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ABSTRACT

Background and purpose To evaluate relationship between
fluid-attenuated inversion recovery vascular hyperintensity
(FVH) after intravenous thrombolysis and outcomes in different
lesion patterns on diffusion-weighted imaging (DWI).
Methods Patients with severe internal carotid or intracranial
artery stenosis who received intravenous thrombolysis from
March 2012 to April 2019 were analysed. They were divided
into four groups by DWI lesion patterns: border-zone infarct
(BZ group), multiple lesions infarct (ML group), large territory
infarct (LT group), and single cortical or subcortical lesion infarct
(SL group). Logistic regression was performed to identify risk
factors for outcome (unfavourable outcome, modified Rankin
Scale (mRS) >2; poor outcome, mRS >3).

Results Finally, 203 participants (63.3+10.2 years old; BZ
group, n=72; ML group, n=64; LT group, n=37; SL group,
n=30) from 1190 patient cohorts were analysed. After
adjusting for confounding factors, FVH (+) was associated with
unfavourable outcome in total group (OR 3.02; 95%Cl 1.49

10 6.13; p=0.002), BZ group (OR 4.22; 95%Cl 1.25 to 14.25;
p=0.021) and ML group (OR 5.44; 95%Cl 1.41 t0 20.92;
p=0.014) patients. FVH (+) was associated with poor outcome
in total group (OR 2.25; 95%Cl 1.01 to 4.97; p=0.046), BZ
group (OR 5.52; 95%Cl 0.98 to 31.07; p=0.053) and ML group
(OR 4.09; 95%Cl 1.04 to 16.16; p=0.045) patients, which
was marginal significance. FVH (+) was not associated with
unfavourable or poor outcome in LT and SL groups.
Conclusion This study suggests that association
between FVH and outcome varies with different lesion
patterns on DWI. The presence of FVH after intravenous
thrombolysis may help to identify patients who require
close observations in the hospitalisation in patients with
border-zone and multiple lesion infarcts.

INTRODUCTION

Stroke is one of the leading causes of disability
and death worldwide,1 and there are million new
stroke cases each year in China.” Previous studies
indicated that there are several mechanisms of
ischaemic stroke including thrombosis leading
to complete artery occlusion, artery-to-artery
embolism, haemodynamic compromise and
local branch occlusion. Different mechanisms of
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stroke always resulted in different lesion patterns
and different outcomes.” Lesion patterns have
been widely analysed to explore the mechanism
of stroke.*

Fluid-attenuated inversion recovery
(FLAIR) vascular hyperintensity (FVH) was
first reported by Cosnard et alin 1999,° which
was frequently encountered in patients with
acute ischaemic stroke with significant intra-
cranial artery stenosis or occlusion.’ Patho-
logically, FVHs are considered as slow flow,
flow-related enhancement (slow, but not
static flow) and clot-signal intensity (oxyhae-
moglobin),” and the slow flow is regarded as
slow retrograde flow in leptomeningeal collat-
erals® or antegrade flow representing the
impaired haemodynamics.” There are many
studies focusing on the association between
FVH and outcomes in patients with ischaemic
stroke. However, some studies demonstrated
that FVHs were reflected poor collaterals and
poor outcomes,”" while other studies indi-
cated that FVHs were related to good collat-
erals and favourable outcomes.'*™* The exact
reason for the discrepancy is still unknown.
But these literatures did not consider the
effect of stroke mechanisms, and did not
classify the ischaemic stroke based on lesion
patterns. Different lesion patterns related
to different mechanisms of stroke may also
be related to different causes of formation
of FVH. In this study, we try to focus on the
relationship between FVH and outcome
according to different lesion patterns on
diffusion-weighted imaging (DWI) in large
artery atherosclerosis stroke.

METHODS

Patients

Patients with ischaemic stroke within 4.5 hours
of symptom onset who received recombinant
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tissue plasminogen activator (r-tPA) therapy and brain
MRI in Xuanwu Hospital, Capital Medical University,
from April 2012 to March 2019 were retrospectively
enrolled. The inclusion criteria are as follows: (1) >18
years old; (2) had acute infarct lesions within the middle
cerebral artery (MCA) distribution territory determined
by DWI; (3) had ipsilateral severe stenosis (>50% stenosis)
or occlusion in MCA, internal carotid artery or common
carotid artery identified by CT angiography, magnetic
resonance angiography (MRA) or digital subtraction
angiography. Patients with the following conditions were
excluded from this study: (1) no FLAIR images or MRI
with poor image quality; (2) no DWI hyperintensity; (3)
no medical history; (4) rtPA not finished or received
mechanical thrombectomy; (5) not MCA territory stroke;
(6) non-atherosclerotic vasculopathy that may predispose
to stroke such as dissection, moyamoya disease, vasculitis,
evidence of cardioembolism or undetermined aetiology;
(7) artery stenosis degree <50%. The demographics and
clinical characteristics of patients were collected from the
medical record, including age, sex, vascular risk factors
such as hypertension, diabetes mellitus, coronary artery
disease, hyperlipidaemia, smoking, drinking, history of
previous stroke, the National Institute of Healthy Stroke
Scale (NIHSS) score before r-tPA therapy and hospitali-
sation days. Hypertension'” and diabetes mellitus'® were
defined as published standards.

Magnetic resonance imaging

Brain MRI was performed for all included patients on
3T MR scanners (Magnetom Verio and Magnetom Trio;
Siemens, Germany) with 12-channel head coils. In the
routine brain imaging protocol, the sequences of FLAIR
and DWI were acquired using the following parameters:
T2-FLAIR: turbo spin-echo, TR/TE 10000 ms/119 ms,
FOV 23.0x23.0 ch, matrix 308x308 and slice thickness
5mm; DWI: echo-planar imaging, TR/TE 2824ms/93
ms, FOV 28.0x23.0 cm?, matrix 164x122 and slice thick-
ness 5mm. Time-of-flight-MRA: fast low-angle shot, TR/
TE 19 ms/3.5 ms, FOV 200x200 mm?, matrix 400x268
and slice thickness 1.1mm. All MRIs were performed
after thrombolytic therapy, and the time from finishing
thrombolysis to MRI was within 7 days.

Neuroimaging analysis
All DWI images were evaluated for the determination
of an acute ischaemic infarction."” White matter hyper-
intensity (WMH) was assessed on FLAIR images using
the Fazekas score.'® Lacunar infarct was defined as small
infarctlesion (sized <15 mm in diameter, hyperintensity on
FLAIR images and iso-intensity on T1W images) located
in the subcortical white matter, thalamus or basal ganglia.
Artery stenosis degree was measured as the Stenting and
Aggressive Medical Management for Preventing Recur-
rent stroke in Intracranial Stenosis trial."?

The topography of infarct lesions was defined using
published templates,* and the templates have been modi-
fied. Accordingly, all patients were categorised into four

groups: border-zone infarct group (BZ group), multiple
lesion infarcts group (ML group), large territory infarct
group (LT group) and single cortical or subcortical lesion
group (SL group). Borderzone infarcts (BZ group)
were defined as infarcts at anterior or posterior cortical
borderzone or internal border-zone. Multiple infarcts
(ML group) referred to multiple infarct lesions in MCA
territory but not at the borderzone. When cases with
most of the infarcts are located at the borderzone it will
be classified into BZ group, and when cases with most of
the infarcts are located at non-border-zone regions it will
be classified into ML group. BZ group has the priority

Figure 1 lllustrative cases according to the DWI lesion
patterns. Case A (BZ group) shows severe stenosis of left
MCA on CTA, a border-zone infarct lesion on DWI and with
FVH positive in FLAIR; FVHs located beyond the lesions.
Case B (ML group) shows occlusion of the right MCA, two
lesions in different artery territories on DWI and with FVH
positive on FLAIR; FVHs located beyond the lesions. Case

C (LT group) shows occlusion of the left MCA on CTA, a

large territory infarct lesion on DWI and with FVH positive

on FLAIR; FVHs located within or very closed to the lesions.
Case D (SL group) shows near occlusion of the left MCA

on CTA, a lesion in the basal ganglia on DWI and with FVH
positive on FLAIR; FVHs located beyond the lesions. BZ
group, border-zone infarct group; CTA, CT angiography; DWI,
diffusion-weighted imaging; FLAIR, fluid-attenuated inversion
recovery; FVH, FLAIR vascular hyperintensity; LT group,

large territory infarct group; MCA, middle cerebral artery; ML
group, multiple lesion infarcts group; SL group, single cortical
or subcortical lesion group.
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[ 1190 patients ]

Excluded firstly

No MR images or severe artifacts, n=133;
No DW! hyperintensity, n=137;

No medical history, n=31;

R-tPA not finished or received mechanical
thrombectomy , n=89.

Excluded secondly l

Not MCA territory stroke, n=218;
Dissection, moyamoya disease,
vasculitis, evidence of cardioembolism or
undetermined etiology, n=303;

Artery stenosis degree <50%, n=76.

[ 203 patients included ]

Lesion pattern

BZ group, n=72 ML group, n=64

LT group, n=37 SL group, n=30

Figure 2 The flow chart of patients included. BZ group, border-zone infarct group; DWI, diffusion-weighted imaging; LT group,
large territory infarct group; MCA, middle cerebral artery; ML group, multiple lesion infarcts group; r-tPA, recombinant tissue
plasminogen activator; SL group, single cortical or subcortical lesion group.

when it comes to mixture lesion pattern cases. Large terri-
tory infarct (LT group) was defined as an infarct occur-
ring in the vascular territories supplied by the stem of
MCA and more than one-third of MCA territory. Single
cortical or subcortical lesion (SL group) was defined as a
single infarct occurring in the cortical or subcortical terri-
tory of the MCA and less than one-third of MCA territory
(figure 1).

The FVHs after intravenous thrombolysis are defined
as focal, tubular or serpentine hyperintensities in the
subarachnoid space against the relative hypointensity of
cerebrospinal fluid and corresponding to the typical arte-
rial course on FLAIR images™ at the ipsilateral side of
acute ischaemic lesions on FLAIR images.

All brain images were reviewed by two experienced
radiologists who had, respectively, 19 years and 6 years of
experience in neuroimaging blinded to the clinical data.
Disagreements were resolved by consensus.

Clinical outcome

Modified Rankin Scale (mRS) was used to assess the clin-
ical outcome of all the patients at discharge after throm-
bolysis treatment.”’ The mRS >2 was defined as unfa-
vourable outcome; mRS score =3 was defined as poor
outcome.

Intraobserver and interobserver agreement

Thirty patients were randomly selected for testing the
intraobserver and interobserver reliability in identifying
presence of FVH, lesion pattern of infarct, and WMH
(subcortical) and WMH (periventricular). A time interval

of 2 months was set for testing the intraobserver reliability
to minimise the bias of memory.

Statistical analysis

The continuous variables were described as mean+SD or
median and IQR. The binary variables were expressed as
count and percentage. The clinical characteristics were
compared between FVH (+) and FVH (=) groups using
independent t-test, Mann-Whitney U test, X” test or Fish-
er’s exact test according to the type of variable. The k coef-
ficient was used to assess interobserver agreements for
the lesion patterns and FVH. Multivariate logistic regres-
sion analysis was performed to identify independent
predictors of unfavourable (mRS 22, model 1) and poor
outcome (mRS 23, model 2) at discharge. FVH (+), artery
occlusion, NIHSS at admission (NIHSS-ad), age and sex
were put into multivariate logistic regression model. A
value of p<0.05 was considered statistically significant. All
statistical analyses were performed using SPSS V.20.0.

RESULTS

Basic clinical characteristic

Finally, 203 participants (63.3+10.2 years old; 169 men
(83.3%)) who met the inclusion criteria among 1190
consecutive patients with ischaemic stroke (BZ group,
n=72; ML group, n=64; LT group, n=37; SL group,
n=30) were included, while 987 patients were excluded
(no MRI or severe artefacts, n=133; no DWI hyperinten-
sity, n=137; no medical history, n=31; r-tPA intravenous
thrombolysis therapy not finished or received mechanical
thrombectomy, n=89; not MCA territory stroke, n=218;
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Table 3 The distribution of FVHs in four subgroups

FVH within DWI lesion

FVH beyond DWI lesion

FVH (both within and beyond)

Total patients, n=100, (%) 14 (14.0)
BZ group, n=29, (%) 1(3.4)
ML group, n=39, (%) 0 (0)

LT group, n=26, (%) 13 (50.0)
SL group, n=6, (%) 0 (0)

73 (73.0) 13 (13.0)

26 (89.7) 2(6.9)

38 (97.4) 1(2.6)
3 (11.5) 10 (38.5)
6 (100) 0(0)

BZ group, border-zone infarct group; DWI, diffusion-weighted imaging; FVH, fluid-attenuated inversion recovery vascular hyperintensity; LT
group, large territory infarct group; ML group, multiple lesion infarcts group; SL group, single cortical or subcortical lesion group.

dissection, moyamoya disease, vasculitis or evidence of
cardioembolism, n=303; artery stenosis degree <50%,
n=76;) (figure 2). Among the remaining 203 patients, the
presence of FVH was observed in 100 patients (49.3%).
The time from finishing thrombolysis to MRI was within 7
(median (IQR), 2 (1-3)) days.

Intraobserver and interobserver agreement

For the intraobserver agreement in assessing the presence
of FVH, lesion pattern of infarct, and WMH (subcortical)
and WMH (periventricular), the K values were 1.00, 0.95,
0.94 and 0.95 (all p<0.001), respectively. For the interob-
server agreement in assessing the presence of FVH, lesion
pattern of infarct, and WMH (subcortical) and WMH
(periventricular), the x values were 0.92, 0.90, 0.87 and
0.90 (all p<0.001), respectively.

The differences between FVH (+) and FVH (-) group

Cases with FVH (+) tended to have higher prevalence
of artery occlusion (58.0% vs 10.7%, p<0.001), higher
NIHSS-ad score (7.5 (4-12) vs 5 (3-9), p=0.002), higher
mRS score at discharge (2 (1-4) vs 1 (1-2), p<0.001)
and longer hospitalisation (8 (7-10) vs 7 (6-9), p=0.009)
compared with patients with FVH (-). This was similar
in BZ and ML groups. In LT group, patients with FVH
(+) were found to have a significantly higher prevalence
of artery occlusion (65.4% vs 27.3%, p=0.033). In SL
group, patients with FVH tended to have higher prev-
alence of previous stroke (83.3% vs 20.8%, p=0.015)
and artery occlusion (66.7% vs 4.2%, p=0.002). Neither
NIHSS-ad score (7.2+2.3 vs 5.0+2.4, p=0.064) nor mRS
score at discharge (1 (1-1.25) vs 1.5 (1-3), p=0.210) was
significantly different between FVH (+) and FVH (-)
patients. All demographic and clinical characteristics
were presented in table 1.

The association between FVH and outcome in different groups
Multiple analysis of the clinical and radiological factors
associated with unfavourable outcome (mRS >2, model
1) and poor outcome (mRS >3, model 2) according to
DWI lesion patterns is reported in table 2. In model 1,
FVHs (+) were associated with unfavourable outcome
after adjusting for confounding factors in total group
(OR 3.02,95% CI (1.49 to 6.13), p=0.002), BZ group (OR
4.22, 95%CI (1.25 to 14.25), p=0.021) and ML group
(OR 5.44, 95%CI (1.41 to 20.92), p=0.014) patients.

In LT group, only artery occlusion (OR 20.51; 95% CI
1.69 to 248.68; p=0.018) was associated with unfavour-
able outcome. In SL group, all of FVHs (+), age, male,
occlusion and NIHSS-ad did not show significance. In
model 2, after adjusting for confounding factors, FVH
(+) was also associated with poor outcome in total group
(OR 2.25; 95% CI 1.01 to 4.97; p=0.046), BZ group (OR
5.52; 95% CI 0.98 to 31.07; p=0.053) and ML group (OR
4.09; 95% CI 1.04 to 16.16; p=0.045) patients, which was
marginal significance. In addition, NIHSS-ad was also
associated with poor outcome in these three groups. In
LT group, age (OR 0.88, 95% CI (0.77 to 1.00), p=0.051,
which was marginal significance) and NIHSS-ad (OR
1.69, 95% CI (1.18 to 2.44), p=0.004) were associated with
poor outcome. In SL group, none of these factors showed
significance.

The location of FVHs

In total patients, FVHs of 14% patients were located
within DWI lesions; FVHs of 73% patients were located
beyond DWI lesions; FVHs of 13% patients were located
both within and beyond DWI lesion FVHs. In BZ and ML
groups, FVHs were most frequently located beyond DWI
lesions; in LT group, most FVHs were located within, both
within and beyond DWI lesions; in SL group, all FVHs were
located beyond DWI lesions (table 3). We also explored
the relationship between FVH location and outcome in
all FVH (+) patients. We found that there was no asso-
ciation between different FVH locations and outcomes.
After adjusting for confounding factors, only occlusion
and NIHSS-ad were associated with poor outcome (mRS
23) (online supplemental tables 4 and 5).

DISCUSSION

This study investigated the relationship between FVH
and clinical outcomes in different lesion types on DWI.
We found that the prognostic value of FVH is different
depending on the lesion patterns. FVH is an independent
risk factor for unfavourable (mRS >2) and poor outcome
(mRS 23) in patients with border-zone (BZ group) infarct
and multiple lesion (ML group) infarct, while this asso-
ciation disappears when it comes to patients with large
territory (LT group) stroke and single lesion (SL group)
stroke.
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In the present study, FVH was associated with poor
outcome in total patients, which was in keeping with
several previous studies.’ '” #* * The prognostic value of
FVH in ischaemic stroke has been widely investigated, with
greatly divergentresults. But these studies just investigated
the associations between FVH and clinical outcome, not
classifying stroke according to the mechanism. Besides
populations, sample size, end points and FVH classifica-
tions, we suspected that the mechanism of stroke may also
play an important role in the discrepancies.

According to the Chinese ischaemic stroke subclassi-
fication, the underlying mechanism of territorial infarct
could be a sudden obstruction from an embolus and have
little time to generate collaterals.** Previous studies have
indicated that the pathophysiology of FVH was slow flow,
flow-related enhancement (slow, but not static flow) and
clot-signal intensity (oxyhaemoglobin). There are two
underlying aetiologies of slow flow: one opinion is that it
is retrograde artery flow of the leptomeningeal collateral
circulation, the other is that it is antegrade flow repre-
senting the impaired haemodynamics.'’ '* In BZ and ML
groups, patients of FVH (+) had a higher incidence of
artery occlusion and a higher mRS score at discharge
than those of FVH (-). No significant differences were
found in NIHSS-ad score between patients of FVH (+)
and FVH (=) group. This means that patients with FVH
are more frequent to suffer from a deterioration of stroke
in these two groups. The pathophysiology of border-zone
area infarcts was thought to be dynamic disturbance
and microembolisation, and the aetiology of multiple
lesion infarcts was multiple emboli from the upstream
artery.”*® In the multivariate logistic regression analysis,
FVH is found to be an independent risk factor for poor
outcome after adjusting for confounding factors in these
two groups. FVHs in these two groups are speculated as
antegrade flow representing impaired haemodynamics,
and patients with FVH (+) suffered hypoperfusion for a
much longer time than those without FVH. This assump-
tion was strengthened by the view that most FVHs are
located beyond DWI lesions in BZ group and ML group.
In this study, FVH is found to be significantly associated
with artery occlusion, which also supports this opinion. In
addition, there may be also some retrograde artery flow
of leptomeningeal collaterals participating in the forma-
tion of FVHs, but not able to counteract the consumption
of artery occlusion and impaired haemodynamics.

In LT group, patients with FVH tended to have higher
prevalence of artery occlusion, and FVH is not an inde-
pendent risk factor for poor outcome after adjusting for
confounding factors. This points to that the majority of
FVHs in LT group do not represent impaired haemo-
dynamics, which may be clotsignal intensities (oxyhae-
moglobin) and the ‘flow effect’ disappeared. This view
is supported by the phenomenon that FVHs are always
located within or very closed to the DWI lesions in LT
group (figure 1). In addition, age is associated with
outcome, as a protect factor, this may be explained that a
few old patients suffered from cerebral haemorrhage and

these patients did not undergo MRI, were not included in
the present study, which would have led to few bias.

In SL group, the incidence of FVH is 20%, which is
much lower than the other three groups. As similar consti-
tution of artery stenosis or occlusion, the main reason to
have a mild symptom in this group is that there are good
collaterals. Patients with FVH tend to have a higher prev-
alence of previous stroke and artery occlusion (table 1)
compared with patients without FVH, but the NIHSS-ad
score and mRS at discharge were not significantly
different. A higher prevalence of previous stroke meant
that patients were in a long stay in artery stenosis and had
enough time to generate collaterals. FVHs in SL group
are considered as combination of retrograde artery flow
of leptomeningeal collaterals and antegrade flow of new
vessels, like moyamoya vessels near the occlusion MCA.*
It is interesting that the prevalence of poor outcome in
FVH (-) group was higher than FVH (+) group, but the
difference did not reach statistical significance. Further
study with large samples is warranted.

A recent meta-analysis® reported that FVHs beyond
DWI lesions were associated with better outcome. We
found that FVHs beyond or both beyond and within
DWI lesion were not associated with outcome in patients
with FVH (+). This difference maybe because of the fact
that FVH was obtained after intravenous thrombolysis
in our study. In addition, the intravenous thrombolysis
treatment would have changed vascular occlusion status
and the appearance of infarct lesion on MRI. There-
fore, we should take into consideration the time of MRI
performed.

As far as we know, this is the first study that investigates
the associations between FVH and clinical outcomes
according to different lesion patterns on DWI. This study
explains the associations in the stroke mechanism way,
offering a new method for the investigations in the FVH
fields. This study demonstrates that we should observe
different details in different stroke lesion patterns in
clinical activities. Physicians should pay close attention
to artery occlusion and NIHSS score rather than FVH in
patients with large territory infarct. However, in patients
with borderzone infarcts and multiple lesion infarcts,
FVH should be considered as important as artery occlu-
sion and NIHSS-ad score. In addition, we only enrolled
patients who received intravenous thrombolysis, which
could minimise the impact of therapy to a certain degree.
Otherwise, the associations between FVH and clinical
outcome in different lesion patterns should be further
studied in patients without intravenous thrombolysis.

This study has some limitations. First, there are no
follow-up MRIs in these patients, and future studies need
to be performed to find out the duration of FVH, which
would help to explain the mechanism more accurately.
Second, we have not divided FVHs into proximal or
distal subtype, because most patients both have these two
subtypes, and we evaluate the general tendency of FVH in
this study. Third, patients who had severe clinical compli-
cations such as large volume of cerebral haemorrhage
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were not able to perform MRI scan, therefore these
patients were not included in this study, which may lead
to some bias. Finally, there was a marginal significant
difference in the total group, and the sample sizes of LT
and SL groups were small when compared with that of
the BZ or ML group. In generalising the results to the
broader r-tPA patient population with carotid/intracra-
nial artery stenosis, a study with more cases of patients
with large territory and single lesion infarct is warranted.

In conclusion, this study suggests that the association
between FVH and clinical outcome varies with different
lesion patterns on DWI. FVH is an independent risk
factor for unfavourable and poor outcome in patients
with border-zone infarct and multiple lesion infarcts, but
not in patients with large territory infarct or patients with
single lesion infarct. The presence of FVHs after throm-
bolysis may help to identify patients with border-zone
infarct and multiple lesion infarcts who require close
observations in the hospitalisation.
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