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ORIGINAL RESEARCH
ADULT BRAIN

FLAIR Vascular Hyperintensities as a Surrogate of Collaterals
in Acute Stroke: DWI Matters

L. Legrand, A. Le Berre, P. Seners, J. Benzakoun, W. Ben Hassen, S. Lion, G. Boulouis, J.-P. Cottier, V. Costalat,
S. Bracard, Y. Berthezene, C. Ozsancak, C. Provost, O. Naggara, J.-C. Baron, G. Turc, and C. Oppenheim,

On behalf of the PREDICT-RECANAL Collaborators

ABSTRACT

BACKGROUND AND PURPOSE: FLAIR vascular hyperintensities are thought to represent leptomeningeal collaterals in acute ische-
mic stroke. However, whether all–FLAIR vascular hyperintensities or FLAIR vascular hyperintensities–DWI mismatch, ie, FLAIR vascu-
lar hyperintensities beyond the DWI lesion, best reflects collaterals remains debated. We aimed to compare the value of FLAIR
vascular hyperintensities–DWI mismatch versus all–FLAIR vascular hyperintensities for collateral assessment using PWI-derived col-
lateral flow maps as a reference.

MATERIALS AND METHODS: We retrospectively reviewed the registries of 6 large stroke centers and included all patients with
acute stroke with anterior circulation large-vessel occlusion who underwent MR imaging with PWI before thrombectomy. Collateral
status was graded from 1 to 4 on PWI-derived collateral flow maps and dichotomized into good (grades 3–4) and poor (grades 1–2).
The extent of all–FLAIR vascular hyperintensities and FLAIR vascular hyperintensities–DWI mismatch was assessed on the 7 cortical
ASPECTS regions, ranging from 0 (absence) to 7 (extensive), and associations with good collaterals were compared using receiver
operating characteristic curves.

RESULTS: Of the 209 included patients, 133 (64%) and 76 (36%) had good and poor collaterals, respectively. All–FLAIR vascular
hyperintensity extent was similar between collateral groups (P ¼ .76). Conversely, FLAIR vascular hyperintensities–DWI mismatch
extent was significantly higher in patients with good compared with poor collaterals (P, .001). The area under the curve was 0.80
(95% CI, 0.74–0.87) for FLAIR vascular hyperintensities–DWI mismatch and 0.52 (95% CI, 0.44–0.60) for all–FLAIR vascular hyperinten-
sities (P, .001 for the comparison), to predict good collaterals. Variables independently associated with good collaterals were
smaller DWI lesion volume (P, .001) and larger FLAIR vascular hyperintensities–DWI mismatch (P ¼ .02).

CONCLUSIONS: In acute ischemic stroke with large-vessel occlusion, the extent of FLAIR vascular hyperintensities does not reliably
reflect collateral status unless one accounts for DWI.

ABBREVIATIONS: AIS ¼ acute ischemic stroke; ASITN/SIR ¼ American Society of Interventional and Therapeutic Neuroradiology/Society of Interventional
Radiology; FVH ¼ FLAIR vascular hyperintensities; HIR ¼ hypoperfusion intensity ratio; IQR ¼ interquartile range; IVT ¼ IV thrombolysis; LVO ¼ large-vessel
occlusion; MT ¼ mechanical thrombectomy; ROC ¼ receiver operating characteristic; Tmax ¼ time-to-maximum

Neuroimaging is critical for the diagnosis and triage for treat-
ment of patients with acute ischemic stroke (AIS) due to

large-vessel occlusion (LVO). Collateral status before treatment is
an important determinant of tissue fate and response to treat-
ment.1,2 Incorporation of collateral flow status into clinical deci-
sion-making may help determine eligibility for mechanical
thrombectomy (MT),3 particularly in the delayed time window.4

Collateral grading on DSA is considered the criterion standard.
It is based on both the extent and delay of retrograde perfusion, as
per the American Society of Interventional and Therapeutic
Neuroradiology/Society of Interventional Radiology (ASITN/SIR)
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score.5,6 This score has been adapted to collateral flow maps
derived from PWI source data. These collateral flow maps have
been validated against DSA, and provide greater parenchymal
detail.2,7

Besides this advanced MR imaging technique for direct collat-
eral flow imaging,2,7 routine MR images without contrast injec-
tion potentially provide valuable information regarding collateral
status. On the FLAIR sequence, intracranial arteries normally
appear dark due to the loss of signal intensity from the movement
of blood. In case of an arterial occlusion, intracranial arteries
become brighter, presumably because of the slow retrograde flow
through leptomeningeal channels.8 These FLAIR vascular hyper-
intensities (FVH) are defined as focal, tubular, or serpentine
hyperintensities in the subarachnoid space relative to CSF,9 cor-
responding to a typical arterial course. Although FVH have been
proposed as a surrogate marker of collateral status,9 the relation
between FVH and collateral status remains incompletely under-
stood.10,11 Actually, FVH may not only represent retrograde
collateral flow but also reflect slow anterograde flow or even sta-
tionary blood.

Collateral grading based on FVH commonly considers the
extent of all FVH (all–FVH) in the affected territory; however,
this lacks information regarding brain parenchyma, in contrast to
both the ASITN/SIR DSA criterion standard and the PWI-
derived collateral flow map–based grading scores. Critically, in
the latter scores, parenchymal defect is a key item for distinguish-
ing poor from good collaterals. Thus, the extent of all–FVH with-
out consideration of the brain parenchyma may imperfectly
reflect collateral adequacy. In contrast, assessing the presence of
FVH beyond the DWI lesion, the so-called “FVH-DWI mis-
match,” considers only the FVH associated with the at-risk but
not yet irreversibly damaged tissue.12 Accordingly, the FVH-
DWI mismatch has been previously used as an alternative to the
PWI-DWI mismatch to assess the at-risk tissue12,13 and identify
patients most likely to benefit from intravenous thrombolysis
(IVT)14 or MT.15,16

On the basis of the above rationale, we hypothesized that the
FVH-DWI mismatch is a better surrogate of collateral status than
considering all–FVH. To test this hypothesis, we compared the
value of the FVH-DWI mismatch versus all–FVH for collateral
assessment using PWI-derived collateral flow maps as references.

MATERIALS AND METHODS
Study Design and Inclusion Criteria
All patients in the present study were included in a previous study
that reported that good collaterals independently predict post-IVT
recanalization before MT.1 In accordance with French legislation,
each patient was informed of his or her participation in the latter
study and was offered the possibility to withdraw. Because the
study implied retrospective analysis of anonymized data collected
as part of routine care, formal approval by an ethics committee
was not required. This manuscript was prepared according to the
Standards for Reporting Diagnostic Accuracy (STARD) state-
ment.17 Data from 6 French stroke centers that perform PWI as
part of routine admission imaging (Sainte-Anne [Paris], Hospices
Civils [Lyon], Orléans, Tours, Montpellier, and Nancy University
hospitals), extracted from a large French multicenter registry

(PREDICT-RECANAL) of consecutive patients with LVO stroke
referred for MT after IVT,18 were reviewed. Of note, the PWI data
were not a basis for decision-making routinely, except in border-
line cases.

The following inclusion criteria were used for this study: 1)
acute stroke with LVO of the anterior circulation treated with
IVT and referred for MT between May 2015 (when MT became
routine care in these centers) and March 2017; and 2) pre-IVT
MR imaging including DWI, FLAIR, T2*, MRA, and dynamic
susceptibility contrast PWI to compute collateral flow maps (see
below).

Data Acquisition
The following variables were extracted from the registries: age,
sex, vascular risk factors, NIHSS score on admission, time between
symptom onset and the start of MR imaging (onset-to-MR imag-
ing time), and time between symptom onset and the start of IVT
(onset-to-IVT time).

In line with French recommendations,19 MR imaging is
implemented as first-line imaging in candidates for reperfusion
therapy in all centers of the present study. Per inclusion criteria,
the stroke MR imaging protocol included DWI, T2*, TOF-MRA,
and dynamic susceptibility contrast PWI. FLAIR sequences were
those routinely used in each center and were not standardized.
The list of the main parameters of FLAIR sequences is presented
in the Online Supplemental Data (all 2D FLAIR sequences).

A stroke neurologist (P.S. with 7 years of experience in stroke
MR imaging) reviewed the pre-IVT imaging of all included
patients. We collected the following variables: 1) occlusion site,
according to 3 categories (intracranial ICA T or L occlusion and
M1 and M2 segments of the MCA); 2) DWI lesion volume, semi-
automatically segmented using Olea Sphere (Olea Medical) after
applying a threshold of 620� 10�6 mm2/s on ADC maps,20 with
manual correction whenever necessary; and 3) hypoperfusion
volumes, with time-to-maximum (Tmax) .4-, .6- and .10-
second volumes, automatically segmented from PWI using Olea
Sphere, with manual correction whenever necessary.21 Mismatch
ratio was considered as a continuous variable and defined as
Tmax. 6-second volume/DWI volume.22 It was further dicho-
tomized using a 1.8 cutoff (PWI-DWI mismatch profile:
Tmax. 6-second volume.1.8 � DWI volume).23 The hypoper-
fusion intensity ratio (HIR) was defined as Tmax. 10-second/
Tmax. 6-second volume. The HIR reflects the proportion of
severely hypoperfused tissue and is another surrogate for
collaterals.24

PWI Collateral Flow Map Generation and Grading
The PWI acquisition parameters used in each participating center
have been previously detailed.1 The collateral grading method
used here is similar to that described in Kim et al.2 Briefly, this
method uses the PWI raw data set and subtracts the baseline pre-
bolus image from each frame of the raw perfusion data to auto-
matically generate 3 sets of maps covering the MCA territory
(early phase map, mid phase map, and late phase map, corre-
sponding to the arterial, capillary, and venous phases of angiogra-
phy, respectively) from which collaterals are visually graded from
1 to 4 on the basis of the ASITN/SIR angiographic classification,5,6
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relying on the extension and the delay of retrograde perfusion:
grade 1 (no or slow collaterals to the periphery of the ischemic site
with persistence of some of the defect), grade 2 (rapid collaterals to
the periphery of the ischemic site with persistence of some of the
defect), grade 3 (collaterals with slow but complete angiographic
blood flow of the ischemic bed by the late venous phase), and grade
4 (complete and rapid collateral blood flow to the vascular bed in
the entire ischemic territory by retrograde perfusion).1,2,7 This tech-
nique has previously been validated against DSA2 and was used
here as reference for collateral assessment. Of note, the reproduci-
bility of collateral grading on PWI collateral flow maps was previ-
ously assessed in a random subset (n ¼ 100); the weighted k value
for interrater agreement was 0.85 (95% CI, 0.76–0.93).1

Extent of FVH-DWI Mismatch and of All–FVH
FVH were defined as focal, tubular, or serpentine hyperintensities
in the subarachnoid space relative to CSF,9 corresponding to a
typical arterial course. On the basis of the 7 cortical ASPECTS
regions,25 DWI and FLAIR sequences were rated for the presence
or absence of DWI lesions and FVH by 1 radiologist (A.L.B. with
5 years of experience), blinded to the collateral grade. This rating
allowed us to compute FVHASPECTS ranging from 0 (no FVH) to
7 (FVH abutting all cortical ASPECTS regions)26,27 and FVH-
DWI mismatchASPECTS ranging from 0 (no FVH-DWI mismatch)
to 7 (FVH-DWI mismatch in all cortical ASPECTS areas).12 To
assess reproducibility, an experienced neuroradiologist (L.L. with

8 years of experience) independently
reviewed a random subset (n ¼ 100) of
the sample. Figures 1 and 2 illustrate
good and poor collaterals, respectively.

Statistical Analysis
Categoric variables were described as
number (percentage) and were com-
pared using the x 2 or Fisher exact test.
Continuous variables were described as
means or median (interquartile range
[IQR]) and compared using the Student
t test or Mann-WhitneyU test, as appro-
priate. The intraclass correlation coeffi-
cient was used to assess interobserver
agreement for FVHASPECTS and FVH-
DWI mismatchASPECTS. Correlations
between collateral grades (1–4) and pre-
specified variables of interest (NIHSS,
DWI lesion volume, PWI-DWI mis-
match profile, and HIR) were assessed
using the Spearman (r ) coefficient.
Associations between the dichotom-
ized collateral status and FVH-DWI
mismatchASPECTS or FVHASPECTS were
assessed in univariable ordinal logistic
regression and described as the com-
mon OR and its 95% CI, after verifying
the assumption of proportional odds.
Baseline variables at a level of P, .20
were candidates for inclusion in a mul-

tivariable binary logistic regression model, with good collaterals
as the dependent variable. Variable selection was performed
backwards using a stepwise approach, whereby candidate varia-
bles entered the model at P, .20 and were retained only if they
remained associated at P, .05 with the dependent variable.
Covariates were assessed for collinearity and interaction effects.
To determine the predictive ability of FVH-DWI mismatch and
all–FVH to assess collateral status, we calculated the area under
the receiver operating characteristic (ROC) curve (ie, c-statis-
tics). Statistical analyses were performed using SAS 9.4 (SAS
Institute) and SPSS 19.0 (IBM). Two-tailed P, .05 was consid-
ered statistically significant.

RESULTS
Patient Characteristics, Collateral Grade, and Other
Variables
Of the 224 patients reported in the princeps study,1 15 were
excluded because MR imaging was not available (n ¼ 4), lacked
the FLAIR sequence (n ¼ 8), or was affected by severe movement
artifacts (n ¼ 3), leaving 209 patients for the final analysis.
Excluded patients were similar to included patients in terms of
age (P¼ .21), sex (P¼ .46), NIHSS score (P¼ .40), occlusion site
(P¼ .14), and collateral grade (P¼ .41). The baseline characteris-
tics of included patients are presented in the Table. Grade 1
(poor) collaterals were present in 5 (2%); grade 2, in 71 (34%);
grade 3, in 108 (52%); and grade 4 (excellent), in 25 (12%)

FIG 1. Illustrative case of good collaterals. MR imaging of a patient around 60 years of age
obtained 108 minutes after stroke onset. Hyperintense lesions in the left MCA territory on admis-
sion DWI (A) and FVH on admission FLAIR (B), with FVHASPECTS of 5 and FVH-DWI mismatchASPECTS
of 4. Grade 4 collaterals on early phase (C), mid phase (D), and late phase (E) of collateral flow
maps (subtracted dynamic susceptibility contrast perfusion imaging). Note complete and rapid
(from mid phase) collateral blood flow to the vascular bed in the entire ischemic territory by ret-
rograde perfusion.
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patients. Given the small number of patients with grade 1 and 4
collaterals, grades 1–2 (poor collaterals) and grades 3–4 (good
collaterals) were merged for subsequent analyses. A higher col-
lateral grade was associated, as expected, with lower admission
NIHSS scores (r ¼ �0.29, P, .001), smaller DWI lesions (r ¼
�0.61, P, .001), more frequent PWI-DWI mismatch profiles
(96% versus 81%, P, .001), and lower HIR (r ¼ �0.57,
P, .001).

Extent of FVH-DWI Mismatch and of All–FVH
Interobserver agreement for FVHASPECTS and FVH-DWI
mismatchASPECTS was good, with intraclass correlation coefficients
of 0.83 (95% CI, 0.75–0.89) for FVHASPECTS, in line with pre-
vious studies,26,27 and 0.89 (95% CI, 0.84–0.92) for FVH-DWI
mismatchASPECTS. FVH-DWI mismatchASPECTS was significantly
larger in patients with good compared with poor collaterals (me-
dian: 4 [IQR, 3–5] versus 2 [IQR, 0–2.75], P, .001). Conversely,
FVHASPECTS was similar between the 2 groups (median: 5 [IQR,
4–5.5] in the good collaterals group versus 5 [IQR, 4–5] in the
poor collaterals group, P¼ .76, Table). The common OR for good
collaterals was 1.75 (95% CI, 1.48–2.06, P, .001) for the FVH-
DWI mismatch and 1.00 (95% CI, 0.80–1.25, P ¼ .98) for all–
FVH. The area under the ROC curve to predict good collaterals
was 0.80 (95% CI, 0.74-0.87) for FVH-DWI mismatch and 0.52
(95% CI, 0.44-0.60) for all–FVH (P, .001 for the comparison)
(Fig 3). The cut-point of FVH-DWI mismatchASPECTS,

maximizing the sum of sensitivity and
specificity, was $3. By means of this
cut-point, FVH-DWI mismatchASPECTS
identified good collaterals with a sensi-
tivity of 80% (95% CI, 72%–86%), speci-
ficity of 75% (95% CI, 64%–84%), a
positive predictive value of 85% (95%
CI, 77%–90%), and a negative predictive
value of 68% (95% CI, 57%–77%). We
verified post hoc that the results were
similar by using the HIR instead of the
PWI-derived collateral flow maps as an
alternative surrogate for collaterals: HIR
was dichotomized on the basis of its me-
dian value (0.43) into low (ie, good col-
laterals) versus high (ie, poor collaterals)
subgroups. The area under the ROC
curves to predict low HIR was 0.75 (95%
CI, 0.68–0.81) for FVH-DWI mismatch
and 0.53 (95% CI, 0.45–0.61) for all–
FVH (P, .001 for the comparison). We
also studied post hoc the correlations
between FVHASPECTS/FVH-DWI mis
matchASPECTS and perfusion deficits
using Spearman (r ) coefficients (Online
Supplemental Data). The extent of all–
FVH was associated with larger perfu-
sion abnormalities (irrespective of the
severity of the hypoperfusion). In con-
trast, the extent of the FVH-DWI
mismatch was not correlated with

Tmax. 4-second and Tmax. 6-second volumes but was nega-
tively correlated with Tmax. 10-second volume and HIR, con-
sistent with FVH-DWI mismatch reflecting good collaterals.

Multivariable Analysis
By means of good collaterals as the dependent variable, the multi-
variable model included 205 patients (132 with good collaterals
and 73 without, after exclusion of 4 patients without PWI vol-
umes). Variables included in the multivariable model were NIHSS
score, DWI volume, Tmax. 6-second volume, and FVH-DWI
mismatchASPECTS. Because of the collinearity among all PWI-
derived metrics, only the Tmax. 6-second volume was entered
in the model. Variables that remained independently associated
with good collaterals were DWI volume (adjusted OR, 0.91; 95%
CI, 0.87–0.94; P, .001) and FVH-DWI mismatchASPECTS
(adjusted OR, 1.33; 95% CI, 1.04–1.70; P ¼ .02); ie, patients with
good collaterals had smaller DWI lesion volume and larger FVH-
DWI mismatch.

DISCUSSION
In this large, multicentric population of patients with AIS referred
for MT, we found, in line with our hypothesis, that the FVH-DWI
mismatch is a reliable surrogate of collateral status and a better
one than all–FVH. These findings emphasize the importance of
taking into account the DWI lesion whenever FVH are used as a
surrogate of collateral status.

FIG 2. Illustrative case of poor collaterals. MR imaging of a patient around 70 years of age
obtained 83 minutes after stroke onset. Hyperintense lesions in the left MCA territory on
admission DWI (A) and FVH on admission FLAIR (B), with FVHASPECTS of 6 and FVH-DWI
mismatchASPECTS of 1. Grade 2 collaterals on early phase (C), mid phase (D), and late phase (E)
of collateral flow maps (subtracted dynamic susceptibility contrast perfusion imaging). Note
rapid collaterals to the periphery of ischemic site with persistence of some of the defect
(arrowheads).
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Collaterals play a major role in stroke pathophysiology.28

These alternative vascular channels maintain perfusion to the
ischemic tissue distal to the arterial occlusion, to a degree that
depends on their strength. Accordingly, collateral status is a key
determinant of the speed of core growth before recanalization2

and may be used for decision-making as a major treatment
effect modifier.4 Although DSA remains the reference to assess
collateral status, it is invasive; furthermore, exploration of all 4
arterial axes during MT is not systematically performed to save
time, thereby hampering a comprehensive analysis of collaterals.
Moreover, interobserver agreement of ASITN/SIR collateral
grading on DSA has been reported by some to be poor.29

Finally, DSA provides information on collaterals once the
patient is in the catheterization lab, which has a limited impact
on the endovascular treatment workflow.

One strength of our study is the use of PWI for collateral
assessment, as also reported by others.1,2,7,30 Contrary to DSA,
grading on PWI-derived collateral flow maps has an almost per-
fect interobserver agreement.1,30 Moreover, PWI is performed
within minutes of FLAIR, thereby providing information on
collaterals almost simultaneous with FVH visualization. On the
downside, PWI is not consistently part of acute stroke MR
imaging because it requires additional scanning time, contrast
agent administration and dedicated software. Thus, a straight-
forward pretreatment surrogate of collateral status would be
useful in the clinical setting. This surrogate should be easily
extractable from standard sequences whenever MR imaging is

used for patient triage and should be directly assessable before
patient transfer to the catheterization lab. FVH are such a prom-
ising candidate.

Our findings are consistent with accumulating evidence that
FVH are a marker of adequate collaterality10 and, furthermore,
that FVH beyond and those facing the DWI lesion have a differ-
ent clinical significance,31 as recently highlighted in a study-level
meta-analysis including 36 cohort studies involving .3500
patients.32 Studies that separately analyzed the FVH beyond ver-
sus those facing the DWI lesion found that the FVH pattern, not
their sole extent or number, could serve as an imaging-selection
criterion for endovascular therapy.31,33 Our study is the first to
directly compare the 2 main methods of FVH assessment for
collateral assessment in the same population. To this end, we
used the same scoring approach based on ASPECTS regions for
both all–FVH and FVH-DWI mismatch and found that good
collaterals were associated solely with FVH-DWI mismatch
extent. This finding relied on PWI-derived collateral flow maps
to estimate collateral status and was confirmed post hoc using
HIR as alternative collateral surrogate. Our finding is consistent
with those in previous studies reporting that patients with an
FVH-DWI mismatch have higher ASITN/SIR scores, ie, better
collaterals than those without an FVH-DWI mismatch.34,35

These studies, however, considered the FVH-DWI mismatch as
a binary variable compared with an ordinal one as used here.
Samples used were small and overlapping, and interobserver
reproducibility of collateral assessment on DSA was lacking.

Baseline characteristics of the population and univariate relationships with collateral gradea

Whole Cohort
(n = 209)

Good Collaterals
(Grades 3 and 4)

(n = 133)

Poor Collaterals
(Grades 1 and 2)

(n = 76) P Value
Patient characteristics
Age (yr) 72 (61–80) 72 (61–81) 71 (60–80) .39
Men 118 (56) 73 (55) 45 (59) .54
Hypertension 118 (56) 80 (60) 38 (50) .16
Diabetes mellitus 32 (15) 23 (17) 9 (12) .29
Current smoking 26 (12) 15 (11) 11 (14) .50

Pre-IVT characteristics
NIHSS score 16 (9–19.5) 14 (7–18) 17 (14–21) ,.001
Onset-to-IVT time (min) 160 (130–193.5) 158 (127–195) 161 (135–186) .67

Pre-IVT MRI
Onset-to-MRI time (min) 123 (96–154) 122 (94–159) 124 (101–154) .74
Occlusion site .26
ICA-T/L 36 (17) 22 (17) 14 (18)
M1 124 (60) 75 (56) 49 (65)
M2 49 (23) 36 (27) 13 (17)

DWI volume (mL) 12 (5–25) 8 (2–13) 33 (16–54) ,.001
PWI volumes (mL)
Tmax. 4 s 133 (83–187) 119 (70–168) 176 (114–209) ,.001
Tmax. 6 s 83 (44–127) 64 (35–108) 119 (71–166) ,.001
Tmax. 10 s 31 (13–63) 18 (8–44) 61 (34–95) ,.001
HIR 0.43 (0.30–0.53) 0.36 (0.22–0.45) 0.53 (0.46–0.62) ,.001
PWI-DWI mismatch profile 186 (91%) 127 (96%) 59 (81%) ,.001
Mismatch ratio 5.6 (3.0–11.1) 8.2 (4.4–18.7) 3.2 (2.0–5.0) .001
FVH-DWI mismatchASPECTS 3 (2–5) 4 (3–5) 2 (0–2.75) ,.001
FVHASPECTS 5 (4–5) 5 (4–5.5) 5 (4–5) .76

Note:—HIR indicates Tmax. 10-second/Tmax. 6-second volume; ICA-T/L, ICA T or L occlusion; Mismatch ratio, Tmax. 6-second volume/DWI volume; PWI-DWI
mismatch profile, Tmax. 6-second volume.1.8 � DWI volume.
a Categoric variables are expressed as number (%), and continuous variables, as median (IQR). Four patients had missing PWI volume data (1 patient with good collaterals
and 3 patients with poor collaterals).
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Here we found no significant association between all–FVH
extent and collateral grade, in contrast to some previous studies
using DSA as a reference.36,37 However, the DSA-based studies
used small samples, did not report interobserver reproducibility of
DSA-based collateral assessment, and found no association
between extensive all–FVH and smaller infarct size, which seems
inconsistent. Using HIR rather than DSA before the MT era, a
study found that all–FVH extent was associated with good collater-
als.26 However, the FVH-DWI mismatch was not assessed in this
monocenter study. Our multicenter study suggests that in patients
referred for MT, the latter is a much better surrogate of collaterals
than all–FVH. A score based on FVH-only might be more sensitive
to data heterogeneity than a score based on the FVH-DWI mis-
match, given that DWI lesion visibility is more straightforward
than FVH, which are influenced by FLAIR parameters.38

Overall, the FVH facing and those beyond the DWI lesion may
not share the same pathophysiology. In support, all–FVH had no
prognostic value in 2 previous studies;31,39 furthermore, the pres-
ence of FVH within the DWI lesion was associated with subse-
quent hemorrhagic transformation.31 Considering this previous
work together with our present findings, it would appear that all–
FVH, though still widely used in recent prognostic studies,27,40 do
not reliably reflect the collateral status in MT candidates and may,
instead, represent variable degrees of perfusion abnormalities.

Our study has limitations. First, the multicenter registry used
here was not designed for our analysis. Second, because our study

included patients who underwent PWI,
a selection bias cannot be excluded.
However, patients excluded because of
absent or poor-quality PWI did not dif-
fer from included patients in terms of
age, NIHSS scores, and occlusion site.1

Third, MR images were mainly obtained
within 4 hours of stroke onset, and
results might differ at later time points
when information on collaterals might
be more useful for treatment deci-
sions.10,11 Fourth, some patients were
excluded because of FLAIR artifacts;
however, this exclusion concerned,2%
of the total sample. Fifth, although rat-
ings of FVHASPECTS and FVH-DWI
mismatchASPECTS remain subjective,
interobserver agreement was good. Last,
there were differences in FLAIR and
DWI sequences among centers, which
could have influenced the assessment of
the FVH-DWI mismatch. Nevertheless,
the prevalence of the FVH-DWI mis-
match was similar across magnetic field
strengths and manufacturers in a previ-
ous cohort,15 suggesting that it may be
applied regardless of the MR imaging
unit.

CONCLUSIONS
On the basis of a large multicenter pop-

ulation of patients with AIS and LVO who underwent MR imag-
ing before MT, we show that the extent of the FVH-DWI
mismatch is a good surrogate for collateral status and better than
all–FVH. These findings support our hypothesis that the DWI
lesion should be considered whenever FVH are used as surrogates
for collaterals in this setting.
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