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Background: Previous studies have focused on early new lesion-associated factors, but the differences in
the perfusion status between the at-risk hypoperfusion areas with new lesions and the other hypoperfusion
areas in stroke patients before thrombectomy is not clear. We investigated the value of perfusion-weighted
imaging (PWI) in predicting early new lesions in patients after stroke.

Methods: Fifty-five acute stroke patients who underwent diffusion-weighted imaging (DWI) and PWI
before and after thrombectomy within 24 h were eligible. The PWI parameters of the core infarct areas (high
signal tissue on the DWI), the at-risk hypoperfusion areas (hypoperfusion area with new lesions at follow-
up PWI) and the other hypoperfusion areas of patients with new lesions were collected. Statistical analysis
was performed to predict new lesions after stroke. The differences in the PWT parameters of the core infarct
areas, the at-risk hypoperfusion areas and the other hypoperfusion areas were compared. Receiver operating
characteristic (ROC) curve analysis was used to assess the predictive value of the PWI parameters (P<0.05)
for the occurrence of new lesions in patients with acute stroke after thrombectomy.

Results: Fifty-five stroke patients were analyzed, including forty patients (72.73%) with new lesions and
fifteen patients (27.27%) without new lesions. Acute stroke patients with new lesions had a longer mean
transit time (MTT) and time to peak (T'TP) in the at-risk hypoperfusion areas (11.95+3.29; 38.30+11.39)
than in the other hypoperfusion areas (8.68+2.08; 29.76+6.86), both of which were significantly different
(P<0.0001; P<0.0001, respectively). The ROC analysis showed that the sensitivity and specificity of MTT for
predicting the occurrence of new lesions after stroke were 70.00% and 87.50%, respectively; the sensitivity
and specificity of TTP were 70.00% and 80.00%, respectively.

Conclusions: MTT and TTP may be useful in predicting early new lesions in acute stroke patients after
thrombectomy.
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Introduction

The evolution of stroke often occurs after acute stroke
following reperfusion therapy (1). Stroke evolution is
a complex process and can be divided into at least the
following two types: development of new lesions and
enlargement of the infarct compared to the initial lesions.
Early new ischemic lesions are common in patients with
acute ischemic stroke. Serial magnetic resonance imaging
(MRTI) studies have found that new ischemic lesions appeared
on diffusion-weighted imaging (DWI) in approximately
30% of patients within 1 week after symptom onset (2).
Most of the patients with new ischemic lesions lack obvious
new neurological symptoms (appear clinically silent) (3,4).
However, new ischemic lesions, regardless of whether they
are silent or symptomatic, increase the risk of disability and
mortality (5). New lesions may provide a useful surrogate
endpoint in clinical trials evaluating stroke prevention
therapies, with the reduction in the lesion recurrence rate
upon pharmacologic intervention over the initial weeks.
Therefore, the identification of high-risk patients for new
ischemic lesions and the exploration of effective secondary
stroke prevention methods are very important.

Thus far, the pathophysiology of these new lesions
remains unclear. New lesions may result from incomplete
clot dissolution and distal embolization in patients who
underwent vessel recanalization therapy (6,7), or new
lesions may represent de novo lesions (e.g., new lesions
located remotely from the area of initial hypoperfusion)
that possibly originate from a proximal source, such as the
aortic arch or heart. In previous studies, the development
of new lesions was found to be associated with multiple
ischemic lesions (3,8,9). Among the different stroke
subtypes, large-artery atherosclerosis was thought to be the
type most frequently associated with new lesions (8,10). In
addition, thrombolytic therapy and vessel recanalization
have also been confirmed to be associated with new lesions
(8,11). Most recent studies have focused on the related
factors influencing the formation new lesions (12-15),
but it is not clear if the perfusion status in the at-risk
hypoperfusion areas with new lesions differs from that of
other hypoperfusion areas in patients before thrombectomy.

Semi-quantitative perfusion maps of cerebral blood
flow (CBF), cerebral blood volume (CBV), time to peak
(T'TP), mean transit time (MTT) could be generated from
Perfusion MRI. Our hypothesis was that the new lesions
in stroke patients with large vessel [middle cerebral artery
(MCA) or/and internal carotid artery (ICA)] occlusion
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(LVO) would show different perfusion statuses compared
to the initial lesions or hypoperfusion areas before
thrombectomy. In the present study, we analyzed the extent
of hypoperfusion using perfusion-weighted imaging (PWT)
to compare the difference between the hypoperfusion areas
with new lesions and the other hypoperfusion areas in
stroke patients with LVO before endovascular therapy. In
addition, we also assessed whether the PWI parameters can
predict the formation of new lesions in stroke patients with
LVO after endovascular therapy.

Methods
Subjects and clinical data

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The hospital
review board of Nanjing Medical University approved the
study protocol. Acute stroke patients who were admitted to
the Nanjing First Hospital from January 2017 to November
2018 within 6 h of the onset of ischemic symptoms were
evaluated retrospectively. Acute stroke was defined as acute
clinical vascular syndrome with evidence of a cerebral
infarction on DWI. Patients who met the criteria for
intravenous thrombolytic therapy received intravenous
thrombolysis (alteplase; rt-PA) within 4.5 h of stroke onset
after a CT scan, and an MRI examination immediately
followed. If LVO (MCA or/and ICA) was found on
MRA within 6 h of stroke onset, the thrombectomy was
performed immediately. All patients were evaluated by
MRI, including PWI and DWI. The patients included
in the present study met the following criteria: (I) first-
ever acute stroke with MCA or/and ICA occlusion; (II)
acute stroke patients <6 hours of symptom onset; (III)
pretreatment MRI with PWI, DWI and MR angiography
(MRA); (IV) thrombectomy treatment and (V) follow-
up MRI within 24 hours after thrombectomy therapy.
The exclusion criteria were as follows: (I) cerebral
hemorrhage, tumor or trauma detected by the CT
scanner; (II) acute stroke patients with posterior cerebral
artery (PCA) or vertebral artery (VA) occlusion; (III) any
contraindication for MRI; (IV) any missing follow-up
MRI after thrombectomy therapy; (V) refusal to undergo
thrombectomy; and (VI) any MRI or digital subtraction
angiography (DSA) that could not be evaluated due to a
motion artifact (Figure I).

Age, sex, hypertension, diabetes mellitus, hyperlipidemia,
atrial fibrillation, homocysteine, and the National Institutes
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213 patients with AIS
between January 2017
and November 2018
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55 patients included
31 with MCA-M1 occlusion
4 with ICA occlusion
20 with both MCA and ICA occlusion
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158 patients excluded
31 with PCA or VA
59 without pretreatment MRI
22 severely artifacts on DWI or PWI sequences
39 without follow-up MR
7 severely artifacts on DSA

Figure 1 The flow chart in the study. AIS, acute ischemic stroke; PCA, posterior cerebral artery; VA, vertebral artery; MRI, magnetic

resonance imaging; DWI, diffusion-weighted imaging; PWI, perfusion-weighted imaging; MR, magnetic resonance; DSA, digital

subtraction angiography; ICA, internal carotid artery; MCA, middle cerebral artery.

of Health Stroke Scale (NTHSS) score at the admission
hospital were collected. All patients had written informed
consent by themselves or their family members prior to
their participation in this study.

MRI protocol

Pretreatment and follow-up MRI scans were performed
using a 3.0 Tesla MRI scanner (Ingenia, Philips Medical
Systems) with an 8-channel receiver array head coil. The
MRI protocol included fluid-attenuated inversion recovery
(FLAIR) axis sequencing, DWI axial scanning, MRA and
PWI. The scanning parameters were as follows: FLAIR
[inverse recovery (IR) sequence, TR 7000 ms, TE 120 ms,
acquisition matrix, 356x151; field of view (FOV), 230 mm
x 230 mm; flip angle (FA), 90°; slices, 18; section thickness,
6 mm; and intersection gap, 1.3 mm]; and DWI [spin
echo (SE) sequence, TR, 2,501 ms; TE, 98 ms; acquisition
matrix, 152x122; 3 directions; FOV, 230 mm x 230 mm;
FA, 90°; slices, 18; section thickness, 6 mm; and intersection
gap, 1.3 mm. DWI was obtained with b values of 0 and
1,000 s/mm’]. The 3D-MRA scans were obtained using
the fast field echo (FFE) sequence with the following
parameters: TR, 4.9 ms; TE, 1.82 ms; acquisition matrix,
528x531; FOV, 330 mm x 330 mm; and section thickness,
1.2 mm. The imaging parameters for the DSC-PWI were
as follows: TR, 1,620 ms; TE, 40 ms; acquisition matrix,
96x93; >2 NEX; FOV, 224 mm x 224 mm; FA, 90°; section
thickness, 4 mm; and duration =88 s.
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Iimage analysis

The PWI data were analyzed using a Philips advanced
workstation. The arterial input function (AIF) was selected by
manually identifying the M2 segment of the MCA ipsilateral
to the acute infarcton. The CBE CBV, T'TP, and MTT maps
were generated after circular singular value decomposition
of the concentration-time curve. For each patient, a region
of interest (ROI) was drawn in the core infarct areas (high
signal tissue on DWI image), the at-risk hypoperfusion areas
(hypoperfusion area with new lesions at follow-up MRI) and
the other hypoperfusion areas. All ROIs were drawn on a
TTP map, and the ROI volume encompassed the maximum
abnormal perfusion area at the largest lesion level. Then, the
relative CBF (rCBF), relative CBV (rCBV), MT'T, and TTP
values were automatically obtained. All parameters in the
different areas were measured three times and averaged (by
H.C with 3 years of experience board-certified radiologists).
New lesions were evaluated based on DWI images before
and after therapy, all new diffusion hyperintensities regardless
of size and ADC value were considered. New lesions were
defined as new DWI lesions which new high signal on follow-
up DWT and low signal on follow-up ADC, and also not
contiguous with initial abnormalities (Figure 2). Core infarct
areas were defined as high signal on DWI and ADC values
<620x10° mm®/s. the at-risk hypoperfusion areas were
defined as the hypoperfusion areas on PWI before therapy
corresponding to the new lesions. The other hypoperfusion
areas were defined as the hypoperfusion areas on PWI before
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Figure 2 Examples of acute stroke patients with new lesions (A,B,C,D). (A,B) On the pretreatment DWI, there were multifocal infarcts in
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the left thalamus area (yellow arrows). (C,D) New ischemic lesions were observed at the follow-up DWI (red arrows). Examples of acute

stroke patients without new lesions (E,F). (E) On the pretreatment DWI, there were local infarcts in the left basal ganglia and temporal lobe

areas (yellow arrow). (F) The growth lesion on the follow-up DWI (red arrow) was continuous. Note that the left side corresponds to the

right hemisphere. DWI, diffusion-weighted imaging.

therapy except new lesions and core infarct areas. Because
there is no the at-risk hypoperfusion areas in patients without
new lesions, the other hypoperfusion areas were defined as
the hypoperfusion areas on PWI before therapy except core
infarct areas. In cases of disagreements between the two
board-certified radiologists reviewed about new lesions (H.C
with 3 years of experience and M.P with 5 years of experience),
the images were reviewed, and a consensus was established.
The thrombectomy of all patients was performed by
two experienced interventional neuroradiologists (H.S
with 13 years of experience; B.Z with 7 years of experience)
together, and they were blinded to the clinical information

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

to assess the baseline angiography data of the endovascular
therapy patients. The degree of reperfusion was evaluated
with the Thrombolysis in Cerebral Infarction (TICI)
grading system (16) (0= complete occlusion to 3= complete
revascularization). A good mTICI score was defined as

mTICI 2b-3.

Statistical analysis

Continuous data are shown as the mean = SD, whereas
categorical variables are presented as absolute and relative
frequencies. We analyzed the differences between groups
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Table 1 Comparison of patients with new lesions and without new lesions

Variables Patients with new lesions (n=40)  Patients without new lesions (n=15) t value P value
Sex, male 24 (60.00%) 8 (53.33%) 0.199 0.655
Age, years 74.80+8.89 66.00+9.86 3.175 0.020*
Time from onset to admission, h 2.75+1.76 3.47+1.87 -1.323 0.192
Time from onset to first MRI, h 3.80+0.85 3.15+1.04 -1.692 0.094
Time from onset to thrombectomy, h 4.19+1.47 4.20+1.54 -0.017 0.986
Smoking 6 (15.00%) 2 (13.33%) 0.005 0.947
Alcohol drinking 6 (15.00%) 0 (0%) 0.000 1.000
Diabetes mellitus 22 (55.00%) 3 (20.00%) 5.390 0.020*
Hypertension 33 (82.50%) 14 (93.33%) 0.343 0.558
Atrial fibrillation 25 (57.50%) 6 (40.00%) 2.245 0.134
Hyperlipidemia 1(2.50%) 0 (0%) 0.000 1.000
Homocysteine 5 (12.50%) 2 (13.33%) 0.000 1.000
NIHSS at admission 13.20+6.08 13.33+5.51 -0.074 0.941
mTICI (2b-3) 37 (92.50%) 14 (93.33%) 0.000 1.000
Location of occlusion

Middle cerebral artery-M1 21 (52.50%) 10 (66.67%) 0.890 0.345

Internal carotid artery 2 (5.00%) 2 (13.33%) 0.227 0.633

Both 17 (42.50%) 3 (20.00%) 2.387 0.208

*, P<0.05. NIHSS, National Institutes of Health Stroke Scale; mTICI, Modified Thrombolysis in Cerebral Ischemia.

using the chi-squared test for categorical variables and
the independent sample #-test or Fisher’s exact test for
continuous variables. The differences between the core
infarct areas and the at-risk areas, the core infarct areas
and the other hypoperfusion areas, and the at-risk areas
and the other hypoperfusion areas were analyzed by using
paired #-tests. P<0.05 was considered statistically significant.
Logistic regression analysis of significantly associated
variables (P<0.05) was used to identify factors predictive
of new lesions. Binary logistic regression analysis used
backward elimination to screen independent variables, and
the odds ratio (OR) and 95% confidential interval (CI)
were obtained. Receiver operating characteristic (ROC)
curve analysis was used to assess the predictive value of the
independent variables (P<0.05) for the occurrence of new
lesions in patients with acute stroke after thrombectomy.
The differences of the predictive value from ROC analysis
were evaluated according to DeLong et al. (17). All
statistical analyses were conducted using commercially

available software (SPSS for Windows, version 19.0; SPSS).
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Results

During the study period, 213 patients underwent
thrombectomy. Among these patients, one hundred and
fifty-eight patients were excluded (patients with PCA or
VA occlusion, n=31; no pretreatment MRI, n=59; severe
artifacts on DWI or PWI, n=22; no follow-up MRI, n=39;
severe artifacts on DSA, n=7) (Figure I). Fifty-five patients
were analyzed (1able 1); among these patients, forty patients
(72.73%) had new lesions on the follow-up MRI, and fifteen
patients (27.27%) did not have new lesions. The patients
did not differ with regard to sex (P=0.655), time from
onset to admission (P=0.192), time from onset to first MRI
(P=0.094), time from onset to thrombectomy (P=0.986),
hypertension (P=0.558), atrial fibrillation (P=0.134),
hyperlipidemia (P=1.000), homocysteine (P=1.000), NIHSS
score at admission (P=0.941), and mTICI score (P=1.000).
The patients with new lesions were significantly older and
more patients with new lesions had a history of diabetes
mellitus than patients without new lesions (P=0.020;
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Table 2 Comparison of CI, AR-H, TOH in patients with new lesions and without new lesions

Parameter comparison With new lesions Without new lesions t value P value
rCBF
Clvs. Cl 103.07+81.50 87.05+76.58 0.660 0.512
AR-H vs. TOH 128.62+146.85 181.44+107.43 -1.460 0.153
TOH vs. TOH 165.71+106.71 181.44+107.43 -0.486 0.629
rCBV
Clvs. Cl 18.56+11.78 12.97+11.87 1.565 0.123
AR-Hvs. TOH 24.14+37.30 22.48+10.27 0.170 0.866
TOH vs. TOH 27.50+19.01 22.48+10.27 0.968 0.337
MTT
Clvs. Cl 12.22+3.51 10.42+3.08 1.750 0.086
AR-H vs. TOH 11.95+3.29 8.02+2.08 5.253 <0.0001*
TOH vs. TOH 8.68+2.08 8.02+2.08 1.049 0.299
TTP
Clvs. Cl 37.55+10.85 38.60+12.65 -0.297 0.768
AR-H vs. TOH 38.30+£11.39 28.67+6.06 4.037 <0.0001*
TOH vs. TOH 29.76+6.86 28.67+6.06 0.541 0.591

*, P<0.05. rCBEF, relative cerebral blood flow (mL/100 g/min); rCBYV, relative cerebral blood volume (mL/100 g); MTT, mean transit time (s);
TTP, time to peak (s); Cl, the core infarct areas; AR-H, the at-risk hypoperfusion areas; TOH, the other hypoperfusion areas.

Table 3 Comparison of CI, AR-H, TOH in patients with new lesions

Parameter comparison T value P value
rCBF
Clvs. AR-H -1.137 0.263
Clvs. TOH -4.035 <0.0001*
AR-H vs. TOH -0.610 0.319
rCBV
Clvs. AR-H -1.003 0.322
Clvs. TOH -3.916 <0.0001*
AR-H vs. TOH -0.812 0.422
MTT
Clvs. AR-H 0.539 0.593
Clvs. TOH 6.041 <0.0001*
AR-H vs. TOH 5.933 <0.0001*
TTP
Clvs. AR-H -0.336 0.739
Clvs. TOH 4.828 <0.0001*
AR-H vs. TOH 4.507 <0.0001*

*, P<0.05. rCBEF, relative cerebral blood flow (mL/100 g/min);
rCBYV, relative cerebral blood volume (mL/100 g); MTT, mean
transit time (s); TTP, time to peak (s); Cl, the core infarct areas;
AR-H, the at-risk hypoperfusion areas; TOH, the other
hypoperfusion areas.
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P=0.020, respectively). The artery occlusion in patients with
new lesions was often located in the MCA-M1 (52.50%)
and both the MCA-M1 and ICA (42.50%), while patients
without new lesions often had occlusions located in the
MCA-ML1 (66.67%); there was no significant difference in
location of occlusion (P>0.05) (Table 1).

Table 2 showed the comparison of the core infarct areas,
the at-risk hypopertusion areas, and the other hypoperfusion
areas in patients with new lesions and without new lesions.
The MTT and TTP in the at-risk hypoperfusion areas
with new lesions were significantly longer than in the
hypoperfusion areas without new lesions (11.95+3.29 vs.
8.02+2.08, P<0.0001; 38.30+11.39; 28.67+6.06, P<0.0001,
respectively). The PWI parameters were not significantly
different between the core infarcts areas with new lesions
and the core infarcts areas without lesions, the other
hypoperfusion areas between patients with new lesions
and without new lesions (P>0.05). In addition, we also
compared the differences in PWI parameters between the
core infarct areas, the at-risk hypoperfusion areas, and the
other hypoperfusion areas in patients with new lesions
(1able 3). All PWI parameters between the core infarct areas
and the at-risk hypoperfusion areas were no significantly
difference in patients with new lesions (P>0.05) while all
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Figure 3 The MTT and TTP values in the at-risk hypoperfusion areas and the other hypoperfusion areas are displayed as a box plot. The

MTT and TTP values in the at-risk hypoperfusion areas were significantly higher than those in the other hypoperfusion areas. MT'T, mean

transit time; TTP, time to peak.

PWI parameters between the core infarct and the other
hypoperfusion areas were significantly different in patients
with new lesions (P<0.05). Acute stroke patients with new
lesions showed longer MTT in the at-risk hypoperfusion
areas (11.95+3.29) than in the other hypoperfusion areas
(8.68+2.08), and the TTP (38.30+11.39) was also longer
in the at-risk hypoperfusion areas than in the other
hypoperfusion areas (29.76+6.86) (Tuble 2; Figure 3),
both of which were significantly different (P<0.0001;
P<0.0001, respectively). Figure 4 showed the PWI images of
acute stroke patients without new lesions. Figure 5 showed
the PWI images of acute stroke patients with new lesions.

Logistic regression analysis demonstrated that MTT
(OR, 0.623; 95% CI, 0.455-0.851, P=0.003) and T'TP (OR,
0.776; 95% CI, 0.584-0.942; P=0.016) were independently
associated with new lesions. We therefore investigated
whether and at what threshold pathological MTT and
TTP can predict new lesions using ROC analyses. The
ROC analyses showed that the AUCs of MTT and TTP
for predicting new lesions was 0.860 (95% CI, 0.780-0.941)
and 0.790 (95% CI, 0.691-0.889), respectively (Figure 6).
When the optimal cut-off value of MTT was 9.87, the
sensitivity and specificity for predicting new lesions were
70.00% and 87.50%, respectively; the cut-off for TTP was
32.66, and the sensitivity and specificity were 70.00% and
80.00%, respectively. There was no difference of AUC
curve between MTT and TTP (z=1.489; P=0.1366).

Discussion

The results of the present study suggest that acute

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

stroke patients had a high frequency of new lesions, and
approximately 72.73% of the patients in this study had new
lesions. It is interesting that patients with new lesions had
longer MT'Ts and T'T'Ps in the at-risk hypoperfusion areas
than in the other hypoperfusion areas, and these differences
were significant. The ROC analyses showed that the
sensitivity and specificity of MT'T for predicting new lesions
were 70.00% and 87.50%, respectively; the sensitivity and
specificity of TTP were 70.00% and 80.00%, respectively.
PWI may be useful in monitoring the perfusion status and
in predicting the early new lesions of acute stroke patients
after thrombectomy.

PWI is a semiquantitative method for evaluating brain
perfusion-microcirculation in the capillary network (18,19)
and can obtain various perfusion parameters, such as CBE
CBV, TTP, MTT and time-to-maximum (T'max). CBE,
CBV, TTP and MTT maps could be generated using post
processing workstation of MRI. While Tmax maps were
generated using professional business software, such as
RAPID software. In our study, all ROIs were drawn on
a TTP map and then the other ROIs were automatically
obtained, but cannot automatically obtained on Tmax due
to different software. There are errors if drawing ROI
of each area individually on Tmax maps using RAPID
software. Besides, Wouters et /. showed that rTTP
yields lesion volumes that are comparable to Tmax (20).
Therefore, the parameters CBF, CBV, TTP and MTT
not Tmax were analyzed. Yamada er a/. demonstrated that
selection of AIF from the peri-infarct artery is one of the
techniques of choice to delineate the areas with true MTT
prolongation in the presence of steno-occlusive disease (21).
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Figure 4 Illustrative case of an acute stroke without new lesions. The pretreatment DWT (A) showed hyperintense lesions in the left basal

ganglia and temporal lobe areas. The lesions were continuously larger on the follow-up DWI than on the initial DWI (B). The red circle
represented the core infarct region. rCBV (mL/100 g) (C), rCBF (mL/100 g/min) (D), MTT(s) (E), and TTP(s) (F) are shown in the region
of interest in the core infarct areas and hypoperfusion areas. Note that the left side corresponds to the right hemisphere; DWI, diffusion-

weighted imaging; rCBYV, relative cerebral blood volume; rCBE, relative cerebral blood flow; MTT, mean transit time; TTP, time to peak.

In our study, MCA stenosis or occlusion was present in all
acute stroke patients, so we selected the M2 segment of
the ipsilateral MCA used for AIF to attain high sensitivity
calculation techniques. In this study, the PWI parameters
in the core infarct areas and the hypoperfusion areas were
compared between patients with acute stroke who received
thrombectomy. Regardless of if the patients had new lesions
or did not have new lesions, the rCBE, rCBV, MTT and TTP
were all significantly different between the core infarct areas and
the hypoperfusion areas. These findings are in good agreement
with those of a previous study (22-24). The core infarct is
irreversibly infarcted tissue, while the hypoperfusion areas
around the core infarct areas are salvageable brain tissue,
which may develop into infarcted tissue (as new lesions)
or recover after timely treatment (25-27). In our study, all
patients within 6 h of the onset of ischemic symptoms were
enrolled in order to prevent the heterogeneity caused by
thrombectomy time. Besides, the incidence of new lesions
is higher than the other study (1), the possible reason is

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

that all patients in this study received thrombectomy. In
addition, we found that patients with new lesions were
more likely to have a history of diabetes mellitus than
patients without new lesions. Poor glycemic control leads
to endothelial dysfunction, coagulative activation, and
platelet hyperreactivity (28). Patients with new lesions were
significantly older than patients without new lesions. Some
older patients may exhibit de novo lesions or incomplete
clot dissolution due to various comorbidities and fragility as
a result of their advanced age.

Thus far, the pathophysiology of these new lesions
remains unclear. Vessel recanalization therapy possibly
contributed to the occurrence of new lesions by incomplete
clot dissolution and distal embolization (6,7), or the new
lesions may represent de novo lesions. In our study, we
found that the mTICI score was not significantly different
between stroke patients with new lesions and those without
new lesions after thrombectomy. In addition, the strengths
of our study were that we found stroke patients with new
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lesions to have different hypoperfusion degrees between
the new lesions (namely, the at-risk hypoperfusion areas)
and the other hypoperfusion areas. The occurrence of
new lesions within the hypoperfusion areas may be related
to thromboembolic mechanisms (11). Caplan et 4/. (29)
hypothesized that impaired washout is an important
mechanism of brain infarction in patients with cerebral
hypoperfusion. Hypoperfusion enhances thrombus
formation, promotes embolization of fresh thrombi and
limits the ability of the blood stream to clear or wash out
emboli (29,30). Therefore, the new lesions in these patients
are more likely to represent the natural evolution of the
ischemic process and “completion” of the infarct within the
territory of the penumbral deficit.

To further explore which patients will develop new
lesions, we compared the differences in PWI parameters
between the at-risk hypoperfusion and other hypoperfusion
areas. We found that the rCBF and rCBV had no significant
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differences between in the at-risk hypoperfusion areas
and the other hypoperfusion areas, which was similar to a
previous study (31). Akazawa et 4/. demonstrated that the
rCBF of “Growth” and “Reversed” areas had substantial
overlap, which hampered the delineation of areas that would
become infarcted (31). Their study showed that it is difficult
to use MRI to differentiate between penumbra that will
survive and that which will not. Arenillas ez a/. reported that
lower rCBV on CT perfusion can predict a higher infarct
growth in the endovascular treatment patients (32). While
the strength of this study was the MTT and TTP in the
at-risk hypoperfusion areas were longer than in the other
hypoperfusion areas, and there were significant differences,
which is different from the results of Bang er a/. (11).
The possible reasons are different evaluation method, their
studies evaluated the association between new lesions on
day 7 and Tmax hypoperfusion severity. In our study, we
used the MTT and TTP hypoperfusion severity to predict
the new lesions. The MTT is used to predict vulnerable
brain tissue that may evolve from the infarction. TTP
describes the time it takes CBF to reach the highest value
at the target tissue location (33). Singh ez a/. presented a
method to distinguish normal tissue and affected areas by
texture analysis of CT images, and suggested that texture
analysis could be a useful tool to help neurologists in the
early detection of ischemic stroke with the accuracy of the
algorithm is 93.3% (34). Arsava er al. assessed the utility of
recurrence risk estimator (RRE) for predicting 7-day stroke
in patients with transient symptoms with infarction (TSI)
by using ROC analysis (35). They found that sensitivity
and specificity of an RRE score of >2 for predicting 7-day
stroke risk were 87% and 73% respectively with the AUC
was 0.85 (95% CI, 0.78-0.92). In our study, we found that
MTT and TTP were independently associated with new
lesions using logistic regression analysis. We probed the
predictive value of the pretreatment MTT and TTP by
ROC analysis and found that the sensitivity and specificity
of MT'T for predicting new lesions were 70.00% and
87.50%, respectively; the sensitivity and specificity of TTP
were 70.00% and 80.00%, respectively. Our results indicate
that MTT and T'TP might be predictors of new lesions.
This study has several limitations. First, this study had a
small sample size that may subject our findings to sampling
bias. This study enrolled a large number of patients from
the beginning, but many heterogeneous cases were excluded
after rigorous screening. Despite the small number of cases,
we still found that MTT and TTP may have predictive
value for new lesions. Our future study will confirm these
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results or possibly reveal other meaningful findings by
expanding the sample size. Second, due to the small sample
size, we did not divide it into train data and test data for
determining the cut-off of TTP and MTT. Our future work
will focus on validating these results with bigger cohort
using train and test data. Third, the new lesions were not
divided into new local lesions and new distal lesions because
of the small sample size and thus, we cannot distinguish
new lesions arising from de novo lesions or incomplete
clot dissolution. However, all the patients underwent
thrombectomy, and there was no significant difference
between patients with new lesions and those without
new lesions. Therefore, our study still has some value in
predicting new lesions. Four, the parameter of T, >6 s
maybe more suitable for predicting new lesions than TTP
and MTT, while the parameter of T, >6 s can only be
obtained by special software processing, which needs extra
purchase and few hospitals purchased. Therefore, in this
study, we used TTP and other easily available parameters
to predict new lesions. Finally, this was a single-center
trial. Thus, the results of this study cannot be generalized
to whole population of stroke patients. Multicenter trials
with larger cohorts and different study populations are
warranted.

Conclusions

In summary, new lesions occurred in acute stroke patients
at a high frequency. In patients with new lesions, the
MTT and TTP in the at-risk hypoperfusion areas were
significantly longer than in the other hypoperfusion
areas. M'T'T and T'T'P may be useful in predicting the
occurrence of early new lesions in acute stroke patients after
thrombectomy.
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