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Introduction

To date, thrombolysis is the only proven pharmacological therapy
for acute ischemic stroke. However, only about 1.6% of patients
presenting with acute ischemic stroke in China received throm-
bolysis [1]. Many stroke patients are currently ineligible for intra-
venous thrombolysis owing to the narrow therapeutic time
window and the overemphasis of adverse effect of thrombolysis,
such as symptomatic hemorrhagic transformation. A more
rational selection in identifying potential responders of thrombol-
ysis is promptly required to cast off the rigid time frame. With the
advent of advanced imaging, the mismatch model that identified
by diffusion and perfusion-weighted imaging (DWI and PWI) was
consistently proved as the criteria to select candidates eligible to
get benefit from reperfusion. However, DWI was doubt to repre-
sent the permanent infarct as diffusion lesion reversal was
observed in patients achieved early reperfusion [2]. And some
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SUMMARY

Aims: To validate whether the optimal magnetic resonance perfusion (MRP) thresholds for
ischemic penumbra and infarct core, between voxel and volume-based analysis, are varied
greatly among Chinese acute ischemic stroke patients. Materials and methods: Acute
ischemic stroke patients receiving intravenous thrombolysis within 6 h of onset that
obtained acute and 24-h MRP were reviewed. Patients with either no reperfusion (<30%
reperfusion at 24 h) or successful reperfusion (>70% reperfusion at 24 h) were enrolled to
investigate the ischemic penumbra and infarct core, respectively. The final infarct was
assessed on 24-h diffusion-weighted imaging (DWI), which was retrospectively matched to
the baseline perfusion-weighted imaging (PWI) images by volume or voxel-based analysis.
The optimal thresholds that determined by each approach were compared. Results: From
June 2009 to Jan 2014, of 50 patients enrolled, 19 patients achieved no reperfusion, and 20
patients reperfused at 24 h. In patients with no reperfusion, Tmax > 6 seconds was proved
of the best agreement with the final infarct in both volumetric analysis (ratio: 1.05, 95%
limits of agreement:—0.23 to 2.33, P < 0.001) and voxel-by-voxel analysis (sensitivity:
72.3%, specificity: 74.3%). In patients with reperfusion, rMTT>225% (ratio:2.4, 95% limits
of agreement: —6.5 to 11.4, P < 0.001) was found of the best volumetric agreement with
the final infarct, while Tmax > 5.6 seconds (sensitivity: 76.8%, specificity: 70.3%) per-
formed most accurately in voxel-based analysis. Conclusion: Among Chinese acute stroke
patients, volume of Tmax >6 seconds may precisely target ischemic penumbra tissue as
good as voxel-based analysis performed, albeit no concordant MRP parameter is found to
accurately predict infarct core because reperfusion occurred within 24 h after thrombolysis
fails to restrain the infarct growth.

other studies have questioned the accuracy of mismatch in
distinguishing ischemic penumbra,
method identified model that applied in clinical trials was supposed
to oversimplify the real composition of the ischemic tissue [3,4].

Coregistration and voxel-by-voxel analysis are widely
accepted as means to settle this issue. A retrospective analysis
on the Echoplanar Imaging Thrombolytic Evaluation Trial (EPI-
THET) data set proved that, using coregistration of the baseline
DWI/PWI images, infarct growth was significantly attenuated in
comparison of initial analysis without coregistration [5]. Addi-
tionally, the voxel-based analysis may precisely position the
optimal perfusion thresholds of ischemic penumbra and infarct
core by receiver operating characteristic (ROC) curve analysis
[6,7] . In spite of these, for being lack of consensus of how per-
fusion data should be acquired and processed, thresholds are
still varied and there is no study, as yet, yield robust result
based on the improved approach.

because the volumetric
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The important challenge at present is whether ischemic pen-
umbra and infarct core have been estimated more accurately
by this improved approach. The specific thresholds calculated
by the coregistered voxel analysis have not been compared
with that by traditional volume-based analysis among the same
cohort patients. It thus remains unknown if there is a big dif-
ference between them, which may greatly affect responders’
selection.

In this study, to better identifying the ischemic penumbra and
infarct core among Chinese acute ischemic stroke patients, two
premises awaited to be verified: (1) in patients not being reper-
fused, the infarct would grow to encroach the entire penumbra to
the benign oligemia border, while in patients get reperfused from
thrombolysis, the infarct would be stabilized at the border of the
infarct core without transgressing into penumbral territories. The
values that best predict the final infarct, thus, should be the opti-
mal thresholds of ischemic penumbra and infarct core, respec-
tively. (2) The optimal threshold could best reflect the final infarct
irrespective of any calculating method selected. The threshold
determined by volume analysis would not be significantly differ-
ent from that based on voxel analysis.

Methods
Ethics Statement

The consent was obtained from each patient or an appropriate
family member. The protocol of this study had been approved by
the human ethics committee of local hospital. All clinical investi-
gations have been conducted according to the principles expressed
in the Declaration of Helsinki.

Patients Selection

We retrospectively reviewed our prospectively collected data-
base for consecutive patients with acute ischemic stroke
received intravenous thrombolytic therapy between June 2009
and September 2013. For this study, we enrolled patients who
(1) had unilateral anterior circulation ischemic stroke confirmed
by diffusion-weighted imaging (DWI); (2) received IV recombi-
nant tissue plasminogen activator (rtPA) within 6 h of symptom
onset; (3) underwent PWI before rtPA infusion, with perfusion
deficit volume on Tmax map no less than 10 mL [8]; (4) no
hemorrhagic transformation after thrombolysis which hinders
the evaluation of image; (5) underwent follow-up DWI and
PWI 24 h after rtPA infusion.

Pretreatment demographic, clinical and imaging data, comor-
bid conditions including history of hypertension, diabetes,
hyperlipidemia, atrial fibrillation (classified as first-detected or
chronic) etc., were prospectively entered into the stroke data-
base by our stroke team. Intravenous rt-PA was administered
according to the international guidelines (0.9 mg/kg, 90 mg
dose at maximum, 10% in a bolus in 1 min with the remaining
dose in a 60-min infusion) [9]. Stroke severity was assessed
with the National Institutes of Health Stroke Scale (NIHSS)
score at admission, 24 h, 7 days, and 3 months after stroke
onset. Functional outcome was defined by a modified Rankin
Scale (mRS) score.
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MR Acquisition

All subjects underwent MRI on a 3.0T system (Signa Excite HD,
General Electric Medical System, WI, USA) equipped with an
8-channel phased array head coil. Foam pads were inserted into
the space between the subject’s head and the MRI head coil to
minimize head motion. The MRI protocol included an axial
isotropic diffusion-weighted echo-planar spin-echo sequence
(DWI), enhanced 3D multiecho GRE T2*-weighted angiography
(ESWAN), and bolus-tracking perfusion-weighted imaging (PWTI).
DWI was performed with a spin echo-planar sequence (field of
view = 240 mm, slice thickness = 1 mm, number of slices = 18,
slice gap = 1 mm, acquisition matrix = 160 x 160).

ESWAN was in an axial orientation parallel to the anterior com-
missure to posterior commissure (AC-PC) line and covered the
whole brain, using 11 equally spaced echoes: TE = 4.5 ms [first
echo]; interecho spacing = 4.5 ms; TR = 58 ms; FOV = 24 x 24
cm? matrix size = 256 x 256; flip angle = 20°; slice thickness =
2.0 mm with no gap between slices. PWI was performed with gra-
dient echo-planar imaging (field of view = 240 mm, repetitive
time = 1500 ms, echo time = 30 ms, acquisition matrix = 128 x
128. Repetitive scanning times = 50, gadolinium dose = 15 mL,
contrast speed = 4-5 mL/s,duration =1 min 15 s).

Image Analysis

Initial and 24-h PWI data were reprocessed and calculated
with commercial software (MIStar; Apollo Medical Imaging
Technology, Melbourne, Vic.,, Australia). Quantitative perfu-
sion maps (cerebral blood volume, CBV; cerebral blood flow,
CBF; mean transit time, MTT; and the time until the residue
function reaches its peak, Tmax) were generated. Changes in
lesion volume between initial and 24-h MRP maps with
Tmax > 6 seconds [10] less than 30% or more than 70%
were set as no reperfusion or reperfusion, respectively.
Patients without reperfusion were selected for assessment of
ischemic penumbra, while patients achieved reperfusion were
selected to assess infarct core. Patients achieved partial reper-
fusion (between 30% and 70% reperfusion) were excluded
from this study.

The final infarct was defined by 24-h DWI [11]. Firstly,
anatomic registration was applied to register 24-h DWI to the
PWI frame. Manual landmark-based registration was used to
initialize another automatic registration in cases in which
automatic coregistration failed on the first attempt. The qual-
ity of registration was independently reviewed by one investi-
gator (S.Z). Secondly, the maximal visual extent of the
coregistered diffusion lesion with knowledge of ADC < 600-10°
s/mm? was manually outlined (by H.T.). These manual
regions of interest were drawn without reference to other
imaging over a l-month period and verified again with dis-
agreements resolved by consensus. To provide balance in the
number of voxels being measured and prevent a very large
amount of negative value from overwhelming the ratio to
positive findings in the calculation of specificity, only the ipsi-
lateral hemispheric (ischemic side) brain voxels were analyzed
(rather than the whole brain). Investigators (S.Z and H.T)
were masked to all other imaging and clinical data.
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Volume-based Analysis

The area of interest was transferred to the coregistered initial MR
perfusion maps for analysis. A range of relative (as a percentage of
contralateral hemisphere) and absolute perfusion thresholds were
then investigated at constant increments as shown in Table 1.

Voxel-based Analysis

The 24-h DWI was divided into two regions: the DWI lesions
(ROI-1) and the ipsilateral tissue surrounding DWI lesions (ROI-
2). Using coregistration techniques, the regions of interest of 24-h
DWI were then transferred to each coregistered initial MR perfu-
sion map (area of the lateral ventricle was avoided). ROI-1 indi-
cates the area of initial perfusion deficit progressed to final infarct.
ROI-2 represents the areas having no risk of infarct, including the
normal tissue and benign oligemia. All voxels of ROI-1 and ROI-2
were separately exported for further analysis.

Statistical Analysis

Statistical analysis was performed using SPSS 17.0 (SPSS, Inc, Chi-
cago, USA). Group comparisons were made using the Mann—
Whitney U-test and Fisher’s exact test. In analysis of patients with
reperfusion or none, Wilcoxon paired signed-rank test was firstly
performed between volume of baseline and 24-h DWI lesion, and
it was then performed between volume of 24-h DWI lesion and
variable thresholds-defined perfusion lesion. Pairs with significant
difference (P < 0.05) were excluded from further analysis. Volu-
metric agreement with 24-h DWI lesion was then assessed
(Bland-Altman) among the remaining perfusion thresholds. The
optimal threshold was defined as having best volumetric agree-
ment with the 24-h DWI lesion. In voxel-based analysis, receiver
operating characteristic (ROC) curve analysis was used to test the
predictive performance of all the thresholds of perfusion parame-
ters. The optimal threshold was determined by Youden index.

Results
Baseline Clinical Data

A total of 50 patients met study entry criteria, of which 19 (38%)
had no reperfusion, 20 (40%) had reperfusion, and 11 (22%) had
partial reperfusion which were excluded from this study. Among
39 patients available for this study, the mean age of patients was
71.1 years (SD, 11.2) and 64.1% were male. The average baseline
NIHSS was 11.2 (SD, 6.3). The mean time from stroke onset to
MR scans was 193.5 min (SD, 72.2), and the mean time from

Table 1 MR perfusion thresholds used to define penumbra

Parameters Range Increment
Tmax, second 2-10 2

rMTT, % 125-250 25

rCBF, % 20-80 10

rCBV, % 20-80 10

r, relative.

© 2014 John Wiley & Sons Ltd
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stroke onset to intravenous rt-PA bolus injection was 236.0 min
(SD, 77.5). 28 of 39 treated within 4.5 h after onset; 11 of 39 trea-
ted 4.5-6 h. Baseline variables between patients treated within or
out of 4.5 h were shown of no significant difference (see more
details in the Table S1). The baseline clinical and imaging charac-
teristic of two groups with and without reperfusion did not differ
(see Table 2). The 3-month functional outcome (mRS 0-2)
differed between 2 groups (no reperfusion vs reperfusion: 21.1%
V5. 70.0%, #°=9.393, P = 0.002).

The Optimal Threshold of Ischemic Penumbra

Infarct in patients with no reperfusion would grow to encroach
the entire penumbra. The value that best predict their final infarct
would be the optimal threshold of ischemic penumbra. A signifi-
cantly infarct growth was seen between baseline and 24-h DWI
imaging (29.9 £36.9 mL vs. 79.5 £ 74.1 mL, Z=—-3.743,
P <0.001).

Volume-based Analysis

Wilcoxon paired signed-rank test showed that volume defined by
the following perfusion parameters was of no significant differ-
ence with 24-h DWI lesion volume: Tmax > 6 seconds
(Z=—0.121, P =0.904), IMTT>150% (Z = —1.248, P = 0.212),
rMTT > 175% (Z = —0.684, P = 0.494), rCBF < 40% (Z =—0.241,
P =0.809), rCBV <40% (Z= —0.114, P =0.910), and rCBV <
50% (Z= —1.112, P =0.266). Volumetric agreement of these
parameters with the 24-h diffusion lesion was then performed.
Tmax > 6 seconds defined volume had the best Bland-Altman
95% limits of agreement with the 24-h diffusion lesion (see
Table 3. Bland—Altman plots could be found in the online-only
supplemental figures).

Voxel-based Analysis

ROC curve analysis demonstrated that the best MR perfusion
threshold to match the 24-h diffusion lesion was Tmax > 6.1 sec-
ond. Voxels in patients being reperfused less than 10% were also
tested; their results performed quite similar to that among patients
reperfused less than 30% (see Table 4). As Tmax 6.1 seconds was
quite close to Tmax 6 seconds, and Tmax is generally calculated
in 1- to 2-second increments because of the timing between each
imaging acquisition, Tmax > 6 seconds was defined as the optimal
threshold in ROC curve analysis.

The Optimal Threshold of Infarct Core

The infarct in patients reperfused would be stabilized at its border
without transgressing into penumbral territories. The value that
best predicts the final infarct should be the optimal threshold of
infarct core.

Volume-based Analysis

Wilcoxon paired signed-rank test showed that volume defined by
the following perfusion parameters was of no significant differ-
ence with 24 h-DWI Tmax > 10 seconds

lesion volume:
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Table 2 Baseline clinical and imaging variables
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No reperfusion (n = 19)

Reperfusion (n = 20)

P value (test value)

Mean age, y (SD)

Female, %

Hypertension, %

Diabetes, %

Smoking, %

Hyperlipidemia, %

Atrial fibrillation, %

History of stroke/transient ischemic attack, %
Median baseline NIHSS (SD)

ONT, min (SD)

OIT, min (SD)

Average volume on acute DWI, mL (SD)

Average acute hypoperfusion (Tmax > 6 seconds)

volume, mL (SD)

71.9 (10.3)
8 (42.1)
15 (78.9)
4 (21.1)
5 (26.3)
6 (31.6)
10 (52.6)
2 (10.5)
11.5 (4.7)
256 (86.2)
206 (77.2)
29.9 (36.9)
94.2 (67.1)

217 64.7)

(

(

(
(25
(25

(
(60)
(

(7.

(
182 (66.7)
(.

(

76 0 (45.7)

0.813 (Z = -0.239)
0.431 (% = 0.620
0.333 (1 = 0.936

0.925 (% = 0.009
0.389 (4° = 0.742
0.643 (4 = 0.215
0.235 (° = 2.27)
0.461 (Z = —0.761)
0.813 (Z = —1.55)
0.380 (Z = —0.90)

0.084 (Z =

)
)
1.000 (% = 0.086)
)
)
)

—1.73)

0.667 (Z = —0.450)

SD, standard deviation; NIHSS, National Institutes of Health Stroke Scale; ONT, onset to needle time; OIT, onset to acute MR perfusion imaging time.

Table 3 Bias, 95% LoA between thresholds-based lesion volume and final infarct

95%LoA 95%LoA 95%L0A
Lower Upper Lower Upper Lower  Upper
Groups Thresholds Ratio® limit limit Difference® limit limit Percent difference® limit limit
No Tmax > 6 seconds 1.05 -0.23 233 -0.9 —98.1 96.3 —-13.7 —145 118
reperfusion rCBF < 40% 0.90 —-0.27 2.06 2.4 —-114 118 —29.8 —161 101
(n=19) rMTT > 150% 0.90 -0.7 2.6 —12.5 —164 139 —39.7 —196 116
rCBV < 40% 0.90 —-0.27 2.06 13.5 —130 157 —-25.6 —-176 125
rMTT > 175% 1.4 —-1.2 3.9 25.2 —130 180 -53 —163 153
rCBV < 50% 0.73 —0.38 1.83 -21.7 —168 125 —58.2 —191 74.8
Reperfusion Tmax > 10 seconds 4.2 —-11.4 19.7 10.5 —36.1 57.0 39.2 —159 238
(n = 20) rMTT > 200% 38 -11.0 18.6 53 —28.1 38.7 375 —120 195
rMTT > 225% 2.4 —6.5 1.4 -25 —33.4 28.4 -1.9 —180 176
rMTT > 250% 2.6 7.9 13.0 1.1 —89.0 91.3 —36.3 —245 173
rCBF < 20% 3.1 —9.1 15.3 1.5 —375 40.5 16.7 —173 206
rCBV < 20% 4.5 —-17.8 26.8 4.1 —-30.8 38.9 347 —130 199

LoA, limits of agreement. “Ratio = [thresholds-based lesion volume / 24-hour DWI lesion volume] versus average. bDifference = [thresholds-based
lesion volume —24-hour DWI lesion volume] versus average. “Percent difference = [100*(threshold-based lesion volume —24-hour lesion volume)/aver-

age] versus average.

Table 4 Best thresholds in each MR perfusion map by ROC curve analysis for defining the final infarct in no reperfusion group

Parameters AUC Thresholds Sensitivity Specificity Youden index
Reperfused less than 30% (n = 19) Tmax 0.783 6.1 seconds 72.3% 74.3% 0.466

rMTT 0.711 143% 68.2% 65.2% 0.334

rCBF 0.667 44% 57.1% 68.7% 0.258

rCBV 0.604 50% 54.2% 62.1% 0.163
Reperfused less than 10%(n = 5) Tmax 0.804 6.6 seconds 74.9% 73.5% 0.490

rMTT 0.700 144% 66.3% 66.1% 0.323

rCBF 0.682 42% 55.3% 73.7% 0.290

rCBvV 0.623 51% 51.7% 69.4% 0.211

AUC, area under curve.

(Z=—1.755, P = 0.079), tIMTT > 200% (Z = —1.755, P = 0.079),
IMTT>225% (Z = —0.336, P = 0.737), tIMTT>250% (

P =0.073), rCBF <20% (Z= —0.859, P = 0.391),

292 CNS Neuroscience & Therapeutics 21 (2015) 289-295

=—1.792,
and rCBV <

20% (Z= —1.008, P =0.313).

Volumetric agreement of these

parameters with the 24-h diffusion lesion was performed.
rMTT > 225% defined volume was proved of best agreement with

© 2014 John Wiley & Sons Ltd
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the 24-h diffusion lesion (see Table 3. Bland-Altman plots could
be found in the online-only supplemental figures.).

Voxel-based Analysis

ROC curve analysis demonstrated that the best MR perfusion
threshold to match the 24-h DWI lesion was Tmax > 5.6 seconds.
Considering that the optimal thresholds determined by two mea-
surements were distinct, we also tested voxels in patients being
reperfused > 90%. Similarly, Tmax>6 seconds still performed as
the optimal threshold (see Table 5). Moreover, significant infarct
growth, not DWI reversal, was found in 24-h DWI images in com-
parison of baseline infarct (8.6 + 8.4 mL vs. 17.0 + 14.3 mL,
7Z = —3.435, P=0.001). It was even observed in patients being
reperfused >90% (9.4 + 8.7 mLvs. 18.7 £ 15.3 mL, Z = —2.999,
P = 0.003) (see Figure 1).

Discussion

This is the first Chinese population-based study on MR perfusion
parameters to determine the optimal thresholds of ischemic pen-
umbra and infarct core. Our study confirmed the premise about
evolution of ischemic penumbra among Chinese acute ischemic
stroke patients, and both volume and voxel-based analysis proved
Tmax > 6 seconds as the optimal threshold in predicting the dis-
tribution of ischemic penumbra. However, the premise about
infarct core was invalid given that thresholds for infarct core were
distinct between two methods.

Our second premise was borne out in analysis of optimal
threshold to define ischemic penumbra. In previous studies,
Tmax map was almost valid in identifying perfusion lesion.
Thresholds varied from 2 to 6 seconds, depending on the popu-
lations and applied methods. Taking the volumetric method,
substudies from both Diffusion and Perfusion Imaging Evalua-
tion for Understanding Stroke Evolution study (DEFUSE) and
EPITHET have illustrated that Tmax > 4 seconds or >6 seconds
more accurately predicted penumbral salvage and infarct
growth than Tmax>2 seconds [2]. In voxel-by-voxel analysis,
Tmax > 5.5 seconds  (sensitivity =~ 88%,  specificity  89%,
AUC = 0.95) was the best threshold to match positron emission
tomography (PET) CBF < 20 mL/100 g/min [12]. However,
each method has its own limitation. Using volumetric analysis,
for being lack of position information, the final infarct volume
was considered of underestimating the true distribution of
ischemic penumbra at admission [4,5]. Comparing with volu-

Validation of MRP Thresholds

metric method, the coregistered voxel approach give the advan-
tage of more precisely identifying the location and extent of
perfusion lesion, but the analysis is relatively complicated and
the coregistration may introduce potential error which would
be magnified in the process. In this study, our strength lie in
the mutual validation, which performed volume and voxel-
based analyses separately among the same cohort patients, and
further confirmed Tmax > 6 seconds as the mutual optimal
threshold to identify ischemic penumbra. This result indicates
that, to some extent, the volume of Tmax > 6 seconds will be
applicable to form the favorable penumbral pattern in predict-
ing the clinical outcome. A recent result from DEFUSE 2, using
the definition of <10% reperfusion, also confirmed a high cor-
relation between volume of Tmax > 6 seconds and final infarct
volume (r = 0.86) [13]. Thus, we are looking forward to the
performance of this threshold in future trials from China.

Prior studies selected patients achieving reperfusion to identify
the optimal threshold of infarct core based on the assumption that
the infarct would be stable if reperfusion achieved [14-16]. Our
study did not support this premise. The obvious infarct growth still
existed, even was seen in patients with over 90% reperfusion.
Three possible reasons may explain this “reperfusion phenome-
non”. (1) Perfusion imaging-based reperfusion may not fully rep-
resent the real reperfusion in cerebral microcirculation [17]. (2)
Tissue viability in different patients is varied. Even slight perfusion
deficit may lead to irreversible injury in ischemic tissue, while
some of others may endure more severe hypoperfusion. That
means, specific ischemic tissue may be prone to die even achieved
early reperfusion which is called invalid reperfusion [18]. (3)The-
oretically, infarct progression is stopped as soon as successful
reperfusion occurs. However, as the exact time of reperfusion was
unknown, the infarct would be allowed to grow over the penum-
bra before reperfusion occurred.

Of note, acute DWI volume seems to provide a reasonable sur-
rogate of irreversibly injured lesion. In our study, final infarct vol-
umes were virtually not smaller than the baseline DWI,
supporting that sustained DWI lesion reversal is infrequent in
patients accept reperfusion therapy within 6 h after stroke onset.
A recent study just demonstrated that DWI reversal is rarely seen
but more likely to occur in those with smaller baseline lesions,
which should not significantly affect the accuracy of penumbra
definition [19].

Our study has limitations attributed to its retrospective nature
and small number of included patients. Also, our reperfusion
imaging was obtained relatively late. The use of 24-h DWI to

Table 5 Best thresholds in each MR perfusion map by ROC curve analysis for defining the final infarct in reperfusion group

Parameters AUC Thresholds Sensitivity Specificity Youden index
Reperfused over 70% (n = 20) Tmax 0.793 5.6 seconds 76.8% 70.3% 0.471

rMTT 0.618 127% 66.1% 51.7% 0.177

rCBF 0.604 43% 40.4% 74.6% 0.150

rCBV 0.587 49% 48.9% 65.2% 0.141
Reperfused over 90% (n = 17) Tmax 0.799 6.0 seconds 78.6% 79.7% 0.483

rMTT 0.604 121% 73.5% 41.5% 0.151

rCBF 0.589 42% 41.5% 72.4% 0.139

rCBV 0.576 49% 52.8% 61.4% 0.132

© 2014 John Wiley & Sons Ltd
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Baseline imaging

S. Zhang et al.

Figure 1 A 56-year-old male obtained intravenous thrombolysis at 218 min after stroke onset. The DWI lesion (A and E. areas of visual hyperintensity)
was coregistered with the hypointensity area on ADC map (B and F. blue areas). The baseline infarct (C. red areas indicate A overlap B) volume was 2 mL.
Comparing with the baseline Tmax map (D. based on the color bar, signals covered from yellow to red indicated Tmax > 6 seconds tissues), 24-h Tmax
map (H.) confirmed that he achieved total reperfusion after thrombolysis. The final infarct (G. red areas) volume on 24-h DWI was 9.2 mL, which proved

the infarct progression.

define infarct core in reperfused patients is not ideal unless we
know the exact time of reperfusion. Therefore, it is possible that if
reperfusion was measured earlier, then some of the patients
would be excluded from the reperfusion group. As the discovery
of the reperfusion phenomenon, results of studies using 24-h DWI
to assess acute perfusion status in reperfused patients should be
interpreted with cautious. Additionally, patients enrolled were
received intravenous thrombolysis, the final infarct in no reperfu-
sion group might be consequently smaller than that in studies in
which thrombolysis was not performed.

An additional limitation is that although ROC curve analysis is
accurate enough to identity tissue died or not, applying it among
voxels of all patients which may violate the assumption that each
unit in the sample is independent. Up until now, several clinical
trials, such as perfusion and angiography imaging substudy of the
third international stroke trial (IST-3), have taken this into
account, and comparisons between existing thresholds are under
testing [20]. Nevertheless, it is currently unknown whether future
trials can avoid this limitation. For the present, it appears that cur-
rent threshold which was mutually tested in our study is most
rational and reliable.

In summary, this is the first to demonstrate MR perfusion
thresholds among Chinese thrombolytic candidates. Tmax > 6

294  CNS Neuroscience & Therapeutics 21 (2015) 289-295

seconds, within 6 h after stroke onset, provides the most accu-
rate estimate of ischemic penumbra. However, none of PWI
parameters is reliable to predict infarct core may associate with
that reperfusion occurred within 24 h after thrombolysis is not
valid to restrain infarct growth. Acute DWI may still be quite reli-
able to estimate the infarct core before more rational premise is
approved in future studies.
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Table S1. Comparison of baseline clinical and imaging vari-
ables between patients accepted intravenous rtPA within 4.5 h or

out of 4.5 h.

Figure S1. Bland-Altman plots of volume differences between
threshold-based perfusion lesion and infarct core.
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