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ABSTRACT

BACKGROUND AND PURPOSE: Asymmetric hypointensity of cerebral veins on susceptibility-weighted imaging has been shown to
indirectly reflect tissue hypoxia after cerebral ischemia. We therefore investigated whether patients with prominent asymmetry of the
cerebral veins on SWIand a relatively small diffusion-weighted imaging lesion (SWI-DWI mismatch), representing the presence of salvage-
able tissue, were more likely to benefit from thrombolytic therapy.

MATERIALS AND METHODS: We conducted a retrospective study of the anterior circulation of patients with ischemic stroke with
SWI/DWI acquired before thrombolysis. The asymmetry index was defined as the ratio of cerebral vein voxel count between the ischemic
and normal hemisphere on the SWI phase map. We defined SWI-DWI mismatch as an asymmetry index score of =1.75 with a DWI lesion
volume of =25 mL. Favorable outcome was defined as modified Rankin Scale 0—2 at 3 months. Univariate and multivariate logistic
regression analyses were used to examine the association between the mismatch profile and favorable outcome.

RESULTS: Fifty-four patients undergoing thrombolytic treatment were enrolled in this study. The rate of favorable outcome was signif-
icantly higher among patients with baseline SWI-DWI mismatch compared with those without (78% versus 44%; adjusted odds ratio, 6.317;
95% Cl, 112-35.80; P = .037). Patients with SWI-DWI mismatch were also more likely to have a favorable outcome from reperfusion (91%
versus 43%, P = .033) or recanalization (100% versus 40%, P = .013). The accuracy of SWI-DWI mismatch for predicting favorable outcome
was higher than that of perfusion-diffusion mismatch (63% versus 48.1%).

CONCLUSIONS: The presence of SWI-DWI mismatch may identify patients with ischemia who would benefit from early reperfusion therapy.

ABBREVIATIONS: Al = asymmetry index; TIMI = Thrombolysis in Myocardial Infarction; Tmax = time-to-peak of the residue function

I ntravenous thrombolysis with recombinant tissue plasminogen
activator is a proved treatment for acute ischemic stroke within
4.5 hours of symptom onset.' However, increasing evidence indi-
cates that it may be more logical to move from this time-based
method to a tissue-based imaging paradigm for patient selection
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for thrombolytic therapy because carefully selected patients may
still benefit from thrombolytic therapy beyond 4.5 hours.> The
perfusion-diffusion mismatch model, based on a mismatch be-
tween the lesion volume on MR perfusion imaging and diffusion-
weighted imaging, has been proposed as a method of selecting
patients for reperfusion therapy. Despite theoretic evidence, there
is no consensus about the optimal perfusion parameter to accu-
rately define ischemic tissue, and it is uncertain whether perfusion
lesion volumes overestimate the penumbra tissue.”* Positron-
emission tomography is considered the criterion standard for de-
tection of reversibly damaged tissue. However, its availability is
limited to a few centers and restricted by complex logistics.” Thus,
until now, the optimal method to identify eligible candidates for
reperfusion therapy in the acute setting remains elusive.

More recently, susceptibility-weighted imaging, which was
originally called blood oxygen level-dependent venographic im-
aging, has demonstrated advantages over conventional gradient-
echo T2*-weighted imaging in the detection of hemorrhagic
events due to its exquisite sensitivity to paramagnetic substances
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such as deoxyhemoglobin.® SWI venography allows clear visual-
ization of cerebral veins.” Shortly after arterial occlusion in pa-
tients with acute stroke, there is an increase in deoxyhemoglobin
and a decrease in oxyhemoglobin within cerebral veins and tissue
capillaries, due to an increase in the oxygen extraction frac-
tion.®'* This intravascular deoxygenation leads to a signal drop
along the course of cerebral veins on SWI venography.'''* SWI
venography may thus provide the oxygen metabolic information
about ischemic brain tissue by the noninvasive estimation of
blood oxygen level-dependent levels.

A previous study by using gradient-echo T2*-weighted imag-
ing demonstrated that abnormal hypointensity of the deep cere-
bral veins was correlated with a delayed mean transit time and a
large perfusion defect.” Abnormal hypointensity of superficial ce-
rebral veins also correlates with increased cerebral blood vol-
ume.”” Due to the relatively poor resolution of gradient-echo
T2*-weighted imaging, no previous studies combined the deep
and superficial venous systems as a whole when examining the
clinical implications of hypointense cerebral veins. The higher
resolution of SWT allowed us to evaluate the ischemic state of the
whole brain and the level of tissue hypoxia caused by hypoperfu-
sion. We then developed a novel mismatch model, based on
prominent hypointense cerebral veins on SWI and a relatively
small DWI lesion (SWI-DWI mismatch), and tested whether this
model was more likely to benefit from thrombolytic therapy.

MATERIALS AND METHODS

Patients

We retrospectively reviewed our prospectively collected data base
for consecutive patients with acute ischemic stroke who received
intravenous rtPA (alteplase, 0.9 mg/kg, up to a maximum of 90
mg; 10% of the total dosage as a bolus and the rest during 1 hour)
within 6 hours after symptom onset from August 2009 to Decem-
ber 2012. Our predefined inclusion criteria for MR imaging—
guided intravenous thrombolysis included the following: 1) age
older than 18 years; 2) stroke symptoms lasting >1 hour; 3) an
NIHSS score of =4 or NIHSS score of <4 but with aphasia or
severe dysarthria; 4) the absence of intracranial hemorrhage con-
firmed by SWI; 5) onset-to-treatment time within 4.5 hours and
fulfilling standard clinical criteria, or onset-to-treatment time of
4.5—-6 hours with large-vessel occlusion on MR angiography and
fulfilling the perfusion-diffusion mismatch criteria: DWIlesion of
=70 mL, a perfusion lesion to diffusion lesion volume ratio of
=1.2, and an absolute difference between perfusion and diffusion
lesion volume of >10 mL."® Standard IV thrombolysis exclusion
criteria were applied according to current guidelines.'” We pro-
spectively obtained baseline demographic and clinical informa-
tion. All subjects gave written informed consent before the study,
and the protocols were approved by the human ethics committee
of the hospital. All procedures were conducted according to the
principles expressed in the Declaration of Helsinki.

MR Imaging Protocol

Multimodal MR imaging was performed on a 3T system (Signa
Excite HD; GE Healthcare, Milwaukee, Wisconsin) before initia-
tion of thrombolysis. Structural imaging included DWI (TR =
4000 ms, TE = 69.3 ms, b-value = 1000 s/mm?, acquisition ma-
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trix = 160 X 160, FOV = 240 mm, section thickness = 5 mm,
section gap = 1 mm, duration = 32 seconds), a perfusion-
weighted sequence (TR/TE = 1500/30 ms, acquisition matrix =
128 X 128, dynamic scans = 50, FOV = 240 mm, section thick-
ness = 5 mm, section gap = 1 mm, gadolinium dose = 15 mL,
contrast speed = 4-5 mL/s, duration = | minute 15 seconds),
time-of-flight MR angiography (TR/TE/flip angle = 20 ms/3.2 ms/
15°, acquisition matrix = 320 X 224, section thickness = 1.4 mm, 3
slabs, duration = 3 minutes 46 seconds), and SWI (3D multiecho
T2*-weighted gradient-echo sequence, TR/TE/flip angle = 58 ms/5.0
ms/20°, FOV = 240 mm, acquisition matrix = 384 X 32, section
thickness = 2 mm, duration = 3 minutes 27 seconds). The entire
duration of the MR imaging protocol was 15 minutes.

Follow-Up Protocol and Clinical Assessments

All patients experiencing thrombolysis underwent follow-up
multimodal MR imaging within 24 hours after treatment. Clinical
follow-up assessments included the NIHSS score at 1, 4, and 24
hours, 7 days, and 1 month and modified Rankin Scale scores at 1
and 3 months. Early NTHSS improvement was defined as an in-
crease on the NIHSS of at least 8 points between baseline and 1
week after onset or an NIHSS score = 0 at 1 week.'® Favorable
outcome was defined as mRS 0-2 at 3 months.

Radiologic Assessment

DWI lesion volumes were measured by using a semiautomated
thresholding algorithm that identified the region with intensity
higher than that in the contralateral frontal lobe by >3 SDs."?
Artifactual lesion areas were visually identified by an experienced
neuroradiologist (J.S.) and were manually removed. Time-to-peak of
the residue function (Tmax) maps were generated by deconvolution
of the tissue concentration—time curve by using an arterial input
function from the contralateral middle cerebral artery.'**° The per-
fusion lesion was defined as a Tmax delay of >6 seconds.*' Reperfu-
sion was defined as a =50% and =10 mL reduction of PWT lesion
volume®* between baseline and follow-up within 24 hours of MR
imaging, PWI lesions of =3 mL were excluded.”

The MRA was rated independently by 3 experienced stroke
neurologists (M.L, Z.C., and J.S.), who then reached consensus by
using the Thrombolysis in Myocardial Infarction (TIMI) grading
scale!®?%: 0 = complete occlusion, which was defined as lack of
flow signal of a vascular segment and distal vessels; 1 = severe
stenosis, defined as severe or critical stenosis of a vascular segment
with significant reduction of flow signal distal to stenosis; 2 =
mild-to-moderate stenosis, which was characterized by stenosis
with normal distal flow signal; 3 = normal arterial caliber. Recan-
alization was defined as improvement of TIMI grading by =2
points from baseline to follow-up MRA.

Definition of the Asymmetry Index

We used a high-pass filter with a central matrix size of 32 X 32 to
remove background field inhomogeneities to create the corrected
SWI phase images. We used MRIcro software (http://www.
mccauslandcenter.sc.edu/mricro/mricro/mricro.html) to assess
venous structures in 5 consecutive sections around the level of the
lateral ventricles (from immediately above the basal ganglia to the
highest section including the ventricle) because these sections in-



FIG1. Image postprocessing and segmentation of cerebral venous structures based on SWI phase images. The SWI phase image (A) was used to
calculate the number of voxels of superficial cerebral veins (B) and deep cerebral veins (C) for quantification after segmentation. The asymmetry
index of cerebral veins was set as a ratio of voxel numbers of cerebral veins between the ipsilateral and contralateral side.

@ With early reperfusion
1.04

& Without early reperfusion

We also compared the accuracy of this
novel SWI-DWT mismatch with the per-

& All patients

fusion-diffusion mismatch. We used sev-

0.8

eral different perfusion-diffusion mis-

match definitions: 1) standard PWI-DWI
mismatch: mismatch ratio of =1.2 and

absolute mismatch of =10 mL'®; 2) opti-
mal PWI-DWI mismatch: mismatch ratio

Frequency of Favorable
Outcome (%)

of =2.6 and absolute mismatch of =10

mL*% 3) target PWI-DWI mismatch:

1.0 211
R+ 25 25 24 24 23 23 22 20 18
R- 23 19 17 16 16 15 14 13 12
Al score

1.2 2125 21.3 214 215 216 21.7 21.75 21.8

219 220
14 13 12 11
12 12 11 10

mismatch ratio = 1.2, absolute mis-
match = 10 mL, Tmax = 8 seconds, le-

sion < 100 mL, and DWI =< 100 mL.*°

FIG 2. The Al score was positively correlated with the frequency of favorable outcome in

patients with early reperfusion. The optimal Al score was set as 1.75 based on maximizing the
Youden index (sensitivity, 83%; specificity, 67%; Youden index, 53%) for predicting favorable
outcome in patients with early reperfusion. R (+) indicates the number of patients with early
reperfusion; R (—), the number of patients without early reperfusion.

clude most of the cerebral veins draining the anterior circulation
territory. The segmentation threshold for deep and superficial
cerebral veins was determined as 2 SDs in voxel intensity below
the mean of the fitted distribution of white matter and cortex,
respectively (Fig 1). Bilateral venous voxel counts were computed,
and an asymmetry index (AI) was defined as the ratio of the ve-
nous voxel number between the ischemic and normal hemi-

spheres to eliminate individual bias.>>*”

Definition of SWI-DWI Mismatch

The interaction among early reperfusion, Al score, and favorable
outcome was assessed (Fig 2), and receiver operating characteris-
tic analysis was used to determine the cutoff value for an optimal
Al score when it gave the highest Youden index.”® We defined
SWI-DWI mismatch as an Al score greater than the optimal
threshold and a DWI lesion of =25 mL.***° To examine whether
patients with SWI-DWI mismatch were more likely to benefit
from reperfusion or recanalization after rtPA therapy, we com-
pared the rate of favorable outcome from reperfusion or recana-
lization between patients with and without SWI-DWI mismatch.

Statistical Analysis

We divided patients into high and low
Al groups, by using the Youden-derived
threshold. We also compared variables
between patients with and without SWI-DWI mismatch. We used
the Fisher exact test to compare dichotomous variables between
groups, the f test for normally distributed continuous variables,
and the Wilcoxon rank sum test for ordinal variables and non-
normally distributed continuous variables. Univariate and multi-
variate logistic regression analyses were used to investigate
whether SWI-DWI mismatch was an independent predictor of
favorable outcome. Statistical significance was set at P < .05. All
statistical analyses were performed by using SPSS, Version 19
(IBM, Armonk, New York).

RESULTS

Eighty consecutive patients had multimodal MR imaging, and 60
had cerebral infarction in the anterior circulation territory. Six
patients were excluded before the analysis because of poor-quality
SWI due to dental artifacts (1 patient) and motion artifacts (5
patients), which interfered with the assessment of cerebral veins.
Thus 54 patients were included in the analysis. The mean age of
the patients was 69 = 13 years, and the median baseline NIHSS
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Table 1: Univariate analysis of the baseline variables according to the asymmetry index of

cerebral veins®

larger perfusion lesion volume (120 * 83
mLversus 58 = 67 mL, P = .004) than those

Variable ishIAlpI=27) EowiAlllfi=27) PValue  ith a low Al score. Figure 3 illustrates the
gleleiarf]e?izlg(r‘)%, ) 63 é()]‘i) 6;3 (i;;) géi relationship among Al score, perfusion le-
Serum glucose (mmol/L) 141+ 41 159 =72 268 sion volume, and TIMI grading.

Systolic BP (mm Hg) 156 =19 153 £ 24 .653

Time to imaging (min) 175 + 58 186 + 68 514 SWI-DWI Mismatch and Favorable

Time to treatment (min) 222 + 68 235 + 60 448 Outcome

Basell(ine T(”:SS SCRIS 15(6-18) 9(5-14) 096 SWI-DWI mismatch, defined by a high AT

Stroke risk factors - . B
Atrial fibrillation (%) 13 (48%) 1 (41%) 785 score (Al = 1'7<5) with a small DWI le
Hypertension (%) 20 (74%) 18 (67%) 766 sion volume (._25 mlL), was pre.sen.t mn
Diabetes mellitus (%) 7 (26%) 9(33%) 766 18 of 54 patients (33%). Univariate
Hyperlipidemia (%) 11 (41%) 9 (33%) 779 analysis showed that patients with SWI-
Current smoking (%) 11 (41%) 4(15%) 066 DWI mismatch were more likely to have
Coronary heart disease (%) 7 (26%) 8(30%) 1.000 . o
Hyperhomocysteinemia (%) 9 (33%) 7 (26%) 766 eal(‘)ly NH;ISS improvement (67% versus

White blood cell/mm? 71+ 22 83+ 24 052 31%, P = .019) and favorable outcome

PT (sec) 127 +09 04+14 368 (On-line Table 1) compared with those

APTT (sec) 27.6 £5.6 253*+34 .066 without SWI-DWI mismatch (78% ver-

INR 1.06 +0.08 103+ 012 325 sus 44%, P = .024). The rates of reperfu-

Fibrinogen level (g/L) 7.7 +249 28+09 313 sion. recanalization. and hemorrhagic

Serum creatinine level (mg/dL) 0.82 = 0.14 0.99 +0.93 366 ? ) ? T g

Serum urea nitrogen level (mg/dL) 16.2 £ 51 16143 .909 transformation were not significantly dif-

TIMI grading 1(0-1) 2(0-3) 002° ferent between these 2 groups. Logistic

Sites of occlusion 042° regression analysis revealed that the pres-
Proxilmal 22 ence of SWI-DWI mismatch (OR =
Dista 5 o%0 aen b

DWI lesion volume (mL) 37 +57 15+ 33 091 6.317;95% CI, 1.12-35.80; P = .037) was

PWI lesion volume (mL) 120 + 83 58 + 67 004° independently .assoc1ated with favorable

24-Hour DWI lesion volume (mL) 66 + 82 35+ 69 131 outcome (On-line Table 2).

Hemorrhagic transformation (%) 11(41%) 7 (26%) 387

HI 7(26%) 5(19%) 745 Favorable Outcome of SWI-DWI

PIEH ‘: ELSO/A;) ; S %’) ]ggg Mismatch based on Reperfusion

s A A . : .

Favorable outcome 7 (63%) 13 (48%) n Table 2 shows that 11 patients (61%) with

Note:—BP indicates blood pressure; PT, prothrombin time; APTT, activated partial thromboplastin time; INR, inter-
national normalized ratio; HI, hemorrhagic infarction; PH, parenchymal hematoma; sICH, symptomatic intracerebral

hemorrhage.

Table cells express results in mean * SD for normally distributed continuous variables, n (%) for dichotomous
variables, and median (interquartile range) for ordinal variables and non-normally distributed continuous variables,

respectively.
bp<.05.

score was 12 (interquartile range, 5-17). Eight patients received
thrombolytic therapy beyond 4.5 hours according to the criteria
described in “Materials and Methods.” Favorable outcome oc-
curred in 3/3 with SWI-DWI mismatch versus 1/5 (20%) without
SWI-DWI mismatch.

Optimal Al Score for SWI-DWI Mismatch Analysis

As shown in Fig 2, in the presence of reperfusion, the rate of
favorable outcome correlated with increasing Al score. Receiver
operating characteristic analysis revealed that the optimal thresh-
old for the Al score was 1.75 (sensitivity, 86%; specificity, 67%;
Youden index, 53%) for predicting favorable outcome from early
reperfusion.

Al Score and Hypoperfusion Lesion Volume

Table 1 summarizes the baseline and 24-hour follow-up variables
in patients with high (n = 27) versus low Al scores (n = 27).
Univariate analysis showed that patients with high Al scores had
more frequent arterial occlusion (median TIMI 1 [interquartile
range, 0—1] versus 2 [interquartile range, 0-3], P = .002) and
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SWI-DWI mismatch and 14 (39%) patients
without it achieved reperfusion. Patients
with SWI-DWI mismatch were more likely
to obtain favorable outcome from reperfu-
sion than those without SWI-DWI mis-
match (91% versus 43%, P = .033).

Comparison of Accuracy between SWI-DWI Mismatch
and PWI-DWI Mismatch

As shown in Table 3, the accuracy of SWI-DWI mismatch
(63.0%) was higher than that of PWI-DWI mismatch (37.0% for
standard PWI-DWI mismatch, 44.4% for optimal PWI-DWI
mismatch, 48.1% for target PWI-DWI mismatch).

DISCUSSION
Our study proposes a novel SWI-DWI mismatch paradigm for
predicting neurologic outcome after intravenous thrombolysis.
Patients with SWI-DWI mismatch had a higher rate of favorable
outcome than those without this mismatch (78% versus 44%).
The accuracy of SWI-DWI mismatch was higher than that of
PWI-DWI mismatch in the current study. Thus, SWI-DWI mis-
match may provide an alternative method for selecting patients
who are good candidates for thrombolytic therapy.
Deoxyhemoglobin is used as an endogenous contrast agent
due to its paramagnetic properties on SWI. Because venous blood
volume contains higher concentrations of deoxyhemoglobin, the
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FIG 3. Representative pretreatment MR imaging in patients receiving thrombolysis. The first column on the left depicts time-of-flight MR
angiography; the second and third columns depict phase images of susceptibility-weighted imaging and an enlarged view focusing on the deep
cerebral veins. The right column depicts Tmax maps of perfusion-weighted MR imaging. Patients with a high Al score (A, TIMI =1, Al score = 1.92,
PWI lesion volume = 51 mL) had a lower TIMI score and larger PWI lesion volume than those with low Al scores (B, TIMI = 3, Al score = 1.19, PWI

lesion volume = 0 mL).

Table 2: Different outcomes in patients with or without SWI-DWI
mismatch based on reperfusion

Reperfusion No Reperfusion
Favorable Favorable
Total Outcome Total Outcome
SWI-DWI Mismatch (n =18) T 10(91%) 7 4(57%)
Non-SWI-DWI mismatch U 6(43%) 22 10(45%)
(n = 36)
P value .033 .682

Table 3: The sensitivity, specificity, and accuracy between SWI-
DWI and PWI-DWI mismatches®

Sensitivity Specificity Accuracy AUC

SWI-DWI mismatch 46.7 55.6 63.0% 0.51

Standard PWI-DWI mismatch 63.3 8.3 37.0% 0338
Optimal PWI-DWI mismatch 60.0 25.0 44.4% 0.425
Target PWI-DWI mismatch 633 38.9 481% 0463

Note:—AUC indicates area under the curve.

2 Accuracy is the proportion of true results (both true-positives and true-negatives) in
the population. Standard PWI-DWI mismatch was defined as PWI/DWI =12, PWI-
DWI = 10 mL. Optimal PWI-DWI mismatch was defined as PWI/DWI = 2.6 and
PWI-DWI = 10 mL. Target PWI-DWI mismatch was defined as PWI/DWI = 1.2, PWI-
DWI =10 mL, PWI (Tmax = 8 seconds) = 100 mL, and DWI = 100 mL.

signal change on SWT is mainly related to venous structures.'''*

In the setting of acute arterial occlusion, decreased oxygen supply
causes an increased tissue oxygen extraction fraction, which leads
to the increased level of deoxyhemoglobin and results in signal
reduction of ipsilateral cerebral veins in the ischemic tissue on
phase maps.® ' Thus, as in the previous studies on gradient-echo

25,26

T2*-weighted imaging, we used asymmetry of cerebral veins

to reflect the change of oxygen extraction fraction in the ischemic
hemisphere.

In the current study, we found that patients with a high cere-
bral vein Al score after ischemic stroke were more likely to have
severe arterial occlusion and hypoperfusion. This outcome is con-
sistent with that in a previous study which, by using gradient-echo
T2*-weighted imaging, demonstrated that abnormal prominent
deep cerebral veins were correlated with a delayed MTT, a large
perfusion defect, and increased CBV.’ Prominent superficial ce-
rebral veins have also been correlated with an increase in CBV."”
Recently, an Alberta Stroke Program Early CT Score—based rating
of asymmetric prominent vessels on SWI was shown to correlate
best with MTT in patients with nonlacunar ischemic stroke within
24 hours after symptom onset.”” Therefore, extensive hypoin-
tense cerebral veins on SWI may be a useful indicator of ipsilateral
large-artery occlusion and severe hypoperfusion. Most impor-
tant, unlike the previous study, which found an association be-
tween abnormal visualization of the superficial venous system on
gradient-echo T2*-weighted imaging and smaller DWI lesions,"”
we did not find such an association between the Al score and DWI

132 the superfi-

lesion volume. According to previous literature,
cial cerebral veins and deep cerebral veins differ in anatomic
structure and function.?>>> We, therefore, considered it im-
proper to compare the change of partial draining veins with DWI
lesions.

We then tested the SWI-DWI mismatch, which may represent
the presence of salvageable tissue based on tissue oxygen metab-

olism, and found that patients with SWI-DWI mismatch were
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more likely to benefit from thrombolytic therapy. One might ar-
gue that the relatively small DWT lesion volume in SWI-DWI
mismatch may have a critical impact on patient outcome. How-
ever, we did not find a significant relationship between posttreat-
ment neurologic outcome and either baseline DWI lesion volume
or the Al score alone from logistic regression. Several studies have
demonstrated metabolic derangement and evolution of infarc-
tion in brain regions with increased oxygen extraction fraction by
PET.>**> An increased oxygen extraction fraction may be a target
for acute therapy to improve compromised cerebral circulation.
Our study further revealed that in the presence of reperfusion,
patients with SWI-DWI mismatch were more likely to have favor-
able outcome, compared with patients without it. We speculate
that the presence of SWI-DWI mismatch after arterial occlusion
in acute stroke may indicate salvageable tissue. The compensatory
increase of oxygen uptake by tissue can provide the hypoxic tissue
with a chance to revive if there is timely reperfusion. Therefore, we
believe this MR imaging profile can identify the subgroup who
may benefit from early reperfusion therapy. However, quantita-
tive metabolic parameters that relate directly to the cerebral met-
abolic rate of oxygen consumption detected by PET are needed to
assess this hypothesis.

The main advantage of using the SWI-DWI mismatch is that it
provides a new concept to examine the penumbra on the basis of
tissue oxygen metabolism. Although the SWI-DWI mismatch is
not able to directly measure the cerebral metabolic rate of oxygen
consumption, the concept of SWI-DWI mismatch is more closely
aligned with the fundamental pathogenesis of neuronal energy
disruption in acute ischemia than the perfusion-diffusion mis-
match. In the perfusion-diffusion mismatch, identifying a perfu-
sion threshold to reliably differentiate critically hypoperfused tis-
sue®' from benign oligemia, which will survive regardless of
reperfusion,”®® is a major challenge. The site of vascular occlu-
sion and the extent of collateral blood flow also affect the complex
relationship between perfusion lesions and their final fate. An-
other potential advantage of SWI over MR perfusion is that it
obviates gadolinium contrast, which is contraindicated in pa-
tients with severe renal insufficiency or gadolinium allergy.’” The
SWI-DWI mismatch may therefore be a useful alternative method
that does not require MR perfusion to select patients who are
good candidates for thrombolytic therapy. Moreover, our finding
that patients with SWI-DWI mismatch achieved more favorable
outcome based on successful reperfusion lends support to its fu-
ture application in patients treated with an endovascular ap-
proach. In the current study, approximately 33% of patients had
SWI-DWI mismatch. This was similar to the proportion (36%)
with “optimal” mismatch (mismatch ratio of >2.6) in post hoc
analysis of the Diffusion and Perfusion Imaging Evaluation for
Understanding Stroke Evolution study.” These patients may be a
suitable “responder” subgroup for randomization between reper-
fusion therapy and standard therapy.

There are limitations to our study. First, the exploratory na-
ture of this study and the relatively small number of subjects ne-
cessitate the validation of the SWI-DWI mismatch model in an
external dataset. Our conclusions should be considered hypothe-
sis-generating and require further testing in prospective studies.
Second, the asymmetry index of signal reduction along the cere-
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bral veins may vary among different MR imaging magnetic field
strengths and can be influenced by the presence of microbleeds
and a previous large ischemic stroke. Moreover, the segmentation
of cerebral veins may be partly affected by cortex and ependymal
epithelium signals. Third, the relationship of oxygen consump-
tion and SWI-DWI mismatch needs further validation by PET
studies. Fourth, the postprocessing and calculation of the Al index
would take an additional 3 minutes, which may delay thrombol-
ysis. Fifth, the definition of reperfusion and recanalization by MR
imaging are still not unified. Last, our conclusions were all based
on patients receiving tPA, without a control group, though we
analyzed the outcome on the basis of reperfusion. Thus, we could
not clarify whether withholding thrombolytic therapy in patients
without a mismatch would yield better results. A randomized
controlled trial would be needed to validate the usefulness of the
SWI-DWI mismatch in the selection of patients for reperfusion
therapy.

CONCLUSIONS

A high Al score of cerebral veins may be related to arterial occlu-
sion or severe hypoperfusion. The presence of an SWI-DWI mis-
match may predict a favorable outcome after intravenous throm-
bolysis. Our data provide evidence that SWI venography, related
to oxygen metabolism, may provide an alternative for the evalu-
ation of patients with acute ischemic stroke.
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