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Abstract

Several observational studies have compared the effectiveness and safety out-
comes between nonvitamin K antagonist oral anticoagulants (NOACs) and vita-
min K antagonists (VKAs) in atrial fibrillation (AF) patients with a history of
either stroke/transient ischemic attack (TIA) or intracranial hemorrhage. There-
fore, our current meta-analysis aimed to address this issue. The Cochrane
Library, PubMed, and Embase databases were systematically searched until
December 2020 for all relevant observational studies. We applied a random-
effects model to pool adjusted hazard ratios (HRs) and 95% confidence intervals
(Cls) for this meta-analysis. A total of 10 studies were included. Among patients
with a history of stroke/TIA, the use of NOACs versus VKAs was associated
with decreased risks of stroke (HR, 0.82, 95% Cl 0.69-0.97), systemic embolism
(HR, 0.73, 95% Cl 0.61-0.87), all-cause death (HR, 0.87, 95% Cl 0.81-0.94),
major bleeding (HR, 0.77, 95% Cl 0.64-0.92) and intracranial hemorrhage (HR,
0.54, 95% Cl 0.38-0.77). Among patients with a history of intracranial hemor-
rhage, the use of NOACs versus VKAs was associated with reduced risks of
stroke (HR, 0.81, 95% Cl 0.68-0.95), all-cause death (HR, 0.68, 95% Cl| 0.49-
0.94), and intracranial hemorrhage (HR, 0.66, 95% Cl 0.51-0.84). Compared
with VKAs, the use of NOACs exhibited superior efficacy and safety outcomes
in AF patients with previous stroke/TIA, and the use of NOACs was associated
with reduced risks of stroke, all-cause death, and intracranial hemorrhage in

patients with a history of intracranial hemorrhage.
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1 | INTRODUCTION

Oral anticoagulants (OACs) have been extensively prescribed for
patients with atrial fibrillation (AF) as the first-line treatment to pre-
vent stroke or other systemic embolisms.>? Vitamin K antagonists
(VKAs), predominantly warfarin, were the only available class of oral
anticoagulants over the past decades until 2009 when nonvitamin K
(NOACs,

apixaban, rivaroxaban, and edoxaban) were introduced.® Several stud-

antagonist oral anticoagulants including dabigatran,
ies have been conducted to compare the effectiveness and safety of
NOAC s versus VKAs among patients with AF.

Although it has been well-demonstrated by previously published
meta-analyses that NOACs have an advantageous risk-benefit profile
in stroke prophylaxis, intracranial hemorrhage, and all-cause mortality
in comparison with warfarin among patients with AF,% the heteroge-
neity of the effectiveness and safety between NOACs and VKAs has
not been revealed for a specific subgroup of patients, namely AF
patients with a past medical history of stroke/transient ischemic
attack (TIA), or intracranial hemorrhage. Given that patients in this
subgroup are susceptible to recurrent cerebrovascular ischemic
events’ as well as intracranial hemorrhage,8 which is the most lethal
adverse effect of anticoagulants,” it is thus of significance to scrutinize
their different responses to NOAC and VKA anticoagulant therapies.
In this meta-analysis of real-world studies, we address the discrepan-
cies in effectiveness and safety outcomes between NOACs and VKAs
in AF patients who have previously been diagnosed with a stroke/TIA,

or intracranial hemorrhage.

2 | METHODS

Our current meta-analysis was performed based on the Cochrane
handbook for systematic reviews. The results of this study were
arranged based on the Preferred Reporting Items for Reporting Sys-
tematic Reviews and Meta-analyses (PRISMA). Given that no patients
were involved in the establishment of the research question, the out-
come measures, and the design or the implementation of this meta-
analysis, ethical approval was necessary. The data, methods, and
materials of this study are available to others for purposes of rep-
roducing the results or replicating procedures by contacting the

corresponding author.

21 | Search strategy

The three electronic databases (the Cochrane Library, PubMed, and
Embase) were systematically searched up to December 2020 by two
reviewers. We potentially included studies that evaluated the compar-
isons of effectiveness and safety between NOACs and VKAs in AF
patients with a history of stroke and/or intracranial hemorrhage. We
used the following search items including: (1) atrial fibrillation; AND
(2) non-vitamin K antagonist oral anticoagulants OR direct oral antico-
agulants OR dabigatran OR rivaroxaban OR apixaban OR edoxaban;

AND (3) vitamin K antagonists OR warfarin OR coumadin OR
acenocoumarol OR phenprocoumon OR fluindione OR phenindione
OR anisindione. Cross-referencing was also applied to identify poten-
tially missed studies. The reference lists of meta-analyses and system-
atic reviews were reviewed and retrieved for more studies. We

applied no restrictions on language in the searches.

2.2 | Study eligibility

Eligible studies were included if they met all of the following criteria:
(1) observational studies focusing on nonvalvular AF patients with a
history of stroke/TIA or patients with a history of intracranial hemor-
rhage; (2) comparisons of outcomes between NOACs (dabigatran,
rivaroxaban, apixaban, or edoxaban) and VKAs (warfarin, coumadin,
phenprocoumon, acenocoumarol, fluindione, phenindione, or
anisindione); (3) the effectiveness outcomes included stroke, systemic
embolism, and all-cause death, while the safety outcomes included
major bleeding, intracranial hemorrhage, and gastrointestinal bleeding.
We only included studies that reported the effect estimates: adjusted
hazard ratios (HRs) and 95% confidence intervals (Cls). If one study
reported adjusted HRs in multiple models, the most adjusted model
was included.

We applied the following exclusion criteria: (1) studies were dupli-
cated publications; (2) publications had no relevant data (e.g., reviews,
case reports, editorials, and comments); (3) studies focused on AF
patients after interventions, such as cardioversion, ablation, or left-

atrial appendage closure.

2.3 | Study selection and data collection

The retrieved pieces of literature were imported into the NoteExpress
V3.0 software (Beijing Aegean Sea Music Technology Co., Ltd.;
http://www.inoteexpress.com/aegean/), and we deleted duplicate
records. Two reviewers independently screened the titles and
abstracts of the retrieved records. Then, the full texts of the records
were reviewed to identify all potentially eligible studies. Any disagree-
ment was addressed by discussion or was resolved by an additional
reviewer. For each included study, we mainly collected the following
data: the first author and publication year, study design, data source,
inclusion period, type of NOACs and VKAs, the reported effectiveness
and safety outcomes, and the adjusted effect estimates. Two
reviewers independently collected the data and compared the results

to ensure coherence.

2.4 | Quality assessment

For the observational studies, two reviewers independently evaluated
the methodological quality using the Newcastle-Ottawa Scale (NOS)
tool. This tool involved three blocks: the selection of cohorts, the

comparability of cohorts, and outcome evaluation. A study can be
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight [V, Random, 95% ClI IV, Random. 95% CI
1.1.1 Stroke
Coleman, 2017 (APD -0.236 0.392 35% 0.79[0.37,1.70]
Coleman, 201 T(DA) -0.511 0386  3.6% 0.60 [0.28, 1.28]
Coleman, 2017 (RIV) -0.734 0.258 B.1% 0.48[0.29, 0.749] -
Larsen, 2014{DA 110 ma) -0.301 014 9.9% 0.74 [0.56, 0.97] e
Larsen, 2014{DA 150 ma) 0882 0.213 T.4% 1.79[1.18, 2.72 -
Park, 20149 -0.4 0038 132% 067 [0.62,0.72] -
Seiffge, 20149 -0.094 0135 101% 0.91 [0.70,1.149] 1
¥ian, 2019 0.01 0063 126% 1.01[0.89,1.14] -
Yang, 2020 (AP 0.039 0099 11.5% 1.04 [0.86, 1.26] -
Yang, 2020 {DA) -0.446 D148 9.7% 0.64 [0.48, 0.89)] -
Yang, 2020 (R -0.315 D076 123% 0.73[0.63, 0.89] -
Subtotal (95% Cl) 100.0%  0.82[0.69, 0.97] <>
Heterogeneity: Tau®= 0.05; Chi*= 64.29, df= 10 (P = 0.00001); F= 84%
Test for overall effect Z=2.31 (P=0.02)
1.1.2 Systemic embolism
¥ian, 2019 -0.051 0183 20.3% 0.95 [0.66, 1.37] e
Yang, 2020 (AP -0.478 0183 20.3% 0.62[0.43, 0.90] -
Yang, 2020 {DA) -0.478 0238 13.0% 0.62[0.39, 0.949) —
Yang, 2020 (R -0.318 012 46.3% 0.73[0.48, 0.92] ——
Subtotal (95% Cl) 100.0%  0.73[0.61, 0.87] <>
Heterogeneity: Tau®= 0.00; Chi*= 319, df=3{(P=0.36), F=6%
Test for averall effect. £=3.62 (P =0.0003)
1.1.3 All-cause death
Komen, 2019 0174 0.148 6.3% 1.19[0.89, 1.549] T
Park, 2019 -0174 0027 452% 0.84 [0.80, 0.849)] u
Seiffge, 20149 -0186 0106 111% 0.83[0.67,1.02] |
Hian, 2019 -0128 0.038 37.4% 0.88[0.82, 0.94] L
Subtotal (95% CI) 100.0% 0.87 [0.81, 0.94] L 2
Heterogeneity: Tau®=0.00; Chi*=6.02, df=3 {(P=0.11); F=50%
Test for overall effect: 2= 3.46 (P = 0.0005)
02 0.5 1 2 5

FIGURE 1

MNOACs VKAs

Comparing efficacy of NOACs with VKAs in AF patients with a history of stroke or TIA. AF, atrial fibrillation; API, apixaban;

NOAC s, non-vitamin K antagonist oral anticoagulants; Cl, confidence interval; DA, dabigatran; IV, inverse of the variance; RIV, rivaroxaban; SE,
standard error; TIA, transient ischemic attack; VKAs, vitamin K antagonists

awarded a maximum of one point for each numbered item within the
selection and outcome categories. A maximum of two points can be
given for comparability. A study with an NOS score of <6 was defined
as low quality.'®? Disputable issues were resolved by consensus, or

discrepancies were resolved by an additional reviewer.

2.5 | Statistical analysis

The statistical analyses were performed using Review Manager 5.3
software (the Nordic Cochrane Center, Rigshospitalet, Denmark). We
used heterogeneity analysis to quantify the degree of heterogeneity
of 1? calculations. 1 > 50% of the value indicated substantial hetero-
geneity. The natural logarithms of HRs and standard errors of the
included studies were calculated.!? Considering the possible hetero-
geneity existing in the eligible studies, we applied a random-effects

model with an inverse variance method for this meta-analysis. To

verify the robustness of the results, sensitivity analyses were per-
formed by excluding the studies one by one or using a fixed-effects
model. Subgroup analyses could not be performed due to the limited
data. According to the Cochrane handbook, the funnel plot should
generally not be considered when the included studies were less than
10. The comparisons were considered two-sided, and p < .05 was

considered statistically significant.

3 | RESULTS

3.1 | Included study features

The flow diagram of the literature search is shown in Supplemental
Figure 1. A total of 4685 studies were identified during the electronic
search, and we deleted 1624 duplicate publications among the the
Cochrane Library, PubMed, and Embase. A total of 3006 studies were
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Hazard Ratio
Weight IV, Random, 95% ClI

Study or Subgroup log[Hazard Ratio] SE

cvees RWIESERS

Hazard Ratio
IV, Random, 95% Cl

1.2.1 Major bleeding

Coleman, 201 7 AP -0.236 0373 55%
Coleman, 2017(DA) -0.545 0405 4.7%
Coleman, 201 7(RIW) 0.068 0.209 156%
Park, 2019 -0.315 0.049 TFa41%
Subtotal (95% CI) 100.0%

Heterogeneity: Tau®=0.01; Chi*=3.59, df=3 (P=0.31); F=16%

Test for overall effect. £= 2.90 (P = 0.004)

1.2.2 Intracranial hemorrhage

Coleman, 2017(DA) -1.47 1079 26%
Coleman, 201 7(RIV) -0.916 0494 11.5%
Seiffge, 2019 -0.868 0277 29.7%
Hian, 2019 -0.371 0164 561%
Subtotal (95% CI) 100.0%

Heterogeneity: Tau*=0.03; Chi*= 378, df=3(P=0.29); F=21%
Test for overall effect: 2= 3.44 (P = 0.000&)

1.2.3 Gastrointestinal bleeding

0,78 [0.38, 1.64]

0.58 [0.26, 1.28]

1.07 [0.71, 1.61] —
0.73 [0.66, 0.80] B

0.77 [0.64, 0.92] N
0.23[0.03,1.91] *

0.401[0.15,1.05 * -

042[0.24, 077 —%——

0.69 [0.50, 0.95] —il—

0.54 [0.38, 0.77] ~—

Hian, 2019 0131 0064 4759% 1.14[1.01,1.29] -
Yang, 2020 (AP -0.342 0.243 11.2% 0.71[0.44, 114 = =
Yang, 2020 (DA) 0344 0217 13.4% 1.41[0.92, 2.16] T =
Yang, 2020 (RN 0191 0129 274% 1.21[0.94, 1.56] =
Subtotal (95% CI) 100.0% 1.13 [0.95, 1.35] >
Heterogeneity: Tau*=0.01; Chi*= 487, df=3(P=017); F=40%
Test for overall effect: Z=1.37 (P=0.17)
0.2 0.5 1 2 5
MOACs VKAs

FIGURE 2 Comparing safety of NOACs with VKAs in AF patients with a history of stroke or TIA. AF, atrial fibrillation; API, apixaban; NOACs,
non-vitamin K antagonist oral anticoagulants; Cl, confidence interval; DA, dabigatran; IV, inverse of the variance; RIV, rivaroxaban; SE, standard

error; TIA, transient ischemic attack; VKAs, vitamin K antagonists

excluded based on title and abstract screenings. Then, 55 studies
were screened based on the full texts. Finally, a total of 10 observa-
tional studies were potentially in this meta-analysis.'>2? Six13-16:18.19
and three studies?®?? focused on AF patients with a history of
stroke/TIA, and a history of intracranial hemorrhage, respectively, and
one study assessed these two populations.}” The baseline characteris-
tics of the included studies are shown in Table 1 and Supplemental
Tables 1-2. Regarding the quality assessment, the 10 observational

studies exhibited acceptable quality.

3.2 | NOAGCs versus VKAs in patients with
previous stroke/TIA

Seven included studies reported AF patients with a history of stroke/
TIAS1? Regarding effectiveness outcomes, compared with VKA use,
the use of NOACs was associated with reduced risks of stroke (HR,
0.82, 95% Cl 0.69-0.97; p = .02; 1> = 84%), systemic embolism
(HR, 0.73, 95% ClI 0.61-0.87; p = .0003; I*> = 6%), and all-cause
death (HR, 0.87, 95% Cl 0.81-0.94; p = .0005; I> = 50%) (Figure 1).
For the safety outcomes, compared with VKA use, the use of NOACs

was associated with decreased risks of major bleeding (HR, 0.77, 95%
Cl 0.64-0.92; p = .004; 2 = 16%) and intracranial hemorrhage (HR,
0.54, 95% CI 0.38-0.77; p = .0006; I? = 21%). There was no signifi-
cant difference in the rate of gastrointestinal bleeding (HR, 1.13, 95%
Cl 0.95-1.35; p = .17; I> = 40%) (Figure 2).

3.3 | NOACs versus VKAs in patients with
previous intracranial hemorrhage

A total of four studies evaluated the comparisons of effectiveness
and safety between NOACs and VKAs in AF patients with a history
of intracranial hemorrhage.'”2°-22 As shown in Figure 3, compared
with VKA use, the use of NOACs was associated with reduced risks
of stroke (HR, 0.81, 95% CI 0.68-0.95; p = .009; 12 = 0%), all-cause
death (HR, 0.68, 95% Cl 0.49-0.94; p = .02; I?> = 89%), and intra-
cranial hemorrhage (HR, 0.66, 95% Cl 0.51-0.84; p = .0008;
I2 = 14%). Only 1 study by Tsai et al reported the outcome of major
bleeding between NOACs and VKAs (HR, 0.65, 95% Cl 0.53-0.67),
whereas none of the included studies focused on the outcomes of

systemic embolism and gastrointestinal bleeding. The results of this
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Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight V. Random, 95% Cl IV, Random, 95% CI
2.1.1 Stroke
Lee, 2020 -0.261 0118 49.4% 0.77[0.61,087] —i—
Mielzen, 2019 -0.329 0249 111% 072[0.44 117] —
Tsai, 2020 -0128 0132 395% 0.8a[068 1.14] — &
Subtotal (95% CI) 100.0% 0.81 [0.68, 0.95] <>
Heterogeneity: Tau®*=0.00; Chi*=0.80, df=2 (P=067) F=0%
Test for averall effect: Z= 2.60 (F = 0.009)
2.1.2 All-cause death
Komen, 20149 -0.301 0137 303% 0.74 [0.57,087] —
Lee, 2020 -0186 0085 338% 0.83[0.65, 1.00] —
Tsai, 2020 -0.654 0063 36.0% 0.52[0.46, 0.59] —
Subtotal (95% CI) 100.0% 0.68 [0.49, 0.94] il
Heterogeneity: Tau®= 0.07, Chi®*=18.91, df= 2 {P = 0.0001); F= 89%
Test for overall effect 2= 232 (F=0.02)
2.1.3 Intracranial hemorrhage
Lee, 2020 0416 0171 431% 0.66[0.47, 082 ——
Mielsen, 2019 -0.062 0288 17.3% 0.94 [0.53, 1.658] — %
Tsai, 2020 -058 018 396% 0.56 [0.35, 0.80] —
Subtotal (95% CI) 100.0% 0.66 [0.51, 0.84] N
Heterogeneity: Tau®=0.01, Chi*=2.33, df =2 (P=031), F=14%
Test for overall effect: £= 3.36 (F = 0.0008)
0.2 05 1 2 5

MNOACs VKAs

FIGURE 3 Comparing efficacy and safety of NOACs with VKAs in AF patients with a history of intracranial hemorrhage. AF, atrial fibrillation;
API, apixaban; NOACs, non-vitamin K antagonist oral anticoagulants; Cl, confidence interval; DA, dabigatran; IV, inverse of the variance; RIV,
rivaroxaban; SE, standard error; TIA, transient ischemic attack; VKAs, vitamin K antagonists

section should be interpreted cautiously due to the limited number
of studies included in the analysis.

3.4 | Sensitivity analysis

After we excluded one study at a time, the corresponding results of
this meta-analysis were stable. In addition, the corresponding results
did not change substantially when we reperformed the analyses by

using a fixed-effects model.

4 | DISCUSSION

To compare the effectiveness and safety outcomes between NOACs

13-19

and VKAs, our meta-analysis pooled the data from seven and

four17,20-22

observational studies for AF patients with stroke/TIA
and intracranial hemorrhage, respectively. For patients with histories
of stroke/TIA, NOACs illustrated superior effectiveness and safety
outcomes compared with VKAs, with statistically significant reduc-
tions in stroke or systemic embolic events, all-cause mortality, major
bleeding, and intracranial hemorrhage. Moreover, NOACs showed
lower risks of stroke, all-cause mortality, and intracranial hemorrhage

than VKAs for patients with previous intracranial hemorrhage. In

general, NOACs were associated with a favorable effectiveness profile
for stroke and all-cause mortality and superior safety outcomes of
intracranial hemorrhage compared with VKAs for AF patients with a
history of stroke/TIA or intracranial hemorrhage.

The superior effectiveness and safety outcomes of NOACs in
stroke and intracranial hemorrhage shown in our results are consistent
with similar RCTs and observational studies for AF patients with prior
stroke/TIA or intracranial hemorrhage.!! Previous studies have elabo-
rated that this superiority is predominantly attributed to significant
prevention against hemorrhagic stroke. Given that hemorrhagic stroke
is included in both stroke and intracranial hemorrhage, NOACs conse-
quently reduce their risk profiles by halving the risk of hemorrhagic
stroke.® As the most lethal complication of anticoagulant treatment,
intracranial hemorrhage is a well-recognized factor in risk-benefit
assessment for ischaemic stroke prophylaxis among patients with
AF823 Anticoagulant treatment accounts for one in six hospital
admissions for intracranial hemorrhage, resulting in up to 40% 30-day
mortality.”2%?* Our study revealed a significantly lower incidence of
intracranial hemorrhage in patients on NOACs compared with
patients on VKAs for both stroke/TIA and intracranial hemorrhage
subgroups. This finding is consistent with evidence from RCTs for
patients with AF.2 However, several observational studies illustrated
that compared with VKAs, NOACs had lower or similar rates of intra-

cranial hemorrhage in AF patients with a history of stroke/TIA or
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intracranial hemorrhage,?°°

suggesting that NOACs are at least non-
inferior to VKAs regarding the outcome of intracranial hemorrhage.
Due to the limited number of included studies, further investigation is
necessary to reveal the discrepancies in intracranial hemorrhage risk
profiles between AF patients with and without prior stroke/TIA or
intracranial hemorrhage.

The reintroduction of OACs for ischemic event prophylaxis in
patients with AF sustaining intracranial hemorrhage should balance
the recurrent bleeding risk if the risk of stroke is left untreated.3!
There was a universal exclusion of patients with a previous intracra-
nial hemorrhage for all four landmark NOAC trials.323> Therefore, the
present study included all available observational studies comparing
the effectiveness or safety between NOACs and VKAs for this under-
represented AF patients sustaining intracranial hemorrhage. To the
best of our knowledge, this was the first meta-analysis emphasizing
real-world data that were lacking in RCTs and providing complemen-
tary information to the existing evidence regarding anticoagulation
treatment for stroke prophylaxis.

In addition to the associations of NOACs being associated with
lower incidences of stroke and intracranial hemorrhage, the all-cause
mortality correlated with NOAC use was significantly reduced com-
pared with that correlated with VKA use. Nevertheless, reductions in
all-cause mortality were not indicated in most Phase 3 NOAC

323335 axcept for apixaban®® and low-dose edoxaban.®® Our

trials,
meta-analysis provides more robust estimates to detect differences in

secondary outcomes and subgroups.

41 | Limitations

Some limitations have been identified in our study. First, our statisti-
cal analysis was performed without individual participant data for all
the included observational studies. Although each study's methodo-
logical quality was evaluated by using the NOS tool, we pooled the
data from these studies, of which the quality and robustness were
unavoidably variable and inconsistent. Second, the severity, imaging,
and functional disabilities of prior stroke/TIA or intracranial hemor-
rhage were not addressed and adjusted, which might have con-
founded the study outcomes. Third, the protocol of the systematic
review and meta-analysis was not registered in the PROSPERO data-
base. Fourth, although the adjusted data from the included studies
were used in our pooled analysis, the residual confounders still
existed due to the nature of the observations studies. Fourth, the
time in the therapeutic range of warfarin users was not considered
in our pooled analysis due to the limited data. As such, we should
interpret the results of this meta-analysis cautiously, and our find-
ings might not be completely generalizable to all the patients in real-
world settings. Finally, only one study by Tsai et al. reported the out-
come of major bleeding between NOACs and VKAs, whereas none
of the included studies focused on the outcomes of systemic embo-
lism and gastrointestinal bleeding. Further studies should examine
these outcomes between NOACs and VKAs in AF patients with a
history of intracranial hemorrhage.

e \V1LE Y-~

5 | CONCLUSION

Compared with VKAs, the use of NOACs exhibited superior efficacy
and safety outcomes in AF patients with a history of stroke/TIA, and
the use of NOACs was associated with reduced risks of stroke, all-

cause death, and intracranial hemorrhage in patients with a history of

intracranial hemorrhage.
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