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ORIGINAL RESEARCH
INTERVENTIONAL

Imaging Triage of Patients with Late-Window (6–24 Hours)
Acute Ischemic Stroke: A Comparative Study Using

Multiphase CT Angiography versus CT Perfusion
M.A. Almekhlafi, W.G. Kunz, R.A. McTaggart, M.V. Jayaraman, M. Najm, S.H. Ahn, E. Fainardi, M. Rubiera,

A.V. Khaw, A. Zini, M.D. Hill, A.M. Demchuk, M. Goyal, and B.K. Menon

ABSTRACT

BACKGROUND AND PURPOSE: The role of collateral imaging in selecting patients for endovascular thrombectomy beyond 6 hours
from onset has not been established. To assess the comparative utility of collateral imaging using multiphase CTA in selecting late
window patients for EVT.

MATERIALS AND METHODS:We used data from a prospective multicenter observational study in which all patients underwent imag-
ing with multiphase CT angiography as well as CTP. Two blinded reviewers evaluated patients’ eligibility for endovascular thrombec-
tomy using published collateral imaging (multiphase CTA) criteria compared with CTP using the selection criteria of the Clinical
Mismatch in the Triage of Wake Up and Late Presenting Strokes Undergoing Neurointervention with Trevo (DAWN) and Endovascular
Therapy Following Imaging Evaluation for Ischemic Stroke 3 (DEFUSE-3) trials. CTP images were processed using automated commercial
software. The outcomes of patients eligible for endovascular thrombectomy according to multiphase CTA, DAWN, or DEFUSE-3 crite-
ria were compared using multivariable logistic regression modeling. Model characteristics were compared using the C-statistic for the
receiver operating characteristic curve, the Akaike information criterion, and the Bayesian information criterion.

RESULTS: Eighty-six patients presented beyond 6 hours from onset/last known well (median, 9.6 hours; interquartile range, 4.1 hours).
Thirty-five patients (40.7%) received endovascular thrombectomy, of whom good functional outcome (90-day mRS, 0–2) was
achieved in 16/35 (47%). Collateral-based imaging paradigms significantly modified the treatment effect of endovascular thrombec-
tomy on 90-day mRS 0–2 (Pinteraction 4 .007). The multiphase CTA–based regression model best fit the data for the 90-day out-
come (C-statistic, 0.86; 95% CI, 0.77–0.94) and was associated with the least information loss (Akaike information criterion, 95.7;
Bayesian information criterion, 114.9) compared with CTP-based models.

CONCLUSIONS: The collateral-based imaging paradigm using multiphase CTA compares well with CTP in selecting patients for
endovascular thrombectomy in the late time window.

ABBREVIATIONS: AIC 4 Akaike information criterion; BIC 4 Bayesian information criterion; EVT 4 endovascular thrombectomy; IQR 4 interquartile
range; LVO 4 large-vessel occlusion; mCTA 4 multiphase CTA

Endovascular thrombectomy (EVT) has become the standard
of care in patients with acute ischemic stroke with large-vessel

occlusion (LVO) presenting within 6 hours from symptom
onset.1,2 The treatment time window can be further extended
to capture patients with salvageable tissue up to 24 hours from
last known well. Two randomized trials have shown an over-
whelming benefit of EVT over medical treatment in patients
presenting up to 16 hours (Endovascular Therapy Following
Imaging Evaluation for Ischemic Stroke 3 [DEFUSE-3])3 and 24
hours (Clinical Mismatch in the Triage of Wake Up and Late
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Presenting Strokes Undergoing Neurointervention with Trevo
[DAWN]) from last known well.4 Both studies used CT perfusion
imaging to identify patients with LVO with a limited-size-pre-
dicted infarct core or substantial salvageable brain tissue (target
mismatch) for inclusion.

The Endovascular Treatment for Small Core and Proximal
Occlusion Ischemic Stroke (ESCAPE) trial showed that an imaging
paradigm based on measuring collateral status beyond target occlu-
sion is capable of selecting patients with LVO who would benefit
from EVT up to 12hours from onset/last known well.5,6 Multiphase
CTA (mCTA) is a reliable and well-validated tool for measuring col-
lateral status beyond the target LVO.7-11 Collateral assessments on
mCTA, even at the brain region level, compare well with CTP-based
blood flow measurements in predicting final tissue fate.7 Some of
the shortcomings of CTP (eg, patient motion, limited brain cover-
age, larger radiation dose, additional contrast, time, and cost of
image postprocessing software) are avoided using mCTA.12,13

Recent studies have reported that patient selection using non-
contrast CT and single-phase CTA14,15 or mCTA in the “late win-
dow” after stroke onset is an effective method of selecting
patients for EVT.16 We compared patient selection using mCTA
versus CTP in patients with late-window stroke with LVO using
appropriate clinical treatment decisions and 90-day clinical out-
comes to assess the comparative utility of each approach.

MATERIALS AND METHODS
Data are from the Precise and Rapid Assessment of Collaterals
Using Multi-Phase CTA in the Triage of Patients with Acute
Ischemic Stroke for IV or IA Therapy (PRove-IT) study.7,8,17-19

This was a prospective, multicenter international observational
study to assess the value of multimodal imaging in the triage of
patients with acute ischemic stroke. All patients had noncontrast
CT of the brain, CTA of the head and neck, mCTA, and CTP at
baseline as described previously.8 For this analysis, only patients
who presented$6 hours from stroke symptom onset/last known
well time were included. Images were scored by consensus of 2
readers blinded to all clinical data (except the side of stroke),
treatment allocation, and outcome data. In separate sessions and
using random patient ordering, the same 2 readers scored the
NCCT ASPECTS and then the collateral score on mCTA using a
6-point ordinal pial arterial filling scale as previously described.8

CT perfusion images were postprocessed using an automated
commercial software.20 Symptomatic intracranial hemorrhage
was defined using the European Cooperative Acute Stroke Study
III (ECASS) III criteria.21

For each imaging paradigm, readers assessed whether a
patient would be a candidate for EVT (EVT eligibility) based on
the following criteria:

1. NCCT and mCTA session: ASPECTS $ 5 and an mCTA-
based collateral score of 4–6.8

2. DEFUSE-3 trial criteria: predicted core volume of ,70 mL,
predicted penumbra volume of $15 mL, and mismatch ratio
of$1.8.3

3. DAWN trial criteria: predicted core volume of ,21 mL for
patients older than 80 years of age 31–51 mL if younger than
80 years.4

We assessed the predictive validity of each imaging paradigm
for functional outcomes by comparing logistic regression models
generated using data regarding EVT eligibility from each of the
above imaging paradigms. For each paradigm, a model was fitted
for each of the following outcomes: early neurologic improve-
ment (defined as $50% drop in the NIHSS score during
24 hours) and 90-day functional independence (defined as mRS
score of 0–2) using logistic regression and ordinal logistic regres-
sion with adjustment for key prognostic variables (age, sex, base-
line NIHSS score, baseline ASPECTS, onset/last known well to
imaging time, and treatment given). Modification of the effect of
treatment (EVT versus no EVT) on clinical outcomes by the
imaging paradigm was assessed using a multiplicative interaction
term. The area under the curve of the receiver operating charac-
teristic properties of the models was compared using the x 2 test
as described by Gönen.22 In addition, information content of the
various models was compared using the Akaike information cri-
terion (AIC) and the Bayesian information criterion (BIC).23

These methods aim to identify the model that best approximates
the outcome data (ie, the model that minimizes data/information
loss) while applying a penalty for model complexity (ie, having
too many variables). While the values of AIC or BIC do not have
a simple interpretation, the model with the lowest values is the
one that is better.

The PRove-IT study was approved by the local ethics review
committees. Analyses were performed using STATA 15 software
(StataCorp, College Station, Texas).

RESULTS
Baseline Clinical Data
Among 614 patients in PRove-IT, 86 patients were included in
this analysis as patients with late-window stroke. The median age
was 71 years (interquartile range [IQR], 14 years), and 48.8%
were women, while the median baseline NIHSS score was 12
(IQR, 11). The median time from last known well/stroke symp-
tom onset to baseline CT was 9.6 hours (IQR, 4.1 hours). Table 1
summarizes the baseline characteristics of this cohort according
to the imaging paradigm and the treatment received.

Baseline Imaging Data
NCCT and mCTA were available in all patients; CTP, however,
could not be processed in 6/86 patients (7%) due to acquisition-
or patient motion–related technical limitations. These 6 patients
were assumed to be ineligible for EVT using DAWN and
DEFUSE-3 criteria. The median ASPECTS was 9 (IQR, 3). The
distribution of the occlusion site was as follows: isolated intracra-
nial ICA (11.6%), L- or T-type occlusions (12.8%), M1 MCA
(33.7%), M2 MCA (22.1%), posterior cerebral artery (1/86, 1.2%),
distal occlusions (9/86, 10.5%), and no occlusions (10/86, 11.6%).
The mean and median baseline infarct volumes were 18.7 6

28.2 mL and 8mL (range, 0–162mL), and penumbra volumes
were 109.56 10.7mL and 94mL (range, 0–753 mL), respectively.

Treatment and Outcome Data
Of 86 patients, 35 patients (40.7%) received EVT, while
51 (59.3%) were treated conservatively. Among EVT-treated
patients, successful reperfusion (modified TICI 2b/3) was
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achieved in 71.4% (25/35) patients. The median 24-hour NIHSS
score in the overall cohort was 7 (IQR, 13). Early neurologic
improvement was seen in 27/86 patients (31.4%) in the cohort
overall and in 54.3% (19/35) of those treated with EVT (72%;
18/25 of those with successful reperfusion). Four of 86 patients
(4.7%) had symptomatic intracranial hemorrhage; all received
EVT (4/35, 11.4% of EVT-treated patients). Of the patients with
symptomatic intracranial hemorrhage, all (4/4) met the
DEFUSE-3 criteria for EVT, while 3/4 met the mCTA and
DAWN criteria for EVT eligibility. Functional outcome data
at 90 days were available for 83 of 86 patients (96.5%).
Independent outcome (mRS, 0–2) was achieved in 47% (39/
83) in the overall cohort and in 51.4% (18/35) of those treated
with EVT (72%, 18/25 of those with successful reperfusion).

Eligibility for EVT and Predictive Validity of Imaging
Paradigms
Of the 83 patients in this cohort with available 90-day outcomes,
63 patients (75.9%) were considered eligible for EVT according
to the mCTA criteria, compared with 58 patients (69.9%)

according to the DEFUSE-3 criteria and only 32 patients (38.6%)
according to DAWN criteria (Fig 1A). Among the 35 EVT-
treated patients in our cohort, 33 patients (94.3%) were consid-
ered good EVT candidates according to the mCTA criteria com-
pared with 28 patients (80%), according to DEFUSE-3 criteria,
and only 18 patients (51.4%), according to DAWN criteria for
EVT eligibility. Among EVT-treated patients, the proportion
of patients with the highest early neurologic improvement and
independent 90-day functional outcome were those who were
good treatment candidates according to mCTA paradigm.
Similarly, patients who were not EVT candidates according to
mCTA paradigm had the lowest likelihood of having early
neurologic improvement and an independent 90-day func-
tional outcome.

The predictive validity of each imaging paradigm in determin-
ing prespecified clinical outcomes was assessed using logistic
regression models (Table 2 and Fig 1B). All imaging paradigms
performed well in predicting 90-day functional outcome versus
early neurologic improvement. Patients who had a favorable
mCTA imaging profile had significantly better 90-day functional

FIG 1. A, Proportion of patients eligible for EVT according to each imaging criterion. B, Adjusted predicted probability of achieving 90-day mRS
score of 0–2 in those meeting none, some, or all the imaging criteria when treated with EVT (green) versus not (red).

Table 1: Baseline characteristics of the cohort according to actual treatment with endovascular therapy

PRove-IT Late-Window Cohort (n = 86)

Favorable mCTA Profile (n = 63) Favorable DEFUSE Profile (n = 58) Favorable DAWN Profile (n = 32)
EVT No EVT EVT No EVT EVT No EVT

No. 33 (52.4%) 30 (47.6%) 28 (48.3%) 30 (51.7%) 18 (56.3%) 14 (43.7%)
Agea 75 72 75 72 75 77
NIHSS scorea 18 12 18 14 19 18
ASPECTSa 9 9 9 8 9 9
Onset/LSN to
imaging (min)a

578 (9.6 hr) 580 (9.7 hr) 559 (9.3 hr) 571 (9.5 hr) 608 (10.1 hr) 593 (9.9 hr)

Occlusion site
Terminal ICA 12 (36.4%) 3 (10%) 10 (35.7%) 4 (13.3%) 7 (38.9%) 3 (21.4%)
M1 14 (42.4%) 13 (43.3%) 10 (35.7%) 13 (43.3%) 6 (33.3%) 5 (35.7%)
M2 6 (18.2%) 14 (46.7%) 7 (25%) 13 (43.3%) 4 (22.2%) 6 (42.9%)
M3 or distal 1 (3%) 0 1 (3.6%) 0 1 (5.6%) 0

Note:—LSN indicates last seen normal.
a Denotes median.
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outcome when they were treated with EVT (mCTA/EVT,
Pinteraction = .007). This was also noted for the paradigm based on
DEFUSE-3 criteria (Pinteraction = .028) but not for the DAWN cri-
teria (Pinteraction = .065). The probability of 90-day independent
functional outcome was highest among patients meeting
DEFUSE-3 criteria both with and without EVT (Fig 1B).

For both outcomes, models using mCTA were not signifi-
cantly better than the next-best model for clinical outcomes when
comparing the C-statistic (x 2 test for model comparisons,
P. .05). For both outcomes however, models using the mCTA
criteria minimized information loss (AIC and BIC values) better
than either of the models that used CTP. For the 90-day mRS, af-
ter the mCTA model, the next-best model was the DEFUSE-3-
based perfusion criteria (0.19 times as probable as the mCTA-
based model to minimize information loss). For both outcomes,
the next-best model was the perfusion imaging paradigm using
the DEFUSE-3 criteria. Similarly, when using ordinal logistic
regression for 90-day outcome, the model using the mCTA crite-
ria best minimized information loss (lowest AIC and BIC values)
compared with models that used CTP.

DISCUSSION
This analysis shows that collateral-based imaging paradigms
using mCTA are at least as good as perfusion-based imaging
paradigms in selecting patients presenting late for EVT. Models
using mCTA had the highest likelihood of discriminating those
who would have good clinical outcome when treated with EVT
versus those who would not. Models using DEFUSE-3 selection
criteria had better predictive validity in determining good clinical
outcomes among EVT-treated patients than the DAWN para-
digm. Models using mCTA or DEFUSE-3 criteria may result in
more patients being offered EVT (Fig 1A).

In patients presenting within 6 hours from symptom onset/
last known well, current guidelines recommend the use of NCCT
and CTA in determining patient eligibility for EVT. The primary
goal of imaging selection in these patients is to identify a patient
with an ASPECTS of $6 and a proximal intracranial occlusion.1

In patients presenting beyond 6 hours, current guidelines suggest
identifying LVO using CTA and the DAWN or DEFUSE-3 eligi-
bility criteria for patient selection. Most interesting, the American
Heart Association guidelines suggest that the benefit with EVT
was independently demonstrated for both the subgroup of

patients who met DAWN eligibility criteria and for the subgroup
who did not.1 This is important because the findings of DAWN
and DEFUSE-3 trials do not role out EVT befits in patients who
do not fit their imaging selection criteria.

Although perfusion imaging variability and interpretation
have benefited from the use of automated software, challenges
related to perfusion imaging such as time delays with acquisition,
training of technologists, motion sensitivity, and the risks with
extra radiation and contrast persist. In this analysis, 7% of
patients’ perfusion images could not be analyzed by postprocess-
ing software. Moreover, a recent study suggests that perfusion-
based selection criteria disqualified more patients from EVT
compared with other selection paradigms, without improving
outcomes.24 While our analyses showed that patients meeting the
DEFUSE-3 criteria had the highest predicted probability of func-
tional independence, those patients did equally well with and
without EVT. The treatment effect (ie, the difference in the pro-
portion of good outcome when treated with EVT versus not hav-
ing it) was higher in patients selected using the mCTA criteria
alone rather than with other criteria (Fig 1B).

NCCT and CTA continue to be the workhorses of acute
stroke diagnosis. Thus, using these modalities for determining
eligibility, even in the extended time window, is a logical next
step. Recent studies have shown that stroke centers that use an
NCCT- and mCTA-based imaging paradigm to select patients
for EVT in the extended time window achieve results that are
comparable with those obtained in patients who received EVT in
the DAWN and DEFUSE-3 trials.14-16 A post hoc analysis of the
ESCAPE trial restricted to patients who presented late showed
that patients receiving EVT had similar prospects of good clinical
outcome (48.5%) versus those in the DAWN (49%) and
DEFUSE-3 (45%) trials.6 Taken together, this analysis and other
previous analyses provide more evidence to support the construct
that an mCTA-based imaging paradigm is at least as good as cur-
rent perfusion-based imaging paradigms in selecting patients pre-
senting late for EVT.8 The adoption of NCCT-/mCTA-based
imaging selection for the 6- to 24-hour time window would also
have implications for stroke systems of care because this simpli-
fied imaging paradigm can be used at Primary Stroke Centers to
triage patients for EVT without the need for implementing perfu-
sion imaging.13,25

Our study has limitations. First, a nonrandomized study of
this nature is vulnerable to selection bias. Our inclusion of

Table 2: Comparison of the ability of imaging paradigms in discriminating clinical outcomes using logistic regression modelinga

Comparison
Imaging Paradigm/Criteria No. Odds Ratio (95% CI) P Value C-Statistic AIC/BIC AIC/BIC (o)

90-day mRS
mCTA (.3 vs #3) 82 9.6 (1.9–48.8) .001 0.86 95.7/114.9 300.6/331.9
DEFUSE-3 criteria 82 5.5 (1.2–25.3) .028 0.84 99.0/118.3
DAWN criteria 82 9.3 (0.9–98.8) .065 0.83 99.3/118.6 303.1/334.4

Early neurologic improvement ($50% drop
in 24-hr NIHSS score from baseline)
mCTA (.3 vs #3) 82 13.3 (2.9–61) .001 0.80 98.2 117.5
DEFUSE-3 criteria 82 8.5 (1.9–37.5) .005 0.74 105.9 125.1
DAWN criteria 82 5.6 (0.6–56.1) .141 0.71 109.6

a Variables age, sex, baseline NIHSS score, baseline NCCT ASPECTS, onset/last known well to imaging time, EVT, and the interaction term imaging paradigm � EVT (yes
versus no) were included in all models. C-statistic represents the area under a receiver operating characteristic curve. AIC and BIC are Bayesian information criteria meth-
ods to assess model fit in which the model with the lowest AIC or BIC is preferred. AIC/BIC (o) denotes the AIC and BIC for the ordinal regression models.
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patients who did not receive EVT is an attempt to mitigate any
effects of bias related to selecting patients for EVT based on noni-
maging factors (eg, age or stroke symptom severity). Second, this
analysis did not differentiate between patients who had wake-up
strokes from those with a witnessed onset that was 6 hours prior.
Third, the images were read by 2 expert readers and not in real
life. Automating collateral assessments and even NCCT
ASPECTS interpretation using validated algorithms could be
potential solutions to address this latter concern.

CONCLUSIONS
In this prospective study of patients presenting after 6 hours from
onset/time last known well, an mCTA collateral-based paradigm
is at least as good as guideline-approved perfusion imaging–based
paradigms in selecting patients for EVT.
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