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In acute cerebral artery occlusion, the collateral cir-
culation plays an important role in preserving ischemic 
penumbra volume, prolonging the therapeutic time 
window, and slowing the infarction progression rate.1

Several imaging modalities have been used to evalu-
ate the collateral circulation. The gold standard method 
is digital subtraction angiography, but recently there 
have been several reports on the clinical usefulness of 
multiphase computed tomography (CT) angiography 
to evaluate collateral circulation.2 The delayed phase of 
multiphase CT angiography demonstrates that collater-
al circulation slowly enhances vessels by making them 
retrograde opacifications via pial collaterals. As a result, 
arteries in the delayed phase of CT angiography are 
well correlated with leptomeningeal collateral grade on 
conventional angiography in acute ischemic stroke.3

Meanwhile, hyperintense vessels on fluid-attenuated 
inversion recovery (FLAIR) are known to reflect collater-
al blood flow in cerebral artery occlusion.4 Furthermore, 
hyperintense vessels are well correlated with hyperin-
tense vessels on three-dimensional T1-weighted black-
blood fast spin echo magnetic resonance imaging (MRI).5

We present the case of a patient with acute ischemic 
stroke with occlusion of the inferior division of the 
middle cerebral artery. This case demonstrates a cor-
relation between collateral vessels on multiphase CT 
angiography and hyperintense vessels on MRI.

CASE

An 82-year-old woman was admitted because of a 
language disturbance and right-sided weakness. She 
suddenly noticed that she could not speak while having 
dinner.

She had a history of pancreatic cancer in 2006 and 
achieved complete remission after a Whipple pancre-
aticoduodenectomy with adjuvant chemoradiation 
therapy. Diabetes mellitus developed after a Whipple 
operation. In 2019, she was diagnosed with peritoneal 
carcinomatosis, causing ascites and dyspnea on exer-
tion. Carcinomatosis was considered to be metastasis 
of other primary cancers rather than recurrence of the 
previous pancreatic cancer. She received the 8th gener-

Collateral circulation plays an important role in protecting brain tissue from 
ischemic damage in acute cerebral artery occlusion, and various imaging 
modalities are used to evaluate collateral circulation. Angiographic imaging 
techniques, such as digital subtraction angiography and multiphase comput-
ed tomography (CT) angiography, directly show cerebral collateral circulation. 
Meanwhile, hyperintense vessels on f luid-attenuated inversion recovery and 
T1-weighted black-blood fast spin echo magnetic resonance imaging (MRI) are 
known to indirectly reflect collateral circulation in cases of cerebral artery occlu-
sion. Herein, we compare hyperintense vessels on MRI with collateral circula-
tion on multiphase CT angiography in a patient with acute ischemic stroke with 
occlusion of the middle cerebral artery.
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ation chemotherapy with pembrolizumab and under-
went paracentesis weekly after chemotherapy.

Her initial neurologic examination revealed grade IV 
right-sided arm weakness, right facial palsy, severe dys-
arthria, and aphasia. The National Institutes of Health 
Stroke Scale (NIHSS) scores were 8. Brain multiphase 
CT angiography performed 2.5 hours after symptom 
onset showed occlusion of the inferior division of the 
left middle cerebral artery in the first arterial phase. 
The second and third phases of multiphase CT angiog-
raphy revealed a delayed appearance of the left middle 
cerebral artery (Fig. 1A-C). These images are indicative 
of one phase delay in filling of peripheral vessels, with 
similar extent and prominence when compared with 
the contralateral hemisphere.2 Brain MRI, which was 
performed 3 hours after symptom onset, revealed hy-

perintense vessels on T1-weighted black-blood fast spin 
echo MRI and FLAIR, and they were well correlated 
with arteries seen on the delayed phase of multiphase 
CT angiography (Fig. 1D-F). Diffusion-weighted and 
perfusion-weighted images showed diffusion-restric-
tive lesions in the left parieto-temporal lobe (Fig. 2A) 
combined with perfusion delay (Fig. 2). Intra-arterial 
thrombectomy was not performed because of distal 
branch occlusion and terminal status of the cancer.

Laboratory test results were normal except for the 
presence of anemia (Hb 9.1g/dL) and high d-dimer  
(4.33 μg/mL, normal 0–0.65 μg/mL) and HbA1c (8.4%) 
levels. Electrocardiogram and transthoracic echocardi-
ography findings were normal.

Follow-up MRI 3 days after stroke onset revealed 
expanded diffusion-restricted lesions (Fig. 2C) with de-

FIG. 1. Brain computed tomography (CT) angiography and magnetic resonance imaging of an 82-year-old woman with aphasia and right-sided 
weakness. (A-C) Axial maximum intensity projection images of brain CT angiography demonstrate that the distal branch of the left middle cere-
bral artery (arrowhead) is rarely visualized on early phase (A) CT angiography and (B, C) is well visualized on delayed phase CT angiography. These 
results indicate a pial arterial filling score of 4. (D) This distal branch of the middle cerebral artery is matched with a high-signal intensity vessel on 
three-dimensional T1-weighted black-blood fast spin echo and (E, F) fluid-attenuated inversion recovery images. 
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creased number and intensity of FLAIR hyperintense 
vessels (Fig. 2D), and MRA revealed partial recanaliza-
tion with a paucity of vessels in the left middle cerebral 
artery (Fig. 2E). The patient’s symptoms dramatically 
improved (NIHSS score, 0). The Institutional Review 
Board waived the need for informed consent (IRB No. 
3-2020-0476).

DISCUSSION

Adequate cerebral collateral circulation plays an im-
portant role in preventing ischemic damage in cerebral 
arterial occlusion by maintaining blood flow to the 
penumbral tissue in the absence of revascularization. 
In addition, good collateral circulation prolongs the 
therapeutic time window, slows the progression of in-
farct growth, and reduces hemorrhagic transformation 
during intravenous and intra-arterial thrombolytic 
treatment.1

Conventional cerebral angiography is the gold stan-
dard method to assess leptomeningeal collateral status; 

however, it is time consuming and requires specialized 
clinicians to perform. Therefore, various neuroimaging 
modalities, such as multiphase CT angiography and 
time-resolved MR angiography, are used to evaluate 
collateral circulation in acute stroke management.6

Multiphase CT angiography is useful for evaluating 
the overall cerebral perfusion and collateral status. It 
provides sequential images allowing temporal- and 
spatial-resolved assessment in addition to the promi-
nence and extent of vessels detectable with the single 
phase CT angiography.2 Furthermore, Alberta Stroke 
Program Early CT Score assessment using multiphase 
CT angiography has been known to be more sensitive 
than non-contrast CT in the early detection of ischemic 
areas and prediction of final infarct size.7 Collateral 
status is visually assessed by comparing asymmetric 
retrograde filling arteries beyond the occluded or high-
grade stenotic arteries with similar arteries in the con-
tralateral hemisphere. Therefore, the delayed phase of 
multiphase CT angiography improves the speed and 
accuracy of interpretation in distal anterior circulation 
occlusions, even in non-stroke specialists.8

FIG. 2. (A, B) Initial brain diffusion and perfusion weighted magnetic resonance imaging and (C-E) follow up fluid-attenuated inversion recovery 
(FLAIR) image and magnetic resonance angiography (MRA). (A) Brain diffusion-weighted images show acute ischemic stroke in the left tem-
poral lobe. (B) Mean transit time perfusion weighted images show perfusion delay in the left parieto-temporal lobe. (C) Follow-up brain diffu-
sion-weighted images showing lesion expansion. (D) Hyperintense vessels (arrowhead) are decreased in the follow-up FLAIR, and (E) there was a 
paucity of collaterals in the left middle cerebral artery on follow-up MRA.
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Hyperintense vessels on FLAIR and three-dimen-
sional T1-weighted black-blood fast spin echo imaging 
are defined as linear high signal intensities along with 
vessel courses most conspicuous in the Sylvian fissure 
and cortical sulci. They have been suggested as indi-
rect findings of slow anterograde flow or retrograde 
leptomeningeal collaterals. Although their significance 
remains unclear, hyperintense vessels are prominent-
ly observed in patients with acute cerebral infarction 
accompanied by intracranial arterial occlusion or sig-
nificant stenosis of the anterior cerebral circulation. 
Some studies suggest that hyperintense vessels are 
associated with adequate collateral flow, so the pres-
ence of hyperintense vessels on MRI may imply good 
functional outcome in acute cerebral infarction with 
collateral ciculations.9 Sakuta et al.10 reported that a 
decrease number and intensity of hyperintense vessels 
on FLAIR in hyperintense vessels on FLAIR in patients 
with acute ischemic stroke following administration 
of tissue plasminogen activator therapy showed better 
functional outcomes than those without a decrease in 
hyperintense vessels.

In this case, collateral vessels were seen as hyper-
intense vessels on FLAIR and three-dimensional 
T1-weighted black-blood fast spin echo MRI, and these 
vessels were seen on the delayed phase of multiphase 
CT angiography. In addition, the perfusion delay area 
on the mean transit time map of the perfusion weight-
ed image correlated well with hyperintense vessels. 
Therefore, we may measure collateral and cerebral per-
fusion status using multiphase CT angiography rather 
than MRI.
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