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Abstract

Objective: To assess fluid-attenuated inversion recovery (FLAIR) vascular hyper-intensity (FVH) and
explore its relationship with CT perfusion (CTP) penumbral/infarct core mismatch ratio and diffusion
weighted imaging (DWI) final infarct volume in acute ischemic stroke (AIS) patients with middle
cerebral artery occlusion (MCAO). Methods: The CTP and MRI images of 38 AIS patients with MCAO
were reviewed. The FVH score (longitudinal direction) [FVH score (L)] and FVH score (transverse
direction) [FVH score (T)] were quantified on the FLAIR images. The FVH score (L) (range, 0-16)
was based on a rostrocaudal extension of FVH and the FVH score (T) (range, 0-3) was based on FVH
supply of the occluded MCA territory. The mismatch ratio was calculated from the ratio of the [mean
transit time - cerebral blood volume (CBV)] lesion/CBYV lesion on the CTP images. The DWI infarct
volume was measured on the DWI images. Results: The mismatch ratio was larger for the group of
FVH score (L)=7~8 than those of FVH score (L)=5~6 and FVH score (L)=3~4 (p=0.03), whereas
the DWI infarct volume was smaller (p=0.04). Similarly, the mismatch ratio of FVH score (T)=2~3
group was larger than FVH score (T)=1 group (p=0.01), whereas the DWI infarct volume was smaller
(p=0.02). Both FVH score (L) and FVH score (T) correlated positively with mismatch ratio (P=0.02,
P=0.001, respectively), but negatively with DWI infarct volume (P=0.03, P=0.004, respectively).
Conclusions: Higher FVH score is associated with larger mismatch ratio and smaller DWI infarct
volume in AIS patients with MCAO. FLAIR vascular hyperintensity may represent collateral arterial
circulation, and may play a role in protecting the ischemic penumbra.
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INTRODUCTION

Middle cerebral artery occlusion (MCAO), one
of the most challenging ischemic strokes for
physicians, is associated with poor functional
outcomes.! Physicians are seeking very early
radiological stroke predictors in order to improve
treatment. Leptomeningeal collaterals are
increasingly analyzed in clinical practice, and
conventional digital subtraction angiography
(DSA) constitutes the gold standard for their
assessment. However, less invasive methods, for
instance, computed tomographic angiography
(CTA)** or MRI*®, are available to assess

collateral circulation. Currently, MRI may be
used to evaluate acute stroke, providing relevant
brain parenchyma and vessel status images.’
T2-weighted fluid-attenuated inversion recovery
(T2-FLAIR) is a routine MRI sequence with a
long echo time (TE) and heavy T2-weightage
that can detect intracranial vascular hyperintensity
within the subarachnoid spaces downstream to
the occluded artery territory.®'> Slow collateral
circulation supposedly explains this FLAIR
vascular hyperintensity (FVH) in patients with
acute ischemic stroke (AIS), which might be
consistent with beneficial collateral arterial flow
beyond the arterial occlusion site.
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The implication and clinical utility of the
FVH in stroke patients remains controversial.
Some authors noted that FVH was associated
with larger infarcts regardless of the occlusion
site.”® Conversely, others demonstrated that the
presence of FVH was associated with larger
diffusion-perfusion mismatch and smaller sub-
acute ischemic lesion in patients with proximal
MCAO.5,12,14

This study was undertaken to analyze FVH
and its relationship with CT perfusion (CTP)
penumbral/infarct core mismatch ratio and
diffusion weighted imaging (DWI) infarct volume
in AIS patients with MCAO. We speculate that
FVH may be the result of beneficial collateral
arterial flow beyond the site of arterial occlusion,
and that patients with higher FVH score will have
larger CTP penumbral/infarct core mismatch ratio
and smaller DWI infarct volume than those ones
with lower FVH score.

METHODS

Patient selection

A single-center study was performed in
consecutive AIS patients presenting within 3
hours of stroke symptoms to the stroke unit of
HuaShan hospital. Patients were assessed by the
stroke team and underwent clinical assessment and
a CT+MRI-based stroke protocol, including non-
contrast CT, CTP, CTA and MRI within 72 hours.
Clinical data was collected by neuro-radiologists
and maintained in a prospective stroke database.
The patients with cerebral hemorrhage or other
disease such as tumor, degeneration or parasite etc.
were excluded from the study. For the purpose of
this study, only AIS patients with unilateral middle
cerebral artery (MCA) M1 segment occlusion
[with or without ipsilateral internal carotid artery
(ICA) occlusion] meanwhile without thrombolytic
therapy who had complete clinical and imaging
data were included. The final cohort comprised
38 patients. The hospital’s Institutional Review
Board approved the study protocol, and the
patients or their parents or guardians provided
informed consent.

Imaging acquisition

All 38 patients underwent non-contrast CT/CTP/
CTA and MRI within 72 hours of stroke onset.
The stroke protocol was performed on 256-section
CT scanner (Brilliance i CT, Phillips Medical
Systems, Cleveland, Ohio, USA) and 3.0T super-
conducting MRI scanner (Verio, Siemens AG,
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Erlangen, Germany).

Whole-brain plain CT was performed:
120kVp, 150mAs, contiguous 6mm axial slices.
This was followed by CTP. The CTP technique
included a 50-second scanning reconstructed at
0.4-second intervals to produces a series of 312
sequential images for 13 sections, covering a
total of 120mm from the foramen magnum to
the lateral ventricles. CTP scanning parameters
were the following:120kVp, 150mAs, slice
thickness Smm, field of view (FOV) 220mm,
matrix 512x512, intravenous administration 50ml
non-ionic contrast (Ultraist, Iodine 370mgl/ml,
Bayer Healthcare, Berlin, Germany) at a rate
of 5Sml/s via a power injector (Stellate Injection
System, Indianola, PA, USA) with 5-second
delay. CTA was performed 10 minutes later after
CTP from the aortic arch to the vertex with the
following parameters: 120kVp, 150mAs, slice
thickness Imm, pitch 0.7, FOV 220mm, matrix
512x512, helical scanning mode and intravenous
administration of 50ml non-ionic contrast Ultraist,
370mgl/ml, Bayer Healthcare, Berlin, Germany)
at Sml/s via a power injector (Stellate Injection
System, Indianola, PA, USA), 8-second delay.
Time to CTP and CTA from stroke onset was
4.55+2.80 hours.

MRI sequences included axial T2-weight
[repetition time (TR)/TE, 3480/110; FOV, 240mm;
matrix, 256x256; section thickness (ST), 6mm;
2-mm gap], T1-weight FLAIR [TR/TE/inversion
time (TT), 1780/20/860ms; FOV, 240mm; matrix,
256x256; ST, 6mm; 2-mm gap], T2-FLAIR (TR/
TE/TI, 8600/120/2370ms; FOV, 240mm; matrix,
256%256; ST, 6mm; 2-mm gap), DWI (TR/TE,
4800/74ms; FOV, 240mm; matrix, 256x256; ST,
6mm with no gap; b=0 and 1000s/mm?). MRI
axial was performed from the vertex to foramen
magnum, 16 images for each sequence. Time to
MRI from stroke onset was 26.14+5.08 hours.

Image analysis

CTP data was analyzed with Phillips brain
perfusion software (Vision 5.0.2) using an
identical deconvolution algorithm to generate
parametric maps of mean transit time (MTT) and
cerebral blood volume (CBV). A MTT >145%
compared with the contra-lateral hemisphere
was used to calculate automated MTT lesion
volume.? Within the MTT lesion, infarct core
volume was determined from CBV map using
an automated threshold of < 2.0ml/100g.> Thus,
penumbral volume was automatically determined
from the difference between the MTT lesion and



CBV lesion, and ‘CTP penumbral/infarct core
mismatch ratio’ was calculated from (MTT-CBV)
lesion/CBV lesion. CTA data were processed
by the Phillips Brilliance Workspace portal
software (Vision 5.0.2), including multi-planer
7-mm maximum intensity projection (MIP) and
volume rendering (VR) reconstruction. M1-MCA
occlusion was defined as a main MCA trunk
occlusion before the bifurcation, with or without
ipsilateral ICA occlusion.

FVH was defined as a linear or serpentine
appearing hyper-intensity on axial T2-FLAIR
imaging corresponding to a typical arterial
course.” Absence of FVH on all T2-FLAIR
images was regarded as absent FVA. Presence
of FVH was recorded as proximal or distal in
relation to arterial branching of the MCA. FVH
was described as proximal when it was present to
or within the Sylvian fissure, i.e., corresponding
to the MCA M1 or M2 segments. FVH was
described as distal when it was present distal
to the Sylvian fissure, i.e., corresponding to the
MCA M3 or distal segments. > Absent FVH and
proximal FVH were classified into no distal FVH
because proximal FVH did not offer collateral
arterial circulation information. The FVH score
(longitudinal direction) [FVH score (L)] was based
on arostrocaudal extension of FVH.* Thus, all 16
axial T2-FLAIR images were analyzed from the
first to the end. Absence of FVH on 1 slice was
rated O point. One or more FVH recognized on 1
slice were rated 1 point. All 16 axial images were
analyzed, the resulting FVH score for each patient
ranged from O to 16. The FVH score (transverse
direction) [FVH score (T)] was scored on a scale
of 0 to 3. A score of 0 indicated absent FVH
supply to the occluded MCA territory. A score of
1 indicated FVH supply filling < 50% but > 0%
distal to the occluded MCA territory. A score of
2 was given for FVH supply filling > 50% but <
100% of the occluded MCA territory. A score of
3 was given for 100% FVH supply distal to the
occluded MCA territory. Two readers blinded to
the other sequences quantified FVH. In case of
a discrepant score between the two readers, T2-
FLAIR images were reviewed and a consensus
was established.

The DWTI infarct volume was measured on
MRI DWI images by using Siemens Functool
9.4.05 software.

All CTP MTT, CBYV leision volumes and MRI
DWI infarct volumes were measured by a third
experienced reader, blinded to the FVH score
grading.

Statistical analysis

Statistical analysis was performed with SPSS 17.0
software. Results were expressed as the mean +
standard deviation (SD) for quantitative variables
and as proportions for categorical findings.
Patients were dichotomized into 2 groups: distal
FVH versus no distal FVH. Then the distal FVH
group were divided into thirds by using FVH score
(L) and dichotomized into twos by using FVH
score (T). Mann-Whitney U test and Kruskal-
Wallis H test were used to compare radiological
and clinical differences among these groups.
The Spearman nonparametric correlation was
performed to assess the correlation between FVH
score (L), FVH score (T) and CTP penumbral/
infarct core mismatch ratio, DWI infarct volume.
Inter-rater reliability of FVH score grading
between the two observers was evaluated with k
statistic agreement: 0.00 to 0.20 indicted slight;
0.21 to 0.40, fair; 0.41 to 0.60, moderate; 0.61 to
0.80, good; and 0.81 to 1.00, excellent. A two-
tailed value of p < 0.05 was considered significant.

RESULTS

A total of 38 AIS patients with MCAO were
included in this study: 13 were woman and mean
age was 62.52+6.31years. The CTP penumbral/
infarct core mismatch ratio was 56.29+20.59
and DWI infarct volume was 153.03£161.83 ml.
Among the 38 patients who met the inclusion
criteria: 22 showed presence of distal FVH and
16 had no distal FVH. Furthermore, among the
22 distal FVH, the FVH score (L) was 3 for 4
patients, 4 for 4 patients, 5 for 5 patients, 6 for
2 patients, 7 for 3 patients and 8 for 4 patients
(k=0.88). Similarly, the FVH score (T) was 1 for
11 patients, 2 for 5 patients and 3 for 6 patients
(k=0.87).

The CTP penumbral/infarct core mismatch
ratio of patients with distal FVH was larger than
patients with no distal FVH (P=0.02), whereas
the DWI infarct volume was smaller (P=0.04).
(Table 1) Furthermore, the CTP penumbral/infarct
core mismatch ratio was larger for the group of
FVH score (L)=7~8 score than those of FVH
score (L)=5~6 score and FVH score (L)=3~4
score (P=0.03), whereas the DWI infarct volume
was smaller for the same descending FVH scores
(P=0.04).(Table 2) Similarly, the CTP penumbral/
infarct core mismatch ratio of FVH score (T)=2~3
score group was larger than FVH score (T)=1 score
group (P=0.01), whereas the DWTI infarct volume
was smaller (P=0.02).(Table 3) (Figures.1-4) The
other variables did not differ between the 3 groups
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Table 1: Group Comparison No Distal FVH Versus Distal FVH

No distal FVH Distal FVH P-value
(n=16) (n=22)
Time to CTP from stroke onset, h 4.12+1.26 4.78+1.11 .53
Time to MRI from stroke onset, h 25.25+5.71 28.64+1.25 31
CTP penumbral/infarct core 5.42+4.72 93.29+26.70 02
Mismatch ratio
DWI infarct volume, ml 238.22+167.78 108.36+118.89 .04*

FVH=fluid-attenuated inversion recovery vascular hyper-intensity; CTP=CT perfusion; DWI=diffusion weighted imaging.
sk
p < 0.05.

of FVH score (L) (Table 2), and the 2 groups of infarct core mismatch ratio (P=0.02, P=0.001,
FVH score (T). (Table 3) respectively), and negatively with DWI infarct

Both FVH score (L) and FVH score (T) volume (P=0.03, P=0.004, respectively).(Table 4)
correlated positively with CTP penumbral/

Table 2: Group Comparison FVH score (L)=3~4 Versus FVH score (L) =5~6 Versus FVH score (L)=7~8

FVH score FVH score FVH score P-value

(L)=3~4 (L)=5~6 L)=7~8

(n=8) (n=7) (n=7)
Woman, No.(%) 4(50) 3(43) 1(14) 0.32
Age,y 60.25+1.96 65.57+3.81 58.00+2.08  0.37
Arterial hypertension, No.(%) 4(50) 4(57) 6(86) 0.33
Hyperlipidemia, No.(%) 2(25) 2(29) 1(14) 0.80
Diabetes, No.(%) 3(38) 0 3(43) 0.14
Coronary heart disease, No.(%) 3(38) 0 1(14) 0.16
ﬁ:t((()y?)] of myocardial infarction, 0 1(14) 0 033
Atrial fibrillation, No.(%) 4(50) 1(14) 0 0.06
Family history of stroke, No.(%) 1(13) 0 0 0.40
C-reactive protein increase, No.(%)  3(38) 1(14) 4(57) 0.25
Anticoagulant therapy, No.(%) 3(38) 3(43) 2(29) 0.85
Anti-platelet therapy, No.(%) 6(75) 7(100) 6(86) 0.37
Admission NIHSS score 13.00£6.02 14.29+6.10 12.57+£5.06  0.85
Time to CTP from stroke onset, h 4.56+1.67 5.11£1.78 4.23+1.18 0.38
Time to MRI from stroke onset, h 27.13£3.53 27.00+1.24 28.01+1.77  0.71

CTP penumbral/infarct core
mismatch ratio

DWTI infarct volume, ml 141.60£101.16  105.60+£122.24  55.41+52.20 0.04*

FVH score (L)=fluid-attenuated inversion recovery vascular hyper-intensity score (longitudinal direction); NIHSS=national
institute of health stroke scale; CTP=CT perfusion; DWI=diffusion weighted imaging.
*

p < 0.05.

12.32+11.17 66.79+45.51 101.07+22.34 0.03*
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Table 3: Group Comparison FVH score (T)=1 Versus FVH score (T)=2~3

FVH score (T) FVH score (T)  P-value
=1 =2~3
(n=11) (n=11)

Woman, No.(%) 5(45) 3(27) .66
Age,y 59.00+3.14 66.91+1.39 27
Arterial hypertension, No.(%) 6(56) 8(73) .65
Hyperlipidemia, No.(%) 2(18) 3(27) 1
Diabetes, No.(%) 4(36) 2(18) .64
Coronary heart, No.(%) 2(18) 2(18) 1
History of myocardial infarction, No.(%) 0 1(9) 1
Atrial fibrillation, No.(%) 3(27) 2(18) 1
Family history of stroke, No.(%) 1(9) 0 1
C-reactive protein increase, No.(%) 2(18) 6(56) 18
Anticoagulant therapy, No.(%) 4(36) 4(36) 1
Anti-platelet therapy, No.(%) 9(82) 10(91) 1
Admission NIHSS score, No.(%) 15.27+6.33 11.27+£3.93 .09
Time to CTP from stoke onset, h 4.89+1.46 4.46+1.67 .36
Time to MRI from stroke onset, h 27.55+1.11 27.73+1.98 .69
iiiﬂfgﬁﬁfgy infarct core 51.92+43 .44 99.66+30.03 K
DWI infarct volume, ml 158.19+105.50 58.52+61.15 .02%*

FVH score (T)=fluid-attenuated inversion recovery vascular hyper-intensity score (transverse direction);
NIHSS=national institute of health stroke scale; CTP=CT perfusion; DWI=diffusion weighted imaging.

*p <0.05.

DISCUSSION

This study demonstrated that in AIS patients with
MCADO, the presence of distal FVH was associated
with larger CTP penumbral/infarct core mismatch
ratio and smaller DWI final infract volume.
Furthermore, patients with higher FVH scores
had relatively larger CTP penumbral/infarct core
mismatch ratio and smaller DWI infarct volume

than did those ones with lower FVH score. FVH
score (L) and FVH score (T) demonstrated high
inter-observer reliability.

The mechanism and causality of FVH cannot
be definitively established in this study, but it is
reasonable to speculate that distal FVH and further
higher FVH score may be reflective of good
collateral blood flow distal to the site of arterial
occlusion and may be involved in the resultant

Table 4: Spearman correlation of FVH score (L) and FVH score (T)

FVH score (L) FVH score (T)

r-value P-value r-value P-value
CTP penumbral/infarct core mismatch ratio 0.38 0.02* 0.51 .001*
DWTI infarct volume -0.35 0.03* -0.44 .004*

FVH score (L)=fluid-attenuated inversion recovery vascular hyper-intensity score (longitudinal direction); FVH score
(T)=fluid-attenuated inversion recovery vascular hyper-intensity score (transverse direction); CTP=CT perfusion;

DWI=diffusion weighted imaging.
*p < 0.05.
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Figure 1: A 60-year-old acute ischemic stroke (AIS) patient with left middle cerebral artery occlusion (MCAO),
Fluid-attenuated inversion recovery vascular hyper-intensity score (longitudinal direction) [FVH score
(L)]=0(A), fluid-attenuated inversion recovery vascular hyper- intensity score (transverse direction) [FVH
score (T)]=0(A); CT perfusion (CTP) penumbral/infarct core mismatch ratio=0(B); diffusion weighted
imaging (DWI) infarct volume=324.51ml(C).

Figure 2: A 57-year-old acute ischemic stroke (AIS) patient with left middle cerebral artery occlusion (MCAO),
Fluid-attenuated inversion recovery vascular hyper-intensity score (longitudinal direction) [FVH score
(L)]= 3(A-C), fluid-attenuated inversion recovery vascular hyper- intensity score (transverse direction)
[FVH score (T)]= 1(B); CT perfusion (CTP) penumbral/infarct core mismatch ratio=1.46(D); diffusion
weighted imaging (DWI) infarct volume=221.39ml(E).
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Figure 3:

A 63-year-old acute ischemic stroke (AIS) patient with left middle cerebral artery occlusion (MCAO),
Fluid-attenuated inversion recovery vascular hyper-intensity score (longitudinal direction) [FVH score
(L)]= 5(A-E), fluid-attenuated inversion recovery vascular hyper- intensity score (transverse direction)
[FVH score (T)]= 2(B); CT perfusion (CTP) penumbral/infarct core mismatch ratio=37.76(F); diffusion
weighted imaging (DWI) infarct volume=24.58ml(G).
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Figure 4: A 59-year-old acute ischemic stroke (AIS) patient with left middle cerebral artery occlusion (MCAO),
Fluid-attenuated inversion recovery vascular hyper-intensity score (longitudinal direction) [FVH score
(L)]= 7(A-G), fluid-attenuated inversion recovery vascular hyper- intensity score (transverse direction)
[FVH score (T)]= 3(E); CT perfusion (CTP) penumbral/infarct core mismatch ratio=82.57(H); diffusion
weighted imaging (DWI) infarct volume=10.39ml(I).
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decreased ischemic injury to tissue downstream
to the occluded MCA.

Collateral supply plays a pivotal role in
the pathophysiology of cerebral ischemia, and
may help to prevent or limit the extent of final
infarction; however, collateral flow is difficult to
quantify due to its diminutive and complex routes.
Cerebral DSA is the gold standard used to evaluate
collateral blood flow, but has the limitation of
invasiveness, relatively long acquisition and
procedural times, and low accessibility for general
use in AIS.°> On routine T2-FLAIR sequence,
blood vessels are normally dark, reflecting a loss
of signal intensity in relation to rapid flow void.
In the subarachnoid spaces, FVH likely represents
loss of the normal flow void, and may predict
hemodynamic impairment and slow retrograde
collateral leptomeningeal blood flow distal to
the occluded MCA in AIS. Thus, FVH could
provide important information on early collateral
circulation.” Gradually, the consensus among
scientists is that proximal FVH can be used as
a marker for arterial occlusion, presumably the
result of the thrombus inside the arterial lumen,
yet distal FVH is more likely related to slow,
retrograde collateral flow from arteries unaffected
by occlusion.’ In AIS patients with MCAO, distal
FVH may provide a mechanism for discriminating
tissue kept viable for extended periods by way of
a well-developed collateral network as the result of
marginalized flow distal to the site of the arterial
occlusion.’ Although somewhat crude, the T2-
FLAIR-derived FVH score (L) and FVH score (T)
provide a simple and reproducible assessment of
collateral supply. The FVH score inter-observer
agreement was good and physicians can score
images at bedside.

A previous study suggested that FVH was
associated with larger ischemic lesion volume that
was related to the presence and location of large
vessel occlusion.'” However, our study suggests
differently, and we speculate that different
inclusion criteria may explain this apparently
discrepant finding. We believe that our study’s
advantage is that it is based on the occlusion site
and treatment homogeneity, therefore, it provides
relatively objective information on the relationship
between FVH and other radiologic findings.

No relationship could be established between
FVH score and clinical variables at admission.
In the time window analysis, FVH score was
not associated with the interval between stroke
onset and admission MRI. This observation is
consistent with several published results.'>' It
may suggest that large vessel occlusion was an

essential prerequisite of the presence of FVH.

The study has some limitations. For one thing,
as a mono-center small sample size analysis
concerning a homogeneous ethnic, potential
patient selection bias is possible. Secondly, this
study could not establish a direct association
between FVH on T2-FLAIR imaging and an
independent measure of collateral blood flow.
We hope that direct comparison of FVH on T2-
FLAIR and collateral blood flow on conventional
DSA may help to define the mechanism of FVH
in future studies. In addition, we did not study
the relationship between FVH and long-term
prognosis, such as 90-day modified Rankin Scale
(mRS) score. A large number of patients and 90-
day mRS score are needed to prove the clinical
significance of FVH. Moreover, in light of new
developments of MRI such as 3D FLAIR and
synthetic MRI technique, FVH will need to be
further evaluated.

In conclusion, MCAO AIS patients with distal
FVH as well as higher FVH score are associated
with larger CTP penumbral/infarct core mismatch
ratio and smaller DWTI infract volume. Collateral
flow can prolong tissue viability and maximize
the volume of salvageable tissue, thus surrogate
information on collateral blood flow using FVH
has potential clinical applications. FVH may in
future be used to identify patients who will benefit
from treatment decisions. Further study is needed
to confirm this finding and prove this hypothesis.
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