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Abstract

FLAIR vascular hyperintensities predict
early ischemic recurrence

In transient iIschemic attack

Ki-Woong Nam
School of Medicine, division of Translational Medicine
The graduate school

Seoul National University

Though lesion negative transient ischemic attack (T1A) patients accounted for
considerable amounts in clinical fields, their diagnoses are interrupted with many
mimic diseases (e.g., seizure, migraine, hypoglycemia, psychotic disease). To assess
more objective diagnosis of true ischemic origin TIA patients, we evaluated the
relationship between FLAIR vascular hyperintensity (FVH) and early ischemic
lesion recurrence [FU-DWI (+)] in lesion negative transient ischemic attack (TIA)

patients.
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We recruited consecutive lesion negative TIA patients within 24 hours of
symptom onset, who underwent follow-up MRI during the acute period. FVH was
defined as a focal or serpentine high signal intensity on FLAIR images.
Furthermore, to compare clinical outcomes between the FU-DW!I (+) and FU-DWI

(-) groups, we assessed 1-year recurrent ischemic stroke or TIA.

Among 392 lesion negative TIA patients, 82 patients had FU-DW!I (+) on the
follow-up MRI. In the multivariate analysis, FVH remained an independent
predictor of FU-DW!I (+) [adjusted OR (aOR) = 4.77, 95% confidence interval (CI)
2.45-9.29, P < 0.001]. The time to initial MRI (aOR = 0.49, 95% CI = 0.33-0.70, P
< 0.001) and intracranial atherosclerosis (aOR = 2.07, 95% CI = 1.10-3.92, P =
0.025) were also associated with FU-DW!1 (+), independent of FVH. In clinical
outcomes, the FU-DWI (+) group showed more frequent 1-year recurrent ischemic
stroke events than the FU-DWI (-) group (10.7% versus 3.1%, respectively, P =

0.007).

FVH is associated with FU-DW!I1 (+) in lesion negative TIA patients. As FU-DWI
(+) commonly occurs during the acute period and has a subsequent worse outcome

after discharge, additional radiological or clinical markers for it are necessary.

Keywords: Transient ischemic attack, Fluid-attenuated inversion recovery,




Prognosis, Ischemic stroke, Recurrence, Cerebral perfusion, Collaterals
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Introduction
Fluid attenuated inversion recovery vascular hyperintensity (FVH) is commonly
identified via magnetic resonance imaging (MRI), when the proximal large artery is
occluded or severe stenosis is present.(1) It indicates slow anterograde or retrograde
leptomeningeal collaterals, presenting an absence of flow-void phenomenon a result
of sluggish blood flow.(2-4) With the development of thrombolysis therapy, early
detection of perfusion defects and evaluation of collateral flows have been focused.
Thus, FVH, which is an non-invasive parameter of both perfusion defects and
collaterals, has been evaluated in many studies on ischemic stroke.(5, 6) On the
other hand, in transient ischemic attack (T1A) patients, although FVH is also

commonly present,(7-9) its clinical meanings have not been well addressed.

Early ischemic lesion recurrence based on MRI is important in ischemic stroke
and TIA patients, showing subsequent poor prognosis despite more frequent
asymptomatic recurrences than overt clinical recurrence.(10-12) However, in the
aspect of TIA, these studies were only designed to include combined TIA and minor
ischemic stroke patients.(13, 14) Thus, the prevalence and clinical meanings of
early ischemic lesion recurrence in isolated TIA patients have remained elusive.
Furthermore, they suggested the identification of multiple lesions via diffusion
weighted imaging (DWI), and a large artery atherosclerosis stroke mechanism as

predictors of early ischemic lesion recurrence.(13) However, these predictors were



not adjustable in many TIA patients who had no lesions via DWI.

The importance of DWI lesions in TIA patients has been well established in many
previous findings.(15-18) On the other hand, patients who had no lesion on initial
MRI (lesion negative TIA) have been relatively ignored, although they account for
substantial portions of TIA and many of them result from ischemic events. As initial
DWI images could not provide clues for them, the exact TIA mechanisms, natural
courses, and ideal treatment plans are difficult to predict. Thus, additional
radiological markers of ischemic events are necessary in this group. In this study,
we aimed to evaluate the relationship between FVH and early ischemic lesion

recurrence with its clinical meanings in lesion negative TIA patients.

Material and Methods

Patients and population

As part of a consecutive stroke registry in two large centers in Korea (Seoul
National University Hospital and Seoul National University Bundang Hospital)
between January 2010 and December 2015, patients who were diagnosed with TIA
within 24 hours of symptom onset were selected (n = 867). TIA was defined as a
sudden neurologic disability that lasted < 24 hours as a result of a cerebral

thromboembolic event.(7) In our centers, all patients who were clinically diagnosed
8



as TIA were principally admitted and underwent stroke etiology evaluation,
including brain MRI, magnetic resonance angiography (MRA), echocardiography,
and laboratory examinations, within 24 hours of admission. Furthermore, we
conducted follow-up brain MRI in most cases during the early acute period of TIA
to evaluate the mechanisms of TIA or early ischemic lesion recurrence if there was

no contraindication.

To conduct this study, patients who had no lesion on initial MRI (lesion negative
TIA) were extracted (n = 442). We subsequently excluded participants who met the
following criteria: younger than 18 years (n = 6), lack of initial and follow-up MRI
data (n = 37), or presence of premorbid severe functional disability with a modified
Rankin Scale score (mRS) > 2 (n = 7). Finally, 392 patients were included in the
analyses (Figure 1). This study was approved by the Institutional Review Board at

Seoul National University Hospital (IRB No. H-1707-027-867).

Clinical assessment

We collected baseline demographic, clinical, and cardiovascular risk factors,
including age, sex, hypertension, diabetes, hyperlipidemia, atrial fibrillation, current
smoking, previous history of stroke, and initial systolic/diastolic blood pressure.

Laboratory data regarding the glucose profile, lipid profile, levels of C-reactive



protein (CRP), and white blood cell counts were also assessed. The ABCD? scores
were reviewed using medical records and were rated by well-trained neurologists at
the time of admission.(19) All clinical and laboratory factors were fully assessed in

all participants.

We evaluated the clinical outcomes after discharge from the initial TIA events to
determine the clinical meanings of early ischemic lesion recurrence using the 1-year
recurrence of TIA or ischemic stroke. We defined recurrent ischemic stroke only
when a new clinical event was accompanied with a new lesion on brain MRI, being
spatially distinct from the index lesion.(20) The secondary endpoint was defined as

the last time to follow-up or the first time to the recurred event.

Radiological assessment

All participants in the study underwent brain MRI and MRA within 24 hours of
admission and follow-up images during early acute periods using a 3.0-T MR
scanner (Achieva 3.0T; Philips, Eindohoven, the Netherlands). The basic thickness
of a slice was 5.0 mm in the axial plane, and the detailed acquisitions of the MRI
were as follows; DWI [repetition time (TR) / echo time (TE) = 6300/80 or 4800/66],
T1-weighted images (TR/TE = 500/10 or 300/10), T2-weighted images (TR/TE =

5100/90 or 4800/100), fluid-attenuated inversion recovery images (FLAIR) (TR/TE

10



= 10,000/90 or 11,000/140), T2-gradient echo images (TR/TE = 57/20 or 28/20),
and three-dimensional time-of-flight MRA images (TR/TE = 20/7, slice thickness =
1.2 mm). FVH was defined as a focal, tubular, or serpentine high-signal intensity
along the typical course of a blood vessel on FLAIR images (Figure 2).(7) We rated
only the ipsilateral FVH, which was correlated with the localization of initial
clinical symptoms. The topography of FVVH was also rated in four areas (anterior
cerebral artery, anterior half of middle cerebral artery, posterior half of middle
cerebral artery, posterior cerebral artery) of each hemisphere, according to previous
study. (21) Intracranial atherosclerosis (ICAS) and extracranial atherosclerosis
(ECAS) were defined as an occlusion or more than 50% stenosis of each vessel on

flight MRA images.(22, 23)

We subsequently dichotomized the cohort into FU-DWI (+) and FU-DWI (-)
groups by the presence of a DWI lesion on the follow-up MRI, without considering
the presence of symptomatic recurrence. To determine the pathophysiologic
mechanisms of these early ischemic lesion recurrences, we classified the FU-DWI
(+) lesions into 6 categories as follows; 1) Only-cortical, 2) Cortical-subcortical, 3)
Single small subcortical (<20 mm), 4) Large perforator, 5) Border zone, and 6)
Multiple territory. Detailed descriptions and examples of each category are
presented in Figure 3. The presence of FVH, ICAS, and ECAS and the classification
of FU-DWI (+) lesions were rated by two neurologists only with information

regarding the initial clinical symptoms; the mean inter-rater reliability coefficient

11



was P = 0.863 (FVH: 0.866, ICAS: 0.919 ECAS: 0.891 DWI (+) lesion
classification: 0.776). Disagreements were resolved by the discussion with a third

rater.

Statistical analysis

All variables with a normal distribution were presented as the mean + standard
deviation, whereas other variables were presented as median + interquartile ranges.
Univariate analyses for the evaluation between the FU-DWI (+) and FU-DWI (-)
groups were conducted using Student’s t-test or the Mann-Whitney U-test for
continuous variables and chi-squared test or Fisher’s exact test for the categorical
variables. Continuous variables with skewed data were transformed into a log scale.
All variables with P < 0.05 and an ABCD? score were introduced into the
multivariate logistic regression analysis. As FVH is closely related to ICAS (P <
0.001, Pearson correlation efficient), we created a new variable of [FVH x ICAS] by
multiplying two categorical variables and conducted an additional multivariate

analysis to reduce their interaction effects as a sensitivity analysis.

To compare the clinical outcomes between the FU-DWI (+) and FU-DWI (-)
groups, we used the Kaplan-Meier analysis using FU-DWI (+) and 1-year recurrent

TIA or ischemic stroke. Variables with P < 0.05 were considered significant, and all

12



statistical analyses were performed using SPSS version 23.0 (IBM, SPSS, Chicago,

IL, USA).

Results

We collected a total of 392 lesion-negative TIA patients. Eighty-two (21%) patients
had early ischemic lesion recurrences on the follow-up MRI [FU-DWI (+)], in
which the median volume of the lesions was 0.37 [0.16-1.08] mL. Among them, 12
(15%) had symptomatic FU-DW!I (+) events. The median time to the initial MRI
was 3 hours compared with 2.5 days for the follow-up MRI. Sixty-four (16%)

patients showed ipsilateral FVH on the initial MRI.

The baseline characteristics of the FU-DWI (+) and FU-DWI (-) groups are
presented in Table 1. The FU-DWI (+) group tended to have a shorter time to the
initial MRI from symptom onset, higher levels of CRP, more frequent male sex,
hyperlipidemia, FVH, and ICAS. Although there was no significant difference in the
ABCD? scores, the items regarding a longer duration of symptoms and clinical
symptoms with unilateral weakness were more frequent in the FU-DWI (+) group
(Table 2). In the multivariate analysis, FVH remained an independent predictor of
FU-DWI (+) [adjusted OR (aOR) = 4.77, 95% confidence interval (Cl) 2.45-9.29, P

< 0.001, Table 3]. Additionally, the time to initial MRI (aOR = 0.49, 95% CI 0.33-

13



0.70, P <0.001) and ICAS (aOR = 2.07, 95% CI = 1.10-3.92, P = 0.025) were also
associated with FU-DW!I (+), independent of FVH. These results continued after
additional adjusting with [FVH x ICAS], which reduced the interaction between
FVH and ICAS (Table 4). FVH also had significance when we conducted additional

analysis, excluding patients who had symptomatic ICAS (Table 5).

To understand the individual meanings of FVH and ICAS on early ischemic
lesion recurrence, we divided the cohort into four groups [FVH (-) ICAS (-), FVH ()
ICAS (+), FVH (+) ICAS (-), and FVH (+) ICAS (+)]. In the FVH (+) ICAS (+)
group, FU-DWI (+) most frequently occurred (64%), whereas the FVH (-) ICAS (-)
group showed the least frequency (13%) (P < 0.001, Chi-squared test) (Figure 4).
The FVH (+) ICAS (-) group showed more frequent FU-DWI (+) than the FVH (-)
ICAS (+) group (42% versus 23%, P = 0.049, Figure 4), and there was an
incremental tendency among the 4 groups (P < 0.001, linear-by-linear association

analysis).

We subsequently analyzed 82 FU-DWI (+) lesions to determine the
pathophysiologic mechanisms of early ischemic lesion recurrence. Only-cortical
(32%) and single small subcortical patterns (32%) were most frequently identified
in the cohort (Figure 5). Between the four groups with and without FVH and ICAS,
the FVH (+) ICAS (+) group showed a frequent cortical-subcortical pattern (P <

0.001) and less frequent single small subcortical pattern (P = 0.035), in a dose-

14



response manner (P < 0.001 and P = 0.007, respectively), which was favorable for
large-artery disease (Figure 6). The FVH (+) ICAS (-) group showed the most

frequent only-cortical pattern; however, it was not statistically significant (Figure 7).

To determine the clinical meanings of early ischemic lesion recurrence, we
compared the 1-year recurrent ischemic stroke or TIA events between the FU-DWI
(+) and FU-DWI (-) groups. The median follow-up duration of the cohort was 944
days, and 73% of the cases had complete a 1-year follow-up. The FU-DWI (+)
group showed more frequent recurrent ischemic stroke events than the FU-DWI (-)
group (10.7% versus 3.1%, respectively, P = 0.007), whereas the recurrent TIA
events were not different (4.1% versus 1.9%, respectively, P = 0.290) (Figure 8).
This difference remained significant when we adjusted age and sex as confounders
(Cox regression analysis; Adjusted hazard ratio = 3.70, 95% CI = 1.36-10.08, P =
0.011). Interestingly, patients who had initial ipsilateral FVH also showed poorer
prognosis in 1-year recurrent ischemic stroke events (10.5% versus 3.6%, P =

0.025), but not in 1-year TIA recurrence (3.4% versus 2.1%, P = 0.526).

Discussion

In this study, we found that ipsilateral FVVH is associated with early ischemic lesion

recurrence [FU-DWI (+)] in lesion negative TIA patients. Furthermore, the FU-

15



DWI (+) group had a poorer prognosis in the aspect of 1-year recurrent stroke than

did the FU-DWI (-) group.

We determined that FVH is closely correlated with FU-DWI (+). FVH is known
to be caused by large artery disease.(1) Thus, the close relationship between FVH
and FU-DW!I (+) may be the result of the effects of ICAS or ECAS. As indicated in
this study, FVH was closely associated with ICAS, and the FVH (+) ICAS (+)
group showed the most frequent FU-DWI (+), presenting a synergistic effect.
Additionally, the FVH (+) ICAS (+) group most frequently showed cortical-
subcortical patterns, which likely result from large artery disease, mostly in the
territory of ICAS. Thus, ICAS would be one of main connectors in the

pathophysiology between FVH and FU-DWI (+).

However, FVH may also be used as a predictor of FU-DWI (+) independent of
ICAS. The FVH (+) ICAS (-) group presented frequent FU-DW!I (+), even more
than the FVH (-) ICAS (+) group. Furthermore, F\VH remained significant after
adjusting [FVH x ICAS], which was created to reduce the interaction between FVH
and ICAS. And these results continued when we conducted additional analysis,
excluding patients who had symptomatic ICAS. In addition to these statistical
findings, the FVH (+) ICAS (-) group showed predominant only-cortical patterns,
which were considered as a marker of distal embolization from the large artery. In

contrast, the FVH (-) ICAS (-) and FVH (-) ICAS (+) groups showed mostly single

16



small subcortical patterns, preferring lacunar stroke mechanisms, and the FVH (+)
ICAS (+) group presented frequent cortical-subcortical patterns, which indicate
large artery disease. Based on both the statistical and radiological results, we
suggest that FVH may also be used as an independent marker of early ischemic

lesion recurrence, with a different mechanism from ICAS.

The rate of 1-year recurrent ischemic stroke in the entire cohort was 4.8%, and it
was relatively less than the known TIA prognosis.(24, 25) Although the frequencies
of recurrence may be underestimated using our strict definition of recurrent
ischemic stroke, the lesion negative TIA group appeared to have a favorable
prognosis. Additionally, if patients had no lesion on the follow-up DWI images
[FU-DWI (-)], they had only a 3.1% chance of recurrence, which was less than half
the rate of the FU-DWI (+) group. Because we determined the subsequent prognosis
would depend on the presence of early ischemic lesion recurrence, which was the
same as in other stroke groups,(10-12) early follow-up brain MRI would be needed

also in the lesion negative TIA group.

Our study has several caveats. First, this study was designed as a two-center
single-ethnic based study. Although we had a relatively large sample size of this
group, selection bias may be possible, and generalization to a non-Asian population,
which exhibits less frequent ICAS, should be cautious. Second, we only included

patients who had follow-up brain MRI, which may also result in the possibility of
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bias. However, we could not collect all lesion negative TIA cases, we conducted an
extensive imaging evaluation using broad acquisitions of brain MRI and MRA
during both the initial and acute follow-up periods. We also classified follow-up
DWI lesion patterns with consideration of its mechanisms. Thus, this study had
meanings of not only novel radiological marker identification in lesion negative TIA
patients but also the determination of its clinical meanings and clues regarding the
pathophysiologic mechanisms. Last, since we included lesion negative TIA patients
based on initial clinical impression, some of them (13%) finally diagnosed as TIA
mimic diseases (seizure, migraine, functional disorder, and others). However, since
FVH remained significant when we conducted multivariate analysis without these
50 patients (aOR = 4.70, 95% CI = 2.38-9.29, P < 0.001), our implications would

not be changed.

In conclusion, FVH is associated with early ischemic lesion recurrence in patients
with lesion negative TIA independent of ICAS. As the FU-DWI (+) group
accounted for considerable proportions during the early acute period and showed a
worse outcome after discharge, conducting follow-up MRI in early acute period
would be needed. Additionally, the recent clinical trial showed intensive antiplatelet
therapy in TIA patients reduced subsequent stroke risk without hemorrhage.(26)
Our findings may suggest clues for further studies about making selection criteria

for intensive antiplatelet treatments in this group.

18



References

1. lancu-Gontard D, Oppenheim C, Touzé E, Méary E, Zuber M, Mas J-L, et
al. Evaluation of hyperintense vessels on FLAIR MRI for the diagnosis of multiple
intracerebral arterial stenoses. Stroke. 2003;34(8):1886-91.

2. Huang X, Liu W, Zhu W, Ni G, Sun W, Ma M, et al. Distal hyperintense
vessels on FLAIR: a prognostic indicator of acute ischemic stroke. European
neurology. 2012;68(4):214-20.

3. Cheng B, Ebinger M, Kufner A, Kéhrmann M, Wu O, Kang D-W, et al.
Hyperintense Vessels on Acute Stroke Fluid-Attenuated Inversion Recovery
Imaging. Stroke. 2012;43(11):2957-61.

4, Sanossian N, Saver J, Alger J, Kim D, Duckwiler G, Jahan R, et al.
Angiography reveals that fluid-attenuated inversion recovery vascular
hyperintensities are due to slow flow, not thrombus. American Journal of
Neuroradiology. 2009;30(3):564-8.

5. Legrand L, Tisserand M, Turc G, Naggara O, Edjlali M, Mellerio C, et al.
Do FLAIR vascular hyperintensities beyond the DWI lesion represent the ischemic
penumbra? American Journal of Neuroradiology. 2015;36(2):269-74.

6. Gawlitza M, Gragert J, Quéaschling U, Hoffmann KT. FLAIR-hyperintense
vessel sign, diffusion-perfusion mismatch and infarct growth in acute ischemic
stroke without vascular recanalisation therapy. Journal of Neuroradiology.
2014;41(4):227-33.

7. Kobayashi J, Uehara T, Toyoda K, Endo K, Ohara T, Fujinami J, et al.
Clinical significance of fluid-attenuated inversion recovery vascular hyperintensities
in transient ischemic attack. Stroke. 2013;44(6):1635-40.

8. Taieb G, Renard D, Macri F. FLAIR vascular hyperintensity resolution in a
TIA patient: Clinical-radiologic correlation. Neurology. 2014;82(22):2039.
9. de Figueiredo MM, Junior EA, de Miranda Alves MA, Vazzoler M,

Miranda RCAN, Silva GS. Fluid-Attenuated Inversion Recovery Vascular
Hyperintensities in Patients with Transient Ischemic Attack. Journal of Stroke and
Cerebrovascular Diseases. 2017.

10. Kang DW, Latour LL, Chalela JA, Dambrosia J, Warach S. Early ischemic
lesion recurrence within a week after acute ischemic stroke. Annals of neurology.
2003;54(1):66-74.

11. Kang D-W, Latour L, Chalela J, Dambrosia J, Warach S. Early and late

19



recurrence of ischemic lesion on MRI Evidence for a prolonged stroke-prone state?
Neurology. 2004;63(12):2261-5.

12. Kang D-W, Lattimore SU, Latour LL, Warach S. Silent ischemic lesion
recurrence on magnetic resonance imaging predicts subsequent clinical vascular
events. Archives of neurology. 2006;63(12):1730-3.

13. Mazzucco S, Redgrave J, Schulz U, Flossmann E, Rothwell P.
Asymptomatic recurrent cerebral ischaemic lesions on diffusion-weighted imaging
in the subacute and chronic phase after transient ischaemic attack or minor
ischaemic stroke. Cerebrovascular Diseases. 2007;24(1):133-5.

14, Coutts S, Hill M, Simon J, Sohn C-H, Scott J, Demchuk A, et al. Silent
ischemia in minor stroke and TIA patients identified on MR imaging. Neurology.
2005;65(4):513-7.

15. Souillard-Scemama R, Tisserand M, Calvet D, Jumadilova D, Lion S, Turc
G, et al. An update on brain imaging in transient ischemic attack. Journal of
Neuroradiology. 2015;42(1):3-11.

16. Ay H, Arsava EM, Johnston SC, Vangel M, Schwamm LH, Furie KL, et al.
Clinical-and imaging-based prediction of stroke risk after transient ischemic attack.
Stroke. 2009;40(1):181-6.

17. Redgrave J, Schulz U, Briley D, Meagher T, Rothwell P. Presence of acute
ischaemic lesions on diffusion-weighted imaging is associated with clinical
predictors of early risk of stroke after transient ischaemic attack. Cerebrovascular
Diseases. 2007;24(1):86-90.

18. Coutts SB, Simon JE, Eliasziw M, Sohn CH, Hill MD, Barber PA, et al.
Triaging transient ischemic attack and minor stroke patients using acute magnetic
resonance imaging. Annals of neurology. 2005;57(6):848-54.

19. Josephson SA, Sidney S, Pham TN, Bernstein AL, Johnston SC. Higher
ABCD?2 score predicts patients most likely to have true transient ischemic attack.
stroke. 2008;39(11):3096-8.

20. Ay H, Gungor L, Arsava E, Rosand J, Vangel M, Benner T, et al. A score to
predict early risk of recurrence after ischemic stroke. Neurology. 2010;74(2):128-35.
21. Mori N, Mugikura S, Higano S, Kaneta T, Fujimura M, Umetsu A, et al.
The leptomeningeal “ivy sign” on fluid-attenuated inversion recovery MR imaging
in Moyamoya disease: a sign of decreased cerebral vascular reserve? American
Journal of Neuroradiology. 2009;30(5):930-5.

22. Chimowitz M, Lynn M, Howlett-Smith H, Stern B, Hertzberg V, Frankel
M, et al., editors. Warfarin-Aspirin Symptomatic Intracranial Disease (WASID)

20



Trial: final results. Stroke; 2004: LIPPINCOTT WILLIAMS & WILKINS 530
WALNUT ST, PHILADELPHIA, PA 19106-3621 USA.

23. Trial NASCE. Collaborative Group. The final results of the NASCET trial.
N Engl J Med. 1998;339:1415-25.

24. Hankey GJ, Slattery JM, Warlow CP. The prognosis of hospital-referred
transient ischaemic attacks. Journal of Neurology, Neurosurgery & Psychiatry.
1991;54(9):793-802.

25. Dennis M, Bamford J, Sandercock P, Warlow C. Prognosis of transient
ischemic attacks in the Oxfordshire Community Stroke Project. Stroke.
1990;21(6):848-53.

26. Wang Y, Wang Y, Zhao X, Liu L, Wang D, Wang C, et al. Clopidogrel with
aspirin in acute minor stroke or transient ischemic attack. New England Journal of
Medicine. 2013;369(1):11-9.

21



Tables

Table 1. Baseline characteristics of FU-DWI (+) and FU-DWI (-) groups

FU-DWI (-) FU-DWI (+)

(n =310) (n=82) P-Value
Age, year [IQR] 64 [53-73] 64 [53-72] 0.653
Time to initial MRI, h [IQR] # 3.5[2.0-5.5] 2.0 [1.0-3.5] <0.001
Sex, Male % 160 (52) 56 (68) 0.007
Hypertension, % 176 (57) 44 (54) 0.613
Diabetes, % 86 (28) 20 (24) 0.543
Hyperlipidemia, % 89 (29) 33 (40) 0.045
Atrial fibrillation, % 23 (7) 11 (13) 0.086
Current smoking, % 43 (14) 17 (21) 0.125
History of stroke, % 63 (20) 14 (17) 0.510
Initial SBP, mmHg 152 [136-171] 152 [139-175] 0.370
Initial DBP, mmHg 84 [74-94] 85 [78-95] 0.331
White blood cell, x 10¥L 6.90 [5.70-8.40] 6'73 5’)‘]72' 0.822
hs-CRP, mg/dL? 0.08 [0.03-0.30] 0'03 {(;.}O& 0.021
FLAIR vascular

<0.

hyperintensity, % 31(10) 33 (40) 0.001
Internal cerebral
atherosclerosis, % 63 (20) 34 (41) <0001
External cerebral
atherosclerosis, % 23(7) 9(1D) 0.296
ABCD? score [IQR] 4[3-5] 4 [4-5] 0.100

hs-CRP = high-sensitive C-reactive protein

 These variables were introduced as a log scale
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Table 2. Differences regarding detailed items of the ABCD? score between FU-
DWI (+) and FU-DWI (-) groups

FU-DWI (-) FU-DWI (+)
(n =310) (n =82) P-Value
Age 0.689
> 60 years 189 (61) 48 (59)
< 60 years 121 (39) 34 (41)
Blood pressure 0.436
High group 217 (70) 61 (74)
Low group 93 (30) 21 (26)
Clinical symptoms 0.009
Unilateral weakness 141 (45) 52 (63)
Speech disturbance 81 (26) 18 (22)
Others symptoms 88 (28) 12 (15)
Durations of symptoms 0.019
> 60 minutes 141 (45) 29 (35)
10~59 minutes 103 (33) 41 (50)
< 10 minutes 66 (21) 12 (15)
Diabetes 0.543
Yes 86 (28) 20 (24)
No 224 (72) 62 (76)
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Table 3. Multivariate analysis of potential predictors of FU-DWI (+)

P- ] P-
Crude OR Value Adjusted OR Value
Sex, Male, % 2.02 [1.21-3.38] 0.008 1.82[0.99-3.32] 0.052
Time to initial <
MRI", h 0.50[0.36-0.69] <0.001 0.48 [0.33-0.70] 0.001
Hyperlipidemia, % 1.67 [1.01-2.77] 0.046 1.35[0.74-0.49] 0.329
hs-CRP ?, mg/dL 0.86 [0.71-1.05] 0.135 0.84 [0.68-1.03] 0.096
FVH, % 6.06 [3.41-10.79] < 0.001 4.77 [2.45-9.29] 0 (:01
ICAS, % 2.78[1.65-4.67] < 0.001 2.07 [1.10-3.92] 0.025
ABCD? score 1.13[0.96-1.33] 0.157 1.20 [0.98-1.46] 0.079

hs-CRP = high-sensitive C-reactive protein, FVH = FLAIR vascular hyperintensity,
ICAS = Intracranial atherosclerosis

 These variables were introduced as a log scale
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Table 4. Multivariate analysis of potential predictors of FU-DWI (+) group,

adjusting for interaction effects.

P- . P-

Crude OR Value Adjusted OR Value
Sex 2.02[1.21-3.38] 0.008 1.82[0.99-3.31] 0.052
Time to initial MRI”  0.50 [0.36-0.69] <0.001  0.48 [0.33-0.70] 0 ;01
Hyperlipidemia 1.67 [1.01-2.77]  0.046 1.35[0.74-2.49] 0.330
hs-CRP” 0.86 [0.71-1.05]  0.135 0.84 [0.68-1.03] 0.099
FVH 6.06 [3.41-10.79] <0.001  4.87[2.11-11.26] 0 ;01
ICAS 2.78 [1.65-4.67] <0.001  0.94[0.24-3.69] 0.052
FVH x ICAS 8.44[3.72-19.13] <0.001  0.94[0.24-3.69] 0.932
ABCD? score 1.13[0.96-1.33] 0.157 1.20 [0.98-1.46] 0.079

hs-CRP = high-sensitive C-reactive protein, FVH = FLAIR vascular hyperintensity,

ICAS = Intracranial atherosclerosis

" These variables were introduced as a log scale
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Table 5. Multivariate analysis of potential predictors of FU-DW!I (+) group,

excluding participants who had symptomatic ICAS.

P- _ -

Crude OR Value Adjusted OR Value

Sex 214 [L14-401] 0017  176[0.85363]  0.125

. .

Time toinitial MRI ) /3 10.20-0.66] <0001  0.34[0.20-055] 0001
Hyperlipidemia 176[0.96-3.20]  0.066  1.50[0.72-3.10]  0.276
hs-CRP @ 0.84[067-1.05] 0131  091[0.72-1.16]  0.466
FVH 564[276-1154] <0001 710[304-1661] ;o .
ICAS 172[0.73-405] 0218  172[0.61-483]  0.301
ABCD? score 133[1.08-1.63]  0.007  152[L17-1.96]  0.002

hs-CRP = high-sensitive C-reactive protein, FVH = FLAIR vascular hyperintensity,

ICAS = Intracranial atherosclerosis

*These variables were introduced as a log scale
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Figures

Figure 1. Patient flow-chart of the cohort

Transient ischemic attack patients between 2010 and 2015 (n = 1,072)

Visited within 24 hours of symptom onset

!- Excluded: n = 205

TIA patients within 24 hours (n = 867)

Patients who had DWI+ lesion on initial MRI

Lesion negative TIA patients within 24 hours (n = 442)

Exclusion criteria (n = 50)

Lesion positive TIA: n = 425

Final analysis (n = 392)

Stroke etiology evaluation

+ Brain MRI

+ Brain MRA

+ Echocardiography (TTE, TEE)
+ ECG, Holter

+ Laboratory examination

No initial MRE n = 8

No follow-up MRL n = 29
Age < 18 years: n = 6
Premorbid mRS > 2:n =7

Follow-up MRI lesion

FU-DWI (+): n = 82 | | FU-DWI (-): n = 310

TOAST classification
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LAA: n = 123
SVO:n =41
CE:n =46
OD:n =28
UD: n = 154
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Figure 2. Representative cases of FVH
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Figure 3. Definitions and examples of the patterns of FU-DW!I (+) lesions

A. Only-cortical: lesions in only cortical surface without subcortical lesions in a
single vascular territory

B. Cortical-subcortical: lesions in both cortical and subcortical areas in a single
vascular territory

C. Single small subcortical: single subcortical lesion within a size of 20 mm

D. Large perforator: lesions in the territories of the large perforator artery (e.g.,
striatocapsular infarction, paramedian pontine infarction)

E. Border zone: lesions only between different vascular territory areas

F. Multiple territory: lesions in multiple different vascular territories
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Figure 4. Proportions of FU-DW!I1 (+) with and without FVH and ICAS

P = 0.001
P = 0.031 P = 0.049 P = 0.072
| | | | |
100% -
0% -
0% -
70%
60% -
uFU-DWI [-)
50% - = FU-DWI (+)
0%
0%
20% -

FVH [-)ICAS )  FVH ()ICAS (+) FVH (+)ICAS ()  FVH (+) ICAS (+)

FU-DWI (+) most frequently occurred in the FVH (+) ICAS (+) group (P < 0.001).
It decreased according to FVH (+) ICAS (-), FVH (-) ICAS (+), and FVH (-) ICAS
(+) in a dose-response manner (P < 0.001).
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Figure 5. Percentile distributions of patterns of FU-DWI lesions
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Figure 6. Percentile distributions regarding the patterns of FU-DWI (+) lesions
with and without FVH and ICAS

60 a5
[

53 61

= Cortical-subcortical
30 4 = Only-cortical

 Single-subcortical
20

lz»‘AA N

FVH (-) ICAS (-) =
FVH (-) ICAS (+) -
FVH(+)ICAS() ——
FVH (+) ICAS (+)

The FVH (+) ICAS (+) group showed the most frequent cortical-subcortical
patterns (P < 0.001) and the least single small subcortical pattern (P < 0.001). The

only-cortical pattern was most frequent in the FVH (+) ICAS (-) group; however, it
was not statistically significant.
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Figure 7. Representative cases with and without FVH and ICAS

A. FVH (-) ICAS (+) group: initial fluid attenuated inversion recovery (FLAIR)
imaging showed no significant lesion, magnetic resonance angiography (MRA)
showed an intracranial atherosclerosis (ICAS) lesion on right M1 artery, and follow-
up diffusion weighted imaging (DWI1) presented a single small subcortical lesion
pattern in the right basal ganglia.

B. FVH (+) ICAS (-) group: initial FLAIR imaging showed FLAIR vascular
hyperintensity (FVH) on left middle cerebral artery area, MRA indicated no
significant lesion, and follow-up DWI presented an only-cortical lesion pattern in
the left frontal cortex.

C. FVH (+) ICAS (+) group: initial FLAIR imaging showed FVH on middle
cerebral artery area, MRA showed ICAS on left M1 artery, and follow-up DWI
presented a cortical-subcortical lesion pattern in the left middle cerebral artery area.
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Figure 8. Recurrent transient ischemic attack or ischemic stroke after
discharge between FU-DWI (+) and FU-DWI (-) groups

A 1-Year Recurrent Ischemic Stroke
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A. The FU-DWI (+) group showed a higher rate of 1-year recurrent ischemic stroke
than the FU-DWI (-) group (P = 0.007). B. Recurrent TIAs were not different

between the groups (P = 0.290).
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