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Direct Endovascular Versus Bridging Therapy in 
M2 Segment Occlusion of Middle Cerebral Artery: 
A MR CLEAN Registry Study
Mohamed F. Doheim , MD; Robrecht R.M.M. Knapen , MD; Julie Staals , MD, PhD; Wouter J. Schonewille, MD, PhD;  
Diederik W.J. Dippel , MD, PhD; Adriaan C.G.M. van Es , MD, PhD; Hester F. Lingsma , MD, PhD;  
Christiaan van der Leij , MD, PhD; Charles B. Majoie , MD, PhD; Raul G. Nogueira , MD;  
Robert J. van Oostenbrugge , MD, PhD; Wim H. van Zwam , MD, PhD; on behalf of the MR CLEAN Registry Investigators*

BACKGROUND: The optimal strategy for managing M2 segment occlusions of the middle cerebral artery, whether with direct 
endovascular treatment (EVT) or bridging therapy with intravenous thrombolysis (IVT) before EVT, remains unclear. This 
study aimed to evaluate the effectiveness and safety of both approaches.

METHODS: Patients with M2 segment occlusions of the middle cerebral artery, treated between March 2014 and December 2018, 
were identified from the MR CLEAN Registry (Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic 
Stroke in the Netherlands), a prospective, nationwide, multicenter registry of patients with acute ischemic stroke who underwent 
endovascular treatment during that period. They were divided into 2 groups: those who received IVT followed by EVT, and those who 
received EVT alone. Primary outcomes included functional outcomes at 90 days, assessed by ordinal logistic regression analysis 
of modified Rankin Scale (mRS) scores. Secondary outcomes included recanalization rates measured by extended Thrombolysis 
in Cerebral Infarction scores, dichotomized mRS scores (0–1, 0–2, and 0–3), death at 90 days, and symptomatic intracranial 
hemorrhage. All analyses were performed using both unadjusted and adjusted multivariable approaches, with adjustment achieved 
through inverse probability of treatment weighting to account for baseline imbalances, including age, baseline National Institutes of 
Health Stroke Scale score, prior stroke, history of atrial fibrillation, anticoagulant use, and transfer status.

RESULTS: A total of 539 patients with M2 occlusions were included in the analysis: 377 received IVT+EVT and 162 received 
EVT alone. The median age was significantly lower in the IVT+EVT group compared with the EVT-alone group (71 [61–79] 
versus 74 [65–81]; P=0.01), whereas the proportion of male patients was similar between groups (55.2% versus 51.9%; 
P=0.15). At 90 days, inverse probability of treatment weighting analysis showed that IVT+EVT was significantly associated 
with reduced disability compared with EVT alone (adjusted common odds ratio for mRS score, 1.52 [95% CI, 1.04–2.21]; 
P=0.03). Dichotomized functional outcomes and mortality were numerically in favor of IVT+EVT, with higher rates of mRS 
score of 0 to 1 (38.9% versus 29.7%, aOR, 1.40 [95% CI, 0.85–2.30]; P=0.19), mRS score of 0 to 2 (57.8% versus 
46.5%; aOR, 1.42 [95% CI, 0.88–2.29]; P=0.15), and mRS score of 0 to 3 (73.2% versus 59.4%, aOR, 1.54 [95% CI, 
0.94–2.51]; P=0.09), as well as lower 90-day mortality (17.2% versus 25.8%; aOR, 0.83 [95% CI, 0.47–1.45]; P=0.51). In 
contrast, recanalization rates and symptomatic intracranial hemorrhage were numerically in favor of EVT alone, but all these 
differences were not statistically significant (P>0.05).

CONCLUSIONS: Bridging therapy may yield superior functional outcomes compared with EVT alone for patients with the middle 
cerebral artery–M2 occlusions.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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Endovascular treatment (EVT) is the standard of 
care for eligible patients with acute ischemic stroke 
with proximal large vessel occlusions in the ante-

rior circulation, with proven efficacy extending up to 24 
hours from symptom onset.1–3 However, trials focused 
on patients with middle cerebral artery (MCA)–M1 and 
intracranial internal carotid artery occlusions.1–3 Previous 
studies highlight poor outcomes for untreated MCA-M2 
occlusions (45.8%), with relatively high 6-month mortal-
ity rates (20.8%).4 A multicenter study similarly reported 
high morbidity and mortality for MCA-M2 occlusions, with 
60% disability and 24% mortality at 6 months.5 Although 
the DISTAL (Endovascular Treatment for Stroke due to 
Occlusion of Medium or Distal Vessels) and ESCAPE-
MeVO  (Endovascular Treatment of Stroke due to 
Medium-Vessel Occlusion) trials found no significant 
reduction in disability or mortality with EVT compared 
with best medical treatment for medium and distal vessel 
occlusions, their focus on primarily distal and nondomi-
nant occlusions suggests that EVT remains indicated for 
dominant and proximal M2 occlusions.6,7 Likewise, the 
American Heart Association/American Stroke Associa-
tion guidelines endorse treatment with stent retrievers 
as a reasonable option within 6 hours of symptom onset 
(class IIb).8 Moreover, the European Stroke Organiza-
tion guidelines reflect a unanimous consensus among 
the guideline committee that patients with proximal 
M2 occlusions met the inclusion criteria for most ran-
domized trials, supporting the reasonableness of EVT 
in these cases.9 Evidence from the HERMES (Highly 
Effective Reperfusion Evaluated in Multiple Endovascu-
lar Stroke Trials) patient-level data subgroup analysis of 

5 randomized controlled trials (RCTs), along with results 
from large registries, demonstrates favorable EVT out-
comes for predominantly proximal M2 occlusions in both 
early and late treatment windows.10–12

The optimal strategy for managing M2 segment of 
MCA occlusions, whether direct EVT or bridging therapy 
with intravenous thrombolysis (IVT) plus EVT, remains 
unclear. The IRIS (Value of Intravenous Thrombolysis in 
Endovascular Treatment for Large-Vessel Anterior Cir-
culation Stroke) individual participant data meta-analysis 
evaluated the noninferiority of EVT alone versus IVT 
plus EVT in patients presenting directly to EVT-capable 
centers. Although noninferiority was not established, the 
study emphasized the need for further research on cost-
effectiveness and personalized treatment strategies. 
The differences in functional outcomes between the 2 
treatment groups were minimal and statistically insig-
nificant.13 However, IRIS study findings may lack gen-
eralizability to M2 occlusions, as no subgroup analysis 
was conducted due to the limited number of M2 cases 
among the 6 included trials.13–19 Subgroup analyses from 
MR CLEAN No IV (A Randomized Trial of Intravenous 
Alteplase Before Endovascular Treatment for Stroke), 
DIRECT-MT (Endovascular Thrombectomy With or With-
out Intravenous Alteplase in Acute Stroke), and DEVT 
(Effect of Endovascular Treatment Alone vs Intravenous 
Alteplase Plus Endovascular Treatment on Functional 
Independence in Patients With Acute Ischemic Stroke) 
trials limited by sample size did not show an interaction 
effect, nor a trend towards different effects in M2.14,15,17

IVT may be more beneficial for medium or distal 
occlusions, especially in transfer patients, as these tend 
to have a lower thrombus load compared with large ves-
sel occlusions, and IVT may result in partial to complete 
recanalization.20,21 Real-world data from the MR CLEAN 
Registry provide a valuable opportunity to examine these 
treatment strategies across diverse clinical settings. 
Because the current guidelines recommend IVT admin-
istration when no contraindications exist, patients in the 
EVT-alone group may inherently have contraindications 
to IVT. Therefore, a meaningful analysis requires a statis-
tical method that minimizes this potential bias. This study 
aims to compare the efficacy and safety of IVT followed 
by EVT versus EVT alone in patients with M2 MCA occlu-
sions. In addition, it will assess the influence of prehos-
pital pathways, examining outcomes based on whether 
patients were directly admitted to a comprehensive 
stroke center (mothership) or transferred from a primary 
stroke center (drip-and-ship).

METHODS
The corresponding author had full access to all study data 
and assumes responsibility for its accuracy and analysis. Due 
to legal restrictions regarding patient privacy, source data 
cannot be shared. However, detailed statistical analyses and 
methodologies are available upon reasonable request to the 

Nonstandard Abbreviations and Acronyms

aOR	 adjusted odds ratio
CT	 computed tomography
eTICI	� extended Thrombolysis in Cerebral 

Infarction
EVT	 endovascular treatment
IPTW	� inverse probability treatment 

weighting
IQR	 interquartile range
IVT	 intravenous thrombolysis
MCA	 middle cerebral artery
MR CLEAN	� Multicenter Randomized Clinical Trial 

of Endovascular Treatment for Acute 
Ischemic Stroke in the Netherlands

mRS	 modified Rankin Scale
NIHSS	� National Institutes of Health Stroke 

Scale
OR	 odds ratio
sICH	 symptomatic intracranial hemorrhage
TICI	 Thrombolysis in Cerebral Ischemia
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corresponding author. This study adhered to the Strengthening 
the Reporting of Observational Studies in Epidemiology 
guidelines.

Study Design and Population
This study analyzed data from the MR CLEAN Registry 
(Multicenter Randomized Clinical Trial of Endovascular 
Treatment for Acute Ischemic Stroke in the Netherlands), col-
lected between March 2014 and December 2018. The MR 
CLEAN Registry is a prospective, nationwide, observational 
cohort study conducted across all Dutch interventional stroke 
centers, capturing data on all patients treated with EVT for 
acute ischemic stroke since the conclusion of the MR CLEAN 
trial in March 2014. The study, whose design and methodol-
ogy have been detailed in prior publications, spans 3 phases: 
part I (March 2014–June 15, 2016), part II (June 16, 2016–
November 1, 2017), and part III (November 2, 2017–December 
31, 2018).22–24 The MR CLEAN Registry protocol was reviewed 
and approved by the ethics committee of Erasmus University 
Medical Center in Rotterdam (MEC-2014-235) and subse-
quently received approval from the research boards of all par-
ticipating centers.

The analysis included patients aged ≥18 years with MCA-
M2 occlusions, as identified on baseline angiographic imaging, 
including those with tandem occlusions. Notably, prior evalua-
tions of this registry indicated that 71% of recorded MCA-M2 
cases involved proximal M2 segments.25 To ensure homogene-
ity and minimize bias, patients with other distal medium ves-
sel occlusions—such as MCA-M3, anterior cerebral artery, or 
posterior circulation occlusions—and those with significant pre-
stroke disability (modified Rankin Scale [mRS] score >2) were 
excluded. Patients were categorized into 2 treatment groups: 
bridging therapy (IVT followed by EVT) and EVT alone, which 
included those with contraindications to IVT. Among mother-
ship patients, IVT administration could overlap with the initia-
tion of EVT. EVT involved arterial puncture, catheter navigation, 
and thrombus removal using stent retrievers, aspiration tech-
niques, or a combination of both, with the choice of technique 
and device left to the discretion of the treating intervention-
ist. Across the MR CLEAN Registry, the use of direct aspira-
tion increased from 13% in both 2014 and 2015% to 27% in 
2016, peaking at 37% in 2017 and remaining steady at 36% 
in 2018. The MCA-M2 became more common in later years, 
increasing from 9% in 2014% to 26% in 2018.24

Data Variables
Data collected for this study included patient age, sex, baseline 
National Institutes of Health Stroke Scale (NIHSS) score, and 
prestroke mRS score. Medical history variables encompassed 
prior stroke, atrial fibrillation, hypertension, hypercholester-
olemia, and diabetes. In addition, collateral grading, Alberta 
Stroke Program Early CT Score, and transfer status from a 
primary stroke center were recorded. Procedural variables 
included stroke symptom onset-to-groin time and procedure 
duration and stroke symptom onset-to-recanalization time. An 
independent core laboratory, blinded to clinical data except for 
the symptom side, reviewed baseline non-contrast computed 
tomography (NCCT) and computed tomography angiogra-
phy, procedural digital subtraction angiography, and follow-up 
NCCT in cases of suspected hemorrhage or clinical decline. 

Assessments included Alberta Stroke Program Early CT Score, 
occlusion location, and collateral grading, based on baseline 
NCCT or computed tomography angiography, using standard-
ized instructions and definitions.26,27

Outcomes
The primary outcome included reduced disability on the mRS 
score at 90 days, which is a 7-point ordinal scale ranging from 
0 no symptoms to 6 dead. The mRS score was assessed by 
trained research nurses through either telephone or in-person 
interviews. Secondary outcomes included neurological defi-
cit at 24 to 48 hours after stroke onset, assessed by NIHSS 
scores and binary mRS scores, categorized as excellent out-
comes (mRS score of 0–1), functional independence or good 
outcomes (mRS score of 0–2), and fair outcomes (mRS score 
of 0–3). Procedural outcomes included stroke symptom onset-
to-groin time, procedure duration, and recanalization success 
based on an extended Thrombolysis in Cerebral Infarction 
(eTICI) grades.28 Successful recanalization was defined as 
eTICI 2b-3, excellent recanalization as eTICI 2c/3, and com-
plete recanalization as eTICI 3. Safety outcomes comprised 
90-day mortality and periprocedural symptomatic intracranial 
hemorrhage (sICH). sICH was defined as neurological worsen-
ing, characterized by an increase of ≥4 points on the NIHSS, 
accompanied by evidence of related ICH on follow-up imaging, 
either NCCT or magnetic resonance imaging. Follow-up imag-
ing was evaluated by a central imaging core laboratory, which 
determined the presence and location of ICH according to the 
Heidelberg Bleeding Classification.29 Core laboratory members 
also evaluated procedural complications, such as distal emboli 
and new thrombi in separate vascular territories, using digital 
subtraction angiography.

Statistical Analysis
All analyses were performed using Stata (StataCorp LLC, 
College Station, TX) and R (R Foundation for Statistical 
Computing, Vienna, Austria). Baseline characteristics were 
compared using χ2 or Fisher exact tests for categorical vari-
ables and Mann-Whitney U tests for continuous variables. 
Multivariable logistic regression models assessed the rela-
tionship between treatment approach and outcomes, adjust-
ing for baseline imbalances including age, NIHSS score, 
previous stroke, history of atrial fibrillation, anticoagulation, 
and transfer status. Ordinal logistic regression analysis of 
mRS scores at 90 days provided adjusted common odds 
ratios (ORs). To reduce confounding, inverse probability 
treatment weighting (IPTW) was applied using propen-
sity scores estimated from logistic regression, accounting 
for imbalances in baseline characteristics. These weights 
were incorporated into multivariable logistic regression, 
with robust standard errors to adjust for variance. Age and 
NIHSS score were included as prespecified adjustment vari-
ables due to their known association with clinical outcomes. 
Additional covariates were selected based on baseline 
imbalances identified in univariate analysis (P≤0.05), allow-
ing for thorough adjustment for potential confounding fac-
tors.30,31 Subgroup analyses compared outcomes between 
transfer patients (initially treated at a primary stroke cen-
ter) and mothership patients (directly admitted to an EVT-
capable center). We also examined the interaction between 
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treatment and transfer status, along with presenting outside 
business hours and first-line technique (aspiration versus 
stent retriever or combined technique) on the primary out-
come (mRS score reduction at 90 days) using a multipli-
cative interaction term. We addressed missing data using 
complete case analysis to maintain transparency and avoid 
the assumptions of imputation methods.32,33 Statistical sig-
nificance was defined as P<0.05.

Role of Funding Source
The Applied Scientific Institute for Neuromodulation (Toegepast 
Wetenschappelijk Instituut voor Neuromodulatie) had no 
involvement in the trial design, patient enrollment, data collec-
tion, analysis, or preparation of the manuscript.

RESULTS
Baseline and Clinical Characteristics
Among 5193 patients in the MR CLEAN Registry, 539 
met the eligibility criteria for this study, with 377 in the 
IVT+EVT group and 162 in the EVT-alone group (Fig-
ure 1). The median age was slightly lower in the IVT+EVT 
group compared with the EVT-alone group (71 years 
[interquartile range (IQR), 61–79] versus 74 years [IQR, 
65–81]; P=0.01). The proportion of males was similar in 
both groups (55.2% versus 51.9%; P=0.15). The median 
NIHSS-baseline scores were comparable between the 
groups (10 [IQR, 7.0–16.0] versus 11 [IQR, 6.0–18.0], 
P=0.66). A higher percentage of patients in the IVT+EVT 
group had a pre-mRS score of 0 to 1 (90.5% versus 
86.4%; P=0.17). Previous stroke was less common in 
the IVT+EVT group compared with the EVT-alone group 
(14.2% versus 24.2%; P=0.005). Atrial fibrillation was 
significantly lower in the IVT+EVT group (19.0% versus 
39.0%; P<0.001). Anticoagulation use was also lower in 
the IVT+EVT group (1.9% versus 16.9%; P<0.001). In 
addition, transfer from a primary stroke center was more 

frequent in the IVT+EVT group (48.2% versus 23.5%, 
P<0.001; Table 1).

Clinical Outcomes
At 90 days, for mRS score (ordinal shift analysis), the 
unadjusted analysis showed a median (IQR) of 2 (1–4) 
in the IVT+EVT group versus 3 (1–6) in the EVT-alone 
group (P=0.004; Table 2). At 90 days, IPTW analy-
sis showed that IVT+EVT was significantly associ-
ated with reduced disability compared with EVT alone 
(adjusted common OR for mRS score, 1.52 [95% CI, 
1.04–2.21]; P=0.03; Table 3). In addition, the IVT+EVT 
subgroup analysis demonstrated a more substantial 
benefit in reduced disability within the mothership group 
(adjusted common OR for mRS score shift, 1.79 [95% 
CI, 1.14–2.81]; P=0.01), whereas no significant effect 
was observed in the transfer group (adjusted common 
OR, 1.19 [95% CI, 0.60–2.34]; P=0.62) with Pinteraction of 
0.02 (Figure 2).

The median NIHSS scores at 24 to 48 hours were 
numerically lower in the IVT+EVT group compared with 
the EVT-alone group (6 [IQR, 2–13] versus 9 [IQR, 2–17]; 
P=0.06). Dichotomized functional outcomes and mor-
tality were numerically in favor of IVT+EVT, with higher 
rates of mRS score of 0 to 1 (38.9% versus 29.7%; 
adjusted OR [aOR], 1.40 [95% CI, 0.85–2.30]; P=0.19), 
mRS score of 0 to 2 (57.8% versus 46.5%, aOR, 1.42 
[95% CI, 0.88–2.29]; P=0.15), and mRS score of 0 to 3 
(73.2% versus 59.4%, aOR, 1.54 [95% CI, 0.94–2.51]; 
P=0.09; Tables 2 and 3).

To further explore outcome differences, we stratified 
mRS score distributions by thrombectomy technique: 
aspiration versus stent retriever or combined approaches. 
Within each subgroup, outcomes were further strati-
fied by bridging IVT status. As summarized in Table 
S1, patients treated with bridging therapy consistently 

Figure 1. Flowchart of included 
patients.
CTA indicates computed tomography 
angiography; EVT, endovascular treatment; 
IVT, intravenous thrombolytic; MCA, middle 
cerebral artery; MR CLEAN, Multicenter 
Randomized Clinical Trial of Endovascular 
Treatment for Acute Ischemic Stroke in the 
Netherlands; and mRS, modified Rankin 
Scale.
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exhibited numerically higher rates of favorable outcomes 
(mRS score of 0–2) and lower mortality across both EVT 
technique groups. For instance, within the stent retriever/
combined subgroup, the mRS score of 0 to 2 rate was 
59.0% with bridging versus 47.0% without, and mortal-
ity was 17.1% versus 27.0%, respectively. Similar trends 
were observed in the aspiration subgroup (mRS score of 
0–2: 55.7% with bridging versus 39.4% without; mor-
tality: 19.3% versus 27.3%). Moreover, formal adjusted 
interaction analysis showed no statistically significant 
interaction (Pinteraction=0.74).

To investigate whether the effect of IVT bridging differs 
based on treatment timing, we conducted logistic regres-
sion models with an interaction term between bridging 
status and off-hours presentation. In the overall cohort, 
bridging therapy was associated with higher rates of favor-
able 90-day outcomes (mRS score of 0–2) compared with 
nonbridging during both off-hours (54.6% versus 46.6%) 
and business hours (62.3% versus 46.2%). Mortality 
was lower with bridging during off-hours (14.9% versus 

26.2%) and slightly lower during business hours (20.3% 
versus 25.0%; Table S2). Among transferred patients, off-
hour outcomes were similar between bridging and non-
bridging groups in terms of mRS score of 0 to 2 (54.4% 
versus 55.6%) and mortality (16.7% versus 14.8%). Dur-
ing business hours, bridging patients had numerically bet-
ter mRS score of 0 to 2 outcomes (59.7% versus 50.0%) 
but also slightly higher mortality (22.6% versus 25.0%). 
For mothership patients, bridging was associated with 
improved mRS score of 0 to 2 during off-hours (54.8% 
versus 43.4%) and business hours (64.5% versus 45.5%), 
with substantially lower mortality in off-hours (13.5% ver-
sus 30.3%) and modestly lower in business hours (18.4% 
versus 25.0%). Interaction analysis showed no statistically 
significant interaction between IVT bridging and off-hours 
presentation after adjustment for age and NIHSS score. 
This held for the overall cohort (Pinteraction=0.40), trans-
ferred patients (Pinteraction=0.54), and mothership patients  
(Pinteraction=0.60), indicating that the effect of bridging ther-
apy was consistent regardless of treatment timing.

Table 1.  Baseline Patient Characteristics

IVT+EVT (n=377) EVT alone (n=162) P value

Age, y, median [IQR]* 71 [61–79] 74 [65–81] 0.01†

Male, n (%) 208 (55.2) 84 (51.9) 0.15

NIHSS score baseline, median [IQR]* n=371; 10 [7.0–16.0] n=161; 11 [6.0–18.0] 0.66

Prestroke mRS score, n (%) n=377 n=162 0.17

 � 0–1 341 (90.5) 140 (86.4)

 � 2 36 (9.5) 22 (13.6)

GA, n (%) 76/377 (20.2) 34/162 (21.0) 0.83

Previous stroke, n (%)* 53/373 (14.2) 39/161 (24.2) 0.005†

Atrial fibrillation, n (%)* 71/373 (19.0) 62/159 (39.0) <0.001†

Hypertension, n (%) 201/369 (54.5) 94/159 (59.1) 0.32

Hypercholesterolemia, n (%) 114/366 (31.2) 53/156 (34.0) 0.53

Diabetes, n (%) 60/375 (16.0) 26/161 (16.2) 0.97

Anticoagulation use, n (%)* 7/375 (1.9) 27/160 (16.9) <0.001†

Collaterals, n (%) 368 160 0.55

 � 0 13 (3.5) 3 (1.9)

 � 1 112 (30.4) 42 (26.3)

 � 2 149 (40.5) 43 (45.0)

 � 3 94 (25.5) 36 (26.9)

ASPECTS, median [IQR] n=372; 10 [8–10] n=161; 10 [9.0–10] 0.28

Transfer from primary stroke center, n (%)* 182/377 (48.2) 38/162 (23.5) <0.001†

Off-hours, n (%) 222/377 (58.6) 108/162 (66.7) 0.08

First-line technique, n (%) 0.24

 � Aspiration 99/350 (28.3) 36/155 (23.2)

 � Stentretriever or combined technique 251/350 (71.7) 119/155 (76.8)

Time from stroke onset to groin puncture, min, median [IQR] n=374; 190 [135–250] n=157; 195 [123–270] 0.63

Procedure time, min, median [IQR] n=353; 49 [31–71] n=154; 50 [36–77] 0.41

Time from stroke onset to recanalization, min, median [IQR] n=356; 246 [190–307] n=150; 241 [175–330] 0.87

ASPECTS indicates Alberta Stroke Program Early CT Score; EVT, endovascular treatment; GA, general anesthesia; IPTW, inverse probability 
of treatment weighting; IQR, interquartile range; IVT, intravenous thrombolysis; mRS, modified Rankin Scale; and NIHSS, National Institutes 
of Health Stroke Scale.

*Used for IPTW and multivariable logistic regression.
†Statistically significant. 
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Technical Outcomes
For successful recanalization (eTICI 2b-3), both unad-
justed and adjusted analyses showed no statistically sig-
nificant difference between the IVT+EVT and EVT-alone 
groups (64.7% [240/361] versus 69.9% [107/153], 
P=0.45; IPTW aOR, 0.92 [95% CI, 0.57–1.49]; P=0.75). 
Similarly, both excellent (eTICI 2C/3) and complete 
recanalization (eTICI 3) showed no statistically signifi-
cant differences (Tables 2 and 3).

Safety Outcomes
For periprocedural sICH, the unadjusted and adjusted 
analyses showed no statistically significant difference 
between the IVT+EVT and EVT-alone groups (5.6% 
[21/377] versus 9.3% [15/162], P=0.12; IPTW aOR, 
1.40 [95% CI, 0.85–2.31]; P=0.19; Tables 2 and 3). For 

mortality at 90 days, the unadjusted analysis showed a 
significant difference between the IVT+EVT group and 
the EVT-alone group, but this difference was not statisti-
cally significant in the adjusted analysis (17.2% [57/332] 
versus 25.8% [40/155], P=0.03; IPTW aOR, 0.83 [95% 
CI, 0.47–1.45]; P=0.51; Tables 2 and 3).

DISCUSSION
The management of M2 segment occlusions MCA 
remains a subject of ongoing debate, with uncertainty 
surrounding whether direct EVT or bridging therapy 
(IVT followed by EVT) provides superior outcomes. Our 
analysis of the MR CLEAN Registry, which included 
539 patients, offers valuable insights into the efficacy 
and safety of these treatment strategies, with subgroup 
analyses based on prehospital pathways (mothership 

Table 2.  Outcomes Between Bridging (IVT+EVT) Versus EVT Alone in Overall Cohort

IVT+EVT (n=377) EVT alone (n=162) P value

mRS score at 90 d, median [IQR] 2 [1–4] 3 [1–6] 0.004*

Successful recanalization (eTICI 2b-3), n (%) 240/361(64.7) 107/153 (69.9) 0.45

Excellent recanalization (eTICI 2c/3), n (%) 170/361 (47.1) 78/153 (51.0) 0.42

Complete recanalization (eTICI 3), n (%) 134/361(37.1) 57/153(37.3) 0.98

NIHSS score at 24–48 h, median [IQR] n=361; 6 [2–13] n=159; 9 [2–17] 0.06

mRS score of 0–1 at 90 d, n (%) 129 (38.9) 46 (29.7) 0.049*

mRS score of 0–2 at 90 d, n (%) 192 (57.8) 72 (46.5) 0.02*

mRS score of 0–3 at 90 d, n (%) 243 (73.2) 92 (59.4) 0.002*

Mortality at 90 d 57/332 (17.2) 40/155 (25.8) 0.03*

sICH, n (%) 21/377 (5.6) 15/162 (9.3) 0.12

Embolus in new territory 10/348 (2.9) 3/150 (2.0) 0.76

Distal thrombus present 31/356 (8.7) 12/151 (8.0) 0.78

eTICI indicates extended Thrombolysis in Cerebral Infarction; EVT, endovascular treatment; IQR, interquartile 
range; IVT, intravenous thrombolysis; mRS, modified Rankin Scale; NIHSS, National Institutes of Health Stroke 
Scale; and sICH, symptomatic intracranial hemorrhage.

*Statistically significant.

Table 3.  Outcomes in Adjusted Multivariable and IPTW Analysis of Bridging (IVT+EVT) Versus EVT Alone

Unadjusted Multivariable* IPTW

cOR [95% CI] P value acOR [95% CI] P value acOR [95% CI] P value

mRS score (ordinal shift analysis) at 90 d 1.66 [1.18–2.32] 0.004 1.56 [1.07–2.26]† 0.02 1.52 [1.04–2.21] 0.03

Successful recanalization (eTICI 2b-3) 0.85 [0.57–1.28] 0.45 0.89 [0.57–1.41] 0.63 0.92 [0.57–1.49] 0.75

Excellent recanalization (eTICI 2c/3) 0.86 [0.59–1.25] 0.42 0.99 [0.65–1.52] 0.98 1.00 [0.64–1.58] 0.98

Complete recanalization (eTICI 3) 0.99 [0.67–1.47] 0.98 1.08 [0.70–1.68] 0.72 1.14 [0.72–1.82] 0.58

mRS score of 0–1 at 90 d 1.51 [1.00–2.27] 0.05 1.42 [0.88–2.27] 0.15 1.40 [0.85–2.30] 0.19

mRS score of 0–2 at 90 d 1.58 [1.08–2.32] 0.02 1.56 [0.99–2.48] 0.06 1.42 [0.88–2.29] 0.15

mRS score of 0–3 at 90 d 1.87 [1.25–2.80] 0.002 1.75 [1.08–2.84] 0.02 1.54 [0.94–2.51] 0.09

Mortality at 90 d 0.60 [0.38–0.94] 0.03 0.70 [0.41–1.22] 0.21 0.83 [0.47–1.45] 0.51

sICH 0.58 [0.29–1.15] 0.12 0.55 [0.26–1.17] 0.12 1.40 [0.85–2.31] 0.19

acOR indicates adjusted common odds ratio; cOR, common odds ratio; eTICI, extended Thrombolysis in Cerebral Infarction; EVT, endovascular 
treatment; IPTW, inverse probability of treatment weighting; IVT, intravenous thrombolysis; mRS, modified Rankin Scale; NIHSS, National Institutes of 
Health Stroke Scale; OR, odds ratio; and sICH, symptomatic intracranial hemorrhage.

*Adjusted for age, NIHSS, previous stroke, history of atrial fibrillation, anticoagulation, and transfer status.
†OR>1 means for lower mRS score (=better outcome).
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versus transfer patients). Our findings demonstrate that 
IVT+EVT is associated with better functional outcomes 
compared with EVT alone, as evidenced by a significant 
improvement in functional outcomes for the IVT+EVT 
group. These results are consistent with previous stud-
ies suggesting that early partial or complete recanaliza-
tion may be achieved with IVT, whereas it may enhance 

microvascular reperfusion, reduce infarct growth, and 
limit secondary ischemic injury, all of which contribute to 
improved outcomes.14,34 Although not supported by our 
results, IVT may help streamline the procedure by reduc-
ing catheterization attempts and shortening the overall 
procedural time.35 Moreover, the benefit of prior IVT itself 
is likely to be underestimated in any study comparing 

Figure 2. Distribution of modified Rankin Scale (mRS) scores at 90 days comparing outcomes between patients treated with 
intravenous thrombolysis (IVT) plus endovascular treatment (EVT) and those treated with EVT alone.
A, Overall population. B, Mothership patients. C, Transfer patients. acOR indicates adjusted common odds ratio.
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outcomes between IVT+EVT versus EVT alone, as 
patients with early recanalization after IVT and also those 
in whom there was a complete early neurological recov-
ery without proven recanalization are excluded.

Several studies have demonstrated the safety and 
efficacy of EVT for MCA-M2 occlusions within the early 
time window. The HERMES subgroup analysis revealed 
that EVT for proximal M2 occlusions led to favorable out-
comes, with 58.2% of patients achieving good functional 
outcomes (mRS score of 0–2).10 The STRATIS Registry 
(Systematic Evaluation of Patients Treated With Neu-
rothrombectomy Devices for Acute Ischemic Stroke), 
comparing clinical and angiographic outcomes for M2 
versus M1 occlusions, reported similar rates of suc-
cessful reperfusion (91% for M1 versus 95% for M2), 
good functional outcomes (58% for M1 versus 59% for 
M2), and mortality (15% for M1 versus 14% for M2), 
although M2 occlusions had higher rates of sICH (4% 
versus 1%).11 Insights from the STAR Registry (Stroke 
Thrombectomy and Aneurysm Registry) in the 6- to 
24-hour time window showed that M2 occlusions had 
similar rates of recanalization and good functional out-
comes (43.9% versus 46.7%), and overall mortality was 
also similar (12.8% versus 13.9%).12 Untreated MCA-
M2 occlusions were associated with poor outcomes, with 
45.8% of patients experiencing unfavorable functional 
recovery (mRS score of ≥3) and a 6-month mortality rate 
of 20.8%, comparable to that of MCA-M1 occlusions.4 
Another multicenter study revealed that MCA-M2 occlu-
sions resulted in a high burden of morbidity and mortality, 
with 60% of patients experiencing significant disabil-
ity and 24% succumbing to mortality within 6 months.5 
Recently, 2 trials, DISTAL and ESCAPE-MeVO, investi-
gated EVT for medium and distal vessel occlusions but 
found no significant reduction in disability or mortality 
compared with best medical treatment alone.6,7 DISTAL 
primarily included occlusions of the nondominant or 
codominant M2 segment of the MCA (129 [47.6%] in 
the EVT group versus 110 [40.4%] in the control group), 
along with other medium and distal vessel occlusions, 
including the M3 and M4 segments of the MCA, as 
well as the A1, A2, A3 (anterior cerebral artery) and P1, 
P2, P3 (posterior cerebral artery) segments.7 ESCAPE-
MeVO, on the other hand, included several proximal M2 
occlusions (64/253 [25.3%] in the EVT group versus 
58/269 [21.6%] in the control group) and focused also 
on distal lesions, including the distal M2 and M3 seg-
ments of the MCA, A2, and A3 segments of the anterior 
cerebral artery, and P2 and P3 segments of the posterior 
cerebral artery, notably excluding A1 and P1 occlusions.6 
Both trials reported a median NIHSS score of 6 to 8, 
suggesting the possible exclusion of more severe cases 
from enrollment and reflecting the generally mild to mod-
erate severity of most medium vessel occlusions.6,7

The IRIS study demonstrated only a marginal benefit 
of IVT when combined with EVT in patients presenting 

directly to EVT-capable centers, with a mere 1.7% differ-
ence in mRS score of 0 to 2 at 90 days compared with 
EVT alone.13 This limited effect is modest relative to the 
substantial impact of EVT, which improves outcomes by 
≈20%. The study also emphasized that delaying EVT for 
IVT administration may negate any potential benefit, as 
each hour of delay reduces functional independence by 
6%. In contrast, our results, focused on M2 occlusions, 
showed a more pronounced difference: 38.9% versus 
29.7% achieving an mRS score of 0 to 1 and 57.8% 
versus 46.5% achieving an mRS score of 0 to 2 in the 
IVT+EVT and EVT-alone groups, respectively. This sug-
gests that IVT may provide greater benefit in M2 occlu-
sions, potentially explaining the disparity between our 
findings and those of IRIS, highlighting the importance of 
tailoring treatment to occlusion site as shown in previous 
studies.36–38 A primary distinction between IRIS and this 
study is that IRIS exclusively included patients admitted 
directly to EVT-capable centers, and the time interval 
between IV thrombolysis administration and groin punc-
ture/last angiography was considerably shorter, poten-
tially limiting the time for IVT to exert its effect.13

We must consider that patients who responded to IVT 
and did not require EVT were excluded from the analysis, 
potentially introducing selection bias. This is particularly 
relevant for transfer patients, where excluding those who 
responded to IVT and did not need EVT left primarily IVT-
refractory cases, which may have skewed the results.21,39 
A meta-analysis, which included 18 studies and 7017 
patients, demonstrated that the mothership model was 
superior to the drip-and-ship model for achieving func-
tional independence at 90 days (OR, 1.34 [95% CI, 
1.16–1.55]).40 However, no significant differences were 
observed between the 2 models in recanalization rates, 
sICH, or 90-day mortality, although longer onset-to-
needle times were associated with worse outcomes.40 
An important consideration in interpreting our findings 
is the potential influence of treatment timing, particu-
larly presentation during on-hours versus off-hours. Prior 
studies have shown that off-hours presentation may be 
associated with workflow delays and variability in care 
delivery, which can impact outcomes.41 In our cohort, a 
higher proportion of patients in the EVT-alone group 
presented during off-hours compared with those who 
received IVT+EVT (66.7% versus 58.6%), although 
this difference was not statistically significant. Notably, 
patients in the IVT+EVT group had a significantly higher 
rate of interhospital transfer (48.2% versus 23.5%), sug-
gesting that IVT was often initiated at the referring facil-
ity. This may have served as a temporizing intervention 
during transfer and helped preserve reperfusion benefits, 
even when definitive EVT occurred later or during off-
hours. Bridging therapy was consistently associated with 
higher rates of functional independence (mRS score of 
0–2) and lower mortality across both off-hours and busi-
ness hours, particularly in mothership patients. Although 
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transferred patients showed similar outcomes between 
groups, bridging remained numerically favorable. Impor-
tantly, no significant interaction was found between treat-
ment timing and bridging status, indicating the benefits 
of IVT remained consistent regardless of presentation 
time. Although a higher proportion of EVT-alone patients 
presented during off-hours, this was not statistically 
significant. Bridging therapy was more common among 
transferred patients, suggesting that IVT was frequently 
initiated at referring centers, potentially preserving its 
benefits, despite transfer-related delays. This supports 
the continued use of IVT before EVT across different 
scenarios. In addition, newer thrombolytics, such as TNK 
(tenecteplase), may further optimize care by simplifying 
administration and potentially reducing delays compared 
with alteplase, especially in time-sensitive scenarios.42

Safety profiles were comparable between the 
IVT+EVT and EVT-alone groups, with no significant 
differences in rates of sICH. This supports the safety 
of combining IVT with EVT in patients with M2 occlu-
sions, consistent with findings from the HERMES meta- 
analysis and STRATIS Registry.10,11 These results are 
particularly reassuring given the concern over increased 
bleeding risk with dual therapy. Our study has important 
clinical implications for the management of M2-MCA. It 
reinforces the role of IVT as a complementary therapy 
to EVT, including patients with M2 MCA occlusions pre-
senting directly to EVT-capable centers. In addition, it 
highlights the critical need for streamlined prehospital 
pathways to reduce delays in reperfusion therapy, espe-
cially for transfer patients. Future efforts should focus 
on improving triage systems, reducing door-in-door-out 
times, and refining patient selection criteria for bridging 
therapy in transfer scenarios.43,44

All patients in our analysis who received IVT were 
treated with alteplase, consistent with standard practice 
during the MR CLEAN Registry period. TNK was not 
in routine use at that time.24 However, TNK has since 
gained interest as an alternative to alteplase due to its 
greater fibrin specificity, longer half-life, and ease of 
administration via a single bolus. Although our data set 
did not include TNK-treated patients, recent random-
ized data have investigated its potential benefit in the 
context of bridging therapy. In BRIDGE-TNK trial (Intra-
venous Tenecteplase Before Thrombectomy in Stroke) 
comparing TNK plus thrombectomy (n=278) to throm-
bectomy alone (n=272), functional independence at 90 
days was achieved in 52.9% of patients receiving TNK 
versus 44.1% in the thrombectomy-alone group (unad-
justed risk ratio, 1.20 [95% CI, 1.01–1.43]; P=0.04). 
Early reperfusion before thrombectomy was more fre-
quent in the TNK group (6.1% versus 1.1%), while suc-
cessful reperfusion after thrombectomy was similarly 
high in both groups (91.4% versus 94.1%). Rates of 
sICH (8.5% versus 6.7%) and 90-day mortality (22.3% 
versus 19.9%) were also comparable. Notably, the 

number of patients with M2 occlusions in this trial was 
small—18 (6.5%) in the TNK group and 20 (7.4%) in the  
thrombectomy-alone group—limiting the ability to draw 
definitive conclusions regarding the impact of TNK in this 
specific subgroup.42 Nonetheless, these findings high-
light the need for future prospective studies to evaluate 
whether TNK may offer additional clinical benefit over 
alteplase in patients with occlusions, such as MCA-M2.

This study is strengthened by several key factors. It 
included a large sample size, which enhances the power 
and generalizability of the findings. The methodology 
for data collection and assessment was highly rigorous, 
with an independent core laboratory conducting blinded 
reviews of baseline NCCT and computed tomography 
angiography, procedural digital subtraction angiography, 
and follow-up NCCT to ensure consistent and objective 
evaluation. Furthermore, the study employed robust sta-
tistical methods, incorporating appropriate adjustments 
for potential confounders, which strengthens the validity 
and reliability of the results. Several limitations should be 
acknowledged. Most importantly, in this analysis based on 
a prospectively maintained registry, IVT was administered 
based on indication or, conversely, withheld in patients 
with contraindications. Despite the use of advanced sta-
tistical techniques such as IPTW to mitigate confound-
ing, the potential for residual bias remains. In addition, the 
heterogeneity of M2 occlusions, including differences in 
clot burden and thrombus characteristics (density, vol-
ume, and perviousness), collateral circulation, and ana-
tomic location, could also affect outcomes. We could not 
differentiate between proximal and distal M2 occlusions, 
which could influence the treatment response and out-
comes.20,45 However, it is likely that the majority of our 
cohort had dominant proximal and dominant M2 occlu-
sions. Prior analysis from this registry demonstrated that 
among 175 M2 occlusions, 124 (71%) were classified 
as dominant.25 Some M2 segments serve as the primary 
artery supplying a significant portion of MCA territory. 
Occlusion in these segments can result in severe neu-
rological deficits and large infarctions, yet they are as 
readily accessible for EVT as M1 segment occlusions. 
Therefore, patients with clots located in the dominant 
M2 artery or near the bifurcation may derive comparable 
benefits from EVT. Imaging characteristics of M2 MCA 
occlusions could play a critical role in determining the 
efficacy and safety of EVT, whether performed alone or 
in combination with IVT.36 At the time of data collection, 
stent retrievers were the predominant first-line approach, 
limiting variability. Nonetheless, we conducted an explor-
atory stratified analysis showing numerically better out-
comes with bridging IVT across both aspiration and stent 
retriever/combined groups. Previous analysis from the 
MR CLEAN Registry has shown that aspiration-first and 
stent retriever strategies result in comparable functional 
outcomes across a range of occlusion locations, includ-
ing M2 segments. Among 2282 patients, 1658 (73%) 
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underwent initial treatment with stent retrievers, whereas 
624 (27%) were treated with aspiration as the first-line 
technique. The study included a range of occlusion sites: 
462 (20%) in the ICA, 1349 (59%) in the MCA-M1, and 
471 (21%) in the MCA-M2. Functional outcomes at 90 
days did not differ between groups (aOR, 1.0 [95% CI, 
0.9–1.2]; P=0.20). However, aspiration was associated 
with higher odds of successful reperfusion (aOR, 1.4 
[95% CI, 1.1–1.6]), a benefit that was consistent across 
occlusion locations (P=0.60). In addition, aspiration 
achieved shorter median procedure times (50 minutes 
versus 65 minutes; P<0.0001). There were no significant 
differences in the rates of periprocedural complications 
or mortality between the 2 techniques. These findings 
suggest that aspiration may offer procedural advantages 
while maintaining safety and efficacy. Future prospective 
studies are warranted to assess whether the impact of 
bridging therapy varies by thrombectomy strategy in con-
temporary practice.46 Moreover, we must acknowledge 
that we did not have access to patients who responded to 
IVT and did not require EVT, which could have resulted in 
a selection bias.21,39 Specifically, among transfer patients, 
those who responded to IVT and did not need EVT were 
excluded, leaving only IVT-refractory cases, which may 
skew the results and explain the appearance of limited 
value of adding IVT in this transferred subgroup. Future 
studies should explore these variables in greater depth to 
better inform treatment strategies.

CONCLUSIONS
Our findings suggest that bridging therapy (IVT+EVT) 
offers superior functional outcomes compared with EVT 
alone in patients with M2 MCA occlusions. These results 
emphasize the importance of individualized treatment 
strategies that consider both patient-level and system-
level factors. Further prospective, randomized studies 
are warranted to confirm these findings and refine treat-
ment protocols, optimizing care for this complex patient 
population.
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