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Abstract
Background  There has been debate on the use of intravenous thrombolysis (IVT) in patients with ischemic stroke 
and the recent use of direct oral anticoagulants (DOACs). Studies have compared these patients with non-DOAC 
groups in terms of outcomes. Herein, we aimed to systematically investigate the association between DOAC use and 
IVT’s efficacy and safety outcomes.

Results  A comprehensive systematic search was performed in PubMed, Embase, Scopus, and the Web of Science 
for the identification of relevant studies. After screening and data extraction, a random-effect meta-analysis was 
performed to calculate the odds ratio (OR) and 95% confidence interval (CI) for comparison of outcomes between 
patients on DOAC and controls. Six studies were included in the final review. They investigated a total of 254,742 
patients, among which 3,499 had recent use of DOACs. The most commonly used DOACs were rivaroxaban and 
apixaban. The patients on DOAC had significantly higher rates of atrial fibrillation, hypertension, diabetes, and 
smoking. Good functional outcome defined by modified Rankin Scale (mRS) 0–2 was significantly lower in patients 
who received DOACs (OR 0.71, 95% CI 0.62 to 0.81, P < 0.01). However, in the subgroup analysis of 90-day mRS 0–2, 
there was no significant difference between groups (OR 0.71, 95% 0.46 to 1.11, P = 0.14). All-cause mortality was not 
different between the groups (OR 1.02, 95% CI 0.68 to 1.52, P = 0.93). Similarly, there was no significant difference in 
either of the in-hospital and 90-day mortality subgroups. Regarding symptomatic intracranial hemorrhage (sICH), the 
previous DOAC use was not associated with an increased risk of bleeding (OR 0.98, 95% CI 0.69 to 1.39, P = 0.92). A 
similar finding was observed for the meta-analysis of any ICH (OR 1.15, 95% CI 0.94 to 1.40, P = 0.18).

Conclusions  Based on our findings, IVT could be considered as a treatment option in ischemic stroke patients with 
recent use of DOACs since it was not associated with an increased risk of sICH, as suggested by earlier studies. Further 
larger studies are needed to confirm these findings and establish the safety of IVT in patients on DOAC.
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Background
Stroke is among the leading causes of death and morbid-
ity worldwide which accounted for 12.2 million incident 
cases based on the Global Burden of Disease 2019 with 
ischemic stroke accounting for 62.4% of all stroke cases 
[1]. Atrial fibrillation (AF) can be considered the major 
risk factor for ischemic stroke that can cause exten-
sive cerebral lesions and long-term neurological dam-
age for which anticoagulants are indicated [2, 3]. While 
vitamin-K antagonists (VKAs) used to be the main anti-
coagulation strategy in patients with AF, direct oral anti-
coagulants (DOACs) have emerged as the preventive 
medication for stroke in patients with non-valvular AF 
[4]. Almost 1–2% of patients on DOAC for AF experience 
ischemic stroke yearly [5, 6].

The indications for DOAC therapy are increasing day 
by day, it is estimated that one in six patients undergoing 
intravenous thrombolysis (IVT) for ischemic stroke has 
a prescription of DOACs [7]. While patients on VKAs 
are suggested to be excluded from IVT if the interna-
tional normalized ratio (INR) is greater than 1.7, patients 
with DOACs use within the previous 48 h are also sug-
gested not to undergo IVT based on the presumption of 
increased risk of symptomatic intracranial hemorrhage 
(sICH) [8, 9]. However, this presumption has been chal-
lenged in a meta-analysis showing approximately 50% 
decreased risk of ICH in the DOAC group compared to 
warfarin [4, 10, 11].

DOACs seem to be different from VKAs due to the 
fact that, unlike VKAs, they did not increase the risk of 
hemorrhage after IVT in experimental studies [12–14]. 
Studies have been conducted in order to determine the 
efficacy and safety of IVT in patients with recent use of 
DOACs while the overall benefits and harms of it have 
not been elucidated yet, Herein, we aim to systematically 
investigate the overall effect of DOAC use in outcomes of 
patients with ischemic stroke undergoing IVT.

Methods
The methods and results of this study were reported in 
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses statement (PRISMA) 
[15]. The PRISMA checklist is available as Supplemen-
tary Table 1; however, the protocol of this review is not 
registered.

Search strategy
A systematic search was performed in online databases 
including PubMed, Scopus, Embase, and the Web of Sci-
ence from inception until November 27, 2023. The search 
included (“Cerebrovascular Disorders” OR “Stroke” OR 
“transient ischemic attack”) AND (“thrombolytic ther-
apy” OR “intravascular thrombolysis” OR “fibrinolysis”) 
AND (“Direct Acting Oral Anticoagulant” OR “DOAC” 

OR “NOAC”) using Mesh and non-Mesh terms described 
in detail in Supplementary Table 2.

Inclusion/exclusion criteria and screening
The studies were included and excluded based on pre-
defined eligibility criteria. Inclusion criteria were the ret-
rospective or prospective cohorts assessing the outcomes 
following IVT in patients with ischemic stroke and 
recent use of DOACs and comparing it with non-DOAC 
user controls. Case reports, case series, letters, confer-
ence abstracts, review articles, and studies without a con-
trol group were excluded. The screening was performed 
by two independent authors (AHB and AK) first using 
title and abstract then by full-text. Any disagreement was 
resolved through discussion by a third author (PB).

Extraction and quality assessment
Included studies’ data were extracted by two indepen-
dent authors using a data extraction sheet designed by 
a third author. The following data were extracted: (1) 
first author name, (2) year and country of publication, 
(3) the population investigated (inclusion criteria), (4) 
sample size and number of participants in each group, 
(5) mean age of each group, (6) male percentage in each 
group, (7) comorbidities (AF, hypertension, diabetes, 
hyperlipidemia, and smoking) rate in each group, and (8) 
the event rate of outcomes in each group. Efficacy out-
comes included mortality (in-hospital and 90-days), good 
functional outcome (modified Rankin Scale [mRS] 0–2) 
(at discharge and 90-day), and mRS 0–1 (at discharge 
and 90-day). Also, the safety outcome was any ICH and 
symptomatic ICH.

Quality assessment was performed based on the New-
castle-Ottawa Scale [16] designed for cohort studies. It 
includes three domains, namely study selection, com-
parability, and outcome. The scores of 6–9 are rated as 
high-quality, 3–5 scores represent fair quality, and 0–2 
show poor quality. Two independent authors assessed the 
qualities of the included studies individually and resolved 
any possible disagreement by discussion with a third 
author.

Statistical analysis
All data analyses were performed using STATA (version 
17.0, Stata Corp). Random-effect meta-analysis (Der-
Simonian-Laird) was conducted to calculate the odds 
ratio (OR) and 95% confidence interval (CI) for pooling 
the effects obtained by each study. Statistical heteroge-
neity was evaluated by Higgins’ I-square test based on 
Cochrane’s Q. The thresholds used for heterogeneity 
(I2) were ≤ 25%, 26–75%, and ≥ 75% for low, moderate, 
and high heterogeneity, respectively. Subgroup analy-
sis based on the in-hospital or 90-day outcomes was 
also performed when possible. Finally, an assessment of 
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publication bias was performed based on visual inspec-
tion of funnel plots in addition to Begg’s and Egger’s sta-
tistical tests [17, 18].

Results
Literature search, study selection, and included studies 
characteristics
The initial search in the four databases yielded 1,388 
results of which 520 were duplicates: 240 from PubMed, 
293 from Scopus, 589 from Embase, and 266 from the 
Web of Science. After screening based on titles and 
abstracts, 35 studies remained to be assessed for full text. 
Finally, six studies remained to be included in the meta-
analysis [7, 19–23]. The selection process and the reasons 
for exclusion are shown in Fig. 1.

The baseline characteristics of the six included stud-
ies are described in Table 1. Two studies were conducted 
in the United States [7, 22], while one was conducted in 
the Japan [20], one in the Europe [21], one in the Taiwan 
[23], and one in the multiple countries [19]. All studies 
were retrospective cohorts in terms of design, except 
one which was prospective [21]. The study by Seiffge et 
al. [21] compared patients with and without DOAC use, 
some of whom underwent IVT. Although the baseline 
characteristics are reported for the whole population, 
the outcome meta-analysis was used for IVT patients 
only. Among the DOACs, rivaroxaban and apixaban were 

included in all six studies. In comparison, dabigatran was 
assessed in five studies [19–23] and edoxaban was used 
by the patients in four studies [7, 19, 20, 23]. The qualities 
of the included studies were all high based on the NOS 
score (Supplementary Table 3).

The characteristics of the included study popula-
tion are shown in Table  2. A total of 254,742 patients 
were assessed in these studies among which 3,499 had 
recent use of DOACs. The mean age of patients was 
74.87 ± 12.40 years in the DOAC group which was sig-
nificantly higher than controls with a mean age of 69.98 
± 16.39 years (P < 0.01). Males contributed to 54.19% of 
the DOAC group and 51.98% of the non-DOAC group. 
As illustrated in Fig. 2, patients on DOACs had a higher 
rate of AF, compared with non-DOAC users (74.36% vs. 
15.73%). Moreover, patients under DOAC therapy had 
significantly higher rates of hypertension and diabetes 
while a lower rate of smoking.

Meta-analysis of efficacy outcomes
As shown in Fig.  3, the neurological function assess-
ment outcome defined by the mRS 0–2 was significantly 
lower in patients on DOACs (OR 0.71, 95% CI 0.62 to 
0.81, P < 0.01, Supplementary Fig.  1). This analysis was 
associated with 35% heterogeneity. When assessing the 
discharge neurological function, the DOAC group had 
significantly lower rates of mRS 0–2 (OR 0.74, 95% CI 

Fig. 1  PRISMA flowchart representing the study selection process and reasons for exclusion
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0.67 to 0.82, P < 0.01, I2: 0%). However, in 90-day mRS 
0–2, there was no significant difference between the 
groups (OR 0.71, 95% CI 0.46 to 1.11, P = 0.14, I2: 47%). 
Publication bias assessment for this analysis showed a 
significant asymmetry in the funnel plot (Supplemen-
tary Fig.  2). However, Begg’s and Egger’s tests did not 
show any significant publication bias (P = 1.00 and 0.24, 
respectively).

Meta-analysis of neurological function assessment 
defined by mRS 0–1 was also performed and it was 
shown that patients on DOAC had significantly lower 
mRS 0–1, compared with controls (OR 0.68, 95% CI 0.61 
to 0.76, P < 0.01, I2: 11%). This was the same for discharge 
(OR 0.72, 95% CI 0.64 to 0.81, P < 0.01, I2: 0%) and 90-day 
(OR 0.62, 95% CI 0.52 to 0.73, P < 0.01, I2: 0%) subgroups, 
as shown in Supplementary Fig.  3. This analysis had 
asymmetry in the funnel plot designed (Supplementary 
Fig. 4), while it was not significant in Begg’s and Egger’s 
tests (P = 0.73 and 0.43, respectively).

In assessing all-cause mortality, overall, patients with 
recent use of DOAC had no significant difference rate 
of all-cause mortality (OR 1.02, 95% CI 0.68 to 1.52, 
P = 0.93, I2: 40%, Supplementary Fig.  5). Three studies 
compared in-hospital mortality between DOAC and 
non-DOAC groups [7, 22, 23], and one study reported 
90-day mortality in these groups [20]. In line, in each of 
the in-hospital mortality and 90-day mortality analyses, 
no significant difference was observed (OR 0.99, 95% 
CI 0.61 to 1.61, P = 0.96, and OR 0.87, 95% CI 0.20 to 
3.72, P = 0.85). The funnel plot for this analysis revealed 
asymmetry (Supplementary Fig.  6). While Egger’s test 

also revealed significant publication bias by small study 
effects (P = 0.049), Begg’s test was insignificant (P = 0.734).

Meta-analysis of safety outcome
Regarding symptomatic ICH as the main measure of 
safety, there was no significant difference between 
patients on DOACs and controls (OR 0.98, 95% CI 0.69 
to 1.39, P = 0.92). However, this was associated with 
moderate heterogeneity (I2: 46%). The forest plot for this 
meta-analysis is shown in Supplementary Fig. 7. The fun-
nel plot for this analysis is shown in Supplementary Fig. 8 
and there was no asymmetry in that plot. The P of 0.852 
and 0.462 for Egger’s and Begg’s tests show the same 
finding.

Meta-analysis of any ICH was also performed and 
it was shown that there is no significant statistical dif-
ference between the groups (OR 1.15, 95% CI 0.94 to 
1.40, P = 0.18, I2: 0%). The forest plot for this analysis is 
shown in Supplementary Fig. 9. The funnel plot did not 
show any asymmetry (Supplementary Fig. 10); moreover, 
Begg’s and Egger’s tests did not reveal publication bias 
(P = 1.00 and 0.707, respectively).

Discussion
Recent investigations showed that the rate of IVT was 
significantly lower in patients using DOACs than in con-
trols, suggesting the physicians’ hesitance to use IVT in 
this therapeutic setting [24]. In this study, we did a sys-
tematic review and used a random effect model to con-
duct a meta-analysis to assess the mortality, functional 
neurological outcomes, and risk of sICH occurrence in 
patients with ischemic stroke who underwent IVT with 

Table 1  Baseline characteristics of included studies
Study Year Design Country Population DOACs type N total N 

DOAC
N 
Control

Kam et 
al.

2022 Retrospec-
tive Cohort

United 
States

Patients with acute ischemic stroke undergoing IVT 
with alteplase, either taking NOACs or not taking 
anticoagulants

Rivaroxaban, Apixa-
ban, or Edoxaban

163,038 2,207 160,831

Meinel 
et al.

2023 Retrospec-
tive Cohort

Europe, 
Asia, 
Australia, 
and New 
Zealand

Adult patients with ischemic stroke who underwent 
IVT, either with or without recent use of DOACs

Rivaroxaban, Dabi-
gatran, Apixaban, or 
Edoxaban

33,207 832 32,375

Okada 
et al.

2022 Prospective 
Cohort

Japan Acute ischemic stroke patients who underwent IVT 
with alteplase, patients with or without use of DOACs 
in latest 48 h

Rivaroxaban, Dabi-
gatran, Apixaban, or 
Edoxaban

793 40 753

Seiffge 
et al.

2015 Retrospec-
tive Cohort

Europe Patients with acute ischemic stroke who underwent 
IVT, IAT, or both

Rivaroxaban, Apixa-
ban, or Dabigatran

9,016 78 8,938

Xian et 
al.

2017 Retrospec-
tive Cohort

United 
States

Patients with acute ischemic stroke who re-
ceived thrombolytic therapy, with NOACs or no 
anticoagulation

Rivaroxaban, Apixa-
ban, or Dabigatran

41,387 251 41,136

Tasi et 
al.

2023 Retrospec-
tive Cohort

Taiwan Adult patients ≥ 20 years diagnosed with acute isch-
emic stroke treated with alteplase, with treatment 
status of NOAC and no oral anticoagulants

Rivaroxaban, Dabi-
gatran, Apixaban, or 
Edoxaban

7,301 91 7,210

DOAC: direct oral anticoagulant, NOAC: novel oral anticoagulant, IVT: intravenous thrombolysis, IAT: intra-arterial treatment
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and without a history of DOAC use and we discovered 
that the use of intravenous thrombolysis among patients 
receiving DOACs before stroke appeared to be reason-
ably well tolerated, might be beneficial, and not associ-
ated with increased risk of symptomatic intracranial 
hemorrhage.

In patients with nonvalvular AF, DOACs are now the 
treatment of choice for both primary and secondary pre-
vention of ischemic stroke and systemic embolism [25]. 
However, while the rate of ischemic stroke has remained 
virtually stable, the relative risk of hemorrhagic strokes 
has been reduced by half by utilizing these medications in 
comparison to warfarin [26]. Once a patient experiences 
an ischemic stroke, the quick uptake of DOACs in clini-
cal practice creates significant issues. DOACs directly 
affect factor X or thrombin in the coagulation cascade 
[27]. The risk of serious bleeding problems during stroke 
thrombolysis may be affected by these medications. The 
use of intravenous rt-PA in these individuals, however, 
has not been well investigated [22].

When using alteplase, hemorrhagic consequences are a 
big risk [28]. Because the plasma levels of DOACs peak 2 
to 4 h or so after oral intake and hemorrhagic events are 
apparently associated with high-peak levels of DOACs, 
patients who get alteplase within 4 h of the previous dos-
age of DOACs may be at significant risk of hemorrhagic 
complications [20]. Twelve hours, or roughly half of a 
DOAC’s half-life, is another significant time interval fol-
lowing the last intake of a DOAC [20].

The difference in baseline characteristics of patients 
using IVT, including pharmacological interactions and 
unique genetic predispositions, limits the ability to deter-
mine the coagulation state by relying just on the duration 
since the last DOAC was taken [29]. Regarding the secu-
rity of assessing DOAC concentrations before throm-
bolysis, significant prospective data are lacking, and it is 
unclear what the ideal threshold is below which intrave-
nous thrombolysis can be carried out safely [30, 31].

Despite the fact that laboratory-based DOAC medica-
tion monitoring may be carried out and findings quickly 
obtained at specialized centers [32], this strategy does 
not appear to be practical for lower-volume, rural hospi-
tals. Although it is currently not generally accessible for 
DOACs, point-of-care testing may provide a potential 
remedy. Prehospital triage at the dispatch center should 
start with asking about oral anticoagulant therapy if 
quick testing is not available locally [26]. If it is, a straight 
transfer to facilities with available test capacity would 
be initiated, reducing the time required for reperfusion 
therapy [26].

Current AHA/ASA guidelines state that rt-PA is con-
traindicated in patients taking DOACs unless the time 
since last intake is > 48 h or sensitive laboratory tests are 
normal and recommend IVT in DOAC-treated patients Ta

bl
e 

2 
Ba

se
lin

e 
ch

ar
ac

te
ris

tic
s 

of
 in

cl
ud

ed
 s

tu
di

es
 p

op
ul

at
io

ns
St

ud
y

A
ge

M
al

e
A

F
N

IH
SS

H
yp

er
te

ns
io

n
D

ia
be

te
s

H
yp

er
lip

id
em

ia
Sm

ok
in

g
D

O
A

C
Co

nt
ro

l
D

O
A

C
Co

nt
ro

l
D

O
A

C
Co

nt
ro

l
D

O
A

C
Co

nt
ro

l
D

O
A

C
Co

nt
ro

l
D

O
A

C
Co

nt
ro

l
D

O
A

C
Co

nt
ro

l
D

O
A

C
Co

nt
ro

l
Ka

m
 e

t a
l. 

(2
02

2)
75

 [6
4–

82
]

70
 

[5
8–

81
]

1,
18

6 
(5

3.
7)

81
,8

57
 

(5
0.

9)
16

14
 

(7
3.

1)
23

,4
58

 
(1

4.
6)

10
 [5

–1
7]

7 
[4

–1
4]

17
53

 
(7

9.
4)

11
5,

62
3 

(7
1.

9)
71

9 
(3

2.
6)

46
,9

26
 

(2
9.

2)
1,

09
9 

(4
9.

8)
72

,1
12

 
(4

4.
8)

24
2 

(1
1.

0)
29

,0
45

 
(1

8.
1)

M
ei

ne
l e

t a
l. 

(2
02

3)
79

 [7
1–

85
]

72
 

[6
2–

80
]

47
7 

(5
7.

3)
18

 2
64

 
(5

6.
4)

60
8 

(9
0.

1)
4,

00
8 

(2
5.

1)
11

 [6
–1

7]
9 

[5
–1

6]
56

5
(7

5.
1)

 2
0,

07
2 

(6
2.

2)
17

3 
(2

3.
2)

6,
31

1 
(1

9.
6)

32
2 

(4
3.

2)
12

,0
91

 
(3

7.
6)

95
 

(1
2.

8)
5,

79
6 

(1
9.

6)

O
ka

da
 e

t a
l. 

(2
02

2)
80

 [7
4–

87
]

76
 

[6
8–

84
]

29
 (7

2.
5)

47
4 

(6
2.

9)
36

 (9
0.

0)
23

6 
(3

1.
3)

15
 [5

–2
4]

9 
[4

–1
7]

33
 

(8
2.

5)
53

7 
(7

1.
3)

8 (2
0.

0)
15

4 
(2

0.
5)

 2
1 

(5
2.

5)
39

8 
(5

2.
9)

11
 

(2
7.

5)
19

7 
(2

6.
2)

Se
iff

ge
 e

t a
l. 

(2
01

5)
76

 [6
8–

81
]

71
 

[6
0–

79
]

42
 (5

3.
8)

5,
02

3 
(5

6.
2)

68
 (8

7.
2)

2,
15

2 
(2

4.
3)

14
.5

 
[7

–1
9]

10
 [6

–1
6]

61
 

(8
7.

1)
5,

62
7 

(6
3.

2)
17

 
(2

4.
3)

1,
50

0 
(1

6.
8)

32
 (4

9.
2)

3,
55

9 
(4

1.
4)

N
R

N
R

Xi
an

 e
t a

l. 
(2

01
7)

74
 [6

6–
82

]
71

 
[5

9–
82

]
12

2 
(4

8.
6)

20
,5

45
 

(4
9.

9)
19

6 
(7

8.
1)

7,
43

0 
(1

8.
1)

12
 [6

–1
8]

9 
[5

–1
5]

19
8 

(7
8.

9)
30

,1
06

 
(7

3.
2)

64
 

(2
5.

5)
11

,2
11

 
(2

7.
3)

10
6 

(4
2.

2)
17

,9
16

 
(4

3.
6)

19
 

(7
.6

)
7,

33
9 

(1
7.

8)

Ts
ai

 e
t a

l. 
(2

02
3)

74
.1

 [8
.9

]
67

.2
 [1

2.
8]

40
 (4

4.
0)

44
48

 (6
1.

7)
80

 (8
7.

9)
22

30
 (3

0.
9)

14
.2

 [4
.7

]
13

.0
 [4

.6
]

N
R

N
R

N
R

N
R

N
R

N
R

N
R

N
R

D
at

a 
ar

e 
re

pr
es

en
te

d 
as

 m
ed

ia
n 

[IQ
R]

, m
ea

n 
[S

D
], 

or
 n

um
be

r (
pe

rc
en

ta
ge

)

D
O

AC
: d

ire
ct

 o
ra

l a
nt

ic
oa

gu
la

nt
s,

 A
F:

 a
tr

ia
l fi

br
ill

at
io

n,
 N

IH
SS

: N
at

io
na

l I
ns

tit
ut

es
 o

f H
ea

lth
 s

tr
ok

e 
sc

al
e,

 N
R:

 n
ot

 re
po

rt
ed



Page 6 of 9Behnoush et al. BMC Neurology          (2023) 23:440 

if there is no anticoagulant effect at the time of IVT 
application [22, 33]. It is important to note that relatively 
few of the instances that have been reported thus far had 
a final DOAC intake of more than 24 h. According to the 
elimination half-lives of dabigatran (12–14  h), rivaroxa-
ban (5–9  h), and apixaban (12  h), patients with normal 
renal function can anticipate normal coagulation 24  h 
after last consumption (i.e., 2 half-lives) [22]. Also, INR b 

1.7 has been defined as a cut-off value for IVT based on 
large cohorts [34].

The European Heart Rhythm Association (EHRA) 
guidelines currently remove dabigatran from the gen-
eral recommendation that recommends IVT more than 
24  h after the last DOAC consumption since idaruci-
zumab permits reversal of the anticoagulant effect of 
dabigatran within minutes of delivery [33]. Mechanical 

Fig. 3  Summary of all meta-analyses regarding all-cause mortality, modified Rankin Scale 0–2, and symptomatic ICH

 

Fig. 2  Baseline characteristics of studies’ populations
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endovascular reperfusion (MeR) is another treatment 
option in patients with acute ischemic stroke and is 
advised in DOAC-treated acute ischemic stroke patients 
with major vascular blockage, according to current rec-
ommendations [35, 36]. Despite the fact that recommen-
dations differ amongst guidelines, the majority of them, 
including a current expert opinion, advise MeR without 
preceding IVT in patients who have received dabigatran 
treatment [33].

According to Shahjouie et al. [37], if we took into 
account all reports of IVT in acute ischemic stroke 
patients treated with DOACs, there was a higher prob-
ability of hemorrhagic transformation and early mortal-
ity in patients who got the antidote. This outcome was 
achieved despite the patients without prior reversal agent 
treatment having greater rates of concomitant conditions 
(diabetes mellitus, hypertension, hyperlipidemia, past 
stroke/TIA, and coronary artery disease) [37].

Andexanet alfa, a particular antidote for anti-Xa 
inhibitors, is another reversal medication that has been 
given permission for use in American patients taking 
rivaroxaban and apixaban [38]. There is a lack of infor-
mation regarding the IVT’s clinical results in acute isch-
emic stroke (AIS) patients who received andexanet alfa. 
Anticoagulant reversal medications are also frequently 
unavailable and expensive [37].

Our study demonstrated that patients on DOACs had 
no increased risk of ICH and bleeding with no difference 
in mortality as well. However, there was an increased 
risk of functional independence in the DOAC group. 
One explanation for that could be the observational 
nature of the included studies and the lack of random-
ized controlled trials. As adjusted analysis by Kam et al. 
[7] showed, after adjustment for several baseline char-
acteristics, patients with DOAC use tend to have bet-
ter neurological outcomes as well (mRS 0–2). In other 
words, the presence of several comorbidities at baseline 
in patients on DOAC could be the reason for our meta-
analysis finding. Patients taking DOACs fared better than 
those not taking any oral anticoagulants before a stroke 
in terms of going home after discharge and being ambu-
latory [22]. On the other hand,  there are a number of 
potential explanations for the possible improvement of 
functional results in patients using DOACs. Patients who 
had recently taken DOACs could have low serum drug 
concentrations rather than none at the time of alteplase 
treatment. This could be due to slow metabolism in 
some patients whose last dose was taken more than 
48 h prior to hospital admission or ineffective dosing in 
other patients whose last dose was taken within 48 h and 
who then experienced breakthrough ischemic strokes. 
Therefore, low concentrations of DOACs may enhance 
alteplase’s therapeutic benefits in recanalizing the target 
occlusion without unnecessarily escalating bleeding side 

effects. Another possibility might result from variations 
in the target occlusion composition between patient 
groups. The target occlusion in the DOAC population, 
when AF predominated as the stroke etiology, is often an 
embolism from a detached thrombus coming from the 
heart. The target occlusion’s composition may be more 
varied and occasionally involve admixed atherosclerosis 
and supervening thrombosis in the non-DOAC popula-
tion. In comparison to vessels with residual atherosclero-
sis that are more likely to re-occlude, recanalization after 
alteplase may be more durable in relatively normal recipi-
ent vasculature from which thrombi have been removed 
[39]. Additionally, it is likely that these findings represent 
unmeasured or residual confounding [7].

According to previous studies, there might be three 
explanations for the lower ICH risk on DOAC, despite 
the fact that this was not observed in our study. First, 
neither factor VII nor VIIa plasma concentrations are 
impacted by DOAC. Warfarin, on the other hand, blocks 
the synthesis of factor VII. Second, compared to VKAs, 
DOAC has a smaller impact on post-ischemic blood-
brain barrier permeability [40]. Third, DOAC lessens 
the activation of matrix metalloproteinase, which in turn 
lessens neurovascular dissociation [34].

The lower risk of ICH associated with DOACs may be 
especially important for patients with greater cerebral 
infarcts, older patients, and patients with other bleeding 
risk factors, such as cerebral microbleeds [41].

As far as we are aware, there have already been two 
meta-analyses on the subject of the security of endovas-
cular therapy in DOAC-anticoagulated patients. Accord-
ing to the Kurowski et al. meta-analysis [42], patients 
who are on therapeutic anticoagulation had a similar rate 
of sICH as those who are not taking anticoagulants. The 
results of patients who took DOACs and VKA combined 
were given in this review [42]. Shahjouie et al. performed 
a meta-analysis of the reports that were available on the 
safety of IVT among AIS pretreated with DOACs in the 
48 h or less prior to the administration of tPA bolus and 
in the absence of reversal agents. Their findings showed 
that the prior use of DOACs did not appear to increase 
the risk of symptomatic intracerebral hemorrhage in 
some AIS patients who were given IVT [37].

Diabetes and chronic kidney disease were present in 
older patients with symptoms of ICH, which are risk 
factors for developing ICH after using alteplase [20]. 
Additionally, Suzuki et al. demonstrated that increased 
systolic blood pressure and blood glucose at admission 
were independent risk factors for ICH after reperfu-
sion therapy in DOAC patients [34], concurring with 
other reports [43, 44]. Several potentially causative fac-
tors, including heart rate regulation, cardiac output, and 
adjunctive therapies, may alter the severity of strokes 
either directly or by affecting thrombus size. If recurrent 
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stroke occurrences from randomized controlled trials 
were pooled, it could be possible to determine if DOACs 
genuinely lessen stroke severity by reducing the rate of 
large vessel occlusion in comparison to VKA [24].

We are aware of certain limitations of this study. First 
of all, a potential source of bias was introduced by the 
short number of papers included in the meta-analysis 
and the analysis’s limited inclusion of subgroups. Addi-
tionally, there is a higher chance of selection bias due 
to the observational cohort design (not randomized) of 
the included studies and the significant baseline differ-
ences between patients who recently consumed DOACs 
and controls. Another significant flaw is that we were 
unable to pinpoint the precise cutoff for the last DOAC 
dose, which makes it difficult to draw a direct connec-
tion between the risk of bleeding and the date of the 
last DOAC intake. Finally, because Asians (lower dose) 
and other centers throughout the world submitted data, 
the IVT dose administered varied somewhat between 
included trials.

Conclusions
According to the findings of this meta-analysis, the use 
of IVT for the treatment of ischemic stroke in a subset 
of patients taking DOACs was not associated with a sig-
nificant increase in all-cause mortality when compared 
to patients who were not taking DOACs, and no remark-
able differences in 90-days functional neurological out-
come (mRS 0-2) were observed in subgroup analysis, and 
the rate of symptomatic ICH was nearly equal in both 
groups.
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