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Predictors of futile
recanalization in patients with
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undergoing mechanical
thrombectomy in late time
windows
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Haibin Shi, Sheng Liu* and Linbo Zhao*

Department of Interventional Radiology, The First A�liated Hospital of Nanjing Medical University,

Nanjing, China

Background and purpose: Futile recanalization (FR), defined as functional

dependence despite successful reperfusion, is common in patients who

experience an acute stroke after thrombectomy. We aimed to determine

the predictors of FR in patients who underwent thrombectomy in late time

windows (6 h or more after symptom onset).

Methods: This retrospective review included patients who underwent

thrombectomy for acute anterior circulation large vessel occlusion from

October 2019 to June 2021. Successful reperfusion was defined as a

modified Thrombolysis in Cerebral Infarction (mTICI) score of 2b/3. Functional

dependence at 90 days was defined as a modified Rankin scale score of

3–6. Multivariate analysis and a receiver operating characteristic (ROC) curve

were used to identify the predictors of FR in patients treated in delayed

time windows.

Results: Of the 99 patients included, FR was observed in 51 (51.5%). In the

multivariate analysis, older age (OR, 1.12; 95% CI, 1.04–1.22; P= 0.005), female

sex (OR, 3.79; 95% CI, 1.08–13.40; P = 0.038), a higher National Institutes

of Health Stroke Score (NIHSS) score upon admission (OR, 1.11; 95% CI,

1.02–1.22; P = 0.023), and an increased number of passes per procedure (OR,

2.07; 95% CI, 1.11–3.86; P = 0.023) were independently associated with FR

after thrombectomy. The ROC curve indicated that the model that combined

age, female sex, baselineNIHSS score, and the number of passes per procedure

(area under the curve, 0.84; 95% CI, 0.75–0.90, P < 0.001) was able to predict

FR accurately.

Conclusions: Older age, female sex, higher NIHSS score upon admission, and

an increased number of passes per procedure were independent predictors of

FR in patients who experienced acute ischemic strokes after thrombectomy in

late time windows.

KEYWORDS
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Introduction

Mechanical thrombectomy (MT) is widely accepted as a

standard approach for acute large-vessel occlusions (LVOs) in

the anterior circulation in patients with acute ischemic stroke

(AIS) (1). Recently, the results from the DAWN and the

DEFUSE-3 trials have demonstrated the safety and efficacy of

MT in late time windows in patients with AIS selected by

perfusion imaging (2, 3). However, a substantial proportion

of patients experience futile recanalization (FR; defined as

poor clinical outcomes despite successful recanalization) after

thrombectomy in late time windows, even though these patients

are screened with rigorous imaging (2–4). A real-world study

showed that patients who underwent endovascular treatment

more than 6 h after symptom onset had a relatively higher

rate of poor outcomes despite successful reperfusion compared

with those treated within 6 h of symptom onset (4). Thus,

predicting FR in these specific populations could help select a

population of patients treated with MT that would potentially

benefit more of adjunctive therapies to maximize the benefit

of MT.

Many previous studies have identified predictors of

FR after endovascular treatment in early time windows

in patients with AIS (5–12). However, few studies have

investigated the predictors of FR in patients treated

with MT in late time windows. Therefore, this study

aimed to identify the potential predictors of FR in

patients with AIS who underwent thrombectomy in late

time windows.

Materials and methods

Population selection

From October 2019 to June 2021, 321 patients who

underwent MT for acute LVO in the anterior circulation

were retrospectively reviewed using the stroke database. The

selection criteria were as follows: (1) age of ≥18 years; (2)

a modified Rankin scale (mRS) score of 0–1 before stroke;

(3) an initial National Institutes of Health Stroke Scale

(NIHSS) score of ≥6; (4) MT performed 6 to 24 h after

symptom onset; (5) occlusion of the internal carotid artery

(ICA) and/or middle cerebral artery (MCA) M1 or proximal

M2; (6) fulfillment of DAWN or DEFUSE-3 criteria in CT

perfusion (CTP) imaging; and (7) successful recanalization. The

exclusion criteria were as follows: (1) occlusion of posterior

circulation or anterior cerebral artery; (2) MT performed

within 6 h of symptom onset; (3) failed recanalization; (4)

stroke recurrence during hospitalization; and (5) loss of

clinical data or follow-up results. Ultimately, 99 patients

were included in the study. This study was approved by

the local institutional review board, and because of the

retrospective study design, the requirement for informed

consent from patients was waived. Figure 1 shows the workflow

for patient selection.

Clinical and imaging data evaluation

The following clinical data were collected: demographic

features (age and sex), medical history (hypertension,

hyperlipidemia, diabetes mellitus, myocardial infarction,

atrial fibrillation, smoking history, ischemic stroke history,

and blood pressure on admission), procedure details, and

outcomes. The baseline NIHSS score was used to assess stroke

severity. All patients underwent computed tomography (CT)

scans immediately and 24 h after MT. The follow-up magnetic

resonance (MR) imaging, including the additional sequences

of MR angiography and perfusion, was also performed

approximately 1 week after MT if the patient cooperated. A

non-contrast CT scan was performed immediately to exclude

intracranial hemorrhage if any deterioration in the patient’s

neurological status was observed. Hemorrhagic transformation

(HT) was evaluated according to the European Cooperative

Acute Stroke Study II (ECASS II) criteria, and symptomatic

intracranial hemorrhage (sICH) was defined as a hemorrhage

observed on the CT scan accompanied by a deterioration

in the patient’s neurologic status, defined as an increase in

NIHSS score by ≥4 (13). The clinical outcome was assessed

using the mRS score; the 90-day mRS score was obtained

from the clinic or through telephonic interviews. Successful

reperfusion was defined as a modified Thrombolysis in

Cerebral Infarction (mTICI) score of 2b/3. FR was defined

as a poor clinical outcome (a 90-day mRS of 3–6) despite

successful recanalization, and patients were divided into FR and

meaningful recanalization groups.

At our institution, multimodal CT-based images are

routinely conducted in late time windows in patients with

suspected stroke, including non-contrast CT, CTP, and post-

processed series. Automated Alberta Stroke Program Early

Computed Tomography Scores (ASPECTS) were obtained

from a non-contrast CT. Perfusion images were processed

using the commercial software RAPID (iSchemaView, Menlo

Park, California, USA), which automatically provided colored

parametric CTP maps. The ischemic core volume (cerebral

blood flow [CBF] < 30%), hypoperfusion volume (Tmax >

6 s), and mismatch volume were obtained from CTP maps. The

collateral status evaluated on angiography was divided into two

categories according to the American Society of Interventional

and Therapeutic Neuroradiology/Society of Interventional

Radiology (ASITN/SIR) guidelines: good collaterals (grade 3–4)

and poor collaterals (grade 0–2). The imaging parameters were

assessed by two experienced neuroradiologists who were blinded

to the clinical treatment and outcomes; if any discrepancies arose
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FIGURE 1

Flowchart of patient selection. MT, mechanical thrombectomy; LVO, large vessel occlusion.

between the two readers, a consensus was achieved with the help

of a third neuroradiologist.

Endovascular procedure

According to the current guidelines, patients are eligible

to receive an intravenous recombinant tissue plasminogen

activator before MT within 4.5 h after stroke onset. MT was

performed under local anesthesia/conscious sedation. A stent

retriever thrombectomy was recommended as the first-line

thrombectomy technique, but other devices were also permitted.

Rescue therapies were defined as interventions performed after

a failed MT, including permanent stent placement, balloon

angioplasty, and use of glycoprotein IIb/IIIa antagonists.

Statistical analysis

Continuous variables are described as means (standard

deviation, SD) or medians (interquartile range, IQR) and

categorical variables are presented as frequencies (%). The

Shapiro-Wilk test and histograms were used to assess the

normality of the distributions. A Student’s t-test or a Mann-

Whitney U-test was performed to analyze continuous data. The

Fisher exact or χ
2 test was used to analyze categorical data.

Significant clinical factors (P < 0.1) identified using univariate

logistic regression analyses were included in the multivariate

logistic regression model to determine odds ratios (ORs)

and confidence intervals (CIs). Multicollinearity was assessed

by calculating variance inflation factors (VIFs) for variables

included in the final model, and substantial multicollinearity was

defined as a VIF < 10. Considering that rescue therapies may

bring a bias to the results, a sensitivity analysis was undertaken

in the subgroup of patients not treated with rescue therapies.

Receiver operating characteristic (ROC) curve analyses were

applied to identify the effectiveness of significant variables

in predicting FR. SPSS 26.0 (IBM, Armonk, NY, USA) and

MedCalc (version 11.0, Solvusoft Corporation, Los Angeles, CA,

USA) software packages were used for analysis. A P-value of

<0.05 was considered statistically significant.

Results

The mean age of the 99 patients who met the inclusion

criteria was 72 years (IQR, 66–80) and 50.5% of these

patients were women. The median baseline NIHSS score

was 16 (11–22), and the median baseline ASPECTS score

was seven (IQR, 5–8). The numbers of patients who had

occlusions in the ICA (isolated, T- or L-shaped, and tandem

occlusions), M1, and M2 were 35 (35.4), 53 (53.5), and 11

(11.1%), respectively. The median volumes of ischemic core
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and hypoperfusion were 9mL (IQR, 0–27) and 139mL (IQR,

89–179), respectively. Intravenous tissue plasminogen activator

(tPA) was administered in 20 patients (20.2%) at local hospitals

before MT was performed. The etiologies of stroke were cardiac

embolism (50, 50.5% of patients), large artery atherosclerosis

(33, 33.3% of patients), and undetermined etiology or others

(16, 16.2% of patients). The median onset-to-puncture (OTP)

and puncture-to-recanalization (PTR) times were 572min (IQR,

431–793) and 67min (IQR, 49–100), respectively. Rescue

therapy was performed in 24 patients (24.2%), including stent-

retriever detachment alone in two, balloon angioplasty alone in

13, and balloon angioplasty plus stenting in 9. The rates of HT

and sICH were 40.4% (40/99) and 16.2% (16/99), respectively,

and 90-day mortality was observed in 18 patients (18.2%).

FR was observed in 51 patients (51.5%). Table 1 shows a

comparison of the characteristics and clinical outcomes between

the futile and meaningful recanalization groups. Patients with

FR were older (median age of 76 years vs. 68, P < 0.001),

and a higher proportion of them were women (60.8 vs. 39.6%,

P = 0.035); those in the FR group also had a higher prevalence

of atrial fibrillation (62.7 vs. 33.3%, P= 0.003), a lower incidence

of smoking history (3.9 vs. 22.9%, P = 0.012), a higher median

NIHSS score at admission (19 vs. 12, P= 0.001), a lower median

ASPECTS score (7 vs. 8, P = 0.039), and a higher median

number of passes per procedure (2 vs. 1, P= 0.041). In addition,

a larger proportion of patients in the FR group had cardiac

embolism stroke (P = 0.001) and poor collaterals (P = 0.021).

Furthermore, there were significant differences in terms of HT,

sICH, and mortality rates (P < 0.001).

After further adjustment of the variables (including age,

female sex, smoking, baseline systolic blood pressure, ASPECTS,

ischemic core volume, stroke etiology, and poor collaterals) in

multivariate logistic regression analyses (Table 2), we found that

older age (OR, 1.12; 95% CI, 1.04–1.22; P = 0.005), female sex

(OR, 3.79; 95% CI, 1.08–13.40; P= 0.038), a higher NIHSS score

on admission (OR, 1.11; 95% CI, 1.02–1.22; P = 0.023), and an

increased number of passes per procedure (OR, 2.07; 95% CI,

1.11–3.86; P = 0.023) were independently associated with the

occurrence of FR after thrombectomy. Supplementary Table 1

shows multicollinearity testing for the variables included in the

final logistic regression model.

In addition, in the sensitivity analysis that excluded patients

not treated with rescue therapies, the results did not change

substantially (Supplementary Table 2).

Using the ROC curves from the logistic regression analysis,

we identified the predictive accuracy of age, female sex, NIHSS

score on admission, and the number of passes per procedure for

predicting FR (Figure 2). The area under the curve (AUC) for

age, sex, NIHSS score on admission, and the number of passes

per procedure were 0.77 (95% CI, 0.67–0.85), 0.59 (95% CI,

0.48–0.68), 0.70 (95% CI, 0.60–0.79), and 0.61 (95% CI, 0.51–

0.71). The model combining age, female sex, baseline NIHSS

score, and the number of passes per procedure had the highest

AUC (0.84; 95% CI, 0.75–0.90).

Discussion

In this cohort of patients treated in late time windows, we

observed an FR incidence of 51.5% after thrombectomy. The

main finding of this study was that advanced age, female sex,

a higher NIHSS score on admission, and an increased number

of passes per procedure were independently associated with

FR after adjusting for confounders. The combination of these

independent risk factors increased the model’s ability to predict

FR in these patients.

The results from the DAWN and the DEFUSE-3 trials led to

prolonged time windows for MT in patients with AIS selected

by perfusion imaging and changed the guidelines for the early

management of these patients (1–3). However, a substantial

proportion of patients in both these trials had poor clinical

outcomes despite successful recanalization, even after rigorous

imaging screening. Reperfusion in delayed time windows

may carry harmful consequences, such as severe ischemia-

reperfusion injury, and the chances of functional independence

may decline. Therefore, predicting FR in patients treated with

MT in late time windows may help clinicians select more

personalized therapy for patients undergoing MT and identify

patients who need other timely adjuvant treatments. Predictors

of FR in early time windows have received widespread attention,

and several predictors have previously been identified, such as

age, female sex, systolic blood pressure upon admission, serum

glucose, baseline NIHSS score, time from onset to treatment,

and post-procedural complication events (5–12). In this study,

we confined our analysis to patients with stroke who underwent

treatment in late time windows and identified several clinical

markers as independent predictors of poor outcomes after

successful recanalization; these predictors could help manage

these patients.

Consistent with most previous studies (5, 10–12, 14),

we found that advanced age was associated with functional

dependence despite successful recanalization, which may be

explained by the higher prevalence of underlying diseases,

higher incidence of complications, and lower potential for

rehabilitation in older age groups compared with younger ones.

In addition, older adults are more likely to have leukoaraiosis

and poor collateral status than younger individuals, which may

be linked to the occurrence of intracranial hemorrhage and poor

outcomes after successful reperfusion (15). Nevertheless, older

patients could still benefit from endovascular treatment despite

their higher rate of FR compared with younger patients. Thus,

it seems unjustified to exclude older adults from thrombectomy,

but this poor prognostic indicator could help inform discussions

with patients’ families about the likely prognosis after stroke.
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TABLE 1 Comparisons of characteristics and clinical outcomes between futile and meaningful recanalization groups.

Variables Total (n = 99) Futile recanalization

(n = 51)

Meaningful

recanalization (n = 48)

P-value

Age (years), median (IQR) 72 (66–80) 76 (71–83) 68 (57–74) <0.001

Female sex, n (%) 50 (50.5) 31 (60.8) 19 (39.6) 0.035

Arterial hypertension, n (%) 65 (65.7) 36 (70.6) 29 (60.4) 0.287

Diabetes mellitus, n (%) 17 (17.2) 11 (21.6) 6 (12.5) 0.232

Myocardial infarction, n (%) 13 (13.1) 8 (15.7) 5 (10.4) 0.438

Hyperlipidemia, n (%) 5 (5.1) 3 (5.9) 2 (4.2) 1.000

Atrial fibrillation, n (%) 48 (48.5) 32 (62.7) 16 (33.3) 0.003

History of ischemic stroke, n (%) 14 (14.1) 8 (15.7) 6 (12.5) 0.649

Smoking, n (%) 13 (13.1) 2 (3.9) 11 (22.9) 0.012

Glucose (mmol/L), median (IQR) 6.4 (5.1–8.4) 6.7 (5.3–8.6) 6.1 (4.6–8.3) 0.786

Baseline SBP (mm Hg), mean (SD) 149 (22.5) 152 (23.2) 144 (21.2) 0.078

Baseline NIHSS score, median (IQR) 16 (11–22) 19 (14–23) 12 (9–17) 0.001

Baseline ASPECTS, median (IQR) 7 (5–8) 7 (6–8) 8 (7–9) 0.039

Ischemic core (mL), median (IQR) 9 (0–27) 9 (0–23) 5 (0–16) 0.056

Hypoperfusion (mL), median (IQR) 139 (89–179) 142 (99–176) 139 (85–186) 0.657

Mismatch (mL), median (IQR) 121 (70–156) 123 (81–146) 126 (68–179) 0.908

Treatment with IV alteplase, n (%) 20 (20.2) 9 (17.6) 11 (22.9) 0.191

Local anesthesia, n (%) 99 (100.0) 51 (100.0) 48 (100.0) 1.000

Etiology, n (%) 0.001

Cardio–embolism 50 (50.5) 34 (66.7) 16 (33.3)

Large artery atherosclerosis 33 (33.3) 9 (17.6) 24 (50.0)

Undetermined etiology or others 16 (16.2) 8 (15.7) 8 (16.7)

Occlusion site, n (%) 0.779

ICA 35 (35.4) 17 (33.3) 18 (37.5)

M1 53 (53.5) 29 (56.9) 24 (50.0)

M2 11 (11.1) 5 (9.8) 6 (12.5)

Poor collaterals, n (%) 51 (51.5) 32 (62.7) 19 (39.6) 0.021

OTP time (min), median (IQR) 572 (431–793) 604 (445–762) 520 (410–809) 0.949

PTR time (min), median (IQR) 67 (49–100) 65 (52–102) 71 (49–99) 0.798

Number of passes per procedure, median (IQR) 1 (1–2) 2 (1–3) 1 (1–2) 0.041

Rescue therapy, n (%) 24 (24.2) 9 (17.6) 15 (31.3) 0.114

HT, n (%) 40 (40.4) 30 (58.8) 10 (20.8) <0.001

sICH, n (%) 16 (16.2) 16 (31.4) 0 (0) <0.001

Mortality, n (%) 18 (18.2) 18 (35.3) 0 (0) <0.001

SBP, systolic blood pressure; DBP, diastolic blood pressure; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score; ICA, internal carotid

artery; OTP, onset to puncture; PTR, puncture to reperfusion, HT, hemorrhagic transformation; sICH, symptomatic intracranial hemorrhage.

It is generally accepted that the baseline NIHSS score

is a strong predictor of FR after thrombectomy. Our study

confirmed that a higher NIHSS score on admission (≥12)

was associated with FR in delayed windows patients, which

was in line with previous studies (5, 7–11, 14). However,

Lee et al. found that the clinical benefit of reperfusion after

thrombectomy increased with the progression of stroke severity

despite the increased rate of FR (8). Similarly, a meta-

analysis showed that patients with severe stroke (an NIHSS

score of more than 20) experienced greater benefits from

thrombectomy than from pharmaceutical treatment (16). This

may be because patients with severe stroke tend to have a

higher likelihood of functional dependence if untreated, and a

proportion of patients with sufficient salvageable brain tissue

could recover after reperfusion. According to these findings,

when considered as a non-modifiable risk factor, a high

NIHSS score should not be considered an exclusion criterion

for thrombectomy.
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TABLE 2 Logistic regression analysis identifying the risk factors associated with futile recanalization.

Variables Unadjusted OR (95% CI) P-value Adjusted OR (95% CI) P-value

Age 1.11 (1.06–1.17) <0.001 1.12 (1.04–1.22) 0.005

Female sex 2.37 (1.06–5.30) 0.036 3.79 (1.08–13.40) 0.038

Arterial hypertension 1.57 (0.68–3.63) 0.288 – –

Diabetes mellitus 3.33 (0.65–17.15) 0.150 – –

Myocardial infarction 1.60 (0.49–5.28) 0.441 – –

Hyperlipidemia 1.44 (0.23–9.00) 0.698 – –

Atrial fibrillation 3.37 (1.48–7.69) 0.004 – –

History of ischemic stroke 1.30 (0.42–4.08) 0.650 – –

Smoking 0.14 (0.03–0.66) 0.013 – –

Glucose 1.06 (0.78−1.54) 0.782 – –

Baseline SBP 1.02 (0.99–1.04) 0.082 – –

Baseline NIHSS score 1.10 (1.04–1.17) 0.002 1.11 (1.02–1.22) 0.023

Baseline ASPECTS 0.82 (0.68–0.99) 0.043 – –

Ischemic core volume 1.03 (1.00–1.05) 0.028 – –

Hypoperfusion volume 1.00 (0.99–1.00) 0.775 – –

Mismatch volume 1.00 (0.99–1.00) 0.436 – –

Treatment with IV alteplase 0.72 (0.27–1.93) 0.515 – –

Etiology (cardio–embolism vs. others) 4.00 (1.73–9.23) 0.001 – –

Occlusion site of ICA 0.83 (0.37–1.90) 0.665 – –

Poor collaterals 2.57 (1.14–5.78) 0.022 – –

OTP time 1.00 (0.99–1.00) 0.747 – –

PTR time 1.00 (0.99–1.01) 0.806 – –

Number of passes per procedure 1.49 (1.00–2.24) 0.052 2.07 (1.11–3.86) 0.023

SBP, systolic blood pressure; DBP, diastolic blood pressure; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke Program Early CT Score; ICA, internal carotid

artery; OTP, onset to puncture; PTR, puncture to reperfusion.

Our analysis also showed that female sex was associated

with FR in patients treated in late time windows. The impact

of sex on FR is still unclear. Hussein et al. (7) reported

similar results: women had a lower rate of favorable outcomes

despite successful recanalization compared with men (38.7 vs.

56.5%). In a post hoc analysis of the MR CLEAN trial, women

had worse treatment outcomes after intra-arterial treatment,

although no difference in the recanalization rate was observed

(17). In this analysis, the association between female sex and

FR was significant after adjusting for confounders. A possible

explanation is that women have a higher incidence of atrial

fibrillation, and different stroke etiologies may influence the

treatment strategies and clinical outcomes (7). This observed

difference in treatment outcomes between men and women

should be further analyzed with a larger sample size to rule

out coincidence.

Several procedure-related factors have been associated with

poor outcomes after thrombectomy, including the first-pass

effect (18, 19), the number of stent retriever passes (20, 21),

and the PTR time (10). The present study showed that an

increased number of passes per procedure was associated with

90-day functional dependence despite successful reperfusion

after MT. However, the PTR time was not associated with

functional dependence in our study. In addition, we did not find

a significant association between the OTP time and FR, which

was consistent with the data from DEFUSE-3 (22). Despite this,

the importance of shortening OTP and PTR time should be

stressed in clinical practice.

According to the recently published studies, the effect of

collateral status on the functional outcome after recanalization

is still controversial. Pan et al. (14) observed a lower rate of FR

in patients with good collateral circulation before endovascular

treatment. Conversely, a meta-analysis found no significant

difference in collateral status between the FR and meaningful

recanalization groups (23). Our analysis did not observe a strong

association between collateral status and FR after adjusting

for the available variables. These contradictory results may

be explained by the differences in approaches used to assess

collateral circulation and the existence of heterogeneity. In

addition, a large final infarct volume was shown to be associated

with FR after endovascular therapy in patients with stroke

(12). However, no analysis has yet identified an association
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FIGURE 2

Receiver operating characteristic curves were generated to

evaluate the e�cacy of age, female sex, baseline NIHSS score,

and number of passes per procedure independently and

combined for the prediction of futile recanalization after

mechanical thrombectomy. The area under the curve of the

combined model was 0.84 (95% CI, 0.75–0.90; P < 0.001).

NIHSS, National Institute of Health Stroke Scale.

between preoperative ischemic core volume on CTP imaging

and FR. Ribo et al. (24) indicated that patients with lesion core

volumes of >39mL upon admission had poor outcomes after

endovascular treatment. By contrast, Heit et al. reported no

difference in the ischemic core between the FR and meaningful

recanalization groups (22). We found that patients with FR

had a slightly larger ischemic core, but this result was not

statistically significant. It should be noted that a small ischemic

core was observed in most patients included in this study

after selection by perfusion imaging, and core volumes larger

than 50mL were rare (10/99, 10.1% of patients). Further

studies with a larger sample size are needed to evaluate the

prognostic value of these variables (collaterals and core) for

futile recanalization.

This study has several potential limitations. First, it has

limitations inherent to the retrospective study design. Second,

the relatively small sample size may limit the interpretation

of the results; some variables with a trend toward significance

may show significant associations in analyses with larger

sample sizes. Third, post-procedural complications, such as

the occurrence of sICH and pneumonia, were not analyzed

in the multivariate model because we mainly focused on

evaluating preoperative clinical factors and procedural details,

and the data on pneumonia were not collected. Finally, the

lack of independent core laboratory adjudication for imaging

parameters may affect the reliability of the results.

Conclusions

Although the benefits of MT have been demonstrated in

many trials and meta-analyses, the incidence of FR remains a

major concern in emerge thrombectomy. In patients with acute

stroke treated in late time windows, our results suggest that

older age, female sex, higher NIHSS score on admission, and

an increased number of passes per procedure are independent

predictors of FR after thrombectomy. This finding could help

select a population of patients who may potentially benefit more

of adjunctive therapies to maximize the benefit of MT, but not

for selecting patients for MT treatment. Further studies are

needed to validate the predictive value of this model for futile

recanalization in this specific subset of acute stroke.

Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed

and approved by the Ethical Standards of the Institutional

Research Committee of Jiangsu Province Hospital, the First

Affiliated Hospital of Nanjing Medical University (IRB number:

2021-SR-516). Written informed consent for participation was

not required for this study in accordance with the National

Legislation and the Institutional requirements.

Author contributions

HN and XL analyzed the data and drafted the manuscript.

SL designed the study and helped to revise this manuscript. LZ

conceived the study and made final approval of this manuscript.

YH, ZJ, YC, and HS helped to perform the analysis with

constructive discussions. All authors contributed to the article

and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those

of the authors and do not necessarily represent those

Frontiers inNeurology 07 frontiersin.org

https://doi.org/10.3389/fneur.2022.958236
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Ni et al. 10.3389/fneur.2022.958236

of their affiliated organizations, or those of the publisher,

the editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fneur.2022.958236/full#supplementary-material

References

1. Powers WJ, Rabinstein AA, Ackerson ReferencesT, Adeoye OM, Bambakidis
NC, Becker K, et al. Guidelines for the early management of patients with acute
ischemic stroke: 2019 update to the 2018 guidelines for the early management
of acute ischemic stroke: a guideline for healthcare professionals from the
American Heart Association/American Stroke Association. Stroke. (2019) 50:e344-
e418. doi: 10.1161/STR.0000000000000211

2. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, et al.
Thrombectomy 6 to 24 h after stroke with a mismatch between deficit and infarct.
N Engl J Med. (2018) 378:11–21. doi: 10.1056/NEJMoa1706442

3. Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S,
et al. Thrombectomy for stroke at 6 to 16 h with selection by perfusion imaging. N
Engl J Med. (2018) 378:708–18. doi: 10.1056/NEJMoa1713973

4. Casetta I, Fainardi E, Saia V, Pracucci G, Padroni M, Renieri
L, et al. Endovascular thrombectomy for acute ischemic stroke
beyond 6 h from onset: a real-world experience. Stroke. (2020)
51:2051–7. doi: 10.1161/STROKEAHA.119.027974

5. Shi ZS, Liebeskind DS, Xiang B, Ge SG, Feng L, Albers
GW, et al. Predictors of functional dependence despite successful
revascularization in large-vessel occlusion strokes. Stroke. (2014)
45:1977–84. doi: 10.1161/STROKEAHA.114.005603

6. Tateishi Y, Wisco D, Aoki J, George P, Katzan I, Toth G, et al. Large deep white
matter lesions may predict futile recanalization in endovascular therapy for acute
ischemic stroke. Interv Neurol. (2015) 3:48–55. doi: 10.1159/000369835

7. Hussein HM, Saleem MA, Qureshi AI. Rates and predictors of futile
recanalization in patients undergoing endovascular treatment in a multicenter
clinical trial. Neuroradiology. (2018) 60:557–63. doi: 10.1007/s00234-018-2016-2

8. Lee SH, Kim BJ, Han MK, Park TH, Lee KB, Lee BC, et al. Futile
reperfusion and predicted therapeutic benefits after successful endovascular
treatment according to initial stroke severity. BMC Neurol. (2019)
19:11. doi: 10.1186/s12883-019-1237-2

9. van de Graaf RA, Samuels N, Chalos V, Lycklama ANGJ, van Beusekom H,
Yoo AJ, et al. Predictors of poor outcome despite successful endovascular treatment
for ischemic stroke: results from the MR CLEAN Registry. J Neurointerv Surg.
(2021). doi: 10.1136/neurintsurg-2021-017726

10. Xu H, Jia B, Huo X, Mo D, Ma N, Gao F, et al. Predictors of futile
recanalization after endovascular treatment in patients with acute ischemic
stroke in a multicenter registry study. J Stroke Cerebrovasc Dis. (2020)
29:105067. doi: 10.1016/j.jstrokecerebrovasdis.2020.105067

11. Olivot JM, Heit JJ, Mazighi M, Raposo N, Albucher JF, Rousseau V, et al.
What predicts poor outcome after successful thrombectomy in early time window?
J Neurointerv Surg. (2021). doi: 10.1136/neurintsurg-2021-017946

12. Zhou T, Yi T, Li T, Zhu L, Li Y, Li Z, et al. Predictors of futile recanalization
in patients undergoing endovascular treatment in the DIRECT-MT trial. J
Neurointerv Surg. (2021). doi: 10.1136/neurintsurg-2021-017765

13. Hacke W, Kaste M, Fieschi C, von Kummer R, Davalos A, Meier
D, et al. Randomized double-blind placebo-controlled trial of thrombolytic
therapy with intravenous alteplase in acute ischaemic stroke (ECASS II). Second
European-Australasian Acute Stroke Study Investigators. Lancet. (1998) 352:1245–
51. doi: 10.1016/S0140-6736(98)08020-9

14. Pan H, Lin C, Chen L, Qiao Y, Huang P, Liu B, et al. Multiple-factor analyses
of futile recanalization in acute ischemic stroke patients treated with mechanical
thrombectomy. Front Neurol. (2021) 12:704088. doi: 10.3389/fneur.2021.704088

15. Huo L, Chen P, Wang Z, Li X, Zhou J, Wang C, et al. Impact of
leukoaraiosis severity on the association of outcomes of mechanical thrombectomy
for acute ischemic stroke: a systematic review and a meta-analysis. J Neurol. (2021)
268:4108–16. doi: 10.1007/s00415-020-10167-0

16. Badhiwala JH, Nassiri F, AlhazzaniW, SelimMH, Farrokhyar F, Spears J, et al.
Endovascular thrombectomy for acute ischemic stroke: a meta-analysis. JAMA.
(2015) 314:1832–43. doi: 10.1001/jama.2015.13767

17. de Ridder IR, Fransen PS, Beumer D, Berkhemer OA, van den Berg LA,
Wermer MJ, et al. Is intra-arterial treatment for acute ischemic stroke less effective
in women than in men? Interv Neurol. (2016) 5:174–8. doi: 10.1159/000447331

18. Bai X, Zhang X, Yang W, Zhang Y, Wang T, Xu R, et al. Influence
of first-pass effect on recanalization outcomes in the era of mechanical
thrombectomy: a systemic review and meta-analysis. Neuroradiology. (2021)
63:795–807. doi: 10.1007/s00234-020-02586-7

19. Abbasi M, Liu Y, Fitzgerald S, Mereuta OM, Arturo Larco JL, Rizvi A,
et al. Systematic review and meta-analysis of current rates of first pass effect by
thrombectomy technique and associations with clinical outcomes. J Neurointerv
Surg. (2021) 13:212–6. doi: 10.1136/neurintsurg-2020-016869

20. Baek JH, Kim BM, Heo JH, Nam HS, Kim YD, Park H, et al. Number of stent
retriever passes associated with futile recanalization in acute stroke. Stroke. (2018)
49:2088–95. doi: 10.1161/STROKEAHA.118.021320

21. H, He S. Factors promoting futile recanalization after stent retriever
thrombectomy for stroke affecting the anterior circulation: a retrospective analysis.
World Neurosurg. (2020) 133:e576–e82. doi: 10.1016/j.wneu.2019.09.098

22. Heit JJ, Mlynash M, Christensen S, Kemp SM, Lansberg MG, Marks MP,
et al. What predicts poor outcome after successful thrombectomy in late time
windows? J Neurointerv Surg. (2021) 13:421–5. doi: 10.1136/neurintsurg-2020-
016125

23. Deng G, Xiao J, Yu H, Chen M, Shang K, Qin C, et al. Predictors
of futile recanalization after endovascular treatment in acute ischemic stroke:
a meta-analysis. J Neurointerv Surg. (2021). doi: 10.1136/neurintsurg-2021-
017963

24. Ribo M, Tomasello A, Lemus M, Rubiera M, Vert C, Flores A, et al.
Maximal admission core lesion compatible with favorable outcome in acute
stroke patients undergoing endovascular procedures. Stroke. (2015) 46:2849-
52 doi: 10.1161/STROKEAHA.115.010707

Frontiers inNeurology 08 frontiersin.org

https://doi.org/10.3389/fneur.2022.958236
https://www.frontiersin.org/articles/10.3389/fneur.2022.958236/full#supplementary-material
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1056/NEJMoa1706442
https://doi.org/10.1056/NEJMoa1713973
https://doi.org/10.1161/STROKEAHA.119.027974
https://doi.org/10.1161/STROKEAHA.114.005603
https://doi.org/10.1159/000369835
https://doi.org/10.1007/s00234-018-2016-2
https://doi.org/10.1186/s12883-019-1237-2
https://doi.org/10.1136/neurintsurg-2021-017726
https://doi.org/10.1016/j.jstrokecerebrovasdis.2020.105067
https://doi.org/10.1136/neurintsurg-2021-017946
https://doi.org/10.1136/neurintsurg-2021-017765
https://doi.org/10.1016/S0140-6736(98)08020-9
https://doi.org/10.3389/fneur.2021.704088
https://doi.org/10.1007/s00415-020-10167-0
https://doi.org/10.1001/jama.2015.13767
https://doi.org/10.1159/000447331
https://doi.org/10.1007/s00234-020-02586-7
https://doi.org/10.1136/neurintsurg-2020-016869
https://doi.org/10.1161/STROKEAHA.118.021320
https://doi.org/10.1016/j.wneu.2019.09.098
https://doi.org/10.1136/neurintsurg-2020-016125
https://doi.org/10.1136/neurintsurg-2021-017963
https://doi.org/10.1161/STROKEAHA.115.010707
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Predictors of futile recanalization in patients with acute ischemic stroke undergoing mechanical thrombectomy in late time windows
	Introduction
	Materials and methods
	Population selection
	Clinical and imaging data evaluation
	Endovascular procedure
	Statistical analysis

	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


