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Objective : Despite many advancements in endovascular treatment, the benefits of mechanical thrombectomy (MT) in patients 
with large infarctions remain uncertain due to hemorrhagic complications. Therefore, we aimed to investigate the efficacy and 
safety of recanalization via MT within 6 hours after stroke in patients with large cerebral infarction volumes (>70 mL).
Methods : We retrospectively reviewed the medical data of 30 patients with large lesions on initial diffusion-weighted imaging (>70 
mL) who underwent MT at our institution within 6 hours after stroke onset. Baseline data, recanalization rate, and 3-month clinical 
outcomes were analyzed. Successful recanalization was defined as a modified treatment in cerebral ischemia score of 2b or 3.
Results : The recanalization rate was 63.3%, and symptomatic intracerebral hemorrhage occurred in six patients (20%). The 
proportion of patients with modified Rankin Scale (mRS) scores of 0–3 was significantly higher in the recanalization group than 
in the non-recanalization group (47.4% vs. 9.1%, p=0.049). The mortality rate was higher in the non-recanalization group, this 
difference was not significant (15.8% vs. 36.4%, p=0.372). In the analysis of 3-month clinical outcomes, only successful recanalization 
was significantly associated with mRS scores of 0–3 (90% vs. 50%, p=0.049). The odds ratio of recanalization for favorable outcomes 
(mRS 0–3) was 9.00 (95% confidence interval, 0.95–84.90; p=0.055).
Conclusion : Despite the risk of symptomatic intracerebral hemorrhage, successful recanalization via MT 6 hours after stroke may 
improve clinical outcomes in patients with large vessel occlusion.
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INTRODUCTION

Acute ischemic stroke caused by large vessel occlusion is as-

sociated with high mortality and poor neurological out-

comes18,20). While intravenously administered tissue plasmino-

gen activator (t-PA) has been shown to improve clinical 

outcomes among patients experiencing ischemic stroke11), its 

impact on large vessel occlusion remains controversial17). Ad-

vancements in mechanical thrombectomy (MT) have in-

creased the recanalization rate and expanded the therapeutic 

window in patients with large vessel occlusion4,15,19). Two re-

cent randomized controlled trials reported that the therapeu-

tic time window for MT can range from 16 to 24 hours in se-

lect patients1,13). Despite these developments, the benefit of MT 
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in patients with large infarction volumes remains uncertain. 

Reperfusion of large lesions on initial diffusion-weighted im-

aging (DWI) is associated with hemorrhagic transformation, 

which can result in poor outcomes4-6,9,12). Indeed, Yoo et al.21) 

reported that all six patients with DWI lesions larger than 70 

mL experienced poor outcomes despite a 50% recanalization 

rate. However, another registry study reported that favorable 

outcomes were achieved in every third patient with DWI le-

sions larger than 70 mL after successful endovascular recana-

lization3). Similarly, in a previous study conducted at our insti-

tution, recanalization was associated with a modified Rankin 

Scale (mRS) score of 0–3 in patients with DWI lesions ≥60 

mL who had received intravenous t-PA10). These results indi-

cate that recanalization may benefit patients with large DWI 

lesions.

In the present study, we aimed to investigate the efficacy 

and safety of large vessel recanalization via MT within 6 hours 

after stroke among patients with large cerebral infarction vol-

umes on initial DWI (>70 mL).

MATERIALS AND METHODS

The study design was approved by the Institutional Review 

Board of the Dong-A University Hospital (DAUHIRB-21-060) 

and fulfilled all of the requirements for patient anonymity. 

Informed consent was waived because of the retrospective na-

ture of the study.

Patient population
We retrospectively reviewed the medical data of patients 

with acute cerebral infarction who visited our stroke center 

between September 2015 and August 2019 (48 months). Only 

patients who had undergone femoral artery puncture for MT 

at our institution within 6 hours after stroke onset and exhib-

ited DWI lesion volumes >70 mL on initial imaging were in-

cluded. Patients who were unable to undergo magnetic reso-

nance imaging (MRI) prior to MT and those with pre-stroke 

mRS scores ≥2 were excluded.

Study variables
Patient demographics and vascular risk factors including 

hypertension, diabetes mellitus, dyslipidemia, current ciga-

rette smoking, atrial fibrillation, coronary artery disease, and 

previous cerebrovascular accident were recorded as baseline 

variables. Time intervals from stroke onset to arrival, stroke 

onset to groin puncture, and groin puncture to MT comple-

tion were recorded as time variables. The National Institutes 

of Health Stroke Scale (NIHSS) scores were obtained at ad-

mission. Occlusion site and Left hemisphere involvement were 

also recorded as radiologic data. Clinical outcomes were eval-

uated using the mRS score at 3 months after stroke by review-

ing medical records.

DWI lesion volumes were estimated using a semiautomatic 

method, as previously described for our institution10). All areas 

showing hyperintense signals were measured automatically 

after a line had been manually drawn along the margin of the 

lesion in each slice using a region-of-interest calculator of the 

picture archiving and communication system. The volume of 

the DWI lesion was then calculated as the sum of the product 

of the measured area in each slice and the slice thickness10).

MT was performed by two interventionists. Recanalization 

after MT was graded using the modified Treatment in Cere-

bral Ischemia (mTICI) scale22). Successful recanalization was 

defined as an mTICI score of 2b or 3.

Statistical analysis
Statistical analysis was performed using PASW ver. 18 soft-

ware (SPSS, Chicago, IL, USA). Categorical data were com-

pared using the Pearson chi-square test or Fisher’s exact test. 

Continuous variables were evaluated using Student’s t-test or 

Mann-Whitney U-test. Logistic regression analyses were used 

to estimate the contribution of the variables to the outcomes. 

Statistical significance was defined as p<0.05.

RESULTS

Among 2,971 patients who had visited our stroke center be-

tween September 2015 and August 2019 due to acute ischemic 

stroke, 245 underwent MT. Of these patients, only 30 exhibit-

ed DWI lesions larger than 70 mL on their initial MRI and 

were thus enrolled. The mean age of the patients in our study 

was 69.1±11.0 years (range, 47–79), and 18 patients (60%) were 

male. The median NIHSS score was 17.5 (interquartile range 

[IQR], 14–20). Risk factors included hypertension in 16 pa-

tients (53.3%), diabetes mellitus in six (20%), smoking in 13 

(43.3%), dyslipidemia in 10 (33.3%), coronary artery disease in 
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Table 1. Characteristics of patients who underwent mechanical thrombectomy

Total
Result of mechanical thrombectomy

p-value
mTICI 0–2a mTICI 2b–3

Total 30 (100.0) 11 (36.7) 19 (63.3)

Sex

Male 18 (60.0) 8 (72.7) 10 (52.6) 0.442
Female 12 (40.0) 3 (27.3) 9 (47.4)

Age (years) 69.1±11.0 67.1±11.5 70.2±10.8 0.462
NIHSS score 17.5 (14–20) 17 (14–20) 18 (14–20) 0.516
Hypertension

Absence 14 (46.7) 3 (27.3) 11 (57.9)
Presence 16 (53.3) 8 (72.7) 8 (42.1) 0.105

Diabetes mellitus
Absence 24 (80.0) 8 (72.7) 16 (84.2)
Presence 6 (20.0) 3 (27.3) 3 (15.8) 0.641

Smoking
Non-smoker 17 (56.7) 5 (45.5) 12 (63.2)
Current or ex-smoker 13 (43.3) 6 (54.5) 7 (36.8) 0.454

Dyslipidemia
Absence 20 (66.7) 6 (54.5) 14 (73.7)
Presence 10 (33.3) 5 (45.5) 5 (26.3) 0.425

CAD
Absence 23 (76.7) 8 (72.7) 15 (78.9)
Presence 7 (23.3) 3 (27.3) 4 (21.1) 1.000

Atrial fibrillation
Absence 11 (36.7) 3 (27.3) 8 (42.1)
Presence 19 (63.3) 8 (72.7) 11 (57.9) 0.466

Previous CVA
Absence 24 (80.0) 9 (81.8) 15 (78.9)
Presence 6 (20.0) 2 (18.2) 4 (21.1) 1.000

tPA
Non-administration 5 (16.7) 2 (18.2) 3 (15.8)
Administration 25 (83.3) 9 (81.8) 16 (84.2) 1.000

DWI lesion 107.55 (89.7–130.5) 112.4 (91.5–131.2) 102.7 (82.5–130.3) 0.672
Occlusion site

ICA 12 (40.0) 4 (36.4) 8 (42.1)
MCA 18 (60.0) 7 (63.6) 11 (57.9) 0.534

Symptomatic ICH
Absence 24 (80.0) 8 (72.7) 16 (84.2)
Presence 6 (20.0) 3 (27.3) 3 (15.8) 0.641

OTD (minutes) 118.5 (44.8–172.3) 54 (33–173) 131 (56–168) 0.497
OTP (minutes) 215 (128.8–275) 140 (101–275) 230 (155–275) 0.420
PTF (minutes) 85 (60–110) 105 (85–120) 65 (55–100) 0.018
Surgery

None 23 (76.7) 9 (81.8) 14 (73.7)
Underwent 7 (23.3) 2 (18.2) 5 (26.3) 1.000

Values are presented as mean±standard deviation, median (interquartile range), or number (%). mTICI : modified Treatment in Cerebral Ischemia, NIHSS :  
National Institutes of Health Stroke Scale, CAD : coronary artery disease, CVA : cerebrovascular accident, tPA : tissue plasminogen activator, DWI :  
diffusion-weighted imaging, ICA : internal carotid artery, MCA : middle cerebral artery, ICH : intracerebral hemorrhage, OTD : onset to door time, OTP : 
onset to puncture time, PTF : puncture to finish time
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seven (23.3%), atrial fibrillation in 19 (63.3%), and previous 

cerebrovascular accident in six (20%; ischemic stroke, six pa-

tients). Twenty-five patients (83.3%) were treated with intrave-

nous t-PA. The median volume of DWI lesions was 107.55 mL 

(IQR, 89.7–130.5). Symptomatic intracerebral hemorrhage 

(sICH) occurred in six patients (20%). Total seven patients 

underwent additional surgery. Six patients underwent decom-

pressive craniectomy due to malignant brain swelling. The 

other patient underwent neuro navigation assisted aspiration 

for sICH. The median onset to door time, onset to femoral ar-

tery puncture time, and puncture to completion time were 

118.5 minutes (IQR, 44.8–172.3), 215 minutes (IQR, 128.8–

275), and 85 minutes (IQR, 60–110), respectively. The recana-

lization rate was 63.3%, and there were no statistically signifi-

cant risk factors associated with recanalization. The rate of 

sICH was higher in the non-recanalization group than in the 

recanalization group, although this difference was not signifi-

cant (27.3% vs. 15.8%, p=0.641). There was no statistical asso-

ciation between additional surgery and recanalization (18.2% 

vs. 26.3%, p=1.000). The total procedure time was also longer 

in the non-recanalization group than in the recanalization 

group (105 minutes [IQR, 85–120] vs. 65 minutes [IQR, 55–

100], p=0.018) (Table 1 and Fig. 1).

Fig. 2 shows the distribution of 3-month mRS scores for re-

canalization (mTICI, 2b–3) and non-recanalization (mTICI, 

0–2a) groups. Only four patients (21.2%) in the recanalization 

group had mRS scores of 0–2, whereas no patients had mRS 

scores of 0–2 in the non-recanalization group. The proportion 

of patients with mRS scores of 0–3 was also significantly 

higher in the recanalization group than in the non-recanaliza-

tion group (47.4% vs. 9.1%, p=0.049). Three patients died in 

the recanalization group (15.8%). One patient of them died 

due to progressive malignant brain edema after undergoing 

decompressive craniectomy. The other two patient died of 

medical complications due to pneumonia. Four patients died 

in non-recanalization group (36.4%) and all of them died due 

to malignant brain edema. Although the mortality rate was 

higher in the non-recanalization group (15.8% vs. 36.4%, 

p=0.372), this difference was not significant. 

Table 2 shows the results of an additional analysis of the 

3-month outcomes. Based on the analysis of the 3-month 

mRS score distribution, clinical outcomes were analyzed by 
Fig. 1. Study �ow chart. DWI : di�usion-weighted imaging, OTP : onset 
to puncture time, mTICI : modi�ed Treatment in Cerebral Ischemia.

Acute ischemic stroke
(n=2971)

Mechanical thrombectomy
(n=245)

mTICI 2b, 3
(n=19)

mTICI 0–2a
(n=11)

Infarction size >70 mL on DWI
and 

OTP ≤6 hours
(n=30)

Fig. 2. Functional outcome at 3 months according to the recanalization status in patients with di�usion-weighted imaging lesions >70 mL. Although 
the proportion of patients with modi�ed Rankin Scale (mRS) scores of 0–2 was higher in the recanalization group than in the non-recanalization group, 
this di�erence did not reach statistical signi�cance (21.1% vs. 0%, p=0.268). However, the proportion of patients with mRS scores of 0–3 was also higher 
in the recanalization group (47.4% vs. 9.1%), and the di�erence was statistically signi�cant (p=0.049). 

 mRS1	  mRS2	  mRS3	  mRS4	  mRS5	  mRS6

P=0.268

Recanalization
(n=19)

	 1	 3	 5	 5	 2	 3
	 (5.3%)	 (15.8%)	 (26.3%)	 (26.3%)	 (10.5%)	 (15.8%)

P=0.049 P=0.372

No recanalization
(n=11)

	 1	 6	 4
	 (9.1%)	 (54.5%)	 (36.4%)
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dividing the patient group into the mRS 0–3 and mRS 4–6 

groups. The mRS 0–3 group exhibited a smaller DWI lesion 

size, less left hemisphere involvement and a lower rate of sICH 

than the mRS 4–6 group. However, this difference was not 

significant (p=0.074, p=0.442, and p=0.074, respectively). All 

of the patient who underwent additional surgery were includ-

ed in the mRS 4–6 group. (0% vs. 35%, p=0.064). It is as-

sumed that the patient condition such as malignant infarction 

or sICH that brought the surgery affected the result. Only suc-

cessful recanalization was significantly associated with better 

outcomes (90% vs. 50%, p=0.049). Simple logistic regression 

analysis revealed that the odds ratio for the association be-

tween recanalization and favorable outcomes was 9.00 (95% 

confidence interval [CI], 0.95–84.90; p=0.055).

DISCUSSION

The present single-center study examined the efficacy and 

safety of large vessel recanalization via MT within 6 hours af-

ter stroke in patients with large cerebral infarction volumes. 

Our analysis indicated that the proportion of patients with 

mRS scores of 0–3 was significantly higher in the recanaliza-

tion group than in the non-recanalization group. Despite the 

Table 2. Patient characteristics according to 3-month outcomes (mRS 
0–3 vs. 4–6)

3-month mRS score
p-value

0–3 4–6

Total 10 (33.3) 20 (66.7)

Sex

Male 6 (60.0) 12 (60.0) 1.000

Female 4 (40.0) 8 (40.0)

Age (years) 67.1±11.5 70.2±10.8 0.286

NIHSS score 16 (13–20) 17.5 (15.3–20) 0.516

Hypertension

Absence 4 (40.0) 10 (50.0) 0.709

Presence 6 (60.0) 10 (50.0)

Diabetes mellitus

Absence 9 (90.0) 15 (75.0) 0.633

Presence 1 (10.0) 5 (25.0)

Smoking

Non-smoker 6 (60.0) 11 (55.0) 1.000

Current or ex-smoker 4 (40.0) 9 (45.0)

Dyslipidemia

Absence 7 (70.0) 13 (65.0) 1.000

Presence 3 (30.0) 7 (35.0)

CAD

Absence 8 (80.0) 15 (75.0) 1.000

Presence 2 (20.0) 5 (25.0)

Atrial fibrillation

Absence 6 (60.0) 5 (25.0) 0.108

Presence 4 (40.0) 15 (75.0)

Previous CVA

Absence 9 (90.0) 15 (75.0) 0.633

Presence 1 (10.0) 5 (25.0)

tPA

Non-administration 2 (20.0) 3 (15.0) 1.000

Administration 8 (80.0) 17 (85.0)

DWI lesion 95.11 (75.8–117.6) 114.99 (98.3–155.8) 0.074

Affected hemisphere

Right 6 (60.0) 8 (40.0)

Left 4 (40.0) 12 (60.0) 0.442

Symptomatic ICH

Absence 10 (100.0) 14 (70.0) 0.074

Presence 0 (0.0) 6 (30.0)

Occlusion site

ICA 4 (40.0) 8 (40.0)

MCA 6 (60.0) 12 (60.0) 1.000

Table 2. Continued

3-month mRS score
p-value

0–3 4–6

OTD (minutes) 58.5 (44.8–162.3) 137 (41.0–173.0) 0.502

OTP (minutes) 195 (122.5–280.0) 217 (132.5–275.0) 0.713

PTF (minutes) 72.5 (60.0–107.5) 87.5 (61.3–110.0) 0.619

Recanalization

mTICI 0–2a 1 (10.0) 10 (50.0) 0.049

mTICI 2b, 3 9 (90.0) 10 (50.0)

Surgery

None 10 (100.0) 13 (65.0)

Underwent 0 (0.0) 7 (35.0) 0.064

Values are presented as mean±standard deviation, median (interquartile 
range), or number (%). mRS : modified Rankin Scale, NIHSS : National 
Institutes of Health Stroke Scale, CAD : coronary artery disease, CVA : 
cerebrovascular accident, tPA : tissue plasminogen activator, DWI : 
diffusion-weighted imaging, ICH : intracerebral hemorrhage, ICA : 
internal carotid artery, MCA : middle cerebral artery, OTD : onset to door 
time, OTP : onset to puncture time, PTF : puncture to finish time, mTICI : 
modified Treatment in Cerebral Ischemia
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small sample size of our study, our findings are in accordance 

with those of previous studies that have highlighted the po-

tential benefits of MT in patients with large lesions on pre-

treatment DWI3,7,8,14).

The analysis of 3-month clinical outcomes indicated that 

the recanalization group included a greater proportion of pa-

tients with mRS scores of 0–2, which have been conventional-

ly defined as favorable outcomes (20.8% vs. 0%). Although the 

mortality rate was also lower in the recanalization group 

(15.8% vs. 36.4%), these differences were not statistically sig-

nificant (p=0.268 and p=0.372, respectively). Given that only 

four patients achieved mRS scores of 0–2 at the 3-month fol-

low-up, it is difficult to make comparisons by dividing pa-

tients into groups based on mRS scores of 0–2 and 3–6. How-

ever, we observed a significant difference between the mRS 

0–3 and mRS 4–6 subgroups (47.4% vs. 9.1%, p=0.049). 

Therefore, we conducted an additional analysis to identify fac-

tors affecting clinical outcomes by dividing the patients into 

the mRS 0–3 and mRS 4–6 groups. Although mRS 0–3 is not 

the usual definition of a good outcome, in their study of pa-

tients with stroke exhibiting confirmed large vessel occlusion 

at the onset of intravenous t-PA, Rangaraju et al.16) reported 

that health-related quality of life was similar in the 3-month 

mRS 2 and 3 groups despite differences in functional disabili-

ty. Therefore, they suggested that good outcomes for moder-

ate-to-severe ischemic stroke be defined based on mRS scores 

of 0–3, rather than on scores of 0–216). DWI lesions are gener-

ally irreversible2), and large DWI lesions can lead to severe dis-

ability and sequelae, making it difficult for patients to perform 

activities of daily living (mRS, 2). Therefore, we thought that 

grouping them to mRS 0–3 and mRS 4–6 could be useful in 

the comparison of clinical outcomes when conventional defi-

nition was inapplicable for analysis. Similarly, other studies 

regarding large infarction and MT have also divided clinical 

outcomes based on mRS ranges of 0–3 and 4–67,8).

In the present study, the recanalization rate was 63.3%, while 

the rate of sICH was 20% (recanalization group, 15.8% vs. 

non-recanalization group, 27.3%). Our analysis indicated that 

47.4% of patients who experienced recanalization achieved a 

mRS score of 0–3 at 3 months, which was not associated with 

demographic data or vascular risk factors. Although the DWI 

lesion area and the presence of sICH approached borderline 

significance (p=0.074 and p=0.074, respectively), only success-

ful recanalization was significantly related to favorable out-

comes. Generally, previous studies of large infarction and en-

dovascular treatment have reported that age, DWI area, and 

recanalization are associated with clinical outcomes3,8,14). This 

discrepancy is likely explained by the small number of patients 

included in our study. Given that only successful recanaliza-

tion fit into the logistic regression model, we conducted a sim-

ple logistic regression analysis, which yielded an odds ratio of 

9.00 (95% CI, 0.95–84.90) and a p value approaching statistical 

significance (p=0.055). Consequently, our results suggest that 

successful recanalization via MT may improve the quality of 

life of patients with large vessel occlusion when t-PA adminis-

tration has proven unsuccessful. 

Generally, ICH after recanalization treatment was consid-

ered as a reperfusion syndrome12). In the present study, the 

rate of sICH in the non-recanalization group was higher than 

that in the recanalization group (27.3% vs. 15.8%, p=0.641). 

This may be explained by a greater number of recanalization 

attempts in the non-recanalization group, which may have in-

creased the number of procedures and procedure time (105 

minutes [IQR, 85–120] vs. 65 minutes [IQR, 55–100], p=0.018) 

and resulted in more intimal injuries and subsequent hemor-

rhagic complications such as sICH. In the clinical outcome 

analysis, there was no sICH in the mRS 0–3 group. All six pa-

tients with sICH were included in the mRS 4–6 group (Table 

2). Taken together, when MT was performed in patients with a 

large infarction core, it is assumed that recanalization should 

be achieved with minimal MT attempts to reduce the occur-

rence of sICH and achieve a good outcome.

Despite a large pre-treatment infarction core, successful re-

canalization through MT might improve outcomes by induc-

ing changes in the large ischemic penumbra. Kerleroux et al.8) 

reported no difference in favorable outcomes between the MT 

and control groups in their entire population, including pa-

tients with DWI lesions >70 mL. However, after adjusting for 

the core perfusion mismatch ratio (CPMR), receiving MT was 

associated with an increased probability of a favorable out-

come (mRS, 0–3) as CPMR increased. Significant differences 

were observed above a CPMR of 1.728). Although we did not 

quantify the degree of decrease in perfusion area in our study, 

we believe that MT may have salvaged a portion of the area, 

resulting in improved outcomes.

The present study has several limitations, including its sin-

gle-center retrospective design, which may have led to selec-

tion bias. Moreover, some results did not achieve statistical 
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significance due to the small number of patients included. 

While prospective randomized controlled trials are required 

to verify our findings, these are difficult to implement due to 

ethical concerns. Additional studies involving larger numbers 

of patients should aim to determine the efficacy and safety of 

recanalization via MT in patients with large infarction cores.

CONCLUSION

Despite the risk of sICH, successful large vessel recanaliza-

tion could improve clinical outcomes even in high-risk pa-

tients with a large infarction core, provided that it is per-

formed within 6-hour of onset of ischemic symptoms.
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