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Background: In randomized clinical trials, mechanical thrombectomy (MT) was proved
to be a highly effective treatment of acute ischemic stroke which improved clinical out-
comes. Some of the trials used automated computed tomography perfusion (CTP)
analysis for selection of participants. We present a single-center experience with CTP
selection and comparison with CTP trials. Methods: Data of consecutive MT patients
(from January 2016 to December 2017) were retrospectively reviewed. All patients with
multiphase CT angiography confirmed the presence of anterior circulation large vessel
occlusion/s in the intracranial internal carotid artery and/or middle cerebral artery
(M1 or M2) and with admission brain CTP analyzed by RAPID software were included
into the analysis. Results: Sixty-two patients fulfilled the inclusion criteria (mean age
was 70.1 & 13.6 years, females 48.5%). At baseline, National Institutes of Health Stroke
Scale score was 16 (IQR =13-20), Alberta Stroke Program Early CT Score (ASPECTS)
was 8 (IQR =7-9), CTP core volume was 20 mL (IQR =2-36), and CTP penumbra vol-
ume was 145.5 mL (IQR = 107-184). Time from stroke onset to imaging was 1 hour 32
minutes, time from stroke onset to reperfusion was 3 hours 50 minutes, and median time
from CT to reperfusion was 1 hour 56 minutes. Modified thrombolysis in cerebral infarc-
tion 2b/3 was achieved in 42 patients (67.7%). Twenty-three patients (37%) had modified
Rankin scale 0-2 at 90 days. Conclusions: Our analysis of CTP-selected patients for MT
supports clinical applicability of automated CTP analysis into everyday clinical practice.
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Introduction

Recent randomized clinical trials (RCTs) demonstrated
that mechanical thrombectomy (MT) with second-genera-
tion neurothrombectomy devices represents a highly
effective and safe treatment for patients with acute ische-
mic stroke due to a large cerebral artery occlusion in the
anterior cerebral circulation when performed within
6 hours after symptoms onset.'®

Following trials with an extended time window for the
treatment, DAWN (DWI or CT perfusion [CTP] Assess-
ment with Clinical Mismatch in the Triage of Wake-Up
and Late Presenting Strokes Undergoing Neurointerven-
tion with Trevo) and DEFUSE 3 (Endovascular Therapy
Following Imaging Evaluation for Ischemic Stroke),
showed the clinical benefit on 90 days functional outcome
for thrombectomy patients who had last been known to
be well between 6 and 24 hours prior to presenting stroke
symptoms and who had the evidence of salvageable tis-
sue on perfusion imaging.”*

Since the neuroimaging protocol at our comprehensive
stroke center from 2016 includes noncontrast computed
tomography (CT), multiphase CT angiography (mCTA),
and CTP evaluated automatically by RAPID software as
used in all above mentioned perfusion trials, we decided
to analyze real-world data and present our single-center
experience and comparisons with above mentioned RCTs.

The main aim of our study was to compare short-
term and long-term clinical outcomes in patients who
were selected to undergo MT based on automated CTP
analysis.

Methods
Patient Selection

Data of consecutive MT patients from January 2016 to
December 2017 were retrospectively reviewed. All
patients with mCTA confirmed presence of the anterior
circulation large vessel occlusion in the intracranial inter-
nal carotid artery and/or middle cerebral artery (M1 or
M2) and with admission imaging including mCTA and
CTP were included into the analysis.

Ethics approval was obtained from the local Institu-
tional Review Boards (the Boards waived the need for
patient consent).

Imaging Protocol

Patients suspected of experiencing acute ischemic
stroke and presenting no history of either renal failure or
contrast allergy routinely undergo a noncontrast CT,
mCTA from the aortic arch to vertex (Calgary Stroke Pro-
gram protocol), and CTP.

Noncontrast CT was acquired on a multidetector scan-
ner (120 kV, 328 mAs [419 mAs/slice], Brilliance iCT 256;
Philips Healthcare, Cleveland, OH) with a section thick-
ness of .9 mm and an image reconstruction of 3 mm.
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For the CTP protocol, 40 mL of contrast agent (Iomeron
300; Mallinckrodt Pharmaceuticals; Dublin, Ireland) was
power injected at 5 mL/s followed by a saline chase of 50
mL at 5 mL/s. Sections of 8 cm thickness were acquired at
10 mm slice thickness. Scanning began after a delay of 5
seconds from contrast injection in every 1.8 seconds for 75
seconds.

Image Processing

Commercially available automatic software (RAPID,
iSchemaView) was used to generate perfusion maps and
calculate volumes of ischemic core (regional Cerebral
Blood Flow (CBF) <30%), critically hypoperfused tissue—
ischemic penumbra (time to the maximum of the residue
function [T..] > 6 seconds) and mismatch volume.

Image Analysis

Patient study images (admission CT, mCTA, digital
subtraction angiography studies, and 24-hour control CT)
were assessed independently of each other by consensus
of 2 experienced readers (P.C. and O.V.) during different
sessions. Early ischemic changes were assessed on CT
using the ASPECT scoring system. The collateral status
was scored on the mCTA as good, moderate, or poor as
previously described. Good collaterals were defined as
pial vessels with no delay or a delay of 1 phase on mCTA
in filling in when compared with the asymptomatic hemi-
sphere, and normal extent within the ischemic territory.
Moderate collaterals were defined as pial vessels with a
delay of 2 phases in filling in and normal to decreased
extent, or as pial vessels with a 1-phase delay and a signif-
icantly reduced number of vessels, or the presence of
regions with no vessels within the ischemic territory. Poor
collaterals were defined as just a few or no vessels visible
in any phase within the ischemic territory.”

Final infarction was assessed using the ASPECTS on a
24-hour control CT and the presence or absence of haemor-
rhagic transformation was noted (ECASS II classification).
Angiographic studies from the endovascular procedure
were assessed for reperfusion using the modified thrombol-
ysis in cerebral infarction (TICI) score. The modified TICI
score is a 5-point scale that ranges from 0 (no reperfusion)
to 3 (complete reperfusion of the previously ischemic terri-
tory) including grade 2c (almost complete reperfusion).'’

Clinical Assessment

Clinical assessments were performed at baseline and
included the National Institutes of Health Stroke Scale
(NIHSS) score and, at 90 days by the modified Rankin
scale (mRS), both were determined by certified raters.

Outcomes

The primary efficacy outcome was the ordinal score on
the mRS, range: 0 (no symptoms) to 6 (death) at day 90.
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The score was assessed in person, or by telephone if an in-
person visit was not feasible. The secondary efficacy out-
come was functional independence (defined as a score on
the mRS of 0-2) at day 90. The primary safety endpoints
were death within 90 days and the occurrence of symp-
tomatic intracranial hemorrhage, defined as parenchymal
hematoma type 2 on a 24-hour control CT.

The technical efficacy of the endovascular procedure
was defined as a modified TICI score of 2b (50%-90%
reperfusion) to 3 (complete reperfusion).

The procedure-related outcomes were characterized by
the time from symptom onset to admission imaging (CT),
the time from symptom onset to reperfusion, and the time
from CT to reperfusion.

Statistical Analysis

Standard descriptive statistics was applied in the analysis;
absolute, and relative frequencies for categorical variables
and mean supplemented with standard deviation or median
supplemented by interquartile range (IQR) for continuous
variables. The relation of clinical endpoint and its potential
predictors was analyzed using logistic regression and
described by odds ratios, their confidence intervals, and sta-
tistical significance; P =.05 was taken as a level of statistical
significance in all analyses. Statistical analysis was computed
using the SPSS 25.0.0.1 software (IBM Corporation, 2017).

Medians of core/penumbra in our cohort and in the
RCTs were compared. Statistical significance of difference
between our cohort and the RCTs was estimated by using
a 2 sample ¢ test with following assumptions: (1) normal
distribution of log transformed data and (2) standard
deviation estimated from the IQR.

Results

From January 2016 to December 2017, a total number of
62 patients fulfilled the inclusion criteria (mean age was
70.1 £ 13.6 years, females 48.5%). Patients’ characteristics
are shown in Table 1. At baseline, the median NIHSS
score was 16 (IQR=13-20). The baseline median
ASPECTS was 8 (IQR =7-9). The median infarct volume
was 20 mL (IQR =2-36), median penumbra volume was
145.5 mL (IQR = 107-184). Comparison of our cohort with
the CTP-thrombectomy trials is summarized in Table 2.

The median time from the stroke onset to imaging was
1 hour 32 minutes, median time from the stroke onset to
reperfusion was 3 hours 50 minutes, and the median time
from the CT to reperfusion was 1 hour 56 minutes
(Table 3). The modified TICI 2b/3 was achieved in
42 patients (67.7 %). Twenty-three patients (37%) had
mRS 0-2 at 90 days.

Table 4 summarizes results of univariate logistic regres-
sion.

Univariate models were constructed for each potential pre-
dictor and their effects were evaluated separately. In all mod-
els, the outcome measure was a 90-day mRS score of 0-2.

Discussion

In our analysis we evaluated real-world thrombectomy
data from a high volume centre in the Czech Republic and
compared the data with RCTs which used an automated
CTP analysis (RAPID software) for patient selection.

From a demographic standpoint, our and above men-
tioned CTP-trials’ cohorts were balanced in age, sex,
admission NIHSS score, and comorbidities. From an
imaging standpoint, our and CTP-trials” cohorts were bal-
anced in admission ASPECTS and clot localization in the
anterior cerebral circulation. Patients in our cohort had
larger admission ischemic cores (median 20 mL) and pen-
umbra (145 mL) in comparison to the CTP trials, which
selected their participants according to perfusion mis-
match (SWIFT PRIME, EXTEND IA, DEFUSE 3) or clini-
cal/imaging mismatch (DAWN). The difference in the
size of core was statistically significant in comparison to
DAWN (P =.001) and DEFUSE study (P =.019). However,
this estimated results needed to be taken with some cau-
tious as the data was tested assuming the normal distribu-
tion within the particular patient cohorts. It was discussed
previously that strict patient selection criteria might have
potentially increased the rate of patients who had a good
clinical outcome but, on the other hand, reduced treat-
ment effect.'’ Our analysis showed that a significant pre-
dictor for good clinical outcome was the successful
reperfusion (TICI 2b/3). There was no association of
either good or poor clinical outcome with the volume of
the ischemic core on admission CTP in our cohort. A pos-
sible explanation might be that all patients met the recom-
mended perfusion criteria for ischemic core (defined as
<50 mL in the SWIFT-PRIME trial) or less than 70 mL in
the EXTEND-IA trial, respectively). These findings indi-
cate that volume of the core is just 1 parameter and that
clinical outcome is dependent on other variables such as
the localization of core (eg, ischemic injury /damage to the
motor corticospinal tract), the volume of salvagable pen-
umbra and its localization in hypoperfused territory as
well as the level and time of successful reperfusion.

Previous trials have demonstrated that workflow speed
is strongly associated with better functional outcomes,
thus the reduction of procedural times must be targeted
in clinical practice."”"* The majority of patients included
into our analysis were treated within the 6-hour time win-
dow from the symptom onset, which reflects efficient
acute stroke care management at the regional level.'” On
the other hand, there is still a place for improvement at
our centre, especially in door-to-groin and groin-to-
reperfusion times.'®

In terms of clinical outcome, defined as mRS 0-2 after 3
months, this single-centre experience showed comparable
rates of good outcome with the SWIFT-PRIME trial (mRS
0-1 18% versus 20%; mRS 0-2 37% versus 35%). The rela-
tive decrease in the number of patients with a good
3-month clinical outcome in comparison to other throm-



Procedural measures, h:min

Thrombolysis in cerebral infarction, no. (%)

Follow-up ASPECTS

Haemorrhagic transformation, no. (%)

Modified Rankin scale 3 mo, no. (%)

Comorbidities, no. (%)
Hypertension

Median time from stroke onset to groin puncture® (IQR)
Median time from CT onset to reperfusion f (IQR)
Median time from stroke onset to reperfusion” (IQR)

0-2a
2b-3

Median
Interquartile range

HI1 + HI2 + PH1
PH2

0-1
0-2

Hyperlipidemia

Diabetes mellitus

Atrial fibrillation

Smoking (previous or current)
Ischemic heart diseases
Previous stroke
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Table 1. Participants demographics, baseline imaging characteristics, procedural measures, and outcomes

Variable Category/descriptive statistics Study group (N =62)
Age-y Mean =+ standard deviation 70.1 £13.6
Sex-no. (%)

Males 32 (51.6 %)

Females 30 (48.4 %)
Baseline NIHSS score

Median 16.0

Interquartile range 13.0-20.0
Baseline CT ASPECTS

Median 8.0

Interquartile range 7.0-9.0
Clot localisation, no. (%)

M1 45 (72.6 %)

M2 7(11.3 %)

Terminal internal carotid artery 10 (16.1 %)
Pial collaterals, no. (%)

Poor 7(11.3 %)

Medium 28 (45.2 %)

Good 26 (41.9 %)
RAPID core (mL)

Median 20.0

Interquartile range 2.0-36.0
RAPID penumbra, mL

Median 145.5

Interquartile range 107.0-184.0
RAPID mismatch, mL

Median 118.5

Interquartile range 84.0-153.0
IV Thrombolysis, no. (%) 43 (69.4 %)

2:45 (2:15-4:38)
1:56 (1:36-2:38)
3:50 (3:00-5:27)

20 (32.3 %)
42 (67.7 %)

6.5
4.0-8.0

15 (24.2 %)
232 %)

11(17.7 %)
23 (37.1 %)

49 (79.0 %)
30 (48.4 %)
16 (25.8 %)
23 (37.1 %)
9 (14.5 %)

23 (37.1 %)
7(11.3 %)

Abbreviations: CT, computed tomography; IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale.
*counted on smaller N = 51, due to some patients missing data.

t

counted on smaller N = 50, due to some patients missing data.

*counted on smaller N =44, due to some patients missing data.



Table 2. Comparison of Brno thrombectomy data with randomized clinical trial using automated CTP analysis (RAPID)

Variable Category  Brno (N=62) SWIFT PRIME (N =98) EXTEND IA (N=35) DAWN (N=107) DEFUSE (N=92)
Age,y Mean £ SD 70.1 13.6 65.0 £ 12.5 68.6 £12.3 69.4 £+ 14.1 70.0 (59.0-79.0)
Sex, no. (%)

Male 32 (51.6 %) 54/98 (55 %) 17 (49 %) 51 (52 %) 46 (50 %)
NIHSS score

Median 16.0 17.0 17.0 17.0 16.0

IQR 13.0-20.0 13.0-19.0 13.0-20.0 13.0-21.0 10.0-20.0
CT ASPECTS

Median 8.0 9.0 NA NA 8.0

IQR 7.0-9.0 7.0-10.0 7.0-9.0
Clot localisation, no. (%)

M1 45 (72.6 %) 62/93 (67 %) 20 (57 %) 83 (78 %) 60 (65 %)

M2 7 (11.3 %) 13/93 (14 %) 4 (11 %) 2 (2 %)

ICA 10 (16.1 %) 17/93 (18 %) 11 (31 %) 22 (21 %) 32 (35 %)
Collaterals, no. (%)

Poor 7 (11.3 %) NA NA NA NA

Medium 28 (45.2 %)

Good 26 (41.9 %)
RAPID core, mL

Median 20.0 Target perfusion mismatch 12.0 7.6 9.4

83/98 (85%)*

IQR 2.0-36.0 4.0-32.0 2.0-18.0 2.3-25.6
Core volume Brno versus other groups, P value' - - 218 .001 .019
RAPID penumbra, mL

Median 145.5 106.0 114.7

IQR 107.0-184.0 76.0-137.0 79.3-146.3
Penumbra volume Brno versus other groups, P - - <.001 - .001

value'

RAPID mismatch

Median 118.5

IQR 84.0-153.0
IV Thrombolysis-no. (%) 43 (69.4 %) 31/98 (32 %) 100% 55 %) 10 (11 %)
TICI 2b/3 42 (67.7 %) 73/83 (88 %) 25/29 (86 %) 90 (84 %) 69/91 (76 %)

Follow-up ASPECTS NA NA 24h-infarct volume 24h-infarct volume
Control imaging Median 6.5 8.0cc 35.0 cc
Extent of infarction IQR 4.0-8.0 .0-48.0 18.0-82.0
Hemorrhagic transformation-no. (%) PH2 PH2 PH2 SICH PH2
2 (3.2 %) 1(1 %) 0 (0 %) 6(6 %) 8 (9 %)

(Continued)
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Table 2 (Continued)
Variable Category  Brno (N=62) SWIFT PRIME (N =98) EXTEND IA (N=35) DAWN (N=107) DEFUSE (N=92)
mRS 3 mo, no. (%)
0-1 11 (18 %) 20 (20 %) 18 (52 %) 31% 26%
0-2 23 (37 %) 36 (35 %) 25 (72 %) 48% 54%

Abbreviations: CTP, computed tomography perfusion; ICA, internal carotid artery; IQR, interquartile range; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; SD,
standard deviation; TICI, thrombolysis in cerebral infarction.
*The target mismatch profile was defined as the core infarct lesion measured 50 mL or less, the volume of tissue with a time to maximum delay of more than 10 s was 100 mL or less,
and the mismatch volume was at least 15 mL and the mismatch ratio was more than 1.8.
*Statistical significance of difference between our cohort and the RCTs was estimated by using a 2 sample ¢ test with following assumptions: (1) normal distribution of log trans-
formed data and (2) standard deviation estimated from the IQR.

Table 3. Comparison of procedural times

Brno (N = 62) SWIFT PRIME (N = 98) EXTEND IA (N =35) DAWN (N =107) DEFUSE (N =92)
Time interval-h:min
Symptom onset to groin puncture® (IQR) 2:45 (2:15-4:38) 3:44 (2:45-4:35) 3:30 (2:46-4:11) NA NA
CT to reperfusion® (IQR) 1:56 (1:36-2:38) 0:57 (0:40-1:20) 1:33 (1:11-2:18) NA 0:59
Stroke onset to reperfusion® (IQR) 3:50 (3:00-5:27) NA 4:08 (3:24-4:37) NA NA

Abbreviations: CT, computed tomography; IQR, interquartile range.
*The time interval expressed as the median.

0601
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Table 4. Relation of clinical result mRS 0-2 (endpoint) with predictors

Univariate logistic regression N endpoint OR (95% CI) P value
Age

<70 27 10 (16.1 %) - -

70+ 35 13 (21.0 %) 1.01 (.36-2.84) .99
Sex

Female 30 6 (9.7 %) - -

Male 32 17 (27.4 %) 4.53 (1.46-14.07) 01*
NIHSS score

Median and less 36 15 (24.2 %) - -

More than median 26 8 (12.9 %) .62 (.22-1.80) .38
CT ASPECTS

Median and less 38 14 (22.6 %) - -

More than median 24 9 (14.5 %) 1.03 (.36-2.96) .96
Clot localisation

M1 45 17 (27.4 %) - -

M2 7 4 (6.5 %) 2.43 (.46-12.81) .30

ICA +tICA 10 2 (3.2 %) 5.33 (.62-45.99) 13
Collaterals

Good 26 11 (18.0 %) -

Medium 28 10 (16.4 %) .23 (.02-2.17) .20

Poor 7 1(1.6 %) 76 (.25-2.27) .62
RAPID core

20 mL and more 32 11 (17.7 %) - -

10-20 mL 9 3(4.8 %) 1.43 (.46-4.44) .53

0-10 mL 21 9 (14.5 %) .96 (.20-4.57) 95
IV Thrombolysis

No 18 7(11.5 %) - -

Yes 43 16 (26.2 %) .93 (.30-2.89) .90
TICI

Other 21 3 (4.8 %) - -

2b-3 42 20 (32.3 %) 5.71 (1.46-22.42) 01*
HTN

No 13 5(8.1 %) - -

Yes 49 18 (29.0 %) .93 (.26-3.27) 91
HLP

No 32 9 (14.5 %) - -

Yes 30 14 (22.6 %) 2.24 (.78-6.41) 13
DM

No 19 19 (30.6 %) - -

Yes 4 4 (6.5 %) 47 (113-1.70) 25
AFib

No 39 17 (27.4 %) - -

Yes 23 6 (9.7 %) 46 (.15-1.41) 17
Smoking

No 53 18 (29.0 %) - -

Yes 9 5 (8.1 %) 2.43 (.58-10.18) 22
IHD

No 39 15 (24.2 %) - -

Yes 23 8 (12.9 %) .85 (.29-2.50) 7
Previous stroke

No 55 22 (35.5 %) - -

Yes 7 1(1.6 %) .25 (.03-2.22) 21
Time from stroke onset to CT

Median and less 26 10 (18.9 %) - -

More than median 27 11 (20.8 %) 1.10 (.37-3.31) .87
Time from stroke onset to reperfusion

6 h and less 37 18 (40.9 %) - -

(Continued)
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Table 4 (Continued)
Univariate logistic regression N endpoint OR (95% CI) P value
More than 6 h 7 3(6.8 %) .96 (.30-3.22) .97
Time from CT to groin puncture
Median and less 29 13 (22.0 %) - -
More than median 30 10 (16.9 %) .62 (.21-1.77) .37
Time from CT to reperfusion
Median and less 25 13 (26.0 %) - -
More than median 25 9 (18.0 %) .52 (.17-1.61) .26

Abbreviations: AFib, Atrial Fibrillation; CI, confidence intervals; CT, computed tomography; DM, Diabetes Mellitus; HLP, Hyperlipopro-
teinemia; HTN, Hypertension; IHD, Ischemic Heart Disease; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke

Scale; OR, odds ratio; TICI, thrombolysis in cerebral infarction.
*TICI 2b-3 and also the male sex were statistically significant.

bectomy trials might be explained by lower rates of suc-
cessful reperfusion and the nonrandomized design of our
study (TICI 2b/3 67.7% versus 76%-88%). Additionally,
the fact that patients in our cohort had larger cores may
reflect in the lower rates of good clinical outcome. In a
recent study by Rebello et al,'” it was demonstrated that
patients with large cores (more than 50 mL) and large mis-
match profiles may still benefit from endovascular treat-
ment, and reach a favourable shift in the distribution of
90-day mRS score. However, the rate of good clinical out-
come (mRS 0-2) was lower (25%) in comparison to the tri-
als with relatively small cores.

Our study has several limitations. We are aware that our
comparisons with the RCTs are merely qualitative, since our
data are based on retrospective and single-center analysis
with a relatively limited number of patients. The aim of this
study was to evaluate the effect of using the multimodal
imaging protocol for the selection of patients indicated to MT
and the correlation with the final clinical outcome, so only
patients with admission CTP imaging were included. As clin-
ical evaluation of disability and outcome (NIHSS and mRS)
was not completely blind, there may be a source of bias.

In conclusion, our analysis of CTP-selected patients for MT
supports clinical applicability of automated CTP analysis
into everyday clinical practice. Multimodal imaging proto-
cols have a potential to better distinguish patients with a
malignant CTP profile and thus prevent futile reperfusion as
well as avoid excluding patients who may still benefit from
the endovascular treatment regardless the time of onset or in
patients with unknown time of onset.

References

1. Berkhemer OA, Fransen PSS, Beumer D, et al. A random-
ized trial of intraarterial treatment for acute ischemic
stroke. N Engl ] Med 2014;372:141217070022009.

2. Goyal M, Demchuk AM, Menon BK, et al. Randomized
assessment of rapid endovascular treatment of ischemic
stroke. N Engl ] Med 2015: 1-12.

3. Jovin TG, Chamorro A, Cobo E, et al. Thrombectomy
within 8 hours after symptom onset in ischemic stroke. N
Engl ] Med 2015;372:150417035025009.

4. Campbell BCV, Mitchell PJ, Kleinig TJ, et al. Endovascu-
lar therapy for ischemic stroke with perfusion-imaging
selection. N Engl ] Med 2015:150211090353006.

5. Saver JL, Goyal M, Bonafe A, et al. Stent-retriever throm-
bectomy after intravenous t-PA vs. t-PA alone in stroke.
N Engl ] Med 2015;372:2285-2295.

6. Goyal M, Menon BK, Van Zwam WH, et al. Endovascu-
lar thrombectomy after large-vessel ischaemic stroke:
a meta-analysis of individual patient data from five rand-
omised trials. Lancet 2016. https://doi.org/10.1016/
S0140-6736(16)00163-X.

7. Albers GW, Marks MP, Kemp S, et al. Thrombectomy for
stroke at 6 to 16 hours with selection by perfusion imag-
ing. N Engl ] Med 2018;378:708-718.

8. Nogueira RG, Jadhav AP, Haussen DC, et al. Thrombec-
tomy 6 to 24 hours after stroke with a mismatch between
deficit and infarct. N Engl ] Med 2018;378:110-121.

9. Menon BK, D'Esterre CD, Qazi E, et al. Multi-phase CTA:
a new tool for the imaging triage of patients with acute
ischemic stroke. Int J Stroke 2015;10:307-308.

10. Zaidat OO, Yoo AJ, Khatri P, et al. Recommendations on
angiographic revascularization grading standards for
acute ischemic stroke: a consensus statement. Stroke
2013;44:2650-2663.

11. Fiehler J. The time-—reset effect. Clin Neuroradiol
2017;27:3-5.

12. Saver JL, Goyal M, van der Lugt A, et al. Time to treat-
ment with endovascular thrombectomy and outcomes
from ischemic stroke: a meta-analysis. JAMA
2016;316:1279.

13. Sheth SA, Jahan R, Gralla J, et al. Time to endovascular
reperfusion and degree of disability in acute stroke. Ann
Neurol 2015;78:584-593.

14. Ribo M, Molina CA, Cobo E, et al. Association between
time to reperfusion and outcome is primarily driven
by the time from imaging to reperfusion. Stroke
2016;47:999-1004.

15. Volny O, Krajina A, Belaskova S, et al. Mechanical throm-
bectomy performs similarly in real world practice: a 2016
nationwide study from the Czech Republic. ] Neuroin-
terv Surg 2018;10:741-745.

16. Goyal M, Jadhav AP, Wilson AT, et al. Shifting bottle-
necks in acute stroke treatment. ] Neurointerv Surg
2016;8:1099-1100.

17. Rebello LC, Bouslama M, Haussen DC, et al. Endovascu-
lar treatment for patients with acute stroke who have a
large ischemic core and large mismatch imaging profile.
JAMA Neurol 2017;74:34.


http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0001
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0001
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0001
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0002
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0002
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0002
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0003
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0003
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0003
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0004
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0004
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0004
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0005
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0005
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0005
https://doi.org/10.1016/S0140-6736(16)00163-X
https://doi.org/10.1016/S0140-6736(16)00163-X
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0007
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0007
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0007
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0008
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0008
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0008
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0009
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0010
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0010
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0010
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0010
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0011
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0011
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0011
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0012
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0012
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0012
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0012
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0013
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0013
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0013
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0014
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0014
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0014
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0014
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0015
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0015
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0015
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0015
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0016
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0016
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0016
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0017
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0017
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0017
http://refhub.elsevier.com/S1052-3057(18)30743-2/sbref0017

	Single-Centre Experience with Patients Selection for Mechanical Thrombectomy Based on Automated Computed Tomography Perfusion Analysis-A Comparison with Computed TomographyCT Perfusion Thrombectomy Trials
	Introduction
	Methods
	Patient Selection
	Imaging Protocol
	Image Processing
	Image Analysis
	Clinical Assessment
	Outcomes
	Statistical Analysis

	Results
	Discussion
	References


