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ABSTRACT

BACKGROUND AND PURPOSE: The quality of leptomeningeal collaterals may influence the speed of infarct progression in acute
stroke. Our main objective was to evaluate the association of leptomeningeal collateral score and its interaction with time with ische-
mic changes on CT in patients with acute stroke.

MATERIALS AND METHODS: Adult patients with acute stroke symptoms and anterior circulation large-vessel occlusion on CTA
from 2015 to 2019 were included. Routinely performed NCCT and multiphase CTA were reviewed to assess ASPECTS and the lepto-
meningeal collateral score. We built multivariate regression models to assess the association between leptomeningeal collateral
score and its interaction with time and ASPECTS. Performance measures to predict poor ASPECTS at different time thresholds
(identified with receiver operating characteristic curve analysis) were estimated in a subgroup of patients with poor leptomeningeal
collateral scores.

RESULTS: Leptomeningeal collateral scores 0-1 were associated with lower ASPECTS, and the model with dichotomized and tricho-
tomized leptomeningeal collateral score showed a significant multiplicative interaction between time and the leptomeningeal col-
lateral score. The negative predictive value for poor ASPECTS was >0.9 for at least the first 3 hours from stroke onset to imaging,
and the positive predictive value was <0.5 for every time threshold tested in the subgroup of patients with leptomeningeal collat-
eral scores 0-3.

CONCLUSIONS: Poor (0-1) leptomeningeal collateral scores were associated with lower ASPECTS, and an increase in time has a
multiplicative interaction with the leptomeningeal collateral score on ASPECTS.

ABBREVIATIONS: CollS = leptomeningeal collateral score; mCTA = multiphase CTA; NPV = negative predictive value; PPV = positive predictive value;

ROC = receiver operating characteristic

Endovascular therapy decreases the risk of disability in patients
with acute ischemic stroke due to anterior circulation large-
vessel occlusion, particularly if the ischemic core is small enough
compared with the rest of the hypoperfused brain.'® Because the
ischemic core tends to increase with time before revascularization
is achieved, a delay between stroke onset and revascularization
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influences the efficiency of the treatment. However, some patients
may still benefit from endovascular treatment as long as 24 hours
after stroke onset.’® This benefit includes patients living in
remote areas who may be considered if the progression of the is-
chemic core is slow enough.” The ability to predict ischemic core
progression in these patients has the potential to assist in their
selection for transfer to stroke centers. However, predicting
which patients will progress at which rate is still a challenge.®
Leptomeningeal collateral status may be a key element in this
important decision-making process. The role of collaterals in
acute stroke has been an important research topic and a subject
of numerous publications during the past few years. Good collat-
erals are associated with a better functional outcome for patients

with acute ischemic stroke,” >

13-17

especially in the context of endo-

vascular therapy, and more recently when considering endo-

vascular therapy in patients with a low ASPECTS.'®"?
Other authors have been focusing on radiologic parameters and

the association among collaterals, the infarct core, and the infarct
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growth rate. Previous findings have shown that the ASPECTS and
leptomeningeal collaterals may provide an indirect evaluation of
the infarct core volume for a selection of patients with acute ische-
mic stroke and therefore assist in patient selection for endovascular

therapy in an extended time window.***?

More recently, second-
ary analysis from the Randomized controlled trial to Optimize
Patient’s Selection for Endovascular Treatment in Acute Ischemic
Stroke (SELECT) study showed that the early infarct growth rate
strongly correlates with both collateral status and clinical outcomes
after endovascular '[hrombec'[omy.23 Regenhardt et al,** in 2022,
also recently correlated symmetric collaterals with a low ischemic
core growth rate. However, the relationship between leptomenin-
geal collaterals and the infarct core growth rate remains poorly
understood with contradictory results in the literature®* and lack
of a thorough analysis of the effect of the interaction between time
and leptomeningeal collaterals on ischemic core volume.

To evaluate the relation of leptomeningeal collaterals and time
with infarct core volume in a pragmatic manner that reflects the
real-life trajectories and resources of community centers, we con-
ducted a single-center retrospective study, using the ASPECTS as a
surrogate for the ischemic core volume. In this study, we aimed to
analyze the effect of the leptomeningeal collateral score (CollS) and
its interaction with time from stroke to imaging on the ASPECTS.
We also sought to find a time threshold having the best perform-
ance values to predict ASPECTS, in patients with poor CollS.

MATERIALS AND METHODS

Design

We report this study in accordance with the REporting of studies
Conducted by using Observational Routinely collected health Data
(RECORD) statement.”’ The study received approval from our local
institutional review board, and the need for patient consent was
waived because data were exclusively collected on medical charts.

Setting

This study was conducted in a comprehensive stroke center located
in Quebec city, Canada. All included patients underwent multi-
phase CTA (mCTA) for collaterals. Patients were identified through
our radiology database (PACS) using a specific code related to acute
stroke, from May 25, 2015 (on implementation of the mCTA proto-
col), to May 24, 2019. The entire protocol for patients with stroke
includes an NCCT as well as mCTA. No data on perfusion studies
were collected because CT perfusion was not available at our center
at the above-mentioned dates.

Participants

We screened all consecutive patients admitted for acute ischemic
stroke. The selected patients were all adults 18 years of age or older
with acute stroke symptoms and large-vessel occlusion of the anterior
cerebral circulation, including the ICA and proximal middle cerebral
artery (M1 or proximal M2). Patients with either no occlusion, distal
anterior circulation occlusion (distal M2 and A2), posterior circula-
tion occlusion, or hemorrhagic stroke were excluded from the study.

Variables and Data Sources
The ASPECTS was evaluated independently by 1 vascular
neurologist and 1 neurosurgeon with endovascular training.

The assessment was made according to the guidelines published
by the team who created this score, and both reviewers received
appropriate training.”*° A third party (a vascular neurologist) was
consulted in case of disagreement. This assessment was blinded to
the quality of CollS and to all clinical data, including the time
from stroke to imaging.

The assessment of collateral status on mCTA was performed
separately and independently by 2 interventional neuroradiolo-
gists with a score ranging from 0 to 5 according to Menon et
al.>' A third party (a neurosurgeon specialized in neurointerven-
tion) reviewed all disagreements. If the third reviewer was not in
agreement with one of the first 2 reviewers, the disagreement
had to be resolved through discussion. This measurement was
also blinded to clinical data. Because the CollS evaluation had to
be independent of the ASPECTS, the investigators were required
to mention all patients for whom a bad ASPECTS from large
stroke could have been deduced on CTA images. The CollSs
were trichotomized as poor (0-1), intermediate (2-3), and good
(4-5) and dichotomized as poor (0-3) and good (4-5) for
analyses.

Clinical data, including age, sex, NIHSS, time from stroke to
imaging, smoking status, intravenous thrombolysis and thrombec-
tomy status, and anticoagulant, antiplatelet, antihypertensive, lipid-
lowering, and hypoglycemic drug use, were collected separately and
independent from electronic medical records by 2 members of the
team. For patients with no precise time from stroke onset, the time
when the patient was last-seen-well was used. When the NIHSS
was not available from the medical record, a retrospective scoring
algorithm was used to estimate it.” Discrepancies were resolved
through discussion.

The time from stroke to imaging was calculated afterward as the
duration between the time of stroke onset (or last seen well) and
the time of CT/CTA of the brain. All data collectors were blinded
to the exact time from stroke to imaging.

Statistical Analyses
Sample size calculation was based on parameters issued from pre-
liminary data collected from the first 23 patients. The mean (SD)
of the time from stroke to imaging (2.3 hours and 1.74 hours,
respectively) represented 60% of the bad ASPECTS in the poor
CollS group. A sample size of =145 cases was sufficient to obtain
80% power in a multivariate logistic regression model with a con-
servative OR of 1.4 for the CollS factor. Furthermore, 10% of
R-square was attributed to the time from stroke to imaging, and
the significance level was set at .05. Considering the possible 20%
of missing data, the final sample size was set at 175 cases.
Quantitative variables are described as mean (SD) and median,
first (Q1) and third (Q3) quartiles, minimum, and maximum;
qualitative variables are described as frequencies and percentages.
Interobserver agreement for ASPECTS and CollS data was
measured with the Cohen « for dichotomized and trichotomized
data. The intraclass coefficient correlation was used to assess
agreement with the original scales. The k coefficient was defined
as slight (0-0.20), fair (0.21-0.40), moderate (0.41-0.60), substan-
tial (0.61-0.80), or excellent (0.81-1).*® The intraclass correlation
coefficient was categorized as follows: poor (<0.50), moderate
(0.50-0.75), good (0.75-0.90), and excellent (>0.90).>*
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Patients with multiphase CTA protocol for acute
stroke from May 25, 2015 to May 24, 2019
N =676

was 0.69 (95% CI, 0.61-0.76). The agree-
ment when using a cutoff at 5 instead of
6 to dichotomize ASPECTS was only
0.26 (95% CI, 0.01-0.53).

Figure 2 shows the distribution of our
cohort according to the CollS, ASPECTS,

Patient excluded n = 502
No occlusion: n = 366

Other: n =22

Distal anterior circulation occlusion: n = 63
Posterior circulation occlusion: n = 45
Post-endovascular intervention complication: n = 6

and time from stroke to imaging. Among
patients with witnessed stroke onset and
good collaterals (CollS = 4-5), good
ASPECTS (6-10) were seen as late as
448 minutes (7.5 hours) after stroke

Patients included
N=174

FIG 1. Flow chart of patient selection.

Receiver operating characteristic (ROC) curve analyses were
used to find time thresholds from stroke to imaging having the
best performance values to predict bad ASPECTS (0-5) in 2 sub-
groups of CollS (0-1 and 0-3). The performance measures of the
different time thresholds for bad ASPECTS were estimated with as-
ymptotic 95% Cls. For ROC curve analysis, the ASPECTS was
dichotomized with scores ranging from 6 to 10 qualifying as good
and scores and from 0 to 5 qualifying as bad. The threshold of =6
was chosen because it is an inclusion criterion for thrombectomy
in the guidelines.”>*

The association of CollS and its interaction with time on
ASPECTS was analyzed in multivariate linear regression models,
entering CollS either as a continuous variable (model 1) or after
dichotomization (model 2) or trichotomization (model 3). The
time from stroke to imaging, age, NIHSS, intracranial occlusion
location, the presence of tandem carotid occlusion, and an interac-
tion term between time and the CollS were also entered in all
models.

Statistical analyses were performed using SAS Statistical
Software, Version.9.4 (SAS Institute) with a 2-sided significance
level set at P <.05.

RESULTS

According to the radiologic database, 676 patients underwent
mCTA at our institution between May 25, 2015, and May 24,
2019, and 174 patients were included in the analyses (Fig 1).
Patients’ demographic and clinical data are shown in the Table.
Most the patients’ CollSs were about equally distributed between
4 and 5 (n = 81; 46%) and 2 and 3 (n = 82; 47.1%). Very few
patients had CollSs of 0-1 (1 = 11; 6.3%). Poor CollSs were found
in 10% (4/40) of ICA occlusions, 4.21% (4/95) of M1 occlusions,
and 7.69% (3/39) of M2 occlusions.

The estimated simple « for the CollS was 0.41 (95% CI, 0.27-
0.54) after dichotomization and 0.42 (95% CI, 0.30-0.54) after tri-
chotomization, while the intraclass correlation coefficient was 0.57
(95% CI, 0.46-0.66). The estimated simple « for ASPECTS was
0.60 (95% CI, 0.42-0.78), and the intraclass correlation coefficient
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onset, but bad ASPECTS (0-5) were also
seen as soon as 158 minutes after stroke
onset.

As shown in the Online Supplemental
Data, in multivariate analysis, CollS 0-1
was independently associated with lower
ASPECTS compared with CollS 4-5. The
interaction term between poor CollS and
time was also independently associated
with ASPECTS in patients with CollS 2-3 and 0-3. For every 10-mi-
nute increase in time from stroke to imaging, there was a decrease in
the ASPECTS of 0.07 (95% CI, 0.1-0.05; P <<.001) in patients with
CollS 2-3 and 0.06 (95% CI, 0.03-0.08; P = .001) in patients with
CollS 0-3. In other words, a 1-point decay in the ASPECTS occurred
for every 135 minutes (95% CI, 100-200) in the subgroup of patients
with CollS 2-3 and for every 167 minutes (95% CI, 125-333) in the
subgroup of patients with CollS 0-3.

According to ROC curve analyses (Fig 3), the time threshold
for predicting poor ASPECTS (0-5) with the highest negative pre-
dictive value (NPV) was 100 minutes (NPV = 0.97; 95% CI, 0.87-
0.99) in the instance of CollS 0-3. The NPV remains above 0.90
(95% CI, 0.82-0.97) for the time threshold of <190 minutes and
0.88 (95% CI, 0.78-0.94) for time thresholds of <236 minutes. The
positive predictive values (PPVs) were <0.5 for all time thresholds
in this subgroup. The subgroup of CollS 0-1 was too small to per-
form accurate ROC curve analyses and allow precise estimation of
the predictive values.

DISCUSSION

In our study, a poor CollS (0-1) was independently associated
with lower ASPECTS as was the multiplicative interaction of
time with CollS. The NPV to predict poor ASPECTS was >0.9 for
at least the first 3 hours from stroke onset to imaging, and the
PPV was <0.5 for every time threshold in the subgroup of
patients with CollS 0-3.

The association of ASPECTS and collaterals has been reported
in many studies during the past decade, with varying results.
While post hoc analysis of the Interventional Management of
Stroke (IMS III) and Endovascular Therapy Following Imaging
Evaluation for Ischemic Stroke (DEFUSE) 3 trials did not show a
significant difference among patients according to their collateral
status,'*%°

collateralization.””*® Results from a retrospective cohort study

other studies have shown a protective effect of good

suggested that collaterals can influence early ischemic changes;
patients transferred from regional hospitals with poor collaterals
were significantly more at risk of ASPECTS decay than those



Demographic and clinical characteristics of included patients
(n =174)
Demographics/Characteristics
Age (mean) (yr)
Male (No.) (%)
NIHSS (mean)?
Time from stroke to imaging in
minutes (mean)
Median; Q1-Q3; (min—-max)
Stroke onset (No.) (%)

73.35 (SD, 14.33)
74 (42.5)

14.29 (SD, 6.46)
166 (SD, 144.6)

115.8; 66-231;16.8-823.8

Witnessed 136 (78.2)
Wake-up 38 (21.8)
Most proximal intracranial
occlusion (No.) (%)
ICA 40 (23.0)
M1 95 (54.6)
M2 39 (22.4)
Tandem carotid occlusion (No.) 41(23.6)
(%)
Smoking status (No.) (%)
Never smoked 101 (58.7)
Active 29 (16.7)
Former 23 (13.2)
Unknown 21(12.)
Drugs (No.) (%)
Anticoagulants 17 (9.8)
Antiplatelets 61 (35.1)
Antihypertensive M (63.8)
Diabetes 26 (14.9)
Cholesterol 72 (414)
Treatment received
IVT only (No.) (%) 34 (19.5)
Endovascular therapy only (No.) 34 (19.5)
(%)
IVT+endovascular therapy 71(40.8)
(No) (%)
None (No.) (%) 35(20.1)
ASPECTS (No.) (%)
6-10 155 (89.])
0-5° 19 (10.9)
Collateral status (No.) (%)
4-5 81 (46.6)
2-3 82 (47.)
0-1¢ 1(6.3)

Note:—Q indicates quartile; min, minimum; max, maximum; IVT, intravenous
thrombolysis.

*The retrospective scoring algorithm was used in 24 patients (13.8%) to assess
NIHSS.

® ASPECTS was 5 in 12 patients.

€All had a score of 1.

with good/intermediate collaterals (OR = 5.14; 95% CI, 2.20-
12.70).%° Recent studies have shown that collateral status had the
strongest association with infarct growth rate, while time from

27,28,40
In our

stroke onset did not reach statistical significance.
study, we found that poor collaterals (0-1) were significantly
associated with lower ASPECTS. On the other hand, some
patients in our cohort who had imaging as soon as 100 minutes
from stroke onset had bad ASPECTS despite CollS 4-5, suggest-
ing that good collaterals alone do not guarantee a slow infarct
growth rate. A similar observation was made in a post hoc analy-
sis of the Endovascular Treatment for Small Core and Anterior
Circulation Proximal Occlusion with Emphasis on Minimizing
CT to Recanalization Times (ESCAPE) trial, in which some fast-
progressing patients had good collaterals.*'
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FIG 2. Time distribution since stroke onset in the stratified study
population. Patients with witnessed time from stroke onset are repre-
sented as solid circles, and patients classified as last seen well or with
wake-up stroke are represented by open circles.

Finding a time threshold to select patients for treatment or to
predict outcomes in acute ischemic stroke is still a challenge. The
6-hour threshold is used as the limit to discriminate between fast
and slow progressors,* but most of our patients presented within
this threshold. Therefore, we sought to identify a time threshold of
patients with a poor CollS that would distinguish fast and very fast
progressors. Given that the consequences of excluding a patient
with stroke who was indeed eligible for endovascular therapy
(good ASPECTS after a certain time threshold) are far worse than
including a patient with stroke who is not eligible (bad ASPECTS
within a certain time threshold), the ideal time threshold would
offer the highest possible PPV. All time thresholds analyzed
(within 4 hours) offer a low PPV in patients with CollS 0-3, mean-
ing that, on the basis of our results, it was not possible to identify a
time threshold after which patients with CollS 0-3 were more likely
to have poor ASPECTS.

On the other hand, the NPV remains high for a long time de-
spite CollS 0-3, meaning that the risk of including poor ASPECTS
despite CollS 0-3 remains low within at least 3 hours. Indeed, the
effect of time on the ASPECTS found in our study showed that it
requires 135 minutes to decrease by only 1 the ASPECTS in
patients with CollS 2-3, possibly suggesting that lower CollSs are
responsible for ischemic core progression leading to poor
ASPECTS on a time threshold after =6 hours and that it is not
possible to distinguish very fast progressors on the basis of CollS
0-3 alone. Finally, poor CollS 0-1 may cause faster ischemic core
progression, but a larger sample size with larger distribution of
time from stroke to imaging is required to analyze the interaction
with time in this subgroup.

In our study, 2 patients had ASPECTS of 5 after 130 minutes
despite poor CollS 0-1. Using 5 instead of 6 as a cutoff to
include patients for mechanical thrombectomy is an ongoing
debate.?”3>3640-42 However, according to our results (k = 0.2 for
dichotomized ASPECTS at 5), it appears difficult to discriminate
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ASPECTS and CollS and its interaction
with time would have been a prospective
longitudinal design and would have
required multiple radiologic examinations
on a single patient at different time points
and the transfer of all outside patients to
our center—even if not eligible for throm-
bectomy—to perform an mCTA. Such a
design would have been ethically ques-
tionable. Furthermore, because the images
were obtained at only 1 time point, we
implicitly assumed that the CollS does not
change with time. Proving this point
would have required multiple examina-
tions during a short time, which are not
routinely performed in our center and
could add unnecessary delays to proper

0.00 0.25 0.50 0.75

Specificity

. patient treatment.

1.00 Our design could also have been
vulnerable to selection bias because we
included transferred patients who were

Time
from
stroke to

imaging
(minutes)

Sensitivity
(95% C1)

Specificity

(95% Cl) VPP (95% CI)

VPN (95% C1)

previously judged as potential candidates
(3&‘1 for thrombectomy, while those who were

not eligible stayed at their referring cen-

2100 0.94 (0.70 - 1.00) | 0.50 (0.38 - 0.62) | 0.28 (0.17 - 0,42)

0.97 (0.87 - 1.00)

0.76 (0.64 - 0.89) ter and were, therefore, excluded from

2189 0.69 (0.41 -0.89) | 0.76 (0.65 - 0.85) | 0.38 (0.21 - 0.58)

0.92 (0.82 - 0.97)

our sample. Although this design should
0.73 (0.60 - 0.85)

2205 0.50 (0.25 - 0.75) | 0.80 (0.70 - 0.89) | 0.35 (0.16 - 0.57)

0.88 (0.78 - 0.95)

not have biased our results, it precluded
0.76 (0.64 — 0.89)

2237 0.44 (0.20 - 0.70) | 0.87 (0.77 - 0.94) | 0.41 (0.18 - 0.67)

0.88 (0.78 — 0.94)

us from studying the effect of collateral

0.65(0.52-0.78) status with a longer delay. Also, our

** There was statistically significant difference of AUC at the significance level of .05.

FIG 3. ROC curves for determining best performances measures to predict bad ASPECTS at dif-

ferent time values. AUC indicates area under the curve.

between ASPECTS 0-4 and ASPECTS 5. Using a cutoff of 5 in our
cohort could have wrongly included a bad (0-4) ASPECTS as a
good ASPECTS. In a review article, authors mentioned the variable
interobserver agreement, going from fair to good, for dichotomized
ASPECTS at 7, but the agreement for lower ASPECTS dichotomi-
zation is less well-established in the literature.*’

The interobserver agreement for CollS is only fair-to-moderate
and is much lower than the one reported by the team that created
the Calgary Collateral Score (x coefficient = 0.81).”" This differ-
ence may suggest a lack of external generalizability because we
can expect that the team that created a radiologic score had a
higher agreement than ours. Additionally, there are many exam-
ples of low agreement among readers assessing collaterals, even in
the case of expert neuroradiologists.””***® These examples show
that every physician involved in acute ischemic stroke care should,
therefore, be very careful when excluding patients on behalf of a
single radiologic interpretation. This suggestion places emphasis
on the importance of specific training such as what already exists
with the ASPECTS (http://aspectsinstroke.com/), even for experi-
enced neuroadiologists and may be another argument in favor of
computer-aided triage in acute stroke.*

The main limitation of our study is its retrospective and cross-sec-
tional design. The ideal design to assess the association between
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study has a low number of patients with
CollS 0-1 (n = 11, 6%). This number is
at the lowest limit of what is described in
the literature, in which, depending on
the scale, between 5% and 36% of the
patients were identified with poor collaterals.*”** Less than 11% of
our patients presented with bad ASPECTS (=5). Although this is a
relatively small proportion of our cohort, it is still within the range
found in the literature in which some cohorts had as low as 5% of
bad ASPECTS.* The radiologic reviewers were completely blinded
to the time from stroke onset and other clinical and radiologic data.
However, the ASPECTS was deduced by mCTA readers in 5
patients overall, but no significant change was found when carrying
out sensitivity analysis excluding these data. The inclusion of unwit-
nessed stroke onset in our study may have biased the performance
measures of a higher time threshold toward higher NPV and biased
the time required to lose 1 point on ASPECTS toward higher esti-
mates. Finally, our study shows good external validity because it was
pragmatic and reflects real life with simple radiologic data that
stroke clinicians must consider every time they decide on acute
ischemic stroke management. It also reinforces the hypothesis of a
relationship between faster ischemic changes and poor collateral sta-
tus, which is frequently assumed and deliberately sought in only a

few studies in literature.>**°

CONCLUSIONS
Poor (0-1) CollSs were associated with lower ASPECTS, and an
increase in time has a multiplicative interaction with CollS on


http://aspectsinstroke.com/

ASPECTS. Patients presenting within 4 hours may still have a
good ASPECTS despite CollS 0-3, given the high NPV of this
time threshold in this subgroup. Transferred patients with poor
and intermediate collaterals should be rescanned at arrival in case
of more rapid ASPECTS decay with time, to support endovascu-
lar therapy decisions. Finally, good collaterals alone are not a
guarantee of a slow infarct growth rate, and moderate interob-
server agreement for CollS mandates special attention—particu-
larly when excluding patients on the basis of this criterion alone.

Disclosures: Marie-Eve Audet—RELATED: Grant: Stryker, Comments: Educational grant.
* Jean-Luc Gariépy—RELATED: Grant: Stryker, Comments: Educational grant.* Pascale
Lavoie—RELATED: Grant. Stryker, Comments: Educational grant* Marie-Christine
Camden—UNRELATED: Payment for Lectures Including Service on Speakers Bureaus:
Bristol-Myers-Squibb.* Steve Verreault—UNRELATED: Grants/Grants Pending: Bristol
Myers Squibb, Portola; Public Health Research Institute; Payment for Lectures
Including Service on Speakers Bureaus: Servier, Bristol Myers Squibb, Pfizer* Money
paid to the institution.

REFERENCES
1. Berkhemer OA, Fransen PS, Beumer D, et al. MR CLEAN
Investigators. A randomized trial of intraarterial treatment for acute
ischemic stroke. N Engl ] Med 2015;372:11-20 CrossRef Medline
2. Campbell BC, Mitchell PJ, Kleinig TJ, et al. Endovascular therapy
for ischemic stroke with perfusion-imaging selection. N Engl ] Med
2015;372:1009-18 CrossRef Medline
3. Jovin TG, Chamorro A, Cobo E, et al. REVASCAT Trial Investigators.
Thrombectomy within 8 hours after symptom onset in ischemic
stroke. N Engl ] Med 2015;372:2296-306 CrossRef Medline
4. Goyal M, Demchuk AM, Menon BK, et al. Randomized assessment
of rapid endovascular treatment of ischemic stroke. N Engl ] Med
2015;372:1019-30 CrossRef Medline
5. Saver JL, Goyal M, Bonafe A, et al. Stent-retriever thrombectomy af-
ter intravenous t-PA vs. t-PA alone in stroke. N Engl | Med
2015;372:2285-95 CrossRef Medline
6. Bracard S, Ducrocq X, Mas JL, et al; THRACE Investigators.
Mechanical thrombectomy after intravenous alteplase versus alte-
plase alone after stroke (THRACE): a randomised controlled trial.
Lancet Neurol 2016;15:1138-47 CrossRef Medline
7. Pexman JH, Barber PA, Hill MD, et al. Use of the Alberta Stroke
Program Early CT Score (ASPECTS) for assessing CT scans in
patients with acute stroke. AJNR Am ] Neuroradiol 2001;22:1534-42
Medline
8. Powers WJ, Derdeyn CP, Biller J, et al. American Heart Association
Stroke Council. 2015 American Heart Association/American Stroke
Association Focused Update of the 2013 Guidelines for the Early
Management of Patients with Acute Ischemic Stroke Regarding
Endovascular Treatment: A Guideline for Healthcare Professionals
from the American Heart Association/American Stroke Association.
Stroke 2015;46:3020-35 CrossRef Medline
9. Fanou EM, Knight J, Aviv R, et al. Effect of collaterals on clinical pre-
sentation, baseline imaging, complications, and outcome in acute
stroke. AJNR Am ] Neuroradiol 2015;36:2285-91 CrossRef Medline
10. Liebeskind DS, Tomsick TA, Foster LD, et al. Collaterals at angiog-
raphy and outcomes in the Interventional Management of Stroke
(IMS) III trial. Stroke 2014;45:759-64 CrossRef Medline
11. Yeo LL, Paliwal P, Teoh HL, et al. Assessment of intracranial collat-
erals on CT angiography in anterior circulation acute ischemic
stroke. AJNR Am ] Neuroradiol 2015;36:289-94 CrossRef Medline
12. Yeo LL, Paliwal P, Low AF, et al. How temporal evolution of intracra-
nial collaterals in acute stroke affects clinical outcomes. Neurology
2016;86:434-41 CrossRef Medline
13. Wufuer A, Wubuli A, Mijiti P, et al. Impact of collateral circulation
status on favorable outcomes in thrombolysis treatment: a systematic
review and meta-analysis. Exp Ther Med 2018;15:707-18 CrossRef
Medline

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

AJNR Am J Neuroradiol 43:1424-30 Oct 2022  www.ajnr.org

Ravindran AV, Killingsworth MC, Bhaskar S. Cerebral collaterals in
acute ischaemia: implications for acute ischaemic stroke patients
receiving reperfusion therapy. Eur ] Neurosci 2021;53:1238-61
CrossRef Medline

Bang OY, Saver JL, Kim SJ, et al. Collateral flow predicts response to
endovascular therapy for acute ischemic stroke. Stroke 2011;42:693—-
99 CrossRef Medline

Berkhemer OA, Jansen IG, Beumer D, et al; MR CLEAN Investigators.
Collateral status on baseline computed tomographic angiography
and intra-arterial treatment effect in patients with proximal ante-
rior circulation stroke. Stroke 2016;47:768-76 CrossRef Medline

Boers AM, Jansen IG, Berkhemer OA, et al; MR CLEAN Trial
Investigators. Collateral status and tissue outcome after intra-arterial
therapy for patients with acute ischemic stroke. ] Cereb Blood Flow
Metab 2017;37:3589-98 CrossRef Medline

Broocks G, Kniep H, Schramm P, et al. Patients with low Alberta
Stroke Program Early CT Score (ASPECTS) but good collaterals ben-
efit from endovascular recanalization. ] Neurointerv Surg 2020;12:747-
52 CrossRef Medline

Tan BY, Wan-Yee K, Paliwal P, et al. Good intracranial collaterals
trump poor ASPECTS (Alberta Stroke Program Early CT Score) for
intravenous thrombolysis in anterior circulation acute ischemic
stroke. Stroke 2016;47:2292-98 CrossRef Medline

Consoli A, Andersson T, Holmberg A, et al; CAPRI Collaborative
Group. CT perfusion and angiographic assessment of pial collateral
reperfusion in acute ischemic stroke: the CAPRI study. ] Neurointerv
Surg 2016;8:1211-16 CrossRef Medline

Dehkharghani S, Bammer R, Straka M, et al. Performance of CT
ASPECTS and collateral score in risk stratification: can target per-
fusion profiles be predicted without perfusion imaging? AJNR Am
J Neuroradiol 2016;37:1399-404 CrossRef Medline

Mehrkhani F, Berkhemer OA, Majoie C, et al. Combined evaluation of
noncontrast CT ASPECTS and CT angiography collaterals improves
detection of large infarcts in proximal artery occlusive stroke. ]
Neuroimaging 2018;28:524-59 CrossRef Medline

Sarraj A, Hassan AE, Grotta J, et al; for the SELECT Investigators.
Early infarct growth rate correlation with endovascular thrombec-
tomy clinical outcomes: analysis from the SELECT Study. Stroke
2021;52:57-69 CrossRef Medline

Regenhardt RW, Gonzalez RG, He J, et al. Symmetric CTA collater-
als identify patients with slow-progressing stroke likely to benefit
from late thrombectomy. Radiology 2022;302:400-07 CrossRef
Medline

Kimmel ER, Al Kasab S, Harvey JB, et al. Absence of collaterals is
associated with larger infarct volume and worse outcome in patients
with large vessel occlusion and mild symptoms. Journal of Stroke and
Cerebrovascular Diseases 2019;28:1987-92 CrossRef Medline

de Havenon A, Mlynash M, Kim-Tenser MA, et al; DEFUSE 3
Investigators. Results from DEFUSE 3: good collaterals are associated
with reduced ischemic core growth but not neurologic outcome.
Stroke 2019;50:632-38 CrossRef Medline

Jiang B, Ball RL, Michel P, et al. Factors influencing infarct growth
including collateral status assessed using computed tomography in
acute stroke patients with large artery occlusion. Int ] Stroke
2019;14:603-12 CrossRef Medline

Vagal A, Aviv R, Sucharew H, et al. Collateral clock is more impor-
tant than time clock for tissue fate. Stroke 2018;49:2102-27 CrossRef
Medline

Benchimol EI, Smeeth L, Guttmann A, et al; RECORD Working
Committee. The REporting of studies Conducted using Observational
Routinely-collected health Data (RECORD) statement. PLoS Med
2015;12:¢1001885 CrossRef Medline

Barber PA, Demchuk AM, Zhang J, et al. Validity and reliability of a
quantitative computed tomography score in predicting outcome
of hyperacute stroke before thrombolytic therapy: ASPECTS
Study Group—Alberta Stroke Programme Early CT Score. Lancet
2000;355:1670-74 CrossRef Medline

1429


http://dx.doi.org/10.1056/NEJMoa1411587
https://www.ncbi.nlm.nih.gov/pubmed/25517348
http://dx.doi.org/10.1056/NEJMoa1414792
https://www.ncbi.nlm.nih.gov/pubmed/25671797
http://dx.doi.org/10.1056/NEJMoa1503780
https://www.ncbi.nlm.nih.gov/pubmed/25882510
http://dx.doi.org/10.1056/NEJMoa1414905
https://www.ncbi.nlm.nih.gov/pubmed/25671798
http://dx.doi.org/10.1056/NEJMoa1415061
https://www.ncbi.nlm.nih.gov/pubmed/25882376
http://dx.doi.org/10.1016/S1474-4422(16)30177-6
https://www.ncbi.nlm.nih.gov/pubmed/27567239
https://www.ncbi.nlm.nih.gov/pubmed/11559501
http://dx.doi.org/10.1161/STR.0000000000000074
https://www.ncbi.nlm.nih.gov/pubmed/26123479
http://dx.doi.org/10.3174/ajnr.A4453
https://www.ncbi.nlm.nih.gov/pubmed/26471754
http://dx.doi.org/10.1161/STROKEAHA.113.004072
https://www.ncbi.nlm.nih.gov/pubmed/24473178
http://dx.doi.org/10.3174/ajnr.A4117
https://www.ncbi.nlm.nih.gov/pubmed/25324493
http://dx.doi.org/10.1212/WNL.0000000000002331
https://www.ncbi.nlm.nih.gov/pubmed/26740681
http://dx.doi.org/10.3892/etm.2017.5486
https://www.ncbi.nlm.nih.gov/pubmed/29399075
http://dx.doi.org/10.1111/ejn.14955
https://www.ncbi.nlm.nih.gov/pubmed/32871623
http://dx.doi.org/10.1161/STROKEAHA.110.595256
https://www.ncbi.nlm.nih.gov/pubmed/21233472
http://dx.doi.org/10.1161/STROKEAHA.115.011788
https://www.ncbi.nlm.nih.gov/pubmed/26903582
http://dx.doi.org/10.1177/0271678X16678874
https://www.ncbi.nlm.nih.gov/pubmed/27864462
http://dx.doi.org/10.1136/neurintsurg-2019-015308
https://www.ncbi.nlm.nih.gov/pubmed/31772043
http://dx.doi.org/10.1161/STROKEAHA.116.013879
https://www.ncbi.nlm.nih.gov/pubmed/27491731
http://dx.doi.org/10.1136/neurintsurg-2015-012155
https://www.ncbi.nlm.nih.gov/pubmed/26801947
http://dx.doi.org/10.3174/ajnr.A4727
https://www.ncbi.nlm.nih.gov/pubmed/26965466
http://dx.doi.org/10.1111/jon.12522
https://www.ncbi.nlm.nih.gov/pubmed/29749671
http://dx.doi.org/10.1161/STROKEAHA.120.030912
https://www.ncbi.nlm.nih.gov/pubmed/33280550
http://dx.doi.org/10.1148/radiol.2021210455
https://www.ncbi.nlm.nih.gov/pubmed/34726532
http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2019.03.032
https://www.ncbi.nlm.nih.gov/pubmed/31036341
http://dx.doi.org/10.1161/STROKEAHA.118.023407
https://www.ncbi.nlm.nih.gov/pubmed/30726184
http://dx.doi.org/10.1177/1747493019851278
https://www.ncbi.nlm.nih.gov/pubmed/31096871
http://dx.doi.org/10.1161/STROKEAHA.118.021484
https://www.ncbi.nlm.nih.gov/pubmed/30354992
http://dx.doi.org/10.1371/journal.pmed.1001885
https://www.ncbi.nlm.nih.gov/pubmed/26440803
http://dx.doi.org/10.1016/S0140-6736(00)02237-6
https://www.ncbi.nlm.nih.gov/pubmed/10905241

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1430

Menon BK, d’Esterre CD, Qazi EM, et al. Multiphase CT angiogra-
phy: a new tool for the imaging triage of patients with acute ische-
mic stroke. Radiology 2015;275:510-20 CrossRef Medline

Williams LS, Yilmaz EY, Lopez-Yunez AM. Retrospective assessment of
initial stroke severity with the NIH Stroke Scale. Stroke 2000;31:858-62
CrossRef Medline

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics 1977;33:159-74 CrossRef Medline
Portney LG, Watkins MP. Foundations of Clinical Research: Applications
to Practice. Prentice Hall; 4th Edition, 2020

Boulanger JM, Lindsay MP, Gubitz G, et al. Canadian Stroke Best
Practice Recommendations for Acute Stroke Management:
Prehospital, Emergency Department, and Acute Inpatient
Stroke Care, 6th Edition, Update 2018. Int | Stroke 2018;13:949-
84 CrossRef Medline

Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the
Early Management of Patients with Acute Ischemic Stroke: 2019
Update to the 2018 Guidelines for the Early Management of Acute
Ischemic Stroke: A Guideline for Healthcare Professionals From
the American Heart Association/American Stroke Association.
Stroke 2019;50:344-418 CrossRef Medline

Nannoni S, Sirimarco G, Cereda CW, et al. Determining factors of
better leptomeningeal collaterals: a study of 857 consecutive acute
ischemic stroke patients. ] Neurol 2019;266:582-88 CrossRef Medline
Renu A, Laredo C, Montejo C, et al. Greater infarct growth limiting
effect of mechanical thrombectomy in stroke patients with poor
collaterals. ] Neurointerv Surg 2019;11:989-93 CrossRef

Boulouis G, Lauer A, Siddiqui AK, et al. Clinical imaging factors associ-
ated with infarct progression in patients with ischemic stroke during
transfer for mechanical thrombectomy. JAMA Neurol 2017;74:1361-
67 CrossRef Medline

Puhr-Westerheide D, Tiedt S, Rotkopf LT, et al. Clinical and imaging
parameters associated with hyperacute infarction growth in large
vessel occlusion stroke. Stroke 2019;50:2799-804 CrossRef Medline

Laflamme Oct 2022 www.ajnr.org

41.

43.

44.

45.

46.

47.

48.

49.

50.

Ospel JM, Hill MD, Kappelhof M, et al. Which acute ischemic stroke
patients are fast progressors? Results from the ESCAPE Trial
Control Arm. Stroke 2021;52:1847-50 CrossRef Medline

. Rocha M, Desai SM, Jadhav AP, et al. Prevalence and temporal dis-

tribution of fast and slow progressors of infarct growth in large
vessel occlusion stroke. Stroke 2019;50:2238-40 CrossRef Medline
Prakkamakul S, Yoo AJ. ASPECTS CT in acute ischemia: review of
current data. Top Magn Reson Imaging 2017;26:103-12 CrossRef
Medline

Ben Hassen W, Malley C, Boulouis G, et al. Inter- and intraobserver
reliability for angiographic leptomeningeal collateral flow assess-
ment by the American Society of Interventional and Therapeutic
Neuroradiology/Society of Interventional Radiology (ASITN/SIR)
scale. ] Neurointerv Surg 2019;11:338-41 CrossRef Medline

Grunwald IQ, Kulikovski J, Reith W, et al. Collateral automation for
triage in stroke: evaluating automated scoring of collaterals in
acute stroke on computed tomography scans. Cerebrovasc Dis
2019;47:217-22 CrossRef Medline

Barber PA, Hill MD, Eliasziw M, et al. Imaging of the brain in acute
ischaemic stroke: comparison of computed tomography and mag-
netic resonance diffusion-weighted imaging. J Neurol Neurosurg
Psychiatry 2005;76:1528-33 CrossRef Medline

Menon BK, Qazi E, Nambiar V, et al. Differential effect of baseline
computed tomographic angiography collaterals on clinical out-
come in patients enrolled in the Interventional Management of
Stroke III Trial. Stroke 2015;46:1239-44 CrossRef Medline

ZhuJ, Ma M, Guo Y, et al. Pre-stroke warfarin enhancement of col-
lateralization in acute ischemic stroke: a retrospective study. BMC
Neurol 2018;18:194 CrossRef Medline

Wirtz MM, Hendrix P, Goren O, et al. Predictor of 90-day func-
tional outcome after mechanical thrombectomy for large vessel
occlusion stroke: NIHSS score of 10 or less at 24 hours. ] Neurosurg
2019 Dec 20 [Epub ahead of print] CrossRef Medline

Verma RK, Gralla ], Klinger-Gratz PP, et al. Infarction distribution
pattern in acute stroke may predict the extent of leptomeningeal
collaterals. PLoS One 2015;10:¢0137292 CrossRef Medline


http://dx.doi.org/10.1148/radiol.15142256
https://www.ncbi.nlm.nih.gov/pubmed/25633505
http://dx.doi.org/10.1161/01.STR.31.4.858
https://www.ncbi.nlm.nih.gov/pubmed/10753988
http://dx.doi.org/10.2307/2529310
https://www.ncbi.nlm.nih.gov/pubmed/843571
http://dx.doi.org/10.1177/1747493018786616
https://www.ncbi.nlm.nih.gov/pubmed/30021503
http://dx.doi.org/10.1161/STR.0000000000000211
https://www.ncbi.nlm.nih.gov/pubmed/31662037
http://dx.doi.org/10.1007/s00415-018-09170-3
https://www.ncbi.nlm.nih.gov/pubmed/30610425
http://dx.doi.org/10.1136/neurintsurg-2018-014668
http://dx.doi.org/10.1001/jamaneurol.2017.2149
https://www.ncbi.nlm.nih.gov/pubmed/28973081
http://dx.doi.org/10.1161/STROKEAHA.119.025809
https://www.ncbi.nlm.nih.gov/pubmed/31426729
http://dx.doi.org/10.1161/STROKEAHA.120.032950
https://www.ncbi.nlm.nih.gov/pubmed/33813863
http://dx.doi.org/10.1161/STROKEAHA.118.024035
https://www.ncbi.nlm.nih.gov/pubmed/31203787
http://dx.doi.org/10.1097/RMR.0000000000000122
https://www.ncbi.nlm.nih.gov/pubmed/28277460
http://dx.doi.org/10.1136/neurintsurg-2018-014185
https://www.ncbi.nlm.nih.gov/pubmed/30131382
http://dx.doi.org/10.1159/000500076
https://www.ncbi.nlm.nih.gov/pubmed/31216543
http://dx.doi.org/10.1136/jnnp.2004.059261
https://www.ncbi.nlm.nih.gov/pubmed/16227545
http://dx.doi.org/10.1161/STROKEAHA.115.009009
https://www.ncbi.nlm.nih.gov/pubmed/25791716
http://dx.doi.org/10.1186/s12883-018-1200-7
https://www.ncbi.nlm.nih.gov/pubmed/30497406
http://dx.doi.org/10.3171/2019.10.JNS191991
https://www.ncbi.nlm.nih.gov/pubmed/31860816
http://dx.doi.org/10.1371/journal.pone.0137292
https://www.ncbi.nlm.nih.gov/pubmed/26327519

	Association between Early Ischemic Changes and Collaterals in Acute Stroke: A Retrospective Study
	MATERIALS AND METHODS
	DESIGN
	SETTING
	PARTICIPANTS
	VARIABLES AND DATA SOURCES
	STATISTICAL ANALYSES
	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES


