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Abstract

Although several antithrombotic strategies have been investigated for the management of cryptogenic strokes, ie, ischemic
strokes without known etiologies, an optimal antithrombotic strategy for cryptogenic strokes is unknown. We aim to assess
oral antithrombotic agents’ comparative efficacy and safety after cryptogenic stroke to identify an optimal treatment.

A systematic review and meta-analysis synthesizing evidence from randomized controlled trials (RCTs) obtained from PubMed, Embase
Cochrane, Scopus, and Web of Science until February 2024. We used the random-effects model to report dichotomous outcomes using a
risk ratio (RR) with a 95% confidence interval (Cl). Frequentist network meta-analysis was conducted using R, version 4.3.1.

Seven RCTs with 15,240 patients were included. None of the OACs showed a significant efficacy in preventing all-cause mortality, stroke
recurrence, cardiovascular mortality, and major adverse cardiac events compared to aspirin. Also, safety measures were similar between
different OACs and aspirin regarding safety measures, including major bleeding, intracranial hemorrhage, and gastrointestinal bleeding.
However, only rivaroxaban significantly increased the incidence of major bleeding (RR: 2.69, CI [1.67, 4.33]).

There was no difference between various OACs and aspirin regarding efficacy and safety outcomes. There is a greater risk of major bleeding
with rivaroxaban. Further research is still warranted to define a personalized strategy for selecting antithrombotic strategies after cryp-
togenic stroke on a case-by-case basis.
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Introduction subarachnoid, with the ischemic strokes comprising most of

Cerebrovascular accidents (CVAs), commonly known as
strokes, constitute a significant cause of morbidity and mortality
worldwide, with more than 795,000 cases in the United States
annually. Strokes can be ischemic, hemorrhagic, or

(>60%) stroke cases.” Ischemic strokes exhibit marked heteroge-
neity with more than 100 implicated pathologies.® Yet, no defi-
nite etiology is identified in 30%—40% of ischemic stroke cases,
to which the term cryptogenic stroke is used to refer.*> The Trial
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of Org 10172 defined cryptogenic stroke, in the acute stroke
treatment criteria, as the brain infarct not attributed to a definite
source of large-vessel atherosclerosis, cardio-embolism, or
small-vessel disease in the presence of extensive cardiac, sero-
logic, hematologic, and vascular evaluation, incomplete evalua-
tion, or evidence of more than one competing cause.” However,
it has been shown that some cryptogenic strokes are caused by a
source of cardio-embolism, such as atrial cardiopathy and patent
foramen ovale (PFO).””® For instance, PFO is detected in and
likely the cause of 50% of cryptogenic stroke cases.'”

Comprising a significant cause of disability and mortality,
research on the management of ischemic stroke is escalating.'*'?
The combination of antiplatelet therapy and stroke risk factor mod-
ification, as the mainstay of stroke prevention strategies in patients
with stroke of identified cause, has been applied to cryptogenic
stroke cases.'>'* Interestingly, some studies showed a potential
benefit from warfarin over aspirin in specific subgroups of crypto-
genic stroke patients, which opened the investigations of the superi-
ority of antiplatelets compared to anticoagulants.'*'> Additionally,
percutaneous closure of PFO, in cases with PFO, showed successful
results in preventing stroke recurrence in such cases.'® Although it is
hypothesized that anticoagulants can be beneficial in stroke cases
with potential sources of emboli, most studies focused on surgical
or percutaneous closure of PFO (source of emboli) and antiplatelets
instead of comparing antiplatelets to anticoagulants.'’

Previous systematic reviews and meta-analyses, including five
or six randomized clinical trials (RCTs) per each, have shown con-
troversial results concerning the benefit of anticoagulants over
antiplatelets in reducing the risk of stroke recurrence and safety
issues such as significant bleeding.'®° The most recent review
of 2282 patients concluded that oral anticoagulants (OACs)
were associated with a lower risk of recurrent ischemic stroke
compared to antiplatelets and a non-significantly higher risk of
significant bleeding.'” However, two large RCTs were published
recently, comprising 1367 patients, and apixaban was compared
to aspirin for patients with cryptogenic stroke.'>! We, therefore,
conducted the systematic review and network meta-analysis of
RCTs to provide comprehensive and up-to-date evidence of
OAC s efficacy and safety compared to antiplatelet therapy in
patients with cryptogenic stroke with potential cardiac emboli.

Methodology

Protocol Registration

We submitted this systematic review and meta-analysis proto-
col to PROSPERO with ID: CRD42024519285. Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) extension statement for network meta-analyses®>®
and the Cochrane Handbook of Systematic Reviews and
Meta-Analysis®* were strictly followed to conduct this review.

Data Sources & Search Strategy

A comprehensive search was conducted using PubMed
(MEDLINE), Scopus, Cochrane Central Register of Controlled

Trials (CENTRAL), Web of Science Core Collection, and
EMBASE up to Feb 20, 2024. The search involved customizing
terms and keywords in each database with Mesh terms related to
cryptogenic and embolic strokes of undetermined etiology and
various antithrombotic medications. This search strategy

details are highlighted in (Table S1).

Eligibility Criteria
We included randomized controlled trials (RCTs) that followed
the following PICO criteria: population (P): patients with crypto-
genic stroke or embolic stroke of undetermined source (ESUS);
intervention (I): oral anticoagulant either vitamin K antagonists
such as warfarin, or direct oral anticoagulant (DOACs); control
(C) another oral anticoagulant or antiplatelets; and outcomes
(O): efficacy outcomes including all-cause mortality, cardiovas-
cular mortality, stroke recurrence, major adverse cardiac events
(MACE), ischemic stroke, myocardial infarction, and systemic
thromboembolism. While the safety outcomes included major
bleeding, gastrointestinal bleeding, intracranial hemorrhage,
and the incidence of any serious adverse event.

Observational studies, review articles, letters, single-arm
clinical trials, animal studies, case series, case reports, com-
ments, and consensus documents were excluded from this study.

Study Selection

The review process utilized the Covidence web tool to manage
records. After removing duplicates, four investigators (A.N.,
M.Ay., S.R., and M.T.) independently assessed the records.
These investigators also performed full-text reviews for
records meeting the initial criteria, with any discrepancies
resolved through discussion and consensus with M.Ab.

Data Extraction

Four independent reviewers (A.N., M.Ay., S.R., and M.T.)
extracted the following data using a pilot-tested Excel sheet:
summary characteristics (first author name, year of publication,
country, study design, total participants, intervention and
control details, main inclusion criteria, primary outcome, and
follow-up duration); baseline characteristics (age, gender,
number of patients in each arm, baseline scores, and comorbid-
ities); and outcomes data as previously outlined. Any disagree-
ments among the reviewers were resolved through a consensus
conference.

Risk of Bias

Four reviewers (A.N., M.Ay., S.R., and M.T.) assessed the risk
of bias using the Cochrane RoB 2 tool for RCTs.?> The RoB 2
tool assessed five areas of potential bias in RCTs: randomiza-
tion process, deviations from intended interventions, missing
outcome data, measurement of outcomes, and selection of
reported results. Any disagreements among the reviewers
were resolved through a consensus conference.
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Statistical Analysis

We used R version 4.3.1. to perform a network meta-analysis
using a frequentist framework and a random effects model.
We pooled dichotomous outcomes using risk ratio (RR) and
the corresponding 95% confidence interval (CI). Statistical
inconsistency between network arms was evaluated by calculat-
ing I?. We interpreted the I-square test as follows: not signifi-
cant for 0%—40%, moderate heterogeneity for 30%-60%, and
substantial heterogeneity for 50%-90%, following the
Cochrane Handbook (chapter nine). Treatment ranking was
determined by calculating the SUCRA (Surface Under the
Cumulative Ranking Curve) to assess the probability of each
treatment being at each possible rank.?®

Results

Search Results and Study Selection

We identified a total of 4477 records after searching the data-
bases. Three thousand and five duplicates and automatically
identified irrelevant records were removed using Covidence,
which left 1172 records for title and abstract screening. We
excluded 1158 records and screened 14 full-text articles to
include seven RCTs (Figure 1).

Characteristics of Included Studies

This study involves seven RCTs'>'®2127730 with 15240
patients. Three trials investigated warfarin as an interven-
tion,'®?%2? while four trials investigated DOACs, either dabiga-
tran, rivaroxaban, or apixaban.'>!*7** All the included trials
used aspirin as a control. Further details are highlighted in
(Table 1) about the included trials’ characteristics and in
(Table 2) about the included patients’ baseline data.

Risk of Bias

Three of the included RCTs, including the RE-SPECT ESUS
trial, NAVIGATE ESUS, and ARCADIA trial,'>*"*° demon-
strated an overall low risk of bias. However, ATTICUS
showed overall some concerns due to the open-label treat-
ments.?! Also, PICSS?® showed some concerns due to a lack
of information about allocation concealment. Finally,
CLOSE'® and Shariat et al*® exhibited a high risk of bias
mainly due to the open-label assessment of outcomes.'®?®
The risk of bias in the included studies is detailed in (Figure 2).

DOACs Versus Warfarin Versus Aspirin
Efficacy Outcomes

All-Cause Mortality. Based on the analysis of six RCTs,
compared to aspirin, there was no significant difference
observed between aspirin and warfarin (RR: 2.31 with 95%
CI (0.29, 18.26), P=.43) or DOACs (RR: 1.11 with 95% CI
(0.87, 1.42), P=.39) (Figure 3A). After ranking the treatment

arms, warfarin has the highest risk, followed by DOACs and
aspirin (Table 3). Low heterogeneity was observed (I> = 0%).

Cardiovascular Mortality. Based on the analysis of four
RCTs, compared to aspirin, no significant difference was
observed between aspirin and DOACs (RR: 1.11 with 95%
CI (0.71, 1.74), P=.65) or warfarin (RR: 1.09 with 95% CI
(0.02, 53.44), P=.96) (Figure 3B). After ranking the treatment
arms, DOACs had the highest risk, followed by warfarin and
aspirin (Table 3). Low heterogeneity was observed (=
14.9%).

Stroke Recurrence. Based on the analysis of five RCTs,
compared to aspirin, no significant difference was observed
between aspirin and DOACs (RR: 0.95 with 95% CI (0.83,
1.09), P=.47) or warfarin (RR: 0.31 with 95% CI (0.09,
1.03), P=.06) (Figure 3C). After ranking the treatment arms,
aspirin had the highest risk, followed by DOACs and warfarin
(Table 3). Low heterogeneity was observed (I? = 0%).

Major Adverse Cardiac Events. Based on the analysis of
five RCTs, compared to aspirin, no significant difference was
observed between aspirin and DOACs (RR: 0.98 with 95%
CI (0.87, 1.10), P=.73) or warfarin (RR: 0.91 with 95% CI
(0.62, 1.33), P=.61) (Figure 3D). After ranking the treatment
arms, aspirin had the highest risk, followed by DOACs and war-
farin (Table 3). Low heterogeneity was observed (I = 0%).

Ischemic Stroke. Based on the analysis of four RCTs, com-
pared to aspirin, no significant difference was observed between
aspirin and DOACs (RR: 0.92 with 95% CI (0.79, 1.06), P=
.23) or warfarin (RR: 0.13 with 95% CI (0.01, 2.21), P=.16)
(Figure S1-A). After ranking the treatment arms, aspirin had
the highest risk, followed by DOACs and warfarin (Table 3).
Low heterogeneity was observed (I> = 0%).

Mpyocardial Infarction. Based on the analysis of four RCTs,
compared to aspirin, no significant difference was observed
between aspirin and warfarin (RR: 2.18 with 95% CI (0.04,
111.51), P=0.70) or DOACs (RR: 0.93 with 95% CI (0.56,
1.52), P=.76) (Figure S1-B). After ranking the treatment
arms, warfarin had the highest risk, followed by aspirin and
DOACs (Table 3). Low heterogeneity was observed (=
16.1%).

Combined Systemic Thromboembolism. Based on the anal-
ysis of five RCTs, compared to aspirin, no significant difference
was observed between aspirin and DOACs (RR: 1.00 with 95%
CI (0.84, 1.20), P=.96) or warfarin (RR: 0.53 with 95% CI
(0.25, 1.13), P=.10) (Figure S1C). After ranking the treatment
arms, aspirin had the highest risk, followed by DOACs and war-
farin (Table 3). Low heterogeneity was observed (I = 0%).

Safety Outcomes

Major Bleeding. Based on the analysis of six RCTs, com-
pared to aspirin, no significant difference was observed
between aspirin and warfarin (RR: 2.29 with 95% CI (0.70,
7.51), P=.17) or DOACs (RR: 1.58 with 95% CI (0.92,
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Figure |. PRISMA flow chart of the screening process.
2.70), P=.10) (Figure 4A). After ranking the treatment arms, Gastrointestinal Bleeding. Based on the analysis of four

warfarin had the highest risk, followed by DOACs and RCTs, compared to aspirin, no significant difference was
aspirin (Table 3). High heterogeneity was observed (I>= observed between aspirin and DOACs (RR: 1.26 with 95%
50.2%). CI (0.73, 2.19), P=.41) or warfarin (RR: 1.36 with 95% CI
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Risk of bias domains

Study

Domains:

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

D1: Bias arising from the randomization process. ,
D2: Bias due to deviations from intended intervention. High
D3: Bias due to missing outcome data. z
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.
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Figure 2. Quality assessment of risk of bias in the included trials. The upper panel presents a schematic representation of risks (low =green,
unclear =yellow, and high =red) for specific types of biases of each of the studies in the review. The lower panel presents risks (low =green,
unclear =yellow, and high =red) for the subtypes of biases of the combination of studies included in this review.

(0.29, 6.40), P=.70) (Figure 4B). After ranking the treatment
arms, DOACs had the highest risk, followed by warfarin and
aspirin (Table 3). Low heterogeneity was observed (I? = 0%).

Intracranial Hemorrhage. Based on the analysis of five
RCTs, compared to aspirin, no significant difference was
observed between aspirin and DOACs (RR: 1.12 with 95% CI
(0.31, 4.04), P=.86) or warfarin (RR: 1.09 with 95% CI (0.01,
82.41), P=.97) (Figure 4C). After ranking the treatment arms,
DOAC: had the highest risk, followed by warfarin and aspirin
(Table 3). High heterogeneity was observed (I* = 70.7%).

Any Serious Adverse Events. Based on the analysis of three
RCTs, compared to aspirin, no significant difference was

observed between aspirin and DOACs (RR: 1.03 with 95%
CI (0.92, 1.16), P=10.60) or warfarin (RR: 0.99 with 95% CI
(0.75, 1.31), P=.94) (Figure 4D). After ranking the treatment
arms, DOACs had the highest risk, followed by warfarin and
aspirin (Table 3). High heterogeneity was observed (I*=
62.9%).

Individual DOACs Versus Warfarin Versus Aspirin
Efficacy Outcomes

All-Cause Mortality. Based on the analysis of six RCTs,
compared to aspirin, there was no significant difference
observed between aspirin and warfarin (RR: 2.31 with 95%
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A- All-Cause Mortality
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Figure 3. Forest and network plots of the efficacy outcomes, comparing warfarin versus DOACs versus aspirin. DOACs: direct oral
anticoagulants, MACE: major adverse cardiac events, RR: risk ratio, Cl: confidence interval.
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Table 3. Ranking Table row for DOACs Versus Warfarin Versus
Aspirin Network meta-Analysis.

All-Cause Mortality.
Warfarin

2.08 (0.26; 16.65) DOACs

2.31 (0.29; 18.26) .11 (0.87; 1.42) Aspirin
Cardiovascular Mortality.

DOACs

1.02 (0.02; 50.97) Warfarin

111 (0.71; 1.74) 1.09 (0.02; 53.44) Aspirin
Stroke Recurrence.

Aspirin

1.05 (0.92; 1.20) DOACs

3.20 (0.97; 10.60) 3.05 (0.91; 10.17) Warfarin
MACE.

Aspirin

1.02 (0.91; 1.15) DOACs

1.10 (0.75; 1.61) 1.08 (0.72; 1.61) Warfarin
Ischemic Stroke.

Aspirin

1.09 (0.95; 1.26) DOACs

7.78 (0.45; 134.15) 7.14 (0.41; 123.46) Warfarin
Myocardial Infarction.

Warfarin

2.18 (0.04; 111.51) Aspirin

2.36 (0.04; 124.31) 1.08 (0.66; 1.77) DOACs
Combined Systemic Thromboembolism.

Aspirin

1.00 (0.83; 1.19) DOACs

1.89 (0.89; 4.00) 1.89 (0.87; 4.11) Warfarin
Any Serious Adverse Events.

DOACs

1.04 (0.77; 1.41) Warfarin

1.03 (0.92; 1.16) 0.99 (0.75; 1.31) Aspirin
Major Bleeding.

Warfarin

1.45 (0.40; 5.35) DOACs

2.29 (0.70; 7.51) 1.58 (0.92; 2.70) Aspirin
Gastrointestinal Bleeding.

DOACs

0.93 (0.18; 4.79) Warfarin

1.26 (0.73; 2.19) 1.36 (0.29; 6.40) Aspirin
Intracranial Hemorrhage.

DOACs

1.03 (0.01; 93.16) Warfarin

1.12 (0.31; 4.04) 1.09 (0.01; 82.41) Aspirin

Abbreviations: DOAC:s, direct oral anticoagulants; MACE, major adverse
cardiac events.

CI (0.29, 18.26), P=.43) or rivaroxaban (RR: 1.25 with 95%
CI (0.87, 1.79), P=.23) or apixaban (RR: 1.24 with 95% CI
(0.58, 2.66), P=.57), or dabigatran (RR: 0.97 with 95% CI
(0.67, 1.39), P=.85) (Figure 5A). After ranking the treatment
arms, warfarin has the highest risk, followed by rivaroxaban,
apixaban, aspirin, and dabigatran (Table 4). Low heterogeneity
was observed (I = 0%).

Stroke Recurrence. Based on the analysis of five RCTs,
compared to aspirin, there was no significant difference
observed between aspirin and rivaroxaban (RR: 1.08 with

95% CI (0.87, 1.34), P=.47) or apixaban (RR: 0.96 with
95% CI (0.66, 1.39), P=.83) or dabigatran (RR: 0.86 with
95% CI (0.70, 1.04), P=.11), or warfarin (RR: 0.31 with
95% CI (0.09, 1.03), P=.06) (Figure 5B). After ranking the
treatment arms, rivaroxaban has the highest risk, followed by
aspirin, apixaban, dabigatran, and warfarin (Table 4. Low het-
erogeneity was observed (I=0%). Compared to warfarin,
rivaroxaban was significantly associated with an increased inci-
dence of stroke recurrence (RR: 3.46 with 95% CI (1.03, 11.67)
(Table 4).

Major Adverse Cardiac Events. Based on the analysis of
five RCTs, compared to aspirin, there was no significant differ-
ence observed between aspirin and rivaroxaban (RR: 1.06 with
95% CI (0.88, 1.28), P=.55) or apixaban (RR: 1.04 with 95%
CI (0.77, 1.39), P=.80) or warfarin (RR: 0.91 with 95% CI
(0.62, 1.33), P=.61), or dabigatran (RR: 0.89 with 95% CI
(0.75, 1.07), P=.21) (Figure 5C). After ranking the treatment
arms, rivaroxaban has the highest risk, followed by apixaban,
aspirin, warfarin, and dabigatran (Table 4). Low heterogeneity
was observed (I = 0%).

Combined Systemic Thromboembolism. Based on the anal-
ysis of five RCTs, compared to aspirin, there was no significant
difference observed between aspirin and rivaroxaban (RR: 1.07
with 95% CI (0.87, 1.32), P=.16) or apixaban (RR: 0.90 with
95% CI1(0.62, 1.31), P=.45) or dabigatran (RR: 0.60 with 95%
CI (0.26, 1.37), P=.75), or warfarin (RR: 0.53 with 95% CI
(0.25, 1.13), P=.84) (Figure 5D). After ranking the treatment
arms, rivaroxaban has the highest risk, followed by aspirin,
apixaban, dabigatran, and warfarin (Table 4). Low heterogene-
ity was observed (I? = 0%).

Safety Outcomes

Major Bleeding. Based on the analysis of six RCTs, com-
pared to aspirin, rivaroxaban was significantly associated with
an increased incidence of major bleeding (RR: 2.69 with 95%
CI(1.67,4.33), P<0.01); however, there was no significant dif-
ference observed between aspirin and warfarin (RR: 2.30 with
95% CI (0.83, 6.40), P=.11) or dabigatran (RR: 1.20 with
95% CI (0.87, 1.67), P=.27), or apixaban (RR: 1.00 with
95% CI (0.32, 3.08), P=1.00) (Figure 6A). After ranking the
treatment arms, rivaroxaban has the highest risk, followed by
warfarin, dabigatran, apixaban, and aspirin (Table 4). Low het-
erogeneity was observed (I>=0%). Compared to dabigatran,
rivaroxaban was significantly associated with an increased inci-
dence of major bleeding (RR: 2.24 with 95% CI (1.26, 3.99)
(Table 4).

Gastrointestinal Bleeding. Based on the analysis of four
RCTs, compared to aspirin, there was no significant difference
observed between aspirin and apixaban (RR: 2.93 with 95% CI
(0.12, 71.50), P=.51) or dabigatran (RR: 1.23 with 95% CI
(0.70, 2.15), P=.47), or warfarin (RR: 1.36 with 95% CI
(0.29, 6.40), P=.70) (Figure 6B). After ranking the treatment
arms, apixaban has the highest risk, followed by warfarin,
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Figure 4. Forest and network plots of the safety outcomes, comparing warfarin versus DOACs versus aspirin. DOACs: direct oral

anticoagulants, RR: risk ratio, Cl: confidence interval.
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Figure 5. Forest and network plots of the efficacy outcomes, comparing various OACs versus aspirin. OACs: oral anticoagulants, RR: risk

ratio, Cl: confidence interval.
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Table 4. Ranking Table row for Individual OACs Versus Warfarin Versus Aspirin Network meta-Analysis.

All-Cause Mortality.
Warfarin

1.85 (0.23; 15.09)

1.86 (0.21; 16.80)

Rivaroxaban

.00 (0.43; 2.33)

Apixaban

2.31 (0.29; 18.26) 1.25 (0.87; 1.79) 1.24 (0.58; 2.66) Aspirin

2.40 (0.29; 19.52) 1.29 (0.77; 2.16) 1.29 (0.55; 2.99) 1.04 (0.72; 1.49) Dabigatran
Stroke Recurrence.

Rivaroxaban

1.08 (0.87; 1.34) Aspirin

1.13 (0.74; 1.72) 1.04 (0.72; 1.51) Apixaban

1.26 (0.95; 1.68) 1.17 (0.96; 1.42) 1.12 (0.74; 1.70) Dabigatran

3.46 (1.03; 11.67) 3.20 (0.97; 10.60) 3.07 (0.88; 10.75) 2.74 (0.81; 9.20) Warfarin
MACE.

Rivaroxaban

1.02 (0.72; 1.45) Apixaban

1.06 (0.88; 1.28) 1.04 (0.77; 1.39) Aspirin

1.17 (0.76; 1.79) 1.14 (0.71; 1.85) 1.10 (0.75; 1.61) Warfarin

1.19 (0.91; 1.54) 1.16 (0.82; 1.64) 1.12 (0.94; 1.34) 1.02 (0.67; 1.55) Dabigatran
Combined Systemic Thromboembolism.

Rivaroxaban

1.07 (0.87; 1.32) Aspirin

1.19 (0.77; 1.83) I.11 (0.76; 1.61) Apixaban

1.79 (0.76; 4.19) 1.67 (0.73; 3.80) 1.50 (0.61; 3.72) Dabigatran

2.02 (0.93; 4.42) 1.89 (0.89; 4.00) 1.70 (0.73; 3.95) 1.13 (0.37; 3.46) Warfarin
Major Bleeding.

Rivaroxaban

1.17 (0.38; 3.62) Warfarin

2.24 (1.26; 3.99) 1.91 (0.65; 5.60) Dabigatran

2.70 (0.79; 9.16) 2.30 (0.50; 10.56) 1.21 (0.37; 3.90) Apixaban

2.69 (1.67; 4.33) 2.30 (0.83; 6.40) 1.20 (0.87; 1.67) 1.00 (0.32; 3.08) Aspirin
Gastrointestinal Bleeding.

Apixaban

2.16 (0.06; 75.01) Warfarin

2.39 (0.09; 61.18) I.11 (0.21; 5.75) Dabigatran

2.93 (0.12; 71.50) 1.36 (0.29; 6.40) 1.23 (0.70; 2.15) Aspirin

Intracranial Hemorrhage.

Rivaroxaban

3.65 (0.04; 325.00) Warfarin

3.99 (0.39; 40.40) 1.09 (0.01; 89.64) Dabigatran

3.99 (0.70; 22.82) 1.09 (0.02; 68.34) 1.00 (0.22; 4.58) Aspirin

22.10 (1.01; 481.37) 6.05 (0.05; 775.39) 5.53 (0.29; 106.95) 5.53 (0.44; 70.20) Apixaban

dabigatran, and aspirin (Table 4). Low heterogeneity was
observed (I = 0%).

Intracranial Hemorrhage. Based on the analysis of five
RCTs, compared to aspirin, there was no significant difference
observed between aspirin and rivaroxaban (RR: 3.99 with 95%
CI (0.70, 22.82), P=.12) or warfarin (RR: 1.09 with 95% CI
(0.02, 68.34), P=.97) or dabigatran (RR: 1.00 with 95% CI
(0.22, 4.58), P=1.00), or apixaban (RR: 0.18 with 95% CI
(0.01, 2.29), P=.19) (Figure 6C). After ranking the treatment
arms, rivaroxaban has the highest risk, followed by warfarin,
dabigatran, aspirin, and apixaban (Table 3). Low heterogeneity
was observed (I>=15%). Compared to apixaban, rivaroxaban
was significantly associated with an increased incidence of
intracranial hemorrhage (RR: 22.10 with 95% CI (1.01,
481.37) (Table 4).

Discussion

Two previous meta-analyses revealed the benefits of using
OACs over aspirin in reducing the rate of stroke recurrence
without any significant difference in major bleeding.'”*° On
the other hand, another meta-analysis conveyed no net benefit
of OACs over antiplatelet therapy in reducing stroke recurrence
with a non-significant increase in bleeding risk.'® The present
network meta-analysis comparing warfarin, direct-acting oral
anticoagulants (DOACs), and aspirin revealed no significant
benefit of anticoagulants over aspirin in mortality rates, stroke
recurrence, bleeding, or cardiovascular events. The lack of
benefit of anticoagulants over aspirin, especially in preventing
recurrent ischemic events or strokes, can have numerous expla-
nations. All the included RCTs showed no superiority of anti-
coagulation over antiplatelet therapy. The trials included
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Figure 6. Forest and network plots of the safety outcomes, comparing various OACs versus aspirin. OACs: oral anticoagulants, MACE: major

adverse cardiac events, RR: risk ratio, Cl: confidence interval.

different anticoagulants, including warfarin, apixaban, dabiga-
tran, and rivaroxaban, compared to aspirin.'>!'®2!27-3¢
Strokes constitute a significant cause of morbidity and mor-
tality worldwide, with a high risk of recurrence unless second-
ary prevention is implied. Proper secondary prevention requires
identifying the underlying stroke mechanism and risk factors.*'
Cryptogenic strokes are believed to be caused by
cardio-embolism in the context of atrial cardiopathy or
PFO.”*!7 Since antithrombotic agents comprise a cornerstone
in the secondary prevention of stroke cases, many trials

investigated the efficacy of OACs in cryptogenic strokes. For
instance, in cases with PFO, closure of the PFO plus antiplatelet
therapy was superior to antiplatelet therapy alone but not OACs
alone.'®'®32 Thus, OACs can be hypothesized to be used in
cases where only medical treatment is considered.'® Although
there are published meta-analyses on the efficacy and safety
of OACs compared to antiplatelets,'®° to the authors’ knowl-
edge, this is the first network meta-analysis to evaluate the use
of different OACs and antiplatelets in cryptogenic strokes with
the inclusion of recently published large trials.'**!
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The primary hypothesis for using anticoagulants is that they
would be superior to antiplatelets in cryptogenic stroke due to
the presumed embolic origin of stroke, especially in the pres-
ence of factors promoting embolism, such as occult AF and
PFO.*® Yet, occult AF was detected in only 3% to 25% of
trials where extensive electrocardiographic monitoring was ini-
tiated.">?!-** Notably, the diagnosis of occult AF requires such
patients to crossover to anticoagulant therapy if they were ran-
domized to antiplatelet, which can affect the precision and inter-
pretation of the results.'”> The presence of PFO among patients
in some trials did not favor using anticoagulants either.'®**-3
Indeed, the presence of PFO and co-occurrence of stroke can
be debated as to be a cryptogenic stroke. PFO can be found inci-
dentally without clinical implications.® Homma et al, compar-
ing warfarin to aspirin in stroke cases, showed higher rates of
cryptogenic strokes with the presence and larger size of PFO.
However, neither the presence nor the size affected the patients’
response to the medical therapy.?’ The indifference between
medical treatments in cryptogenic stroke and PFO may
suggest that PFO causes the first stroke but does not have any
causal role in stroke recurrence.>® This is consistent with
American Heart Association/American Stroke Association
guidelines, which state that antiplatelet therapy is reasonable
in patients with an ischemic stroke or transient ischemic
attack with a PFO.*!

Although a comprehensive diagnostic evaluation for a
source of stroke was required for eligibility for the trials, the
heterogeneous underlying sources of the embolic strokes
(arterial, cardiogenic, or paradoxical) with variation in the
composition of emboli may have resulted in enrolling patients
that would not have benefited from anticoagulants.*®
Furthermore, most recurrent strokes occur in the same cerebral
arterial territory as the index cryptogenic stroke, a finding that
suggests an upstream atherosclerotic source rather than a
central cardioembolic source.*® The lack of benefit of antico-
agulation over aspirin in trial participants despite selection for
underlying cardiac abnormalities suggests that a substantial
proportion of cryptogenic strokes may arise from non-
stenosing atherosclerosis.'”

All anticoagulants have an inherent risk of bleeding in differ-
ent anatomical sites with variable severity.>> Despite the non-
significant differences, we found that aspirin had lower risks
of major bleeding, intracranial hemorrhage (ICH), or gastroin-
testinal bleeding. Furthermore, warfarin seemed to have
higher risks for major bleeding, whereas, for ICH and gastroin-
testinal bleeding, DOACs ranked first in the risk assessment.
Although DOACs are considered more tolerable with a better
safety profile than warfarin, controversial results have been
published regarding specific bleeding patterns, eg, major bleed-
ing, ICH, and gastrointestinal bleeding, according to the popu-
lations’ characteristics and comorbidities.*** The clinical
decision for either DOACs or warfarin should consider the
notable differences between each of DOAC:s.

Regarding major bleeding and ICH, rivaroxaban had the
highest risk, followed by warfarin, while apixaban had lower
risks, even lower than aspirin. The trial by Hart et al, comparing

rivaroxaban 15 mg to aspirin 100 mg daily, was early termi-
nated due to the increased bleeding with the rivaroxaban
group along with the lack of beneficial effect regarding stroke
risk.>® On the other hand, another recent trial showed that apix-
aban had a lower incidence of symptomatic ICH, although such
a finding is limited to the small number of events.'” Similarly, a
meta-analysis of RCTs and real-world data suggested that apix-
aban can be safer than rivaroxaban.'®-°

Strengths & Limitations

Although this is the first network meta-analysis to evaluate the
use of different anticoagulants compared to antiplatelets for
patients after cryptogenic stroke with possible sources of PFO
in which we implemented frequentist methodology and
adhered to the PRISMA recommendations for reviews evaluat-
ing randomized trials, it has some limitations. Some studies
may differ in defining some outcome measures or diagnostic
criteria. Small sample sizes of some studies may reduce the gen-
eralizability of the results.”® Furthermore, the confidence inter-
vals were wide, implying insufficient precision. Thus, our
results are suggestive rather than definitive or conclusive.
However, we included only RCTs that inherently provide the
highest quality of evidence and precise and relevant interpreta-
tion, and the implications of such results should be in light of
the real-world data. Also, the mean/median follow-up of the
included trials was not more than two years.'>!6-21:27-30
Finally, the aspirin dosage differed across the included trials,
but most trials used low-dose aspirin (75-100 mg); thus, this
is unlikely to affect the results.

Implications for Future Research

More extensive studies with large sample sizes and long
follow-up durations are needed to conclude recommendations
for using anticoagulants primarily over antiplatelets in crypto-
genic strokes. Continuous monitoring of patients enrolling in
all studies of cryptogenic stroke should be considered to
reveal any possible occult conditions. More investigation
should be performed into the underlying pathophysiology of
cryptogenic strokes. Due to the difference in the characteristics
of each anticoagulant, future studies may focus on investigating
and comparing each extensively, which can lead to more
precise and clinically relevant interpretations. So far, there is
no sufficient evidence to recommend the use of anticoagulants
in cryptogenic strokes with or without PFO.

Conclusion

There was no difference between various OACs and aspirin
regarding efficacy and safety outcomes. Considering the
higher risks and costs of anticoagulation, requiring regular lab-
oratory checks and involving an increased probability of intra-
cranial hemorrhage, we propose that anticoagulation has no
benefits over antiplatelet therapy in patients with cryptogenic
stroke. Further research is still warranted to define a
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personalized strategy for selecting antithrombotic strategies
after cryptogenic stroke on a case-by-case basis.
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