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Abstract

Multiphase CT angiography (CTA) in collateral assessment provides time-resolved cerebral angiograms of the intracranial
vasculature, requiring a high-speed multidetector CT (MDCT) scanner with > 64 slices. Unfortunately, many hospitals are
equipped with lower speed MDCT scanners. Herein, we present our experience performing dual-phase CTA (d-CTA) on a
16 slice MDCT with a biphasic rate injection to grade intracranial collaterals as predictor of clinical outcome. 42 patients
were evaluated with both dual-phase CTA (d-CTA) and single-phase CTA (s-CTA) for occluded anterior intracranial circula-
tion and collaterals. They were treated with endovascular reperfusion. Univariate and multivariate analyses were performed
to define the independent predictors for favorable outcome at 3 months. Good collateral circulation status on d-CTA was
associated with a lower median 24-h (5 vs. 7.5, p=0.03) and discharge (2 vs. 4.6, p=0.04) NIHSS. A logistic regression
model showed that only age (OR 0.95, 95% CI 0.91-0.98, p=0.03) and good collateral circulation status at d-CTA (OR 4.3,
95% CI1 1.87-11.3, p<0.01) were independent predictors of favorable functional outcome at 3 months, but that s-CTA was
not. The collateral status on d-CTA can be a useful predictor for clinical outcome in acute stroke patients. The proposed
protocol adapted to a low-speed MDCT scanner could be of particular interest in hospitals without access to the more up-
to-date technology.
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Introduction

Recent data suggest that clinical outcome of acute ischemic
stroke due to large vessel anterior circulation occlusion is
improved by endovascular treatment with stent retrievers [1].
The most important factors in patient selection for endo-
vascular stroke therapy are a substantial acute neurological
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deficit, a treatable arterial occlusion, and a non-extensive
ischemic core [2]. Although consensus does not exist on the
best neuroimaging technique for the assessment of patient
eligibility, CT and CT angiography are mainly used to con-
firm vessel occlusion, whereas different methods are used
to estimate the infarct core (CT angiography, Alberta Stroke
Program Early CT Score, perfusion imaging and assessment
of collateral circulation) [3]. Good collateral flow is associ-
ated with better clinical outcome, less risk of hemorrhagic
transformation and a greater likelihood of successful reca-
nalization [4]. Multiphase CT Angiography (m-CTA) tech-
nique aims at assessing the grade of the intracranial collater-
als and helping in decision-making on whether to proceed
or not with endovascular therapy. m-CTA is a novel, but
simple imaging technique where acquisitions are obtained
in the late-arterial, mid-venous and late-venous phases pro-
viding time-resolved cerebral angiograms of the intracra-
nial vasculature [5]. However, it does require a high-speed
multidetector CT (MDCT) scanner with > 64 slices while,
unfortunately, many hospitals are equipped with lower speed
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MDCT scanners (< 64 detectors). The ability to obtain high-
temporal-resolution images on such scanners would thus be
helpful. Herein, we present our experience performing dual-
phase CTA (d-CTA) on a 16 slice MDCT with a biphasic
rate injection to grade intracranial collaterals as predictor of
clinical outcome.

Materials and methods

We carried out a validation study in an internal cohort of
acute anterior occlusion stroke patients. Stroke patients
treated with endovascular reperfusion therapies were evalu-
ated by single CTA (s-CTA) and d-CTA, to assess if d-CTA
could improve the accuracy for the evaluation of the collat-
eral circulation as a predictor of clinical outcome. Consecu-
tive acute stroke patients, admitted to the Casualty Depart-
ment of the Guglielmo da Saliceto Hospital (Piacenza,
Italy) within 6 h from symptom onset, were enrolled and
studied. In line with our radiological acute stroke protocol,
all patients received an unenhanced CT to exclude a hem-
orrhagic stroke and large early ischemic changes [Alberta
Stroke Program Early CT score (ASPECTS) < 6]. A s-CTA
and d-CTA were then performed to evaluate intracranial
occlusion and collateral circulation (CC) status. The stroke
severity was evaluated by the means of the National Insti-
tute of Health stroke scale (NIHSS). A 90-day post-stroke
follow-up evaluation was made on all patients using the

Table 1 CC scores on d-CTA (A) and s-CTA (B)

modified Rankin scale (mRS) and they were considered
functionally independent if the mRS score was <2. Patients
with an NIHSS score of > 10 and a proximal intracranial
occlusion were given endovascular reperfusion. Any patients
with an occlusion of the middle cerebral artery (M1 seg-
ment) or intracranial internal carotid artery (IICA) were
included in the study.

Intracranial collaterals were not considered for clinical
decision-making in the acute stroke phase but measured
off-line by an expert stroke neuroradiologist blinded to the
clinical data. Measurement of the CC status was visually
determined by comparing backfilling arteries beyond the
occluded artery to similar arteries in the opposite unaffected
hemisphere. Table 1 reports the CC scores from both s-CTA
and d-CTA.

Patients were dichotomized into good and poor CC sta-
tus, according to both the s-CTA (poor CC: 0-1, good CC:
2-3) [6] and d-CTA scores (poor CC: 0-3, good CC: 4-5)
[5]. The collateral scores on both d-CTA and s-CTA were
evaluated independently by two neuroradiologists blinded to
the clinical data. Disagreements were settled by consensus.

All enrolled patients were given endovascular reperfu-
sion treatment. Proximal arterial occlusion was confirmed by
digital subtraction angiography (DSA) before treatment and
recanalization was determined by the modified thrombolysis
in cerebral ischemia (TICI) score [7]. A final TICI score of
2b-3 was defined as complete recanalization.

The study protocol was approved by the local ethical
committee and the researchers.

(A) Modified University of Calgary scoring for d-CTA: compared to the asymptomatic contralateral hemisphere

Score Description

4. No delay and normal or increased prominence of peripheral vessel and normal extent within the occluded artery territory
within the symptomatic hemisphere

3. Delay in the 1st phase in the filling-in of peripheral vessels, prominence and extent is the same in the 2nd phase

2. Delay in the 1st phase in the filling-in of the peripheral vessels and a slight decrease in prominence and extent in some parts of the

territory occluded in the 2nd phase

1. Delay in the 1st phase of the filling-in of the peripheral vessels and just a few vessels visible in the 2nd phase within the occluded

vascular territory

0. No vessels in any phase within the occluded vascular territory

Good CC [3, 4]
Poor CC [0, 2]

(B) Collateral scoring for s-CTA (Tan et al. [6])

3. Equal or >100% collateral supply of the occluded MCA territory

2. Collateral supply filling > 50% but <100% of the occluded vascular territory
1. Collateral supply filling < 50% but > 0% of the occluded vascular territory

0. Absence of collateral supply in the affected vascular territory

Good CC [2, 3]
Poor CC [0, 2]
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CT angiography protocol

CT angiograms of the intracranial vasculature were
obtained in two phases after i.v. contrast medium (CM)
injection using a 16 slice MDCT scanner (Siemens
Somatom Emotion). For the arterial phase, obtained from
skull base to vertex, bolus tracking was utilized to moni-
tor the arrival of contrast into the pre-cavernous inter-
nal carotid artery segments. The second imaging phase
was acquired in the late-venous phase from the vertex to
the skull base. Each scan phase lasted ~8 s, with a 4-s
interval (110 kV, 100 eff. mAs, a rotation time of 0.6 s,

Collimation 16x0.6
est= 0.75 mm
Pitch: 1.3

t=8 sec

Neck Vessels CTA (3)
Collimation 16x1.2
est= 1.5 mm

Pitch: 1.3

t=8 sec

Willis CTA (1 and h

a pitch of 1.3 and a collimation of 16 X 0.6 mm, with an
effective slice thickness of 0.75 mm). An additional scan
was then performed on the neck vessels from the skull
base to the aortic arch, with a different detector configura-
tion to shorten acquisition time (110 kV, 100 eff. mAs, a
rotation time of 0.6 s, a pitch of 1.3 and a collimation of
16 x 1.2 mm, with an effective slice thickness of 1.5 mm).
A dual configuration of the detectors is essential to maxi-
mize spatial resolution in the intracranial vessels and to
increase the acquisition rate at the neck (Fig. 1a). A total
of 80 mL of iodinated CM (350 mg I/mL) was injected at a
biphasic rate [8] (50 cc at a rate of 4.5 mL/s, subsequently

50%+
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Fig.1 a d-CTA images with slow-speed 16 slice MDCT scanner;
each phase is represented by an arrow. b The curve with the cir-
cle points illustrates the configuration of the geometry bolus with
a biphasic rate injection (50 cc at a rate of 4.5 mL/s, subsequently
30 cc at 2.5 mL/s followed by a 50 mL normal saline chase at a rate
of 2.5 mL/s; comparison bolus single rate injection is shown on the
curve with triangle). ¢, d Divergence in CC status with s-CTA and
d-CTA scores. An example of good collateral flow with d-CTA (axial
MIP image; score 3: delay in the 1st phase in the filling-in of periph-

eral vessels, prominence and extent is the same in the 2nd phase com-
pared to the asymptomatic contralateral hemisphere) and poor collat-
eral flow when using s-CTA (score 1: collateral supply filling <50%
but >0% of the occluded vascular territory). Arrow evidences occlu-
sion of the left MCA. The late-arterial phase (1st phase) in ¢ and the
late-venous phase (2st phase), in d. Adequate persistent opacification
of the carotid arteries is shown in e (arrows). est effective slice thick-
ness, ¢ scan time, NVs neck vessels
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30 cc at 2.5 mL/s followed by a 50 mL normal saline chase
at a rate of 2.5 mL/s) to allow for a persistent opacification
of the neck vessels (Fig. le). Axial images were recon-
structed in 1-mm overlapping sections with multiplanar
reconstructions for axial, coronal, and sagittal images of
the circle of Willis, performed with 3-mm thickness at
1.5-mm intervals. Thick-section axial maximum intensity
projections (MIP) at 30 mm thickness and 5-mm inter-
vals were also reconstructed. Automatic post-processing
of d-CTA maps was completed in less than 2-3 min. The
first phase of the d-CTA was acquired in the late-arterial
phase and was defined as the s-CTA. Intracranial occlusion
was determined in the first phase of d-CTA.

Statistical analysis

Continuous variables were expressed as average values with
standard deviations and categorical variables as frequen-
cies. Intergroup comparisons were performed by Student’s ¢
test, the Mann—Whitney U test and the chi-square test when
appropriate. Multivariate logistic regression analyses were
performed for each group to determine factors that could
be considered independent predictors of favorable outcome;
variables showing a p value of <0.1 in a univariate analysis
were included in the multivariate model.

Statistical analysis was performed using a standard sta-
tistical package (SPSS version 17.0 SPSS Inc, Chicago, I11.,
USA). All tests were two-tailed and conventional levels of
statistical significance were used (p =0.05). Error rate, sensi-
tivity, specificity, positive predictive value (PPV) and nega-
tive predictive value (NPV) were also calculated for s-CTA
and d-CTA as predictors of good outcome after recanaliza-
tion treatment.

Table 2 Patient characteristics at baseline

Patients 42
Age, average (SD), years 71 (£12)
Females, number and % 20 (48)
Atrial fibrillation (%) 23.5
Diabetes (%) 29.4
Hypercholesterolemia (%) 58.8
Smoking habit (%) 20.5
Previous TIA/stroke (%) 11.7
Anticoagulants (%) 0.6
Antiplatelets (%) 353
NIHSS 17+6
ASPECT 9+1
Occlusion site (%)

MCA 76.1

IICA 23.8
Time to groin (mean + SD) 273 +87
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Results

42 patients were enrolled in the study from January 2016 to
June 2017. Their mean age was 71 + 12 years, median base-
line NIHSS score was 17 and median baseline ASPECTS
was 9. Patient characteristics at baseline are shown in
Table 2. 30 patients (71.4%) showed an M1 occlusion and
12 (28.6%) an intracranial internal carotid artery occlusion.
Intravenous rt-PA treatment was administered to 23 patients
(54.7%) before endovascular reperfusion, according to the
European stroke guidelines. All patients were treated with
stent retrievers. Complete recanalization (TICI score 2b-3)
was achieved in 76.2% (32 pts) of the patients. 20 patients
(47.6%) had an early clinical improvement and 23 (54.8%)
achieved functional independency (an mRS score of 0-2)
at 3 months. At s-CTA, 18 patients (52.6%) had good CC
compared to 57.1% (24 pts) at d-CTA.

There was no significant difference in recanalization rate
(TICT score 2b-3) for patients with good or poor CC sta-
tus, evaluated by both s-CTA (74.6 vs. 76.5%, p=0.52) and
d-CTA (77.2 vs. 73.5%, p=0.35). It was observed that CC
status at d-CTA was a good predictor of clinical outcomes,
while s-CTA was not. Good CC on d-CTA was associated
with a lower median 24-h (5 vs. 7.5, p=0.03) and discharge
(2 vs. 4.6, p=0.04) NIHSS score. Conversely, a good CC
status at s-CTA was also associated to a better tendency in
early and long-term outcomes, even if statistical significance
was not reached.

A logistic regression model, adjusted for baseline NIHSS
score, ASPECTS and recanalization, showed that only age
(OR 0.95, 95% CI 0.91-0.98, p=0.03) and good CC sta-
tus at d-CTA (OR 4.3, 95% CI 1.87-11.3, p=0.002) were
independent predictors of favorable functional outcome at
3 months (Table 3).

Six patients where s-CTA and d-CTA showed a diver-
gence in their CC status were investigated. All of them had
poor intracranial collaterals at s-CTA and good ones at
d-CTA. A total of 83.3% of this population achieved good

Table 3 Multivariate analysis of predictors of good functional out-
come in the series

Good functional outcome mRS
score <2 at 3 months

OR 95% CI p
Age 0.95 0.91-0.98 0.030
CC status on s-CTA 0.91 0.45-1.98 0.182
CC status on d-CTA 4.30 1.87-11.3 0.002
Recanalization (2b-3) 2.94 0.78-7.65 0.192
NIHSS onset 1.09 0.61-1.78 0.784
ASPECT 1.07 0.81-1.18 0.313

Significance value p < 0.05 are in italics
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functional outcome (an mRS score of < 3 at 3 months) with
no differences in baseline characteristics, which may indi-
cate that s-CTA underestimates collateral status in some
patients due to its lack of temporal resolution.

s-CTA as a predictor of good outcome after recanalization
treatment showed, respectively, error rate 11.9%, sensitiv-
ity 78.3%, specificity 100%, PPV 100% and NPV 79.2%,
whereas d-CTA an error rate 2.4%, sensitivity 100%, speci-
ficity 94.7%, PPV 95.8% and NPV 100%.

Discussion

A consensus on the optimal neuroimaging technique to be
adopted for the determination of patient eligibility for end-
ovascular therapy has not been reached yet. However, given
the relatively easy availability of CT scanners worldwide,
CT and CTA remain the standard modality for acute stroke
diagnosis [9]. The collateral circulation is a physiologic
pathway of specialized endogenous bypass vessels present
in most tissues. It protects against ischemic injury during
initial oligemic status [10]. A good collateral flow is asso-
ciated with better clinical outcomes, less risk of haemor-
rhagic transformation and a greater likelihood of successful
recanalization [11]. In the setting of acute ischemic stroke,
the extent of collateral circulation influences the size of
the final infarct and extension of the penumbra. Collateral
blood flow is assessed by comparing the pial arterial filling
in the ischaemic area of the brain at CTA with that of simi-
lar arteries in the contralateral hemisphere. The advantage
of a dual-phase study is that it can detect temporal delay in
the filling of vessels in addition to prominence and extent
of vessels detectable with a single-phase technique. Moreo-
ver, CC status has already been used to select patients for
endovascular therapy [12]. Our study shows that d-CTA
is a quick, noninvasive, accurate technique to evaluate CC
status in acute ischemic stroke patients in line with another
study that compared m-CTA with other scales [S]. Further-
more, d-CTA was also associated with early and long-term
good clinical outcomes and was an independent predictor
of favorable outcome, whilst s-CTA was not. The ESCAPE
trial [12] showed the utility of current endovascular rep-
erfusion treatment in patients with good or intermediate
leptomeningeal CC status at m-CTA.

It was also observed that patients with collateral assess-
ment divergence on s-CTA and d-CTA (poor CC status on
s-CTA and good CC status on d-CTA) had a high probabil-
ity of good functional outcome (83.3% mRS score <3 at
3 months). This supports the hypothesis, reported in several
studies, that s-CTA may underestimate CC [13—-15]. Cau-
tion is required if patients with ‘‘poor/absent” collaterals at
s-CTA are excluded from treatment, as some of them will
actually have a quite good collateral flow, which arrived

after the CTA acquisition. However, multifactorial aspects
may be involved in this topic and other explanations beside
just temporal resolution may be hypothesized to explain
our observation. Therefore, endovascular therapy decisions
based on CC status measured by s-CTA may be inaccurate
and can lead to the discarding of patients for reperfusion
based on an incorrect evaluation of the CC status. These
considerations could be extended also for the study of col-
laterals in the posterior circulation stroke, but at present the
literature data are few or missing [16]. Furthermore, d-CTA
has a low error rate and a negative result predicts a negative
outcome after revascularization without any error, whereas
a positive s-CTA predicts a good outcome without errors,
although the model should be tested on a wider cohort.

Nevertheless, our study is not without limitations. The
small sample size and the lack of a comparison with angio-
graphic imaging (still the gold standard for vascular occlu-
sion detection although it is invasive) are the main limita-
tions of the present study. Furthermore, caution is required
when analyzing the clinical outcome through non-rand-
omized studies, due to the numerous biases and confounders
that may render any conclusion unreliable.

Further studies are required to confirm these results,
but the proposed protocol adapted to a low-speed MDCT
scanner, could be of particular interest in hospitals without
access to the more up-to-date technology.
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