European. Multicenter randomized controlled trials with
large sample size and standardized protocol may be re-
quired to analyze the difference among races.

In all included studies, some followed the guideline to
start anticoagulation therapy 3 weeks before screening
LAT, whereas others administered anticoagulation for
more than 1 month. A subgroup analysis of this factor
detected no statistically significant difference in the inci-
dence of LAT between patients anticoagulated with
NOACs and VKAs over time. Despite this, the trend of
a forest plot seemed to suggest that NOACs are more ef-
fective for short-term anticoagulation.

Limitation

The results of this study suggest that the incidence of
LAT in patients anticoagulated with NOACs may be
lower than VKAs. Because only observational studies
were included in this analysis, there was inevitably large
heterogeneity, which challenges the credibility of our
conclusions. To minimize the effects of heterogeneity,
we used sensitivity analyses and subgroup analyses,
which reduced the heterogeneity to some extent. How-
ever, the heterogeneity caused by the doctors’ subjective
choice of medication, the patients’ subjective intentions,
the researchers’ preferences, and the differences in the
patients’ baseline data between the two groups are im-
portant limitations of this analysis. The INR of patients
with VKAs and the dosage of patients anticoagulated



Yang et al. BMC Cardiovascular Disorders (2019) 19:261

with NOACs was also different among included studies,
which may influence the effect of anticoagulation to a
certain extent. Therefore, the conclusions drawn in this
analysis should be confirmed with a randomized con-
trolled trial to ensure greater reliability. For patients with
severe renal dysfunction, NOACs are not recommended.
Therefore, for retrospective studies, renal function af-
fects medication choices and furtherly affects research
results. Unfortunately, the included studies did not give
the data about patients’ renal function, which is a limita-
tion in this meta-analysis. Last but not least, AF caused
by valvular heart disease should be considered when dis-
cussing anticoagulation even though all included studies
analyzed non-valvular AF only. The guideline [13] sug-
gests that VKAs remains the mainstay of anticoagulation
for AF patients with valvular heart disease, while the
safety and efficacy of NOACs has not been evaluated
and should be studied.

Conclusion

This meta-analysis assessed the incidence of LAT in pa-
tients with AF treated with different anticoagulation
strategies. The incidence of LAT was lower in patients
anticoagulated with NOACs than in those anticoagu-
lated with VKAs (OR: 0.59, 95%CI: 0.42-0.84). There
was no significant difference in incidence of LAT when
anticoagulated ~ with  dabigatran, rivaroxaban, or
apixaban.
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