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ABSTRACT
The two main therapeutic approaches for stroke treatment are endovascular thrombectomy, which involves mechan-
ically removing the thrombus, and bridging therapy, which uses intravenous thrombolytics (IVT) prior to endovas-
cular thrombectomy (EVT). This study aimed to compare monotherapy (EVT or IVT alone) with bridging therapy 
(IVT+EVT) in terms of  efficacy and safety outcomes in patients with minor ischemic stroke. After a thorough screen-
ing, eight studies were included for qualitative synthesis and meta-analysis, comprising a total of  3,117 patients across 
the treatment arms. The main outcomes of  interest were the efficacy of  treatment modality, the rate of  intracerebral 
hemorrhage (ICH), and mortality. In terms of  functional outcomes measured by the Modified Rankin Score (mRs) 
0-1, no significant difference was observed when comparing IVT monotherapy with bridging therapy (IVT+EVT), 
with an odds ratio of  0.79 (P = 0.41). However, IVT was associated with a decreased risk of  symptomatic intracranial 
hemorrhage (sICH) compared to bridging therapy (OR = 0.51; P = 0.02), while EVT was associated with an in-
creased risk of  sICH compared to bridging therapy (OR = 8.33; P = 0.01). Mortality rates were comparable between 
IVT alone compared to bridging therapy and EVT alone compared to bridging therapy (P = 0.14). Although both 
treatment modalities share similar efficacy, there was a trend in favoring bridging therapy for mortality rates, but it 
was not statistically significant. Future randomized controlled trials and updated systematic reviews are needed within 
five to ten years to increase sample sizes and potentially identify statistically significant differences in mortality and 
other outcomes. 
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INTRODUCTION

Stroke remains one of  the leading causes of  mortality and long-
term disability worldwide [1]. With an aging population, the 
global incidence of  stroke is expected to increase [2,3]. Acute 
ischemic stroke occurs due to a thrombus formation, and the 
primary treatment strategies include endovascular thrombecto-
my (EVT), which physically removes the thrombus and bridging 
therapy, where intravenous thrombolytics (IVT) are administered 
before EVT [4]. The severity of  stroke can be assessed through 
various methods, including the National Institutes of  Health 
Stroke Scale (NIHSS) score [5]. According to the NIHSS, a 
stroke is considered minor if  the score is below 5 [5]. Despite its 
classification as "minor," about 30% of  these patients experience 
lasting disabilities after 90 days [6,7].

Stroke centers and countries vary in how they approach the 
clinical management of  minor ischemic strokes. Intravenous 
thrombolysis (IVT) remains the recommended treatment for dis-
abling acute ischemic stroke, regardless of  the NIHSS score [8]. 
Although large vessel occlusion (LVO) typically results in severe 
strokes, approximately 10–20% of  patients with minor strokes 
have LVO due to strong collateral circulation [9,10]. Neurolog-
ical deficits occur in about 20–40% of  these patients, which in-
creases their risk of  a poor outcome [11-13]. The current recom-
mendation for patients with LVO and NIHSS scores above 5 is to 
combine endovascular thrombectomy with IVT [14]. However, 
few randomized trials have included patients with NIHSS scores 
of  5 or less, and results from both single-center and multicenter 
studies have been inconclusive [15-17]. Consequently, the ben-
efit of  combination therapy versus IVT alone in these patients 
remains unclear. A meta-analysis by the HERMES study group 
found no significant advantage of  EVT over standard therapy, 
including IVT, in patients with NIHSS scores below 10 [14,18]. 
Nevertheless, observational studies suggest that early thrombec-
tomy may lead to better outcomes in mild stroke compared to 
optimal medical treatment followed by rescue thrombectomy in 
cases of  deterioration [19,20]. There is also a potential for in-
creased risk of  intracerebral hemorrhage (ICH) with combined 
therapy. Therefore, we performed this systematic review and me-
ta-analysis to evaluate the efficacy and safety of  monotherapy 
(EVT or IVT) versus bridging therapy (IVT & EVT) in patients 
with minor ischemic stroke.

MATERIAL AND METHODS

This systematic review and meta-analysis followed the Cochrane 
Handbook for Systematic Reviews and the guidelines outlined by 
the Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses (PRISMA) statement. The study protocol was reg-
istered in the International Prospective Register of  Systematic 
Reviews (ID: CRD42024548143) [21,22].

Database searching

We systematically searched PubMed, Web of  Science, Google 
Scholar, and Scopus for eligible articles from inception to 2023. 
The search strategy employed the following keywords: “Throm-
bolysis” AND “Thrombectomy” AND “Stroke” AND (“Minor” 
OR “Mild”).

Screening process 

After conducting the database search, we eliminated duplicates 
using EndNote version 7 [23]. The remaining articles were up-
loaded into Rayyan software [24] to facilitate screening. Two 
authors independently screened the titles and abstracts to assess 
eligibility, followed by a full-text review of  the selected studies. 
Any disagreements were resolved by a third author (Figure 1).

Eligibility criteria 

We applied predefined inclusion and exclusion criteria during 
the screening process. We included observational studies and 
randomized controlled trials (RCTs) that compared monothera-
py, whether IVT or EVT, with bridging therapy (IVT+EVT) in 
patients with minor or mild ischemic stroke (NIHSS score 1–4). 
Studies that did not compare these two treatment strategies, 
which involved higher NIHSS scores, case reports, or reviews, 
were excluded.

Quality assessment  

For the included observational cohort studies, the New Castle 
Ottawa Scale (NOS) was employed to evaluate quality. Studies 
scoring between 0 and 3 were classified as low quality, 4–6 as 
moderate, and 7–9 as high quality [25].

Data extraction  

Four independent authors used Microsoft Excel to extract base-
line information such as study design, sample size, age, and gen-
der, along with outcomes like the Modified Rankin Score (mRS) 
0–1, mRS 0–2, mortality, symptomatic intracranial hemorrhage 
(sICH), and ICH. Any discrepancies were addressed by an au-
thor not involved in the data extraction process.

Statistical analysis   

We conducted a meta-analysis using Review Manager (RevMan) 
version 5.4, pooling dichotomous variables to calculate odds ra-
tios (ORs) with corresponding 95% confidence intervals (CIs). A 
P value ≤ 0.05 was considered statistically significant. Heteroge-
neity was assessed using the I² statistic, with significance deter-
mined by the P value.

RESULTS

Database searching and screening   

The database search yielded 176 articles, of  which 77 were du-
plicates and subsequently removed. A total of  99 articles were 
screened by title and abstract, and 87 articles were excluded 
during this process. A full-text review was conducted on 12 arti-
cles, and 8 articles were included for the qualitative synthesis and 
meta-analysis. The total number of  patients in both treatment 
arms across the 8 included studies was 3,117 patients (Figure 1).

Quality assessment  

According to NOS, five studies were classified as high quality, while 
three were considered moderate quality [17,26-32] (Table 1). 
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Figure 1. PRISMA flow diagram of screened articles
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Table 1. Quality assessment of the included cohort studies using New Caste Ottawa Scale (NOS)

Study 
name

Represen-
tativeness 
of the 
exposed 
cohort (★)

Selection 
of the non 
exposed 
cohort (★)

Ascertain-
ment of 
exposure 
(★)

Demonstra-
tion that 
outcome of 
interest was 
not present 
at start of 
study (★)

Comparabili-
ty of cohorts 
on the basis 
of the design 
or analysis 
(max★★)

Assess-
ment of 
outcome 
(★)

Was 
follow-up 
long 
enough 
for out-
comes to 
occur? (★)

Adequacy 
of follow 
up of co-
horts (★)

Quality 
level

Dobrocky 
et al., 
2021[17]

☆ - ☆ ☆ ☆ ☆ - Moderate

Cappellari 
et al., 2023 
[26]

☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ High

Tu et al., 
2022 [27]

☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ High

Seners et 
al., 2020 
[28]

☆ - ☆ ☆ ☆ ☆ ☆ - Moderate

Kastrup 
et al., 2018 
[29]

☆ - ☆ ☆ ☆☆ ☆ ☆ - High

Da Ros et 
al., 2019 
[30]

☆ ☆ ☆ ☆☆ ☆ ☆ ☆ High

Seners et 
al., 2021 
[31]

☆ - ☆ ☆ ☆ ☆ ☆ - Moderate

Feil et al., 
2021 [32]

☆ ☆ ☆ ☆ ☆ ☆ ☆ ☆ High
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DISCUSSION

The objective of  this study was to evaluate the efficacy and safe-
ty of  monotherapy with either IVT or EVT in comparison to 
bridging therapy (IVT+EVT) for patients with minor ischemic 
stroke. In terms of  efficacy, the results indicated no significant 
differences between the treatment approaches for mRS 0-1 and 
mRS 0-2. However, the incidence of  sICH and ICH was sig-
nificantly higher in the group receiving bridging therapy com-
pared to those treated with either IVT or EVT alone. Although 
EVT was associated with an elevated risk of  sICH compared to 
bridging therapy, this finding was based on a very small sample 
size from a single study. The meta-analysis revealed that bridging 
therapy may not provide the same benefits as IVT and poses a 
higher risk.

The optimal treatment strategy for mild strokes remains un-
certain and lacks standardization. Most patients diagnosed with 
mild stroke receive IVT alone, while a small subset is excluded 
from IVT due to their condition being perceived as too favorable 
to receive treatment [33]. Additionally, recent RCT meta-anal-
yses have shown that patients with an NIHSS score below 10 
do not gain significant benefit from EVT [14]. Consequently, 
the use of  EVT in patients with LVO and NIHSS ≤ 5 has only 
been documented in a limited number of  case series [12]. Ves-
sel recanalization appears to play a crucial role even in minor 
strokes, as failure to achieve acute recanalization may result in 
approximately one-third of  minor stroke patients being unable 
to walk independently at hospital discharge and facing a higher 
likelihood of  neurological decline and poor outcomes at the 90-
day follow-up [34-40].

Feil et al. [32] analyzed data from patients enrolled between 
June 2015 and December 2019 in the Safe Implementation of  
Treatments in Stroke–International Stroke Thrombolysis Regis-
try (SITS-ISTR) and the German Stroke Registry–Endovascular 

Baseline characteristics

All included studies were cohort studies, comparing monother-
apy (IVT or EVT) versus bridging therapy (IVT+EVT). The 
baseline characteristics of  the included articles are summarized 
in Table 2.

Meta-analysis  

For mRS 0–1, no significant difference was found when compar-
ing IVT monotherapy to bridging therapy (IVT+EVT), with an 
odds ratio of  0.79 (95% CI, 0.46–1.38; P = 0.41). Similarly, no 
significant difference was detected between EVT monotherapy 
and bridging therapy (OR = 0.88; 95% CI, 0.66–1.18; P = 0.4) 
(Figure 2). For mRS 0–2, no statistically significant differences 
emerged between IVT monotherapy and bridging therapy, with 
an OR of  0.86 (95% CI, 0.69–1.08; P = 0.19), and EVT mono-
therapy versus bridging therapy which yielded an OR of  1.08 
(95% CI, 0.41–2.9; P = 0.87) (Figure 3).

In terms of  symptomatic intracerebral hemorrhage, IVT was 
associated with a lower risk of  sICH compared to bridging ther-
apy, with an OR of  0.51 (95% CI, 0.29–0.89; P = 0.02), where-
as EVT was linked to a higher risk of  sICH when compared to 
bridging therapy, with an OR of  8.33 (95% CI, 1.52–45.71; P = 
0.01) (Figure 4).

IVT was also associated with a reduced risk of  ICH compared 
to bridging therapy, with an OR of  0.5 (95% CI, 0.29–0.88; P = 
0.02) (Figure 5).

Mortality rates were similar between IVT monotherapy and 
bridging therapy, as well as EVT monotherapy and bridging ther-
apy. Although there was a slight trend favoring bridging therapy, 
it was not statistically significant (OR =1.3; 95% CI, 0.92–1.84; 
P = 0.14) (Figure 6).

Table 2. Baseline characteristics of the included studies 

Study ID Design Sample size Age, mean (SD) Gender, male/female

Monotherapy IVT+EVT Monotherapy IVT+EVT Monotherapy IVT+EVT

Dobrocky et al., 2021 
[17]

Cohort 84, MT: 39 85 67.7, EVT: 73.1 71.1 (30.6–97.3) IVT: 52/32, EVT: 
52/33

20/19

Cappellari et al., 2023 
[26]

Cohort 262 226 NR NR NR NR

Tu et al., 2022 [27] Cohort EVT:662 241 65.9(10.5) 65.7(10.8) 473/189 183/58

Seners et al., 2020 [28] Cohort 384 214 71.3 (14.3) 64.5 (16.6) 167/217 111/113

Kastrup et al., 2018 
[29]

Cohort 160 145 72 (12) 71 (13) 67/93 65/80

Da Ros et al., 2019 [30] Cohort 24 29 68 70 (23–92) 15/9 13/16

Seners et al., 2021 [31] Cohort 29 28 71 67 (56–75) 18/11 18/10

Feil et al., 2021 [32] Cohort 272 272 69.4 (13.7) 68.6 (14) 154/118 154/118

IVT: intravenous thrombolysis; EVT: endovascular thrombectomy; NR: not reported.
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Feil et al. [32] further reported that patients who underwent 
thrombectomy had notably worse functional outcomes when 
comparing EVT, with or without IVT, to IVT alone. Addition-
ally, those treated with EVT had a higher median NIHSS score 
at the 24-hour follow-up. Logistic regression analysis revealed 
that IVT, but not EVT, was a strong predictor of  favorable out-
comes. These results differ from earlier case series, one of  which 
reported superior outcomes for EVT patients compared to those 
receiving only IVT, while another case series examined 24 IVT 
patients alongside 32 interventional cases (19 EVT only and 13 
EVT plus IVT) [12,18,30]. In the latter study, a greater shift in 
NIHSS scores was observed in the group undergoing endovascu-
lar procedures compared to those receiving only medical therapy. 
However, the interpretation of  these findings may be biased, as 
40% of  the thrombectomy patients were ineligible for IVT [30]. 

Treatment (GSR-ET). Their findings indicated that combining 
EVT with IVT did not significantly enhance functional out-
comes compared to IVT alone in patients with minor strokes, 
specifically those with NIHSS scores ≤5. Although 81.6% of  
GSR-ET patients treated with EVT or IVT achieved successful 
reperfusion (mTICI scores 2b–3), follow-up imaging at 24 hours 
showed a higher point estimate of  sICH in patients who under-
went both EVT and IVT. Nevertheless, even when performed in 
extended time windows, thrombectomy was carried out safely, 
with favorable clinical outcomes of  64%, 75%, and 60%, re-
spectively [15,16,41]. These retrospective single-center studies 
included 33 patients (NIHSS score ≤8, varying occlusion sites), 
41 patients (NIHSS score ≤5, M1 occlusions), and 88 patients 
(NIHSS score ≤4, different occlusion sites) with LVO and mild 
stroke symptoms [15,16,41].

Figure 2. Comparison between bridging therapy and monotherapy regarding mRs 0–1

Figure 3. Comparison between bridging therapy and monotherapy regarding mRs 0–2
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Figure 4. Comparison between bridging therapy and monotherapy regarding symptomatic intracranial hemorrhage

Figure 6: Comparison between bridging therapy and monotherapy regarding mortality

Figure 5. Comparison between bridging therapy and intravenous thrombolysis (IVT) regarding intracranial hemorrhage (ICH)
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CONCLUSION

The present results regarding efficacy outcomes revealed no sta-
tistically significant differences between the two treatment ap-
proaches in terms of  mRs 0–1 and mRs 0–2. However, when 
bridging therapy was used instead of  IVT, the safety outcomes, 
such as sICH and ICH, were statistically considerably higher. 
Furthermore, there were no discernible variations in the death 
rates between the two therapy modalities. 
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