
Journal of the American Heart Association

J Am Heart Assoc. 2022;11:e025853. DOI: 10.1161/JAHA.122.025853� 1
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Cerebral Circulation Time After 
Thrombectomy: A Potential Predictor 
of Outcome After Recanalization in 
Acute Stroke
Jia-Qi Wang, MM*; Ying-Jia Wang, MM*; Jin Qiu, MD; Wei Li, MD; Xian-Hui Sun, MM; Yong-Gang Zhao, MM; 
Xin Liu, MM; Zi-Ai Zhao, MD; Liang Liu, MD; Thanh N. Nguyen , MD; Hui-Sheng Chen , MD, Ph.D

BACKGROUND: Despite successful recanalization, up to half of patients with acute ischemic stroke caused by large-vessel oc-
clusion treated with endovascular treatment (EVT) do not recover to functional independence. We aim to evaluate the role of 
cerebral circulation time (CCT) as outcome predictor after EVT.

METHODS AND RESULTS: We retrospectively enrolled consecutive patients with acute ischemic stroke–large-vessel occlusion 
undergoing EVT. Three categories of CCT based on digital subtraction angiography were studied: CCT of the stroke side, 
CCT of the healthy side), and change of CCT of the stroke side versus CCT of the healthy side. Dramatic clinical recovery was 
defined as a 24-hour National Institutes of Health Stroke Scale score ≤2 or ≥8 points drop. A modified Rankin Scale score ≤2 
at 3 months was considered a favorable outcome. Logistic regression analysis was performed to evaluate the prediction of 
CCT on prognosis. One hundred patients were enrolled, of which 38 (38.0%) experienced a dramatic clinical recovery and 43 
(43.0%) achieved a favorable outcome. Logistic regression analysis found that shorter change of CCT of the stroke side versus 
CCT of the healthy side and CCT of the stroke side were independent positive prognostic factors for dramatic clinical recovery 
(odds ratio [OR], 0.189; P=0.033; OR, 0.581; P=0.035) and favorable outcomes (OR, 0.142; P=0.020; OR, 0.581; P=0.046) after 
adjustment for potential confounders. A model including the change of CCT of the stroke side versus CCT of the healthy side 
also had significantly higher area under the curve values compared with the baseline model in patients with dramatic clinical 
recovery (0.780 versus 0.742) or favorable outcome (0.759 versus 0.713).

CONCLUSIONS: To our knowledge, this is the first report that CCT based on digital subtraction angiography data exhibits an 
independent predictive performance for clinical outcome in patients with acute ischemic stroke–large-vessel occlusion after 
EVT. Given that this readily available CCT can provide alternative perfusion information during EVT, a prospective, multicenter 
trial is warranted.
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Acute ischemic stroke (AIS) leads to serious disabil-
ity and high mortality rates, especially in patients 
with large-vessel occlusion (LVO).1 The focus of the 

treatment is to reperfuse the occluded vessel as early as 
possible, restore blood flow, and salvage the ischemic 
penumbra tissue.2–4 Several randomized controlled trials 

demonstrated the efficacy of endovascular treatment 
(EVT) in patients with AIS-LVO.5–9 Despite successful 
reperfusion, up to half of patients have a poor functional 
outcome.10–14 It is important to understand the clinical or 
neuroimaging features that may predict outcomes in the 
periprocedural care of the patient.
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As a significant physiological parameter, cerebral 
circulation time (CCT) could reflect cerebral blood 
flow reserve. CCT based on ultrasound has been re-
ported to be substantially prolonged in patients with 
multiple sclerosis or dementia, compared with con-
trols.15,16 CCT based on quantitative digital subtraction 
angiography (DSA) was found to be associated with 
the occurrence of disabling ischemic cerebrovascular 
events in patients who are not disabled, with symp-
tomatic middle cerebral artery stenosis17 and cerebral 
vasospasm in patients with subarachnoid hemor-
rhage.18 Furthermore, cerebrovascular reserve as an 
independent risk factor for cerebral infarction19–21 was 
found to be related to CCT derived from DSA.22–27 In 

this context, we hypothesize that CCT can inform clin-
ical outcome in patients with AIS undergoing EVT. To 
the best of our knowledge, there are no known studies 
about the role of CCT in AIS-LVO, which deserve to be 
investigated given the availability of CCT during EVT.

In this study, we used CCT based on quantitative 
DSA to investigate the value of CCT after EVT in pre-
dicting early-term and long-term functional outcomes 
in patients with AIS-LVO.

METHODS
Data Availability Statement
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Ethics and Study Population
This retrospective study was approved by our institu-
tional review board (IRB: Y(2020)087). Patient informed 
consent was waived given the retrospective nature of 
the analysis and minimal risk to subjects. We reviewed 
the clinical database of patients with AIS who received 
EVT from May 2019 and May 2021. Patients with an-
terior circulation LVO stroke presenting within 24 hours 
of onset were judged by the neurointerventionist as 
eligible for mechanical thrombectomy. Patients with 
stenosis (extra- or intracranial) were not excluded. 
We identified and enrolled consecutive patients who 
met the following criteria: (1) age ≥ 18 years; (2) modi-
fied Rankin Scale (mRS) score before onset ≤ 1; (3) 
Evidence of unilateral LVO of the internal carotid ar-
tery or middle cerebral artery M1 or proximal M2 seg-
ment; (4) endovascular reperfusion via mechanical 
thrombectomy, and achieved a successful reperfusion 
(modified Thrombolysis in Cerebral Infarction [mTICI] 
grade 2B-3); and (5) complete DSA images were avail-
able. Exclusion criteria were as follows: (1) posterior cir-
culation infarction; (2) prestroke disability (mRS score 
≥2); (3) intra-arterial thrombolysis; (4) unqualified DSA 
including poor quality or incomplete DSA imaging or 
symptomatic vasospasm as a result of thrombectomy 
maneuvers; and (5) incomplete clinical data.

Endovascular Thrombectomy, DSA 
Protocol, and Data Analysis
In our stroke center, once a patient with stroke with 
a highly suspected LVO arrives at the emergency de-
partment, noncontrast head computed tomography 
(CT) was performed immediately to exclude cerebral 
hemorrhage, followed by rapid transfer to the angio-
graphic suite without additional CT angiography or 
computed tomography perfusion (CTP). DSA was 
performed on the normal side before proceeding to 

CLINICAL PERSPECTIVE

What Is New?
•	 Cerebral circulation time based on digital sub-

traction angiography during endovascular treat-
ment was found to be associated with clinical 
outcome in patients with acute ischemic stroke 
caused by large-vessel occlusion.

What Are the Clinical Implications?
•	 Our findings suggest that the readily available 

cerebral circulation time can provide alterna-
tive perfusion information during endovascular 
treatment to predict clinical outcomes in pa-
tients with stroke.

Nonstandard Abbreviations and Acronyms

AIS	 acute ischemic stroke
cCCT	 the change of sCCT versus hCCT
CCT	 cerebral circulation time
CTP	 computed tomography perfusion
DCR	 dramatic clinical recovery
DSA	 digital subtraction angiography
EVT	 endovascular treatment
hCCT	 cerebral circulation time of the 

contralateral healthy side
LVO	 large-vessel occlusion
mRS	 modified Rankin Scale
mTICI	 modified Thrombolysis in Cerebral 

Infarction
NIHSS	 National Institutes of Health Stroke 

Scale
ORT	 onset to reperfusion time
sCCT	 cerebral circulation time of the stroke 

side
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thrombectomy to evaluate the arterial occlusion site 
and collateral compensation of the circle of Willis as 
a basis for endovascular treatment. DSA was per-
formed with a uniform and standard protocol in the 
General Hospital of the Northern Theater Command, 
Shenyang, Liaoning, China. All subjects were exam-
ined by a biplane angiography unit (PHILIPS. UNIQ 
Clarity FD20/20, Holland) with a power injector (8-mL 
ioversol injection with 6 mL/s speed, 200 psi/kg pres-
sure). The catheters were placed at the end of com-
mon carotid artery during angiography of the healthy 
side. The location of the catheter during angiography 
on the stroke side was determined by the intervention-
alist. The collateral grading system was determined 
on the basis of DSA according to American Society 
of Interventional and Therapeutic Neuroradiology/
Society of Interventional Radiology. The demographic 
characteristics, stroke risk factors, neurological func-
tion scores (National Institutes of National Institutes of 
Health Stroke Scale [NIHSS] and mRS), and clinical 
metrics such as onset to reperfusion time (ORT) were 
reviewed and analyzed. Hemorrhagic transformation 
was categorized according to the ECASS-3 (European 
Cooperative Acute Stroke Study 3).28 In the neuroim-
aging data, nonresponsible vessel stenosis of >50% 
was analyzed as a confounding factor in our study.

Cerebral Circulation Time Measurement
In concordance with prior studies,29 CCT was defined 
as the time from the appearance of contrast at the si-
phon segment of the internal carotid to the end of the 

arterial phase during DSA on the anteroposterior and 
lateral image (Figure 1). The CCT was measured immedi-
ately after successful reperfusion (mTICI grade 2B-3) was 
achieved. All images were evaluated by 2 experienced 
individuals who were blinded to the clinical data. A third 
adjudicator (an interventional neuroradiologist) who was 
unaware of the clinical information participated in the 
additional evaluation in case of disagreement. Specially, 
CCT of the same patient was measured 3 times to re-
duce error in data acquisition, and the final CCT was 
determined by the average of the 3 sets of data. In our 
center, angiography on the healthy side was conducted 
after thrombectomy if the patients had CT angiography 
or CTP. Otherwise, DSA series of the healthy side were 
acquired before proceeding to thrombectomy. In the pre-
sent study, 3 components of CCT were used: (1) CCT 
of the stroke side (sCCT); (2) CCT of the contralateral 
healthy side (hCCT); (3) the change of sCCT versus hCCT 
(cCCT), which was calculated with the following formula: 
cCCT=(sCCT–hCCT) / hCCT.

Outcome Measures
Two clinical outcomes were used in the current study: 
(1) dramatic clinical recovery (DCR), which was defined 
as a decrease of ≥8 points from baseline NIHSS or a 
24-hour NIHSS score ≤230; and (2) good outcome, de-
fined as an mRS score ≤2 at 3 months by 2 evaluators 
blinded to endovascular treatment and CCT results. 
Based on the 2 outcomes, the patients were divided 
into DCR (+) versus DCR (−) groups, and good versus 
poor outcome groups.

Figure 1.  Schematic diagram of the measurement of cerebral circulation time (CCT)
(A) Appearance of the siphon segment of internal carotid (yellow arrow); (B) end of the arterial phase (yellow arrow). The CCT was 
defined as the time from the appearance of the siphon segment of internal carotid (yellow arrow) to the end of the arterial phase during 
digital subtraction angiography.
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Statistical Analysis
Categorical variables are presented as absolute val-
ues and percentages, and continuous variables as 
mean with SD if normally distributed or median with 
interquartile range if not normally distributed. Statistical 
significance for intergroup differences was assessed 
by Fisher’s exact test for categorical variables and by 
Student’s t test or the Mann-Whitney U test for contin-
uous variables. Clinically relevant variables and those 
showing P<0.1 in univariate analysis were included in 
the multivariate model. For DCR, the multivariate model 
included admission NIHSS, number of passes, collat-
eral score, and intracranial hemorrhage (ICH). Other 
than the above variables, Alberta Stroke Program Early 
Computed Tomographic Score and diabetes were not 
equally distributed for good outcome at 3  months 
and may have confounded the clinical outcome, while 
mTICI was demonstrated to be associated with good 
clinical outcome. Therefore, these variables were also 
added to the regression model for good outcome. 
Multivariable logistic regression analyses were per-
formed for each group to determine factors that could 
be considered as independent predictors of early-term 
and long-term clinical outcome. Interrater variability of 
CCT was tested with the intraclass correlation coef-
ficient. A 2-sided P value <0.05 was considered sig-
nificant for all tests. Receiver operating characteristic 
curve analysis of CCT was performed to evaluate the 
predictive accuracy of outcome in patients.

RESULTS
During the study period, 230 consecutive patients 
with AIS-LVO received EVT in our center. We excluded 
patients with posterior circulation (n=58), final mTICI 
grade 0-2A (n=45), intra-arterial thrombolysis (n=18), 
unqualified DSA including poor quality or incomplete 
DSA imaging or symptomatic vasospasm as a result 
of thrombectomy maneuvers (n=4), incomplete clini-
cal data (n=3), and prestroke disability (mRS ≥2) (n=2). 
Finally, 100 patients were enrolled in the current study 
(Figure 2). Of 100 patients, 20 (20.0%) were women, 
with a mean age of 63.0±10.7 years, a mean NIHSS 
score of 15.7±4.5, a median Alberta Stroke Program 
Early Computed Tomographic Score of 9 (7–10), a 
median hCCT of 2.25 (1.67–2.83) seconds, a median 
sCCT of 2.17 (1.83–3.00) seconds, and a median 
cCCT of 0.00 (−0.15 to 0.33). After a median time of 
410 (320–616) minutes from symptom onset to reper-
fusion, 43 (43.0%) achieved mTICI grade 2B, and 57 
(57.0%) mTICI grade 3. As to the catheter location, 35 
cases were uncertain, 20 at the distal aspect of the 
common carotid artery, 23 at the cervical segment of 
the internal carotid artery, 18 at the petrous segment of 
internal carotid artery, 4 at the lacerum segment of the 

internal carotid artery (Table 1). To minimize the effect 
of missing data, the catheter position as a confounding 
factor was adjusted in 65 patients with definite catheter 
position, and we found that lower cCCT was remained 
associated with good outcome at 3 months (P=0.047). 
The demographic and clinical data of the patients are 
shown in Table 2.

At 24  hours after EVT, 38 (38.0%) patients expe-
rienced a DCR. Patients with DCR presented with 
lower sCCT (2.00 [1.67–2.33] versus 2.33 [1.83–3.33]; 
P=0.009) and lower cCCT ( −0.12 [−0.31 to 0.16] ver-
sus 0.13 [−0.08–0.38]; P=0.005) (Table 2, Figure 3). At 
3 months after EVT, 43 (43.0%) patients achieved good 
outcome. Patients with good outcome had lower sCCT 
(2.00 [1.67–2.33] versus 2.33 [1.83–3.42]; P=0.015) and 
lower cCCT (−0.10 [−0.17 to 0.14] versus 0.15 [−0.07 to 
0.42]; P=0.003).

Conversely, hCCT was not associated with early- or 
long-term outcomes (P=0.946 and P=0.859, respec-
tively; Table 2, Figure 3). Furthermore, lower initial NIHSS 
was not correlated with DCR (odds ratio [OR], 1.017; 
P=0.719; Table  3), while it was positively associated 
with good outcome at 3 months (OR, 0.882; P=0.017; 
Table 4). Higher collateral score was significantly as-
sociated with DCR (OR, 1.514; P=0.012; Table 3) and 
good clinical outcome (OR, 1.562; P=0.007; Table 4). 
Presence of ICH was negatively associated with good 
outcome (OR, 0.374; P=0.022; Table 4).

Logistic regression analysis revealed that shorter 
cCCT and sCCT were independent positive prog-
nostic factors for early-term functional (OR, 0.189; 
P=0.033; OR, 0.581; P=0.035; Table  3) and long-
term functional outcomes (OR, 0.142; P=0.020; OR, 
0.581; P=0.046; Table 4) after adjustment for poten-
tial confounders.

The predictive models were constructed with base-
line correlation variables and CCT. For the prediction of 
DCR, the area under the curve of model 1 (admission 
NIHSS, number of passes, collateral score, ICH, final 
mTICI) was 0.742 (95% CI, 0.642–0.843). When sCCT 
and cCCT were added to prediction model 1 sepa-
rately, the area under the curve increased to 0.776 
(95% CI, 0.681–0.872) in model 2 (model 1+sCCT), 
and 0.780 (95% CI, 0.682–0.879) in model 3 (model 
1+cCCT). For favorable long-term outcomes, the area 
under the curve was 0.713 (95% CI, 0.612–0.814) in 
model 1, 0.753 (95% CI, 0.660–0.847) in model 2, 
0.759 (95% CI, 0.664–0.854) in model 3, respectively 
(Figure 4).

The optimal cutoff point of cCCT (−0.062) predicted 
good outcome at 3 months with 75% sensitivity and 
58% specificity. In contrast, the optimal cutoff point 
of sCCT (2.19) predicted good outcome at 3 months 
with 70% sensitivity and 68% specificity. As shown 
in Figure  5, the probability for favorable outcome in-
creased as cCCT or sCCT decreased.
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DISCUSSION
Despite successful reperfusion, patients with AIS-LVO 
treated with EVT frequently do not achieve a favora-
ble outcome. In our series, this phenomenon occurred 
in more than half (57.0%) of treated patients, which 
is in agreement with a prior report.9 Previous stud-
ies suggested the NIHSS, ORT, and collateral status 
were associated with clinical outcomes after success-
ful revascularization.11–13,31–35 We used CCT based on 
DSA during the angiography procedure to assess its 
predictive value for outcome of patients with LVO and 
found that sCCT or cCCT after EVT was an independ-
ent and strong predictor of clinical functional outcome. 
To the best of our knowledge, this is the first report to 
describe these findings.

Cerebrovascular reserve is an important indicator 
of the cerebrovascular hemodynamic state, which is 
generally estimated by perfusion magnetic resonance 
imaging, perfusion CT, or single photon emission CT. 
As an endogenous neuroprotective mechanism, cere-
brovascular reserve has been found to be significantly 
impaired in patients with vascular occlusion, even in 
the absence of obvious neurological damage.36,37 It 
has been demonstrated that patients with impaired 
cerebrovascular reserve were ≈4 times more likely 
to develop stroke or transient ischemic attack.38 
Furthermore, cerebrovascular reserve was found to 
be a more accurate predictor of stroke than the de-
gree of internal carotid artery or middle cerebral artery 
stenosis.39

CCT was found to be related to cerebrovascular re-
serve,23–25 and provide cerebrovascular reserve informa-
tion during surgery without the need for SPECT or CTP. 
For example, (1) CCT was found to be correlated with 
prognosis for patients with subarachnoid hemorrhage: 

Figure 2.  A flowchart of subject selection.
EVT indicates endovascular treatment.

Table 1.  Baseline Characteristics and Outcomes of 100 
Patients

Demographics Values

Age, y, mean (SD) 63.0±10.7

Sex (female), n (%) 20 (20.0)

Hypertension, n (%) 65 (65.0)

Diabetes, n (%) 28 (28.0)

Smoking story, n (%) 58 (58.0)

Atrial fibrillation, n (%) 32 (32.0)

Stroke, n (%) 27 (27.0)

Clinical and imaging features

Admission NIHSS, mean (SD) 15.7±4.5

ASPECTS, median (IQR) 9 (7 to 10)

SBP after EVT, mean (SD) 139.7±23.5

DBP after EVT, mean (SD) 82.6±14.7

sCCT, s, median (IQR) 2.17 (1.83 to 3.00)

hCCT, s, median (IQR) 2.25 (1.67 to 2.83)

cCCT, median (IQR) 0.00 (−0.15 to 0.33)

Collateral score, median (IQR) 1 (0 to 3)

Number of passes, median (IQR) 1 (1 to 2)

NRV stenosis, n (%) 52 (52.0)

OPT, min, median (IQR) 338 (232 to 536)

DPT, min, median (IQR) 50 (35 to 89)

ORT, min, median (IQR) 410 (320 to 616)

Final mTICI 2B, n (%) 43 (43.0)

Final mTICI 3, n (%) 57 (57.0)

TOAST, n (%)

LAA 60 (60.0)

Cardioembolism 26 (26.0)

Undetermined 14 (14.0)

ICH 41 (41.0)

Catheter location, n (%)

End of common carotid artery 20 (20.0)

Cervical segment of internal carotid artery 23 (23.0)

Petrous segment of internal carotid artery 18 (18.0)

Lacerum segment of internal carotid artery 4 (4.0)

Undetermined 35 (35.0)

ICH type, n (%)

HI-1 4 (4.0)

HI-2 9 (9.0)

PH-1 7 (7.0)

PH-2 21 (21.0)

Outcomes, n (%)

DCR at 24 h 38 (38.0)

mRS score ≤2 at 90 d 43 (43.0)

ASPECTS indicates Alberta Stroke Program Early CT Score; cCCT, the 
change of sCCT versus hCCT; CCT, cerebral circulation time; DBP, diastolic 
blood pressure; DCR, dramatic clinical recovery; DPT, door to puncture time; 
EVT, endovascular treatment; hCCT, CCT of the contralateral healthy side; HI-
1, hemorrhagic infarction-1; HI-2, hemorrhagic infarction-2; ICH, intracranial 
hemorrhage; IQR, interquartile range; LAA, large artery atherosclerosis; 
mTICI, modified Thrombolysis in Cerebral Ischemia; NIHSS, National Institutes 
of Health Stroke Scale; NRV stenosis, nonresponsible vessel stenosis; OPT, 
onset to puncture time; ORT, onset-to-reperfusion time; PH-1, parenchymal 
hematona-1; PH-2, parenchymal hematona-2; SBP, systolic blood pressure; 
sCCT, CCT of the stroke ipsilateral to the side; and TOAST, Trial of Org 10172 in 
Acute Stroke Treatment.
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longer CCT predicted poorer outcome24; (2) prolonged 
CCT is an independent prognostic factor for the occur-
rence of disabling ischemic cerebrovascular events in 
patients with symptomatic nondisabling middle cerebral 

artery stenosis.17 Furthermore, Cronqvist et al found 
that CCT was more sensitive than the diffusible isotope 
technique for detecting the decreased flow associated 
with occlusive vascular disease.40

Table 2.  Clinical Data and Outcomes for Patients With Anterior Circulation Large-Vessel Occlusion Undergoing EVT

DCR (−) (N=62) DCR (+) (N=38) P value
Poor outcome 
(N=57)

Good outcome 
(N=43) P value

Demographics

Sex (female), n (%) 11 (17.74) 9 (23.68) 0.607 8 (14.04) 12 (31.58) 0.129

Age, y, mean (SD) 62.85±10.80 63.29±10.73 0.845 62.98±11.18 63.07±10.22 0.968

Hypertension, n (%) 38 (61.29) 26 (68.42) 0.666 35 (61.40) 29 (67.44) 0.675

Diabetes, n (%) 20 (32.26) 8 (21.05) 0.259 22 (38.60) 6 (13.95) 0.007

Atrial fibrillation, n (%) 20 (32.26) 12 (31.58) 0.562 15 (26.32) 17 (39.53) 0.196

Stroke, n (%) 16 (25.81) 11 (28.95) 0.818 15 (26.32) 12 (27.90) 0.859

Smoking story, n (%) 34 (54.84) 24 (63.16) 0.532 35 (61.40) 23 (53.49) 0.540

Clinical and imaging features

Admission NIHSS, mean (SD) 15.56±4.75 15.89±4.05 0.722 16.65±4.66 14.42±3.03 0.011

ASPECTS, median (IQR) 9 (7–10) 9 (8–10) 0.636 8 (6.5–10) 9 (8–10) 0.062

SBP after EVT, mean (SD) 138.03±22.48 142.47±25.81 0.362 141.77±23.18 137.00±23.95 0.318

DBP after EVT, mean (SD) 81.13±13.60 84.87±16.31 0.219 83.52±14.48 81.55±13.74 0.834

sCCT, s, median (IQR) 2.33
(1.83–3.33)

2.00
(1.67–2.33)

0.009 2.33
(1.83–3.42)

2.00
(1.67–2.33)

0.015

hCCT, s, median (IQR) 2.17
(1.79–2.83)

2.33
(1.67–2.71)

0.946 2.17
(1.75–2.83)

2.00
(1.67–2.67)

0.859

cCCT, median (IQR) 0.13
(−0.08 to 0.38)

−0.12
(−0.31 to 0.16)

0.005 0.15
(−0.07 to 0.42)

−0.10
(−0.17 to 0.14)

0.003

Collateral score, median (IQR) 1 (0–2) 2 (1–3) 0.008 1 (0–2) 2 (1–3) 0.005

Number of passes, median 
(IQR)

2 (1–2) 1 (1–2) 0.014 2 (1–2) 1 (1–2) 0.041

NRV stenosis, n (%) 33 (53.23) 19 (50.00) 0.838 29 (50.88) 23 (53.49) 0.842

OPT, min, median (IQR) 317
(238–477)

407
(225–751)

0.369 374
(250–532)

329
(229–451)

0.347

DPT, min, median (IQR) 49 (36–79) 53 (33–106) 0.572 55 (41–98) 46 (29–82) 0.077

ORT, min, median (IQR) 436
(318–593)

397
(319–655)

0.915 487
(322–629)

372
(311–576)

0.204

Final mTICI 0.407 0.102

mTICI 2B, n (%) 29 (46.77) 14 (36.84) 29 (50.88) 14 (32.56)

mTICI 3, n (%) 33 (53.23) 24 (63.16) 28 (49.12) 29 (67.44)

TOAST, n (%) 0.428 0.709

LAA 35 (56.45) 25 (65.79) 36 (63.18) 24 (55.81)

Cardioembolism 19 (30.65) 7 (18.42) 13 (22.81) 13 (30.23)

Undetermined 8 (12.90) 6 (15.79) 8 (14.04) 6 (13.95)

ICH 30 (48.39) 11 (28.95) 0.063 29 (50.88) 12 (27.91) 0.025

ICH type, n (%) 0.408 0.046

HI-1 3 (4.84) 1 (2.63) 1 (1.75) 3 (6.98)

HI-2 6 (9.68) 3 (7.89) 7 (12.28) 2 (4.65)

PH-1 6 (9.68) 1 (2.63) 6 (10.53) 1 (2.32)

PH-2 15 (24.19) 6 (15.79) 15 (26.32) 6 (13.95)

ASPECTS indicates Alberta Stroke Program Early CT Score; cCCT, the change of sCCT versus hCCT; CCT, cerebral circulation time; DBP, diastolic blood 
pressure; DCR, dramatic clinical recovery; DPT, door-to-puncture time; EVT, endovascular treatment; HI-1, hemorrhagic infarction-1; HI-2, hemorrhagic 
infarction-2; hCCT, CCT of the contralateral healthy side; ICH, intracranial hemorrhage; IQR, interquartile range; LAA, large artery atherosclerosis; mTICI, 
modified Thrombolysis in Cerebral Ischemia; NIHSS, National Institutes of Health Stroke Scale; NRV stenosis, non-responsible vessel stenosis; OPT, onset-to-
puncture time; ORT, onset-to-reperfusion time; PH-1, parenchymal hematona-1; PH-2, parenchymal hematona-2; SBP, systolic blood pressure; sCCT, CCT of 
the stroke ipsilateral to the side; and TOAST, Trial of Org 10172 in Acute Stroke Treatment.
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In this context, we argue that CCT after EVT can 
offer perfusion information and reflect the intracranial 
hemodynamic change of reflow or no-reflow after re-
canalization of an artery. The current results showed 
that sCCT or cCCT after EVT can predict clinical out-
come in patients with AIS-LVO. In the current study, 
we used hCCT as a self-control, as it may be repre-
sentative of the normal CCT of the patient’s stroke side 
before stroke onset.

Collectively, we argue that prolonged sCCT may re-
flect the poor pathophysiology of the ischemic penum-
bra after EVT, which may include decreased perfusion 
pressure with an evolving infarct and hemodynamic 

changes in the cerebral vessels with impairment 
of autoregulation and cerebral vessel disruption. 
Interestingly, we found that cCCT exhibited a more 
powerful prediction for clinical outcome than sCCT. 
The results are plausible because cCCT excluded the 
difference in CCT among individuals. In addition, short 
CCT and good outcome were more likely to be seen 
in patients who achieved mTICI grade 3, but shorter 
CCT will get higher probability of good outcome in 

Figure 3.  Relationship of cerebral circulation time (CCT) to clinical outcome.
(A) No difference is seen in hCCT between DCR (−) and DCR (+) groups and between the mRS 3-6 and mRS 0-2 groups, but a 
significant difference in sCCT between DCR (−) and DCR (+) groups and between the mRS 3-6 and mRS 0-2 groups; (B) a significant 
difference is seen in cCCT between DCR (−) and DCR (+) groups and between the mRS 3-6 and mRS 0-2 groups. DCR, dramatic 
clinical recovery; hCCT indicates CCT of the healthy side; mRS, modified Rankin Scale; and sCCT, CCT of the stroke side.

Table 3.  Univariable and Multivariable Logistic Regression 
Analyses for DCR at 24 Hour

Parameter

DCR at 24 h

OR (95% CI) P value

Univariable logistic regression

Admission NIHSS 1.017 (0.929–1.113) 0.719

Number of passes 0.381 (0.188–0.769) 0.007

Collateral score 1.514 (1.094–2.096) 0.012

ICH 0.435 (0.184–1.027) 0.058

sCCT 0.509 (0.300–0.865) 0.013

cCCT 0.166 (0.041–0.668) 0.011

Multivariable logistic regression

sCCT* 0.581 (0.353–0.957) 0.035

cCCT* 0.189 (0.040–0.892) 0.033

cCCT indicates the change of sCCT versus hCCT; CCT, cerebral circulation 
time; DCR, dramatic clinical recovery; ICH, intracranial hemorrhage; NIHSS, 
National Institutes of Health Stroke Scale; OR, odds ratio; and sCCT, CCT of 
the stroke ipsilateral to the side.

*Adjusted for admission NIHSS, number of passes, collateral score, and 
ICH.

Table 4.  Univariable and Multivariable Logistic Regression 
Analyses for mRS≤2 at 3 Months

Parameter

mRS≤2 at 3 months

OR (95% CI) P value

Univariable logistic regression

Admission NIHSS 0.882 (0.797–0.978) 0.017

Number of passes 0.991 (0.974–1.009) 0.315

Collateral score 1.562 (1.129–2.160) 0.007

ICH 0.374 (0.161–0.870) 0.022

ASPECTS 0.804 (0.627–1.032) 0.086

Diabetes 0.258 (0.094–0.711) 0.009

Final mTICI 0.848 (0.391–1.841) 0.677

sCCT 0.456 (0.267–0.778) 0.004

cCCT 0.124 (0.030–0.504) 0.004

Multivariable logistic regression

sCCT* 0.581 (0.341–0.991) 0.046

cCCT* 0.142 (0.028–0.734) 0.020

ASPECTS indicates Alberta Stroke Program Early CT Score; cCCT, the 
change of sCCT versus hCCT; CCT, cerebral circulation time; ICH, intracranial 
hemorrhage; mRS, modified Rankin Scale; mTICI, modified Thrombolysis in 
Cerebral Ischemia; NIHSS, National Institutes of Health Stroke Scale; and 
sCCT, CCT of the stroke ipsilateral to the side.

*Adjusted for admission NIHSS, number of passes, collateral score, ICH, 
ASPECTS, diabetes and final mTICI.
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patients with mTICI grade 3 (Figure 5), which is in line 
with higher area under the curve values in the model 
including sCCT and cCCT compared with the baseline 
model including mTICI (Figure  4). In our study, good 
outcome was found in 50.88% patients with TICI grade 
3, which will increase to 73.91% in patients with mTICI3 
and cCCT ≤ −0.062. Thus, CCT further improves the 
predictive performance. Given that CCT can be imme-
diately obtained after EVT without additional analysis 
and equipment, a prospective study may be warranted.

It is worthwhile to note that the optimal cutoff point 
of cCCT was −0.062 in the present study. This seems 
to indicate that sCCT close to or slightly faster than 
hCCT could have a better prognosis. Importantly, for 
the same mTICI, the likelihood of good outcome in-
creases significantly with a decrease in sCCT or cCCT; 
namely, prolonged sCCT or increased cCCT will result 
in worse outcome. Our findings suggest that patients 
with cCCT >−0.062 may be a target population for 
closer monitoring or neuroprotection even if successful 
reperfusion was achieved during EVT.

In our center, most patients with AIS-LVO will di-
rectly transfer to angiography treatment after noncon-
trast CT without further CT angiography or CTP. We 

reason that the paradigm will significantly reduce the 
time from onset to EVT. In this context, we conduct 
angiography on the healthy side before proceeding to 
thrombectomy to evaluate the collateral compensation 
of the circle of Willis to inform the treatment strategy. 
This procedure usually takes about 1 minute, which is 
less than the time of CT angiography or CTP acqui-
sition. We argue it is worthy given that the paradigm 
will reduce the onset-to-groin-puncture time, which 
is further supported by a recent study demonstrating 
that a direct angiography treatment paradigm without 
repeated imaging for transferred patients with AIS-LVO 
is reasonable.41 In addition, we did not find the associ-
ation of ORT with outcome, which has been noted in 
previous studies.2,42 The small sample and longer ORT 
in the current study (410  minutes [320–616]) versus 
previous studies (286 minutes [215–363])2 may explain 
the discrepancy because the long ORT will weaken the 
effect of mechanical thrombectomy on outcome, re-
sulting in the neutral association in the current study. 
Another possible explanation is that longer ORT will 
lead to a higher likelihood of cerebral autoregulation 
failure despite successful recanalization,43 which may 
contribute to the differences in ipsilateral CCT.

Figure 4.  Receiver operating characteristic curve analysis of different cerebral circulation time (CCT) models for predicting 
DCR (A) and good outcome (B).
Model 1 adjusted by admission NIHSS, number of passes, collateral score, ICH, and final mTICI. Model 2 adjusted by admission 
NIHSS, number of passes, collateral score, ICH, final mTICI, and sCCT. Model 3 adjusted by admission NIHSS, number of passes, 
collateral score, ICH, final mTICI, and cCCT. AUC indicates area under the curve; cCCT, the change of sCCT versus hCCT; CCT, 
cerebral circulation time; DCR, dramatic clinical recovery; hCCT, CCT of the healthy side; ICH, intracranial hemorrhage; mRS, modified 
Rankin Scale; mTICI, modified Thrombolysis in Cerebral Infarction; NIHSS, National Institutes of Health Stroke Scale; and sCCT, CCT 
of the stroke side.
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Limitation
The main limitation of our study relates to the retro-
spective nature of our study with the relatively small 
sample of a single-center, which was inevitably sus-
ceptible to selection bias and potential confounders. 
In the present study, CCT of the hCCT was used as 
a control to exclude potential confounding factors. 
Second, the measurement of CCT may be affected by 
multiple factors such as manual measurement meth-
ods, injection volume settings, and catheter position. 
The manual measurement was assured by good in-
terobserver reproducibility. In addition, our patient im-
ages were routinely obtained with a power injector with 
a standardized rate to attenuate for this variation. We 
did not find the catheter position affected CCT on the 
basis of 3 results: (1) no effect was identified on the 
stroke side (P=0.406; Table  5); (2) the good consist-
ency between interobservers for both hCCT (intraclass 
correlation coefficient, =0.992; 95% CI, 0.988–0.994; 
P<0.001) and sCCT (intraclass correlation coeffi-
cient, =0.977; 95% CI, 0.966–0.985; P<0.001); (3) 
CCT measured from 2 angiographs in the same pa-
tient showed excellent consistency between different 
catheter positions (intraclass correlation coefficient, 
=0.912; 95% CI, 0.826–0.957; P<0.001), based on 
our carotid artery stenting cohort. Third, in the current 

study, the EVT strategy was at the discretion of the 
interventionalist. No techniques were excluded, which 
may be a confounding factor. Fourth, proximal arterial 
stenosis may influence the CCT, which may represent 
a bias. In our cohort, there was a low rate of extra/
intracranial carotid and middle cerebral artery stenosis 
on the ipsilateral side of the patient’s stroke (18% and 
13%, respectively). Furthermore, there was no signifi-
cant difference in sCCT between patients with stenosis 
and without stenosis (P=0.125). Based on these find-
ings, it is likely that a proximal arterial stenosis had little 
effect on CCT in the current study. Other limitations 
in our analysis are the small number of cases, under-
representation of female patients, and the imbalance in 
the number of cases between groups. Finally, the re-
lationship between CCT and collateral circulation was 
not included in the analysis of this study, which will be 
investigated in another article.

CONCLUSIONS
To the best of our knowledge, this is the first study 
to report that shorter sCCT and lower cCCT after 
EVT were independent positive prognostic factors for 
clinical outcome in patients with AIS-LVO. Given that 
CCT is readily available and can provide alternative 

Figure 5.  Probability curves for good outcome (mRS 0-2 at 3 months), stratified according to mTICI versus sCCT (A) or 
cCCT (B).
cCCT indicates the change of sCCT versus hCCT; CCT, cerebral circulation time; hCCT, cerebral circulation time of the healthy side; 
mRS, modified Rankin Scale; mTICI, modified Thrombolysis in Cerebral Infarction; and sCCT, cerebral circulation time of the stroke 
side.

Table 5.  Cerebral Circulation Time of Different Catheter Positions

End of common 
carotid artery

Cervical segment of 
internal carotid artery

Petrous segment of 
internal carotid artery

Lacerum segment of 
internal carotid artery P value

sCCT, s, median 2.085 (1.711–2.833) 2.333 (1.670–3.330) 2.500 (1.830–4.330) 2.165 (1.873–3.080) 0.406

sCCT indicates cerebral circulation time of the stroke ipsilateral to the side.
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information during EVT, a prospective, multicenter trial 
is warranted.
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