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Abstract

Background

The effectiveness of administering argatroban as a treatment approach following antiplatelet
therapy or alteplase thrombolytic therapy in patients with acute stroke is presently uncertain.
However, it is important to highlight the potential benefits of combining this medication with
known thrombolytics or antiplatelet therapy. One notable advantage of argatroban is its
short half-life, which helps minimize excessive anticoagulation and risk of bleeding compli-
cations in inadvertent cases of hemorrhagic stroke. By conducting a meticulous review and
meta-analysis, we aim to further explore the common use of argatroban and examine the
plausible advantages of combining this medication with established thrombolytic and anti-
platelet therapies.

Method

In this study, we performed a rigorous and methodical search for both randomized controlled
trials and retrospective analyses. Our main objective was to analyze the impact of argatro-
ban on the occurrence of hemorrhagic events and the mRS scores of 0—2. We utilized a
meta-analysis to assess the relative risk (RR) associated with using argatroban versus not
using it.

Results

In this study, we analyzed data from 11 different studies, encompassing a total of 8,635
patients. Out of these patients, 3999(46.3%) received argatroban treatment while the
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remaining 4636(53.7%)did not. The primary outcome of 90-day functional independence
(modified Rankin scale (mRS) score<2) showed that the risk ratio (RR) for patients using
argatroban after alteplase thrombolytic therapy compared to those not using argatroban
was(RR, 1.00 ([95% CI, 0.92—-1.09]; P = 0.97), indicating no statistical significance. How-
ever, for patients using argatroban after antiplatelet therapy, was (RR,1.09 [95% CI, 1.04—
1.14]; P =0.0001), which was statistically significant. In terms of hemorrhagic events, the
RR for patients using argatroban compared to those not using argatroban was (RR,1.08
[95% Cl, 0.88-1.33]; P = 0.46), indicating no statistical significance.

Conclusion

The results of this study suggest that further research into combination therapy with argatro-
ban and antiplatelet agents may be warranted, however more rigorous RCTs are needed to
definitively evaluate the effects of combination treatment.

Introduction

Globally, a disconcerting phenomenon is unfolding: one in every four adults over the age of
25, one will endure the devastating consequences of stroke in their lifetime, affirming stroke as
the second leading cause of death worldwide[1,2]. The severity of this issue accentuates our
imperative to develop and refine treatment strategies, that mitigate the burden that stroke
imposes on individuals and society[3]. The European Stroke Organization (ESO) has released
guidelines for intravenous thrombolysis treatment for acute ischemic stroke, with Alteplase—a
thrombolytic agent—proven to be notably effective in the treatment of acute ischemic stroke,
deep vein thrombosis, and other vascular diseases [4]. Additionally, antiplatelet drugs such as
aspirin, clopidogrel, prasugrel, and ticagrelor, along with phosphodiesterase inhibitors like
dipyridamole and cilostazol, have demonstrated significant roles in the prevention and treat-
ment of ischemic stroke and acute coronary syndrome (ACS) [5,6].

Argatroban is a selective anticoagulant that can inhibit thrombin activity. It has been
shown to improve neurological symptoms and daily activities in patients with acute ischemic
stroke [7,8]. Although argatroban has been proven effective when used alone, it is unclear if
additional benefits can be achieved by combining it with antiplatelet or alteplase thrombolytic
treatment in acute stroke patients. In order to evaluate the impact of combining argatroban
with current antiplatelet or Alteplase treatment strategies, we conducted a systematic review
and meta-analysis. The results of this study will provide new insights and data on the potential
of this combined treatment strategy.The findings of our study have important clinical implica-
tions for the treatment of acute stroke patients, which can lead to a reduction in disease inci-
dence and an improvement in quality of life. Although some positive results have been
obtained through the use of argatroban in acute stroke patients, further large-scale randomized
controlled trials are required to confirm these findings and provide direction for future
research. We will discuss our research methodology, results, and implications in detail in sub-
sequent sections.

Through a meta-analysis and systematic review, our objective is to identify the most effec-
tive treatment strategies for acute stroke patients, ultimately improving their quality of life and
increasing their survival expectancy. This study is expected to provide strong support for
future clinical decisions and drive advancements in acute stroke treatment.
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Methods
Ethics

This comprehensive meta-analysis was meticulously conducted with strict adherence to the
criteria outlined in the Preferred Reporting Items for Systematic Reviews and Meta-analyses
[9]. We registered our protocol in PROSPERO with ID: CRD42023428156.

Search strategy

Two independent scholars embarked on a comprehensive exploration of literature utilizing
resources such as PubMed, EMBASE, Web of Science, CENTRAL (The Cochrane Central Reg-
ister of Controlled Trials), and The Cochrane Library. The time span for this retrieval process
extended from the inception of each respective database to April 2023. We included English
language foreign literature, without restrictions on the study type or publication year. The
exploratory process involved a symbiosis of subject headings and free words. Specific key
terms used for sourcing relevant studies from the databases were "argatroban", "Brain Ische-
Stroke", "Cerebral Infarction", and "Cerebrovascular Disorders". Both authors indepen-
dently undertook the tasks of literature search, data collation, and quality appraisal, guided by

the inclusion and exclusion criteria, with a subsequent cross-validation of their findings. In

"o

mia",

addition, to avoid missing any potentially relevant studies the reference lists of the retrieved
articles were thoroughly examined.

Study selection

The criteria for incorporating articles into our study are as follows: (1) Clinical control trials
published in English; (2) Patients suffering from acute stroke who have been treated with arga-
troban, irrespective of their nationality, race, gender, or age. Intervention: The experimental
group was treated with argatroban, whereas the control group was not; (4) At least one of the
following objective indicators must be included: mRS 0-2 or hemorrhagic events. The exclu-
sion criteria are: (1) Literature published in languages other than English; (2) Redundant liter-
ature; (3) Case reports without a control group; fundamental research, such as animal
experiments, cadaver studies, biomechanical research, etc.; (4) Literature reviews; (5) Incom-
plete data from conference literature or literature that cannot be meta-analyzed.

Outcomes. The definition of hemorrhagic events as a safety outcome encapsulates any
reported bleeding within 90 days in any organ of the body, inclusive of the cranium, skin,
mucous membranes, gastrointestinal tract, urine, and gum bleeding, among others. We con-
ducted an assessment of mRS values within three months following argatroban treatment. The
mRS scale ranges from 0 (symptom-free) to 6 (death), with an mRS score of 0-2 being defined
as an outcome of functional independence [10].

Data extraction and quality assessment. During the processes of literature exploration,
data procurement, and quality evaluation, any discord between the two authors was addressed
through a consensus-based discussion, and if a resolution could not be reached, a third author
served as the arbitrator. From the eligible investigations, we extracted pertinent details such as
the researchers, publication year, study type, argatroban administration methodology, sample
size, gender distribution, mean age, and outcome measures. The Newcastle-Ottawa Scale
(NOS) was employed to appraise the quality of cohort investigations. NOS scores, ranging
between 0 and 9, were determined based on three aspects: selection, comparability, and out-
come. Cohort studies with an NOS score of > 7 and RCTs were deemed to be of high quality
[11].
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Statistical analysis. We employed Review Manager (Version 5.3 for Windows) and
STATA 14.1 for all meta-analyses. The risk ratios (RRs) for dichotomous variables were calcu-
lated, with all results reported with a 95% confidence interval (95% CI). The presence of het-
erogeneity was initially determined using the Q statistic, followed by the estimation of the
magnitude of heterogeneity with the I? value. If P>0.1 and I*<50%, we considered no signifi-
cant heterogeneity between groups and integrated effect sizes using a fixed-effects model. Oth-
erwise, a random-effects model was applied. Sensitivity analysis was performed using STATA
14, and we sought the sources of heterogeneity via a literature screening method, culminating
in the use of regression analysis. In our meta-analysis, a P-value of <0.05 was deemed statisti-
cally significant for differences between groups.

Results
Search results and study characteristics

In a comprehensive search across five databases, a total of 1376 relevant articles were retrieved.
According to the inclusion and exclusion criteria, a careful review of titles and abstracts was
conducted, resulting in 35 articles deemed potentially eligible. Upon further examination of
the full texts, 11 articles were ultimately included. The process of literature search and selection
is illustrated in Fig 1. The present meta-analysis encompassed three randomized controlled tri-
als and eight retrospective cohort studies. Among these, one study originated from the United
States, one from Korea, one from Canada, two from Japan, and six from China. The meta-
analysis collectively included 8,635 patients, of which 3,999 belonged to the argatroban group
and 4,636 to the control group. The involved literature spanned from 2004 to 2023. The char-
acteristics of the studies and the results of the quality assessment are presented in Tables 1 and
2. All included studies were deemed to be of high quality.

Safety and efficacy outcomes

mRS 0-2. The heterogeneity among the 11 studies included in this research was evaluated
using the STATA14 software. The I? statistic was 59%, and the P-value of the Q-test was 0.007,
less than 0.01, indicating statistically significant heterogeneity among the chosen studies. Fur-
ther inspection of the L’Abbé plot and the Galbraith plot suggested potential strong heteroge-
neity in a few studies (Fig 2A and 2B), resulting in the determination of moderate
heterogeneity among the studies. Consequently, both a random-effects model could be used
for synthesis, and the cause of heterogeneity could be explored.

Employing the random-effects model for pooling risk ratios (RR), the final calculated RR
was 1.03 (95% Confidence Interval: 0.98-1.09). This result implies that the number of patients
with an mRS score of 0-2 after using argatroban was 1.03 times the number of those not using
argatroban, a result not statistically significant (Z = 1.22, P = 0.22>0.05). This suggests that
there was no significant difference in reducing the mRS 0-2 score in acute stroke patients
whether argatroban was used or not (Fig 2D).

A sensitivity analysis conducted on the 11 studies did not reveal any studies that signifi-
cantly impacted the heterogeneity (Fig 2C).

The studies were divided into three groups based on the control measures: the Alteplase
group (Alteplase + argatroban), Antiplatelet group (containing at least one of aspirin and clo-
pidogrel + argatroban), and the Other Medication group (Exclude any treatments for the
above two conditions or any results of mRS scores that were not monitored at 90 days). Using
the group (control measure) variable as a covariate for meta-regression, the results suggested
that the control measure was a source of heterogeneity. Specifically, the Antiplatelet group had
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Fig 1. A flow chart depicting how studies were searched and screened.
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a P-value of 0.005, which is less than 0.05, indicating that subgroup analysis should be con-
ducted according to the group (control measure).
Subgroup analysis revealed the following:(For the Alteplase group (Alteplase + argatro-
ban), the heterogeneity (I> = 0%, P = 0.81>>0.05) was not statistically significant. Therefore, a
fixed-effect model was chosen to combine the effect sizes, resulting in an RR of 1.00 (0.92-
1.09). These results indicate that the use of Alteplase in combination with argatroban in acute
stroke patients had no significant effect on the mRS 0-2 score (Z = 0.04, P = 0.97).@For the
Antiplatelet group (Antiplatele+argatrobant), the heterogeneity (I* = 0%, P = 0.76>0.1) was
not statistically significant. Thus, a fixed-effect model was chosen to combine the effect sizes,
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Table 1. Study characteristics and quality assessment results.

Author Country |Stuty design | Study center | Sample

(year) size

Barreto, A D USA RCT Multiple- 59

2017 [12] center

Chen,H S 2023 china RCT Multiple- 696

[13] center

Chen, S 2020 china Retrospective | Single- 1325

[14] cohort center

Kim, J 2019 [15] | Korea Retrospective | Multiple- 133
cohort center

LaMonte, M P Canada | RCT Multiple- 105

2004 [16] center

Li, X Q2022 [17] | China Retrospective | Single- 649
cohort center

Oguro, H 2018 Japan Retrospective | Single- 513

[18] cohort center

Wada, T 2016 Japan Retrospective | Multiple- 4578

[19] cohort center

Wang, P F2021 | China | Retrospective | Multiple- 304

[20] cohort center

Xu, J 2022 [21] China Retrospective | Single- 80
cohort center

Zhou, L § 2020 China | Retrospective | Single- 102

[22] cohort center

https://doi.org/10.1371/journal.pone.0298226.t001

Dosage

Rt-PA bolus followed by argatroban infusion of 1.0ug/kg per minute per minute for 48 hours .

Patients in the argatroban plus alteplase group received
a 100-ug/kg intravenous argatroban bolus over 3 to 5 minutes within 1 hour of the alteplase
bolus, followed by an argatroban infusion of 1.0 ug/kg per minute for 48 hours.

Oral antiplatelet agents should be administrated as quickly as possible, argatroban 60 mg / day
by instillation for 2 days as soon as possible, and argatroban 20 mg / day by instillation for 3 h
on 5 consecutive days, 2 times each morning and evening.

patients who were administrated IV t-PA before MT then argatroban began as 100 mg/kg
bolus for 3¢5 minutes followed
by a continuous IV infusion of 3.0 mg/kg/minute for 24 hours

Argatroban was administered intravenously as an initial 100 g / kg bolus over 3 to 5 minutes
as a continuous infusion at a rate of 1 g / kg per minute (low-dose argatroban group), with
placebo used in the control group

Within 48 h after onset Antiplatelet therapy was followed by an intravenous injection of 100 p
g / kg argatroban over 3 to 5 minutes, followed by an infusion of 1.0 u g / kg per minute.

Argatroban (120 mg / day) was infused over a 2-hour period, twice daily for 5 days and
ozagrel was used in the control group

argatroban was administered by continuous infusion at a dose of 60 mg / day for the first 2
days and then at a dose of 10 mg twice daily for 3 hours for 5 days, and patients had statin use
or alteplase within 7 days.

All received antiplatelet therapy, in the argatroban group on admission, with a continuous
infusion of 60 mg per day for the first 2 days and then twice daily (20 mg per day) for 5
consecutive days.

Antiplatelet and argatroban therapy within 48 hours of admission.

Argatroban plus antiplatelet therapy with argatroban 60 mg / day as a continuous infusion for
2 days, followed by 20 or 30 mg daily for 2 to 5 days

resulting in an RR of 1.09 (1.04-1.14). These results indicate that the combination of Antiplate-
let therapy and argatroban in acute stroke patients significantly affected the mRS 0-2 score

(Z = 4.02, P<0.0001).®For the Other Medication group (Any other drug or unclear results

+ argatrobant), the heterogeneity (I* = 37%, P = 0.19>0.1) was not statistically significant.
Therefore, a fixed-effect model was chosen to combine the effect sizes, resulting in an RR of
0.97 (0.93-1.01). These results suggest that the combined use of argatroban with other medica-
tions (such as placebos, Ozagrel sodium, etc.) in acute stroke patients had no significant effect
on the mRS 0-2 score (Z = 4.02, P = 0.19>0.05) (Fig 3).

The symmetry of the funnel plots was assessed, yielding the following results: for the Alte-
plase group (P = 0.946>>0.05), the Antiplatelet group (P = 0.054>>0.05), and the Other Medica-
tion group (P = 0.486). In all three groups, there was no evidence of publication bias.

Bleeding events. Heterogeneity testing of the 11 studies included in this research revealed
an I” statistic of 1% and a P-value of 0.95, suggesting no significant heterogeneity among the

selected studies. As a result, a fixed-effect model was employed to combine effect sizes.The com-
bined effect size (RR) from the 11 studies using a fixed-effect model was 1.07 (95% Confidence
Interval: 0.89-1.29), which was not statistically significant (Z = 0.74, P = 0.46>0.05). This find-
ing indicates that the use of argatroban in the treatment of acute stroke had no statistically sig-
nificant effect on hemorrhagic events, as presented in the corresponding figure (Fig 4).

A funnel plot was created to assess potential publication bias among the 11 studies. The
symmetry of the funnel plot (Egger’s p = 0.216) suggested no publication bias, underscoring
the reliability and credibility of the findings of this research.
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Table 2. Bias evaluation.

RCTs’
Study Random sequence | Allocation | Blinding of Blinding of outcome | Adequate Selective No other
generation concealment | participants assessment assessment of reporting bias
and personnel incomplete avoided
outcome
Barreto, A D 2017 [12] | Low risk Low risk Low risk Low risk Low risk Low risk Low risk
Chen,H S 2023 [13] Low risk Low risk Low risk Low risk Low risk Low risk Low risk
LaMonte, M P 2004 Low risk Low risk Low risk Low risk Low risk Low risk Low risk
[16]
Non-RCTs*

Study Selection(score) Selection of | Ascertainment | Demonstration that Comparability Exposure Follow-up Adequacy
Representativeness | the non- of exposure outcome of interest Comparability of | (score) long enough | of follow
of the exposed exposed was cohorts on the Assessment for up of
cohort cohort not present at start of | basis of outcome outcomes cohorts

study of the design or to occur
analysis
Chen, S 2020 [14] 1 1 1 1 1 1 0 1
Kim, ] 2019 [15] 1 1 1 1 1 1 0 1
Li, X Q2022 [17] 1 0 1 1 1 1 0 1
Oguro, H 2018 [18] 1 1 0 1 1 1 0 1
Wada, T 2016 [19] 1 1 1 1 1 1 1 1
Wang, P F 2021 [20] 1 1 1 1 1 1 1 1
Xu, ] 2022 [21] 1 1 1 1 1 1 0 1
Zhou, L § 2020 [22] 1 1 1 1 1 1 0 1

https://doi.org/10.1371/journal.pone.0298226.t002

Discussion

Argatroban, alteplase, and antiplatelet agents each possess distinct pharmacological properties
that contribute to their effectiveness in treating acute stroke [23-25]. Argatroban, a direct
thrombin inhibitor, is advantageous in the prevention of thrombosis in heparin-induced
thrombocytopenia due to its short half-life and predictable anticoagulant response [26]. Alte-
plase, the only thrombolytic agent approved for the treatment of acute ischemic stroke, has
been clinically in use since 1986 [27]. Antiplatelet drugs, on the other hand, serve as the foun-
dation for managing cardiovascular disease by preventing thrombosis through inhibiting
platelet aggregation [28]. However, while the individual effects of these agents are well-estab-
lished, further research is needed to assess the efficacy of combining argatroban with alteplase
or antiplatelet agents for the treatment of acute stroke [29].

S1 Fig provides additional insight into the heterogeneity of treatment effects of combination
therapy with argatroban and different treatment modalities. In our meta-regression analysis,
we observed a statistically significant difference between antiplatelet groups
(P =0.005 < 0.05), suggesting that there may be variations in the effectiveness of combining
argatroban with different treatments. Notably, these supplementary figures provide additional
context and support for the main findings of our study. They highlight the heterogeneity of
treatment effects and underscore the necessity for additional research to optimize the combi-
nation of argatroban with different treatment modalities.

In our latest study, we observed that patients with acute stroke treated with alteplase did
not experience a significant functional improvement at 90 days, even if they continued taking
argatroban at follow-up. Alteplase, a recombinant tissue plasminogen activator, catalyzes the
formation of plasmin at the thrombus site to dissolve the thrombus and restore blood supply
[30]. However, the effect of alteplase wanes once blood flow is restored, and the anticoagulant
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effect of argatroban may not produce a significant ameliorative effect on the already restored
blood flow [31]. Consequently, the combination of alteplase and argatroban may not signifi-
cantly improve functional recovery in patients with acute stroke. On the other hand, antiplate-
let drugs prevent platelet aggregation and new thrombus formation, which may be more
critical in the early stages of thrombus formation [32]. The anticoagulant effect of argatroban
may have a synergistic effect with antiplatelet drugs, improving functional recovery to some
extent. However, our study found no significant effect of argatroban on 90-day functional
recovery in acute stroke patients compared with ozagrel sodium or placebo. We also consid-
ered functional recovery within 7 days of antiplatelet drug use and placed this study in the
"other methods" group for more reliable results [22]. Although we attempted to include this
result in the antiplatelet group for comparison, we saw no significant changes. Study heteroge-
neity was paradoxically larger in other methodological groups, and their results require further
validation due to the diversity of comparison subjects. Among the available studies, one study
has noted that the infusion of argatroban could be an effective and safe treatment option for
improving functional outcomes in stroke patients. The study did not indicate whether there
was an increased benefit from a combination of different drugs. Nonetheless, the bleeding
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Argatroban Control Risk Ratio Risk Ratio
Study or Su Events Total Events Total Weight M-H, Fixed. 95% CI M-H, Fixed, 95% CI
1.4.1 rt-PA
Kim, J 2019 30 52 43 81 1.3% 1.09 [0.80, 1.48]
Chen, H S 2023 250 329 280 367 9.9% 1.00 [0.92, 1.08] E:
Barreto, A D 2017 10 30 11 29  0.4% 0.88[0.44, 1.75] * 4
Subtotal (95% Cl) 411 477 11.6%  1.00[0.92, 1.09] i
Total events 290 334
Heterogeneity: Chi? = 0.42, df =2 (P = 0.81); 2= 0%
Test for overall effect: Z = 0.04 (P = 0.97)
1.4.2 Antiplatelet
Xu, J 2022 24 25 46 55  1.1% 1.15[1.00, 1.32]
Wang, P F 2021 117 136 129 168 4.3% 1.12[1.01, 1.25]
Li, X Q 2022 105 120 419 529 58% 1.10[1.02, 1.20]
Chen, S 2020 423 519 612 806 18.0% 1.07 [1.01, 1.14] — e
Subtotal (95% CI) 800 1558  29.2% 1.09 [1.04, 1.14] >
Total events 669 1206
Heterogeneity: Chi? = 1.17, df =3 (P = 0.76); 1= 0%
Test for overall effect: Z = 4.02 (P < 0.0001)
1.4.3 Else
Zhou, L S 2020 26 34 50 68 1.3% 1.04 [0.82, 1.32]
Wada, T 2016 1355 2289 1376 2289 51.7% 0.98[0.94, 1.03] ——
Oguro, H 2018 191 353 103 160 5.3% 0.84[0.72, 0.98]
LaMonte, M P 2004 17 39 25 47 0.9% 0.82[0.52, 1.28] ¢
Subtotal (95% CI) 2715 2564 59.1% 0.97 [0.93, 1.01] S 1
Total events 1589 1554
Heterogeneity: Chi? = 4.77, df = 3 (P = 0.19); I = 37%
Test for overall effect: Z=1.32 (P =0.19)
Total (95% CI) 3926 4599 100.0% 1.01 [0.98, 1.04]
Total events 2548 3094
Heterogeneity: Chi? = 24.41, df = 10 (P = 0.007); I2 = 59% 0f7 0_;35 : 1f2 e

Test for overall effect: Z = 0.57 (P = 0.57)

Test for subgroup differences: Chi? = 14.21. df = 2 (P = 0.0008). I> = 85.9%

Fig 3. Forest plot of mRS 0-2 subgroup analysis.
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Favours [Argatroban] Favours [control]

Argatroban Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H, Fixed. 95% CI
Barreto, A D 2017 20 30 14 29 7.3% 1.38[0.88, 2.17]
Chen, H S 2023 49 383 47 397 23.8% 1.08 [0.74, 1.57]
Chen, S 2020 17 519 27 806 10.9% 0.98 [0.54, 1.78] -1
Kim, J 2019 10 52 17 81 6.8% 0.92[0.46, 1.84] N
LaMonte, M P 2004 19 58 8 54  4.3% 2.21[1.06, 4.63] EER
Li, X Q 2022 1 120 1 529 02% 4.41][0.28,69.98]
Oguro, H 2018 4 353 0 160 04%  4.09[0.22, 75.58]
Wada, T 2016 79 2289 86 2289 44.3% 0.92[0.68, 1.24] L
Wang, P F 2021 3 136 2 168 0.9% 1.85[0.31, 10.93] ]
Xu, J 2022 0 25 3 55 1.1% 0.31[0.02, 5.74]
Zhou, L S 2020 0 34 0 68 Not estimable
Total (95% Cl) 3999 4636 100.0% 1.07 [0.89, 1.29] 4
Total events 202 205
Heterogeneity: Chi? = 9.08, df = 9 (P = 0.43); 12 = 1% ’0_0 ] oi ] 1 1’0 ] 00’
Test for overall effect: Z = 0.74 (P = 0.46) Favours [Argatroban] Favours [control]
Fig 4. Forest plot of bleeding events.
https://doi.org/10.1371/journal.pone.0298226.9004
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event outcomes remained consistent. Regarding bleeding risk, both alteplase and argatroban
can increase the risk, but our study did not observe a significant increase in bleeding risk
[33,34]. This may be because physicians adequately considered the risk of bleeding during
patient screening and management and used these drugs only in patients with a low bleeding
risk. Alternatively, physicians promptly recognized and managed bleeding symptoms during
medication. We observed a significant difference in bleeding between the alteplase alone
group and the argatroban group. The investigator determined that argatroban did not contrib-
ute to the increased risk of bleeding after thrombolysis with alteplase. In our safety study, we
considered all possible risks of bleeding in actual clinical work because physicians need to stop
all medications, including antiplatelet agents and argatroban, if a patient experiences possible
bleeding [35].

There are several important limitations that must be considered when interpreting our
findings. Firstly, only three of the included studies were randomized controlled trials, which is
the study design that provides the strongest evidence. However, the remaining studies were
retrospective non-randomized controlled studies, which may have had selection bias and con-
founding factor bias, potentially impacting our results. Secondly, as a systematic review, our
study relied on already published studies which may have led to publication bias, as studies
with negative results are typically more difficult to publish. Furthermore, we did not have
access to unpublished data that may have impacted our results. In addition, our study showed
some heterogeneity, but we were able to identify the source of heterogeneity through a regres-
sion model. However, due to limitations in the number of articles and their content, it was not
feasible to conduct further research on potential influencing factors such as baseline data, vari-
ations in disease severity, dosages and timing of treatments, and additional therapeutic
approaches.Finally, our findings are based primarily on observational studies and cannot
determine causality. Therefore, while our study provides valuable insights, these limitations
must be taken into account when interpreting our results. In the future, more high-quality ran-
domized controlled trials and observational studies will be necessary to further confirm our
findings.

Conclusions

This study presents a novel treatment strategy for acute stroke patients. Administering argatro-
ban after antiplatelet therapy resulted in a significant improvement in mRS scoresof 0-2, indi-
cating the efficacy of this approach in enhancing functional recovery. In contrast, the use of
argatroban after thrombolysis with alteplase did not result in a significant change in mRS
scores of 0-2. These findings provide valuable insights for clinicians when choosing treatment
strategies and highlight the importance of considering patient-specific circumstances, includ-
ing whether they have received thrombolytic treatment with alteplase.
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