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Comparison of CT angiography collaterals for predicting target
perfusion profile and clinical outcome in patients with acute
ischemic stroke
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Abstract
Objectives To compare collateral status on single-phase CT angiography (sCTA) and multiphase CT angiography (mCTA) and
their ability to predict a target mismatch on CT perfusion (CTP) and clinical outcome in patients with acute ischemic stroke (AIS).
Methods Seventy-three AIS patients with stroke onset between 5 and 15 h or with unclear onset time and occlusions in the M1/
M2 segment of the middle cerebral artery and/or intracranial internal carotid artery underwent head non-contrast CT and CTP.
Simulated sCTA and mCTA were reconstructed from CTP data and were compared for collaterals assessment. The ability to
predict target mismatch on CTP (an ischemic core < 70ml, a mismatch ratio ≥ 1.8, and an absolute difference ≥ 15ml) and 90-day
modified Rankin Scale (mRS) score of 0–2 was compared between sCTA and mCTA by using receiver operating curve analysis.
Results sCTA underestimated the collateral status when compared with mCTA (p < 0.01). The ability of mCTA to predict target
mismatch (AUC= 0.902, 95% confidence interval [CI] 0.809, 0.959) and clinical outcome (AUC= 0.771; 95%CI, 0.655, 0.864)
was better than that of sCTA (p < 0.05 overall). A mCTA collateral score of > 3 best identified the target mismatch (sensitivity,
78.4%; specificity, 90.9%) and predicted 90-day mRS score of 0–2 (sensitivity, 84.8%; specificity, 69.4%).
Conclusions The collaterals were better estimated bymCTA compared with sCTA. AmCTA collateral score of > 3 optimized the
prediction of a target mismatch on CTP and a good clinical outcome in patients with AIS.
Key Points
• Collateral circulation is a key determinant of ischemic core and penumbra. Better collaterals are associated with smaller
ischemic core volumes and larger mismatch ratios on CT perfusion.

• The collaterals can be better estimated by multiphase CTA compared with single-phase CTA.
• A collateral score of > 3 on multiphase CTA best identifies patients with target mismatch on CT perfusion and predicts 90-day
mRS score of 0–2.
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Abbreviations
AIF Arterial input function
AIS Acute ischemic stroke
AUC Area under the ROC curve
CBF Cerebral blood flow
CTA CT angiography
CTP CT perfusion
ICA Internal carotid artery
IMS Interventional Management of Stroke
MCA Middle cerebral artery (MCA)
mCTA Multiphase CT angiography
NCCT Non-contrast CT
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NIHSS National Institute of Health Stroke Scale
RCTs Randomized controlled trials
ROC Receiver operating characteristic
sCTA Single-phase CT angiography
Tmax Time to maximum
VIF Venous input function
VPCT Volume perfusion CT

Introduction

Recent success in five large randomized controlled trials
(RCTs) of endovascular therapies demonstrated high recana-
lization rates and improved functional outcomes for patients
with acute ischemic stroke (AIS) [1–5]. Each of these trials
used a slightly different imaging technique with a common
goal to identify patients with a small ischemic core at baseline
and either adequate collaterals or salvageable brain.

CT perfusion (CTP) provides a quantitative assessment of
ischemic core and tissue at risk. Trials such as Solitaire with
the Intention for Thrombectomy as Primary Endovascular
Treatment (SWIFT PRIME) and Extending the Time for
Thrombolysis in Emergency Neurological Deficits-Intra-
Arterial (EXTEND-IA) demonstrate the feasibility of CTP to
select eligible patients [2, 5]. However, criticisms of CTP in-
clude its limited brain coverage, motion artifacts, potential
variation in post-processing methods, refinement of ischemic
core and penumbra, and the time taken to acquire, process,
and interpret the imaging [6–8].

Collateral circulation is an important determinant of the
rate of ischemic penumbra recruitment and infarct growth
[9–11]. Given that perfusion imaging is tightly correlated with
collateral status, the assessment of collateral circulation may
therefore decide who will benefit from early recanalization.
Data from Interventional Management of Stroke (IMS) III
showed that collateral status on baseline CT angiography
(CTA) was a robust determinant of clinical outcome and could
be used to select patients for endovascular therapy [10].
Previous studies have investigated the association between
CTA collaterals and CT perfusion parameters [12, 13].
However, their results were mainly based on conventional
single-phase CTA (sCTA). sCTA is a single snap imaging;
therefore, it may misclassify patients with good collaterals as
poor if performed early in the arterial phase. Multiphase CTA
(mCTA) is a new technique that generates time-resolved cere-
bral angiography of pial arterial filling. This technique is quick
to perform, less vulnerable to patient motion, and yields im-
ages that are easy to interpret [14]. The Endovascular
Treatment for Small Core and Anterior Circulation Proximal
Occlusion with Emphasis on Minimizing CT to
Recanalization Times (ESCAPE) trial used collateral assess-
ment by mCTA in a majority of patients [3]. However, the

relationship between collateral status on mCTA and CT per-
fusion parameters remains to be elucidated.

With the advent of CT perfusion techniques such as the
Bvolume perfusion CT^ (VPCT), it has become possible to
reconstruct whole-brain dynamic CTAs from CTP data, pro-
ducing simulated CTAwhich can offer image quality compa-
rable to traditional CTA [15]. The objective of our study was
(1) to compare the collateral status determined by simulated
sCTA and mCTA and (2) to explore their ability to predict a
target mismatch quantified by CTP and the clinical outcomes
in patients with AIS.

Materials and methods

Study population

From October 2017 to June 2018, consecutive patients pre-
senting to our emergency department with symptoms of AIS
within 5 to 15 h or with unclear time of symptom onset were
retrospectively identified from our single-institution stroke
center. This retrospective study was reviewed and approved
by the local institutional Review Board and the written in-
formed consent was waived by the same ethics committee.
The inclusion criteria for the study were as follows: (a) pa-
tients older than 18 years; (b) National Institute of Health
Stroke Scale (NIHSS) scores > 6; (c) occlusions in the M1/
M2 segment of the middle cerebral artery (MCA) and/or in-
tracranial internal carotid artery (ICA); and (d) CTP imaging
was performed and the image quality was good without sig-
nificant motion artifacts. The exclusion criteria were as fol-
lows: (a) intracranial hemorrhage identified on non-contrast
computerized tomography (NCCT); (b) previous moderate
to large stroke in the ipsilesional hemisphere identified on
baseline NCCT; (c) an inability to undergo CTP because of
a history of renal failure, contrast medium allergy, or other
reasons; and (d) patients with occlusion in the anterior cerebral
artery or posterior circulation. The clinical outcome in this
study was analyzed by 90-day modified Rankin Scale
(mRS) score of 0–2.

Image acquisition

All patients underwent our institutional stroke imaging proto-
col for AIS on a 128-slice multidetector CT scanner (optima
CT 660, GE healthcare). In our stroke center, CTP was per-
formed in AIS patients with stroke onset time ≥ 5 h and those
stroke onsets with unclear time. Patients with stroke onset
time < 5 h will undergo only non-contrast CT and CT angiog-
raphy as additional CTP is not recommended for selecting
eligible patients when mechanical thrombectomy can be initi-
ated within 6 h. Whole-brain helical NCCT (120 kVp, 100–
350 auto-mAs) was performed with 5-mm section thickness.
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Volume perfusion CT data were acquired using a periodic
spiral approach (4-dimensional adaptive spiral mode,
100 kVp, 200 mAs, rotation time 0.4 s, maximum pitch
0.984) consisting of 30 consecutive spiral scans of the brain
(80 mm in z-axis, 2-s delay, 1.7-s temporal resolution) for a
total examination time of 53 s after injection of 50-ml contrast
medium (iopromide, Ultravist 370, Bayer Schering Pharma) at
a flow rate of 5 ml/s followed by a 30-ml saline chaser at the
same rate. VPCT data were reconstructed with a slice thick-
ness of 5 mm every 3 mm for perfusion analysis, and with a
slice thickness of 0.625 mm every 1 mm for CTA analysis.

CTP analysis

All CTPs were post-processed using commercially available
software (Carestream Vue PACS v12.1, Carestream Health)
and standard singular value deconvolution (sSVD) algo-
rithms. A semi-automated processing protocol including mo-
tion correction, smoothing, arterial input function (AIF), and
venous input function (VIF) selection was performed and
checked for errors. Parametric maps were automatically gen-
erated and overlaid on the source CTP images. Irreversibly
infarcted tissues (ischemic core) were defined as the region
with relative cerebral blood flow (CBF) < 30% contralateral
normal brain tissues. Hypoperfusion volume was defined as
tissue with a Tmax value > 6 s [16–18]. Automatic volumes of
ischemic core and hypoperfusion were generated by using
these thresholds. The mismatch ratio was calculated as hypo-
perfusion volume/volume of ischemic core.

Operationally defined imaging criteria to select patients
with a large anterior circulation occlusion of 6 to 16 h for
mechanical thrombectomy were assigned in the Diffusion
and Perfusion Imaging Evaluation for Understanding Stroke
Evolution (DEFUSE) 3 trial [19]. The imaging criteria includ-
ed ischemic core volume < 70ml, a ratio between the volumes
of critically hypoperfused tissue and the ischemic core ≥ 1.8,
with an absolute difference ≥ 15 ml and an additional exclu-
sion if there was severe hypoperfusion (Tmax > 10 s) > 100 ml.
We used the same criteria to define whether the AIS patients
had target mismatch on CTP in this study.

Reconstruction of simulated CTA

A previous report of scanning protocols for mCTA included a
peak arterial phase, an equilibrium/peak venous phase, and a
late venous phase [14]. The three CTA phases were each 8 s
apart. Therefore, for the simulated mCTA in this study, the
first phase was reconstructed from the peak arterial phase in
the normal distal ICA, based on the AIF curve, with a slice
width of 0.625 mm every 1 mm. Considering the temporal
resolution of our CTP protocol was 1.7 s, the second phase
was reconstructed after a delay of 5 phases after the peak
arterial phase. The third phase was reconstructed after another

delay of 5 phases after the second phase. Thus, each phase of
simulated mCTA was 8.5 s apart, which approximated the
original mCTA. The first phase of simulated mCTA data
was also used for the following simulated sCTA analysis.

CTA collateral grading

Pial arterial filling on simulated sCTAwas scored from 0 to 5
(0, absent; 1, minimal; 2, significantly decreased prominence
and extent of pial arteries with regions of no vessels; 3, mod-
erately decreased prominence and extent; 4, mildly decreased
prominence and extent; 5, normal or increased prominence
and extent) when compared with the opposite normal hemi-
sphere [10]. Collateral score on simulated mCTA was also
assigned by using a six-point ordinal scale, scored 0 to 5 based
on the distribution of peripheral vessels as well as the delay of
phases in pial filling (0, no vessels visible in any phase; 1, a
few vessels visible in any phase; 2, a delay of two phases in
pial arterial filling and decreased prominence and extent or
one-phase delay and some regions with no vessels; 3, a delay
of two phases in pial arterial filling or one-phase delay and
significantly reduced pial vessels; 4, a delay of one phase in
pial arterial filling, but prominence and extent is the same; 5,
no delay and normal or increased prominence of pial vessels/
normal extent) when compared with the opposite normal
hemisphere [14]. All CTA analysis was performed based on
0.625-mm axial source images and 24-mm maximum-inten-
sity projections in the axial plane.

Two neuroradiologists (SS.L and XQ.X, both with 6-year
experience), who were blinded to the clinical information and
CTP results, independently assessed the collateral scores on
sCTA, followed by mCTA 3 days later. For any discrepancy
between the two readers, another neuroradiologist (HB.S with
25-year of experience) re-evaluated the images and helped to
reach a consensus agreement. Moderate to good collateral
status was defined as collateral scores ≥ 3.

Statistical analysis

The inter-reader reproducibility for collateral assessment on
sCTA and mCTA was evaluated using Cohen’s kappa statis-
tics. Reliabilities < 0.4 was characterized as poor, those 0.4–
0.75 were fair to good, and those > 0.75 were considered
excellent. A McNemar test was performed to determine
whether the collateral status assessed by sCTA and mCTA
was significantly different. The differences of ischemic core
volume and mismatch ratio based on collateral status were
assessed using the Kruskal-Wallis test. The ability of mCTA
and sCTA to predict the target mismatch profile on CTP was
assessed using receiver operating characteristic (ROC) curves.
The area under the ROC curve (AUC), sensitivity, specificity,
and positive and negative predictive values for different col-
lateral score thresholds were calculated and reported. The
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ability of mCTA, sCTA, and CTP to predict 90-day mRS
score of 0–2 was compared by using ROC analyses. All sta-
tistical analyses were performed using MedCalc (version
12.3.0) or SPSS (version 16.0). The p value was two-sided,
and p < 0.05 was used as the level of significance.

Results

Patient characteristics

Seventy-three patients (male, 57; median age 68.0 years) who
met all the inclusion criteria were finally enrolled. These pa-
tients had occlusions in the intracranial internal carotid artery
(ICA, n = 9), M1 segment (n = 45), M2 segment (n = 11), or
ICA combined with M1 (n = 8). Baseline NIHSS scores
ranged from 7 to 26 (median, 14; interquartile range [IQR],
11–17.5). The stroke onset time ranged from 300 to 900 min
(median, 402.5; IQR, 330–489.5). In 25 of 73 (34.2%) pa-
tients, the exact stroke onset time was unknown. Intravenous
tPAwas administered in 9 patients. Endovascular therapy was
performed in 41 patients. Good clinical outcome (90-daymRS
score of 0–2) was achieved in 33 of 69 (47.8%) patients. The
detailed baseline characteristics of all patients are shown in
Table 1.

Assessments of collaterals by sCTA and mCTA

The assessment of collateral scores showed good inter-rater
agreement on both sCTA and mCTA (κ = 0.718 and 0.739,
respectively). Moderate to good collateral status was identi-
fied in 37 patients (50.7%) on sCTA, whereas it was deter-
mined in 58 patients (79.5%) on mCTA (p < 0.001).

CTA collaterals to predict target mismatch and clinical
outcome

The distribution of ischemic core volume and mismatch ratio
based on different collateral scores assessed on simulated
sCTA and mCTA are shown in Table 2. Patients with good
collaterals had smaller ischemic cores and larger mismatch
ratios compared with those with poor collaterals (p < 0.05
overall).

Table 3 presents the diagnostic performance of CTA collat-
eral score in the prediction of target mismatch. The AUC of
mCTA when identifying patients with target mismatch was
0.902 (95% CI, 0.809, 0.959), significantly higher than that
of sCTA (AUC, 0.815; 95% CI, 0.707 to 0.896) (p < 0.01)
(Fig. 1). A sCTA collateral score of > 2 had 68.6% sensitivity
(95% CI, 54.1, 80.9) and 90.9% specificity (95% CI, 70.8,
98.9). The sensitivity was significantly improved to 78.4%
(95% CI, 64.7, 88.7) by a mCTA collateral score of > 3, while
the specificity remained the same. A representative case of
collateral status assessed by CTA to determine target mis-
match is shown in Fig. 2.

The diagnostic performance of CTA collateral score in
predicting 90-day mRS score of 0–2 is demonstrated in Fig. 3.
The AUC of mCTA collateral score > 3 was 0.771 (95% CI,
0.655 to 0.864; sensitivity, 84.8%; specificity, 69.4%), which
was comparable to CTP with target mismatch (AUC= 0.720;
95% CI, 0.599 to 0.821; sensitivity, 93.9%; specificity, 50.0%)
(p= 0.274), but significantly higher than that of sCTA collateral
score > 2 (AUC= 0.667; 95% CI, 0.543 to 0.776; sensitivity
66.7%; specificity, 66.7%) (p= 0.012).

Discussion

In the current study, we found that better collaterals were
associated with smaller ischemic core volume and larger mis-
match ratio on CTP in AIS patients with stroke onset time of
5–15 h or with unclear onset time. The collateral scores
assessed by sCTA underestimated pial arterial filling when
compared with mCTA. mCTA better identified patients with
target mismatch on CTP and predicted 90-day mRS score of
0–2 compared with that of sCTA.

Currently, there is no reference standard for imaging selec-
tion in patients with AIS. In many stroke centers, perfusion
imaging is used for patient selection. Perfusion imaging was
performed in the EXTEND-IA trial and in 81% of patients in
the SWIFT PRIME trial [2, 20]. Most recently, the DEFUSE 3
trial showed the benefit of mechanical thrombectomy for AIS
patients with large anterior circulation occlusions outside of
the 6-h therapeutic window (up to 16 h post-onset) when per-
fusion imaging revealed a large penumbra and a small ische-
mic core. However, it is important to note that although per-
fusion imaging can provide an objective quantitative

Table 1 Patient characteristics

Variables Median [IQR] or number (%)

Male 57 (78.1%)

Age, years 68.0 [59.5, 77.0]

Admission NIHSS 14.0 [11.0, 17.5]

Time of onset (min) 402.5 [330, 489.5]

Stroke with unknown onset time 25 (34.2%)

Vessel occlusion, n (%)

Intracranial ICA 9 (12.3%)

MCA-M1 45 (61.6%)

MCA-M2 11 (15.1%)

Intracranial ICA +M1 8 (11.0%)

IV tPA, n (%) 9 (12.3%)

Endovascular therapy, n (%) 41 (56.2%)

IQR, interquartile range; NIHSS, Nation Institutes of Health Stroke Scale;
MCA, middle cerebral artery; ICA, internal carotid artery
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assessment of ischemic core and penumbra, challenges related
to lack of a standardized algorithm for post-processing and
potential variation in interpretation remain to be solved. In
addition, the image quality may be affected to some extent
by patient motion [6–8].

Leptomeningeal collaterals provide blood flow to the vas-
cular territory of the occluded artery during AIS. Previous
studies have shown that good baseline collaterals are an inde-
pendent predictor of a small ischemic lesion, higher mismatch,
and a good clinical outcome [3, 10, 11, 13, 21]. Data from
IMS III have shown that baseline CTA collaterals are a deter-
minant of final clinical outcome and could be used to select
patients for endovascular therapy [10]. Dehkharghani et al
found that a CTA collateral score of 3 or higher predicted an
infarct size of ≤ 50 ml. However, the sensitivity was very low
in their study [12]. A key explanation is the fact that collateral

scores were assessed based on sCTA, which lacks temporal
resolution unlike mCTA, and therefore may misclassify pa-
tients with moderate to good collaterals as poor. Menon et al
suggested that mCTAwas a reliable tool for imaging selection
and for the determination of primary clinical outcome in pa-
tients with AIS [14]. Kim et al suggested that mCTAwas more
accurate than sCTA for assessment of collaterals. mCTA com-
bined with non-contrast CT is comparable to CTP for assess-
ment of ischemic core and penumbra [22]. However, the
methods used in their study were different from ours as fol-
lows: (1) the enrolled AIS patients were within 6-h stroke
onset and (2) the CTP criteria (an ischemic core < 70 ml and
a mismatch ratio > 1.2, or an ischemic core ≤ 40 ml and a
mismatch ratio > 1.8) were different from ours. We selected
an ischemic core threshold of 70 ml and a mismatch ratio of
1.8 as criteria of target mismatch, as reported by the recently

Table 2 Associations between
CTA collateral score and CT
perfusion parameters

CTA collateral score Number of patients, n (%) Core volume (ml) Mismatch ratio

Multiphase CTA score p < 0.001 p < 0.001

0 0 (0.0)

1 5 (6.8) 195.3 ± 44.2 0.88 ± 0.48

2 10 (13.7) 110.4 ± 60.4 3.00 ± 1.34

3 16 (21.9) 76.7 ± 46.9 5.82 ± 4.15

4 29 (39.7) 39.6 ± 16.1 7.75 ± 3.27

5 13 (17.8) 41.8 ± 18.0 7.31 ± 4.60

Single-phase CTA p < 0.001 p = 0.002

0 4 (5.5) 172.8 ± 78.5 2.67 ± 3.02

1 25 (34.2) 99.0 ± 59.0 4.04 ± 3.12

2 7 (9.6) 60.7 ± 30.5 6.49 ± 3.72

3 15 (20.5) 38.7 ± 10.1 7.28 ± 3.31

4 7 (9.6) 38.4 ± 11.4 8.06 ± 3.53

5 15 (20.5) 37.3 ± 20.7 8.31 ± 4.74

Data are reported as mean ± standard deviation. All p values represent the statistical differences of ischemic core
volume and mismatch ratio based on variable collateral status. CTA, computed tomography angiography

Table 3 Diagnostic performance
of CTA collateral score in
prediction of target mismatch

Threshold Sensitivity (%) Specificity (%) PPV (%) NPV (%)

Multiphase CTA collateral score

> 1 100.0 (93.0, 100.0) 22.7 (7.8, 45.4) 75.0 (63.0, 84.7) 100.0 (47.8, 100.0)

> 2 98.0 (89.6, 100.0) 63.6 (40.7, 82.8) 86.2 (74.6, 93.9) 93.3 (68.1, 99.8)

> 3 78.4 (64.7, 88.7) 90.9 (70.8, 98.9) 95.2 (83.8, 99.4) 64.5 (45.4, 80.8)

> 4 23.5 (12.8, 37.5) 95.5 (77.2, 99.9) 92.3 (62.4, 99.9) 35.0 (23.1, 48.4)

Single-phase CTA collateral score

> 0 98.0 (89.6, 100.0) 13.6 (2.9, 34.9) 72.5 (60.4, 82.5) 75.0 (19.4, 99.4)

> 1 78.4 (64.7, 88.7) 81.8 (59.7, 94.8) 90.9 (78.1, 97.5) 62.1 (42.3, 79.3)

> 2 68.6 (54.1, 80.9) 90.9 (70.8, 98.9) 94.6 (81.8, 99.3) 55.6 (38.1, 72.1)

> 3 39.2 (25.8, 53.9) 90.9 (70.8, 98.9) 90.9 (70.8, 98.9) 39.2 (25.8, 53.9)

> 4 25.5 (14.3, 39.6) 90.9 (70.8, 98.9) 86.7 (59.5, 98.3) 34.5 (22.5, 48.1)

Data in parentheses are the 95% confidence interval; PPV, positive predictive value; NPV, negative predictive
value
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published DEFUSE 3 trial [19]. DEFUSE 3 is currently one of
the only two RCTs showing a benefit of mechanical
thrombectomy between 6 and 16 h from stroke onset [23].
Therefore, considering the stroke onset time in our study, the

DEFUSE 3 eligibility should be adhered to in clinical practice.
Our findings are consistent with prior reports showing that
collaterals can be better estimated by mCTA compared with
sCTA; good collaterals on mCTA predict a small ischemic
core and a large mismatch, suggesting that collateral assess-
ment and perfusion imaging are measuring the same biologi-
cal construct of the ischemic pathophysiology. Our study adds
to the growing body of evidence that collateral status is tightly
related to perfusion in AIS. We also found that the ability of
mCTA to predict 90-daymRS score of 0–2 was comparable to
CTP, but better than sCTA. This finding is clinically relevant
as collateral assessment by mCTA may be an alternative tool
for CTP in AIS patients extending the 6-h time window for
endovascular therapy.

There are several limitations to our study. First, this is a
single-center retrospective study. The sample size was rela-
tively small and may limit the reliability of results. Larger
studies are needed to conclusively demonstrate the utility of
mCTA in clinical decision-making. Second, the timing for the
three phases in our simulated mCTAwas not exactly the same
as for the original mCTA. However, we considered that the
mismatched timing may not significantly affect our results.
Moreover, the arterial peak phase could be determined accu-
rately according to the AIF curve. It has previously been
shown that angiographic reconstructions from the peak arterial
scan of the VPCT data may offer image quality comparable to
traditional CTA [15, 24]. Third, collateral assessment using
categorical scales can be prone to inter-observer variability.

Fig. 1 The diagnostic performance of CT angiography (CTA) collateral
scores in the prediction of target mismatch profiles on CT perfusion. The
area under the curve of multiphase CTA (mCTA) is 0.902, significantly
higher than that of single-phase CTA (0.815) (p < 0.01). A mCTA
collateral score of > 3 best identifies patients with target mismatch, with
a sensitivity of 78.4% and a specificity of 90.9%

Fig. 2 A 65-year-old man
presented with left middle
cerebral artery syndrome
(National Institutes of Health
Stroke Scale, 16) underwent CT
perfusion (CTP) after 375 min
stroke onset. Simulated single-
phase CT angiography (a)
indicates poor collateral
circulation on the left (collateral
grade, 1) while simulated
multiphase CT angiography (a–c)
indicates good collaterals
(collateral grade, 4). CTP (d)
shows an ischemic core of
61.6 ml and a mismatch ratio of
7.19, indicating that the patient
may be eligible for endovascular
therapy
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Despite the good inter-rater agreement in our study, it is im-
portant to improve this classification in the future.
Quantitativemeasurement for collaterals may help to strength-
en its role in patient selection for endovascular therapy.

In conclusion, better collaterals were associated with small-
er ischemic core volumes and larger mismatch ratios on CTP.
Collateral status was better estimated by mCTA compared
with sCTA. A mCTA collateral score of > 3 best identified
AIS patients with target mismatch on CTP and predicted their
clinical outcomes. A specific population of AIS patients with
M1/M2 and/or internal carotid artery occlusions may benefit
from mCTA to determine their eligibility for endovascular
therapy.
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