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Several studies have demonstrated that arterial spin 
labeling (ASL)-perfusion-weighted imaging (PWI) can 

detect hypoperfusion and perfusion–diffusion mismatch in 
the setting of acute stroke, with good to modest correlation 
to dynamic susceptibility contrast perfusion MRI.1–4

Recently, ASL-PWI has been incorporated as a part of 
the acute ischemic stroke evaluation in our institution, 
and with its increasing use, we have encountered patients 
with acute ischemic stroke in whom a characteristic bright 
intravascular signal (which we termed bright vessel appear-
ance) is found within an occluded arterial segment. To our 
knowledge, the usefulness of ASL bright vessel appearance 
in patients with acute ischemic stroke has not been eluci-
dated yet. The purpose of our study was, therefore, to evalu-
ate whether the bright vessel appearance on ASL-PWI can 
help localize sites of arterial occlusion in patients with acute 
ischemic stroke.

Methods
This retrospective study was approved by our institutional review 
board, and informed consent was waived.

Patients
Our radiology database from January 2014 to April 2014 was searched 
for patients who underwent MRI for suspected acute ischemic stroke. 
Among 171 patients, those whose MR images showed infarctions, as 
identified by areas of restricted diffusion, were included. Fifty-four 
patients were excluded for the following reasons: (1) no ASL images, 
(2) ASL images of poor image quality because of inadequate acquisi-
tion times or artifacts, or (3) occlusions at the extracranial carotid 
arteries (in which arterial labeling was insufficient). As a result, 117 
consecutive patients were included in this study.

MRI Protocol
All patients underwent MRI at a 1.5T (Signa HDxt; GE Medical 
Systems, Milwaukee, WI [n=70]) or 3.0T (Verio; Siemens, Erlangen, 
Germany [n=47]) MR scanner using a 16-channel head coil. Our MRI 
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protocol for acute stroke evaluation included diffusion-weighted im-
aging, fluid-attenuated inversion recovery, susceptibility-weighted 
imaging (SWI), ASL-PWI, and 3-dimensional time-of-flight MR 
angiography.

ASL-PWI scans were performed using a pseudocontinuous ASL 
pulse sequence. The signal intensity change between the labeled and 
control images was fitted to a previously published model to obtain a 
quantitative perfusion map of cerebral blood flow.5 Specific imaging 
parameters for the sequences are provided in Table I in the online-
only Data Supplement.

Image Analysis
All images were visually analyzed with respect to the following: (1) 
pattern (focal or territorial), multiplicity, and location of the diffu-
sion-restricted area on diffusion-weighted imaging, presence or ab-
sence of (2) vascular or lesional hyperintensity on fluid-attenuated 
inversion recovery, (3) susceptibility vessel sign on SWI, (4) arterial 
occlusion and stenosis on MR angiography, and (5) bright vessel ap-
pearance on ASL-PWI.

When arterial occlusion or stenosis was present on MR angiogra-
phy, its location was specified. The ASL bright vessel appearance, 
when present, was further analyzed in terms of its location relative 
to the arterial occlusion site as follows: (1) proximal, (2) distal, or 
(3) both proximal and distal to the occlusion site. To evaluate the 
location of bright vessel appearance relative to the occlusion site, a 
3-dimensional localization tool available on the picture archiving and 
communication system was used.

Statistical Analysis
All statistical analyses were performed using a statistical soft-
ware program (MedCalc, version 11.1.1.0; MedCalc, Mariakerke, 
Belgium). Fisher exact test was used to compare incidences of 
the ASL bright vessel appearance, fluid-attenuated inversion re-
covery vascular hyperintensity, and susceptibility vessel sign be-
tween the group with arterial occlusion on MR angiography and 
that without occlusion. McNemar 2-tailed test was conducted to 
compare the sensitivity of the ASL bright vessel appearance for 
the detection of arterial occlusion with that of the susceptibil-
ity vessel sign, using MR angiography as the reference standard. 
In cases with negative MR angiography, McNemar 2-tailed test 
was used to compare the incidences of additional peripheral oc-
clusions identified using the ASL bright vessel appearance with 
those identified using the susceptibility vessel sign. Linear κ co-
efficients were calculated to assess the interobserver agreement 
between 2 readers about the presence of ASL bright vessel ap-
pearance and susceptibility vessel sign. Values of P <0.05 were 
considered statistically significant.

Results
Demographic and clinical information of the 117 patients with 
acute ischemic stroke are provided in Results in the online-
only Data Supplement.

MR angiography demonstrated arterial occlusion related 
to clinical symptoms in 30% of the patients (35 of 117). The 
ASL bright vessel appearance, susceptibility vessel sign, and 
fluid-attenuated inversion recovery vascular hyperintensity 
were all significantly more common in the group with arterial 
occlusion than in the group without occlusion (P<0.001; Table 
II in the online-only Data Supplement).

Sensitivity of the ASL bright vessel appearance for the 
detection of arterial occlusion was significantly higher than 
that of the susceptibility vessel sign both on a per-patient 
(n=35) basis and on a per-lesion (n=37) basis, using MR angi-
ography as the reference standard (94% [33 of 35] versus 66% 
[23 of 35]; P=0.002 and 95% [35 of 37] versus 68% [25 of 
37]; P=0.001, respectively). Twenty-five occlusions were cor-
rectly diagnosed with both ASL bright vessel appearance and 
susceptibility vessel sign (Figures 1 and 2; Figures I and II 
in the online-only Data Supplement). Ten occlusions could 
be detected exclusively by the ASL bright vessel appearance 
(Figure 3), whereas none was identified exclusively by the 
susceptibility vessel sign. Two occlusions were missed on 
both ASL-PWI and SWI.

In the 82 cases with negative MR angiography, the ASL 
bright vessel appearance helped identify significantly more 
additional peripheral occlusions than the susceptibility ves-
sel sign (21% [17 of 82] versus 10% [8 of 82], respectively; 
P=0.012) (Results, Figures III and IV, and Table III in the 
online-only Data Supplement).

Among the patients with occlusion, 3 patients also had 3 
stenoses proximal to occlusion sites (30%–49% [n=1] and 
50%–69% [n=2]). However, there was no ASL bright ves-
sel appearance in the proximal stenotic portions. In addition, 
there were 14 cases of multiple infarctions, and the ASL bright 
vessel appearance, if present, was located only at the occlu-
sion sites (n=13). In the patients without occlusion, a total 
of 12 stenoses in 10 patients (<30% [n=3]; 30%–49% [n=2]; 
50%–69% [n=5]; and >70% [n=2]) were found, and 2 patients 

Figure 1. A 77-year-old man with a history 
of sudden onset left-sided weakness. A, 
Diffusion-weighted image demonstrates 
territorial infarctions in the right anterior and 
middle cerebral artery territories (arrows). 
Subtle susceptibility vessel signs are noted 
at the right M2 (B, arrowhead) and A2 (C, 
arrowhead) segments. D, On the arterial 
spin labeling image, bright vessel appear-
ances are apparent at both the right M2 
and A2 segments (arrowheads).

Figure 2. A 77-year-old man with a history 
of sudden onset left-sided weakness (same 
patient as Figure 1). A and B, MR angiogra-
phy shows occlusions at the right M2 seg-
ment (A, arrow) and the right A2 segment 
(B, arrow). C and D, Conventional digital 
subtraction angiography performed prior to 
intra-arterial thrombectomy reflects distal 
migration of the clots (arrowheads).
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had multiple stenoses. Neither the stenotic portions nor other 
portions of the arteries supplying infarcted territories in these 
patients showed ASL bright vessel appearance. Furthermore, 
there were 4 cases of multiple infarctions, and the ASL bright 
vessel appearance was not noted in the cases (Figure V in the 
online-only Data Supplement).

There was almost perfect interobserver agreement between 
the 2 readers for both ASL bright vessel appearance (κ=0.86; 
95% confidence interval, 0.76–0.95) and susceptibility vessel 
sign (κ=0.87; 95% confidence interval, 0.76–0.97).

Discussion
Delayed arterial transit time, attributable to collateral vessels 
or slow-flowing vessels during the acquisition time point, has 
been underscored as a major source of error in cerebral blood 
flow quantification using the ASL technique.6,7 In the presence 
of delayed arterial transit, the late-arriving flow is delineated 
as a bright intravascular signal, a so-called arterial transit 
artifact.8,9 Chalela et al10 reported that arterial transit artifact 
was frequently found in patients with acute ischemic stroke, 
with their presence reflecting collateral flows and a better 
prognosis. Zaharchuk et al11 have also found that ASL-PWI 
in patients with moyamoya disease can clearly depict collater-
als as serpiginous high ASL signals within cortical vessels, 
thereby providing a noninvasive mean for assessing the col-
lateral status. Thus, we hypothesized that an occluded arte-
rial segment with sluggish blood flow in acute ischemic stroke 
would also show a bright intravascular signal because of arte-
rial transit artifact, which we termed bright vessel appearance.

As hypothesized, the bright vessel appearance was sig-
nificantly more common in the group with arterial occlusion 
(confirmed on MR angiography) than in the group without 
occlusion. The bright vessel appearance, when present, was 
seen proximal or distal to occlusion sites. The distal location 
of the bright vessel appearance may be attributed to delayed 
filling of the distal segment via collaterals or subtotal occlu-
sion, which substantially impedes the blood flow while still 
allowing distal passage of some labeled tracers.

The higher false-negative rate of the susceptibility ves-
sel sign can be explained by the variation in susceptibility 
effect according to clot composition. Recently, Liebeskind 
et al12 reported that hyperdense middle cerebral artery sign 
and gradient-echo MRI blooming artifact were significantly 
more common in red blood cell–dominant and mixed clots 
than in fibrin-dominant clots, suggesting that the hyperdense 
middle cerebral artery sign and blooming artifact might reflect 
the pathology of occlusive thrombi. However, unlike the 

susceptibility vessel sign, the ASL bright vessel appearance 
is dependent on the hemodynamic alteration (ie, the delayed 
arterial transit time) and not the clot composition, which 
accounts for the relatively high sensitivity of the bright vessel 
appearance in detecting occlusion.

Furthermore, our results demonstrated that the ASL bright 
vessel appearance could be helpful in identifying peripheral 
occlusion in fine distal branches, which are poorly delineated 
on time-of-flight MR angiography. In the previous study com-
paring sensitivities of SWI and MR angiography for the detec-
tion of thrombotic occlusion, sensitivity for the detection of 
central thrombi was found to be similar in both, whereas that 
for the detection of peripheral thrombi in small arteries was 
significantly higher for SWI than for MR angiography.13 In 
our study, the susceptibility vessel sign showed poorer perfor-
mance in detecting peripheral occlusion than the ASL bright 
vessel appearance, probably because of its close relationship 
to the clot composition.

Our study had limitations. First, MR angiography was used 
as the reference standard to confirm arterial occlusion because 
conventional digital subtraction angiography was reserved for 
patients who met indications for intra-arterial thrombolysis. 
For those cases with peripheral occlusion not delineated on 
MR angiography, distal occlusion was presumed to be pres-
ent only if the susceptibility vessel sign or ASL bright ves-
sel appearance was found near the infarcted areas. Second, 
the possibility of spontaneous reperfusion before the initial 
MR imaging might have resulted in underestimation of the 
incidence of cases with occlusion on MR angiography, which 
show the corresponding ASL bright vessel appearance and 
susceptibility vessel sign, among the patients with acute isch-
emic stroke.

In conclusion, the bright intravascular signal attributable to 
slow-flowing blood on ASL imaging may facilitate the detec-
tion and localization of arterial occlusion in acute ischemic 
stroke.
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