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Abstract: Purpose: Automated post-processing packages have been developed for managing acute 14 

ischemic stroke (AIS). These packages identify ischemic core and penumbra using either computed 15 

tomographic perfusion imaging (CTP) data or magnetic resonance imaging (MRI) data. Measure- 16 

ments of abnormal tissues and treatment decisions derived from different vendors can vary. The 17 

purpose of this study is to investigate the agreement of volumetric and decision-making outcomes 18 

derived from two software packages. Methods: A total of 594 AIS patients (174 underwent CTP and 19 

420 underwent MRI) were included. Imaging data were accordingly post-processed by two software 20 

packages: RAPID and RealNow. Volumetric outputs were compared between packages by perform- 21 

ing intraclass correlation coefficient (ICC), Wilcoxon paired test and Bland-Altman analysis. Con- 22 

cordance of selecting patients eligible for mechanical thrombectomy (MT) was assessed based on 23 

neuroimaging criteria proposed in DEFUSE3. Results: In the group with CTP data, mean ischemic 24 

core volume (ICV) / penumbral volume (PV) was 14.9/81.1 ml via RAPID and 12.6/83.2 ml via Real- 25 

Now. Meanwhile, in MRI group, mean ICV/PV were 52.4/68.4 ml and 48.9/61.6 ml via RAPID and 26 

RealNow, respectively. Reliability, which was measured by ICC of ICV and PV in CTP and MRI 27 

groups, ranged from 0.87 to 0.99. The bias remained small between measurements (CTP ICV: 0.89 28 

ml, CTP PV: -2 ml, MRI ICV: 3.5 ml and MRI PV: 6.8 ml). Wilcoxon paired test showed no significant 29 

difference between measurements. The results of patient triage were concordant in 159/174 cases 30 

(91%, ICC: 0.90) for CTP and 400/420 cases (95%, ICC: 0.93) for MRI. Conclusion: The similar- 31 

ity in volumetric measurement between packages did not necessarily relate to 32 

equivalent patient triage. In this study, RealNow showed excellent agreement with 33 

RAPID in measuring ICV and PV as well as patient triage. 34 

Keywords: RealNow, RAPID, ischemic core, penumbra, acute ischemic stroke 35 

Introduction 36 

Computed tomographic perfusion (CTP) as well as MRI techniques of diffusion- 37 

weighted imaging (DWI) and perfusion-weighted imaging (PWI) have been used for the 38 

management of acute ischemic stroke (AIS)[1-4]. Software packages that can automati- 39 

cally post-process perfusion imaging were developed to facilitate radiologists and medi- 40 

cal doctors in making timely and precise clinical decisions about AIS treatment[1]. These 41 

packages compute perfusion maps including relative cerebral blood volume (rCBV), rel- 42 

ative cerebral blood flow (rCBF), mean transit time (MTT) and time to maximum peak 43 

(Tmax)[5]. These perfusion maps represent hemodynamic properties, and they are used to 44 

determine ischemic core and penumbra regions[6]. 45 
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 46 

The DAWN and DEFUSE3 trials have confirmed that mechanical thrombectomy (MT) 47 

can improve clinical outcomes for AIS patients selected with either CTP or MRI[7,8]. These 48 

trials were based on post-processing results derived from RAPID (iSchemaView, Menlo 49 

Park, CA) to triage patients. Inclusion criteria for MT candidacy were proposed in DE- 50 

FUSE3 as ischemic core volume (ICV) < 70 ml, mismatch ratio > 1.8 and mismatch volume > 51 

15 ml. In clinical centers relying on software packages other than RAPID, extrapolation of 52 

the inclusion criteria needs to be validated[9]. 53 

 54 

Theoretically, similar measurements of ischemic core and penumbra show equiva- 55 

lent performance among packages[10]. However, different biases (i.e., either overestima- 56 

tion or underestimation) in volumes of ischemic core and penumbra can act associatively 57 

and affect patient triage differently[11]. For instance, a patient with a slightly underesti- 58 

mated penumbra and an overestimated ischemic core is likely to be excluded from MT 59 

improperly because of a misleading mismatch profile[12]. Prior studies evaluated the dif- 60 

ferences in measurements among packages, but the impact of volumetric differences on 61 

making medical decisions was not addressed at the patient level. 62 

 63 

This study aimed to assess the differences between two packages: RAPID and Real- 64 

Now (Dr. Brain, China), in terms of volumetric estimation and patient stratification base 65 

on CTP and MRI data. Similar to RAPID, RealNow is an automated post-processing pack- 66 

age for perfusion imaging, and it has been applied in some clinical centers with no access 67 

to RAPID.  68 

 69 

Materials and methods 70 

Study design and patients 71 

This was a multicenter and retrospective study. We reviewed AIS patients admitted 72 

to the First Affiliated Hospital of Nanjing Medical University, the Second Affiliated Hos- 73 

pital of Nanjing Medical University, and Tongji Hospital of Tongji University between 74 

December 2015 and July 2021. We retrieved clinical and radiological data, including pa- 75 

tient gender, age, site of vascular occlusion, CTP, or MR images. We included patients 76 

who met the following criteria: (1) CTP or MRI should be caught on arrival at the stroke 77 

center within 6-24 hours from symptoms onset, (2) age ≥ 18 years, and (3) AIS caused by 78 

intracranial large artery occlusion. We excluded cases that (1) had poor scan quality, (2) 79 

did not follow the acquisition protocol recommended by software packages, and (3) failed 80 

in the automated post-processing method. The study was approved by the Ethics Com- 81 

mittee of Tongji Hospital (approval number: K-2020-021). Written informed consent for 82 

participation was not required for this study in accordance with the national legislation 83 

and the institutional requirements. 84 

Image acquisition and post-processing 85 

CTP data were acquired on either Siemens or Toshiba CT scanner, while MRI data 86 

were acquired on Philips MR scanner. The scan protocols were summarized in Supple- 87 

mentary Table S1&S2.  88 

Imaging data were processed using CT or MR post-processing modules provided by 89 

two fully automated software packages: RAPID (referred to as package A) and RealNow 90 

(referred to as package B). The main post-processing steps for CTP and MRI data were 91 

illustrated in Figure 1. Details of the algorithms were identical to the vendors, but the 92 

necessary steps were consistent. For CTP post-process, both the ischemic core and the pe- 93 

numbra were determined using a time-series data set; for MRI post-process, the ischemic 94 

core was determined using DWI, and the penumbra was determined using PWI. Shortly, 95 

imaging data were pre-processed for motion correction, smoothing and skull-stripping, 96 



Cells 2022, 11, x FOR PEER REVIEW 3 of 18 
 

 

after which an arterial input function (AIF) that reflected the contrast agent concentration 97 

versus time was determined. Then, perfusion parameters were computed using deconvo- 98 

lution algorithms. Both packages calculated perfusion parameters including Tmax, rCBV, 99 

rCBF, and MTT with definitions as follows: 100 

𝑟𝐶𝐵𝑉 = 100 ⋅
𝑘𝐴𝑉

𝜌

1 − 𝐻𝑆𝑉

1 − 𝐻𝐿𝑉

∫ 𝑐𝑡(𝑡)𝑑𝑡

∫ 𝑐𝑎(𝑡)𝑑𝑡
，[𝑚𝑙/100𝑔] 101 

𝑟𝐶𝐵𝐹 = 100 ⋅ 60 ⋅
𝑘𝐴𝑉

𝜌
[𝑚𝑎𝑥(𝑟(𝑡))]，[𝑚𝑙/100𝑔/𝑚𝑖𝑛] 102 

𝑀𝑇𝑇 =
60 ⋅ 𝐶𝐵𝑉

𝐶𝐵𝐹
，[𝑠] 103 

𝑇𝑚𝑎𝑥 = 𝑎𝑟𝑔𝑚𝑎𝑥[𝑟(𝑡)]，[𝑠] 104 

where 𝑐𝑡(𝑡) is perfusion image signal, 𝑐𝑎(𝑡) is arterial inflow function, 𝑟(𝑡) is tissue 105 

property, 𝜌 is density of brain, 𝐻𝑆𝑉, 𝐻𝐿𝑉 and 𝑘𝐴𝑉 are scaling factors.  106 

 107 

Figure 1 Post-processing procedure for perfusion imaging. 108 

 109 

Package A is FDA-approved for clinical use. It identified abnormal tissues with thresholds: ischemic core with a thresh- 110 

old as rCBF less than 30% for CTP or apparent diffusion coefficient (ADC) less than 620×10−6 mm2/s for MRI, and pe- 111 

numbra with a threshold as Tmax greater than 6 seconds. These thresholds were chosen based on previous published 112 

receiver-operator-curve (ROC) analyses as the one that maximized the accuracy of lesion idetification. But these previ- 113 

ous validated thresholds may not apply in the setting of early and complete reperfusion[13]. 114 

 115 

The default thresholds for identifying abnormalities in package B were the same as 116 

those adopted in package A. Additionally, package B provides a user interface online that 117 

allows the thresholds for rCBF, ADC and Tmax to be self-defined, and thereby radiologists 118 

can evaluate perfusion abnormalities dynamically (Figure 2) and define lesion areas accu- 119 

ratly with optimal thresholds choosed specifically under different circumstances for a het- 120 

erogeneous population of AIS patients. To compare package A and B, we selected the 121 

default thresholds for ischemic core and penumbra estimation.  122 
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 123 

Figure 2 Package B provides a user interface online that allows the thresholds for rCBF, ADC and Tmax to be 124 

self-defined. 125 

 126 

Data analysis 127 

Statistical analysis was performed with MedCalc 20.019 (MedCalc software, Ostend, 128 

Belgium). Continuous variables were reported using mean (standard deviation, SD) and 129 

median (interquartile range, IQR); discrete variables were reported using counts (percent- 130 

ages). 131 

 132 

The volumes of ischemic core and penumbra obtained from packages were compared. 133 

We performed the Wilcoxon test with a p-value of <0.05 as statistically significant. The 134 

Bland-Altman analysis and intraclass correlation coefficients (ICC) were employed to 135 

evaluate the agreement between package A and B. ICC were interpreted as proposed: 136 

<0.50 (poor), 0.50-0.75 (moderate), 0.75-0.90 (good), and >0.90 (excellent).  137 

 138 

Neuroimaging eligibility criteria included in DEFUSE3 were applied for individual 139 

patient triage to determine the concordance of treatment decisions based on two packages. 140 

Specifically, mismatch profiles including mismatch volume (i.e., the difference in volumes 141 

between penumbra and ischemic core) and mismatch ratio (i.e., the ratio of penumbra and 142 

ischemic core), were calculated accordingly using volumetric results. Then, the eligibility 143 

of MT for individual AIS patients was assessed derived from each package, and the agree- 144 

ment of patient triage was measured by ICC. To differentiate the factor being either over- 145 

whelmed ICV or malignant mismatch profiles that caused the disagreement, patients were 146 

divided into subgroups according to package A-based ICV with a threshold of 70 ml. In 147 

addition, because the mismatch profiles were used as criteria to triage patients and the 148 

differences in mismatch values were not the focus of this study, we did not compare the 149 

computing results. 150 

Results 151 



Cells 2022, 11, x FOR PEER REVIEW 5 of 18 
 

 

Patient characteristics 152 

The clinical characteristics of patients recruited in this study were summarized in 153 

Table 1. CTP taken by 174 patients (mean age: 65 years) and MRI taken by 420 patients 154 

(mean age: 64 years) were used. 155 

 156 

Table 1 Demography of subjects in two groups 157 

Groups 
CTP group 

(n = 174) 

MRI group 

(n = 420) 

Age in years (SD) 65 (20.6) 64 (17.1) 

Gender(M/F) 135/39 286/134 

Occlusion sites, n (%)   

Middle cerebral artery 101 (58.0) 218 (51.9) 

Posterior cerebral artery 17 (9.8) 58(13.8) 

Anterior cerebral artery 11 (6.3) 32 (7.6) 

Internal carotid artery 33 (18.9) 74 (17.6) 

Basilar artery 12 (6.8) 38(9.0) 

SD, standard deviation. 158 

Comparison of measurements between packages 159 

Comparison of ischemic core volume (ICV) and penumbra volume (PV) in CTP 160 

group with ICV > 70 ml and ICV < 70ml between two packages were shown in Figure 3 161 

and 4, respectively. Comparison of ischemic core volume (ICV) and penumbra volume 162 

(PV) in MRI group with ICV > 70 ml and ICV < 70ml between two packages were shown 163 

in Figure 5 and 6, respectively. 164 

 165 
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 166 

Figure 3 Comparison of ischemic core volume (ICV) and penumbra volume (PV) in CTP group with ICV > 167 

70 ml between two packages. Red and fuchsia areas are ischemic core defined by package A and B, respec- 168 

tively. Green areas are penumbra. 169 
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 170 

Figure 4 Comparison of ischemic core volume (ICV) and penumbra volume (PV) in CTP group with ICV < 171 

70 ml between two packages. Red and fuchsia areas are ischemic core defined by package A and B, respec- 172 

tively. Green areas are penumbra. 173 
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Figure 5 Comparison of ischemic core volume (ICV) and penumbra volume (PV) in MRI group with ICV > 175 

70 ml between two packages. Red and fuchsia areas are ischemic core defined by package A and B, respec- 176 

tively. Green areas are penumbra. 177 
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Figure 6 Comparison of ischemic core volume (ICV) and penumbra volume (PV) in MRI group with ICV < 179 

70 ml between two packages. Red and fuchsia areas are ischemic core defined by package A and B, respec- 180 

tively. Green areas are penumbra. 181 

 182 

The mean (SD) and median values (IQR) for ICV and PV were summarized in Table 183 

2. In CTP scans, mean ICVs were 14.9 (36.0) ml and 14.0 (28.3) ml; mean PVs were 81.1 184 

(95.7) ml and 83.2 (91.4) ml for package A and B, respectively. The Wilcoxon test revealed 185 

no significant difference in ICV (p = 0.264) and PV (p = 0.354) measurements. As to 420 186 

MRI scans, mean ICVs were 52.4 (69.5) ml and 48.9 (69.1) ml; mean PVs were 68.4 (77.3) 187 
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ml and 61.6 (72.6) ml for package A and B, respectively, and the measurements did not 188 

differ significantly (ICV: p = 0.463 and PV: p = 0.178). 189 

 190 

Table 2 Comparison of ischemic core volume (ICV) and penumbra volume (PV) between two packages 191 

 Package A Package B 

CTP 

group 

ICV, ml 
Mean (SD) 14.9 (36.0) 14.0 (28.3) 

median [IQR] 0.0 [0.0 - 6.4] 2.7 [0.0-13.1] 

PV, ml 
Mean (SD) 81.1 (95.7) 83.2 (91.4) 

median [IQR] 39.2 [12.0 - 129.1] 43.7 [14.6-128.3] 

MRI 

group 

ICV, ml 
Mean (SD) 52.4 (69.5) 48.9 (69.1) 

median [IQR] 24.0 [12.0 - 64.0] 21 [0.0 - 59.5] 

PV, ml 
Mean (SD) 68.4 (77.3) 61.6 (72.6) 

median [IQR] 44.0 [4.0 - 108.0] 38.3 [0.0 – 99.4] 

ICV, ischemic core stroke volume; PV, penumbra volume. 192 

As shown in Table 3, volumetric results derived from the two packages showed 193 

strong agreement regardless of imaging modality. In the CTP group, the mean differences 194 

were 0.89 (12.7) and -2.0 (13.0) ml for ICV and PV, respectively; in the MRI group, the 195 

mean differences were 3.5 (4.1), and 10.8 (46.9) ml for ICV and PV, respectively. Package 196 

B showed excellent agreement with package A in estimating ICV in both CTP and MRI 197 

groups with ICCs above 0.95. Good agreement was found in PV measurement in the MRI 198 

group with a slightly lower ICC of 0.87. 199 

 200 

Table 3 Mean difference, limits of agreement (LoA), intraclass correlation coefficient (ICC) and Wilcoxon 201 

test between two packages 202 

 
CTP group MRI group 

ICV PV ICV PV 

Mean difference 

(SD), ml 
0.89 (12.7) -2.0 (13.0) 3.5 (4.1) 6.8 (46.9) 

95% Lower LoA 

(95% CI) 

-24.1 (-27.4 to 

-20.9) 

-27.6 (-30.9 to 

-24.3) 

-4.5 (-5.1 to -

3.8) 

-81.2 (-89.6 to 

-72.8) 

95% Upperer 

LoA (95% CI) 

25.9 (22.6 to 

29.2) 

23.4 (20.1 to 

26.8) 

11.5 (10.8 to 

12.2) 

102.9 (94.6 to 

111.3) 

ICC (95% CI) 
0.95 (0.94 to 

0.97) 

0.99 (0.98 to 

0.99) 

0.99 (0.98 to 

0.99) 

0.87 (0.84 to 

0.89) 

Wilcoxon test (p 

value) 
0.264 0.354 0.463 0.178 

Package A as reference; package B as variable; difference: reference – variable 203 

 204 

The Bland-Altman analysis showed the measuring difference in relation to the vol- 205 

ume. As shown in Figure 7, in the CTP group, positive bias was found in ICV measure- 206 

ment. The bias seemed to be mainly driven by measurements with a mean volume above 207 
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70 ml, leading to an underestimated result for large ischemic core by package B. PV meas- 208 

urement, however, showed a negative bias, and this was possibly attributed to the over- 209 

estimation by package B for objects with size below 100 ml. In the MRI group, both ICV 210 

and PV showed positive biases between the two packages. This might be caused by the 211 

underestimation by package B at a volume greater than 50 ml, indicating a better agree- 212 

ment between packages in measuring small objects. 213 

 214 

Figure 7 Bland-Altman plots for volumetric agreement of ischemic core (A), and penumbra volumes in CTP 215 

group (B), ischemic core (C) and penumbra volumes (D) in MRI group. Solid lines represent the mean differ- 216 

ence between two packages. Dotted lines represent 95% limits of agreement. 217 

Comparison of patient triage 218 

Diagnostic agreement based on DEFUSE3 criteria between packages was analyzed, 219 

and the number of patients eligible for MT was listed in Table 4. Of 174 CTP scans, excel- 220 

lent agreement was achieved with ICC of 0.90. Concordance was found in 16/19 (84%) 221 

cases in subgroup with package A-based ICV > 70 ml, and 143/155 case (92%) in subgroup 222 

with ICV < 70 ml. Of 420 MRI scans, excellent agreement was achieved with ICC of 0.93. 223 

Concordant results were obtained in 125/130 (96%) in subgroup with ICV > 70 ml and 224 

275/290 (94%) in subgroup with ICV < 70 ml. Interestingly, in subgroups with large is- 225 

chemic core, 8 cases with discrepant treatment decisions from CTP and MRI group had 226 

smaller ICV based on package B, qualifying patients for MT while package A did not 227 

qualify. In subgroups with ICV below the threshold of 70 ml, different biases in ICV and 228 

PV lead to discordance in mismatch profiles, which affected patient selection for MT. Spe- 229 

cifically, 15 patients were assumed to be ineligible for MT by package A solely with 9 of 230 

them due to an inadequate mismatch ratio and 4 of them due to inadequate mismatch 231 
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volume; while 12 patients were excluded from MT by package B only with 8 patients due 232 

to a malignant mismatch ratio and 4 patients due to a malignant mismatch volume. 233 

Table 4 Patient triage for mechanical thrombectomy (MT) conducted by two packages based on imaging 234 

eligibility criteria included in DEFUSE3 235 

 ICC Subgroup 

Package A Package B 

Eligible 
Not eligi-

ble 
Eligible 

Not eligi-

ble 

CTP 

group 
0.90 

ICV > 70 ml 16 3 19 0 

ICV < 70 ml 145 10 153 2 

MRI 

group 
0.93 

ICV > 70 ml 125 5 130 0 

ICV < 70 ml 285 5 280 10 

 236 

Discussion 237 

This study evaluated the agreement between two software packages for both CTP 238 

and MR post-processing modules. Our findings suggested there was a remarkable con- 239 

cordance between the performances of the two packages in terms of estimating ischemic 240 

core and penumbra volumes as well as making treatment decisions for AIS patients. Com- 241 

pared to package A, package B classified more patients as candidacies for MT. 242 

Accurate estimation of ICV and PV is of great importance. The under- and overestimation of volumes may have im- 243 

portant consequences in clinical practice[10]. With a cutoff ICV of 70 ml being proposed as one of the inclusion criteria 244 

in DEFUSE3, overestimating ICV may inaccurately exclude patients from MT. While underestimating ICV may result 245 

in poor clinical outcomes due to hemorrhage following endovascular procedures[13]. As for PV estimation, since the 246 

volume indicates the amount of potentially salvageable tissue by timely treatment[14], accurate measurement is crucial 247 

to finding patients who will respond well to MT[15]. Previous software comparison studies found discrepant volumetric 248 

results among different software packages[16-19]. The discrepancy is related to the differences in post-processing algo- 249 

rithms such as defining arterial input, motion correction and smoothing[1, 20-21]. The results are in line with previous 250 

studies, where variation in volumetric measurement in relation to the size were described. A software comparison study 251 

found that IntelliSpace Portal CT Brain Perfusion (Royal Philips Healthcare, Best, The Netherlands) and syngo.via (Sie- 252 

mens Healthcare, Erlange, Germany) showed increased deviation from Rapid with ICV increasing from 25 ml to over 253 

70 ml[10]. Similarly, better agreement were acheived with small ICV and PV among IntelliSpace Portal, Rapid and Fast- 254 

Processing of Ischemic Stroke[16]. 255 

Compared to package A, package B underestimated volumes in both groups except 256 

CTP penumbra. Previous studies indicated that penumbra was likely to be overestimated 257 

in package A[13, 22-24]. Researchers attributed this to several factors: (1) artificial volumes 258 

for the sake of presenting, (2) erroneous Tmax calculations with some cases showing bi- 259 

hemispheric penumbra due to the demyelination of bilateral periventricular white matter 260 

which indicated myelin sheath injury mediated by cerebral small vessel diseases[25], and 261 

(3) altered arterial input function attributed to quantum noise during imaging acquisition. 262 

Given these facts, the underestimation of PV in package B seems preferable. Moreover, 263 

cases with inappropriate bi-hemispheric penumbra were fewer in results derived from 264 

package B. Additional restrictions may be applied in the post-processing algorithm in 265 

package B to avoid unreasonable outcomes. Since there is no independent imaging ap- 266 

proach for verifying penumbra measurement[26], the reference standard is lacking for as- 267 

sessing which package is more accurate. 268 

As comparing differences in volume independently cannot explain the impact of 269 

these changes in a clinical setting, we moved forward to assess the agreement between 270 

packages in patient selection for MT. It is verified that treatment selections could vary at 271 

the individual level despite similar volumetric results between packages. Simultaneously, 272 
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patient triage may rarely be affected even though volumetric estimations were of apparent 273 

discordance[22]. For instance, one patient will be excluded from MT based on result of 274 

package A (ICV/PV: 74/164 ml), but the result measured by package B (ICV/PV: 67/148 ml) 275 

will lead to the other way. Inappropriate patient stratification is likely to increase the risk 276 

of undesirable clinical outcomes[27]. When evaluating the performance of these software 277 

packages, the accuracy of triaging AIS patients based on neuroimaging inclusion criteria 278 

needs to be considered. 279 

This study has several limitations. First, a small sample size for CTP limited the 280 

power to detect differences between software packages. Only a small number of cases had 281 

package A-based ICV larger than 70 ml (n=19), limiting the power to accurately test the 282 

consistency of patient triage between packages. Second, CTP data acquired in this study 283 

were obtained from two different scanner platforms, and MR data were from only one 284 

scanner platform. Data from various scanner brands are preferred to satisfy data hetero- 285 

geneity. Furthermore, one exclusion criterion for imaging data relied on the success of 286 

post-processing in package A, and some CTP cases were excluded because of the pro- 287 

cessing errors. These failures in package A can be attributed to poor image quality or the 288 

way of managing time-series data. With this restriction, data variability was affected, and 289 

the post-processing results of abnormal cases were not considered in this study. Another 290 

limitation is the lack of DWI performed directly after CTP as the reference standard. DWI 291 

data are reliable for identifying ischemic core[28, 29], and follow-up DWI that were ac- 292 

quired within the recommended time window have been applied in prior studies for de- 293 

termining the accuracy of volumetric and spatial estimation of ischemic core on CTP[10, 294 

30]. However, followed-up imaging was not available in this study because of the post- 295 

ponement of follow-up examinations. The final ischemic core was no longer comparable 296 

due to the possible penumbra evolution[31]. Considering that RAPID-based results have 297 

been validated in previous studies[11, 32-35], using results derived from RAPID as refer- 298 

ence remains clinically relevant. 299 

Conclusion 300 

RealNow has similar volumetric measurements as RAPID for CTP and MRI post- 301 

possessing modules. A high degree of concordance between the two packages was 302 

achieved in terms of making treatment decisions for AIS patients. Our study suggested 303 

that RAPID and RealNow can be used interchangeably. Since we did not validate each 304 

method separately, we refrain from concluding which package is more accurate. Further 305 

research is required to validate the accuracy of volumetric measurements and patient tri- 306 

age. 307 
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 442 

Table S1 Scan protocols of CTP 443 

Vender SIEMENS TOSHIBA 

Kernel H31s FC26 

Brain coverage 100 mm 160 mm 

Field of view 200 mm×200 mm 220 mm×220 mm 

Matrix 512×512 512×512 

Slice thickness 5 mm 0.5 mm 

Reconstruction slice 

thickness 
5 mm 5 mm 

Acquisition time 60 s 53 s 

Injection rate 6 ml/s 5 ml/s 

Onset 
Immediately after in-

jection 

7 s after 

injection 

 444 

Table S2 Scan protocols of MRI 445 

Vender PHILIPS 

Modality DWI PWI 

Field strength 3T 3T 

Repetition Time 8 s 1618 s 

Echo Time 96 ms 40 ms 

Interslice gap 7.3 mm 4 mm 
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Slice thickness 6 mm 4 mm 

Field of view 228 mm×228 mm 224 mm×224 mm 

Matrix 192×192 128×128 

Flip angle 90° 75° 

 446 

 447 

 448 


