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Abstract: Objective: To compare the clinical and procedural outcomes, as well as complication rates, between bridg-
ing therapy (BT) and direct mechanical thrombectomy (D-MT) in patients with acute ischemic stroke (AIS) due to 
anterior circulation large vessel occlusion (LVO). Methods: In this retrospective cohort study, 169 patients who un-
derwent endovascular therapy (EVT) between January 2021 and January 2024 were included. Patients were divided 
into a BT group (n=96, intravenous alteplase followed by thrombectomy) and a D-MT group (n=73, thrombectomy 
alone). Baseline characteristics, procedural data, and 90-day functional outcomes were compared. Multivariable 
logistic regression identified predictors of 90-day favorable outcome (modified Rankin Scale score 0-2). Results: 
Baseline characteristics were balanced between the groups (all P>0.05). The BT group showed a numerically higher 
rate of 90-day favorable functional outcome (56.25% vs. 46.58%, P=0.212) and lower mortality rate (4.17% vs. 
10.96%, P=0.089), but differences were not statistically significant. Recanalization rates (modified Thrombolysis 
in Cerebral Infarction (mTICI) 2b/3: ~95%) and complication rates (hemorrhagic transformation, post-awakening 
stroke) were similar between the groups (all P>0.05). In regression analysis, smoking history, baseline National 
Institutes of Health Stroke Scale (NIHSS) score, and collateral circulation grade were independent predictors of 
outcome, while treatment modality was not. Conclusion: BT and D-MT demonstrate comparable efficacy and safety 
in treating anterior circulation LVO. The choice of strategy should consider patient-specific factors such as baseline 
neurological status and collateral circulation, rather than presumed superiority of either modality.

Keywords: Acute ischaemic stroke, bridge therapy (BT), direct mechanical thrombectomy (D-MT), endovascular 
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Introduction

As a major contributor to global mortality and 
long-term disability, stroke exerts substantial 
pressure on healthcare infrastructures, driven 
by its elevated incidence, persistent disability 
burden, and high risk of recurrence [1]. WHO 
estimates indicate an annual global incidence 
of stroke exceeding 15 million, of which acute 
ischemic stroke (AIS) constitutes approximately 
87% [2]. Stroke is now the top cause of mor- 
tality in China’s population, with an estimated 
2.4 million incident cases reported each year. 
The condition is increasingly affecting younger 
populations, with a prevalence rate of 2.32% 
among those aged 40 and above, imposing a 

heavy economic burden on society and fami- 
lies [3].

The pathological core of AIS is neuronal isch-
emic necrosis caused by interrupted cerebral 
blood perfusion. Brain tissue exhibits extremely 
poor tolerance to ischemia-after complete ces-
sation of cerebral blood flow, each minute of 
delayed reperfusion can result in the death of 
up to 1.9 million neurons. This directly under-
pins the “time is brain” principle in treatment 
[4, 5]. Endovascular thrombectomy is now con-
sidered standard-of-care for patients with AIS 
with large vessel occlusion (LVO) presenting 
within 6 hours of onset, given that this stroke 
subtype accounts for a substantial proportion 
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of all AIS cases [6]. Compared to small vessel 
occlusion, patients with anterior circulation LVO 
present with more severe disease and greater 
baseline neurological deficits (typically with a 
median National Institutes of Health Stroke 
Scale (NIHSS) score ≥ 10). Their natural prog-
nosis is extremely poor: without timely inter- 
vention, 90-day mortality can reach 30-50%, 
and approximately 70% of survivors will experi-
ence moderate to severe disability.

Advances in endovascular therapy have funda-
mentally transformed the therapeutic land-
scape for anterior circulation LVO. Pivotal clini-
cal trials consistently show that, when admi- 
nistered within 6 hours of onset, endovascular 
therapy (EVT) leads to higher rates of success-
ful recanalization, improved functional inde-
pendence at 90 days, and lower disability bur-
den [7]. Based on this evidence, current in- 
ternational guidelines universally classify EVT 
as a Class I recommended treatment for ante-
rior circulation LVO [8]. However, controversy 
persists regarding the optimal EVT strategy, 
with the debate over whether bridging therapy 
(BT) or direct mechanical thrombectomy (D-MT) 
is superior remaining a focal point in the stroke 
field.

EVT has become a key treatment modality for 
AIS, particularly in managing LVO in the anterior 
circulation [9-12]. Multiple studies have dem-
onstrated the efficacy of EVT, including MR 
CLEAN [9, 10], ESCAPE [9], EXTEND-IA [9, 10]. 
These studies evaluated the efficacy of en- 
dovascular therapy for ischemic stroke, em- 
ploying different selection criteria and vascular 
recanalization devices [10]. However, the rela-
tive advantages of BT and D-MT in pre-cycle 
therapy remain a subject of ongoing debate.

BT is based on the synergistic concept of intra-
venous thrombolysis and mechanical throm-
bectomy. The procedure involves administer- 
ing intravenous recombinant tissue plasmino-
gen activator (rt-PA) for thrombolysis in eligible 
patients, followed by mechanical thrombecto-
my. Theoretically, this approach reduces throm-
bus burden, improves collateral circulation, and 
dissolves residual thrombi. Early randomized 
controlled trials (RCTs) provided key evidence 
supporting the adoption of bridge therapy. Whi- 
le demonstrating certain benefits in AIS man-
agement, limitations of BT have gradually em- 
erged. First, intravenous thrombolysis is sub-

ject to strict time window constraints, with  
current guidelines recommending administra-
tion within 4.5 hours of symptom onset [13]. 
Patients beyond this window derive no benefit 
and may even face increased hemorrhagic risk 
[14]. For example, Wang et al. [14] demonstrat-
ed that hemorrhagic transformation significant-
ly impacts prognosis in acute cerebral infarc-
tion patients receiving intravenous (IV) throm- 
bolysis. Second, approximately 15-20% of pa- 
tients have contraindications to thrombolysis 
(e.g., prior intracranial hemorrhage, recent sur-
gery, coagulation disorders), rendering them 
ineligible for rt-PA therapy [15]. Zheng et al.  
[15] noted that in elderly patients with cerebral 
infarction, analysis of factors associated with 
early intracranial hemorrhage following intra- 
venous rt-PA thrombolysis revealed multiple 
contraindications that increase bleeding risk. 
Furthermore, the interval between thromboly-
sis and thrombectomy may delay vascular re- 
canalization. Studies indicate that the median 
time from initiation of intravenous thrombolysis 
to femoral artery puncture is approximately 40 
minutes, and this delay may negate the bene-
fits of thrombolysis. Groot et al. [16] empha-
sized that time management in out-of-hospital 
stroke is critical for reperfusion therapy effi- 
cacy, necessitating minimization of the time 
from hospital admission to treatment initiation. 
Finally, hemorrhagic transformation associat- 
ed with intravenous thrombolysis, particularly 
symptomatic intracranial hemorrhage, remains 
a significant risk, occurring at a rate of approxi-
mately 3-6% and is strongly associated with 
poor outcomes [17, 18]. Chen et al. [17] investi-
gated the temporal pattern between rt-PA ad- 
ministration and symptomatic intracranial hem-
orrhage (sICH) in AIS patients, highlighting the 
risk of sICH occurrence. Mori et al. also demon-
strated that neurological deterioration within 
24 hours after intravenous rt-PA administra- 
tion in stroke patients correlates with poor out-
comes [18]. 

D-MT omits the thrombolysis step, aiming to 
shorten time to reperfusion (TTR). It is indi- 
cated for patients beyond the thrombolysis 
time window, with contraindications to throm-
bolysis, or with unknown onset time. With ite- 
rative improvements in thrombectomy devices 
and technological advancements, its reperfu-
sion rates can exceed 90%, comparable to 
those of BT [19, 20]. In recent years, several 
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RCTs have compared D-MT and BT. As the SKIP 
trial demonstrated, in anterior circulation LVO 
patients within 4.5 hours of symptom onset, 
D-MT and BT had no notable difference in 
90-day favorable functional outcome propor-
tions, but the D-MT group saw fewer symptom-
atic intracranial hemorrhages [21]. The DIRECT-
MT trial verified that D-MT is not inferior to BT.

The DIRECT-MT trial confirmed D-MT’s non- 
inferiority to BT with shorter operative times 
[19, 22, 23], challenging BT’s status as the 
“gold standard”. These studies suggest that 
D-MT may be a superior option for certain pa- 
tients [24]. However, controversies surrounding 
D-MT persist. On one hand, subgroup analyses 
of the aforementioned RCTs indicate that for 
patients with shorter onset times (<3 hours) 
and lower baseline NIHSS scores (<10 points), 
BT may still hold advantages [25]. On the oth- 
er hand, long-term outcome data for D-MT (e.g., 
1-year survival rates, reocclusion rates) rema- 
in insufficient. For patients with substantial 
thrombus burden or dense thrombus consis-
tency, mechanical thrombectomy alone may 
require multiple attempts, thereby increasing 
the risk of vascular injury [26]. Furthermore, 
variations in patient inclusion criteria across 
studies (e.g., time-to-treatment windows, collat-
eral circulation status) complicate direct com-
parison of results, contributing to the cautious 
stance maintained by relevant guidelines re- 
garding D-MT recommendations [27].

In light of the clinical context outlined above, a 
cohort of 169 patients with confirmed acute 
anterior circulation LVO who received EVT at 
our institution’s neurology and neurointerven-
tional unit between January 2021 and January 
2024 was retrospectively enrolled in this study. 
These patients were divided into two groups: 
the BT group (n=96) and the D-MT group (n= 
73). Through retrospective analysis of clinical 
data from anterior circulation stroke patients, 
this study compared differences between brid- 
ging therapy and direct mechanical thrombec-
tomy in terms of clinical functional outcomes, 
procedure-related metrics, and complication 
rates. We performed multivariable logistic re- 
gression to determine which variables indepen-
dently predicted clinical outcomes. The aim is 
to provide more targeted reference for clinical 
treatment decisions, optimize individualized 
treatment plans, ultimately improve stroke pa- 
tient outcomes, and reduce disability and mor-
tality rates.

Research methods

Research subjects

This retrospective cohort study consecutively 
enrolled 169 patients diagnosed with acute 
anterior circulation LVO and undergoing EVT at 
our hospital’s Department of Neurology and 
Neurointerventional Center between January 
2021 and January 2024. Patients were catego-
rized into the BT group (n=96) and D-MT group 
(n=73) based on treatment modality. BT Group: 
Patients first received intravenous rt-PA throm-
bolysis (dosage: 0.9 mg per kilogram of body 
weight, with a maximum dose of 90 mg; 10% 
was given as a bolus injection, and the rema- 
ining 90% was intravenously infused over 60 
minutes), followed by mechanical thrombecto-
my during or after rt-PA infusion. D-MT group: 
Patients underwent direct mechanical throm-
bectomy without intravenous thrombolysis.

By comparing postoperative clinical indicators 
between the two patient groups (90-day mo- 
dified Rankin Scale (mRS), 90-day mortality, 
NIHSS score, recanalization rate [modified Th- 
rombolysis in Cerebral Infarction (mTICI) 2b/3 
rate], Fazekas grade, and 90-day moderate- 
to-severe disability rate), this study provides a 
theoretical foundation for treating anterior cir-
culation stroke patients in clinical practice. The 
detailed workflow is shown in Figure 1.

Inclusion criteria

(1) Patients met the diagnostic criteria for acute 
ischemic stroke and is confirmed as a LVO in 
the anterior circulation; (2) The pre-onset mRS 
score was less than 2; (3) The age was ≥ 18 
years; (4) The clinical documentation was com-
plete [28, 29]. 

Exclusion criteria

(1) Posterior circulation vascular occlusion [11]; 
(2) Absolute contraindications for IVT; (3) Se- 
vere hepatic or renal insufficiency, coagulation 
disorders; (4) Pregnant or lactating women; (5) 
Participants who discontinued treatment or 
were lost to follow-up.

Ethical statement

Ethical approval was granted by the Clinical 
Research Ethics Committee of the First Affi- 
liated Hospital of Soochow University (Approval 
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No. 2024-022), and the study complied with 
the Declaration of Helsinki and international 
standards for medical research ethics [30]. As 
a retrospective analysis based on archived clin-
ical data, the ethics committee granted a waiv-
er of informed consent. All data were anony-
mized to fully protect participant privacy and 
confidentiality throughout the research.

Sample size calculation

Sample size calculations were done with G- 
Power software [31]. The study estimated a 
50% rate of favorable patient outcomes after 

endovascular treatment. An effect size (Cohen’s 
h) of 0.5 was chosen, representing a medium 
effect size commonly used in clinical resear- 
ch for comparing proportions [32]. The signifi-
cance level (α) was set at 0.05 (two-tailed), and 
a statistical power (1-β) of 0.85 was targeted. 
These parameters showed that 59 partici- 
pants per group were needed, totaling 118. 
Considering a 20% dropout rate, the adjusted 
sample size became 142. In the end, the study 
enrolled 169 participants, which was more 
than the target sample size and met the re- 
search’s statistical requirements.

Figure 1. Research flowchart. Note: BT, bridging therapy; D-MT, direct mechanical thrombectomy.
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Research design

Participants were stratified into two cohorts 
according to the therapeutic approach re- 
ceived: 

Bridge therapy group (BT Group) [33]: Patients 
first received intravenous rt-PA thrombolysis, 
followed by mechanical thrombectomy during 
or after rt-PA infusion.

Direct mechanical thrombectomy group [33]: 
Patients did not receive intravenous throm- 
bolysis and underwent direct mechanical th- 
rombectomy.

Treatment selection was determined by a mul- 
tidisciplinary team (including neurointerven-
tionalists, neurologists, and radiologists) based 
on individual patient factors (e.g., time since 
onset, baseline NIHSS score, imaging charac-
teristics, family consent).

All patients underwent EVT under general anes-
thesia or local anesthesia with sedation. The 
femoral or radial artery was punctured using 
the Seldinger technique, followed by arterial 
sheath placement. Angiography was perform- 
ed to identify the occlusion site and assess  
collateral circulation (using the ASITN/SIR col-
lateral grading system). Thrombectomy devices 
were selected based on thrombus characte- 
ristics and vascular anatomy (e.g., Solitaire FR 
or Trevo XP stenting systems, or penumbra sys-
tems for aspiration; combined use when neces-
sary). The procedural goal was to achieve vas-
cular recanalization (mTICI ≥ 2b). Postopera- 
tively, routine antiplatelet therapy was adminis-
tered, and baseline parameters such as blood 
pressure and blood glucose were adjusted 
according to the patient’s condition.

Observation indicators

Baseline data: Including age, gender, medical 
history (hypertension, diabetes, atrial fibrilla-
tion, etc.), smoking history, alcohol consump-
tion history, baseline NIHSS score, etiologi- 
cal classification (macroarterial atherosclero-
sis, cardiogenic embolism), and collateral circu-
lation grading.

Key indicators: Core functional prognosis indi-
cator: 90-day mRS post-surgery [34]: The mRS 
score ranges from 0 to 6, with 0 being the low-

est and 6 the highest. Higher scores indicate 
poorer clinical outcomes, with a score of 6 
denoting death. (Further categorized as “favor-
able prognosis: 0-2 points” and “poor out- 
come: 3-6 points”; 90-day postoperative mor-
tality rate [mRS 6 points]; 90-day postopera- 
tive moderate-to-severe disability rate [mRS 
3-5 points]).

Secondary indicators: (1) Neurological function 
indicators: NIHSS Scores at 24 hours and 7 
days post-surgery [35]: The NIHSS assesses 
stroke-related neurological deficits across 11 
domains: consciousness, gaze, vision, facial 
movement, arm/leg strength, ataxia, sensa-
tion, language, articulation, and spatial aware-
ness. Each item is scored 0-4 points based on 
impairment severity (some items range 0-2 
points), yielding a total score of 0-42 points.

(2) Treatment outcome measure: Recanaliza- 
tion rate (mTICI Grade 2b/3 Proportion) [34]: 
Postoperative angiography assesses reperfu-
sion. mTICI grade of 2b/3 indicates successful 
vessel recanalization.

(3) Imaging assessment indicator: Fazekas 
scale [36] (a visual grading system for assess-
ing white matter lesions in neuroimaging; typi-
cally ranges from 0 to 3, with each grade re- 
presenting a different severity of white matter 
damage).

(4) Complication indicators: Hemorrhagic tr- 
ansformation [37] (a major complication of AIS 
requiring early identification via imaging [CT/
MRI] and clinical assessment, classified ac- 
cording to ECASS criteria).

(5) Multivariate logistic regression analysis  
for favorable functional outcomes at 90 days.

Statistical analysis

All statistical analyses were performed using 
SPSS software (version 25.0; IBM Corp.). 
Continuous variables were assessed for nor-
mality using the Shapiro-Wilk test. Data con-
forming to a normal distribution are present- 
ed as mean ± standard deviation (SD) and  
were compared between the two independent 
groups (BT vs. D-MT) using the independent-
samples t test (for homogeneity of variance) or 
Welch’s t test (for heterogeneity of variance), as 
appropriate. Non-normally distributed continu-
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ous data are presented as median with inter-
quartile range (IQR) and were compared using 
the Mann-Whitney U test. Categorical variables 
are presented as counts and percentages [n 
(%)] and were compared using the Pearson χ2 
test or Fisher’s exact test when expected cell 
counts were less than 5. For all analyses, a two-
tailed P value <0.05 was considered statisti-
cally significant. To identify independent predic-
tors of a favorable functional outcome (defined 
as modified Rankin Scale score of 0-2 at 90 
days), variables showing a significant associa-
tion (P<0.05) in univariate analyses were 
entered into a multivariable binary logistic 
regression model. Results are presented as 
adjusted odds ratios (OR) with their correspond-
ing 95% confidence intervals (CI).

Results

Comparison of baseline data for patients

This study included 169 patients (96 in the BT 
group and 73 in the D-MT group). Compari- 
son of baseline characteristics between the BT 
Group and the D-MT Group, including age, gen-
der, underlying diseases, smoking history, alco-
hol consumption history, baseline NIHSS score, 
etiological classification, and collateral circula-
tion grading, revealed no statistically significant 
differences (P>0.05), indicating comparability 
between the groups (Table 1).

Comparison of core functional prognosis 
indicators

Table 2 compares the prognostic outcomes 
between the two patient groups. Results show 
that the 90-day favorable prognosis rate was 
56.25% in the BT group and 46.58% in the 
D-MT group. Although the BT group had a high-
er 90-day favorable prognosis rate than the 
D-MT group, the difference between the two 
groups was not statistically significant (χ2= 
1.555, P=0.212). The 90-day mortality rate in 
the BT group was 4.17%, and the incidence  
of moderate to severe disability was 39.58%, 
both lower than those in the D-MT group 
(10.96%, 42.47%). The differences between 
the two groups were not statistically signifi- 
cant (χ2=2.900, P=0.089; χ2=0.143, P=0.706). 
These results indicate that for patients with 
anterior circulation stroke, the BT group de- 
monstrated a certain prognostic advantage, 
while the two treatment regimens showed no 
significant difference in overall prognosis.

Comparison of neurological function indicators

Table 3 presents the comparison of NIHSS 
scores between patients receiving the two 
treatment modalities via the Mann-Whitney U 
Test, with median values indicating neurologi-
cal improvement. Results indicate that the 
24-hour neurological improvement in the BT 
group (8) was superior to that in the D-MT group 
(11), though the difference was not statistically 
significant (P=0.244). The BT group (4) show- 
ed better 7-day neurological improvement than 
the D-MT group (7), but the difference was not 
statistically significant (P=0.742). Results indi-
cate that bridge therapy is beneficial for neuro-
logical improvement in patients with anterior 
circulation stroke, but the difference compared 
with direct mechanical thrombectomy is not 
significant (P>0.05).

Comparison of treatment effectiveness indica-
tors

Table 4 compares treatment outcomes be- 
tween patients receiving two therapeutic app- 
roaches using chi-square analysis. Results sh- 
ow that the recanalization rate (mTICI grade: 
2b/3) in the BT group was 94.79%, while that in 
the D-MT group was 95.89%. However, no sta-
tistically significant difference was observed 
between the two groups (χ2=0.001, P=0.973). 
The results indicate that treatment outcomes 
for patients with anterior circulation stroke are 
independent of the selected treatment mo- 
dality.

Image evaluation

Table 5 compares imaging assessment me- 
trics between patients receiving two treatment 
modalities via chi-square test. Results indicate 
that the proportion of patients with Fazekas 
grade 0 in the BT group (19.79%) was higher 
than that in the D-MT group (12.33%), while the 
proportion with Fazekas grade 1 in the BT 
group (45.83%) was lower than that in the D- 
MT group (65.75%). The proportion of Fazekas 
grade 2 lesions in the BT group (32.29%) was 
higher than that in the D-MT group (21.92%), 
and the proportion of Fazekas grade 3 lesions 
in the BT group (2.08%) was higher than that in 
the D-MT group (0%). The differences between 
the two treatment groups were not statistically 
significant (P=0.056). Additionally, based on 
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Table 1. Comparison of baseline characteristics

Variable BT group
n=96

D-MT group
n=73 Test 95% CI Effect size P value

Gender
    Male 58 40 Chi-Square Test - 0.538 0.463
    Female 38 33
Age (years) 64.03±13.97 63.14±12.89 Independent-samples t test -3.249-5.037 0.426 0.671
Underlying disease
    Hypertension 54 46 Chi-Square Test - 0.785 0.376
    Diabetes 10 15 Chi-Square Test - 3.377 0.066
    Atrial fibrillation 37 35 Chi-Square Test - 1.500 0.221
    History of smoking 13 4 Chi-Square Test - 2.979 0.084
    Drinking history 6 4 Chi-Square Test - 0.044 0.833
Baseline NIHSS score (M(IQR)) 12.5 (9-17) 13.0 (10-17) Mann-Whitney U Test - -0.803 0.422
Etiological Classification
    Aortic Atherosclerosis 55 35 Chi-Square Test - 1.455 0.228
    Cardiac Embolism 41 38
Collateral Circulation Grading
    Ineffective Collateral Circulation Group (0-1) 75 50 Chi-Square Test - 1.998 0.158
    Effective Collateral Circulation Group (2-4) 21 23
7-Day Survival 93 70 Chi-Square Test - 0.021 0.790
7-Day Mortality 3 3
LDL-C ([M(IQR), mmol/L]) 2.83 (2.22-3.20) 2.56 (1.86-3.13) Mann-Whitney U Test - -1.136 0.256
Blood glucose ([M(IQR), mmol/L]) 6.70 (5.80-7.78) 6.48 (5.50-8.24) Mann-Whitney U Test - -0.367 0.714
Systolic blood pressure (mmHg) 143.90±23.82 137.23±25.06 Independent-samples t test -0.807-14.133 1.761 0.080
Diastolic blood pressure (mmHg) 84.50±16.42 80.08±19.01 Independent-samples t test -0.972-9.808 1.618 0.108
Note: BT, bridging therapy; D-MT, direct mechanical thrombectomy; NIHSS, National Institutes of Health Stroke Scale; IQR, interquartile range; CI, confidence interval; LDL-C, low-
density lipoprotein cholesterol.
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Table 2. Comparison of core indicators for functional prognosis

Variable BT group
n=96

D-MT group
n=73 Test Effect 

size P value

favorable functional outcomes (0-2 points) 54 (56.25) 34 (46.58) Chi-Square Test 1.555 0.212
poor outcome (3-6 points) 42 (43.75) 39 (53.42)
90-day mortality rate (6 points) 4 (4.17) 8 (10.96) Chi-Square Test 2.900 0.089
90-day rate of severe disability (3-5 points) 38 (39.58) 31 (42.47) Chi-Square Test 0.143 0.706
Note: BT, bridging therapy; D-MT, direct mechanical thrombectomy.

Table 3. Comparison of neurological function indicators

Variables BT group
n=96

D-MT group
n=73 Test Z P

Preoperative NIHSS 12.5 (9-17) 13.0 (10-17) Mann-Whitney U Test -0.803 0.422
NIHSS at 24 hours post-surgery 8 (4-15) 11 (4.5-16) Mann-Whitney U Test -1.166 0.244
NIHSS at 7 days post-surgery 4 (2-14) 7 (1-12.5) Mann-Whitney U Test -0.330 0.742
Note: BT, bridging therapy; D-MT, direct mechanical thrombectomy; NIHSS, National Institutes of Health Stroke Scale.

Table 4. Comparison of vascular recanalization rates

Variable BT group
n=96

D-MT group
n=73 Test Effect size P value

Vessel patency rate 91 (94.79) 70 (95.89) Chi-Square Test 0.001 0.973
Vessel non-patency rate 5 (5.21) 3 (4.11)
Note: BT, bridging therapy; D-MT, direct mechanical thrombectomy.

Table 5. Comparison of Fazekas grading between BT group and 
D-MT group

Variable BT group
n=96

D-MT group
n=73 Test Effect 

size P value

0 19 (19.79) 9 (12.33) Chi-Square Test 7.542 0.056
1 44 (45.83) 48 (65.75)
2 31 (32.29) 16 (21.92)
3 2 (2.08) 0 (0)
Note: BT, bridging therapy; D-MT, direct mechanical thrombectomy.

Fazekas grading, cerebral small vessel disease 
severity was categorized as mild (0-1 points)  
or moderate-severe (2-3 points) (Table 6). Post-
treatment, the BT group showed a lower pro-
portion of mild disease (65.62%) compared to 
the D-MT group (78.08%). while the BT group 
showed a 34.38% moderate-to-severe rate 
post-treatment, higher than the D-MT group’s 
21.92%. Nevertheless, this disparity lacked 
statistical significance (with a P-value of 0.077). 
This finding shows that direct mechanical 
thrombectomy brings about superior imaging 
results for patients suffering from pre- 
circulatory stroke. Still, the difference between 
these two methods does not have statistical 
significance.

Comparison of complication 
rates

Table 7 compares hemorrha- 
gic conversion rates and ba- 
seline wake‑up stroke propor-
tions between the two treat- 
ment modalities using chi‑ 
square analysis. The BT group 
exhibited a hemorrhagic con-
version rate of 37.50% and a 

wake‑up stroke proportion of 54.17%; the D‑MT 
group had rates of 36.99% and 53.42%, 
respectively. The differences were not statisti-
cally significant for either comparison (P=0.945 
for hemorrhagic conversion; P=0.924 for wake‑ 
up stroke proportion). This indicates that the 
incidence of hemorrhagic conversion is not 
directly related to the treatment method, and 
the two groups were comparable in terms of 
baseline wake‑up stroke proportion.

Multivariate logistic regression analysis for 90-
day favorable functional outcomes

Based on 90-day mRS scores, 169 patients 
with anterior circulation stroke were divided 
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into a favorable prognosis group (n=88) and  
an unfavorable outcome group (n=81). Table 8 
presents univariate analysis results showing 
statistically significant differences between the 
groups in age, sex, baseline NIHSS score, his-
tory of hypertension, history of atrial fibrilla- 
tion, smoking history, blood pressure (systolic 
and diastolic), blood glucose, collateral circula-
tion classification, and TOAST classification (all 
P<0.05). Table 9 presents the results of multi-
variate logistic regression analysis incorporat-
ing statistically significant variables from uni-
variate analysis. The results indicate that 
smoking history (OR=0.238, 95% CI: 0.057-
0.988, P=0.048), baseline NIHSS score (OR= 
1.120, 95% CI: 1.041-1.205, P=0.002), and 
collateral circulation classification (OR=0.408, 
95% CI: 0.175-0.948, P=0.037) were indepen-
dent predictors of poor functional outcome in 
anterior circulation stroke patients.

Discussion

LVO is characterized by sudden onset, rapid 
progression, and poor prognosis. EVT, as the 
core treatment for anterior circulation LVO, has 
been demonstrated in multiple studies to sig-
nificantly improve patient outcomes [38, 39]. 
Currently, two primary strategies exist in clini- 
cal practice: BT and D-MT [19, 22]. Bridge ther-
apy involves administering intravenous rt-PA  
for thrombolysis followed by mechanical throm-
bectomy. Its theoretical basis is that throm- 
bolytic agents pre-dissolve part of the throm-
bus, thus enhancing thrombectomy efficien- 
cy. Direct mechanical thrombectomy, however, 
omits intravenous thrombolysis and proceeds 
directly to endovascular thrombectomy, aiming 

to shorten recanalization time. It is particularly 
suitable for patients with contraindications to 
thrombolysis or those with prolonged onset 
time [40]. However, the relative merits of these 
two treatment strategies remain controversial 
[19]. Some studies suggest bridging therapy 
improves recanalization rates, reduces the 
number of thrombectomy attempts, and there-
by enhances functional outcomes [38]. On the 
contrary, other studies suggest that intrave-
nous thrombolysis might elevate the risk of 
hemorrhagic transformation [41, 42]. And for 
patients within a more limited therapeutic time 
window, delayed thrombectomy could counter-
act its advantages [43]. Furthermore, with the 
evolution of thrombectomy devices (e.g., com-
bined use of stenting and aspiration devices) 
and technological advancements [44], the effi-
cacy of direct mechanical thrombectomy may 
now approach or even surpass that of bridg- 
ing therapy. Therefore, systematically compar-
ing the clinical outcomes, procedural safety, 
and complication risks of these two strategies 
in anterior circulation strokes is crucial for opti-
mizing treatment decisions.

The findings of this study show that at 90  
days, the proportion of favorable functional out-
comes was higher in the BT group (56.25%) 
than that in the D-MT group (46.58%). Mean- 
while, the mortality rate (4.17%) and the rates 
of moderate-to-severe disability (39.58%) in 
the BT group were lower compared with those 
in the D-MT group (10.96%, 42.47%). However, 
none of these differences were statistically sig-
nificant (P>0.05). These results are in line with 
the conclusions drawn by Zhang et al. [45]. 

Table 6. BT group and D-MT impact assessment

Variable BT group
n=96

D-MT group
n=73 Test Effect size P value

Mild (Grade 0-1) 63 (65.62) 57 (78.08) Chi-Square Test 3.126 0.077
Moderate to severe (Grade 2-3) 33 (34.38) 16 (21.92)
Note: BT, bridging therapy; D-MT, direct mechanical thrombectomy.

Table 7. Comparison of hemorrhagic conversion and baseline wake‑up stroke proportion

Variable BT group
n=96

D-MT group
n=73 Test Effect size P value

Hemorrhagic Conversion 36 (37.50) 27 (36.99) Chi-Square Test 0.005 0.945
Post-Awakening Stroke Rate 52 (54.17) 39 (53.42) Chi-Square Test 0.009 0.924
Note: BT, bridging therapy; D-MT, direct mechanical thrombectomy. The variable ‘Post-awakening stroke rate’ represents the 
proportion of patients with wake‑up stroke (unknown onset time) at baseline, not a post‑procedural complication.
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Table 8. Comparison of baseline characteristics between the good prognostic function and poor prognostic function

Variable favorable functional 
outcomes n=88 poor outcome n=81 Test 95% CI Effect 

size P value

Gender
    Male 60 (68.18) 38 (46.91) Chi-Square Test - 7.831 0.005
    Female 28 (31.82) 43 (53.09)
Age (years) 59.94±14.97 67.67±10.32 Independent-samples t test -11.605 - -3.842 -3.931 0.000
Underlying disease
    Hypertension 44 (50.00) 56 (69.14) Chi-Square Test - 6.393 0.011
    Diabetes 13 (14.77) 12 (14.1) Chi-Square Test - 0.000 0.994
    Atrial fibrillation 25 (28.41) 47 (58.02) Chi-Square Test - 15.128 0.000
    History of smoking 14 (15.91) 3 (3.70) Chi-Square Test - 6.945 0.008
    Drinking history 8 (9.09) 2 (2.47) Chi-Square Test - 3.322 0.068
Baseline NIHSS score (M(IQR)) 11.00 (8.25-14.00) 15.00 (12.00-18.50) Mann-Whitney U Test - -4.654 0.000
Etiological Classification
    Aortic Atherosclerosis 58 (65.91) 32 (39.51) Chi-Square Test - 11.811 0.011
    Cardiac Embolism 30 (34.09) 49 (60.49)
Collateral Circulation Grading
    Ineffective Collateral Circulation Group (0-1) 57 (64.77) 68 (83.95) Chi-Square Test - 8.056 0.005
    Effective Collateral Circulation Group (2-4) 31 (35.23) 13 (16.05)
LDL-C ([M(IQR), mmol/L]) 2.74 (2.14-3.21) 2.57 (1.85-3.16) Mann-Whitney U Test - -0.831 0.406
Blood glucose ([M(IQR), mmol/L]) 6.3 (5.48-7.78) 6.80 (5.90-8.20) Mann-Whitney U Test - -2.105 0.035
Systolic blood pressure (mmHg) 137.14±22.77 145.23±25.77 Independent-samples t test -15.470 - -0.726 -2.169 0.032
Diastolic blood pressure (mmHg) 79.93±16.10 85.48±18.90 Independent-samples t test -10.869 - -0.230 -2.060 0.041
Treatment methods
    BT 54 (61.36) 42 (51.85) Chi-Square Test - 1.555 0.212
    D-MT 34 (38.64) 39 (48.15)
Vascular recanalization rate 87 (98.86) 74 (91.36) Chi-Square Test - 3.736 0.053
Post-awakening stroke rate 42 (47.73) 49 (60.49) Chi-Square Test - 2.766 0.096
Note: NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; IQR, interquartile range; CI, confidence interval; LDL-C, low-density lipoprotein cholesterol; BT, 
bridging therapy; D-MT, direct mechanical thrombectomy.
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Table 9. Logistic regression analysis of poor prognosis in patients with anterior circulation stroke
Factor B SE Wald OR 95% CI P value
Gender 0.374 0.390 0.920 1.453 0.677-3.119 0.338
Age 0.017 0.018 0.930 1.018 0.982-1.054 0.335
Hypertension 0.397 0.417 0.909 1.488 0.657-3.366 0.340
Atrial fibrillation 0.558 0.917 0.371 1.748 0.290-10.553 0.543
History of smoking -1.437 0.727 3.905 0.238 0.057-0.988 0.048
Baseline NIHSS score 0.113 0.037 9.259 1.120 1.041-1.205 0.002
Systolic Blood Pressure 0.002 0.011 0.049 1.002 0.982-1.024 0.825
Diastolic Blood Pressure 0.009 0.014 0.403 1.009 0.982-1.036 0.526
Blood Glucose 0.034 0.066 0.262 1.035 0.908-1.178 0.608
Collateral Circulation Grading -0.897 0.430 4.341 0.408 0.175-0.948 0.037
Etiological Classification -0.235 0.891 0.070 0.790 0.138-4.528 0.792
Note: OR, odds ratio; CI, confidence interval; B, regression coefficient; SE, standard error; NIHSS, National Institutes of Health 
Stroke Scale.

Collectively, these studies suggest that in eli- 
gible anterior circulation LVO patients, BT and 
D-MT demonstrate comparable overall efficacy, 
allowing clinicians to flexibly select treatment 
strategies based on individual patient circum-
stances. Notably, the potential advantage ob- 
served in the BT group in this study may be 
related to the synergistic effect of rt-PA. The 
theoretical basis of BT lies in rt-PA’s ability to 
pre-dissolve partial thrombus, thereby reduc- 
ing thrombus burden and decreasing the num-
ber of thrombectomy attempts and procedural 
duration [46, 47]. Although this study did not 
directly count thrombectomy attempts, the BT 
group demonstrated superior median NIHSS 
scores at 24 hours (8 points) and 7 days (4 
points) compared to the D-MT group (11 points 
and 7 points, respectively), indirectly support-
ing this mechanism. Furthermore, rt-PA may 
improve collateral circulation perfusion and 
mitigate damage to the ischemic penumbra, 
thereby creating more favorable conditions for 
subsequent mechanical thrombectomy [47]. 
However, this advantage did not translate into 
statistically significant differences, potentially 
due to factors such as limited sample size, pa- 
tient variability, and timing of the treatment.

The D-MT group demonstrated a certain advan-
tage in imaging assessment of cerebral small 
vessel disease, with a higher proportion of mild 
cerebral small vessel disease (Fazekas grade 
0-1) at 78.08% compared to the BT group 
(65.62%). This finding has not been systemati-
cally reported in previous studies and is specu-

lated to be related to the potential effects of 
rt-PA on cerebral microvessels. As a fibrinolytic 
agent, rt-PA may increase blood-brain barrier 
permeability through pathways such as activat-
ing matrix metalloproteinases, thereby exacer-
bating microvascular injury [48]. In contrast, 
D-MT omits the intravenous thrombolysis step, 
potentially reducing interference with cerebral 
microvessels and offering particular advantag-
es for patients with concomitant cerebral mi- 
crovascular disease. However, this difference 
also failed to reach statistical significance (P= 
0.077) and requires further validation in larger-
scale studies.

Vascular recanalization is the primary goal of 
EVT. Researches reveal that the recanalization 
rates (assessed via the modified thrombolytic 
ischemic classification of cerebral infarction, 
mTICI 2b/3) in the BT group and the D-MT gr- 
oup were 94.79% and 95.89% respectively. 
There was no statistically significant differen- 
ce between these two groups (P=0.973). This 
demonstrates that both strategies can achieve 
highly effective recanalization. This outcome is 
closely linked to the iterative development and 
technological advancements of thrombectomy 
devices. With the widespread adoption of third-
generation stent retrievers (e.g., Solitaire FR, 
Trevo XP) and aspiration thrombectomy sys-
tems (e.g., Penumbra), the recanalization effi-
cacy of D-MT has significantly improved. Some 
studies report recanalization rates exceeding 
90%, consistent with the findings of this study 
[49, 50]. However, the “timeliness” of recanali-
zation may impact prognosis more than the 
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“recanalization rate”. By omitting intravenous 
thrombolysis, D-MT significantly shortens the 
“time to recanalization” (TTR) [51]. Although 
this study did not directly compare TTR, the 
temporal advantage of D-MT may have offset 
the thrombolytic effect of BT, resulting in com-
parable overall efficacy between the two strate-
gies. The temporal advantage of D-MT is par-
ticularly pronounced in patients with prolonged 
onset times, those beyond the thrombolysis 
time window, or those with contraindications  
to thrombolysis. This explains why D-MT is 
widely applied in real-world practice for popula-
tions such as post-awakening stroke patients 
(approximately 54% in this study) [52].

Safety is a crucial factor in clinical decision-
making. This study showed that there was  
no significant difference in the rate of hemor-
rhagic transformation (37.50% vs. 36.99%) or 
the post-awakening stroke rate (54.17% vs. 
53.42%) between the BT group and the D-MT 
group (P>0.05), which implies that both strate-
gies have comparable safety profiles [53].

Multivariate logistic regression analysis showed 
that smoking history, baseline NIHSS score, 
and collateral circulation grading were indepen-
dent predictors of poor outcomes in patients 
with anterior circulation LVO. This finding pro-
vides important targets for individualized prog-
nostic assessment and treatment decision-
making. A history of smoking was positively as- 
sociated with favorable prognosis (OR=0.238, 
P=0.048), a result seemingly counterintuitive 
to conventional wisdom and potentially attrib-
utable to sample bias. The proportion of smok-
ers in this study was low (13.54% in the BT 
group, 5.48% in the D-MT group), and univari-
ate analysis showed a higher prevalence of 
smoking history in the favorable outcome group 
(15.91%) compared to the poor outcome group 
(3.70%) (P=0.008). One possible explanation is 
that smokers tend to be younger (mean age 
59.94 years in the favorable outcome group vs. 
67.67 years in the poor outcome group), pos-
sessing better vascular reserve and greater tol-
erance to ischemic injury. However, this con- 
clusion should be interpreted cautiously, as 
long-term smoking remains a well-established 
risk factor for stroke [54], and our findings may 
only reflect the specificity of short-term progno-
sis. Baseline NIHSS score was a strong pre- 
dictor of poor outcomes (OR=1.120, P=0.002), 

consistent with multiple studies [55]. Higher 
baseline NIHSS scores indicate more severe 
neurological deficits, potentially larger ischemic 
penumbra, and poorer prognosis. This sug-
gests that clinicians should carefully consider 
patients’ baseline neurological status when 
selecting treatment strategies: for patients 
with lower baseline NIHSS scores (e.g., <10), 
BT may offer greater benefits through throm-
bolysis and collateral circulation improvement; 
whereas for high-score patients, rapid recanali-
zation via D-MT may be more critical. Collateral 
circulation grading showed a positive corre- 
lation with favorable prognosis (OR=0.408, 
P=0.037), indicating that patients with well-
developed collateral circulation are more likely 
to achieve favorable outcomes. As a compen-
satory mechanism for cerebral blood flow, col-
lateral circulation can delay the progression of 
the ischemic penumbra to irreversible infarc-
tion, buying time for vascular recanalization 
[56]. In this study, the 90-day favorable func-
tional outcome rate (35.23%) was significantly 
higher in the effective collateral circulation 
group (grades 2-4) compared to the ineffective 
group (grades 0-1) (64.77%) (P=0.005), further 
confirming collateral circulation’s importance. 
This suggests that treatment decisions should 
incorporate imaging-assessed collateral circu-
lation status: patients with well-developed col-
lateral circulation may tolerate delayed reper- 
fusion better and may be candidates for BT to 
enhance reperfusion efficiency; conversely, 
patients with poor collateral circulation should 
prioritize D-MT to shorten TTR.

The findings of this study are largely consistent 
with those of most RCTs. In this study, the 
recanalization rates in both groups were very 
close (BT group: 94.79%, D-MT group: 95.89%), 
which is similar to the results reported by 
Ramazanoglu et al. [57]. Compared with the 
DIRECT-MT trial, the proportion of patients 
achieving a favorable functional outcome at  
90 days was higher in the BT group (56.25% vs. 
46.0%), possibly due to differences in patient 
characteristics. The median baseline NIHSS 
score in this study (12.5-13 points) was lower 
than that in the D-MT trial (17 points), and  
the proportion of effective collateral circulation 
(26.04%) was higher. These factors may have 
contributed to improved outcomes. Additionally, 
as a single-center study, this research allowed 
for more standardized treatment protocols and 
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postoperative management, which may have 
positively influenced the results.

Research limitations

Treatment selection was determined by a multi-
disciplinary team based on patient conditions 
rather than random assignment, potentially 
affecting the objectivity of the results. Although 
the sample size met statistical requirements, it 
remains insufficient for statistical power regard-
ing rare complications (e.g., symptomatic in- 
tracranial hemorrhage). Follow-up duration was 
limited to 90 days, lacking long-term prognos- 
tic data (e.g., 1-year survival rate, reocclusion 
rate). Procedural metrics such as thrombecto-
my attempts and procedure duration were not 
detailed, preventing in-depth analysis of opera-
tional efficiency differences between the two 
strategies. The absence of subgroup analyses 
(e.g., based on time-to-treatment windows or 
thrombus characteristics) may have obscured 
true differences between the two approaches 
in specific patient populations.

Conclusion

In summary, bridging therapy and direct 
mechanical thrombectomy demonstrate com-
parable overall efficacy and safety in patients 
with anterior circulation large vessel occlusion 
stroke. However, each approach holds distinct 
advantages in specific patient populations. 
Clinical treatment decisions should be guided 
by individual patient characteristics, including 
time-to-treatment, baseline neurological sta-
tus, and collateral circulation status, rather 
than relying solely on the relative merits of 
treatment modalities. Smoking history, base-
line NIHSS score, and collateral circulation 
grading serve as independent prognostic fac-
tors and should be incorporated into clinical 
assessment systems to inform individualized 
treatment and prognosis evaluation.
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