NEUROINTERVENTION ORIGINAL PAPER

Check for
updates

Neurointervention 2019;14:99-106

https://doi.org/10.5469/neuroint.2019.00080

Dichotomizing Level of Pial Collaterals on Multiphase CT
Angiography for Endovascular Treatment in Acute Ischemic
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Purpose: Although endovascular treatment is currently thought to only be suitable for pa-
tients who have pial arterial filling scores >3 as determined by multiphase computed tomog-
raphy angiography (mpCTA), a cut-off score of 3 was determined by a study, including patients
within 12 hours after symptom onset. We aimed to investigate whether a cut-off score of 3 for
endovascular treatment within 6 hours of symptom onset is an appropriate predictor of good
functional outcome at 3 months.

Materials and Methods: From April 2015 to January 2016, acute ischemic stroke patients
treated with mechanical thrombectomy within 6 hours of symptom onset were enrolled into
this study. Pial arterial filling scores were semi-quantitatively assessed using mpCTA, and clinical
and radiological parameters were compared between patients with favorable and unfavorable
outcomes. Multivariate logistic regression analysis was then performed to investigate the in-
dependent association between clinical outcome and pial collateral score, with the predictive
power of the latter assessed using C-statistics.

Results: Of the 38 patients enrolled, 20 (52.6%) had a favorable outcome and 18 had an unfa-
vorable outcome, with the latter group showing a lower mean pial arterial filling score (3.6+0.8
vs. 24+1.2, P=0.002). After adjusting for variables with a P-value of <0.1 in univariate analysis (i.e,,
age and National Institutes of Health Stroke Scale score at admission), pial arterial filling scores
higher than a cut-off of 2 were found to be independently associated with favorable clinical
outcomes (P=0.012). C-statistic analysis confirmed that our model had the highest prediction
power when pial arterial filling scores were dichotomized at >2 vs. <2.

Conclusion: A pial arterial filling cut-off score of 2 as determined by mpCTA appears to be
more suitable for predicting clinical outcomes following endovascular treatment within 6 hours
of symptom onset than the cut-off of 3 that had been previously suggested.
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INTRODUCTION

Endovascular treatment in patients with acute ischemic
stroke has evolved substantially in recent years. Five random-
ized clinical trials have led to the establishment of endovas-
cular treatment using stent retriever devices as the standard
of care for patients with proximal anterior circulation occlusion.

Some studies have shown that the degree of leptomenin-
geal or pial collateral circulation on single-phase computed
tomography angiography (spCTA) is associated with clinical
outcome, infarct volume, hemorrhage transformation risk,
and recanalization rates in acute stroke patients*® and infarct
volume and clinical outcome in patients undergoing throm-
bolysis.” Moreover, collateral circulation on dynamic CTA
predicts clinical outcome at 3 months.2 However, although
spCTA and dynamic CTA are widely used for pial collateral
status evaluation for acute stroke, spCTA lacks temporal res-
olution and may mislabel pial collateral status, and dynamic
CTA needs postprocessing. An alternative is multiphase
computed tomography angiography (mpCTA), which as a
time-resolved technique can give clinicians more accurate
information on the degree and extent of collaterals. Indeed,
mpCTA shows better interrater reliability and is associated
with better clinical outcomes than spCTA when used to
assess acute stroke patients, can be quickly performed, and
yields images that can be interpreted without specialist assis-
tance’

The degree of pial collateral circulation on mpCTA is mea-
sured by the 6-point pial arterial filling score, with patients
scoring 0-3 not likely to benefit from recanalization with a
proximal intracranial occlusion in the anterior circulation ad-
mitted within 12 hours after symptom onset.” However, we
thought a different decision strategy using collateral status is
needed for patients with a proximal intracranial occlusion in
the anterior circulation admitted within 6 hours after symp-
tom onset. Therefore, we aimed to investigate whether the
current pial arterial filling score dichotomization of 0-3 vs. 4-5
is appropriate in triaging patients for endovascular treatment
with acute ischemic stroke and large vessel occlusion in the
anterior circulation who were admitted within 6 hours after
symptom onset.

MATERIALS AND METHODS

The Seoul National University Bundang Hospital Institutional
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Review Board (IRB No. B-1608-357-115) approved this retro-
spective study, and informed consent was waived.

Patient recruitment

This study was a retrospective analysis of data prospectively
collected from acute ischemic stroke patients who present-
ed at our institution within 6 hours of symptom onset from
April 2015 to January 2016. Patients were included if they
met the following inclusion criteria: 1) baseline imaging data,
including non-contrast computed tomography and mpCTA
prior to endovascular treatment, were available, 2) there was
occlusion of the intracranial segment of the internal carotid
artery (ICA) or middle cerebral artery (MCA) (M1 or M2 seg-
ment), and 3) they had a National Institutes of Health Stroke
Scale (NIHSS) score of 5 or higher. We excluded patients with
poor-quality mpCTA data that prevented the assessment
of pial collateral circulation and those who were lost to fol-
low-up.

Imaging protocol

All patients underwent a standard scanning protocol at
presentation using a 256-slice multidetector CT scanner
(Brilliance iCT 256; Philips Medical Systems, Cleveland, OH,
USA). The mpCTA scanning parameters used were 80 kVp,
175 mAs, and 128x0.625 mm detector collimation. A total of
90 mL of contrast was injected for the scan at a rate of 4-5
mL/sec, followed by a 30-mL normal saline chase at a rate of
3 mlL/sec.

The first phase of imaging involved an aortic arch-to-ver-
tex CTA scan that was initiated by the bolus tracking method
with a trigger level of 150 Hounsfield units at the aortic arch,
minimum scan delay, and an average dose length product
of 1,100 to 1,200 mGy-cm. This was acquired in less than 3
seconds. The second phase started after a delay of 4 sec-
onds and was acquired in 3 seconds from the vertex to skull
base. The third phase was initiated after another 4-second
delay with scanning in the opposite direction from the skull
base to vertex. The scan was performed in this direction
for the third phase because our scanner is not able to be
repositioned within the time limit of 7 seconds between
phases. Images from the first phase (i.e, the aortic arch-to-
vertex scan) were then reconstructed as 1.5-mm-thick axial
sections. In addition, 24-mm-thick slab multi-planar reforma-
tions of axial first to third phase images from the skull base to
vertex were performed to assess the degree of pial collateral
filling.
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This mpCTA protocol does not require additional contrast
medium, and there is minimal extra radiation (@pproximately
177 mGy-cm per phase) as the second- and third-phase im-

ages are acquired from the skull base to vertex only."?

Image analysis

Radiologic data were independently assessed by a neurolo-
gist (HGW,) and 2 neuroradiologists (C.J. and L.S) who were
blinded to patient clinical symptoms. Pial arterial filling score
was measured in accordance with a previously published
report’? Although there was excellent interrater reliability
between the two radiologists (=30, k=0.81, P<0.001) in a
previous report, interrater reliability in our study was moder-
ate on first interpretation (n=38, k=046, P<0.001). Hence, we
needed to clarify the three determinants of pial arterial filling
score, i.e, the degree of phase delay, prominence, and extent
of pial collaterals. The degree of phase delay was defined as
the difference in the phase of pial collateral filling between
thick axial maximum intensity projections of the head in the
index territory and that in the contralateral territory.” Reduc-
tions in the prominence and extent of pial collaterals were
defined as when the number of pial vessels in the index ter-
ritory was smaller than that in the contralateral territory, with
adjustment for different phases of collateral filling between
the index and contralateral territories. Ischemic regions with
no vessels were defined as regions where one third or more
of the lesions in the index territory had no collateral filling in
any phase (Table 1).

Table 1 and Fig. 1 show an example template for each
score (i.e, 0-6) based on the three determinants above. Our
three raters then revised their pial collateral assessments ac-
cording to this template, with a consensus required in cases

of disagreement.

Procedures

A neurointerventionalist (C.J) performed intraarterial treat-
ment (IAT) of all the cases on a biplane angiography machine
(Integris Allura, Philips, the Netherlands). We used a 9 French
balloon guiding catheter. In case of a tortuous cervical ICA,
a second guiding catheter was used for the coaxial system.
The primary device for IAT was a stent retriever (Solitaire FR;
Covidien, Irvine, California; Trevo-XP; Stryker, Kalamazoo, M,
USA). Mechanical aspiration device, thrombolytics, or perma-
nent stenting were also used at the discretion of operator.
The reperfusion grading was measured by using modified
treatment in cerebral infarction before and after IAT.

Statistical methods

Patient demographics, as well as clinical and radiological
findings, were compared between patients with favorable
(modified Rankin Scale [mRS] at 3 months <2) and unfavor-
able (MRS at 3 months >2) outcomes using the Pearson chi-
square test, independent t test, and Mann-Whitney U test as
appropriate. Univariate and multivariate logistic regression
analyses were then performed to identify factors associated
with a favorable functional outcome. Variables with a P-value
of <0.1 in univariate analysis were included in multivariate
analyses. We then determined the area under the receiv-
er-operating characteristic curve (AUC) to assess model fit
and compared AUC values between pial arterial filling scores
dichotomized at various cut-off scores (i.e, >4 vs. <4, >3 vs.
<3, and >2 vs. <2). Areas under the receiver operating char-
acteristic curves for these 2 scoring systems were compared
using Delong’s test. All statistical analyses were performed

Table 1. Pial arterial filling score used in the current study within the symptomatic ischemic territory compared with the asymptomatic

contralateral hemisphere using multiphase CT angiography

Score Phase difference in filling of pial collateral Prominence and extent of pial collateral

5 No Same or increased

4 One phase Same

3 Two phases Same

3 One phase Reduced prominence or reduced extent

2 Two phases Reduced prominence or reduced extent

2 One phase No vessel with one third or more defect than normal extent

1 Two or more phases

0 Two or more phases

A few visible vessels with whole territory defect of occluded vessel

No visible vessel with whole territory defect of occluded vessel

CT, computed tomography.
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using SPSS Statistics 22 (IBM, Armonk, NY, USA) and Stata 13.0
software (Stata Corporation, College Station, TX, USA). P val-
ues <0.05 were considered statistically significant. Results are
expressed as meanzstandard deviation where appropriate.

RESULTS

Patient characteristics
Of the 838 patients in our database with acute ischemic

score site of occlusion phase 2 phase 3

phase 1

Fig. 1. Pial arterial filling score within the symptomatic ischemic terri-
tory using multiphase CT angiography images. Top row: images of a
patient with a left MCA M1 segment occlusion (arrow) and no delay of
phase in filling in of peripheral vessels, but with the same prominence
and extent. Second row: images of a patient with a right MCA M1
segment occlusion (arrow) and a delay of 1 phase in filling in of pe-
ripheral vessels, but with the same prominence and extent. Third row:
images of a patient with a left MCA M1 segment occlusion (arrow) and
a delay of 2 phases in filling in of peripheral vessels, but with the same
prominence and extent. Fourth row: images of a patient with a right
MCA M1 segment occlusion (arrow) and a delay of 1 phase in filling
in of peripheral vessels, but with decreased prominence and extent.
Fifth row: images of a patient with a right MCA M1 segment occlusion
(arrow) and just a few vessels visible in any phase within the occluded
vascular territory. Bottom row: images of a patient with a left MCA M1
segment occlusion (arrow) and no vessels visible in any phase within
the ischemic vascular territory. CT, computed tomograpy; MCA, middle
cerebral artery.
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stroke, 257 patients underwent mpCTA within 6 hours of
symptom onset. Among these, 208 patients who were not
candidates for endovascular revascularization were excluded
due to mild symptoms (NIHSS <4, 152 patients), no occlusion
identified on mpCTA (46 patients), and hemorrhagic diathe-
sis (10 patients). In total, 11 patients underwent endovascu-
lar treatment for occlusion in the basilar artery or vertebra
artery, and 38 underwent endovascular treatment using a
stent retriever for ICA/MCA occlusion identified on mpCTA.
The mean age of enrolled patients was 72.4+10.2 years, and
55.3% were male. Favorable outcomes were observed in 20
patients (52.6%), whereas unfavorable outcomes were ob-
served in 18 (4749%). The most common stroke subtype was
cardioembolism (63.2%). Thirty-one patients (81.6%) were
treated with intravenous tissue plasminogen activator before
endovascular treatment, and 34 (89.5%) had successful reper-
fusion. The mean pial arterial filling score was 3.0+1.2.

Interrater reliability of the pial arterial filling score
Interrater reliability of the pial arterial filling score between
a neurologist and two neuroradiologists, as assessed using
unweighted k statistics with 95% confidence intervals (Cls),
indicated substantial agreement (n=38, k=0.64, P<0.001).

Comparison of clinical and radiological parameters
between patients with favorable and unfavorable
outcomes

Patient demographics and clinical and radiological parame-
ters are shown in Table 2. Mean age was lower in the favor-
able (6714104 years) than in the unfavorable (78.3+6.0 years)
outcome groups (P<0.001), while pial arterial filling score
was higher in the favorable (3.6+0.8) than in the unfavorable
(2441.2) outcome groups (P=0.002).

In our univariate analysis, younger age (odds ratio [OR],
0.825; 95% (I, 0.720-0.945; P=0.006) and lower NIHSS score at
admission (OR, 0.839; 95% Cl, 0.720-0.977; P=0.024) were sig-
nificantly associated with favorable outcomes at 3 months.
Higher pial arterial filling score (OR, 2.917; 95% Cl, 0.321-6.443;
P=0.008) was also significantly associated with favorable
outcomes. Because of the ambiguity of the score threshold
for predicting clinical outcomes in endovascular treatment,
we dichotomized the pial arterial filling score at >4 vs. <4,
>3 vs. <3, and >2 vs. <2 and used each dichotomization as
a predictor variable in our analyses. Similar trends to those
above were shown when the pial arterial filling score was
dichotomized at >2 vs. <2 (OR, 14.143; P=0.003). In contrast,
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pial arterial filling scores dichotomized at >3 vs. <3 and >4
vs. <4 were not significantly associated with clinical out-
come. After adjusting for age and NIHSS score at admission,
higher pial arterial filling scores and pial arterial filling scores
dichotomized at >2 vs. <2 were found to be independently
associated with favorable clinical outcomes (Table 3). The pial
arterial filling scores dichotomized at >2 vs. <2 (AUC, 0.756;
95% Cl, 0.621-0.89; P=0.249) also effectively predicted favor-
able clinical outcomes at 3 months, with higher AUC than
dichotomization at pial arterial filling scores dichotomized
at >3 vs. <3 and >4 vs. <4 (AUC, 0.636; 95% Cl, 0.482-0.797;

P=0.364, and AUC, 0.550; 95% Cl, 0.483-0.617; P<0.001, re-
spectively) (Fig. 2). The difference was statistically significant
in favor of the pial arterial filling scores dichotomized at >2
vs. <2 compared with the pial arterial filling scores dichoto-
mized at >4 vs. <4 (DelLong’s test, P-value=0.006). However,
the difference was not statistically significant between the
pial arterial filling scores dichotomized at >3 vs. <3 compared
with the pial arterial filling scores dichotomized at >4 vs. <4
(DelLong’s test, P-value=0.274) and between the pial arterial
filling scores dichotomized at >2 vs. <2 compared with the
pial arterial filling scores dichotomized at >3 vs. <3 (DeLong’s

Table 2. Comparison of demographics and clinical and radiological parameters according to clinical outcome at 3 months after stroke

Demographics

Age 78.3+6.0
8 (44.4)

Male sex

67.1£104 <0.001
13 (65.0) 0.203

Lesion location
Middle cerebral artery

Internal carotid artery

11(61.1)
7(38.9)

0.703
11(55.0)
9(45.0)

NIHSS score at admission

17.7+4.3

129465 0.011

Onset to reperfusion time (minutes)

189.1+£51.3

216.7£1489 0444

mTICI (2B or 3)

15(83.3)

19(95.0) 0.328

Values are presented as mean+standard deviation or number (%) unless otherwise indicated.

mRS, modified Rankin Scale; SOD, stroke of other determined etiology; SUD, stroke of undetermined etiology; NIHSS, National Institutes of
Health Stroke Scale; mTICI, modified treatment in cerebral infarction.
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Table 3. Association factors for favorable outcome at 3 months after stroke

OR (95% Cl) P-value Adjusted* OR (95% Cl) P-value
Demographics
Age 0.825 (0.720-0.945) 0.006
Male sex 2.321(0.628-8.579) 0.207
Risk factor
Diabetes mellitus 0.667 (0.163-2.727) 0.573
Hypertension 2918 (0.780-10.924) 0.112
Atrial fibrillation 0470 (0.121-1.825) 0.275
Smoking 0.313 (0.074-1.315 0.113
Hyperlipidemia 1.500 (0.346-6.498) 0.588
Previous stroke 2.000 (0.320-12.510) 0459
NIHSS score at admission 0.839 (0.720-0.977) 0.024
Intravenous thrombolysis 0.375 (0.063-2.234) 0.281
Onset to reperfusion time (minutes) 1.002 (0.996-1.009) 0462
Procedure time (minutes) 0.987 (0.966-1.008) 0.224
mTICI (2B or 3) 3.800 (0.358-40.336) 0.268
Pial arterial filling score 2917 (0.321-6.443) 0.008 3.724 (1.141-12.156) 0.029
Dichotomized score (>3 vs. <3) 3.718(0.819-12.337) 0.095 2.374(0.380-14.814) 0.355
Dichotomized score (>2 vs. <2) 43 (2.479-80.682) 0.003 84.893 (2.680-2689.571) 0.012

OR, odds ratio; Cl, confidence interval; NIHSS, National Institutes of Health Stroke Scale; mTICI, modified treatment in cerebral infarction.

*Adjusted for age and NIHSS score at admission.
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Fig. 2. Results of receiver operating characteristic analysis for investi-
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score (>4 vs. <4, >3 vs. <3, and >2 vs. <2). AUC, area under the receiv-
er-operating characteristic curve; Cl, confidence interval.
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test, P-value=0.073).

DISCUSSION

We found that pial arterial filling scores were higher in pa-
tients with favorable outcomes than in those with unfavor-
able outcomes. In particular, a pial arterial filling score cut-off
of 2 on mpCTA was significantly associated with favorable
clinical outcomes at 3 months after endovascular treatment
for acute ischemic stroke with large vessel occlusion of the
anterior circulation within 6 hours since last seen normal.
The appropriate pial arterial filling score cut-off for deter-
mining tissue salvageability and selecting suitable candi-
dates for endovascular treatment has not been externally
validated, although recommendations have been previously
made. Specifically, the Endovascular Treatment for Small
Core and Anterior Circulation Proximal Occlusion with Em-
phasis on Minimizing CT to Recanalization Times (ESCAPE)
trial demonstrated that moderate to good collateral circula-
tion leads to decreased mortality and significantly improved
clinical outcome after endovascular treatment.” For decision
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making with mpCTA, the ESCAPE trial considered a pial
arterial filling score of >3 to indicate the presence of salvage-
able brain; thus, scores of 0-3 were considered exclusion
criteria for endovascular treatment.* Furthermore, in the
Interventional Management of Stroke trial, the rate of favor-
able outcomes in patients with poor collaterals treated with
endovascular therapy ranged from only 5.3% to 20.6% when
they were assessed using three different ordinal scoring
systems.”” Although criteria for candidate of endovascular
treatment in our institution did not include degree of pial
collateral circulation, our external validation of the appropri-
ate cut-off score for determining collateral status using mpC
TA within 6 hours since last seen normal suggests that a cut-
off score of 2 is more suitable than that of 3 or 4. The reason
might be because our study, which included patients with
a proximal intracranial occlusion in the anterior circulation
that presented within 6 hours after symptom onset, differs
from the ESCAPE trial, and because patients with a collateral
score of 3 have sufficient collateral perfusion and reversible
brain tissues and may thus be good candidates for endovas-
cular revascularization within 6 hours since last seen normal.
Practically, as a noninvasive collateral assessment tool for the
effectiveness of endovascular treatment in acute ischemic
stroke with large vessel occlusion, application of this newly
identified pial collateral score cut-off may result in favorable
clinical outcomes.

Despite these insights, there are limitations to our study
that need to be taken into consideration when interpreting
our data. The present study was a single-center study with a
limited number of patients. Furthermore, a previous report
showed better interrater reliability to assess pial arterial filling
scores than the present study. However, for a reduced time
interval from within 12 hours since last seen normal to within
6 hours since last seen normal, a smaller number of patients
can be expected. Therefore, further studies with larger pa-
tient cohorts need to be conducted. Additionally, the timing
of the CTA contrast injection relative to imaging is likely to
be critical.”® If CTA images are acquired too early, different
phases may fail to be measured, leading to overestimation
of the pial arterial filling score. As such, poor cardiac function
can also interfere with pial arterial filling, as shown on mpCTA.

CONCLUSION

Pial arterial filling scores dichotomized at <2 vs. >2 as deter-

https://doi.org/10.5469/neuroint.2019.00080

mined by mpCTA for a 6-hour time window appear to be
suitable for predicting clinical outcome at 3 months after
mechanical thrombectomy for acute ischemic stroke with
large vessel occlusion of the anterior circulation. Also, critical
re-appraisal for the cut-off score of mpCTA should be re-as-
sessed by well-designed further trials.
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