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ABSTRACT

BACKGROUND AND PURPOSE: Hyperintense vessels on baseline FLAIR MR imaging of patients with ischemic stroke have been linked to
leptomeningeal collateralization, yet the ability of these to maintain viable ischemic tissue remains unclear. We investigated whether
hyperintense vessels on FLAIR are associated with the severity of hypoperfusion and response to thrombolysis in patients treated with
intravenous tissue-plasminogen activator.

MATERIALS AND METHODS: Consecutive patients with ischemic stroke with an MR imaging before and within 24 hours of treatment,
with proved vessel occlusion and available time-to-maximum maps were included (n � 62). The severity of hypoperfusion was charac-
terized on the basis of the hypoperfusion intensity ratio (volume with severe/mild hypoperfusion [time-to-maximum � 8 seconds /
time-to-maximum � 2 seconds]). The hypoperfusion intensity ratio was dichotomized at the median to differentiate moderate (hypo-
perfusion intensity ratio � 0.447) and severe (hypoperfusion intensity ratio � 0.447) hypoperfusion. Good outcome was defined as a
modified Rankin Scale score of �2.

RESULTS: Hyperintense vessels on FLAIR were identified in 54 patients (87%). Patients with extensive hyperintense vessels on FLAIR (�4 sections)
had higher NIHSS scores, larger baseline lesion volumes, higher rates of perfusion-diffusion mismatch, and more severe hypoperfusion (hypo-
perfusion intensity ratio). In stepwise backward multivariate regression analysis for the dichotomized hypoperfusion intensity ratio (including
stroke etiology, age, perfusion deficit, baseline lesion volume, smoking, and extent of hyperintense vessels on FLAIR), extensive hyperintense
vessels on FLAIR were independently associated with severe hypoperfusion (OR, 6.8; 95% CI, 1.1–42.7; P � .04). The hypoperfusion intensity ratio
was an independent predictor of a worse functional outcome at 3 months poststroke (OR, 0.2; 95% CI, 0.5–0.6; P � .01).

CONCLUSIONS: Hyperintense vessels on FLAIR are associated with larger perfusion deficits, larger infarct growth, and more severe
hypoperfusion, suggesting that hyperintense vessels on FLAIR most likely indicate severe ischemia as a result of insufficient
collateralization.

ABBREVIATIONS: FHV � hyperintense vessels on FLAIR; HIR � hypoperfusion intensity ratio; IQR � interquartile range; Tmax � time-to-maximum; TOAST � Trial
of Org 10172 in Acute Stroke Treatment

While most studies agree that hyperintense vessels on FLAIR

(FHV) are highly associated with large-vessel occlusion,

results on the underlying pathophysiology are seemingly split.1

Several studies suggest FHV to be indicative of hemodynamic

stress, inadequate collateralization, and poor functional recov-

ery.2-5 Conversely, others attributed FHV to increased leptomen-

ingeal collateralization and found an association with smaller le-

sions, slower infarct progression, and better prognosis.6-10

The apparent contradiction of these studies may stem from the

use of different methodologies and the diversity of populations

studied, making the plethora of results challenging to analyze.

Nevertheless, 2 critical questions remain due to lack of compre-

hensive imaging data and long-term clinical follow-up: Do FHV

represent good collateralization or indicate the insufficiency of

established collaterals to maintain ischemic tissue? Second, does

FHV have clinical relevance in terms of functional recovery?
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The difficulty in determining collateral status poses a major

challenge in answering these questions because digital subtraction

angiography is not always readily available and associated risks

may not be justified in most cases. Bang et al11 used a hypoperfu-

sion intensity ratio (HIR: time-to-maximum [Tmax] � 8 sec-

onds/Tmax � 2 seconds) on baseline MR perfusion imaging as a

surrogate marker of collateral status and found that excellent and

intermediate collateral grades were highly associated with lower

HIRs.

In the PRE-FLAIR study, patients with FHV had larger initial

lesion volumes and more severe clinical impairment12; therefore,

we hypothesized that patients with FHV would have more severe

hypoperfusion, suggesting the insufficiency of established collat-

erals to maintain ischemic tissue before reperfusion is achieved. In

this study, we investigated whether the extent of FHV is correlated

with the severity of hypoperfusion by using Tmax perfusion maps

and whether this plays a role in response to thrombolysis in pa-

tients with arterial occlusion treated with intravenous recombi-

nant tissue plasminogen activator.

MATERIALS AND METHODS
This was a retrospective study conducted at the Center for Stroke

Research Berlin at Charité University Hospital. Consecutive pa-

tients with acute stroke recruited between March 2008 and De-

cember 2012 (1000Plus study registered with clinicaltrials.gov;

NCT 00715533) were selected for analysis on the basis of the fol-

lowing criteria: received IV-tPA within 4.5 hours of symptom

onset, had MR imaging before and within 24 hours after treat-

ment, and had proved vessel occlusion and acute perfusion maps

of sufficient quality to postprocess into Tmax maps. MR imaging

(3T, Tim Trio; Siemens, Erlangen, Germany) protocol included

T2*, FLAIR (TE � 100 ms, TR � 8000 ms, TI � 2370.5 ms,

FOV � 220 mm, matrix � 256 � 232, 5-mm section thickness

with a 0.5-mm intersection gap), diffusion-weighted imaging

(TE � 93.1 ms, TR � 7600 ms, FOV � 230 mm, matrix � 192 �

192, 2.5-mm section thickness with no intersection gap), MR an-

giography (TE � 3.86 ms, TR � 22.0 ms, FOV � 200 mm, ma-

trix � 384 � 268, 0.65-mm section thickness with a 7.2 mm in-

tersection gap), and perfusion imaging (TE � 29 ms, TR � 1390

ms, FOV � 230 mm, matrix � 128 � 128, 5-mm section thick-

ness with a 0.5-mm intersection gap).

The following cerebrovascular risk factors were evaluated on

admission by using previously published definitions13: smoking,

arterial hypertension, diabetes mellitus, hypolipoproteinemia,

and atrial fibrillation. Stroke severity was assessed by using the

National Institutes of Health Stroke Scale. Stroke etiology was

determined by using the Trial of Org 10172 in Acute Stroke Treat-

ment (TOAST) criteria.14 Functional outcome was assessed 3

months poststroke by using the modified Rankin Scale score; fa-

vorable outcome was defined as mRS of �2.

Blinded to acute perfusion imaging, 2 raters (A.K., I.G.) inde-

pendently counted the number of FLAIR sections with FHV, de-

fined as focal, linear, or serpentine hyperintensities distal to the

main occluded artery. In case of disagreement, raters met for con-

sensus. The number of sections with FHV was dichotomized at

the median (� or �4 sections) to distinguish between less pro-

nounced versus more extensive FHV.

Postprocessing of DWI was performed by using MRIcro (Ad-

vanced Brain Imaging; McCausland Center for Brain Imaging,

Columbia, South Carolina) to assess lesion volumes on acute and

second-scan images to determine infarct growth (DWI lesion vol-

ume after thrombolysis � DWI baseline lesion volume). Stroke-

tool (Digital Image Solutions; Frechen, Germany) was used to

assess acute perfusion deficit volume (MTT � 6 seconds). Perfu-

sion-diffusion mismatch was assessed as a binary variable defined

as follows: (perfusion deficit � DWI lesion volume)/DWI lesion

volume � 100 � 20%. Tmax maps of acute perfusion imaging

images were created in Stroketool. The severity of the hypoperfu-

sion was characterized on the basis of HIR (Fig 1), defined as

tissue volume with severe hypoperfusion (Tmax � 8 seconds)

divided by volume with mild hypoperfusion (Tmax � 2 seconds).

HIR was dichotomized at the median to differentiate moderate

(HIR � 0.447) and severe (HIR � 0.447) hypoperfusion.

Arterial occlusion was evaluated on time-of-flight MRA. Arte-

rial occlusions were categorized on the basis of the size of the

occluded vessel: large-vessel occlusions (internal carotid artery

and carotid-T occlusions), medium-vessel occlusions (ie, M1,

M2, P1, P2, and vertebral occlusions), and small-vessel occlusions

(ie, occlusion in distal arterial branches).15 Recanalization was

defined as an increase in at least 2 Thrombolysis in Myocardial

Infarction points within 24 hours of treatment based on acute and

follow-up MRA.

For all 2-group analyses, we used the Fisher exact test and

Mann-Whitney U test as appropriate. We chose a stepwise back-

ward regression model with a binary dependent variable (dichot-

omized HIR and outcome) for multivariate regression analyses;

all parameters that reached a significance of �.1 in univariate

analysis based on the dependent variable were included for

analysis.

Stepwise backward multivariate regression analysis was per-

formed to determine independent predictors of the severity of

hypoperfusion. We included the following parameters: TOAST

criteria, the size of the vessel occlusion, smoking, baseline perfu-

sion deficit, baseline lesion volume, and extent of FHV. Analo-

gously, stepwise backward regression analysis was performed for

favorable outcome, with the only change being that age was also

dichotomized at older than 70 years to increase external compa-

rability13 (age [older than 70 years], smoking, atrial fibrillation,

HIR [�0.447], NIHSS score on admission, baseline lesion vol-

ume, and extent of FHV [�4 sections]). All statistical analyses

were performed by using SPSS, Version 19 (IBM, Armonk,

New York).

RESULTS
Sixty-two patients were included for final analysis (mean age,

71.4 � 13.9 years; 48.4% female; median NIHSS score on admis-

sion, 11; interquartile range [IQR], 4.8 –16); 87% had visible FHV

on acute FLAIR (n � 54). Interrater reliability for the presence of

FHV was high (� � 0.86; P � .01); in 9 cases, raters differed in �2

sections when counting the number of sections with FHV.

Patients with extensive FHV (�4 sections) had higher NIHSS

scores on admission, larger baseline lesion volumes, higher rates

of perfusion-diffusion mismatch, and more severe hypoperfusion

(ie, HIR) (Table 1). Patient groups also differed in terms of stroke
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etiology, in which patients with extensive FHV more often had

macroangiopathic strokes. Despite the similarity of vessel-occlu-

sion size and recanalization rates, patients with extensive FHV

had larger infarct growth and a worse functional recovery 3

months poststroke.

Patients with severe hypoperfusion were significantly older

and less often smokers and had higher NIHSS scores on admis-

sion, more sections with FHV, larger perfusion deficits, higher

baseline lesion volumes, and lower rates

of a favorable outcome (Table 2). Stroke

etiology based on the TOAST criteria

did not differ between groups.

In multivariate regression analysis

for HIR, the extent of FHV was associ-

ated with severe hypoperfusion (OR,

6.8; 95% CI, 1.1– 42.7; P � .04; Table 3).

In multivariate regression analysis for

outcome, only baseline lesion volume

(OR, 0.95; 95% CI, 0.9 –1.0; P � .05) and

dichotomized HIR (OR, 0.17; 95% CI,

0.05– 0.57; P � .01) remained in the

model (Table 4). Last-step multivariate

r2 increased from 0.42 to 0.49 when age

was included in the model as a continu-

ous variable.

DISCUSSION
The extent of FHV is not only associated

with larger perfusion deficits1,16 but is

also an independent predictor of more

severe hypoperfusion, resulting in larger

infarct growth. Although we found no

independent association between the

extent of FHV and functional recovery,

the severity of hypoperfusion was independently associated with a

worse functional recovery 3 months poststroke (Table 2).

Similar to results from a multicenter observational study,12

approximately 87% of patients with proved vessel occlusion had at

least 1 section with FHV on acute examination. Patients with exten-

sive FHV (�4 sections) had comparatively higher NIHSS scores on

admission, more severe hypoperfusion, larger infarct growth, and a

worse functional outcome 3 months poststroke. While patient

FIG 1. MR imaging (left-to-right: acute FLAIR, acute DWI, acute Tmax, dichotomized Tmax, follow-up DWI) of patients with middle cerebral
artery occlusions (M1). Patient A (82 years of age; baseline NIHSS score, 13; baseline lesion volume, 1.4 mL; HIR, 0.031; recanalization to Throm-
bolysis in Myocardial Infarction 2 following treatment; absolute infarct growth, 3.3 mL) had FLAIR hyperintense vessels on 3 sections (FHV � 4;
not visible on the depicted section) and patient B (76 years of age; baseline NIHSS score, 23; baseline lesion volume, 63.8 mL; HIR, 0.53; no
recanalization following treatment [Thrombolysis in Myocardial Infarction, 0]; absolute infarct growth, 80.2 mL) had FHV on 8 sections (arrows;
FHV � 4).

Table 1: Comparison of baseline parameters and response to thrombolysis based on the
number of sections with FLAIR hyperintense vesselsa

Visible FHV
on ≤4 Sections

Visible FHV
on >4 Sections P Value

No. 30 32
Age (yr) (mean) (SD) 71 (10.8) 71.9 (16.5) .42
Time to MRI in min (median) (IQR) 88.5 (72–103) 93.5 (61–121) .98
NIHSS score on admission (median) (IQR) 5 (4–13) 14.5 (11–18) �.001
NIHSS score on day 2 (median) (IQR) 3 (1–5) 5 (2–17) .03
TOAST .05

Cardioembolic (%) (No.) 40.7 (11) 36.7 (11)
Macroangiopathic (%) (No.) 37 (10) 63.3 (19)
Microangiopathic (%) (No.) 0 (0) 0 (0)
Other (%) (No.) 7.4 (2) 0 (0)
Competing causes (%) (No.) 14.8 (4) 0 (0)
Baseline lesion volume (mL) (median) (IQR) 1.6 (.3–4.9) 8.1 (2.4–20.6) �.01

Infarct growth (median) (IQR) 1.2 (0.2–12.7) 12.8 (2.5–43.9) �.01
Perfusion-diffusion mismatch (%) (No.) 67.7 (21) 96.9 (31) �.01
Baseline perfusion deficit (mL) (median) (IQR) 24.8 (14.5–54.6) 118 (82–175) �.001

Tmax �2 sec 30 (16.7–97.1) 155 (115.7–191.2) �.001
Tmax �8 sec 10.3 (3.7–27.2) 87.2 (62.5–123.7) �.001

HIR 0.28 (0.07–0.47) 0.61 (0.44–0.73) �.01
Vessel occlusion size: .29

Large (%) (No.) 20 (6) 9.4 (3)
Medium (%) (No.) 80 (24) 90.6 (29)
Small (%) (No.) 0 (0) 0 (0)

Recanalization (%) (No.) 53.3 (16) 74.2 (23) .11
Favorable outcome at 3 months (%) (No.) 66.7 (20) 38.7 (12) .02

a A Fisher exact test and Mann-Whitney U test were used for categoric and continuous variables, respectively.
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groups based on FHV differed in terms of stroke etiology, TOAST

criteria showed neither association with the severity of hypoperfu-

sion nor functional recovery in univariate analysis.

Bang et al11 used the same Tmax HIR ratio to determine the

severity of the perfusion deficit and found similar results in terms

of NIHSS scores on admission and infarct volume. Most interest-

ing, this study found that low HIR

(moderate hypoperfusion) was highly

associated with good collateral grades.

This finding is in line with our hypothe-

sis that FHV are indicative of severe hy-

poperfusion and insufficient collateral-

ization. These results stand in contrast

to previous studies suggesting that FHV

represent increased leptomeningeal col-

lateralization6,7,10,17; these studies, how-

ever, did not report perfusion status or

clinical follow-up.

Peripheral collateralization is an in-

herent defense mechanism following

proximal vessel occlusion; collaterals

can prolong tissue viability if blood flow

is sufficient to keep hypoperfusion mod-

erate until reperfusion is achieved. Ves-

sels become hyperintense on FLAIR

when blood flow is so slow that there is a

loss of the flow-void phenomenon.

Here, we observe an independent asso-

ciation between the extent of FHV and

severe hypoperfusion (Table 3); how-

ever, the link to collateral flow is not yet

clear. On the one hand, one might imag-

ine that slow flow in collaterals directly

causes arterial hyperintensities on

FLAIR, suggesting that FHV directly de-

pict insufficient or sluggish flow in col-

lateral pathways.7,8 On the other hand,

vessel occlusion and subsequent isch-

emia cause cerebral swelling, which

likely compresses distal collateral ves-

sels, slowing blood flow. Regardless,

FHV most likely reflect slow flow in dis-

tal collateral pathways distributed over a

large ischemic area, resulting in larger

ischemic lesions. Hence, this frequently

observed MR imaging feature may be

useful as a tool to assess the severity of

hypoperfusion over an ischemic area as

a result of poor collateralization.

Of note, patients with large-vessel

occlusion had less pronounced FHV

(�4) and more moderate hypoperfu-

sion (low HIR), though these did not

reach the level of significance (Tables 1

and 2). Carotid occlusions are fre-

quently the end result of chronic occlu-

sive disease, and the recruitment of col-

laterals often happens before acute stroke takes place. Thus,

one might imagine that the longer large-vessel disease has been

in existence before the index event, the greater the likelihood of

excellent flow in collaterals. These collaterals might maintain

good flow without visible FHV; however, this is mere

speculation.

Table 2: Univariate analysis comparing patients with moderate hypoperfusion (HIR < 0.447)
with patients with severe hypoperfusion (HIR > 0.447)a

Low HIR (≤0.447) High HIR (>0.447) P Value
No. 31 31
Age (yr) (mean) (SD) 67.5 (13.2) 75.4 (13.7) .02
Female (%) (No.) 51.6 (16) 45.2 (14) .8
Arterial hypertension (%) (No.) 80.6 (25) 87.1 (27) .73
Diabetes mellitus (%) (No.) 16.1 (5) 25.8 (8) .53
Smoking (%) (No.) 38.7 (12) 9.7 (3) .02
Hypolipoproteinemia (%) (No.) 54.8 (17) 46.4 (15) .9
Atrial fibrillation (%) (No.) 35.5 (11) 45.2 (14) .6
No. of sections with FHV (median) (IQR) 3 (1–7) 7 (4–10) �.01
NIHSS score on admission (median) (IQR) 5 (4–13) 15 (11–18) �.001
Baseline lesion volume (mL) (median) (IQR) 1.5 (0.27–5.8) 6.7 (2.3–28.2) �.01
Infarct growth (median) (IQR) 1.6 (0.2–10.6) 6.2 (1.4–39.0) �.01
Baseline perfusion deficit (mL) (median) (IQR) 41.2 (15.8–101.7) 117.1 (56.0–171.6) �.01
Tmax � 2 sec 75.6 (24.7–179.4) 143.1 (70.5–170.2) .08
Tmax � 8 sec 10.5 (3.7–61.9) 88.2 (43.7–122.6) �.001
Vessel-occlusion size: .47

Large (%) (No.) 19.4 (6) 9.7 (3)
Medium (%) (No.) 80.6 (25) 90.3 (28)
Small (%) (No.) 0 (0) 0 (0)

Recanalization (%) (No.) 70 (21) 58.1 (18) .43
Favorable outcome at 3 months (%) (No.) 75.9 (22) 32.3 (10) �.01

a A Fisher exact test and Mann-Whitney U test were used for categoric and continuous variables, respectively.

Table 3: Stepwise multivariate regression analysis for severity of hypoperfusion
(dichotomized at median)

Odds
Ratio 95% CI P Value Univariate r2

First step (multivariate r2 � 0.68)
Age 1.2 1.0–1.3 .01 0.12
TOAST 0.76 0.15–4.2 .77 0.004
Baseline lesion volume 1.1 1.0–1.2 .04 0.12
Baseline perfusion deficit 1.0 0.99–1.0 .06 0.12
Sections with FHV (�4) 6.7 1.0–41.9 .04 0.26
Smoking 0.04 0.001–0.99 .05 0.14

Last step (multivariate r2 � 0.68)
Age 1.2 1.0–1.3 .01
Baseline lesion volume 1.1 1.0–1.2 .05
Baseline perfusion deficit 1.01 0.9–1.0 .06
Smoking 0.04 0.001–0.96 .05
Sections with FHV (�4) 6.8 1.1–42.7 .04

Table 4: Stepwise multivariate regression analysis for favorable outcome (mRS <2)
Odds
Ratio 95% CI P Value Univariate r2

First step (multivariate r2 � 0.42)
Age (older than 70 years) 1.0 0.23–5.8 .95 0.0
Smoking 0.84 0.20–4.5 .83 0.02
Atrial fibrillation 0.41 0.10–1.6 .21 0.14
Sections with FHV (�4) 0.89 0.2–3.9 .88 0.12
HIR (�0.447) 0.24 0.05–1.1 .07 0.24
NIHSS score on admission 0.93 0.83–1.0 .12 0.25
Baseline lesion volume 0.96 0.90–1.0 .12 0.21

Last step (multivariate r2 � 0.36)
HIR (�0.447) 0.17 0.05–0.57 � .01
Baseline lesion volume 0.95 0.90–1.0 .05
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Although HIR was an independent predictor of functional re-

covery, we observed no independent associations of the extent of

FHV and outcome (Table 4). A possible explanation may lie in the

heterogeneity of vessel occlusion size observed in this cohort; an

independent analysis including only patients with middle cerebral

artery occlusions is suggested.

In multivariate analysis for outcome, baseline lesion volume

remained in the model, accounting for 21% of the variance; this is

to be expected because initial infarct volume may reflect collateral

status. While FHV may be indicative of insufficient collateral

flow, the clinical relevance of this MR imaging sign in terms of

predicting response to treatment remains unclear. A study by

Olindo et al9 found extensive FHV associated with smaller infarcts

pre- and posttreatment, as well as a better prognosis in patients

with MCA occlusion. The discordance of these results may lie in

the use of different MR imaging units (1T versus 3T), the charac-

teristics of populations studied, and the question at hand. In this

study, we focused primarily on the acute hemodynamic correlates

of FHV, which show a clear independent association with more

severe hypoperfusion; the prognostic value of FHV remains

unresolved.

Most interesting, smoking was independently associated

with moderate hypoperfusion, suggesting better collateraliza-

tion in patients with this risk factor. Bang et al11 also found an

association between smoking status and low HIR. Studies have

suggested that long-term smoking-induced atherosclerosis

leads to increased collateralization,18 which may explain this

observed phenomenon.

This study has limitations. Most important, it is a retrospective

observational study. Furthermore, lack of DSA did not allow di-

rect assessment of collateral grade; the use of HIR only partially

compensated for this limitation. Finally, due to small numbers,

this study runs the risk of type 2 errors, and multivariable regres-

sion analyses may lead to overfitting.

CONCLUSIONS
The extent of FHV on baseline MR imaging is an independent

predictor of severe hypoperfusion in patients with acute ischemic

stroke. FHV were highly associated with more severe strokes and

larger infarct growth, suggesting that this frequently observed MR

imaging feature most likely indicates severe ischemia due to the

insufficiency of established collaterals to maintain ischemic tissue

before recanalization is achieved.
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