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ABSTRACT
Background and purpose  Individuals with intracranial 
artery occlusion have high rates of ischaemic events and 
recurrence. It has been challenging to identify patients who 
had high-risk stroke using a simple, valid and non-invasive 
screening approach. This study aimed to investigate 
whether fluid-attenuated inversion recovery (FLAIR) 
vascular hyperintensity (FVH), a specific imaging sign on 
the FLAIR sequence, could be a predictor of ischaemic 
events in a population with internal carotid artery (ICA) or 
middle cerebral artery (MCA) occlusion.
Methods  We retrospectively analysed 147 patients 
(mean 60.43±12.83 years) with 149 lesions, including 
37 asymptomatic and 112 symptomatic cases of ICA or 
MCA occlusion. Symptomatic occlusion was considered 
if ischaemic events were present in the relevant territory 
within 90 days. FVH Alberta Stroke Program Early 
Computed Tomography Score (FVH-ASPECTS: 0–7, with 
0 indicating absence of FVH and 7 suggesting prominent 
FVH) and collateral circulation grade were assessed for 
each participant. Multivariable logistic regression analysis 
was performed to detect independent markers associated 
with symptomatic status.
Results  A lower FVH-ASPECTS was associated with a 
more favourable collateral circulation grade (rho=−0.464, 
p<0.0001). The FVH-ASPECTS was significantly lower in 
the asymptomatic occlusion group than in the symptomatic 
occlusion group (p<0.0001). FVH-ASPECTS (Odd ratio, 
2.973; 95% confidence interval, 1.849 to 4.781; p<0.0001) 
was independently associated with symptomatic status 
after adjustment for age, sex, lesion location and collateral 
circulation grade in the multivariate logistic regression. 
The area under the curve was 0.861 for the use of FVH-
ASPECTS to identify symptomatic occlusion.
Conclusions  The ability to discriminate symptomatic 
from asymptomatic occlusion suggests that FVH may be 
a predictor of stroke. As a simple imaging sign, FVH may 
serve as a surrogate for haemodynamic impairments and 
can be used to identify high-risk stroke cases early in ICA 
or MCA occlusion.

INTRODUCTION
Individuals with major intracranial artery 
occlusion (internal carotid artery (ICA) or 
middle cerebral artery (MCA)) have high rates 

of occurrence and recurrence of ischaemic 
events.1–4 Early intervention reduces subse-
quent stroke by 40%.5 6 However, it has been 
clinically challenging to identify patients who 
are at a high risk for stroke using a simple, 
valid and non-invasive screening approach for 
primary or secondary prevention of ischaemic 
events in these individuals. Previous studies 
have demonstrated the critical role of cere-
bral haemodynamics in ischaemic symptoms 
in atherosclerotic occlusive disease using 
transcranial Doppler, positron emission 
tomography and MR perfusion imaging.7–10 
These techniques require the administra-
tion of acetazolamide or contrast agents to 
capture cerebrovascular reserve or haemody-
namic changes. Recently, a growing number 
of studies have used arterial spin label-
ling (ASL) perfusion imaging to assess the 
haemodynamic status and predict ischaemic 
events in patients with cerebral artery steno-
occlusion.11–14 However, ASL is predominantly 
available in advanced MR systems. Therefore, 
an easily accessible technique is required.

Fluid-attenuated inversion recovery 
(FLAIR) vascular hyperintensity (FVH), an 

WHAT IS ALREADY KNOWN ON THIS TOPIC

	⇒ Individuals with intracranial artery occlusion have 
high rates of ischaemic events and recurrence.

	⇒ It has been challenging to identify patients who 
had high-risk stroke using a simple, valid and non-
invasive screening approach for these individuals.

	⇒ Fluid-attenuated inversion recovery (FLAIR) is a clin-
ically accessible imaging sequence for MRI. FLAIR 
vascular hyperintensity (FVH), a specific imaging 
sign on FLAIR, is implicated in cerebral collateral 
circulation and clinical outcomes in acute ischaemic 
stroke.

	⇒ However, the application of FVH in the primary or 
secondary prevention of intracranial artery occlusion 
has not been fully elucidated yet.
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imaging sign of the absence of arterial flow voids on 
T2-FLAIR, is believed to be a feasible imaging marker 
for identifying patients with cerebral artery steno-
occlusion.15 16 More importantly, studies have shown that 
the prominence and location of FVH may correlate with 
collateral circulation as well as the severity of haemody-
namic impairments, and further impact clinical outcomes 
in acute ischaemic stroke.17–20 In patients with transient 
ischaemic attack (TIA), the presence of FVH has been 
proven to be a marker of stroke.21 These studies highlight 
the predictive value of FVH in the acute stage of cere-
bral ischaemia. However, the application of FVH in the 
primary or secondary prevention of ischaemic events has 
not been fully elucidated.

This study aimed to investigate whether FVH could be 
a predictor of ischaemic events in a population with ICA 
or MCA occlusions.

METHODS
Participants
Symptomatic and asymptomatic patients aged >18 years 
with intracranial and/or extracranial ICA or MCA occlu-
sions between August 2015 and December 2019 were 
retrospectively analysed. All patients underwent routine 
head MRI including T2-FLAIR and ASL. We excluded 
patients with clinically and radiologically suspected 
Moyamoya disease and those with a >90 day period from 
symptom onset to imaging.

Symptomatic occlusion was considered if ischaemic 
events, including stroke or TIA within 90 days, were 
present in the related territory. Asymptomatic occlusion 

was identified incidentally during clinical care or health 
examination, and was defined as the absence of history 
of ischaemic events occurring in the target downstream 
territory.22 In symptomatic occlusion, recent ischaemic 
events were categorised as acute ischaemic stroke with 
symptom onset to MRI time within 24 hours, subacute to 
chronic ischaemic stroke, and TIA.

MRI protocol
All MR studies were performed using a 3.0 T scanner 
(Discovery 750; GE Healthcare, Milwaukee, Wisconsin, 
USA) with a 32-channel head coil. The T2-FLAIR MR 
protocol comprised a repetition time (TR) of 6000 
ms, echo time (TE) of 160 ms, inversion time of 2250 
ms, field of view (FOV) of 24 cm, matrix of 256×256, 
slice thickness of 5 mm, intersection gap of 1 mm and 
number of slices of 20. The three-dimensional pseudo-
continuous ASL protocol comprised a TR=4590 ms (post 
labelling delay (PLD)=1.5 s), 5025 ms (PLD=2.0 s), label-
ling duration=1500 ms, TE=10.5 ms, FOV=24 cm, spatial 
resolution=3.64 mm, slice thickness=4.0 mm, number 
of slices=36, number of excitations=2 and background 
suppressed.

Image analysis
The presence of ICA or MCA occlusion was confirmed 
using MR. FVH was defined as a linear or serpentine 
hyperintense appearance distal to the occlusive lesion on 
axial T2-FLAIR images. The FVH-Alberta Stroke Program 
Early Computed Tomography Score (ASPECTS), a semi-
quantitative scoring system for the evaluation of FVH 
prominence in accordance with insular and M1–M6 
regions in the ASPECTS, was applied and assessed for 
each participant (online supplemental figure S1).23 FVH-
ASPECTS of 0 indicated the absence of FVH, whereas 
FVH-ASPECTS of 7 suggested prominent FVH.

In the collateral circulation evaluation, the hypoperfu-
sion region and arterial transit artifact (ATA) on ASL was 
identified for each participant. According to previous 
studies,24 25 hypoperfusion was used to determine the 
ischaemic region, and ATA was used to depict the pres-
ence and robustness of the collaterals. An ASL-collateral 
grading system was adopted based on the presence of 
ATA and hypoperfusion abnormalities as follows: G0, no 
ATA in the downstream hypoperfusion abnormality; G1, 
no or minimal ATA distribution of less than 1/2 down-
stream hypoperfusion abnormality; G2, moderate ATA 
distribution of more than 1/2 downstream hypoper-
fusion abnormality and G3, normal perfusion without 
downstream ATA. The representative cases are shown in 
figure 1.

Two experienced neuroradiologists (one with 5 years of 
experience and another one with 11 years of experience), 
who were blinded to other clinical or imaging informa-
tion, independently assessed FVH-ASPECTS and ASL-
collateral grade, respectively. The differences in opinions 
between them were resolved by consensus reading.

WHAT THIS STUDY ADDS

	⇒ This study found that FVH was prevalent in patients with intracranial 
artery occlusion. The FVH-Alberta Stroke Program Early Computed 
Tomography Score (FVH-ASPECTS) was independently associated 
with the symptomatic status of the lesion in the internal carotid ar-
tery or middle cerebral artery occlusion.

	⇒ The ability of the FVH-ASPECTS to identify symptomatic cases yield-
ed an area under the curve of 0.861. FVH-ASPECTS ≥2 had a sensi-
tivity and specificity of 74.11% and 83.78%, respectively.

	⇒ The ability to discriminate symptomatic occlusion from asymptom-
atic occlusion using FVH-ASPECTS suggests that FVH may be a 
competing predictor of stroke.

	⇒ Our study also demonstrated a moderate negative linear correla-
tion between FVH-ASPECTS and collateral circulation, which further 
confirmed the haemodynamic mechanism of FVH in symptomatic or 
asymptomatic intracranial artery occlusion.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR POLICY

	⇒ FVH can be easily understood by both neurologists and radiologists.
	⇒ It may rapidly and non-invasively reflect perfusion deficits, while 
MR perfusion imaging requires contrast agent administration or is 
restricted to advanced MRI platforms that are less accessible.

	⇒ As a simple imaging sign, FVH may serve as a surrogate for the 
early identification of high-risk stroke cases in intracranial artery 
occlusion, especially for people in need of clinical-evolutionary 
assessment.

https://dx.doi.org/10.1136/svn-2022-001589
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Statistical analysis
All quantitative data were expressed as mean±SD and 
qualitative data was expressed as the percentile. To 
assess inter-rater agreement for FVH-ASPECTS and 
ASL-collateral grade, Cohen’s kappa was applied, and 
weighted kappa was calculated in 30 randomly selected 
cases. Correlation analysis of variables was also performed 
to explore the relationship between FVH-ASPECTS, ASL-
collateral grade and other factors using Spearman’s rank 
correlation. Clinical and imaging characteristics of symp-
tomatic and asymptomatic occlusions were compared. All 
variables with p<0.1 were included in the multivariable 
analysis. Multivariable logistic regression analysis was 
performed to identify independent factors associated 
with symptomatic occlusion. The variance inflation factor 
was calculated to detect collinearity in the multivariate 
model. A variance inflation factor of >10 was considered 
an indicator of significant collinearity. Receiver operating 
characteristic analyses were performed to evaluate FVH-
ASPECTS in identifying symptomatic occlusive lesions.

All statistical analyses were performed using SPSS 
(V.20.0; IBM Corporation, Armonk, New York, USA) and 
R studio(V.4.0.5; Boston, Massachusetts). Statistical signif-
icance was set at p <0.05.

RESULTS
Patient demographics and variables’ correlation analysis
A total of 147 patients (mean 60.43±12.83 years, 35 
women) with 149 lesions, including 37 asymptomatic and 
112 symptomatic ICA or MCA occlusions. One patient 
had bilateral MCA occlusion, with symptomatic occlu-
sion in the left MCA and asymptomatic occlusion in the 
right MCA. Another patient had bilateral asymptomatic 
ICA occlusion. No ischaemic lesions were detected in the 
territories corresponding to the asymptomatic occlusions. 
There were 78 MCA and 71 ICA occlusions. In the symp-
tomatic occlusion group, 47 cases had acute ischaemic 

strokes with event-to-MR imaging time within 24 hours, 
42 had subacute to chronic ischaemic stroke and 23 had 
lesions with TIA as an index event. The mean time from 
symptom onset to MRI was 13.34±18.83 days for the symp-
tomatic lesions.

The overall rate of FVH presence was 77.2 %, and 
the rate of ATA presence was 81.2%. The median FVH-
ASPECTS was 2 (IQR, 1–3) and the median ASL-collateral 
grade was 2 (IQR, 1–3) in the study sample.

FVH-ASPECTS was significantly associated with ASL-
collateral grade. A lower FVH-ASPECTS was associ-
ated with a more favourable collateral grade (r=–0.464, 
p<0.0001). FVH-ASPECTS was negatively associated with 
the event-to-imaging time in the symptomatic occlusion 
group. The correlations between FVH-ASPECTS, ASL-
collateral grade and age are shown in figure  2A. The 
correlations between FVH-ASPECTS, ASL-collateral grade 
and event-to-imaging time in the symptomatic occlusion 
group are shown in figure  2B. None of the tested vari-
ables reached significant collinearity, as assessed by the 
variance inflation factor.

Overall, the inter-rater agreement was good for 
the assessment of the FVH-ASPECTS (weighted 
kappa=0.729) and ASL-collateral grade (weighted 
kappa=0.690).

Factors associated with symptomatic occlusion
Patients with symptomatic occlusion were older and 
predominantly women as compared with patients with 
asymptomatic occlusion (p<0.05). The FVH-ASPECTS 
was significantly lower in the group with asymptomatic 
occlusion, whereas the ASL-collateral grade was signif-
icantly higher (p<0.0001). There were no significant 
differences between the groups in the occlusive site and 
risk factors, including hypertension, diabetes, lipid disor-
ders, coronary artery disease and smoking. The details 
are presented in table 1.

Figure 1  Representative cases with unilateral ICA (A) or MCA (B–D) occlusion presenting different ASL-collateral grades. 
(A) G0, indicating no ATA in the downstream hypoperfusion abnormality. (B) G1 suggesting minimal ATA (arrow) distribution of 
less than 1/2 downstream hypoperfusion region. (C) G2, suggesting moderate ATA distribution of more than 1/2 downstream 
hypoperfusion region. (D) G3, suggesting normal perfusion without downstream ATA. Arrows indicate ATA. ASL, arterial spin 
labelling; ATA, arterial transit artifact; ICA, internal carotid artery; MCA, middle cerebral artery.
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According to the discrimination model using multi-
variable logistic regression, there was a significant 
independent association between FVH-ASPECTS (Odd 
ratio (OR), 2.973; 95% confidence interval (CI), 1.849 
to 4.781; p<0.0001) and the symptomatic status after 
adjustment for age, sex, occlusive site and ASL-collateral 
circulation grade (a summary of statistical results for 
different logistic regression models was provided in 

online supplemental table S1). The odds of being 
symptomatic increased by 197% for the FVH-ASPECTS, 
increasing the score by 1. Table  2 presents the factors 
associated with symptomatic status of intracranial ICA 
or MCA occlusion. Based on the discrimination model, 
the likelihood of developing symptomatic occlusion 
according to FVH-ASPECTS and ASL-collateral grade is 
presented in figure 3A.

Figure 2  Correlation analysis of variables. (A) Correlations between FVH-ASPECTS, ASL-collateral grade and age in all 
patients. (B) Correlations between FVH-ASPECTS, ASL-collateral grade and event-to-imaging time in the symptomatic 
occlusion group. ASL, arterial spin labelling; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; FVH, fluid-
attenuated inversion recovery vascular hyperintensity.

Table 1  Comparison of clinical and imaging characteristics between symptomatic and asymptomatic occlusions

Total
(n=149)

Asymptomatic 
occlusion (n=37)

Symptomatic 
occlusion (n=112) P value

Sex (Females), n (%) 35 4 (10.81%) 31 (27.68%) 0.037

Age, years 60.43±12.83 56.62±10.81 61.69±13.23 0.037

Risk factors, n (%)

 � Hypertension 88 21 (56.76%) 67 (59.82%) 0.743

 � Diabetes 30 10 (27.03%) 20 (17.09%) 0.229

 � Lipid disorders 44 9 (24.32%) 35 (31.25%) 0.425

 � Coronary artery disease 21 4 (10.81%) 17 (15.18%) 0.509

 � Smoking history 61 17 (45.95%) 44 (39.29%) 0.477

Occlusive site, n (%) 0.098

 � MCA 78 15 (40.54%) 63 (56.25%)

 � ICA 71 22 (59.46%) 49 (43.75%)

FVH-ASPECTS, median (IQR) 2 (1–3) 0 (0–1) 3 (1–4) <0.0001

ASL-collateral circulation, median (IQR) 2 (1–3) 3 (2–3) 1 (1–2) <0.0001

ASL, arterial spin labelling; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; FVH, fluid-attenuated inversion recovery 
vascular hyperintensity; ICA, internal carotid artery; MCA, middle cerebral artery.

https://dx.doi.org/10.1136/svn-2022-001589
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The area under the curve (AUC) was 0.861 (95% CI 
0.795 to 0.912) to identify symptomatic occlusion by 
FVH-ASPECTS (figure  3B). The optimal threshold was 
FVH-ASPECTS ≥2, with sensitivity, specificity, positive 
predictive value and negative predictive value of 74.11%, 
83.78%, 93.3% and 51.7%, respectively. We also tested 
the clinical practical threshold of FVH-ASPECTS ≥1 

(FVH-positive vs FVH-negative), which revealed sensitivity, 
specificity, positive predictive value and negative predic-
tive value of 91.07%, 64.86%, 88.7% and 70.6%, respec-
tively (FVH-ASPECTS threshold effects on the sensitivity 
and specificity for identifying symptomatic status are 
plotted in online supplemental figure S2). Patients with 
FVH-ASPECTS ≥2 had a higher probability of developing 

Table 2  Factors associated with symptomatic status in intracranial ICA or MCA occlusion

Parameter

Univariate Multivariate

OR (95% CI) P value OR (95% CI) P value

Age (per year) 1.033 (1.002 to 1.065) 0.038 0.999 (0.957 to 1.042) 0.952

Sex (male vs female) 3.157 (1.033 to 9.650) 0.044 1.493 (0.374 to 5.962) 0.571

Occlusive site (MCA vs ICA) 1.886 (0.886 to 4.012) 0.100 1.491 (0.546 to 4.069) 0.436

FVH-ASPECTS (per score) 3.420 (2.179 to 5.368) <0.0001 2.973 (1.849 to 4.781) <0.0001

ASL-collateral circulation (per grade) 0.441 (0.294 to 0.662) 0.001 0.735 (0.453 to 1.193) 0.213

ASL, arterial spin labelling; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; CI, Confidence interval; FVH, fluid-
attenuated inversion recovery vascular hyperintensity; ICA, internal carotid artery; MCA, middle cerebral artery; OR, Odd ratio.

Figure 3  Association between FVH-ASPECTS, ASL-collateral grade and probability of symptomatic occlusion of the internal 
carotid artery or middle cerebral artery. (A) Three-dimensional scatterplots with fitted surfaces illustrate the association between 
FVH-ASPECTS, ASL-collateral grade and the probability of symptomatic occlusion in the multivariate logistic regression. (B) 
Receiver operating characteristic curve and precision-recall curve of FVH-ASPECTS in identifying symptomatic occlusion of the 
internal carotid artery or middle cerebral artery. Distribution of FVH-ASPECTS dichotomised by ≥2 (C) and each ASL-collateral 
grade (D) along with the increasing probability of symptomatic status is presented. ASL, arterial spin labelling; ASPECTS, 
Alberta Stroke Program Early Computed Tomography Score; FVH, fluid-attenuated inversion recovery vascular hyperintensity; 
N, negative; P, positive; ROC, receiver operating characteristic.

https://dx.doi.org/10.1136/svn-2022-001589
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symptomatic occlusion, while ASL-collateral grades 
showed no distinctive distribution in symptomatic status 
probability (figure 3C and D).

Subgroup analysis
The proportion of symptomatic occlusion as well as the 
subgroups of acute ischaemic stroke, subacute to chronic 
ischaemic stroke and TIA were compared between the 
different groups in figure 4A. Figure 4B shows represent-
ative cases of FVH in acute ischaemic stroke, subacute to 
chronic ischaemic stroke, TIA and asymptomatic occlu-
sion. The proportion of patients with FVH-ASPECTS ≥2 
was significantly higher in the group with symptomatic 
occlusion than in the group with asymptomatic occlusion 
(p<0.0001). The proportion of patients with FVH-positive 
was significantly higher in the group with symptomatic 
occlusion than in the group with asymptomatic occlusion 
(p<0.0001).

DISCUSSION
Our study found that in ICA or MCA occlusion, FVH-
ASPECTS was independently associated with the sympto-
matic status of the lesion. The ability of FVH-ASPECTS to 
identify symptomatic cases yielded an AUC of 0.861. FVH-
ASPECTS ≥2 had a sensitivity and specificity of 74.11% 
and 83.78%, respectively. The remarkable ability to 

discriminate symptomatic occlusion from asymptomatic 
occlusion suggests that FVH may be a reliable predictor 
of stroke. Our study also demonstrated a moderate nega-
tive linear correlation between FVH-ASPECTS and collat-
eral circulation grade assessed using ASL, which further 
confirmed the haemodynamic mechanism of FVH.

FVH identified on T2-FLAIR has shown extensive utility 
in cerebrovascular diseases. Studies have investigated 
FVH and its determinants in acute and chronic ischaemic 
stroke. Some studies have demonstrated that the FVH 
prominence negatively correlates with the robustness of 
collateral circulation,26 27 which corroborates with the 
finding in our study. However, some studies have reported 
on the contrary that prominent FVH is associated with 
better collaterals.17 28 29 Tian and Lou also indicated 
that FVH might reflect intermediate collaterals because 
excellent collateral and no collateral both result in the 
absence of slow flow within the vessels.30 The heteroge-
neous results suggest that FVH may partly indicative for 
collateral circulation but may fully associate with haemo-
dynamic changes.

Studies reporting association between FVH and haemo-
dynamic impairments evaluated using perfusion imaging 
parameters have shown consistent results.31 A positive 
correlation between the severity of the delayed time to the 
maximum residue function (Tmax) has been reported 

Figure 4  Symptomatic status comparison between subgroups. (A) Comparison of the proportions of the index events between 
subgroups of FVH, ATA, ASL-collateral grade, occlusive site and sex. P value indicates results for χ2 test of the proportion of 
TIA, acute stroke, non-acute stroke and asymptomatic occlusion between groups. (B) Representative cases illustrate the extent 
of FVH in ipsilateral middle cerebral artery occlusions with acute stroke, non-acute stroke, TIA and asymptomatic status. Arrows 
indicate FVH. ASL, arterial spin labelling; ASPECTS, Alberta Stroke Program Early Computed Tomography Score; ATA, arterial 
transit artifact; DWI, diffusion-weighted imaging; FLAIR, fluid-attenuated inversion recovery; FVH, fluid-attenuated inversion 
recovery vascular hyperintensity; ICA, internal carotid artery; MCA, middle cerebral artery; MRA, MR angiography; TIA, transit 
ischaemic attack.
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earlier.26 Therefore, some studies have applied FVH-
ASPECTS and DWI to identify the presence of a target 
mismatch profile as defined by the difference region 
between Tmax >6 s and ischaemic core in acute anterior 
circulation large-vessel occlusive stroke.32 33 In a prospec-
tive cohort study, Nam et al investigated the efficiency 
of DWI-based and FVH-based imaging paradigms in 
predicting stroke risk after TIA,21 and reported that FVH 
was significantly associated with subsequent stroke. It has 
been reported that FVH might resolve during follow-up.34 
Our study also found a negative correlation between 
FVH and longer event-to-imaging times. As indicated, all 
underlying mechanisms may be attributed to hypoperfu-
sion lesions and their recovery.34 Therefore, FVH may be 
used as a simple indicator of perfusion deficits. Further, it 
provides important information for subsequent outcome 
prediction.35 36

The findings of our study show that FVH-ASPECTS 
is a feasible imaging marker to understand cerebral 
haemodynamics. FLAIR is routinely acquired in stroke 
imaging while dynamic susceptibility contrast perfusion 
imaging requires contrast agent administration, and 
ASL is restricted to advanced MRI platforms, which are 
less accessible. Further, FVH-ASPECTS is easily under-
standable by both neurologists and radiologists, and may 
rapidly and non-invasively provide information of perfu-
sion deficit. In patients with multiple vascular lesions 
who present with non-specific symptoms, FVH-ASPECTS 
may be indicative of the causative lesion. Hypothetically, 
adding FVH-ASPECTS to clinical prediction models, such 
as the ABCD2 scoring system,37 may improve their predic-
tive performance. In addition, FVH and ATA, which share 
similar mechanisms such as slow blood flow, both have 
gained growing research interest and attention in stroke 
imaging. Based on data of 147 patients for whom ASL 
was acquired, this study reported their relationship that 
could aid better identification of their roles in clinical 
assessment.

Limitations
This study had some limitations. First, ATA-based 
grading scale has been a validated approach to assess 
collateral circulation24 25 38; however, ATA may be influ-
enced by PLD. In our study, PLD was not identical in 
all the patients. Ninety-six patients had a PLD of 2 s in 
accordance with the previous study or recommenda-
tion.24 39 Fifty-one patients had a PLD of 1.5 s, which 
might have increased the incidence of ATA due to more 
labelled blood remaining in the arteries with a shorter 
PLD. Second, this study was a retrospective analysis 
with a relatively small sample size. Further prospective 
cohort studies analysing the occurrence of stroke in 
these patients during long-term follow-up are warranted 
to investigate the direct relationship between FVH and 
the risk of ischaemic events. Validation of the ability of 
FVH to predict symptoms in ischaemic cerebrovascular 
disease is also warranted.

CONCLUSIONS
FVH is prevalent in populations with ICA or MCA occlu-
sion. FVH-ASPECTS is correlated with cerebral haemod-
ynamics and changes over time. We found that FVH was 
strongly associated with symptomatic ICA or MCA occlu-
sion and had excellent diagnostic accuracy. As a simple 
imaging sign, FVH may serve as a surrogate for haemo-
dynamic impairments, and can be used for early identi-
fication of high-risk stroke cases in ICA or MCA occlu-
sion, especially for people in need of clinical-evolutionary 
assessment.

Contributors  XL, JL and CT conceived and designed the study. JL, JH, XB, MW, LW, 
YL, DZ, QD, TZ and XW acquired and analysed the data. JL, JH, XW and XL drafted 
the manuscript. Guarantor of the study: XL.

Funding  This study was funded by National Natural Science Foundation of China 
(81901708, 81730048, 81825012, 82151309).

Competing interests  None declared.
Patient consent for publication  Not applicable.

Ethics approval  This study involves human participants. The study was performed 
in accordance with the ethical standards of the 1964 Declaration of Helsinki and its 
later amendments or comparable ethical standards. The institutional review board 
approved the study (reference number: S2018-193-01). Written informed consent 
was obtained from all subjects in this study.
Provenance and peer review  Not commissioned; externally peer reviewed.
Data availability statement  Data are available upon reasonable request. The data 
that support the findings of this study are available from the corresponding author, 
upon reasonable request.

Supplemental material  This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer-reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

This content has been supplied by the author(s). It has not been vetted by BMJ 
Publishing Group Limited (BMJ) and may not have been peer-reviewed. Any 
opinions or recommendations discussed are solely those of the author(s) and are 
not endorsed by BMJ. BMJ disclaims all liability and responsibility arising from any 
reliance placed on the content. Where the content includes any translated material, 
BMJ does not warrant the accuracy and reliability of the translations (including but 
not limited to local regulations, clinical guidelines, terminology, drug names and 
drug dosages), and is not responsible for any error and/or omissions arising from 
translation and adaptation or otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Jinhao Lyu http://orcid.org/0000-0002-5177-7640
Xinrui Wang http://orcid.org/0000-0001-7003-4917
Chenglin Tian http://orcid.org/0000-0002-2455-6930
Xin Lou http://orcid.org/0000-0003-2980-5171

REFERENCES
	 1	 Gorelick PB, Wong KS, Bae H-J, et al. Large artery intracranial 

occlusive disease. Stroke 2008;39:2396–9.
	 2	 Duan W, Pu Y, Liu H, et al. Association between leukoaraiosis and 

symptomatic intracranial large artery stenoses and occlusions: 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-5177-7640
http://orcid.org/0000-0001-7003-4917
http://orcid.org/0000-0002-2455-6930
http://orcid.org/0000-0003-2980-5171
http://dx.doi.org/10.1161/STROKEAHA.107.505776


76 Lyu J, et al. Stroke & Vascular Neurology 2023;8:e001589. doi:10.1136/svn-2022-001589

Open access�

the Chinese intracranial atherosclerosis (CICAS) study. Aging Dis 
2018;9:1074–83.

	 3	 Tanaka M, Shimosegawa E, Kajimoto K, et al. Chronic middle 
cerebral artery occlusion: a hemodynamic and metabolic study 
with positron-emission tomography. AJNR Am J Neuroradiol 
2008;29:1841–6.

	 4	 Malhotra K, Goyal N, Tsivgoulis G. Internal carotid artery occlusion: 
pathophysiology, diagnosis, and management. Curr Atheroscler Rep 
2017;19:41.

	 5	 Powers WJ, Clarke WR, Grubb RL, et al. Extracranial-intracranial 
bypass surgery for stroke prevention in hemodynamic cerebral 
ischemia: the carotid occlusion surgery study randomized trial. JAMA 
2011;306:1983–92.

	 6	 Grubb RL, Powers WJ, Clarke WR, et al. Surgical results of the 
carotid occlusion surgery study. J Neurosurg 2013;118:25–33.

	 7	 Kimiagar I, Bass A, Rabey JM, et al. Long-term follow-up of patients 
with asymptomatic occlusion of the internal carotid artery with 
good and impaired cerebral vasomotor reactivity. Eur J Neurol 
2010;17:1285–90.

	 8	 Kawano T, Ohmori Y, Kaku Y, et al. Prolonged mean transit time 
detected by dynamic susceptibility contrast magnetic resonance 
imaging predicts cerebrovascular reserve impairment in patients with 
moyamoya disease. Cerebrovasc Dis 2016;42:131–8.

	 9	 Yamauchi H, Higashi T, Kagawa S, et al. Is misery perfusion still a 
predictor of stroke in symptomatic major cerebral artery disease? 
Brain 2012;135:2515–26.

	10	 Sacchetti DC, Cutting SM, McTaggart RA, et al. Perfusion imaging 
and recurrent cerebrovascular events in intracranial atherosclerotic 
disease or carotid occlusion. Int J Stroke 2018;13:592–9.

	11	 Lyu J, Ma N, Liebeskind DS, et al. Arterial spin labeling magnetic 
resonance imaging estimation of antegrade and collateral flow in 
unilateral middle cerebral artery stenosis. Stroke 2016;47:428–33.

	12	 Choi HJ, Sohn C-H, You S-H, et al. Can arterial spin-labeling with 
multiple postlabeling delays predict cerebrovascular reserve? AJNR 
Am J Neuroradiol 2018;39:84–90.

	13	 Lou X, Ma X, Liebeskind DS, et al. Collateral perfusion using arterial 
spin labeling in symptomatic versus asymptomatic middle cerebral 
artery stenosis. J Cereb Blood Flow Metab 2019;39:108–17.

	14	 Lyu J, Ma N, Tian C, et al. Perfusion and plaque evaluation to predict 
recurrent stroke in symptomatic middle cerebral artery stenosis. 
Stroke Vasc Neurol 2019;4:129–34.

	15	 Azizyan A, Sanossian N, Mogensen MA, et al. Fluid-Attenuated 
inversion recovery vascular hyperintensities: an important imaging 
marker for cerebrovascular disease. AJNR Am J Neuroradiol 
2011;32:1771–5.

	16	 Apfaltrer P, Wenz H, Böhme J, et al. Flair vascular hyperintensities 
indicate slow poststenotic blood flow in ICA stenosis. Clin 
Neuroradiol 2021;31:827–31.

	17	 Lee KY, Latour LL, Luby M, et al. Distal hyperintense vessels on 
FLAIR: an MRI marker for collateral circulation in acute stroke? 
Neurology 2009;72:1134–9.

	18	 Ebinger M, Kufner A, Galinovic I, et al. Fluid-Attenuated inversion 
recovery images and stroke outcome after thrombolysis. Stroke 
2012;43:539–42.

	19	 Legrand L, Turc G, Edjlali M, et al. Benefit from revascularization after 
thrombectomy according to FLAIR vascular hyperintensities–DWI 
mismatch. Eur Radiol 2019;29:5567–76.

	20	 Lyu J-H, Zhang S-H, Wang X-Y, et al. Flair vessel hyperintensities 
predict functional outcomes in patients with acute ischemic stroke 
treated with medical therapy. Eur Radiol 2022;32:5436–45.

	21	 Nam K-W, Kim CK, Kim TJ, et al. Flair vascular hyperintensities 
predict early ischemic recurrence in TIA. Neurology 
2018;90:e738–44.

	22	 Kang B-S, Kwon H-M, Ryu W-S, et al. Prognosis of symptomatic 
and asymptomatic middle cerebral artery occlusion. Cerebrovasc Dis 
2008;26:489–93.

	23	 Ahn SJ, Suh SH, Lee K-Y, et al. Hyperintense vessels on T2-
PROPELLER-FLAIR in patients with acute MCA stroke: prediction of 
arterial stenosis and perfusion abnormality. AJNR Am J Neuroradiol 
2015;36:2042–7.

	24	 Zaharchuk G, Do HM, Marks MP, et al. Arterial spin-labeling MRI can 
identify the presence and intensity of collateral perfusion in patients 
with moyamoya disease. Stroke 2011;42:2485–91.

	25	 Kohno N, Okada K, Yamagata S, et al. The clinical significance of 
arterial transit artifact on arterial spin labeling in patients with acute 
ischemic stroke. AME Med J 2017;2:140.

	26	 Kufner A, Galinovic I, Ambrosi V, et al. Hyperintense vessels on 
FLAIR: hemodynamic correlates and response to thrombolysis. AJNR 
Am J Neuroradiol 2015;36:1426–30.

	27	 Cheng B, Ebinger M, Kufner A, et al. Hyperintense vessels on acute 
stroke fluid-attenuated inversion recovery imaging: associations with 
clinical and other MRI findings. Stroke 2012;43:2957–61.

	28	 Nave AH, Kufner A, Bücke P, et al. Hyperintense vessels, 
collateralization, and functional outcome in patients with stroke 
receiving endovascular treatment. Stroke 2018;49:675–81.

	29	 Mahdjoub E, Turc G, Legrand L, et al. Do fluid-attenuated inversion 
recovery vascular hyperintensities represent good collaterals before 
reperfusion therapy? AJNR Am J Neuroradiol 2018;39:77–83.

	30	 Tian C, Lou X. Letter by Tian and Lou Regarding Article, "Clinical 
Significance of Fluid-Attenuated Inversion Recovery Vascular 
Hyperintensities in Borderzone Infarcts". Stroke 2016;47:e227.

	31	 Lee K-Y, Kim JW, Park M, et al. Interpretation of fluid-attenuated 
inversion recovery vascular hyperintensity in stroke. Journal of 
Neuroradiology 2022;49:258–66.

	32	 Hohenhaus M, Schmidt WU, Brunecker P, et al. Flair vascular 
hyperintensities in acute ICA and MCA infarction: a marker for 
mismatch and stroke severity? Cerebrovasc Dis 2012;34:63–9.

	33	 Legrand L, Tisserand M, Turc G, et al. Fluid-Attenuated inversion 
recovery vascular Hyperintensities-Diffusion-Weighted imaging 
mismatch identifies acute stroke patients most likely to benefit from 
recanalization. Stroke 2016;47:424–7.

	34	 Taieb G, Renard D, Macri F. Flair vascular hyperintensity resolution in 
a TIA patient: clinical-radiologic correlation. Neurology 2014;82:2039.

	35	 Yamauchi H, Fukuyama H, Nagahama Y, et al. Long-Term changes 
of hemodynamics and metabolism after carotid artery occlusion. 
Neurology 2000;54:2095–102.

	36	 Kobayashi J, Uehara T, Toyoda K, et al. Clinical significance of fluid-
attenuated inversion recovery vascular hyperintensities in transient 
ischemic attack. Stroke 2013;44:1635–40.

	37	 Merwick A, Albers GW, Amarenco P, et al. Addition of brain and 
carotid imaging to the ABCD² score to identify patients at early risk 
of stroke after transient ischaemic attack: a multicentre observational 
study. Lancet Neurol 2010;9:1060–9.

	38	 Di Napoli A, Cheng SF, Gregson J, et al. Arterial spin labeling MRI 
in carotid stenosis: arterial transit artifacts may predict symptoms. 
Radiology 2020;297:652–60.

	39	 Alsop DC, Detre JA, Golay X, et al. Recommended implementation 
of arterial spin-labeled perfusion MRI for clinical applications: a 
consensus of the ISMRM perfusion Study Group and the European 
Consortium for ASL in dementia. Magn Reson Med 2015;73:102–16.

http://dx.doi.org/10.14336/AD.2018.0118
http://dx.doi.org/10.3174/ajnr.A1234
http://dx.doi.org/10.1007/s11883-017-0677-7
http://dx.doi.org/10.1001/jama.2011.1610
http://dx.doi.org/10.3171/2012.9.JNS12551
http://dx.doi.org/10.1111/j.1468-1331.2010.03008.x
http://dx.doi.org/10.1159/000445696
http://dx.doi.org/10.1093/brain/aws131
http://dx.doi.org/10.1177/1747493018764075
http://dx.doi.org/10.1161/STROKEAHA.115.011057
http://dx.doi.org/10.3174/ajnr.A5439
http://dx.doi.org/10.3174/ajnr.A5439
http://dx.doi.org/10.1177/0271678X17725212
http://dx.doi.org/10.1136/svn-2018-000228
http://dx.doi.org/10.3174/ajnr.A2265
http://dx.doi.org/10.1007/s00062-020-00941-y
http://dx.doi.org/10.1007/s00062-020-00941-y
http://dx.doi.org/10.1212/01.wnl.0000345360.80382.69
http://dx.doi.org/10.1161/STROKEAHA.111.632026
http://dx.doi.org/10.1007/s00330-019-06094-y
http://dx.doi.org/10.1007/s00330-022-08661-2
http://dx.doi.org/10.1212/WNL.0000000000005034
http://dx.doi.org/10.1159/000155986
http://dx.doi.org/10.3174/ajnr.A4423
http://dx.doi.org/10.1161/STROKEAHA.111.616466
http://dx.doi.org/10.21037/amj.2017.08.27
http://dx.doi.org/10.3174/ajnr.A4320
http://dx.doi.org/10.3174/ajnr.A4320
http://dx.doi.org/10.1161/STROKEAHA.112.658906
http://dx.doi.org/10.1161/STROKEAHA.117.019588
http://dx.doi.org/10.3174/ajnr.A5431
http://dx.doi.org/10.1161/STROKEAHA.116.014222
http://dx.doi.org/10.1016/j.neurad.2021.01.009
http://dx.doi.org/10.1016/j.neurad.2021.01.009
http://dx.doi.org/10.1159/000339012
http://dx.doi.org/10.1161/STROKEAHA.115.010999
http://dx.doi.org/10.1212/WNL.0000000000000474
http://dx.doi.org/10.1212/WNL.54.11.2095
http://dx.doi.org/10.1161/STROKEAHA.111.000787
http://dx.doi.org/10.1016/S1474-4422(10)70240-4
http://dx.doi.org/10.1148/radiol.2020200225
http://dx.doi.org/10.1002/mrm.25197

	Association of fluid-­attenuated inversion recovery vascular hyperintensity with ischaemic events in internal carotid artery or middle cerebral artery occlusion
	Abstract
	Introduction﻿﻿﻿﻿
	Methods
	Participants
	MRI protocol
	Image analysis
	Statistical analysis

	Results
	Patient demographics and variables’ correlation analysis
	Factors associated with symptomatic occlusion
	Subgroup analysis

	Discussion
	Limitations

	Conclusions
	References


