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ABSTRACT

BACKGROUND AND PURPOSE: FLAIR vascular hyperintensity has been recognized as a marker of collaterals in ischemic stroke, but the
impact on outcome is still controversial. We hypothesized that the association between FLAIR vascular hyperintensity and outcome varies
with time.

MATERIALS AND METHODS: We included 459 consecutive patients with middle cerebral artery stroke and divided them into 3 groups by
symptom-to-MR imaging time (group 1, =7 days; group 2, 814 days; group 3, =15 days). The FLAIR vascular hyperintensity score, ranging
from 0 to 3 points, was based on territory distributions of different MCA segments. The associations between FLAIR vascular hyperinten-
sity and outcome with time were analyzed qualitatively and quantitatively.

RESULTS: No patients underwent MR imaging within 6 hours of onset. The proportion of FLAIR vascular hyperintensity (+) and severe
stenosis or occlusion of MCA was not significantly dependent on time. In groups Tand 2, FLAIR vascular hyperintensity (+) was significantly
associated with larger lesions, the prevalence of flow injury, and unfavorable outcome (mRS = 2). There were no such associations in group
3. Multiple logistic regressions demonstrated that FLAIR vascular hyperintensity (+) was an independent risk factor for unfavorable
outcome in group 2. Infarction volume tended to increase with the increase of the distal FLAIR vascular hyperintensity score in groups 1and
2, while declining in group 3.

CONCLUSIONS: FLAIR vascular hyperintensity is associated with unfavorable outcome within 6 hours to 14 days of onset, while the wider
distribution of distal FLAIR vascular hyperintensity may be favorable beyond 14 days of onset in MCA infarction. Symptom-to-MR imaging

time should be considered when assessing the prognostic value of FLAIR vascular hyperintensity.

ABBREVIATION: FVH = FLAIR vascular hyperintensity

erebral ischemic damage depends on both the degree and
duration of hypoperfusion. However, collaterals neither de-
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velop rapidly nor remain invariant after arterial occlusion. Some
collaterals such as leptomeningeal anastomoses may be anatomi-
cally present, though enhanced capacity for cerebral blood flow
likely requires time to develop.'”> Angiogenesis induced by hyp-
oxia and increased fluid shear stress also requires several days to
weeks."? Furthermore, the incipient development of collaterals
does not guarantee their persistence." Therefore, the prognostic
significance of an observation of the presence of collaterals after
ischemic stroke varies with time.

FLAIR vascular hyperintensity (FVH), seen in some patients
with ischemic stroke, is known to be associated with stenosis and
occlusion of vessels and the attendant slow flow.®” FVH is also
thought to be a marker of collaterals and a predictor of out-
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come.*®** However, the relationship between these interpreta-
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tions is confusing. FVH may represent slow collateral flow effec-
tive in maintaining perfusion to penumbral regions, restricting
the progress of ischemic lesions and improving outcome.'*"”
However, FVH can also seem to correspond to a perfusion deficit,
larger lesions, and poor outcomes.®®'¥2? The exact reason for
such a huge discrepancy is still unclear. In addition to the differ-
ences in patient populations and FVH classifications, we found
that many reported symptom-to-MR imaging times ranged from
3 hours to several days. Additionally, Maeda et al** showed that
FVH decreased with time, indicating that differences in symp-
tom-to-MR imaging time might account for the discrepancy.

Moreover, most studies® 10-18:21.22

were performed during
the superacute or acute stages of ischemic stroke; however, many
patients with subacute or even chronic ischemic strokes present to
hospitals and undergo MR imaging. FVH has been observed in
areas supplied by collateral blood flow in patients with symptom-
to-MR imaging times that are several weeks in duration.” Given
that FVH is easily obtained via MR imaging, it could serve as a
helpful predictive measure in patients with ischemic stroke.

We hypothesized that the prognostic value of FVH in ischemic
stroke might change with the MR imaging observation time rela-
tive to onset. Therefore, we here evaluate the dependence of the
relationship between FVH and outcome on symptom-to-MR im-
aging time, in cases of middle cerebral artery ischemic stroke.

MATERIALS AND METHODS

Study Population

We retrospectively analyzed the records of patients with ischemic
stroke treated in the First Affiliated Hospital of Sun Yat-sen Uni-
versity from April 2009 to February 2017. The inclusion criteria
were the following: 1) patients with responsible lesions within the
MCA distribution territory; 2) patients with FLAIR and 3D time-
of-flight MRA images; 3) patients with ipsilateral M1-MCA ste-
nosis or occlusion identified by 3D time-of-flight MRA; and 4)
patients with a complete evaluation, which included a personal
history, vascular risk factors (smoking, hypertension, diabetes
mellitus, hyperlipidemia, previous stroke/transient ischemic at-
tack, coronary artery disease, and atrial fibrillation), routine blood
tests, and cardiologic work-up. Scores on the NTHSS at admission,
mRS at discharge, and hospitalization days were also collected. We
excluded the following; 1) patients with concomitant anterior cere-
bral artery or posterior circulation strokes; 2) patients with severe
artifacts on FLAIR images; 3) patients with severe stenosis or occlu-
sion of the ipsilateral internal carotid artery; and 4) patients having
undergone endovascular therapy. Patients were divided into 3
groups according to symptom-to-MR imaging time: group 1, =7
days; group 2, 8—14 days; group 3, =15 days.

MR Imaging

MR imaging was performed on 3T scanners (Magnetom Trio and
Magnetom Verio; Siemens, Erlangen, Germany) with a 12-chan-
nel head coil. The neuroimaging protocol comprised TIWI (TR,
500 ms; TE, 8.9 ms), T2WI (TR, 4000 ms; TE, 100 ms), FLAIR
(TR, 9000 ms; TE, 111 ms; TI, 2500 ms), and DWI (TR, 5800 ms;
TE, 100 ms; matrix number, 384 X 384; two b-values of 0 and
1000 s/mm?). All patients’ imaging data were independently re-
viewed by 2 readers who were blinded to the clinical data and
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follow-up. Reader A had 18 years of neuroradiology experience,
and reader B had 6 years of neuroradiology experience.

FVH

FVHs were defined as focal, tubular, or serpentine hyperintensi-
ties in the subarachnoid space relative to CSF and corresponding
to the typical arterial course.'' On the basis of the location and
extent, FVHs were classified into proximal and distal FVHs. Prox-
imal FVHs were defined as the presence of FVHs only within the
territories of the MCA M1 and/or M2 segments. Distal FVHs were
defined as the presence of FVHs in the MCA M3 and/or distal
segments, which were further classified into anterior and poste-
rior for the superior and inferior trunks of the MCA, respectively.
The M3-segment FVHs, anterior FVHs, and posterior FVHs were
all scored as 1 point.

Lesion Quantification

We used the ASPECTS on MR imaging.”® The vascular territories
were classified into perforator, pial, border zone, and large-terri-
tory infarct.””

Angiography

The signal intensity of the MCA on the intracranial MRA was
visually classified into the following 4 grades according to ability
to visualize the MCA: All M3 branches of the MCA were visualiz-
able to the cortical surface (grade A); =1 M3 branch could not be
visualized on the cortical surface (grade B); the superior or infe-
rior trunk of the MCA or =1 M2 branch could not be visualized
along its course (grade C); and the M1 could not be visualized
along its course (grade D) (On-line Fig 1).>® Posterior cerebral
artery laterality was considered to be present if =1 segmental
extent of the ipsilateral posterior cerebral artery was observable on
MRA.?

Statistical Analysis

The k coefficient was used to assess interobserver agreement for
FVH. Continuous variables with a normal distribution were de-
scribed as mean * SD, and non-normally distributed variables
were described as median and interquartile range. We compared
variables between the patients with and without FVH in each
group using a Mann-Whitney U test, Student ¢ test, Pearson x*
test, or x* test with continuity correction depending on the type of
variable. We further compared FVH scores and baseline charac-
teristics in all 3 groups using the Kruskal-Wallis-test or Pearson x*
test as appropriate. A multiple binary logistic regression analysis
was applied to identify independent predictors of unfavorable
scores on the modified Rankin Scale at discharge (mRS = 2),
signifying an unfavorable outcome. All covariates with a P
value = .1 in a univariate analysis were entered into this logistic
regression model. The results are presented as odds ratios and the
95% confidence intervals. A 2-tailed value of P < .05 indicated
statistical significance (SPSS for Windows, Version 20.0; IBM,
Armonk, New York).

RESULTS
In total, 579 consecutive patients met all the inclusion criteria,
and 120 patients were excluded (concomitant anterior cerebral



Table 1: Clinical and demographic patient characteristics by symptom-to-MRI time and the presence of FVH*

Group 1(n =191)

Group 2 (n =164) Group 3 (n =104)

FVH (-) FVH (+) FVH (-) FVH (+) FVH (-) FVH (+)
Characteristics (n=74) (n=17) PValue (n=63) (n=101) PValue (n=44) (n=60) P Value
Women 27(365)  37(316) 53 20(317) 27 (26.7) 60 10(227) 20(333) 28
Age (yr) 607 =143 639+125 1 66(46-73) 655(54-74) 88 551137 636 =10 .001°
Symptom-to-admission time (days) 3(2-4) 2(1-4) .05 5(4-7) 4(3-7) 21 16.5(12-31)  19.5(12-30.75) .79
Risk factors
Hypertension 58(784)  82(70.) 24 35(55.6) 70 (69.3) 09 31(70.5) 45 (75) 66
Diabetes mellitus 29(39.2)  28(239) 03°  16(254) 36 (35.6) 23 273 B(17) 64
Hypercholesterolemia 24(324)  43(36.8) 64 24(38)) 30(29.7) 31 8(182) 8(13.3) 59
Smoker 24(324)  52(444) 13 25(39.7) 48 (47.5) 34 19(432)  26(433) 1.00
Coronary heart disease 5(6.8) 6(5.1) .88 1(1.6) 6(5.9) 35 6(13.6) 5(8.3) .59
Atrial fibrillation 4(54) 8(6.8) 93 2(32) 1(1.0) 88 123) 2(33) 1.00
Previous stroke 18(243) 29248 100 9(14.3) 25(24.8) b} 9(205)  19(317) 27
NIHSS score at admission 4(2-7) 6(3-10) 02®  4(2-9) 5(2-9) 32 5(2-10)  4.5(2-9) 56
Hospitalization (days) 10.5 (8-13) 13 (10-16) 001°  12(9-15) 13 (9-15) 95 13.5(8-15)  12.5(9.25-16) 94
Outcome at discharge
mRS 2(1-3) 32-4) <00 2(1-3) 3(2-4) 10 2.5 (1-4) 3(1.25-4) 54
mRS =2 54(73.0) 100 (85.5) 045 43(683) 85(84.2) 02° 31(705)  45(75.0) 66
mRS = 3 3(419)  70(59.8) 02°  29(46.0) 52 (51.5) 52 22(50.0) 34 (567) 55
Note:—(—) indicates negative; (+), positive.
2 Data are No. (%), mean = SD, and median (interquartile range).
bp< .05

artery or posterior circulation strokes, n = 27; severe artifacts on
FLAIR, n = 18; severe stenosis or occlusion of the ipsilateral in-
ternal carotid artery, n = 47; endovascular therapy, n = 28). We
finally included 459 patients, and FVH was observed in 278 pa-
tients (60.6%). The interobserver agreement for FVH was k =
0.88 (95% CI, 0.68—-1.00). The proportion of observed FVH (+)
was not significantly dependent on time (61.3%, 61.6%, and
57.7%; P = .79). Details of the clinical and demographic charac-
teristics of patients by symptom-to-MR imaging time and the
presence of FVH are presented in Table 1. In group 1, patients
with FVH demonstrated a higher NIHSS score at admission (P =
.02), a longer hospitalization (P = .001), a higher mRS at dis-
charge (P = .001), and a higher prevalence of unfavorable out-
come (mRS = 2; P = .04) or poor outcome (mRS = 3; P = .02)
than those without FVH. In group 2, patients with FVH demon-
strated a higher prevalence of unfavorable outcome (mRS = 2;
P = .02). However, in group 3, we found no significant difference
in outcome between patients with and without FVH.

Details of the radiologic characteristics of patients by symp-
tom-to-MR imaging time and FVH status are presented in On-
line Table 1, Figs 1-3, and On-line Figs 2—4. No patients under-
went MR imaging within 6 hours of onset. More patients with
FVH demonstrated severe stenosis or occlusion of the MCA than
those without it, independent of time (group 1, P < .001; group 2,
P <.001; group 3, P =.001). In groups 1 and 2, patients with FVH
demonstrated larger cortical extents of MCA and total lesion
scores than those without it (group 1, P <.001, P <.001; group 2,
P = .003, P = .003), and poorer MCA signal intensities (grades
B-D; group 1, P < .001; group 2, P < .001). However, these
differences were absent in group 3 (P = .73, P = .45, P = .18). We
observed no significant differences in FVH scores (P = 0.25)
across the 3 groups. The MCA cortical area and total lesion
volume tended to increase with the distal FVH score in groups 1
and 2 and decrease in group 3 (Fig 3). Details of the baseline
characteristics of the 3 groups are presented in On-line Table 2.
There were no differences among the 3 groups, apart from
hypercholesterolemia.

Variables associated with an unfavorable clinical outcome are
shown in On-line Table 3. In group 1, sex (P = .01), NIHSS score
on admission (P < .001), infarct volume (P = .001), and FVH
(P = .04) were included in our analysis. After we adjusted for
representative variables, FVH (+) did not appear as an indepen-
dent predictor of unfavorable outcome (P = .14). In group 2,
age (P = .003), NIHSS score on admission (P < .001), infarct
volume (P = .001), FVH (P = .002), posterior cerebral artery
laterality (P = .008), and MCA severe stenosis or occlusion (P =
.006) were included in our analysis. After we adjusted for represen-
tative variables, FVH (+) appeared as an independent predictor of
unfavorable outcome (odds ratio, 2.95; 95% CI, 1.06—8.18; P = .04).
In group 3, FVH (+) was not included in our analysis (P = .66).

DISCUSSION
Our novel results demonstrate that the clinical value of FVH var-
ies with time. Within 6 hours to 14 days of onset, FVH (+) is
associated with greater lesion volume, poorer MCA signal inten-
sity, and unfavorable outcome. These associations disappear be-
yond 14 days of onset. In addition, the lesion volume tended to
increase with the distal FVH score within 6 hours to 14 days of
onset and to decrease beyond 14 days of onset. Therefore, the
symptom-to-MR imaging time, not just the presence or distribu-
tion of FVH, played an important role in predicting stroke out-
comes in this study.

FVH is recognized as a marker of slow flow induced by severe
stenosis or occlusion of vessels.®” The presence of FVH ranges
from 44.1% to 100% in patients with stroke within 24 hours of

onset,'*°

which increases to 75.9%-100% when accompanied by
severe stenosis or occlusion of the MCA or ICA.'"*'* Maeda et al**
showed that the presence of FVH decreases from 100% within 24
hours of onset to 50% within 10—13 days of onset. In the present
study, the proportion of severe stenosis or occlusion of the MCA
was as high as 80.6%, and most of these patients did not undergo
MR imaging a short time after onset, which could explain the
median prevalence of FVH (60.6%). In addition, we saw no sig-

nificant differences in the prevalence of FVH in our 3 groups,
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FIG 1. Detailed middle cerebral artery vascular status by symptom-to-MR imaging time, which
increases with group number and the presence of FLAIR vascular hyperintensity.
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FIG 2. Detailed middle cerebral artery signal intensity by symptom-to-MR imaging time, which in-
creases with group number and the presence of FLAIR vascular hyperintensity. A, All M3 branches of
the MCA are visualized on the cortical surface. B, One or more M3 branches are not visualized on the
cortical surface. C, The superior or inferior trunk of the MCA or =1M2 branch is not visualized along
its course. D, M1 branches are not visualized along the course of the MCA.
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unlike Maeda et al.** One reason could
be that the proportion of severe stenosis
or occlusion and the signal intensity of
MCA were not significantly different in
our 3 groups, and the Maeda et al**
study did not measure the degree of
MCA lesion. Another possible reason is
the much greater sample size in our
study. The sample size in Maeda et al**
was 27 patients, with only 2 patients im-
aged within 10-13 days of onset, which
would have led to serious errors.

The prognostic value of FVH has
been widely investigated,*®>*> with
greatly divergent results. Besides popu-
lations, end points, and FVH classifica-
tions, we think that the symptom-
to-MR imaging time plays an important
role in explaining the discrepancies in
the literature. In our study, FVH (+)
was associated with unfavorable clinical
and radiographic outcomes within 6
hours to 14 days of onset, but these as-
sociations disappeared beyond 14 days
of onset. On reviewing previous studies,
we found that the symptom-to-MR im-
aging time was within 6 hours of onset
or within the time window of reperfu-
sion therapy in most of the studies that
showed an association between FVH
and good outcome.'®'"'*"'7 On the
other hand, the symptom-to-MR imag-
ing time was between 12 and 24 hours
and several days in most of the studies
showing an association between FVH
and a poor outcome®®'*?°; these re-
sults are similar to ours for the group
within 6 hours to 14 days of onset.

We assumed that the role of FVH
would vary with time. Within 6 hours of
onset or within the time window of
reperfusion therapy, FVH might be a
marker of leptomeningeal anastomoses
that are anatomically present and de-
velop dramatically and rapidly after the
onset of acute ischemic stroke.>” The ar-
eas with FVH, especially those with
FVH-DWI mismatch, represent the brain
tissue at risk of infarction, which could be
saved by reperfusion therapy to reduce the
final lesion volume and improve out-

come.®”!¢

> This may explain why pa-
tients with FVH have better outcomes
than those without FVH in this period.
Beyond the time window of reperfu-
sion therapy, however, the observation

of persistent FVH may represent persis-
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our knowledge of the importance of the
symptom-to-MR imaging time beyond

14 days.

ASPECTS

Unlike most studies that focused on
the superacute stage of ischemic stroke,
we used a much longer time span
after ischemic stroke. Consequently, our
study conditions more closely resem-
bled “real world” clinical scenarios. Pa-
tients can undergo MR imaging any
time after stroke onset, and using only
FVH to evaluate the superacute isch-
emic stroke stage is insufficient for clin-
ical work. However, FVH is relatively
easy to detect on MR imaging and may
therefore reflect collateral status and po-
N tentially act as a substitute for conven-
tional angiography.”'

This study has some limitations.
First, this is a retrospective clinical

study. However, it shows, by analysis, a

FIG 3. The ASPECTS lesion volume against the distal FLAIR vascular hyperintensity score.

tent vessel occlusion and impaired hemodynamics.*'****°

Therefore, patients with FVH could be influenced much more by
hemodynamic instability than patients without it.'” This differ-
ence might be correlated with a poor outcome in patients with
FVH during this period. Some studies that re-examined MR im-

aging after the superacute period support this assumption.*'**’

Sanossian et al'*

found that a persistence of FVH on follow-up
MR imaging was associated with a decreased or absent flow signal
intensity on MRA, whereas the absence of FVH was seen in the
setting of a return of the MR imaging flow signal intensity. This
result is similar to our finding that patients with FVH had poorer
MCA signal intensity. However, the observation of a decrease in
FVH after reperfusion therapy predicted successful recanaliza-
tion, smaller infarct volume, and good outcomes.**’

Here, FVH was not significantly associated with clinical or
radiologic outcome in group 3, though we continued to see a
preponderance of patients with FVH who had severe stenosis or
occlusion of the MCA. In addition, the infarct volume tended to
decrease with increases in the distal FVH score in group 3, which
is the opposite of the results in groups 1 and 2. This outcome
indicates that the wider distribution of distal FVH may be favor-
able when the symptom-to-MR imaging time extends beyond 14
days. We think that this possibility could be explained in the fol-
lowing 2 ways: First, new collaterals require time to develop sig-
nificant capacity for cerebral blood flow."”> Second, achieving
functional vessels through arteriogenesis requires several days to
weeks."” Therefore, these collaterals likely contribute more to
alleviating the subacute or chronic stages of stroke than to miti-
gating acute ischemic events. The observation of no or little FVH
in the subacute or chronic stages of stroke may represent an ab-
sence of effective collaterals. Future research should further refine

3 clear time dependency of the prognostic
value of FVH. Further prospective stud-
ies are needed to confirm our findings.
Second, we excluded patients with en-
dovascular therapy. Although this ex-
clusion ensures data homogeneity and avoids the influence
of a diversity of treatments on outcome, it leads to no patients
receiving MR imaging within 6 hours of onset in this study. How-

ever, many studies have focused on the superacute stage of

10,11,13-17,21,22

stroke, while few” have focused on the subacute

and chronic stages.

CONCLUSIONS

For patients with MCA infarctions, FVH (+) is associated with
unfavorable outcomes within 6 hours to 14 days of onset, while
the wider distribution of distal FVH may be favorable beyond 14
days of onset. Therefore, the symptom-to-MR imaging time
should be taken into account when assessing the prognostic value
of FVH.
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