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Inclusion and Exclusion Criteria
The main inclusion criteria were: age ≥ 18 years, acute ischemic stroke due to anterior circulation large vessel occlusion (defined as occlusion of the internal carotid artery (ICA) or the M1 or M2 segment of the middle cerebral artery), large ischemic stroke on NCCT (ASPECTS of 0–5), completion of baseline sCTA or CT perfusion imaging at admission, within 24 h of stroke onset or last known within 24 h, and signed informed consent. The main exclusion criteria were premorbid modified Rankin Scale (mRS) > 2, a lack of follow-up information at 90 days or baseline critical data, and/or a serious, advanced, or terminal illness that was not related to acute ischemic stroke. 

Treatment Strategy
Patients were divided into the SMT and EVT groups. The SMT group received standard medical treatment, including intravenous thrombolysis within 4.5 hours of the estimated time of large ischemic stroke onset, along with antiplatelet drugs, anticoagulants, or a combination of these treatments, according to the guidelines for the management of AIS. The EVT group received endovascular treatment, which included stent retrievers, aspiration, mechanical fragmentation, balloon angioplasty, stenting, intra-arterial thrombolysis, or any combination of these approaches. The decision to perform EVT or SMT was left to the discretion of the local physicians. After recanalization of the target artery, most patients were transferred to the neuro-intensive care unit (NICU) for at least 24 hours, with their systolic blood pressure maintained between 120 and 140 mmHg. Additionally, patients who underwent extracranial or intracranial stent implantation were prescribed antithrombotic medication to prevent acute stent thrombosis.

Statistical analysis
Complete data were available for most baseline variables, and the overall proportion of missing data was low. Specifically, SBP and DBP were missing in 1 of 460 patients (0.22%), glucose in 14 patients (3.04%), and onset-to-imaging time in 4 patients (0.87%). Complete data were available for the 90-day mRS outcome.Missing values were imputed using a covariate-based sampling imputation approach. For continuous variables, kernel density estimation was applied to the observed values to estimate the underlying probability density function, and missing values were then replaced by random samples drawn from this estimated distribution. For categorical variables, missing values were imputed by random sampling according to the empirical distribution of the observed category frequencies. Interobserver agreement was high for the imaging scores. The kappa values for the Tan, COVES, and CVO scores were 0.805, 0.858, and 0.811, respectively, indicating substantial to excellent agreement.
   Propensity score matching was performed as a sensitivity analysis to reduce measured baseline imbalance between patients receiving EVT and those receiving SMT. Propensity scores were estimated using a multivariable logistic regression model including prespecified baseline demographic, clinical, vascular risk, laboratory, imaging, etiologic, and time-related variables: age, sex, prior stroke, smoking, hypertension, hyperlipidemia, diabetes, atrial fibrillation, intravenous thrombolysis, systolic blood pressure, diastolic blood pressure, glucose, baseline NIHSS score, ASPECTS, TOAST etiology, occlusion location, tandem occlusion, and onset-to-imaging time.Patients were matched at a 1:1 ratio using nearest-neighbor matching without replacement, with a caliper width of 0.2 of the standard deviation of the logit of the propensity score. Covariate balance before and after matching was assessed using standardized mean differences, with values <0.10 considered indicative of acceptable balance.
For the poor, moderate, and favorable collateral groupss, subgroup analyses were performed to examine the association between treatment modality and the primary outcome (90‐day mRS shift). Subgroups were stratified by key baseline characteristics: age (≤69 years vs > 69 years), systolic blood pressure (SBP; ≤148 mm Hg vs > 148 mm Hg), serum glucose (≤7 mmol/L vs > 7 mmol/L), baseline National Institutes of Health Stroke Scale score (NIHSS; ≤17 vs > 17), Alberta Stroke Program Early CT Score (ASPECTS; ≤2 vs > 2), internal carotid artery (ICA) occlusion status (no vs yes), and intravenous thrombolysis (IVT) administration (no vs yes). Within each model and subgroup, adjusted odds ratios (ORs) with 95% confidence intervals (CIs) were computed via logistic regression to compare the treatment effects of SMT and EVT on 90‐day mRS shift. 



Information II

Figure S1. Distribution of 90-day modified Rankin Scale scores stratified by treatment modality and trichotomized comprehensive collateral groups
[image: Figure S1. Distribution of 90-day mRS by treatment modality]
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We found better collateral group on pretreatment sCTA were independently associated with better functional outcomes in the total patients (acOR = 3.92, 95% CI: 2.57–6.05) and in patients undergoing EVT (acOR = 4.08, 95% CI: 2.67–6.29) . However, no significant association was found in patients undergoing SMT (acOR = 0.99, 95% CI: 0.55–1.81).
Abbreviations: EVT, endovascular therapy plus standard medical therapy; SMT, standard medical therapy.


Figure S2. Distribution of eTICI grade after EVT across trichotomized comprehensive collateral groups 
Abbreviations: eTICI, the expanded TICI scale
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Figure S3. Subgroup analyses of the favorable collateral group

[image: Figure S6. Subgroup Analyses of the CCC+ Model]
Forest plots showing the differential effectiveness of endovascular therapy (EVT) across patient subgroups in patients with favorable collaterals. Abbreviations: EVT, endovascular therapy; SMT, standard medical treatment; SBP, systolic blood pressure; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; ICA, internal carotid artery; IVT, intravenous thrombolysis.
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Figure S4. Subgroup analyses of the moderate collateral group
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Forest plots showing the differential effectiveness of endovascular therapy (EVT) across patient subgroups in patients with moderate collaterals. Abbreviations: EVT, endovascular therapy; SMT, standard medical treatment; SBP, systolic blood pressure; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; ICA, internal carotid artery; IVT, intravenous thrombolysis.











Figure S5. Subgroup analyses of the poor collateral group
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Forest plots showing the effect of endovascular therapy (EVT) across patient subgroups in patients with poor collaterals. Abbreviations: EVT, endovascular therapy; SMT, standard medical treatment; SBP, systolic blood pressure; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; ICA, internal carotid artery; IVT, intravenous thrombolysis.










Table I. Baseline characteristics of the total cohort stratified by the trichotomized collateral groups 
	
	All (n = 460)
	Poor (n=188)
	Moderate (n=156)
	Favorable (n=116)
	P value

	Age, y, median (IQR)
	69 (60-78)
	69 (63-79)
	70 (60-75)
	68 (58-79)
	0.285

	Sex, male, n (%)
	255 (55.4)
	102 (54.3)
	87 (55.8)
	66 (56.9)
	0.899

	History, n (%)
	
	
	
	
	

	Prior stroke 
	71 (15.4)
	32 (17.0)
	21 (13.5)
	18 (15.5)
	0.661

	Smoking
	144 (31.3)
	61 (32.4)
	51 (32.7)
	32 (27.6)
	0.607

	Hypertension
	295 (64.1)
	129 (68.6)
	94 (60.3)
	72 (62.1)
	0.237

	Hyperlipidemia
	84 (18.3)
	28 (14.9)
	32 (20.5)
	24 (20.7)
	0.299

	Diabetes 
	80 (17.4)
	35 (18.6)
	21 (13.5)
	24 (20.7)
	0.253

	Atrial_fibrillation
	190 (41.3)
	77 (41.0)
	72 (46.2)
	41 (35.3)
	0.200

	IVT, n (%)
	129 (28.0)
	56 (29.8)
	35 (22.4)
	38 (32.8)
	0.136

	SBP, mmHg, median (IQR)
	148 (130-165)
	148 (132-169)
	147 (127-163)
	150 (131-163)
	0.552

	DBP, mmHg, median (IQR)
	86 (75-97)
	82 (75-97)
	86 (75-97)
	89 (80-96)
	0.122

	Glucose, mmol/l, median (IQR)
	7 (6-9)
	7.5 (6-9)
	7 (6-9)
	7 (6-8)
	0.003

	NIHSS baseline , median (IQR)
	17 (14-21)
	18 (15-23)
	16 (13-21)
	16 (13-20)
	0.001

	ASPECTS, median (IQR)
	4 (2-5)
	3 (1-5)
	4 (2-5)
	4 (2-5)
	0.003

	TOAST etiology, n (%)
	
	
	
	
	0.369

	   LAA
	164 (35.7)
	66 (35.1)
	53 (34.0)
	45 (38.8)
	

	   CE
	232 (50.4)
	91 (48.4)
	87 (55.8)
	54 (46.6)
	

	   Others
	64 (13.9)
	31 (16.5)
	16 (10.3)
	17 (14.7)
	

	Location of occlusion, n (%)
	
	
	
	
	<0.001

	   ICA
	156 (33.9)
	89 (47.3)
	42 (26.9)
	25 (21.6)
	

	   M1
	246 (53.5)
	89 (47.3)
	94 (60.3)
	63 (54.3)
	

	   M2
	58 (12.6)
	10 ( 5.3)
	20 (12.8)
	28 (24.1)
	

	Tandem occlusion, n (%)
	35 ( 7.6)
	16 ( 8.5)
	8 ( 5.1)
	11 ( 9.5)
	0.339

	Anesthesia, local, n (%)
	247 (86.1)
	108 (83.1)
	77 (86.5)
	62 (91.2)
	0.292

	Time metrics, min, median (IQR)
	
	
	
	
	

	Onset to imaging time
	332 (186-518)
	297 (163-420)
	376 (189-570)
	345 (206-577)
	0.001

	Onset to puncture time
	420 (271-620)
	351 (230-506)
	490 (300-730)
	463 (319-711)
	0.001

	Onset to recanalization time
	503 (356-729)
	447 (319-605)
	585 (388-849)
	546 (424-780)
	0.001


Abbreviations: SMT, standard medical therapy; EVT, endovascular therapy plus standard medical therapy; IVT, intravenous thrombolysis; SBP, systolic blood pressure; DBP, diastolic blood pressure; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; ASPECTS, Acute Stroke Prognosis Early Computed Tomography Score; LAA, large-artery atherosclerosis; ICA, internal carotid artery; TOAST, Trial of Org10172 in Acute Stroke Treatment; NA, not applicable; IQR, interquartile range.







Table II. Clinical outcomes of the total cohort stratified by the trichotomized collateral groups
	
	All (n = 460)
	Poor (n = 188)
	Moderate (n = 156)
	Favorable (n = 116)
	P value

	Effectiveness outcomes, n/total n (%)
	
	
	
	
	

	D90 mRS score
	5 (3-6)
	6 (4-6)
	4 (3-6)
	4 (2-6)
	<0.001

	mRS 0-2
	76 (16.5)
	14 ( 7.4)
	30 (19.2)
	32 (27.6)
	<0.001

	mRS 0-3
	138 (30.0)
	25 (13.3)
	60 (38.5)
	53 (45.7)
	<0.001

	mRS 0-4
	209 (45.4)
	53 (28.2)
	86 (55.1)
	70 (60.3)
	<0.001

	successful reperfusion 
	246 (53.5)
	111 (59.0)
	72 (46.2)
	63 (54.3)
	0.057

	Safety outcomes, n/total n (%)
	
	
	
	
	

	sICH
	46 (10.0)
	27 (14.4)
	13 ( 8.3)
	6 ( 5.2)
	0.024

	Mortality
	203 (44.1)
	118 (62.8)
	54 (34.6)
	31 (26.7)
	<0.001

	Any intracranial hemorrhage
	134 (29.1)
	65 (34.6)
	42 (26.9)
	27 (23.3)
	0.082


Abbreviations: mRS, modified Rankin Scale; sICH, symptomatic intracranial hemorrhage.
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	Poor collaterals ( n = 106)
	
	
	Moderate collaterals (n = 116)
	
	
	Favorable collaterals (n = 72)
	

	
	SMT（n = 53）
	EVT（n = 53）
	P value
	
	SMT（n = 58）
	EVT（n = 58）
	P value
	
	SMT（n = 36）
	EVT（n = 36）
	P value

	Age, y, median (IQR)
	73 (67-80)
	71(64-80)
	0.374
	
	71 (62-75)
	68 (58-78)
	0.651
	
	69 (63-77)
	71 (63-80)
	0.718

	Sex, male, n (%)
	27 (50.9)
	29 (54.7)
	0.846
	
	33 (56.9)
	34 (58.6)
	1.000
	
	17 (47.2)
	19 (52.8)
	0.814

	History, n (%)
	
	
	
	
	
	
	
	
	
	
	

	Prior stroke 
	11 (20.8)
	11 (20.8)
	1.000
	
	8 (13.8)
	7 (12.1)
	1.000
	
	7 (19.4)
	5 (13.9)
	0.752

	Smoking
	16 (30.2)
	15 (28.3)
	1.000
	
	22 (37.9)
	18 (31.0)
	0.558
	
	7 (19.4)
	9 (25.0)
	0.777

	Hypertension
	40 (75.5)
	40 (75.5)
	1.000
	
	40 (69.0)
	31 (53.4)
	0.127
	
	22 (61.1)
	17 (47.2)
	0.344

	Hyperlipidemia
	4 ( 7.5)
	11 (20.8)
	0.095
	
	9 (15.5)
	11 (19.0)
	0.806
	
	7 (19.4)
	8 (22.2)
	1.000

	Diabetes 
	9 (17.0)
	5 ( 9.4)
	0.389
	
	7 (12.1)
	7 (12.1)
	1.000
	
	8 (22.2)
	7 (19.4)
	1.000

	Atrial fibrillation
	19 (35.8)
	21 (39.6)
	0.841
	
	27 (46.6)
	27 (46.6)
	1.000
	
	16 (44.4)
	11 (30.6)
	0.330

	IVT, n (%)
	14 (26.4)
	17 (32.1)
	0.669
	
	16 (27.6)
	9 (15.5)
	0.175
	
	16 (44.4)
	12 (33.3)
	0.468

	SBP, mmHg, median (IQR)
	156 (140-180)
	143 (124-159)
	0.008
	
	148(130-164)
	144 (123-157)
	0.302
	
	154 (139-176)
	(127-160)
	0.063

	DBP, mmHg, median (IQR)
	85 (76-104)
	81 (74-90)
	0.076
	
	85 (75-95)
	86 (72-96)
	0.586
	
	91 (78-100)
	85 (75-92)
	0.213

	Glucose, mmol/l, median (IQR)
	7 (6-8)
	7 (6-9)
	0.167
	
	7 (6-9)
	7 (6-10)
	0.464
	
	7 (6-8)
	7 (6-8)
	0.910

	NIHSS baseline , median (IQR)
	16 (13-22)
	18 (14-22)
	0.674
	
	16 (13-21)
	17 (14-20)
	0.624
	
	15 (12-20)
	16 (13-20)
	0.932

	ASPECTS, median (IQR)
	3 (1-5)
	4 (2-5)
	0.292
	
	3 (1-5)
	4 (3-5)
	0.219
	
	3 (2-5)
	4 (4-5)
	0.034

	TOAST etiology, n (%)
	
	
	0.481
	
	
	
	0.016
	
	
	
	0.202

	LAA
	24 (45.3)
	18 (34.0)
	
	
	29 (50.0)
	14 (24.1)
	
	
	16 (44.4)
	11 (30.6)
	

	  CE
	23 (43.4)
	27 (50.9)
	
	
	25 (43.1)
	38 (65.5)
	
	
	17 (47.2)
	17 (47.2)
	

	   Others
	6 (11.3)
	8 (15.1)
	
	
	4 ( 6.9)
	6 (10.3)
	
	
	3 ( 8.3)
	8 (22.2)
	

	Location of occlusion, n (%)
	
	
	0.978
	
	
	
	0.820
	
	
	
	1.000

	   ICA
	16 (30.2)
	17 (32.1)
	
	
	15 (25.9)
	18 (31.0)
	
	
	5 (13.9)
	5 (13.9)
	

	   M1
	36 (67.9)
	35 (66.0)
	
	
	38 (65.5)
	35 (60.3)
	
	
	20 (55.6)
	20 (55.6)
	

	   M2
	1 ( 1.9)
	1 ( 1.9)
	
	
	5 ( 8.6)
	5 ( 8.6)
	
	
	11 (30.6)
	11 (30.6)
	

	Tandem occlusion, n (%)
	5 ( 9.4)
	3 ( 5.7)
	0.713
	
	2 ( 3.4)
	5 ( 8.6)
	0.435
	
	4 (11.1)
	2 ( 5.6)
	0.670

	Onset to imaging time
	286 (164-460)
	325 (188-480)
	0.521
	
	351 (190-498)
	438 (250-594)
	0.066
	
	340 (221-524)
	288 (191-477)
	0.434


Abbreviations: SMT, standard medical therapy; EVT, endovascular therapy plus standard medical therapy; IVT, intravenous thrombolysis; SBP, systolic blood pressure; DBP, diastolic blood pressure; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; ASPECTS, Acute Stroke Prognosis Early Computed Tomography Score; LAA, large-artery atherosclerosis; ICA, internal carotid artery; TOAST, Trial of Org10172 in Acute Stroke Treatment; NA, not applicable; IQR, interquartile range.






Table IV. Treatment effect of EVT compared with SMT on primary, secondary and safety outcomes across collateral groups after PSM
	Outcome
	SMT
	EVT
	P value
	Effect size (95% CI) †
	ratio of
Odds Ratio
	P for Interaction

	Primary outcome
	
	
	
	
	
	

	mRS shift
	
	
	
	
	
	0.02*

	Poor
	6 (4-6)
	6 (4-6)
	0.693
	0.81 (0.35-1.82)
	Reference
	Reference

	Moderate
	4 (3-6)
	4 (3-6)
	0.494
	1.25 (0.63-2.47)
	1.40 (0.50-3.90)
	0.52

	Favorable
	5 (3-6)
	3 (2-4)
	0.014
	4.08 (1.69-10.25)
	4.96 (1.54-16.20)
	<0.01

	Secondary outcomes
	
	
	
	
	
	

	mRS 0–2
	
	
	
	
	
	0.34*

	Poor
	3 (5.7)
	6 (11.3)
	0.486
	2.33 (0.49-11.10)
	Reference
	Reference

	Moderate
	7 (12.1)
	12 (20.7)
	0.316
	2.48 (0.83-7.46)
	1.06 (0.17-6.49)
	0.95

	Favorable
	4 (11.1)
	16 (44.4)
	0.004
	9.75 (2.38-39.90)
	3.23 (0.46-22.78)
	0.24

	mRS 0–3
	
	
	
	
	
	0.35*

	Poor
	5 (9.4)
	8 (15.1)
	0.554
	2.00 (0.53-7.58)
	Reference
	Reference

	Moderate
	19 (32.8)
	26 (44.8)
	0.253
	2.12 (0.90-4.97)
	1.19 (0.27-5.26)
	0.82

	Favorable
	10 (27.8)
	22 (61.1)
	0.009
	6.25 (1.89-20.69)
	2.84 (0.55-14.66)
	0.21

	mRS 0-4
	
	
	
	
	
	<0.01*

	Poor
	15 (28.3)
	15 (28.3)
	1.000
	0.93 (0.34-2.51)
	Reference
	Reference

	Moderate
	33 (56.9)
	14 (38.9)
	1.000
	0.89 (0.39-2.06)
	1.04 (0.30-3.58)
	0.95

	Favorable
	14 (38.9)
	28 (77.8)
	0.002
	7.92 (2.34-26.82)
	7.85 (1.82-33.84)
	<0.01

	Safety outcomes
	
	
	
	
	
	

	sICH
	
	
	
	
	
	0.09*

	Poor
	1 (1.9)
	15 (28.3)
	<0.001
	38.76 (3.53-425.77)
	Reference
	Reference

	Moderate
	1 (1.7)
	7 (12.1)
	0.067
	7.60 (0.73-78.85)
	0.33 (0.02-6.62)
	0.46

	Favorable
	2 (5.6)
	2 (5.6)
	1.000
	1.87 (0.14-24.57)
	0.04 (<0.01-0.80)
	0.03

	Any hemorrhage
	
	
	
	
	
	0.05*

	Poor
	4 (7.5)
	24 (45.3)
	<0.001
	10.45 (3.20-34.04)
	Reference
	Reference

	Moderate
	5 (8.6)
	23 (39.7)
	<0.001
	8.16 (2.62-25.43)
	0.70 (0.14-3.37)
	0.65

	Favorable
	6 (16.7)
	8 (22.2)
	0.766
	1.38 (0.40-4.81)
	0.14 (0.03-0.74)
	0.02

	Mortality
	
	
	
	
	
	0.02*

	Poor
	30 (56.6)
	34 (64.2)
	0.551
	1.60 (0.66-3.92)
	Reference
	Reference

	Moderate
	18 (31.0)
	21 (36.2)
	0.694
	1.38 (0.57-3.34)
	0.84 (0.25-2.78)
	0.78

	Favorable
	15 (41.7)
	6 (16.7)
	0.038
	0.18 (0.05-0.67)
	0.15 (0.04-0.64)
	0.01


Abbreviations: mRS, modified Rankin Scale; EVT, endovascular thrombectomy; SMT, standard medical therapy; sICH, symptomatic intracranial hemorrhage. 
†The adjusted variables included age, sex, prior stroke, diabetes, baseline National Institutes of Health Stroke Scale, Alberta Stroke Program Early CT Score, onset to imaging time, location of occlusion, and intravenous thrombolysis.
*P value for the overall interaction between treatment (EVT vs. SMT) and collateral group.




Table V. Association between cerebral collateral status and the primary outcome in total patients, in patients undergoing EVT, and in patients undergoing SMT
	Modified Rankin Scale at 90 days (shift analysis)
	Unadjusted Common OR 
	P value
	Adjusted Common OR*
	P value

	All (n = 460)
	2.93(2.15-4.02)
	<0.001
	3.92(2.57–6.05)
	<0.001

	EVT (n = 287)
	4.61(3.10-6.92)
	<0.001
	4.08(2.67–6.29)
	<0.001

	SMT (n = 173)
	1.41(0.84-2.36)
	0.191
	0.99(0.55–1.81)
	0.993


*Adjusted for age, sex, prior stroke, diabetes, baseline National Institutes of Health Stroke Scale, Alberta Stroke Program Early CT Score, onset to imaging time, location of occlusion, and intravenous thrombolysis.
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Yes 17 (25) 25 (28) ——e— 1.79 (0.51-6.51)
VT

No 48 (72) 73 (82) —eo— 2.34 (1.18-4.71)

Yes 19(28) 16 (18) <«o— 0.28 (0.06-1.16)
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Subgroup

All patients
Age

<69

> 69
SBP

<148

> 148
Glucose

<7

>7

Baseline NIHSS

<17

>17
ASPECTS

<2

>2

Occlusion site (ICA)

No
Yes
IVT
No
Yes

Adjusted OR (95% Cl)

0.94 (0.47-1.90)

1.01 (0.35-3.01)
0.98 (0.37-2.62)

0.89 (0.32-2.58)
1.31 (0.43-4.11)

1.00 (0.34-2.92)
0.85 (0.29-2.59)

1.34 (0.52-3.50)
0.78 (0.27-2.32)

0.80 (0.27-2.49)
1.10 (0.41-2.99)

0.68 (0.29-1.58)
2.57 (0.57-18.85)

0.47 (0.19-1.12)
3.47 (0.87-15.45)

SMT EVT

number (percent)
58 (100) 130 (100) —e4—

19 (33) 75 (58)

39 (67) 55 (42) :

22 (38) 75(58) +H—e—

36 (62) 55 (42) —to—

30 (52) 44 (34)

28 (48) 86 (66) x

29 (50) 55 (42) —eo—

29 (50) 75 (58) +H—er—

22 (38) 59 (45) +H—er—

36 (62) 71 (55) —p—

42 (72) 57 (44) +—e

16 (28) 73 (56) ——e——
42 (72) 90 (69) <—o—i

16 (28) 40 (31) —e—
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