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Introduction

CT perfusion (CTP) has been a commonly used imaging 
modality in the management of patients with acute 

ischemic stroke (AIS) because of its high availability and 
fast acquisition.1,2) It provides quantitative hemodynamic 
parameters to assess the volumes and spatial locations of 
ischemic core and penumbra lesions using automated CTP 
analysis software.3,4) The ischemic core is irreversibly 
damaged tissue, and its volume is considered to be one of 
the predictors associated with good clinical outcome in 
patients with AIS.5) Penumbra represents the ischemic 
tissue that is salvageable by immediate recanalization.6) An 
accurate estimation of the ischemic core and penumbra 
volume is essential in the selection of optimal candidates 
who would benefit from reperfusion therapy, especially in 
the era of extending the indication for endovascular 
treatment (EVT) beyond the conventional therapeutic time 
window.3,4) However, it requires the CTP mismatch 
analyzer, and the results of the analysis may differ among 
the software programs because of their specific postpro-
cessing algorithms and due to the differences in their 
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Objective: CT perfusion (CTP) provides various hemodynamic parameters. However, it is unclear which CTP parameters 
are useful in predicting clinical outcome in patients with acute ischemic stroke (AIS).
Methods: Between February 2019 and June 2021, patients with anterior circulation large-vessel occlusion who achieved 
successful recanalization within 8 hours after stroke onset were included. The relative CTP parameter values analyzed 
by the reformulated singular value decomposition (SVD) method in the affected middle cerebral artery territories 
compared to those in the unaffected side were calculated. In addition, the ischemic core volume (ICV) was evaluated 
using a Bayesian Vitrea. The final infarct volume (FIV) was assessed by 24-hour MRI. The correlation between these 
CTP-derived values and clinical outcome was assessed.
Results: Forty-two patients were analyzed. Among the CTP-related parameters, the ICV, relative cerebral blood volume 
(rCBV), and relative mean transit time (rMTT) showed a strong correlation with the FIV (ρ = 0.74, p <0.0001; ρ = −0.67, 
p <0.0001; and ρ = −0.66, p <0.0001, respectively). In multivariate analysis, rCBV, rMTT, and ICV were significantly 
associated with good functional outcome, which was defined as a modified Rankin Scale score ≤2 (OR, 6.87 [95% CI, 
1.20–39.30], p = 0.0303; OR, 11.27 [95% CI, 0.97–130.94], p = 0.0269; and OR, 36.22 [95% CI, 2.78–471.18], p = 
0.0061, respectively).
Conclusion: Among the CTP parameters analyzed by the SVD deconvolution algorithms, rCBV and rMTT could be 
useful imaging predictors of response to recanalization in patients with AIS, and the performances of these variables 
were similar to that of the ICV calculated by the Bayesian Vitrea.
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thresholds.7) Moreover, these analyzers are only used in a 
limited number of institutions because of their addi-
tional cost.

Physicians often visually evaluate the result of a CTP 
analysis based on the various color-coded CTP maps in the 
acute clinical setting. In patients with acute anterior circu-
lation large-vessel occlusion (LVO), including internal 
carotid artery (ICA) or middle cerebral artery (MCA) 
occlusion, the cerebral hemodynamics of the ipsilateral 
MCA territory might be affected, and the changes in the 
cerebral hemodynamics represent the difference in the 
color tone between the affected and unaffected MCA 
territories on the color-coded CTP maps. Physicians may 
focus on the abnormal color tone asymmetries of the MCA 
territory. Several authors have reported the utility of the 
Alberta stroke program early CT score (ASPECTS) based 
on the CTP images for predicting the clinical outcome, and 
it is a qualitative evaluation method focusing on the 
affected MCA territory.8,9) However, there are few reports 
on the quantitative and easy-to-use CTP assessments 
without using CTP mismatch analyzers. Moreover, it is not 
clear which CTP parameters are useful in predicting the 
clinical outcome in patients with AIS after successful 
recanalization.

In this study, we provide a quantitative evaluation 
method of measuring the ratio of the CTP hemodynamic 
parameters in the affected MCA territories to the parame-
ters in the unaffected side, and we assess the performance 
of these parameters in predicting the final infarct volume 
(FIV) in anterior circulation LVO patients who achieved 
successful recanalization. Additionally, we compared these 
parameters with the ischemic core volume (ICV) that was 
estimated by a Bayesian Vitrea in predicting the clinical 
outcome.

Materials and Methods

Study subjects and data collection
A single-center retrospective cohort study was performed 
based on a prospectively built stroke database. Between 
February 2019 and June 2021, we included consecutive 
patients with AIS who met the following criteria: 1) had 
anterior circulation LVO (MCA M1 segment or ICA) that 
presented within 8 hours of stroke onset; 2) had a baseline 
noncontrast CT (NCCT) and CTP; 3) had successful reca-
nalization by EVT; and 4) had follow-up MRI or NCCT 
data that were obtained within 24 hours after recanalization 
to calculate the FIV. We excluded patients who met the 

following criteria: 1) poor radiological imaging due to 
motion artifacts; 2) preexisting large parenchymal damage 
or other coexisting intracranial LVO; 3) hemorrhagic trans-
formation that precluded an accurate estimation of the 
infarct volume; and 4) reocclusion of the recanalized ves-
sels on follow-up MRA.

The neurological status was assessed upon each patient’s 
arrival using the National Institutes of Health Stroke Scale 
(NIHSS) score at baseline. Intravenous tissue plasminogen 
activator (IV-tPA) treatment was administered to all eligible 
patients.10) EVT was performed on the patients within 
8 hours of either stroke onset or the last known time the 
patient was well, with a baseline NIHSS score >4 and a 
baseline ASPECTS system ≥7 but was not performed in the 
patients with rapid neurological improvement after IV-tPA.

The angiographic outcomes were assessed using the 
modified thrombolysis in cerebral infarction (mTICI) 
grade, and successful recanalization was defined as an 
mTICI grade 2b to 3. The recanalization status was con-
firmed by 24-hour MRA. The durations of two key work-
flows, from symptom onset to CT imaging and from 
symptom onset to recanalization, were reviewed. The func-
tional outcome 3 months after stroke onset was assessed 
based on the modified Rankin Scale (mRS) score, which 
we collected by face-to face or telephone clinical inter-
views of the patients, and a good outcome was defined as 
an mRS score of ≤2.

Acute CT imaging protocol
All patients were subjected to acute CT-based protocols, 
including NCCT and CTP, using a 320-detector row CT 
scanner (Aquilion ONE; Canon Medical Systems, Tokyo, 
Japan). NCCT of the head was performed with the follow-
ing imaging parameters: 120 kVp, 352.5 mAs, 0.5-mm 
section collimation, and 0.75-second rotation. The early 
ischemic changes on NCCT were evaluated by using the 
ASPECTS system. The CTP imaging acquisition was per-
formed as a dynamic contrast agent-enhanced scan cover-
ing the entire brain with a 0.5-mm section thickness, a 512 
× 512 matrix, and a 200-mm axial field of view. A 40-mL 
aliquot of nonionic iodinated contrast agent (iopamidol, 
370 mg/mL; Hikari Pharmaceutical, Tokyo, Japan) was 
injected intravenously at a rate of 5 mL/sec, followed by a 
20-mL saline chaser using a power injector and via a 
20-gauge intravenous catheter that had been inserted into 
the antecubital vein. The dynamic volume scanning started 
5 seconds after the injection of the contrast material. 
The scanning protocol was as follows: 35-second 
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continuous dynamic scan for the arterial phase, 7 intermit-
tent scans at 2-second intervals for the venous phase, and 
5 intermittent scans at 5-second intervals for the late 
venous phase. The scanning speed was 1 second per rota-
tion, and the total scan time was 76.0 seconds, with 80 kVp 
and 100 mA. The volumetric CT dose index for this proto-
col was 159 mGy. The occluded vessels were assessed on 
the dynamic 3D-CTA images of the head created from the 
CTP volume data using a 3D image analysis workstation 
(Ziostation 2, version 2.3.4.0; Ziosoft, Tokyo, Japan).

CTP data analysis with 2 postprocessing 
algorithms and image analysis
The CTP data were analyzed using built-in CTP analysis 
software with the reformulated singular value decomposi-
tion (SVD) method, which is theoretically delay- insensitive, 
equal to the block-circulant SVD method, and the most 
widely used method.11) The arterial input function was 
manually set in the MCA M1 segment on the unaffected 
side, and the venous output function was manually set in 
the superior sagittal sinus. Subsequently, maps of the CTP 
parameters, including the cerebral blood flow (CBF), cere-
bral blood volume (CBV), mean transit time (MTT), time-
to-peak (TTP), and time to maximum of the residue 
function (Tmax), were obtained.5,12,13)

The imaging processing of the CTP data and a region of 
interest (ROI)-based evaluation were performed as previ-
ously described.14,15) After the CTP data were transferred to 
a computer that had installed software that could automat-
ically determine the ROI (three-dimensional stereotactic 
region of interest template [3D-SRT]; FUJIFILM RI 
Pharma, Tokyo, Japan), the regional CTP parameters were 
calculated.15,16) Briefly, the quantitative CTP maps were 
registered anatomically to the standard brain atlas, and 
then the ROIs were automatically placed over the whole 
brain. The 3D-SRT software has predefined ROIs for the 
standard brain atlas and provides quantitative CTP values 
for each of the following 12 regions for both the right and 
left sides: callosomarginal, precentral, central, parietal, 
angular, temporal, posterior cerebral, pericallosal, basal 
ganglia, thalamus, hippocampus, and cerebellum. We 
determined each of the CTP parameters in the territory of 
the MCA using the precentral, central, parietal, angular, 
and temporal ROIs, as described previously.17,18) We 
defined the ratio of the average values of the CTP parame-
ters, including CBF, CBV, MTT, TTP, and Tmax, in the 
affected MCA territories, divided by the average of 
the respective CTP parameters in the unaffected side as the 

relative cerebral blood flow (rCBF), relative cerebral blood 
volume (rCBV), relative mean transit time (rMTT), rela-
tive time-to-peak (rTTP), and relative time to maximum 
of the residue function (rTmax), respectively. After transfer-
ring the CTP data to a computer installed with the 3D-SRT 
software, we calculated these relative CTP parameter val-
ues over an approximately 5-minute time course.

We also used automated perfusion analyzer software 
(Vitrea Workstation 7.11; Canon Medical Systems) for our 
research. The reconstructed CTP volume data were trans-
ferred to a Vitrea workstation using a Bayesian algorithm 
for postprocessing. The arterial input function and the 
venous output function were manually set as described 
above. The default Vitrea setting (a 38% reduction in the 
CBV with a 5.3-second increase in the TTP compared to 
the contralateral hemisphere) was applied for the calcula-
tion of the baseline ICV, while a 5.3-second increase in the 
TTP indicated the baseline hypoperfusion volume.

The FIV was calculated through manual outlines based 
on the hyperintense lesions on diffusion-weighted imaging 
(DWI) with a maximal visual extent window using Ziosta-
tion 2 software. When a 24-hour MRI examination was not 
available, the follow-up CT within 24 hours of stroke onset 
was used to determine the FIV. For these patients, the 
infarcted volumes were calculated based on the hypodense 
lesions that were manually delineated on CT.

All imaging analyses were used by Ziostation 2 soft-
ware. The clinical data collections were performed in con-
sensus by two or three stroke neurologists with at least 
5 years of experience, and these neurologists were blinded 
to all of the patients’ clinical information except for the 
stroke side. This study protocol was approved by the Insti-
tutional Review Board, and all patients or their surrogates 
provided written informed consent.

MRI acquisition
MRI scans, including the DWI and 3D time-of-flight 
flow-compensated MRA sequences, were performed with 
a 1.5 T Vantage Titan whole body scanner (Canon Medical 
Systems) with a 12-channel head coil. DWI was performed 
with a single-shot spin-echo echo-planar imaging sequence. 
Twenty images were acquired at b = 0 seconds/mm3 fol-
lowed by 20 at b = 1000 seconds/mm3. The imaging param-
eters were as follows: repetition time (TR)/echo time (TE) 
6000/100 milliseconds, a field of view of 22 cm, a matrix 
of 128 × 128 zero filled to a 256 × 256, 5-mm section thick-
ness, and a 1-mm gap. The MRAs of the patients’ heads 
were performed using a 3D time-of-flight technique with 
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an 18° flip angle, TR/TE 28/3.4 milliseconds, a 1-mm sec-
tion thickness covering 7.2 cm, and a 224 × 160 matrix 
encoding a 21 cm field of view.

Statistical analysis
Continuous variables were summarized using the median 
and interquartile range (IQR), and categorical variables 
were summarized using frequencies and proportions. The 
correlations between the CTP-derived variables and the 
FIV were assessed with Spearman’s ρ. To assess the impact 
of the CTP-derived variables, which had moderate or strong 
correlation with the FIV (|ρ| >0.5), on having a good out-
come, univariate and multivariate logistic regression analy-
ses were performed with adjustments for age, sex, NIHSS 
score, and time from onset to recanalization. The odds ratio 
(OR) and 95% confidence interval (CI) for each variable 
were estimated. The cutoff values for each score including 
age, NIHSS score, time from onset to recanalization, and 
ICV for predicting good functional outcome in univariate 
and multivariate logistic regression analysis were used as 
the values or the values that were close to the respective 
medians in this study population. The cutoff values of the 
relative CTP parameter values were defined as 1.00 for 
focusing on the degree of the increase in the CTP parameter 
values of the affected MCA side compared to unaffected 
side. A P value <0.05 was considered statistically signifi-
cant. All statistical analyses were performed with JMP Pro 
version 15.0.0 (SAS Institute, Cary, NC, USA).

Results

Patient characteristics
Fifty-seven patients with acute anterior circulation LVO 
received EVT, and immediate successful recanalization 
was achieved for 51 patients (89.5%). After excluding the 
patients without optimal imaging (n = 3), those without 
 follow-up imaging (n = 1), those with preexisting large 
parenchymal damage (n = 1), those with coexisting contra-
lateral M1 occlusion (n = 1), and those with reocclusion of 
the recanalized vessels on 24-hour MRA (n = 3), 42 patients 
were ultimately included in this analysis.

The baseline clinical characteristics are shown in Table 1. 
Nineteen (45.2%) patients were females, and their median 
(IQR) age was 72 years (65–81 years), their median (IQR) 
baseline NIHSS score was 18 (12–23), and the median 
(IQR) time from onset to recanalization was 215 minutes 
(162–303 minutes). The median (IQR) FIV was 46.01 mL 
(12.75–91.45 mL). Two patients who were confirmed to 

have a massive infarcted area on CT within 12 hours of 
stroke onset did not undergo MRI examinations, and these 
patients’ infarcted volumes were calculated based on the 
NCCT. Of all the patients, 22 patients (52.4%) had a good 
outcome. Figure 1 shows two representative cases with 
CTP parameter maps, including the CBF, CBV, MTT, TTP, 
and Tmax, with an automatic ROI placement by the 3D-SRT 
software, a mismatch map analyzed by Bayesian Vitrea, and 
the 24-hour MRI-DWI at the same representative slice. One 
is a large FIV after successful recanalization (Fig. 1a–1g), 
and the other is the small one (Fig. 1h–1n).

Correlation between the CTP-derived parameters 
and the FIV
Figure 2 demonstrates the scatterplot and regression lines 
of the FIV and CTP parameters, including the ICV. Among 
the CTP-related parameters, the ICV, rCBV, and rMTT 
showed a strong correlation with the FIV (ρ = 0.74, 
p <0.0001 for ICV; ρ = −0.67, p <0.0001 for rCBV; and 

Table 1 Baseline characteristics of the study population

Variables Overall (n = 42)

Age, years, median (IQR) 72 (65–81)
Female sex, n (%) 19 (45.2)
Baseline NIHSS score, median (IQR) 18 (12–23)
Time from onset to CT imaging, 
minutes, median (IQR)

103 (66–199)

Baseline radiological findings
 ASPECTS, median (IQR) 10 (9–10)
 ICA occlusion, n (%) 17 (40.5)
 CTP analysis
  SVD method with 3D-SRT
   rCBF, median (IQR) 0.85 (0.79–0.97)
   rCBV, median (IQR) 1.07 (0.97–1.16)
   rMTT, median (IQR) 1.21 (1.15–1.27)
   rTTP, median (IQR) 1.42 (1.30–1.51)
   rTmax, median (IQR) 2.57 (2.15–2.92)
  Bayesian Vitrea
   ICV, mL, median (IQR) 15.90 (7.75–49.31)
IV-tPA, n (%) 41 (97.6)
Time from onset to recanalization, 
min, median (IQR)

215 (162–303)

Radiological outcome
 FIV, mL, mean (SD) 46.01 (12.75–91.45)
Functional outcome

 mRS (=0, 1, 2) at 3 months, n (%) 22 (52.4)

Data are presented as the median (IQR) or numbers (%). ASPECTS: Alberta 
stroke program early CT score; CTP: CT perfusion; FIV: final infarct volume; 
ICA: internal carotid artery; ICV: ischemic core volume; IQR: interquartile 
range; IV-tPA: intravenous tissue plasminogen activator; mRS: modified 
Rankin Scale; NIHSS: National Institutes of Health Stroke Scale; rCBF: 
relative cerebral blood flow; rCBV: relative cerebral blood volume; rMTT: 
relative mean transit time; rTmax: relative time to maximum of the residue 
function; rTTP: relative time-to-peak; SD: standard deviation; SVD: singular 
value decomposition
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ρ = −0.66, p <0.0001 for rMTT). The rCBF showed a mod-
erate (ρ = −0.48, p = 0.0013) and the rTTP and rTmax 
showed a weak (ρ = 0.33, p = 0.0321 for rTTP and 
ρ = −0.02, p = 0.9225 for rTmax) correlation with the FIV.

Comparing the Vitrea ICV with the CTP 
parameters for predicting good clinical outcome
Table 2 shows the results of the univariate and 
multivariate logistic regression analyses with good 

clinical outcomes. In the univariate analyses, rCBV 
≥1.00, rMTT ≥1.00, and ICV ≤27.6 mL were significantly 
associated with good clinical outcomes (OR, 6.33 [95% 
CI, 1.37–29.20], p = 0.0179 for rCBV; OR, 9.00 [95% CI, 
0.98–83.06], p = 0.0216 for rMTT; and OR, 9.5 [95% CI, 
2.10–43.40], p = 0.0035 for ICV). Similar results were 
also observed in the multivariate analyses (OR, 6.87 
[95% CI, 1.20–39.30], p = 0.0303 for rCBV; OR, 11.27 
[95% CI, 0.97–130.94], p = 0.0269 for rMTT; and OR, 

Fig. 1 Graphic representation of 2 cases. (A)–(G): A 58-year-old 
female presented with right ICA occlusion, and acute CTP imaging 
was obtained 108 minutes after symptom onset. Successful recanal-
ization was achieved by EVT 173 minutes after symptom onset. (A) 
CBF map (rCBF = 0.71). (B) CBV map (rCBV = 0.78). (C) MTT map 
(rMTT = 0.97). (D) TTP map (rTTP = 1.66). (E) Tmax map (rTmax = 
2.03). (F) The ICV that was calculated by the Bayesian Vitrea was 
121.46 mL. (G) MRI-DWI indicates a hyperintense lesion in the right 
MCA territory (FIV = 89.84 mL). (H)–(N): A 71-year-old male pre-
sented with left MCA occlusion, and acute CTP imaging was obtained 
at 178 minutes after symptom onset. Successful recanalization was 
achieved by EVT 240 minutes after symptom onset. (H) CBF map 

(rCBF = 0.96). (I) CBV map (rCBV = 1.25). (J) MTT map (rMTT = 
1.27). (K) TTP map (rTTP = 1.24). (L) Tmax map (rTmax = 2.57). (M) 
The ICV that was calculated by the Bayesian Vitrea was 13.3 mL. (G) 
MRI-DWI indicates a hyperintense lesion in the left putamen (FIV = 
10.21 mL). CBF: cerebral blood flow; CBV: cerebral blood volume; 
CTP: CT perfusion; DWI: diffusion-weighted imaging; EVT: endovas-
cular treatment; FIV: final infarct volume; ICA: internal carotid artery; 
ICV: ischemic core volume; MCA: middle cerebral artery; MTT: mean 
transit time; rCBF: relative cerebral blood flow; rCBV: relative cere-
bral blood volume; rMTT: relative mean transit time; rTmax: relative 
time to maximum of the residue function; rTTP: relative time-to-peak; 
Tmax: time to maximum of the residue function; TTP: time-to-peak 

Fig. 2 Scatterplot and regression lines of the FIV and CTP-derived 
parameters. (A) vs. rCBF (ρ = −0.48, p = 0.0013), (B) vs. rCBV (ρ = 
−0.67, p <0.0001), (C) vs. rMTT (ρ = −0.66, p <0.0001), (D) vs. rTmax 
(ρ = −0.02, p = 0.9225), (E) vs. rTTP (ρ = 0.33, p = 0.0321), and (F) 
vs. ICV (ρ = 0.74, p <0.0001). CTP: CT perfusion; FIV: final infarct 

volume; ICV: ischemic core volume; rCBF: relative cerebral blood 
flow; rCBV: relative cerebral blood volume; rMTT: relative mean tran-
sit time; rTmax: relative time to maximum of the residue function; rTTP: 
relative time-to-peak 
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36.22 [95% CI, 2.78–471.18] for ICV). Age <70 years, 
female sex, an NIHSS score of ≤18, and a time from onset 
to recanalization of ≤210 minutes were not associated 
with good clinical outcomes in the univariate and multi-
variate analyses.

Discussion

In the present study, the rCBV and rMTT analyzed by the 
SVD method had a strong correlation with the FIV in 
patients with acute anterior circulation LVO after they had 
successful recanalization. In the multivariate analysis, 
these CTP-derived variables were stronger predictors of 
the patient outcome than the standard clinical variables, 
including the baseline stroke severity and early reperfu-
sion. These results might suggest that the rCBV and rMTT 
analyzed by the SVD method can predict the FIV after suc-
cessful recanalization and had similar performance to the 
ICV that was calculated by the Bayesian Vitrea.

Recently, CT-based stroke protocols, including CTP, 
have often been the preferred diagnostic imaging method 
because of their widespread availability and rapid acqui-
sition.19) CTP provides quantitative perfusion parameter 
maps, including CBF, CBV, MTT, TTP, and Tmax. Based 
on these parameter maps, the spatial and volumetric isch-
emic core and penumbra lesion can be visually estimated. 
Although the utility of semiquantitative CBV-ASPECTS, 
which applies the ASPECTS to the color-coded CBV 
parameter map, has been reported in previous studies, the 
quantitative volumetric evaluation of ischemic core and 
penumbra lesions cannot be obtained without an auto-
mated perfusion mismatch analyzer.8,20) The baseline 
infarct volume, which is calculated by automated perfu-
sion analysis software, as represented by RAPID (iSch-
ema View, Menlo Park, CA, USA) software, is considered 
a strong predictor of the clinical outcome in patients with 
anterior circulation LVO.3,21) The utility of a Bayesian 
Vitrea, based on a probabilistic approach, has been 
reported in the evaluation of the ICV, similar to RAPID 
software.22,23) In the present study, the baseline infarct 
volume that was calculated by the Bayesian Vitrea had a 
strong correlation with the FIV; it was an independent 
predictor of patient outcome after the patient had a suc-
cessful recanalization; and this result is consistent with 
the results of previous studies.22) Although the hemody-
namic status in patients with acute anterior circulation 
LVO may be heterogeneous, our method provides the 
quantitative evaluation of each parameter value in the 
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affected MCA territories compared to the unaffected side, 
by considering the affected MCA territories as the total 
hypoperfused area, instead of a volumetric assessment of 
the ICV. Moreover, its performance in predicting the 
response to recanalization is similar to the ICV that was 
calculated by the Bayesian Vitrea. Our method might be 
useful in clinical practice, especially in the institutions 
where CTP is used as the first-line stroke diagnostic 
modality but the automated mismatch analyzers are not 
equipped.

CTP has a variety of algorithms and postprocessing 
analysis software, and the quantitative evaluation of the 
CTP parameters can differ, depending on these algorithms 
and software.12) The CTP imaging in this study was per-
formed by delay-insensitive SVD deconvolution algo-
rithms, which are postprocessing software that are currently 
widely used in clinical practice.11) The CBF and MTT val-
ues obtained from the SVD deconvolution algorithms were 
considered inaccurate, while the CBV was generally accu-
rate.24) Moreover, a paradoxically shortened MTT in 
patients with AIS with the use of SVD deconvolution algo-
rithms has been reported.25,26) Although the present study 
showed that the rCBV and rMTT were useful predictors of 
patient outcome, the rCBV might be considered a suitable 
parameter in the prediction of patient outcome when taking 
these matters of measuring the MTT through the SVD 
deconvolution algorithms into consideration. The CBF is 
reported as the optimal CTP-derived parameter for predict-
ing the FIV, and the infarct core volume was calculated by 
the automated perfusion analysis software using the thresh-
old of the relative CBF value.27,28) However, the rCBF 
value in this study was calculated as the ratio of the aver-
age CBF value in the affected MCA territories to that of the 
unaffected side, and a volumetric assessment using the rel-
ative CTP parameter values could not be obtained. There-
fore, the different CBF assessments might be the main 
reason why the rCBF was not strongly correlated with the 
FIV in this study. TTP and Tmax are commonly used to iden-
tify tissue with hypoperfusion, and the relative values that 
were calculated in this study were not appropriate for the 
prediction of the FIV.6)

The CTP-derived CBV is considered as the quantita-
tive evaluation of the collateral status using a mismatch 
analyzer and is used as a predictor of the response to 
recanalization in patients with anterior circulation 
LVO.2,29) We previously reported that the relative CBV 
values in the affected MCA territories, as compared to 
those in the unaffected side, which were calculated by 

the same methodology as the present study, were the 
quantitative parameter of the collateral status.14) The 
CBV value reflects the extent of the vascular bed. The 
increase in the rCBV was considered to be secondary to 
the development of the patient’s collateral status to pre-
serve the CBF, while the decrease in the rCBV was con-
sidered to be due to a poor collateral status, which caused 
the patient to not maintain their CBF despite the maxi-
mal dilation of the vascular bed. The cutoff value of the 
rCBV was 1, which might be considered to represent the 
degree of the increase or decrease in the CTP parameter 
values of the affected MCA side compared to the unaf-
fected side, and the rCBV was an independent predictor 
of patient outcome in this study. In emergent clinical 
practice, the visual assessment of the CBV map focusing 
on the abnormal color tone asymmetries of the right and 
left MCA territories is considered a reasonable method 
of predicting the response to recanalization in patients 
with anterior circulation LVO.

There are several limitations of this study. First, this 
study was a retrospective design with a small sample size 
and was conducted at a single center. A potential selection 
bias should be considered when interpreting the results of 
this study. Second, the calculation of the FIV was per-
formed by manually drawing the ROIs on the hyperintense 
lesions on DWI. Moreover, the lesion volumes for the two 
patients who lacked MRI data were calculated based on 
their CT imaging. All of these factors might have resulted 
in inconsistencies in the analysis. Third, the infarct growth 
during the interval between the imaging acquisition and 
recanalization should be considered when assessing the 
correlation between the baseline CTP parameters and 
the FIV obtained by 24-hour MRI-DWI. Almost all of the 
patients in the study population achieved successful reca-
nalization within 5 hours; therefore, it could be considered 
that the influence of the infarct growth could potentially be 
minimized.

Conclusion

Among the CTP parameters analyzed by the SVD method, 
the relative CBV and MTT values in the affected MCA ter-
ritories compared to the unaffected side had a strong cor-
relation with the FIV and were considered useful predictors 
of clinical outcome in patients with acute anterior circula-
tion LVO after successful recanalization. Their correlation 
with the FIV and predicting patient outcome was similar to 
the ICV calculated by the Bayesian Vitrea. Our method is 
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useful in predicting the response to recanalization in 
patients with acute anterior circulation LVO.
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