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Abstract 

Objectives It is unclear which selection strategy, plain CT vs. CT perfusion (CTP), is more powerful in predicting 
outcome after mechanical thrombectomy (MT). We aimed to compare the effect of plain CT and CTP in predicting 
outcome after MT within 6 h.

Methods We conducted a prospective analysis of a retrospective cohort from our single-center study, 
which had occlusion of the internal carotid artery and middle cerebral artery up to the proximal M2 seg-
ment and received MT within 6 h. According to the Alberta Stroke Program Early CT Score (ASPECTS), patients 
were divided into a high-ASPECTS group (≥ 6) and a low ASPECTS group (< 6). Similarly, patients were 
divided into mismatch and no-mismatch groups according to the DEFUSE3 criteria for CTP. A good outcome 
was defined as a 90-day modified Rankin Scale (mRS) score of ≤ 3. Univariate and binary logistic regression 
analyses were used to investigate the association between different imaging modality and 90-day mRS score, 
and mortalities, respectively.

Results The high ASPECTS group included 307 patients (89.2%). The mismatch group included 189 (54.9%) patients 
meeting the DEFUSE3 criterion. Compared to the low ASPECTS group, the high ASPECTS group had a good out-
come (odds ratio (OR), 2.285; [95% confidence interval (CI) (1.106, 4.723)], p = 0.026) and lower mortality (OR, 0.350; 
[95% CI (0.163, 0.752)], p = 0.007). However, there were no significant differences in good outcomes and mortality 
between the mismatch and no-mismatch groups.

Conclusions Compared with plain CT, CTP does not provide additional benefits in the selection of patients suitable 
for MT within 6 h.

Clinical relevance statement CT perfusion is not superior to plain CT for the prediction of clinical outcomes 
when selecting patients for mechanical thrombectomy in the first 6 h. In that clinical setting, plain CT may be safe 
in the absence of perfusion data.
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Key Points 

• The advantage of CT perfusion (CTP) over CT in pre-mechanical thrombectomy (MT) screening has not been proven for  
  patients with a large infarct core.

• CTP is not better than plain CT in predicting good outcome following MT within 6 h.

• Plain CT is sufficient for selecting patients suitable for MT within 6 h of large artery occlusion.

Keywords Thrombectomy, Cerebral infarction, Perfusion imaging, Computed tomography scan, Patient selection

Introduction
Large vessel occlusive stroke accounts for approximately 
one-third of acute ischemic stroke (AIS) and can lead to 
severe disability and high mortality [1]. A number of rand-
omized controlled trials have demonstrated that MT was an 
effective treatment for patients with large vessel occlusion 
(LVO) within 6 h by saving salvageable tissue [2–9]. How-
ever, patients with large core infarcts tend to have poor out-
comes despite successful recanalization. The Alberta Stroke 
Program Early CT Score (ASPECTS) evaluated on plain CT 
is the most commonly used method to exclude large core 
infarcts in RCTs because of its convenience and simplicity.

CTP is an advanced imaging modality that can provide 
more accurate information about infarct core volumes 
before MT. CTP had been used in several clinical trials 
to enroll patients who might benefit from MT beyond 
the 6-h time window, such as the DEFUSE3 (Endovascu-
lar Therapy Following Imaging Evaluation for Ischemic 
Stroke 3), DAWN (Clinical Mismatch in the Triage of 
Wake Up and Late Presenting Strokes Undergoing Neu-
rointervention With Trevo), and BAOCHE (Basilar 
Artery Occlusion Chinese Endovascular) trials [10–12].

However, it is still unclear which selection strategy, 
plain CT or CTP, is more powerful for predicting MT 
outcomes within the 6-h time window. Previous inves-
tigations conducted by Nogueira RG et  al [13] and Jad-
hav AP et  al [14] have provided invaluable insights and 
information regarding this matter. Their studies both 
categorize patients into groups based on the presence or 
absence of CTP examination and compare the differences 
in their prognoses. However, this study design possesses 
certain limitations. For instance, Jadhav AP et al’s study 
encompassed the analysis of data from seven randomized 
controlled trials (RCTs). It is noteworthy that only two 
RCTs (the EXTEND-IA and SWIFT-PRIME studies) 
explicitly indicated the utilization of CTP for patient 
selection [2, 6]. As a result, many patients underwent 
CTP without consistent criteria for inclusion or exclusion 
based on CTP, and some patients were not selected based 
on CTP at all, leading to substantial bias. Additionally, 
even within the same SWIFT-PRIME study, there were 
differences in CTP criteria between the first 71 patients 
and the later patients [2].

Hence, there are still unresolved aspects that necessi-
tate the implementation of additional research designs. 
Based on these considerations, we designed this study to 
compare plain CT with CTP in predicting outcomes after 
MT with 6 h of LVO.

Methods
The study protocol was approved by the ethics committee 
of the Second Affiliated Hospital of Zhejiang University, 
School of Medicine. The study was conducted accord-
ing to the principles expressed in the Declaration of Hel-
sinki. Written informed consent for MT was obtained 
from all patients or their legally authorized representa-
tives. Because patient information was deidentified and 
anonymized before being released to the researchers, the 
informed consent requirement for this study was waived 
by the Institutional Review Board.

We conducted a prospective analysis of a retrospective 
cohort from our single-center study involving a cohort 
of consecutive AIS patients (n = 390) who had occlusion 
of the internal carotid artery, middle cerebral artery up 
to the proximal M2 segment and underwent MT from 
October 2013 to December 2021. According to our pro-
tocol, all the patients received the plain CT to exclude 
hemorrhage and the CTP to determine LVO routinely 
on admission. For patients within a 4.5-h time window, 
if they met the criteria for intravenous recombinant tis-
sue plasminogen activator (rtPA), they initially received 
intravenous rtPA [15]. These patients also underwent 
concurrent MT, without waiting for the effects of intrave-
nous thrombolysis. Notably, our center consistently uti-
lized the Solitaire stent retriever and aspiration catheters 
from October 2013 to December 2021. Iodixanol and 
iohexol were the contrast agents used.

Patients and clinical data
We enrolled patients who had (1) complete occlusion of 
the internal artery including internal carotid artery, mid-
dle cerebral artery up to the proximal M2 segment; (2) 
had an onset-to-puncture time within 6 h and underwent 
MT; and (3) had a recorded follow-up modified Rankin 
Scale (mRS) score at 3 months. We excluded patients who 
had only undergone no-contrast CT or CTP. We retrieved 
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demographic, clinical, and imaging data including age and 
sex, risk factors: smoking, comorbid conditions such as 
history of hypertension, diabetes mellitus, atrial fibrilla-
tion, and stroke or transient ischemic attack history; pre-
vious medication history: antiplatelet usage, strain usage, 
baseline systolic/diastolic blood pressure, onset-puncture-
treatment time, National Institutes of Health Stroke Scale 
(NIHSS) score [16] at admission, ASPECTS [17] at admis-
sion, thrombolysis before MT arterial occlusion lesion 
(AOL) [18] score, sICH, PH, mortality, and 90d-mRS score.

Patient groups
According to ASPECTS, patients were divided into high 
ASPECTS group (ASPECTS ≥ 6) and low ASPECTS 
group (ASPECTS < 6) [15]. We also divided the patients 
into mismatch group who meet DEFUSE3 criteria and 
no-mismatch group based on CTP data. The DEFUSE3 
criterion included initial infarct volume (ischemic core) 
less than 70 ml, and a ratio of ischemic tissue volume to 
initial infarct volume of 1.8 or more, whereas the abso-
lute volume of potentially reversible ischemia (penum-
bra) was 15 ml or more [10].

Imaging protocol
CTP was performed on a 64-slice CT scanner (SOMATOM 
Definition Flash; Siemens Healthcare Sector), including 
plain CT (120  kV, 320  mA, contiguous 5-mm axial slices, 
acquisition time 7  s) and volume CTP (100  mm in the 
z-axis, 4-s delay after the start of contrast medium injection, 
74.5 s total imaging duration, 80 kV, 120 mA, slice thickness 
1.5 mm, collimation 32 × 1.2 mm). Volume CTP consisted of 
26 consecutive spiral acquisitions of the brain. All 26 scans 
were divided into 4 parts: (1) 2 scans with 3-s cycle time; 
(2) 15 scans with 1.5-s cycle time; (3) 4 scans with 3-s cycle 
time; and (4) 5 scans with 6-s cycle time. Axial slice coverage 
was 150 mm. A 60-ml bolus of contrast medium (iopami-
dol; Bracco Sine) with a single injection was used at a flow 
rate of 6 ml/s followed by a 20-ml saline chaser at 6 ml/s.

Imaging analysis
All perfusion images were retrospectively postprocessed 
using commercial software (MIStar; Apollo Medical 
Imaging Technology). The time to maximum of tissue 
residue function (Tmax) map was produced using stand-
ard singular value deconvolution without arterial input 
function (AIF) delay. The AIF was automatically selected, 
which was a global AIF from normal artery. Previously 
validated thresholds were applied in order to measure the 
baseline volume of hypoperfusion lesion (Tmax > 6 s) and 
infarct core (relative cerebral blood flow (rCBF) < 30% on 
CT. The ASPECTS [17] was assessed by Y.P. and W.Z. In 
the cases of any disagreements between the two, Z.C. was 
consulted for confirmation.

Outcome measures
Clinical outcome at 3 months was assessed with modified 
Rankin Score (mRS) ranging from 0, indicating no symp-
toms to 6, indicating death. Good outcome was defined 
as mRS 0–3 after MT. Safety outcomes were in-hospi-
tal mortality, PH (PH1: < 30% of the infarcted area with 
mild space-occupying effect; PH2: > 30% of the infarcted 
area with obvious mass effect), and sICH (hemorrhagic 
transformation was accompanied by worsening clinical 
symptoms or an increase in NIHSS score of ≥ 4 points) 
according to ECASS (European Collaborative Acute 
Stroke Study) II [9]. The assessment of hemorrhage trans-
formation after MT was carried out by P.Y. and W.Z. In 
the case of any disagreements between the two research-
ers, Z.C. was consulted for confirmation.

Statistical analysis
Normally dismally distributed data were expressed as 
means ± s, and the average values between the two groups 
were compared using the t-test. Data with non-normal dis-
tributions are expressed as medians and quartiles (M (Q1, 
Q3)), and pairwise comparisons were performed using the 
Mann–Whitney U-test. Categorical data are expressed as 
percentages and were compared using the χ2 test. Associa-
tions of plain CT or CTP and outcome were determined 
using binary logistic regression models adjusted by base-
line characteristics with a p < 0.1 in univariate analyses. All 
statistical analyses were performed using SPSS, version 
22.0 (IBM). A p value < 0.05 was considered to indicate sta-
tistical significance. Y.P. completed the statistical analysis 
of the data and was responsible for it.

Results
There are a total of 390 patients with AIS within 6 h who 
had occlusion of the cerebral artery and underwent MT 
within 6 h from October 2013 to December 2021. Among 
the 390 patients, 46 patients underwent either plain CT 
or CTP. A total of 344 patients were enrolled in the final 
cohort for analysis (Fig. 1).

The predictive ability of ASPECTS within 6 h
The high ASPECTS group included 307 (89.2%) patients 
who underwent plain CT and low ASPECTS included 37 
(10.8%) patients. The high ASPECTS group had shorter 
onset-to-puncture time (180 [126–245] versus 253 [168–
304], p = 0.001), lower rate of smoking (83 (27%) versus 
15 (40.5%), p = 0.086), and higher percentage of prior 
antiplatelet usage (59 (19.2%) versus 3 (8.1%), p = 0.097) 
than the low ASPECTS group.

For outcome variables, univariate analysis showed 
the high ASPECTS group had higher rate of good out-
come (90d-mRS score ≤ 3, 178 (58.0%) versus 14 (37.8%), 
p = 0.020), and a lower rate of mortality (55 (17.9%) 
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versus 14 (37.8%), p = 0.004) and sICH (33 (11.3%) ver-
sus 9 (25.0%), p = 0.020) than the low ASPECTS group. 
There were no significant differences in other variables 
including age, sex, the NIHSS score on admission, the 
rate of hypertension, diabetes, atrial fibrillation, previous 
stroke, intravenous thrombolysis (IVT), occlusion site, 
and AOL score (Table 1).

After adjusting for onset-to-puncture time, smoking, 
and antiplatelet drugs, the high ASPECTS group still 
had a better outcome (90d-mRS score ≤ 3, odds ratio 
(OR), 2.285, [95% confidence interval (CI) (1.106, 4.723)], 
p = 0.026), and lower rate of mortality (OR, 0.350, [95% 
CI (0.163, 0.752)], p = 0.007) and sICH (OR, 0.346, [95% 
CI (0.144,0.831)], p = 0.018). However, there were no sig-
nificant differences in outcome (90d-mRS score ≤ 2) and 
rate of PH (Table 3, Fig. 2a).

Fig. 1 Flow chart of patient selection. AIS, acute ischemic stroke; MT, 
mechanical thrombectomy; mRS, modified Rankin Scale

Table 1 Univariable analysis of baseline and outcome characteristics between high ASPECTS group and low ASPECTS group

* Statistically significant: a value greater than 0.05 is interpreted as a meaningful difference

NIHSS, National Institutes of Health Stroke Scale; ASPECT, Alberta Stroke Program Early CT; IVT, intravenous thrombolysis; TIA, transient ischemic attack; mRS, modified 
Rankin Scale; AOL, arterial occlusive lesion; sICH, symptomatic intracerebral hemorrhage; PH, parenchymal hematoma; IQR, interquartile range; OR, odds ratio; CI, 
confidence interval

Variable High ASPECTS (N = 307) Low ASPECTS (N = 37) p value

Age 71 (12.54) 71 (12.41) 0.901

Male (%) 168 (54.7%) 21 (56.8%) 0.814

NIHSS on admission, median (IQR) 15 (11, 19) 16 (13, 20) 0.499

ASPECTS on admission, median (IQR) 8 (7, 9) 5 (3, 5) 0.000*

Risk factors

  Hypertension (%) 188 (61.2%) 25 (67.6%) 0.454

  Diabetes mellitus (%) 56 (18.2%) 6 (16.2%) 0.762

  Atrial fibrillation (%) 138 (45.0%) 15 (40.5%) 0.610

  Previous ischemic stroke or TIA (%) 59 (19.2%) 5 (13.5%) 0.400

  Smoking (%) 83 (27%) 15 (40.5%) 0.086

Medical history

  Antiplatelet (%) 59 (19.2%) 3 (8.1%) 0.097

  Stain (%) 133 (43.3%) 15 (40.5%) 0.747

Baseline measurements

  Systolic BP (mmHg) 149 (22.75) 149 (24.30) 0.968

  Diastolic BP (mmHg) 83 (14.35) 80 (15.11) 0.276

  Onset-to-puncture time (min) (IQR) 180 (126, 245) 253 (168, 304) 0.001*

  IVT (%) 253 (82.4) 28 (75.7) 0.317

AOL score

  0–2 (%) 78 (89.7%) 9 (10.3%)

  3 (%) 225 (88.9%) 28 (11.1%) 0.852

Clinical outcome

  90d-mRS score 0–2 (%) 130 (42.3%) 10 (27.0%) 0.073

  90d-mRS score 0–3 (%) 178 (58.0%) 14 (37.8%) 0.020*

  sICH within 24-h postprocedure (%) 33 (11.3%) 9 (25.0%) 0.020*

  PH (%) 52 (17.7%) 10 (27.8%) 0.146

  90-d mortality (%) 55 (17.9%) 14 (37.8%) 0.004*
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The predictive ability of CTP within 6 h
The mismatch group included 189 (54.9%) patients who 
met the DEFUSE3 criterion on the basis of CTP and the no-
mismatch group included 155 (45.1%) patients. The mis-
match group had a higher ASPECTS on admission (8 [7–9] 
versus 8 [6–9], p = 0.003), lower NIHSS score on admis-
sion (14 [10–18] versus 16 [13–20], p = 0.003), and higher 
rate of diabetes (40 (21.2%) versus 22 (14.2%), p = 0.094). 
For clinical outcome, in univariate analysis, the mismatch 
group had higher rate of outcome (90d-mRS score ≤ 2, 86 
(45.5%) versus 54 (34.8%), p = 0.045), and lower rate of mor-
tality (29 (15.3%) versus 40 (25.8%), p = 0.016) and sICH (16 
(8.9%) versus 26 (17.4%), p = 0.021). The two groups showed 
no significant differences in age, sex, the rate of hyperten-
sion, diabetes, atrial fibrillation, previous stroke, smoking, 
percentage of use of antiplatelet drugs and stain drugs, IVT, 
occlusion site, or ALO score (Table 2).

However, after adjusting for ASPECTS on admission, 
NIHSS score on admission, and diabetes, the mismatch 
group still had a lower rate of sICH (OR, 0.395, [95% CI 
(0.186, 0.839)], p = 0.016). There were no significant dif-
ferences in outcome (90d-mRS score ≤ 2 or 90d-mRS 
score ≤ 3), rate of PH, or mortality rate in the multivariate 
analysis (Table 3, Fig. 2b).

Discussion
In our study, we found patient selection by plain CT 
was associated with good outcome and low mortality, 
whereas utilizing CTP for patient selection was not asso-
ciated with good outcome and low mortality.

To date, there is no consensus about the effect of CT 
and CTP on outcome after MT. Nogueira et  al [13] 
divided patients into CT group (n = 332) and CTP group 

Fig. 2 a, b Multivariate analysis between different imaging modalities and 90-day outcomes
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(n = 372) according to the examination before MT and 
found that the CTP group did not have better outcome 
than the CT group. Dhillon et al [19] compared the CT 
group (n = 2610) with the CTP group (n = 593) in a larger 

study sample and found that the CTP group had improve-
ment in functional disability at discharge compared with 
the CT group. A meta-analysis including 7 RCTs com-
pared a CT group (n = 610) and CTP group (n = 738). The 

Table 2 Univariable analysis of baseline and outcome characteristics between mismatch group and non-mismatch group

* Statistically significant: a value greater than 0.05 is interpreted as a meaningful difference

NIHSS, National Institutes of Health Stroke Scale; ASPECT, Alberta Stroke Program Early CT; IVT, intravenous thrombolysis; TIA, transient ischemic attack; mRS, modified 
Rankin Scale; AOL, arterial occlusive lesion; sICH, symptomatic intracerebral hemorrhage; PH, parenchymal hematoma; IQR, interquartile range; OR, odds ratio; CI, 
confidence interval

Variable Mismatch group (N = 189) No-mismatch group (N = 155) p value

Age 71 (12.38) 71 (12.70) 0.816

Male (%) 98 (51.9%) 91 (58.7%) 0.203

NIHSS on admission, median (IQR) 14 (10, 18) 16 (13, 20) 0.030*

ASPECTS on admission, median (IQR) 8 (7, 9) 8 (6, 9) 0.003*

Risk factors

  Hypertension (%) 110 (58.2%) 103 (66.5%) 0.117

  Diabetes mellitus (%) 40 (21.2%) 22 (14.2%) 0.094

  Atrial fibrillation (%) 87 (46.0%) 66 (42.6%) 0.522

  Previous ischemic stroke or TIA (%) 41 (21.7%) 23 (14.8%) 0.104

  Smoking (%) 51 (27.0%) 47 (30.3%) 0.495

Medical history

  Antiplatelet (%) 30 (15.9%) 32 (20.6%) 0.252

  Stain (%) 81 (42.9%) 67 (43.2%) 0.945

Baseline measurements

  Systolic BP (mmHg) 149 (21.78) 148 (24.20) 0.537

  Diastolic BP (mmHg) 82 (13.87) 83 (15.13) 0.905

  Onset-to-puncture time (min) 200 (123, 264) 175 (133, 250) 0.275

  IVT, (%) 160 (84.7%) 121 (78.1%) 0.116

AOL score

  0–2 (%) 50 (57.5%) 37 (42.5%)

  3 (%) 137 (54.2%) 116 (45.8%) 0.591

Clinical outcome

  90d-mRS score 0–2 (%) 86 (45.5%) 54 (34.8%) 0.045*

  90d-mRS score 0–3 (%) 111 (58.7%) 81 (52.3%) 0.229

  sICH within 24-h postprocedure (%) 16 (8.9%) 26 (17.4%) 0.021*

  PH (%) 29 (16.1%) 33 (22.1%) 0.163

  90-d mortality (%) 29 (15.3%) 40 (25.8%) 0.016*

Table 3 Multivariate analysis between different imaging modalities and 90-day outcome, mortality, and hemorrhage

* Statistically significant: a value greater than 0.05 is interpreted as a meaningful difference

mRS, modified Rankin Scale; sICH, symptomatic intracerebral hemorrhage; PH, parenchymal hematoma; OR, odds ratio; CI, confidence interval

CT CTP
Variable Multivariate Multivariate

OR (95% CI) p value OR (95% CI) p value

90d-mRS score 0–2 1.914 (0.878, 4.171) 0.102 1.386 (0.867, 2.217) 0.173

90d-mRS score 0–3 2.285 (1.106, 4.723) 0.026* 1.141 (0.719, 1.809) 0.576

sICH within 24h postprocedure 0.346 (0.144, 0.831) 0.018* 0.395 (0.186, 0.839) 0.016*

PH 0.485 (0.214, 1.101) 0.084 0.638 (0.350, 1.162) 0.142

90-d mortality 0.350 (0.163, 0.752) 0.007* 0.587 (0.331, 1.041) 0.068
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results showed similar good outcomes in patients with 
and without CTP before MT within 6 h [14].

One reason for the different results is that the criteria 
for excluding patients from MT by CTP are different. 
Therefore, we used the criteria of DEFFUSE3, which were 
tested in patient selection for MT beyond 6  h. In addi-
tion, different centers have their own clinical habits when 
choosing different examinations before MT, and CTP 
will increase the door-to-puncture time compared with 
CT, which causes selection bias. In the SWIFT-PRIME 
trial (a single card with thrombectomy as the primary 
endovascular treatment), CTP before MT could increase 
onset-to-puncture time due to time delay [20, 21]. In our 
center, we routinely performed both plain CT and CTP 
simultaneously during clinical work. CTP was used to 
reconstruct angiography, but not to select patients for 
MT within 6 h, to reduce bias. As a result, we found that 
it was not helpful to select to patients for MT based on 
DEFUSE3 standard comparing with ASPECTS.

The DEFUSE3 trial relied solely on the use of advanced 
imaging such as CT/MR perfusion or diffusion-weighted 
imaging for patient selection. Unfortunately, due to techni-
cal, logistical, and financial constraints, this poses signifi-
cant challenges for many centers around the world [10]. In 
addition, in our data, nearly half of patients who benefited 
similarly from MT comparing with meet DEFUSE3 group 
would be excluded basing on the criteria of DEFUSE3.

The ASPECTS evaluated on plain CT is the most com-
monly used method to exclude large core infarcts because 
of its convenience and simplicity. It provides a semi-quan-
titative estimate of the identified core volume using vis-
ible low density as an alternative metric for core volume. 
Moreover, there are also several RCTs with the criterion of 
an ASPECTS ≥ 6 proving that MT was associated with good 
outcome only basing on plain CT [3–5]. Bhuva et  al [22] 
also put forward that higher ASPECTS was associated with 
greater benefit from MT in DAWN. Interestingly, studies 
found that, in extend window (6–24 h), in which CTP had 
been proven useful in selecting patients, there were also no 
significant differences in the clinical outcomes of patients 
selected based on plain CT compared with those selected 
with CTP or magnetic resonance imaging (MRI) [23]. Basing 
on the above analysis and our data, there is reason to believe 
that using CTP to select patients for MT within 6 h is mean-
ingless and may exclude many patients who could benefit 
from MT. Our data added evidence to current guidelines.

Our study has several limitations. Firstly, this was a 
retrospective design with potential risk of selection 
bias, although the data were collected prospectively. 
Secondly, we were a single-center study, and our con-
clusion only applies to patients who underwent MT 
within 6 h. Thirdly, the plain CT scan group and CTP 
group have the same population due to small sample 

size. Utilizing different grouping methods based on 
various trial specifications is better recommended in 
prospective trials to determine the suitability of these 
methods for patient selection. A randomized controlled 
trial providing definite data is needed.

Conclusion
Our data add evidence to current guidelines that the 
use of CTP in early time window (onset-to-puncture 
time within 6 h) is not helpful in selecting patients ben-
efiting from MT and suggests that plain CT may be safe 
in the absence of CTP data. However, because our data 
was based on retrospective study, these findings must 
be properly confirmed in a prospective randomized 
controlled trial.
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