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ORIGINAL RESEARCH
ADULT BRAIN

Collateral Assessment by CT Angiography as a Predictor
of Outcome in Symptomatic Cervical Internal Carotid

Artery Occlusion
X S. Sundaram, X S. Kannoth, X B. Thomas, X P.S. Sarma, and X P.N. Sylaja

ABSTRACT

BACKGROUND AND PURPOSE: Cervical internal carotid artery occlusion can present with varied clinical manifestations such as transient
ischemic attack, stroke, and chronic ocular ischemia, or can be asymptomatic. The outcome in these patients is considerably influenced by
cerebral hemodynamic compensatory adaptation of the intracranial collateral pathways. Our aim was to study whether collateral circulation as
assessed by CT angiography can predict 3-month outcome and initial stroke severity in patients with symptomatic cervical ICA occlusion.

MATERIALS AND METHODS: This was a retrospective study of 65 patients with symptomatic cervical ICA occlusion from January 2011 to
December 2013. The collateral vessels (anterior and posterior communicating arteries, ophthalmic artery, and leptomeningeal arteries)
were assessed by CTA. The outcome at 3 months was defined as poor if the modified Rankin Scale score was �3.

RESULTS: The mean age of subjects was 57 � 11.6 years (range, 32– 80 years), and 92% were men. Thirty-three (50.8%) patients had poor
outcome. Absence of the ipsilateral ophthalmic artery, poor leptomeningeal collaterals, and �2 collaterals were predictors of stroke
severity at onset and poor 3-month outcome in univariate analysis. In the multiple logistic regression analysis, inadequate flow through the
secondary collaterals (ipsilateral ophthalmic artery or leptomeningeal collaterals; OR, 4.5; 95% CI, 1.4 –14.9; P � .01) and higher NIHSS score
at stroke onset (OR, 19.2; 95% CI, 2.2–166.2; P � .007) independently predicted poor outcome at 3 months.

CONCLUSIONS: Assessment of collateral circulation with CTA can be a useful predictor of 3-month outcome in patients with symptom-
atic cervical ICA occlusion.

ABBREVIATIONS: AcomA � anterior communicating artery; LC � leptomeningeal collaterals; OA � ophthalmic artery; PcomA � posterior communicating artery

Cervical ICA occlusion can present with varied clinical mani-

festations such as transient ischemic attack, stroke, and

chronic ocular ischemia, or can be asymptomatic. The outcome in

these patients is influenced by cerebral hemodynamic compensa-

tory adaptation, with the intracranial collateral pathways playing

an important role in maintaining adequate perfusion to the isch-

emic zone.1

In large-artery occlusion, the primary collaterals (anterior and

posterior communicating arteries) act as the immediate flow di-

verters and the secondary collaterals (leptomeningeal and oph-

thalmic arteries [OAs]) further enhance the cerebral perfusion.2

The role of collaterals as predictors of stroke severity, response to

thrombolysis, and outcome in patients with acute stroke and

large-vessel occlusion has been investigated in multiple studies.3-5

Good leptomeningeal collateral circulation and the presence of

�2 collaterals were found to be associated with good outcome in

patients with cervical large-vessel occlusion.6,7

Most of the earlier studies on collaterals have focused on the

prognostic implications of primary collateral circulation and

cerebrovascular autoregulation in patients with stroke. Only a

very few of them have explored the clinical significance of second-

ary collaterals, especially the ophthalmic artery, in ICA occlusion.

The earlier studies were also limited by the nonuniformity of

study protocols, especially the imaging technique with a combi-

nation of either MRA, DSA, CTA, or transcranial Doppler for

assessing the cerebral collaterals. We analyzed both primary and

secondary collaterals by using CTA, which is a noninvasive tech-

nique currently recommended for the evaluation of vascular anat-

omy in stroke. The main objective of our study was to determine

whether collateral circulation as assessed by CTA helps in predict-
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ing the 3-month outcome and initial stroke severity in patients

with symptomatic cervical ICA occlusion.

MATERIALS AND METHODS
Subjects
This was a retrospective study, conducted in the Comprehensive

Stroke Care unit of a tertiary care center. All patients with symp-

tomatic cervical ICA occlusion who presented to the unit from

January 2011 to December 2013 satisfying the selection criteria

were included in the study. Patients older than 18 years of age who

had a TIA (hemispheric/retinal) or stroke with ipsilateral ex-

tracranial ICA occlusion who underwent CTA of the cerebral cir-

culation within 3 weeks of symptom onset were included. Those

with intracranial ICA occlusion, asymptomatic ICA occlusion,

tandem MCA occlusion, and ICA occlusion due to Moyamoya

disease and patients who underwent revascularization therapy

were excluded. The study had the approval of the institutional

ethics committee.

Assessment of Subjects
The demographic and clinical profiles of patients, including vas-

cular risk factors, were extracted from the patient records. Stroke

severity at the initial presentation was expressed by the NIHSS

score. CT, MR imaging, and CTA were reviewed independently by

an interventional neuroradiologist and stroke neurologist. The 2

CTA readers were blinded to the clinical information and

outcome.

The baseline CT scan was used for

assessing the ASPECTS, and a score of

�8 was considered good. The type of in-

farct was classified into territorial (in-

volving �1 subdivision of the MCA),

hemodynamic (watershed or border-

zone infarcts), or other (small infarcts of

�1 cm located in the cortex or centrum

semiovale or no infarct).8

Collateral Assessment by CTA
CTA is routinely used for the evaluation

of all patients with stroke for delineating

the vascular anatomy in our center if

there is no contraindication. CTA was

obtained with z-axis coverage from the

arch of the aorta to the vertex. All the

imaging studies were acquired in a 256-

section CT scanner (Brilliance iCT;

Philips Healthcare, Best, the Nether-

lands) with the following technical pa-

rameters: section thickness, 0.9 mm

(pitch, 0.6); collimation, 0.625 mm;

gantry rotation speed, �500 ms; 120 kV-

(peak); 450 mAs; FOV, 200 –250 mm;

and 512 � 512 matrix. Angiography was

performed by using bolus tracking by

placing a region of threshold (ROI) in

the upper descending thoracic aorta,

triggering the acquisition beyond the

threshold of 150 HU. A total of 50 – 60

mL of low-osmolar contrast medium (iohexol, 320 mg /mL, or

iodixanol, 270 mg/mL) was administered through an 18-ga can-

nula secured in the right antecubital vein at the rate of 5 mL/s

followed by a saline chase of 40 mL at 5 mL/s. The images were

later transferred to a dedicated vendor workstation for detailed

interpretation. MIP images of 5-mm thickness were created from

CTA source imaging for the assessment of the collateral

circulation.

The grading system of Maas et al9 was adopted in this study for

the flow through the anterior communicating artery (AcomA),

posterior communicating artery (PcomA), and the leptomenin-

geal collaterals (LC). A 5-point grading system was used for the

assessment of flow through the AcomA (Fig 1) and the ipsilateral

PcomA (Fig 2): Grade 1 denoted absent flow; grade 2, probably

present; grade 3, hairline; grade 4, definitely present; and grade 5,

robust. LC were graded by comparing the symptomatic hemi-

sphere with opposite side categorized into 5 grades (Fig 3): grade

1, absent; grade 2, less than those on the contralateral side; grade 3,

equal to those on the contralateral side; grade 4, greater than those

on the contralateral side; and grade 5, exuberant.9 Because the

number of patients in each group was not enough for any statis-

tical analysis to be relevant, the grades were collapsed into 2 grades.

LC were dichotomized into poor (grades 1 and 2) and good

(grades 3, 4, and 5) collaterals. Similarly, the AcomA and PcomA

were dichotomized into poor (grades 1, 2, and 3) and good

(grades 4 and 5) flow. Grading of the leptomeningeal and com-

FIG 1. CT angiographic grading of the anterior communicating artery shows a hairline AcomA (A),
definitely present AcomA (B), and robust AcomA (C).

FIG 2. CT angiographic grading of the posterior communicating artery shows a hairline PcomA
(A), definitely present PcomA (B), and robust PcomA (C).
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municating arteries were not similar. Absent, probably present,

and hairline communicating arteries may not contribute signifi-

cantly to collateral circulation; hence, grades 1–3 were taken to-

gether as the poor-flow group, whereas in LC, either absent or less

than those in the opposite hemisphere, constituted poor flow. The

OA on the ipsilateral side of the ICA occlusion was graded as

present or absent on the basis of its perceptibility on CTA (Fig 4).

Outcome Assessment
All patients received standard care as per the current stroke guide-

lines, with the best medical management and control of modifiable

vascular risk factors. Patients with large-vessel atherosclerotic disease

and dissection received antiplatelet agents and high-dose statins,

while the 2 patients with cardioembolic ICA occlusion received anti-

coagulation. The functional outcome at 3 months was assessed by the

mRS, and poor outcome was defined as mRS � 3. The mortality and

recurrent ischemic events were recorded during follow-up.

Statistical Analysis
Continuous variables were reported as means or as median �

interquartile range. Categoric variables were reported as propor-

tions. Differences in continuous vari-
ables and proportions were assessed by
ANOVA and the �2/Fisher exact test, re-
spectively. Interobserver agreement for
the status of collaterals was assessed with �

statistics, and in cases in which there was
divergence between the 2 assessors, a con-
sensus decision was reached.

Baseline characteristics (age, sex, vas-
cular risk factors, and prior neurologic
events), NIHSS score at stroke onset, type
of infarct, ASPECTS, and collaterals were
compared between excellent (mRS � 2)
and poor (mRS � 3) outcome groups. On
the basis of initial stroke severity, patients
were grouped into mild (NIHSS � 5) and
moderate-to-severe (NIHSS � 5) stroke.
The baseline characteristics and collaterals
were also compared between these 2
groups.

Among the predictors of 3-month

outcome significant in univariate analysis (P � .05), highly cor-

related variables were excluded while retaining 1 of them that was

clinically relevant for multiple logistic regression analysis. Two

models were included for multivariable analysis of 3-month out-

come based on the results from univariate analysis. In model 1 of

multiple logistic regression analysis, the ipsilateral OA and LC

were independently analyzed along with the NIHSS score, and in

model 2, both the ipsilateral OA and LC were analyzed together as

secondary collaterals along with the NIHSS score for predicting

3-month outcome. Due to small cell values (zero) for a few pa-

rameters, multivariable analysis was not attempted for assessing

the predictors of stroke severity. The results of multivariable anal-

ysis were expressed as ORs with 95% CI. All statistical analyses

were performed by using SPSS 21 software for Windows (IBM,

Armonk, New York).

RESULTS
Sixty-five patients were identified from 73 with symptomatic ICA

occlusion. Five patients with intracranial ICA occlusion and 3

with ipsilateral MCA occlusion were excluded.

FIG 3. CT angiographic grading of leptomeningeal collaterals compared with the side contralateral to the symptomatic cervical ICA occlusion
shows absent leptomeningeal collaterals (A), reduced leptomeningeal collaterals (B), equal leptomeningeal collaterals (C), and leptomeningeal
collaterals more than on the opposite side (D).

FIG 4. CT angiographic axial images showing the presence (A) and absence (B) of the ophthalmic
artery on the side of the symptomatic cervical ICA occlusion (arrow) and the presence of the
ophthalmic artery on the opposite side (arrowhead).
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The mean age of subjects was 57 � 11.6 years (range, 32– 80

years), with 60 (92%) men. Sixty-one patients (93.8%) had stroke,

and 4 patients (6.2%) had transient ischemic attack as the initial

presentation. The median NIHSS score at presentation was 10

(interquartile range, 4 –18). Territorial infarcts were seen in 24

(36.9%), hemodynamic infarcts in 23 (35.4%), and small cortical

or superficial infarcts or no infarct, in 18 (27.7%) patients. Poor

ASPECTS was seen in 23 patients (35.38%). Atherosclerosis was

the most common cause of ICA occlusion observed in 43 patients

(66.2%), followed by arterial dissection in 20 (30.8%) and cardio-

embolic stroke in 2 (3%) patients.

The median time interval from the onset of symptoms to the

acquisition of CTA was 74.0 hours (range, 2–504 hours). Interob-

server agreement for the status of collaterals by using � statistics

showed good agreement (� � 0.89). Good flow through the

AcomA, ipsilateral PcomA, and LC was seen in 34 (52.3%), 26

(40%), and 47 patients (72.3%), respectively. The ipsilateral OA

was not visualized in 26 patients (40%).

All patients had 3-month follow-up, and 33 patients (50.8%)

had poor outcome. The presence of an MCA territory infarct (P �

.002), poor ASPECTS (P � .001), higher NIHSS score at stroke

onset (P � .001), absent ipsilateral OA (P � .02), poor flow

through the LC (P � .001), and no or only 1 collateral (P � .005)

were significant univariate predictors of poor outcome at 3

months (Table 1). The role of the AcomA and PcomA was not

significant in determining outcome. In patients with an absent

ipsilateral OA, 18 (69.2%) had poor outcome, and 15 of the 18

patients (83.3%) with poor flow through the LC had poor out-

come. Patients with either no or only 1 collateral had poor out-

come compared with patients with �2 collaterals (76.2% versus

38.6%; P � .005).

In multiple logistic regression analysis of 3-month outcome,

highly correlated variables were excluded by retaining one of

them that was clinically relevant (Table 2). In model 1, only the

NIHSS score was found to be a significant predictor of 3-month

outcome (OR, 16.5; 95% CI, 1.9–142.2; P � .01). In model 2 of

multivariable analysis, absence of either of the secondary collaterals

(ipsilateral OA or LC; OR, 4.5; 95% CI, 1.4–14.9; P � .01) and higher

initial NIHSS score (OR, 19.2; 95% CI, 2.2–166.2; P � .007) were

independent predictors of poor outcome at 3 months.

Patients with large territorial infarcts (P � .001), an ASPECTS

of �7 (P � .001), an absent ipsilateral OA (P � .04), poor flow

through the LC (P � .001), and �2 collaterals (P � .01) were

found to have higher NIHSS score at stroke onset (On-line Table).

All 18 patients with poor LC had severe stroke. However, multiple

logistic regression analysis for stroke severity could not be per-

formed due to the small cell size.

Four patients (6.2%) died, 3 from malignant MCA stroke and

1 patient from myocardial infarction after discharge. Only 2 pa-

tients (3.1%) had recurrent vascular events. Age, sex, vascular risk

factors, and etiology of the ICA occlusion were not predictive of

the 3-month outcome or initial stroke severity.

DISCUSSION
Our study highlights the role of the secondary collaterals (ie, OA

on the side of ICA occlusion and LC) in determining stroke out-

come. Poor collateral circulation through either the LC or ipsilat-

eral OA was a significant predictor of poor outcome at 3 months

in patients with symptomatic cervical ICA occlusion.

The presence of reversed OA flow is considered a harbinger of

poor cerebral hemodynamics in patients with carotid occlusion,

but data regarding its effect on outcome were inconclusive.10 Tsai

et al,4 in a retrospective study of patients with severe ICA stenosis

or occlusion with transcranial Doppler and MRA, showed that the

patients with ICA occlusion had a significantly higher incidence

of reversed OA flow compared with patients with unilateral high-

Table 1: Demographic data, vascular risk factor profile, clinical
parameters, and collateral circulationa

Clinical Imaging
Parameters

Excellent
Outcome
(mRS ≤ 2)
(n = 32)

Poor
Outcome
(mRS ≥ 3)
(n = 33)

P
Value

Age (yr) (mean) 59.5 � 10.84 56.3 � 13.2 .200
Male sex 28 (87.5) 32 (94.2) .400
Hypertension 16 (55) 13 (39.4) .390
Diabetes mellitus 7 (21.9) 10 (30.3) .440
Dyslipidemia 4 (12.5) 0 (0) .053
Current smoking 19 (56.3) 21 (63.6) .724
Prior ischemic events 8 (25) 6 (18.2) .504
Atherosclerotic ICA

occlusion
23 (71.9) 20 (60.6) .337

Dissection/embolic ICA
occlusion

9 (18.8) 13 (39.4)

Territorial (MCA) infarct 7 (21.9) 17 (51.5) .002
Hemodynamic infarct 10 (31.2) 13 (39.4)
Others small infarcts 15 (46.9) 3 (9.1)
ASPECTS � 8 28 (87.5) 14 (42.4) �.001
Median NIHSS (IQR) 0.5 (0–4) 15 (17–19)
NIHSS � 5 15 (46.9) 1 (3.1) �.001
AcomA, poor flow 15 (46.9) 16 (48.5) .897
AcomA, good flow 17 (53.1) 17 (51.5)
Ipsilateral PcomA, poor flow 16 (50) 23 (69.7) .105
Ipsilateral PcomA, good flow 16 (50) 10 (30.3)
Contralateral PcomA, poor

flow
21 (65.6) 22 (66.7) .929

Contralateral PcomA, good
flow

11 (34.4) 11 (33.3)

Ipsilateral OA, absent 8 (25) 18 (54.5) .015
Ipsilateral OA, present 24 (75) 15 (45.5)
Contralateral OA, absent 3 (9.4) 4 (12.1) 1.000
Contralateral OA, present 29 (90.6) 29 (87.9)
LC, poor flow 3 (9.4) 15 (45.5) .001
LC, good flow 29 (90.6) 18 (54.5)
No. of collaterals, �2 27 (84.4) 17 (51.5) .005

Note:—IQR indicates interquartile range.
a Data are number and percentage unless otherwise indicated.

Table 2: Multiple logistic regression analyses for predictors of
poor 3-month outcome

Variables OR 95% CI P Value
Model 1a

Poor LC flow 0.28 0.07–1.19 .085
Absent ipsilateral OA 0.45 0.13–1.54 .201
NIHSS � 5 16.44 1.90–142.18 .011

Model 2b

Absent ipsilateral OA or poor
LC flow

4.50 1.35–14.93 .014

NIHSS � 5 19.21 2.22–166.19 .007
a In model 1 of multiple logistic regression analysis, the ipsilateral OA and LC were
independently analyzed along with the NIHSS.
b In model 2, both the ipsilateral OA and LC were analyzed together (presence of
both secondary collaterals vs absence of either of them or both) along with the
NIHSS for predicting 3-month outcome.
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grade carotid stenosis. Reversed OA flow was considered a marker

of impaired cerebral hemodynamics in patients with severe ca-

rotid disease because it was associated with poor functional out-

come. On the contrary, stroke outcome improved by 10%–20% in

the reversed OA flow group compared with the forward OA flow

group in subjects with severe intracranial carotid stenosis

(�50%).11 This finding is in accord with our study, which showed

that most patients with absent ipsilateral OA compared with its

presence were associated with poor outcome (69.2% versus

38.5%; P � .02). Although the role of the OA as an effective col-

lateral is questionable, owing to its small caliber, the retrograde

flow through the OA might compensate for the insufficiency in

the anterior portion of Willisian circulation, and its presence may

indicate an overall good collateral perfusion.12-14

Previous studies have suggested an important role for LC in

determining the extent of infarct, outcome, and response to re-

vascularization therapy in acute stroke.5,7,15-17 Similarly, our

study showed that 15 of 18 patients with poor flow through the LC

had poor outcome, and all of them had moderate-to-severe stroke

at onset. The diversion of blood flow through the leptomeningeal

vessels provides sufficient oxygenation to the ischemic bed distal

to the occlusion. Not only the quantity of collaterals but also the

quality of oxygenation through the slow flow along leptomenin-

geal vessels determines the fate of the ischemic bed.2,18

In our study, patients with �2 collaterals (ipsilateral OA, ipsi-

lateral PcomA, AcomA, and LC) had excellent outcome, indicat-

ing that as more collaterals are recruited, more blood flow is di-

verted to the ischemic areas, providing an effective compensatory

mechanism (Fig 5). A similar finding was observed in ICA dissec-

tion in which patients with �2 collaterals showed a significant

increased risk of poor recovery.19 The annual risk of recurrent

ischemic events was also reduced in patients when more collater-

als were recruited.6 Hence the presence of �1 major collateral

pathway supplying the hemisphere on the side of the occlusion

had a positive association with better outcome.

Willisian collateral flow was considered an immediate diverter

of blood flow in the event of any large-vessel occlusion.2,20,21

However, in this study, the flow through the AcomA and PcomA

was not independently predictive of stroke severity or outcome.

This may be due to the anatomic variations such as hypoplasia or

atresia of vessels or a fetal posterior ce-

rebral artery, which might reduce their
role as a collateral route.22,23 Alternatively,
their role as a reliable alternative conduit
may be questionable. Some patients with
severe stroke or mortality due to malig-
nant MCA stroke might not have reached
our hospital, and their collateral status, in-
cluding the communicating arteries, was
unknown. More likely, such patients
might have had poor collaterals and poor
hemodynamic compensation through the
communicating arteries, which could
have resulted in greater stroke severity.

Our study patients were a homoge-
neous cohort because we excluded pa-
tients with intracranial ICA occlusion and
tandem MCA occlusion and those who

underwent revascularization therapy. The key advantage of our study
was the uniformity in the study protocol, with a single imaging tech-
nique (CTA) for the concurrent assessment of both the primary and
secondary collaterals. The images were independently read by an in-
terventional neuroradiologist and a stroke neurologist with reason-
able interrater agreement.

A major limitation of the study was the inability to assess the
direction of flow in the OA by CTA. Multiphasic CTA was not
performed in our patients, and how a vessel is filled (antegrade or
retrograde) could not be determined. Although none of the tech-
niques used to study cerebral collaterals have been systematically
studied or validated, transcranial Doppler or DSA is generally
preferred for the delineation of retrograde-versus-forward
flow.18,22 We included patients up to 3 weeks after the event,
which would have a bearing on the interpretation of the collateral
status because time is a critical variable and collateral circulation
is dynamic.18,24-26 The other limitation was the selection bias in
which patients who had severe stroke or who died early are clearly
not represented in our sample (not referred to our institution),
and obviously they might have had poor collateral circulation,
including absent flow through the AcomA and PcomA. Probably
this would explain the role of communicating arteries being in-
significant in this study. We also did not analyze the role of intra-
cranial ICA stenosis and anomalies of the circle of Willis. A larger
sample size could have helped us analyze the factors determining
stroke severity, including the role of collaterals, which was an-
other limitation.

CONCLUSIONS
Our study shows that assessment of collateral circulation with

CTA is an important tool in predicting 3-month outcome in pa-

tients with symptomatic ICA occlusion. Secondary collaterals

(leptomeningeal collaterals and ophthalmic artery) rather than

Willisian flow might be more influential in determining the out-

come in such patients.
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