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ABSTRACT

Background: There is increasing interest in direct oral anticoagulants
(DOACs), given their safety and convenience in atrial fibrillation, com-
pared with vitamin K antagonists (VKAs). However, the use of DOACs
in left ventricular (LV) thrombi is considered off-label, with current
guidelines recommending VKAs. The aim of this meta-analysis was to
compare the safety and efficacy of DOACs to VKAs in the management
of LV thrombi.

Methods: A systematic search was conducted for studies published
between January 1, 2009 and January 31, 2021 in PubMed, Embase,
and CENTRAL. Included studies compared DOACs to VKAs for the
treatment of LV thrombi and reported on relevant outcomes. Odds
ratios (ORs) were pooled with a random-effects model.

Results: Sixteen cohort studies and 2 randomized controlled trials
were identified, which included 2666 patients (DOAC = 674;
VKA = 1992). Compared with VKAs, DOACs were associated with a sta-
tistically significant reduction in stroke (OR 0.63, 95% confidence
interval [CI] 0.42-0.96; P = 0.03; I?> = 0%). There were no significant
differences in bleeding (OR 0.72, 95% CI 0.50-1.02; P = 0.07;
P= 0%), systemic embolism (OR 0.77, 95% Cl| 0.41-1.44; P = 0.41;
2 = 0%), stroke or systemic embolism (OR 0.83, 95% Cl 0.53-1.33;
P = 0.45; I? = 33%), mortality (OR 1.01, 95% CI 0.64-1.57; P = 0.98;
P = 0%) or LV thrombus resolution (OR 1.29, 95% CI 0.83-1.99;
P =0.26; I’ = 56%).

Left ventricular (LV) thrombus formation complicates 15% of
acute myocardial infarctions (Mls), and it is even more common
in conditions of impaired LV systolic function.' If left untreated,
up to 20% of patents can have significant complications,
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RESUME

Introduction : Les anticoagulants oraux directs (AOD) font I'objet d’'un
intérét grandissant par rapport aux antagonistes de la vitamine K (AVK)
en raison de leur innocuité et de leurs avantages lors de fibrillation
auriculaire. Toutefois, I'utilisation des AOD lors de thrombi du ventricule
gauche (VG) est considérée comme non conforme selon les lighes direc-
trices actuelles qui recommandent les AVK. L'objectif de la présente
méta-analyse était la comparaison de I'innocuité et de I'efficacité des
AOD aux AVK dans la prise en charge des thrombi du VG.

Méthodes : Nous avons réalisé une recherche systématique pour trouver
des études publiées entre le 1°" janvier 2009 et le 31 janvier 2021 dans
PubMed, Embase et CENTRAL. Les études sélectionnées qui portaient sur
la comparaison des AOD aux AVK dans le traitement des thrombi du VG
ont rendu compte de résultats pertinents. Nous avons regroupé les ratios
d’'incidence approché (RIA) au moyen d’'un modele a effets aléatoires.
Résultats : Nous avons relevé 16 études de cohorte et deux essais
cliniques a répartition aléatoire auprés de 2 666 patients (AOD = 674;
AVK = 1992). Par rapport aux AVK, les AOD étaient associés a une
réduction significative sur le plan statistique lors d’accidents vascu-
laires cérébraux (AVC) (RIA 0,63, intervalle de confiance [IC] a 95 %
0,42-0,96; P = 0,03; P=0 %). Il n’y avait aucune différence significa-
tive en ce qui concerne les hémorragies (RIA 0,72, IC a 95 % 0,50-
1,02; P = 0,07; I> = 0 %), 'embolie systémique (RIA 0,77, IC 2 95 %
0,41-1,44; P=0,41; P =0 %), les AVC ou I'embolie systémique (RIA

including stroke and systemic embolism.” Current consensus
guidelines recommend the use of vitamin K antagonists (VKAs)
to treat LV thrombi following acute M for 3-6 months.

Direct oral anticoagulants (DOAC:s) are a preferred alternative
to VKAs, as they have lower bleeding rates, fewer drug interac-
tions, rapid onset of action, and decreased need for monitoring.®
However, the use of DOAC: for this indication remains off-label.
Many observational studies have shown comparable safety and
efficacy of DOACs to VKAs in the management of LV
thrombi.”” However, a recent large cohort study identified a
higher risk of stroke or systemic embolism with DOAC:, calling
into question their use in the treatment of LV thrombi."?

The aim of this systematic review and meta-analysis was to
compare the safety and efficacy of DOACs to VKAs in the
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Conclusions: Within the context of low-quality evidence, there was a
statistically significant reduction in stroke among those treated with
DOACs, without an increase in bleeding. There were no significant dif-
ferences in systemic embolism, stroke or systemic embolism, mortal-
ity, or LV thrombus resolution, suggesting that DOACs may be a
reasonable option for treatment of LV thrombi.

management of LV thrombi. The primary outcomes of our
review were stroke and bleeding, and secondary outcomes
included systemic embolism (SE), stroke or systemic embo-
lism (SSE), mortality, and LV thrombus resolution.

Methods

Literature search and data sources

A systematic search of the literature was conducted by 2 inves-
tigators (F.M., N.N.) in PubMed, Embase, and CENTRAL for
studies published between January 1, 2009 and January 31,
2021. The PubMed search terms were: (DOAC OR NOAC
OR anticoag® OR factor Xa inhibitor OR antithrombin OR
rivaroxaban OR dabigatran OR apixaban OR edoxaban) AND
[(left ventric* OR LV) AND (thromb* OR clot)]. The PubMed
search strategy is available as Supplemental Appendix S1. Lan-
guage restrictions were not applied. All studies obtained from the
search were reviewed manually in duplicate (by F.M. and N.N.)
for inclusion. We also searched for grey literature through data-
bases (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: (i) studies must
compare DOAC:s to VKAs in the management of LV thrombi;
and (i) studies must report on outcomes of interest—stroke,
bleeding, SE, SSE, mortality, or LV thrombus resolution. No
restrictions were placed on the study population. We excluded
noncomparative trials, case reports, case series, systematic reviews,
and meta-analyses. Abstracts were included, and although
authors were contacted for additional data, no unpublished data
were obtained. The selection of studies was assessed indepen-
dently by 2 investigators (F.M., N.N.). Disagreements between
authors were resolved through discussion, and when required,
consultation with a third author (M.S.).

The quality of the primary studies was assessed in dupli-
cate (by F.M. and N.N.). 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 Cochrane risk-of-bias 2 tool was used to eval-
uate randomized controlled trials (RCT's) on selection bias,
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0,83, IC 4 95 % 0,53-1,33; P = 0,45; I? = 33 %), la mortalité (RIA 1,01,
IC 395 % 0,64-1,57; P = 0,98; I” = 0 %) ou la résolution du thrombus
du VG (RIA 1,29, IC 4 95 % 0,83-1,99; P = 0,26; I? = 56 %).
Conclusions : Dans le contexte de données probantes de faible
qualité, il y avait une réduction significative sur le plan statistique en
ce qui concerne les AVC chez les patients traités par AOD sans
augmentation des hémorragies. Puisqu’il n’y avait aucune différence
significative en ce qui concerne I'embolie systémique, les AVC ou
I'embolie systémique, la mortalité ou la résolution de thrombus du
VG, cela indique que les AOD peuvent étre une option valable de
traitement des thrombi du VG.

performance bias, detection bias, attrition bias, reporting
bias, and other bias.'? Publication bias was assessed for the
primary outcomes of stroke and bleeding (Supplemental
Figs. S1 and S2).

Data extraction and outcomes of interest

Two investigators (F.M., N.N.) independently extracted
the following data from included studies: study design, sample
size, intervention, patient demographics, outcome data, and
definitions of outcomes. Disagreements were resolved through
discussion, and when necessary, consultation with a third
author (M.S.).

The primary outcomes were stroke and bleeding. Second-
ary outcomes were SE, SSE (composite of stroke and/or sys-
temic embolic events), mortality, and LV thrombus
resolution. The definitions of outcomes are summarized in
Table 1, for those described in the included studies.

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.'” Outcomes
wete pooled with the use of a random-effects model as described
by DerSimonian and Laird."* Summary estimates and 95% con-
fidence intervals (Cls) were reported for dichotomous variables
as odds ratios (ORs). The heterogeneity between studies was
assessed by means of Cochrane X* and /. An * > 50% was con-
sidered to represent significant heterogeneity.'” Statistical signifi-
cance was set as P < 0.05. Comparisons were calculated using
the Student #test. Given the limitations of conducting a meta-
analysis with unadjusted event rates, we additionally performed a
narrative synthesis of the data.

Results

Literature search and characteristics of included studies

The literature search yielded 3050 studies (937 from
PubMed, 1903 from Embase, 205 from CENTRAL, and 5
from other sources, including grey literature, review articles,
and reference lists). Duplicates were removed, and we
excluded 2637 studies during title and abstract review. The
remaining 30 studies were assessed in full text. Eighteen



Table 1. Summary of study characteristics

Groups
Author Study design VKA, n DOAC,* n Etiology of LV thrombus Average follow-up, mos Outcome definitions
Abdelnabi (2020)"7 RCT 40 (all warfarin) 39 (all rivaroxaban, 20 mg Ischemic cardiomyopathy 6 Stroke: Any type of stroke
daily) (78.5%) SE: Any type of systemic embolism
Idiopathic (20.3%) Bleeding: Major bleeding
Peripartum (1.2%) according to ISTH
LV thrombus resolution:
Determined by TTE
Alcalai (2020)"® RCT 12 (all warfarin) 13 (all apixaban, 5 mg BID) Acute MI (100%) 3 Bleeding: Major bleeding
LV thrombus resolution:
Determined by TTE
Ali (2020)”" Retrospective cohort 60 (all warfarin) 32 (rivaroxaban = 18, Ischemic cardiomyopathy 12 Not defined
apixaban = 13, (58%)
dabigatran = 1) Non-ischemic cardiomyopathy
(23%)
Acute MI (15%)
Takotsubo cardiomyopathy
(3%)
Alizadeh (2019)" Prospective cohort 60 (VKA not specified) 38 (rivaroxaban = 22, Acute MI (100%) 21.6 Bleeding: Major bleeding,
apixaban = 14, edoxaban = 2) including intracranial bleed,
major gastrointestinal bleed, and
bleed requiring hospital
admission
LV thrombus resolution:
Determined by
echocardiography or CMR
Bass (2021)** Retrospective cohort 769 (all warfarin) 180 (rivaroxaban = 77, Not specified 3 Stroke: Thromboembolic stroke
apixaban = 79, Bleeding: GUSTO criteria
dabigatran = 29)
Cochran (2021)7 Retrospective cohort 59 (all warfarin) 14 (DOAC not specified) Acute MI (48%) 12 Stroke: Clinically documented
Bleeding: Minimal, minor and
major bleeding according to
TIMI
LV thrombus resolution:
Determined by TTE with
contrast
Daher (2020)*° Retrospective cohort 42 (warfarin = 14, 17 (rivaroxaban = 4, Acute MI or ischemic 3 LV thrombus resolution:
acenocoumarol = 12, apixaban = 12, cardiomyopathy (37.3%) Determined by TTE
fluindione = 16) dabigatran = 1)
Durrer-Ariyakuddy Retrospective cohort 33 (VKA not specified) 20 (DOAC not specified) Acute MI (47%) 20 Bleeding: Major bleeding
(2019)** Non-ischemic cardiomyopathy LV thrombus resolution:
(40%) Determined by
) Ischemic heart disease (13%) echocardiography
Gama (2019)”° Retrospective cohort 53 (all warfarin) 13 (DOAC not specified) All patients post-acute MI or Unknown LV thrombus resolution:
heart failure with reduced Determined by
ejection fraction echocardiography and
complemented by CMR when
needed
Guddeti (2020)° Retrospective cohort 80 (all warfarin) 12

(continued on next page)
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Table 1 (Continued)
Groups
Author Study design VKA, n DOAC,* n Etiology of LV thrombus Average follow-up, mos Outcome definitions
19 (rivaroxaban = 2, Acute MI (20.2%) Stroke: Confirmed by
apixaban = 15, Ischemic cardiomyopathy neuroimaging
dabigatran = 2) (58.6%) Bleeding: Life-threatening bleed
requiring hospitalization,
reduction in hemoglobin by >
2 g/dL, or bleed requiring
endoscopic evaluation
LV thrombus resolution:
Determined by echocardiogram
Igbal (2020)° Retrospective cohort 62 (all warfarin) 22 (rivaroxaban 20 mg Ischemic cardiomyopathy 3617 Bleeding: Any episode of
daily = 13, apixaban 5 mg (86.9%) documented bleeding, including
BID = 8, dabigatran 150 mg Dilated cardiomyopathy presentation to the emergency
BID=1) (4.76%) department, hospitalization, or
Hypertrophic cardiomyopathy described in subsequent
(3.57%) correspondence
Myocarditis (2.4%) LV thrombus resolution:
Unknown (2.4%) Determined by TTE or CMR
Jaidka (2018)*° Retrospective cohort 37 (all warfarin) 12 (DOAC not specified) Acute MI (100%) 6 LV thrombus resolution:
Determined by
echocardiography

Jones (2020)*°

Lim (2019)*’

Ratnayake (2020)**

Robinson (2020)"°

Willeford (2020)*°

Yunis (2020)™°

Prospective cohort

Retrospective cohort

Retrospective cohort

Retrospective cohort

Retrospective cohort

Retrospective cohort

60 (all warfarin)

18 (all warfarin)

42 (all warfarin)

236

129 (all warfarin)

200 (all warfarin)

41 (rivaroxaban = 24,
apixaban = 15, edoxaban = 2)

5 (rivaroxaban = 2,

dabigatran = 3)

2
(all dabigatran)
121 (apixaban, rivaroxaban,

and dabigatran)

22 (rivaroxaban = 18 [15 mg
BID followed by 20 mg
BID = 11, 20 mg daily = 6,
15 mg daily = 1],
apixaban = 4 (2.5 mg
BID = 1, 5 mg BID = 3])

64 (DOAC not specified)

Acute MI (100%)

Unknown

Acute MI
(100%)
Unknown

Unknown

Unknown

26.4 (median)

Unknown

12

8.5

24

Bleeding: BARC criteria

LV thrombus resolution:
Determined by TTE or CMR

LV thrombus resolution:
Determined by
echocardiography

LV thrombus resolution:
Determined by TTE

Stroke: Clinically documented
stroke

SE: Clinically documented
systemic embolism

Bleeding: Event requiring
cessation of anticoagulation

LV thrombus resolution:
Determined by TTE

Stroke: Ischemic or hemorrhagic
stroke

Bleeding: Hemorrhagic stroke and
bleeding requiring transfusion

LV thrombus resolution:
Determined by TTE

Not defined

BARC, Bleeding Academic Research Consortium; BID, twice daily dosing; CMR, cardiovascular magnetic resonance imaging; DOAC, direct oral anticoagulant; GUSTO, Global Use of Strategies to Open Occluded
Arteries; ISTH, International Society on Thrombosis and Haemostasis; LV, left ventricular; MI, myocardial infarction; RCT, randomized controlled trial; SE, systemic embolism; SSE, stroke or SE; TIMI, thrombolysis

in MI; TTE, transthoracic echocardiogram; VKA, vitamin K antagonist.
DOAC type and doses are provided where specified by the primary study.
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Records identified through database Additional records identified
searching through other sources,
(n=3045) including grey literature,
PubMed: 937 review articles and reference
Embase: 1903 lists
CENTRAL: 205 @=5)

(n=2667)

Records after duplicates removed

v

Records excluded
(n=2637)

Records screened
(n=2667)

Exclusion criteria: not LV
thrombus, non-comparative
studies, case reports, case

A\ 4

series, systematic reviews,
meta-analyses

Full-text articles assessed
for eligibility
(n=130)

Full-text articles excluded, with
reasons
(n=12)
Not LV thrombus: 1

A 4

v

Not comparative study: 11

Studies included in
quantitative synthesis
(meta-analysis)
(n=18)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of literature search and study selection. LV,

left ventricular.

studies met inclusion criteria and were included in this meta-
analysis. Figure 1 summarizes the literature search and study
selection according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta—Anal}Ises (PRISMA) standards.'©

We included 2 RCTs,''® 2 prospective cohort
studies,'”*” and 14 retrospective cohort studies.”'”*' " One
of the RCT's was limited to data presented at a conference,'”
and 7 other studies were abstracts.'®'”***"** The follow-up
ranged from 3 months to 36 months. Studies had variable def-
initions of outcomes, summarized in Table 1. Stroke was
reported in 10 studies,””' "' %?*%2%3% 4nd bleeding in 13
studies.”-10-17-19:20,22,24,26,29,30

The risk of bias assessment was affected by the limited
information provided in abstracts. The quality of cohort stud-
ies was assessed using the Newcastle-Ottawa Scale, with which
a study can be awarded a maximum of 9 points (Table ).
Eleven of 18 studies, 6 of which were abstracts, received 6 or

fewer points.””'”*'*"**7 The quality of RCT's was assessed
using the Cochrane risk-of-bias 2 tool (Fig. 2)."% As the 2
RCTs were not available in full text form, theZ were judged to
have some concerns for multiple domains.' "’

Baseline characteristics of patients

The 18 studies included 2666 patients.” """ A
DOAC (rivaroxaban, apixaban, edoxaban, or dabigatran)
was used in 674 patients. A VKA (warfarin, acenocoumarol,
or fluindione) was used in 1992 patients. Baseline charac-
teristics of patients included in each primary study are sum-
marized in Supplemental Table S1. Of note, the population
was relatively young, with a mean age between 49.1 years
and 63.4 years. Additionally, edoxaban was used in only
2 studies.' "



Table 2. Risk of bias assessment of cohort studies

Study

Selection

Representativeness
of the exposed

cohort

Selection of the
non-exposed
cohort

Ascertainment of
exposure

Demonstration
that outcome of
interest was not
present at start of
study

Comparability

Comparability of
cohorts on the basis
of the design or
analysis

Outcome

Assessment of
outcome

Length of follow-
up sufficient for
outcomes to occur

Adequacy of
follow-up of

cohorts

Ali (2020)*!
Alizadeh (2019)"
Bass (2021)**
Cochran (2021)”
Daher (2020)*

Durrer-Ariyakuddy (2019) 24

Gama (2019)>°
Guddeti (2020)°
Igbal (2020)°
Jaidka (2018)*°
Jones (2020)*°
Lim (2019)*7
Ratnayake (2020)**
Robinson (2020)"°
Willeford (2020)*°
Yunis (2020)*°

*

* * x X

XK KKK KKK KKK KKK KK

XK K KKK K KK KK K K KX ¥

XK KKK K K KKK K XK K X X ¥

ok

ok

Hok

XK K KKK KKK KKK K KX ¥

*

*

* * * X

* % X *

Asterisks (*) indicate the star rating according to the Newcastle-Ottawa Scale for cohort studies. A study can be awarded a maximum of 4 stars for selection, 2 stars for comparability, and 3 stars for outcome.
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Allocation concealment (selection bias)
Allocation concealment (selection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)

@ | Blinding of outcome assessment (detection bias)

@ |@ | Blinding of participants and personnel (performance bias)

@ |@® | Random sequence generation (selection bias)

[72]
®
e)
b}
£
S
Abdelnabi'”
Alcalai’®

Figure 2. Risk of bias assessment of randomized controlled trials.
Risk of bias assessment for randomized controlled trials is based on
the Cochrane risk-of-bias 2 tool. @ indicates that the study has met
the domain criterion; an empty cell indicates that it is unclear whether
the domain criterion has been met.

Outcomes

Primary outcomes. Stroke occurred in 6.0% of patients
treated with DOACs and 10.8% of patients treated with
VKAs. In comparison to VKAs, there was a statistically signifi-
cant reduction in stroke among those treated with DOACs
(OR 0.63, 95% CI 0.42-0.96; P = 0.03; I* = 0%; Fig. 3).
Bleeding occurred in 7.0% of patients on DOACs and 9.7%
of patients on VKAs. Although the point estimate favoured
DOAG:, the difference was not statistically significant (OR
0.72, 95% CI 0.50-1.02; P = 0.07; F = 0%; Fig. 4).

1175

Secondary outcomes. Comparisons of DOACs to VKAs
revealed no significant differences in SE (6.7% vs 10.7%; OR
0.77, 95% CI 0.41-1.44; P = 0.41; ° = 0%; Fig. 5), SSE
(16.8% vs 22.2%; OR 0.83, 95% CI 0.53-1.33; P = 0.45;
F = 33%; Fig. 6), mortality (12.8% vs 13.3%; OR 1.01,
95% CI 0.64-1.57; P = 0.98; I = 0%; Fig. 7), or LV throm-
bus resolution (69.3% vs 69.6%; OR 1.29, 95% CI 0.83-
1.99; P = 0.26; P = 56%; Fig. 8). Primary and secondary out-
comes are summarized in Supplemental Table S2.

Sensitivity analysis

A sensitivity analysis was conducted for the primary out-
comes to explore the impact of excluding abstracts. Stroke
remained statistically significant (P = 0.03), and the point esti-
mate further favoured DOACs (OR 0.57, 95% CI 0.35-0.95;
F = 0%; Supplemental Fig. $3).””?°*>*” Similarly for bleed-
ing, the point estimate further favoured DOACs (OR 0.67,
95% CI 0.45-1.00; ¥ = 0%), and the P-value was reduced to
0.05 (Supplemental Fig. $4).”"'%2%2%29

Narrative synthesis

Primary outcomes. Ten of the included studies reported on
the primary outcome of stroke. Two of these studies were
RCTs.” 71820222930 Ope of the RCTs reported no stroke
in the DOAC and VKA groups, but this study included only
25 participants, and follow-up was limited to 3 months."
The second RCT demonstrated significantly fewer strokes
over 6 months in those treated with rivaroxaban compared to
VKA (0% vs 10%, P = 0.04)."” The remaining 8 cohort stud-
ies all demonstrated numerically higher but not statistically
significant rates of stroke in the VKA group.””*2»2%7
Bleeding was examined in 13 studies, including 2 RCT's
and one prospective cohort study.” 1720524262730 Eleven
studies reported similar bleeding events in the DOAC and
VKA )groups.%]0‘]7‘18’22’24’26’29" " Two studies, by Alizadeh
etal.'” and Jones et al.,”’ found an increased number of major
bleeding events in patients receiving VKAs (P = 0.03). Jones
et al. found that most of these bleeding events occurred in the
context of triple or dual antiplatelet therapy and included

DOACs Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abdelnabi 0 39 4 40 2.0% 0.10[0.01, 1.97] ¢
Alcalai 0 13 0 12 Not estimable
Ali 2 32 9 60 6.9% 0.38[0.08, 1.87] I —
Bass 14 180 90 769 50.6% 0.64 [0.35, 1.15] —T
Cochran 0 14 9 59 2.1% 0.18 [0.01, 3.34]
Guddeti 0 19 2 80 1.8% 0.81 [0.04, 17.46]
Igbal 0 22 1 62 1.7% 0.91 [0.04, 23.19]
Jones 1 41 3 60 3.3% 0.47 [0.05, 4.73]
Willeford 0 22 7 129 2.1% 0.36 [0.02, 6.58]
Yunis 10 64 34 200 29.6% 0.90 [0.42, 1.95] —
Total (95% Cl) 446 1471 100.0% 0.63 [0.42, 0.96] R 2
Total events 27 159

[T 2 . i2 YT 0 I s ' |
Heterogeneity: Tau® = 0.00; Chi® = 3.72, df = 8 (P = 0.88); I* = 0% -0'01 0:1 1-0 100-

Test for overall effect: Z = 2.14 (P = 0.03)

Favours DOACs Favours control

Figure 3. Forest plot of the individual and combined rates of stroke. Cl, confidence interval; df, degrees of freedom; DOACs, direct oral anticoagu-

lants; M-H, Mantel-Haenszel.
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DOACs Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abdelnabi 2 39 6 40 4.6% 0.31[0.06, 1.62] —
Alcalai 0 13 2 12 1.3% 0.16 [0.01, 3.60] ¢
Alizadeh 0 38 3 60 1.4% 0.21[0.01, 4.25]
Bass 14 180 84 769 36.5% 0.69 [0.38, 1.24] —
Cochran 2 14 8 59 4.6% 1.06 [0.20, 5.66] '—
Durrer-Ariyakuddy 0 20 0 33 Not estimable
Guddeti 1 19 4 80 2.5% 1.06 [0.11, 10.02]
Igbal 0 22 6 62 1.5% 0.19[0.01, 3.57]
Jaidka 3 12 6 37 5.2% 1.72 [0.36, 8.30] e
Jones 6 41 19 60 12.2% 0.37[0.13, 1.03] —
Robinson 8 121 19 236 17.4% 0.81 [0.34, 1.90] —
Willeford 1 22 5 129 2.6% 1.18 [0.13, 10.62]
Yunis 5 64 10 200 10.3% 1.61[0.53, 4.90] e —
Total (95% Cl) 605 1777 100.0% 0.72 [0.50, 1.02] <&
Total events 42 172
Heterogeneity: Tau? = 0.00; Chi? = 8.85, df = 11 (P = 0.64); I = 0% 6 o1 0‘1 1‘0 106

Test for overall effect: Z = 1.83 (P = 0.07)

Favours DOACs Favours control

Figure 4. Forest plot of the individual and combined rates of bleeding. Cl, confidence interval; df, degrees of freedom; DOACSs, direct oral anticoagu-
lants; M-H, Mantel-Haenszel.

DOACs Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Abdelnabi 0 39 2 40 4.2% 0.19[0.01, 4.19] ¢
Alcalai 0 13 0 12 Not estimable
Ali 0 32 5 60 4.7% 0.16 [0.01, 2.90] ¢
Igbal 0 22 1 62 3.8% 0.91 [0.04, 23.19]
Willeford 0 22 1 129 3.8% 1.90 [0.08, 48.21]
Yunis 13 64 46 200 83.4% 0.85[0.43, 1.71] j
Total (95% Cl) 192 503 100.0% 0.77 [0.41, 1.44]
Total events 13 55

Heterogeneity: Tau? = 0.00; Chi? = 2

Test for overall effect: Z = 0.83 (P = 0.41)

Figure 5. Forest plot of the individual and

anticoagulants; M-H, Mantel-Haenszel.

.38,df =4 (P = 0.67); I*> = 0%

0.01

0.1 10 100

Favours DOACs Favours control

combined rates of systemic embolism. Cl, confidence interval; df, degrees of freedom; DOACs, direct oral

DOACs Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Abdelnabi 0 39 6 40 2.4% 0.07 [0.00, 1.24] ¢
Alcalai 0 13 0 12 Not estimable
Ali 2 32 14 60 7.1% 0.22 [0.05, 1.03]
Bass 55 180 254 769 29.2% 0.89[0.63, 1.27] -
Cochran 0 14 9 59 2.4% 0.18 [0.01, 3.34]
Daher 2 17 4 42 5.6% 1.27 [0.21, 7.66] —
Guddeti 0 19 2 80 2.1% 0.81[0.04, 17.46]
Igbal 0 22 2 62 2.1% 0.54 [0.02, 11.64]
Jaidka 0 12 2 37 2.1% 0.57 [0.03, 12.66]
Jones 1 41 3 60 3.6% 0.47 [0.05, 4.73]
Robinson 17 121 14 236 18.4% 2.59[1.23, 5.46] —
Willeford 0 22 8 129 2.4% 0.32[0.02, 5.70]
Yunis 23 64 80 200 22.5% 0.84[0.47, 1.51] —m—
Total (95% CI) 596 1786 100.0% 0.83 [0.53, 1.33] <>
Total events 100 398
Heterogeneity: Tau? = 0.16; Chi® = 16.54, df = 11 (P = 0.12); I> = 33% 50 o1 051 150 100‘

Test for overall effect: Z = 0.76 (P = 0.45)

Favours DOACs Favours control

Figure 6. Forest plot of the individual and combined rates of composite stroke or systemic embolism. Cl, confidence interval; df, degrees of free-
dom; DOACs, direct oral anticoagulants; M-H, Mantel-Haenszel.
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DOACs Control Odds Ratio Odds Ratio

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

Alcalai 0 13 0 12 Not estimable

Cochran 1 14 2 59 3.2% 2.19[0.18, 26.05]

Durrer-Ariyakuddy 1 20 2 33 3.3% 0.82[0.07, 9.62]

Igbal 3 22 6 62 9.1% 1.47 [0.34, 6.48] e

Robinson 14 121 32 236 44.3% 0.83[0.43, 1.63]

Yunis 13 64 38 200 40.1% 1.09 [0.54, 2.20]

Total (95% Cl) 254 602 100.0% 1.01 [0.64, 1.57]

Total events 32 80

Heterogeneity: Tau? = 0.00; Chi? = 1.01, df = 4 (P = 0.91); I> = 0% 50 o1 031 1 130 100’

Test for overall effect: Z = 0.03 (P = 0.98)

Favours DOACs Favours control

Figure 7. Forest plot of the individual and combined rates of mortality. Cl, confidence interval; df, degrees of freedom; DOACs, direct oral anticoagu-

lants; M-H, Mantel-Haenszel.

DOACs Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
Abdelnabi 34 39 32 40 6.3% 1.70 [0.50, 5.74] 7
Alcalai 12 13 12 12 1.5% 0.33[0.01, 8.99]
Ali 18 32 37 60 8.4% 0.80[0.33, 1.91] — =
Alizadeh 29 38 32 60 8.2% 2.82[1.14, 6.96] —
Cochran 11 14 12 59 5.4% 14.36 [3.45, 59.73] D —
Daher 12 17 30 42 6.2% 0.96 [0.28, 3.32] . E—
Durrer-Ariyakuddy 9 20 19 33 6.9% 0.60 [0.20, 1.85] —_—T
Gama 11 13 31 53 4.6% 3.90[0.79, 19.38] T
Guddeti 15 19 65 80 6.2% 0.87 [0.25, 2.98] S| E—
Igbal 13 22 42 62 7.5% 0.69 [0.25, 1.88] D
Jaidka 8 12 18 37 5.6% 2.11[0.54, 8.25] 1
Jones 34 41 39 60 7.7% 2.62[0.99, 6.91] —
Lim 1 5 3 18 2.4% 1.25[0.10, 15.50]
Ratnayake 1 2 34 42 1.9% 0.24 [0.01, 4.18]
Robinson 56 121 131 236 11.2% 0.69 [0.44, 1.07] —
Willeford 13 22 63 129 8.1% 1.51[0.60, 3.79] 1
Yunis 62 64 200 200 1.8% 0.06 [0.00, 1.32] ¢
Total (95% CI) 494 1223 100.0% 1.29 [0.83, 1.99] ’
Total events 339 800
Heterogeneity: Tau? = 0.39; Chi? = 35.96, df = 16 (P = 0.003); I> = 56% 50 o1 051 110 100‘

Test for overall effect: Z = 1.13 (P = 0.26)

Favours DOACs Favours control

Figure 8. Forest plot of the individual and combined rates of left ventricular (LV) thrombus resolution. Cl, confidence interval; df, degrees of free-

dom; DOACs, direct oral anticoagulants; M-H, Mantel-Haenszel.

gastrointestinal bleeding, subarachnoid hemorrhage, and epi-
staxis requiring hospital admission.”” In the remaining stud-
ies, there was no significant difference in total bleeding events
among patients receiving DOACs vs VKAs.”
101718,22,28,26.29.30 To studies additionally examined rates
of blood product administration.””*” Willeford et al. found
no difference in blood product administration between
DOACs and VKAs (4.5% vs 3.1%, P = 1.0).” A larger study
by Bass et al. reported more blood product administration
among patients on warfarin compared to those taking a
DOAC (25.8% vs 13.9%, P < 0.001).”

Secondary outcomes. Six studies looked at the outcome of

SE, including 2 )preliminary RCTs and 4 retrospective obser-
: - 9517,18,21,29 :

vational studies.”'””'®*"*>? In the RCT by Alcalai et al., no

patients developed SE in either group after 3 months of fol-

low-up.'® In all other studies, there was no significant differ-

ence in SE between the DOAC and VKA groups, although

overall event rates were quite low across the studies.”'>*"**"
The composite secondary outcome of SSE was reported in

. - 7 20- g .
13 studies.” "7 152023:26:2930 1p - the multicenter cohort

study by Robinson et al., higher hazards of SSE were observed
in those treated with DOACs alone (HR 2.88, 95% CI 1.22-
6.80; P = 0.02).'° However, a recently published retrospective
cohort study by Bass et al.—the largest to date, with 949
participants—found no difference in SSE between the
DOAC and VKA groups (55 of 180 (30.6%) vs 254 of
769 (33%), P = 0.53).”” Nine other studies also reported no
difference in composite SSE events between DOACs and
VKAs.”?!$20:2:26:29:30 Einally, an RCT by Abdelnabi et al.,
and a retrospective cohort study by Ali et al., reported signifi-
cantly fewer composite SSE events with DOACs compared to
VKAs (0% vs 15% [P = 0.01] and 6% vs 23% [P = 0.0001],
respectively).'””! 7

Six studies reported on mortality.7")’10’18’2/"30 There were
no deaths in the DOAC and VKA groups in the RCT by
Alcalai et al.,"® and all remaining studies found no significant
difference in all-cause mortality between the 2 groups.

Seventeen studies reported on LV thrombus resolution.
FHOI72L2350 Tgelve studies reported no significant differ-
ence in LV thrombus resolution between DOACs and
VKAs, 10:18:23:24.2630 Three  srydies' 702 reported
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significantly greater LV thrombus resolution with DOACs
over the entire study period, and 2 other studies'**" found
initial resolution to be faster with DOAC:s, but no significant
differences in resolution when measured over the entire study
period. Jones et al. reported consistently higher LV thrombus
resolution with DOACs compared with VKAs at different
time points through the 1-year follow-up period (82% vs
64.4%, P = 0.0018) even after adjusting for baseline variables
(OR 1.8, 95% CI 1.2-2.9).%° A similar finding was reported
by Alizadeh et al., with LV thrombus resolution greater at 1
year with DOACs compared to VKAs (75% vs 53%,
P =0.0018), an effect that persisted with adjustment for base-
line variables (OR 1.8, 95% CI 1.2-2.9)."” Finally, 2 studies
noted faster thrombus resolution with the use of DOAC:s at 1
month follow-up, but the overall rates of thrombus resolution
were similar between the 2 groups (71.79% vs 47.5%,
P = 0.03 in Abdelnabi et al.”/, and 34% vs 12%, P <
0.00001 in Ali et al.”").

Discussion

Our meta-analysis has shown the following: (i) There was a
statistically significant decrease in stroke among those treated
with DOACs compared to VKAs, without an increase in
bleeding; and (ii) there were no significant differences in the
secondary outcomes of SE, SSE, mortality, and LV thrombus
resolution.

Current guidelines recommend the use of VKAs for treat-
ment of LV thrombi to reduce the risk of stroke and systemic
embolism.” Given the preference for DOAC: in atrial fibril-
lation, there is considerable interest in using these agents for
other indications. DOACs offer numerous benefits over
VKAs, including their ease of use, minimal need for monitor-
ing, and fewer drug interactions.” When studied in patients
with atrial fibrillation, DOACs were associated with decreased
SSE and all-cause mortality, with less major bleeding and
intracranial hemorrhage compared to VKAs.®?! Unfortu-
nately, these findings have not been established in the LV
thrombus population, and the risks and benefits of their use
for this indication are unknown.

Primary outcomes

In this meta-analysis, DOAC use was associated with a
37% decrease in odds of stroke compared to VKA use (OR
0.63, 95% CI 0.42-0.96; P = 0.03; I = 0%). Ten studies, of
which 3 were abstracts or conference proceedings, reported on
stroke.” »17:18:2022:29.30 Nie of these studies demonstrated
increased stroke events in the VKA group.w)’]7’20’22’29’30
However, none reached statistical significance, likely owing to
small sample size and overall low incidence of stroke during
the follow-up period. One study reported no stroke in both
the DOAC and VKA groups, but this study included only 25
participants, and follow-up was limited to 3 months.'® When
a sensitivity analysis was performed by excluding the
3 abstracts/conference proceedings, there was still a significant
reduction in odds of stroke with DOACs, supporting the orig-
inal analysis (OR 0.57, 95% CI 0.35-0.95; P = 0.03,
F = 0%).””?7%* Tt is interesting that RCTs comparing
DOAC: to warfarin in atrial fibrillation have found no signifi-
cant difference in the risk of ischemic stroke, whereas our
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meta-analysis suggests a possible reduction in stroke with
DOAGs.”" " This discrepancy may be attributable to differ-
ences in the underlying etiologies of atrial and ventricular
thrombi. An LV thrombus is often due to a single insult of an
acute MI, as was commonly seen in the included studies
(Table 1)."” This type of thrombus differs from a thrombus
due to atrial fibrillation, which is an ongoing process rather
than a single event. Therefore, it is possible that the risk of
stroke due to an LV thrombus associated with a discrete MI is
more easily modifiable than the risk of stroke due to an atrial
thrombus, which is associated with an ongoing arrhythmia.
Another important factor to consider when interpreting our
results is time in therapeutic international normalized ratio
(INR). Although these data were not consistently provided
across studies, Ali et al. reported that 71% of patients who
develoFed ischemic stroke on warfarin had a subtherapeutic
INR.”" Similarly, Jones et al. found that 35% of patients on
VKAs had a subtherapeutic INR.”’ Thus, it is unclear if the
higher odds of stroke in those using VKAs are due to issues
with compliance, maintenance of therapeutic INR, or inher-
ent differences in the anticoagulants themselves. Previous
meta-analyses have not examined stroke as an individual out-
come, but rather a composite SSE, making this the first review
to demonstrate this statistically significant difference.”*~
However, this finding must be contextualized by the limita-
tions of the primary studies, including the inherent bias of
cohort studies and the lack of an adjusted analysis. Further
studies—ideally in the form of adequately powered RCTs—
are required to substantiate this finding.

Our second prima?l outcome was bleeding, which was
reported in 13 studies.”*!7"1920-2%2420:29:30 \y7e found that
there were fewer bleeding events in those on DOACs com-
pared to those on VKAs, but this finding did not reach statisti-
cal significance (7.0% vs 9.7%; OR 0.72, 95% CI 0.50-1.02;
P=0.07; I’ = 0%). When a sensitivity analysis was performed,
including data from only the 7 full-text articles, the point esti-
mate for bleeding was further in favour of DOACs (OR 0.67,
95% CI 0.45-1.00; P = 0.05; I = 0%).”'******" This find-
ing is consistent with results of 11of the 13 primary studies,
which also found bleeding rates to be similar between the
groups. ! 1718:22:2426:2990 Tnierpretation of the bleeding
data is impacted by the variable definitions of bleeding across
studies (Table 1), which affects our ability to draw firm con-
clusions. First, for example, a number of primary studies
focused on major bleeding, such as intracranial hemorrhage or
bleeding with hemodynamic instability, whereas other studies
measured less-severe bleeding events not requiring hospitaliza-
tion or transfusion (Table 1). Future research with standard-
ized bleeding definitions will better ascertain bleeding risk.
Second, other risk factors for bleeding were not consistently
reported across studies, such as concurrent antiplatelet ther-
apy, chronic kidney disease, supratherapeutic INR, and use of
high-risk medications, such as steroids and nonsteroidal anti-
inflammatory drugs.”” This consideration is critical, as many
of the included patients developed LV thrombi following
acute Mls, which typically require concomitant antiplatelet
therapy. Igbal et al. was one of 2 studies to examine bleeding
rates among those on antiplatelet therapy, and they reported
that half of the patients who had a significant bleed on VKA
were receiving dual antiplatelet therapy.””” Finally, the type
and dosage of DOAC prescribed was also inconsistently
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reported in studies and warrants further investigation. Large
RCTs have demonstrated significant differences in bleeding
with various DOAC regimens compared to VKAs in the atrial
fibrillation population, and it is important to understand
whether this relationship also exists in the LV thrombus
population.?’z’3 G

Secondary outcomes

We found no statistically significant differences between
DOACs and VKAs across the secondary outcomes of SE,
SSE, mortality, and LV thrombus resolution.

Six studies reported on SE and did not identify significant
differences between those using DOACs vs VKAs (OR 0.77,
95% CI 0.41-1.44; P = 0.41; F = 0%)™'"'%21277% Te s
unclear how many of these SE events occurred in the context
of a subtherapeutic INR or medication non-adherence, and
whether there are differences between individual DOAC
agents. No prior meta-analyses examined SE as an individual
outcome; hence, SE is an area for future research.

A total of 13 studies measured stroke or SE that were com-
bined into a composite SSE outcome.’"'*!71#20-23,26,29,30
The cohort study by Robinson et al. —one of the largest con-
ducted on this topic to date (n = 514)—showed significantly
more SSE events in the DOAC group (HR 2.88, 95% CI
1.22-6.80; P = 0.02)."” However, a preliminary RCT by
Abdelnabi et al. found fewer SSE events in those taking
DOAC:s (0% vs 15%, P = 0.01), as did a retrospective study
by Ali et al. (6% vs 23%, P = 0.0001)."*" The remaining 10
primary studies found no statistically significant difference
between DOACs and VKAs. ?18:20:22:25:26,29.30 Similarly,
our pooled analysis also showed that DOACs and VKAs were
comparable in terms of SSE (OR 0.83, 95% CI 0.53-1.33;
P = 0.45; P = 33%). Concerns about off-label DOAC use in
LV thrombus have emerged since the Robinson et al. publica-
tion; however, in that study, there were a considerable num-
ber of patients who switched treatment groups (n =52
warfarin to DOAC, n = 19 DOAC to warfarin).'” When data
analysis was limited to those who had received only warfarin
or only DOAG:s, the possibility of a four-fold increase in haz-
ards of SSE was identified, but the point estimate was no lon-
ger statistically significant (HR 1.99, 95% CI 0.91-4.35;
P =0.08)."" Furthermore, RCT data by Abdelnabi et al."” did
not support the findings by Robinson et al.,'” instead demon-
strating decreased SSE with DOACs. However, this study was
also limited by a small sample size and open-label design.
Overall, our findings are in keeping with those of other meta-
analyses, which have also shown no significant difference in
SSE between DOACs and VKA:s.

Mortality was reported in 6 of the 18 studies, and no study
identified a meaningful difference between DOACs and
VKAs.”?!%18:2%30 1n 2 meta-analysis by Dalia et al., mortality
was found to be 9% higher in patients receiving warfarin com-
pared to those treated with DOAC:s (risk ratio 1.09, 95% CI
0.70-1.70), but the difference was not statistically signifi-
cant.”® This finding is in keeping with our results, which
showed no significant mortality benefit with use of one anti-
coagulant over the other.

There were no significant differences in LV thrombus reso-
lution between those treated with DOACs vs VKAs (OR
1.29, 95% CI 0.83-1.99; P = 0.26; I* = 56%).”'*!721:25%0
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LV thrombus resolution was assessed at different time points
in individual studies, ranging from 3 to 36 months, and this
limits interpretation of the results. Although we did not exam-
ine time to LV thrombus resolution, Jones et al. identified a
greater degree of LV thrombus resolution with DOACs over
VKAs at 1 year (81% vs 63%, P = 0.0018), in addition to
faster LV thrombus resolution with DOACs.”® Another pri-
mary study also reported significantly earlier thrombus resolu-
tion with DOACs at 1 month compared to VKAs (34% vs
12%, P < 0.00001).”" Further investigation of the time to
thrombus resolution with DOACs vs VKAs, and the associa-
tion with the risk of SSE, is an avenue for further research.
However, an important point to note is that the assessment of
LV thrombus resolution varied considerably across studies
thereby limiting the conclusions that can be drawn. For exam-
ple, different imaging modalities were used to assess for
thrombus resolution. Most studies used transthoracic echocar-
diogram, and only 4 used cardiac magnetic resonance
imaging,”'”*"** which has greater sensitivity in identifying
small thrombi.”” Furthermore, only one primary study” speci-
fied the use of contrast, which is known to enhance thrombus
detection.™”

Strengths

Our meta-analysis has a number of strengths. To the best
of our knowledge, this is the largest systematic review and
meta-analysis comparing DOACs to VKAs in the manage-
ment of LV thrombi. Our study pooled data from 18 studies
and 2666 participants, making this the most comprehensive
review of the literature on this topic to date. Although previ-
ous reviews have included data from case reports and observa-
tional studies, ours is the first to include data from 2 RCTs.”*
3941 Additionally, previously published meta-analyses have
examined fewer outcomes and focused on composite SSE.”*
% In contrast, our meta-analysis examined 6 different safety
and efficacy outcomes, and assessed stroke and SE as individ-
ual outcomes in addition to the composite SSE that previous
reviews have examined. By doing so, we are the first review to
identify a statistically significant reduction in stroke with

DOAC use.

Limitations

The limitations of our meta-analysis are largely related to
the included studies. The majority of primary studies were
cohort studies, which are inherently prone to bias, and
adjusted events were not consistently reported. Thus, our
meta-analysis is limited to the pooling of unadjusted event
rates. In addition, of the 18 studies included in this paper,
8 were not full-text articles, and limited information was
available to ascertain baseline characteristics of participants
and critically appraise study quality.'””'***** Although our
review includes 2 RCTs, additional data from ongoing larger
RCTs will aid in understanding the differences between
DOACs and VKA:s for this indication.**** Also, the length of
follow-up and outcome definitions varied considerably across
studies (Table 1), which affects the conclusions that can be
drawn. Information on important variables was also limited,
including the dose of DOAC used, time in therapeutic INR,
and concurrent antiplatelet therapy. These factors have
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important implications regarding the primary and secondary
outcomes studied. The lack of prospective registration was an
additional limitation of our study. Lastly, the population stud-
ied was relatively young, with a mean age of 49-63 years
(Supplemental Table S1). Therefore, the results may not be
generalizable to older patients who tend to have higher risks
of bleeding and thromboembolic events.

Conclusion

Within the context of low-quality evidence, this meta-anal-
ysis suggests that DOACs may be an alternative to VKAs in
the treatment of LV thrombi. Although a statistically signifi-
cant reduction in stroke with DOAC use was identified, these
results must be interpreted within the limitations of the
included studies. Further research through RCTs is required
to definitively compare the agents.
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