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Validation of a novel CT perfusion
software compared to RAPID

in stroke patients receiving
endovascular therapy
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Accurate estimate of ischemic core volume (ICV) and penumbra volume (PV) is important in decision-
making for endovascular therapies (EVT) and predicting the patient’s clinical outcome. In this study,
we compared the performance of a novel automated CT perfusion software UGuard and the Rapid
Processing of Perfusion and Diffusion (RAPID). UGuard and RAPID had strong agreement with regard
to ICV (ICC 0.92, 95% Cl 0.89 — 0.94) and PV (ICC 0.8, 95% Cl 0.73 — 0.85) measurements. ICVs measured
by UGuard or RAPID were similar in predicting favorable outcome (AUC 0.72 vs. 0.70, P=0.43), with
UGuard measurements having higher specificity. After adjusting for significant clinical covariates, the
predictive performance of favorable outcome was excellent for each of the six models incorporating
ICV and PV, and the model which incorporated ICV and PV measured by UGuard software package
showed the best predictive performance. We concluded that the ICV and PV of CT perfusion images
measured by UGuard software package, as well as the capacity to predict favorable outcome of
patients following EVT, were comparable to RAPID.

Keywords Acute ischemic stroke, Endovascular therapy, Perfusion imaging, Ischemic core, Thrombectomy,
Penumbra

Several trials have established the safety and efficacy of endovascular therapy (EVT) in treating large vessel
occlusion stroke in up to 24 h from symptom onset!~*. Accurate estimate of ischemic core volume (ICV) and
penumbra volume (PV) is important in decision-making for EVT and predicting the patient’s clinical outcome®.
However, prompt and quantitative evaluation of ICV and PV increasingly requires the support of automated
artificial intelligence (AI) software®, aiding clinicians in rapid decision-making for precise diagnosis and
treatment’.

The UGuard' Intelligent Stroke Imaging Diagnosis System (Versionl.6, Qianglianzhichuang Technology,
Beijing) software is a novel fully automated post-processing software that runs on a NVIDIA GPU server.
UGuard’ comprises a fully automated platform (registration, segmentation, and motion correction) that utilizes
a machine learning algorithm for quantification of ICV and PV on CT perfusion (CTP) images.

In this study, we aimed to examine the agreement and correlation of ICV and PV measured by UGuard and
RAPID, an FDA approved and widely validated CTP-processing software®’, and assess the predictive value of
UGuard measurements regarding favorable outcomes in patients receiving EVT.

1Department of Public Health, Taizhou Second People’s Hospital, Taizhou, Zhejiang, China. 2Department of
Neurointervention, Zhangzhou Affiliated Hospital of Fujian Medical University, Fujian, China. 3Department of
Neurology, Shenyang First People’s Hospital, Shenyang Medical College Affiliated Brain Hospital, Shenyang,
Liaoning, China. “Neurology, Radiology, Boston Medical Center, Boston University Chobanian and Avedisian
School of Medicine, Boston, MA, USA. *Pathology and Pathophysiology, Shenyang Medical College, Shenyang,
Liaoning, China. ®School of Public Heath, Shenyang Medical College, 146 North Huanghe Street, Shenyang
110034, Liaoning, China. ’Department of Neurology, The First Affiliated Hospital of China Medical University,
Shenyang, China. 8Department of Neurology, The Fourth People’s Hospital of Shenyang, China Medical University,
Shenyang 110000, Liaoning, China. ®Dan Chen and Wenhuo Chen contributed equally as co-first authors. “email:
18940116917 @163.com; jakeyisui@icloud.com

Scientific Reports | (2025) 15:12907 | https://doi.org/10.1038/s41598-025-96340-9 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-025-96340-9&domain=pdf&date_stamp=2025-4-14

www.nature.com/scientificreports/

Methods
Patients
Consecutive AIS patientsreceiving EVT treatment between January 2020 and September 2022 were retrospectively
recruited from Shenyang First People’s Hospital and Zhangzhou Affiliated Hospital of Fujian Medical University.
All patients underwent CTP examination before treatment. CTP images were post-processed by RAPID and
UGuard softwares. All patients were eligible for enrolment if they were (1) age > 18 years; (2) clinically diagnosed
with AIS caused by large vessel occlusion (LVO) of the anterior circulation, with or without ipsilateral ICA
occlusion.

Patients were excluded from the study if there was (1) inadequate quality of imaging for analysis, (2)
hemorrhage or suspected hemorrhage on neuroimaging, (3) pre-morbid modified Rankin Scale (mRS) score >2,
(4) inadequate clinical data or, (5) patients transferred to other hospitals or died within 24 h after admission.

Ethical approval and consent to participate

This study was approved by the Ethics Committees of Shenyang First People’s Hospital Medical Ethics Committee
(Shenyang, China) and Zhangzhou Affiliated Hospital of Fujian Medical University Clinical Trial Ethics
Committee (Zhangzhou, China). The need for informed consent was waived by the Ethics Committees due to
the retrospective nature of the study. All patient-related information was de-identified in statistical analysis and
did not involve any additional intervention or direct patient contact. All data were handled in strict compliance
with privacy protection laws and institutional guidelines.

Clinical assessment

Clinical profiles of the patients included age, gender and medical history (hypertension, diabetes, heart disease,
hyperlipidemia, smoking and drinking history). Stroke severity and patient outcomes were assessed by certified
raters using the National Institutes of Health Stroke Scale (NIHSS) and the modified Rankin Scale (mRS)
scores, respectively. The NIHSS assessment included the scores at admission, 24 h after EVT and at the time
of discharge. The mRS scale included the scores at admission prior to EVT and 90 days after EVT (0 - 2 for
favorable clinical outcome and 3 - 6 for unfavorable outcome)?’. Stroke etiology was determined with the Trial
of ORG 10,172 in the Acute Stroke Treatment (TOAST) classification. Recanalization status was defined by the
modified Thrombolysis in Cerebral Infarction (mTICI) score with mTICI 2b - 3 considered as successful.

Imaging acquisition protocols

Shenyang First People’s Hospital was equipped with a 200-mm wide detector (SOMATOM Definition AS,
Siemens Healthcare, Forchheim, Germany). The scanning parameters were as follows: slice thickness 5 mm,
total dose-length product 2886.8 mGy*cm, tube voltage 80 kV, tube current 400 mAs, matrix 512x 512, total
scan time 55.62 s, and detector collimation 128 x 0.625 mm. Contrast was administered intravenously with 70 ml
iodixanol injection (Visipaque 100 ml:32 g(I) GE Healthcare Ireland) at an injection rate of 5 ml/s.

Zhangzhou Affiliated Hospital of Fujian Medical University was equipped with a Revolution CT scanner (GE
Healthcare, Waukesha, WI, USA) with a 160-mm wide detector. The scanning parameters were as follows: CT
dose index volumes ranging 64.11 mGy, tube voltage 80 kV, tube current 120 mAs, total scan time 60s, detector
collimation 256 x 0.625 mm, gantry rotation speed 1s, field of view (FOV) 220 mm x 220 mm. The CTP protocol
involved acquisition of 25 scans, each with 32 images with 5-cm resolution. Reconstructed CTP volumes were
provided within 5 min from the start of scanning. The contrast was 30 - 35mL of iohexol (Iomeron 50 ml:20 g(I)
Bracco Imaging Italia S.r.L.) at a 5 - 6 mL/s injection rate.

Pre- and post-processing of computed tomographic perfusion images

RAPID (Version 7.0, iSchemaView, Menlo Park, CA, United States, https://www.rapidai.com/) is a fully
automated processing software using a delay-insensitive algorithm. RAPID uses a deconvolution algorithm to
construct quantitative perfusion maps such as cerebral blood flow (CBF), cerebral blood volume (CBV), mean
transit time (MTT) and time-to-max (T, , ). RAPID defined the regions with rCBF<30% as ICV and T, __> 6s
regions as PV.

UGuard Stroke Intelligent Stroke Imaging Diagnosis System (Versionl.6, Qianglian Zhichuang (Beijing)
Technology) software automatically identifies locations at the input artery and output vein. It uses the delay
insensitive Block-Circulant SVD deconvolution algorithm to calculate several perfusion function parameters
(CBV, CBE, Tmax, MTT, etc.). The software automatically extracts and compares voxels from the affected
and contralateral brain tissue to calculate rCBE Similar to RAPID, UGuard also sets the threshold values
to rCBF<30% and T___ > 6s. Specifically, during the image preprocessing step, multiple deep convolutional
networks were employed in UGuard to segment the cerebrospinal fluid (ventricles and cisterns), brain
hemorrhage, and distinctive cerebral regions. This facilitates the removal of non-interest areas and the statistical
analysis of perfusion parameter values in different cerebral regions. Due to variable image quality acquired
at multiple centers, adaptive anisotropic filtering networks were used to remove the noise, which achieved a
filtering performance comparable to traditional BM3D filtering algorithm while in a reduced computation time.

In order to automatically locate the artery and vein from images, we trained a deep convolutional model for
artery and vein segmentation using maximum intensity projection images of perfusion sequence data as input,
through which basilar artery (BA), internal carotid artery (ICA), middle artery segment 1 (M1), middle artery
segment 1 (M2), anterior artery segment 1 (A1), anterior artery segment 2 (A2) and cerebral venous sinuses were
segmented. Curve scoring was then used to find the most suitable points on the arterial and venous segments,
for which amplitude, time to peak, curve width, and curve shape were primarily considered in calculating the
curve score.
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Statistical analysis

Continuous variables were described as mean + SD if data were normally distributed, or medians + interquartile
range if the data had a non-normal distribution. Categorical variables are presented as n (%). Categorical variables
were examined using the chi-square test, while continuous variables were checked using the independent ¢ test or
the Mann-Whitney Utest. Two distinct CTP measurements were compared using the Wilcoxon signed rank test.
The Spearman correlation coeflicient, ICC and Bland-Altman analysis were used to determine the correlation
and agreement between CTP measurements. The agreement categories included poor (ICC <0.5), moderate (ICC
0.5 - 0.75), good (ICC 0.75 - 0.9) and strong reliability (ICC > 0.9)!°. Univariable logistic regression and penalized
logistic regression (PLR) were performed between CTP measurements and favorable clinical prognosis, and
odds ratio (OR) and 95% confidence intervals (CIs) were calculated. The area under the curve (AUC) measured
by CTP measurements was calculated using the receiver operating characteristic curve (ROC) and the DeLong
test was performed to compare the predictive abilities of RAPID versus UGuard measurements!!. The above-
mentioned model with the maximum Youden Index was used to determine the sensitivity and specificity. The
categories of subgroups are classified according to the results of LASSO regression and different clinical centers.
Subgroup results presented as forest plots, with P values for interaction for each pair of subgroups. All statistical
differences were based on a two-sided test and p <0.05 was defined as significant. IBM SPSS Statistics 24.0 (SPSS
Inc an IBM Company, Chicago, IL, United States, https://www.ibm.com/products/spss-statistics) and R (R Core
Team v4.1.3; R Foundation for Statistical Computing, Vienna, Austria, https://www.r-project.org/) were used for
statistical analysis.

Results

Clinical characteristics

A total of 175 patients were enrolled for this study. After excluding 9 patients with motion artifact on the images,
6 patients who were lost to follow-up and 1 patient who did not have a preoperative CTP examination after
clinical deterioration, 159 patients who met the inclusion criteria were included in the study. Table 1 summarizes
the baseline characteristics of the study population. Of these, 104 male and 55 female patients were included
respectively, with a mean age of 66.4 +12.9 years old. Based on 90-day mRS scores, 78 patients were categorized
in the favorable outcome group and 81 patients were in unfavorable outcome group. Patient comorbidities
of atrial fibrillation (50.6% vs. 24.4%, P=0.001) and coronary artery disease (14.8% vs. 5.1%, P=0.042) were
more frequent in the unfavorable outcome group than in the favorable group. The median (interquartile range,
IQR) baseline NIHSS score higher in the unfavorable compared to favorable group (16 [12.0-20.5] vs. 10 [7.0-
14.0], P<0.001). There were 122 (76.7%) atherosclerotic stroke, 35 (22%) cardioembolic stroke and 2 (1.3%)

Total (n=159) | Favorable outcome (n=78) | Unfavorable outcome (n=81) | p value
Age (years), mean + SD 66.4+12.9 62.9+13.8 69.7+£10.9 0.001
Male, n (%) 104 (65.4) 55 (70.5) 49 (60.5) 0.184
Hypertension, n (%) 112 (70.4) 51 (65.4) 61 (75.3) 0.170
Diabetes mellitus, n (%) 41 (25.8) 18 (23.0) 23(28.4) 0.443
Hyperlipidemia, n (%) 13 (8.2) 9(11.5) 4(4.9) 0.129
Atrial fibrillation, n (%) 60 (37.7) 19 (24.4) 41 (50.6) 0.001
Coronary artery disease, n (%) 16 (10.0) 4(5.1) 12 (14.8) 0.042
History of stroke, n (%) 43 (27.0) 19 (24.4) 24 (29.6) 0.454
Symptomatic cerebral infarction, n (%) | 29 (18.2) 12 (15.4) 17 (21.0) 0.360
Smoking, n (%) 61 (38.4) 33 (42.3) 28 (34.6) 0.487
Drinking, n (%) 12 (7.5) 5(6.4) 7 (8.6) 0.594
NIHSS on admission, median (IQR) 13 (8.0-18.0) 10 (7.0-14.0) 16 (12.0-20.5) <0.001
NIHSS on discharge, median (IQR) 5(2-12) 2(1-4) 12 (9-17) <0.001
TOAST classification, n (%) 0.045
Large-artery arteriosclerosis 122 (76.7) 66 (84.6) 56 (69.1)
Cardioembolic 35(22.0) 12 (15.4) 23(28.4)
Undetermined 2(1.3) 2(2.5)
Recanalization degree, n (%) 0.003
mTICI 0 4(2.5) 1(1.3) 3(3.7)
mTICI 1 4(2.5) - 4(4.9)
mTICI 2 1(0.6) - 1(1.2)
mTICI2 A 6(3.8) - 6(7.4)
mTICI 2B 27 (17.0) 8(10.3) 19 (23.5)
mTICI2C 14 (8.8) 8(10.3) 6(7.4)
mTICI 3 103 (64.8) 60 (78.2) 43 (51.9)

Table 1. Baseline demographic and clinical characteristics (n=159). IQR, interquartile range; NIHSS, National
Institute of Health Stroke Scale; mTICI, modified thrombolysis in cerebral infarction score.
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undetermined stroke etiologies, and a greater proportion of patients with atherosclerotic stroke were in the
favorable outcome group (P=0.045). After treatment with EVT, successful recanalization was achieved in 144
(90.6%) patients (mTICI 2b, n=27; mTICI 2¢, n=14; mTICI 3, n=103). The final mTICI and clinical outcome
were significantly correlated (P=0.003).

Correlation and agreement of computed tomographic perfusion measurements between
RAPID and UGuard

In estimating core infarct and penumbra volumes, UGuard and RAPID packages showed high-level agreement.
RAPID software perfusion maps from three AIS patients are shown in Supp Fig. 1 with ischemic core (purple)
and penumbra (light green), and UGuard perfusion maps with ischemic core (red) and penumbra (dark green).
The ischemic core volumes were 3 mL, 26 mL and 73 mL respectively with UGuard compared to those of 0 mL,
24 mL and 76 mL with RAPID. Similarly, the penumbra volumes were 57 mL, 179 mL and 140 mL with UGuard
compared to those of 57 mL, 181 mL and 145 mL with RAPID.

The median (IQR) ischemic core volume measured by RAPID was 7 (0-23) mL, and that of UGuard was 12
(3-29) ml. A similar distribution can be seen according to Supp Fig. 2, but the Wilcoxon test showed that these
values were significantly different (P=0.003). The median penumbra volume measured by RAPID and UGuard
were 132 (78-190) mL and 123 (81-174) mL, with no significant difference in the measurement (P=0.078).

The Spearman correlation coefficient for ICV as measured by UGuard and RAPID was 0.82 (P<0.001) and
for PV measurement was 0.84 (P<0.001), both of which suggest strong correlations (Fig. 1A, B).
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Fig. 1. (A) Scatter plot of ischemic core volume measured by RAPID and UGuard. (B) Scatter plot of
penumbra volume measured by RAPID and UGuard. The dotted oblique line represents the reference line
(x=y) (A, B). (C) Bland-Altman plot of ischemic core volume. (D) Bland-Altman plot of penumbra core
volume. Dotted lines represent 95% limits of agreement (C, D).
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Fig. 2. Comparison of ischemic core volume and penumbra volume measured by two software packages
between patients with favorable and unfavorable clinical outcomes after endovascular thrombectomy (EVT).

OR | 95%CI p value
RAPID ICV | 0.97 | 0.96-0.99 | 0.001
UGuard ICV | 0.96 | 0.95-0.98 | <0.001
RAPID PV 0.99 | 0.98-0.99 | <0.001
UGuard PV | 0.99 | 0.98-0.99 | 0.004

Table 2. Univariable logistic regression between CTP measurements and favorable clinical outcome.

The ICC between the ICVs measured by UGuard and RAPID was 0.92 (95% CI0.89-0.94, P<0.001), and ICC
between the PV measurements of the two software packages was 0.8 (95% CI 0.73-0.85, P<0.001). The Bland-
Altman plot (Fig. 1C, D) shows the good to strong agreements of the two software packages’ measurements.

Prognostic value of baseline characteristics and computed tomographic perfusion measurements

The ICV and PV measured by two software packages were significantly greater in patients in the unfavorable
outcome group than those with favorable outcome (P<0.01), as shown in Fig. 2. For RAPID software, the
median (IQR) of ICV in favorable outcome group was 0 (0-10.25) mL, while 13 (1.5-37) mL in unfavorable
outcome patients. The median (IQR) of PVs were 111 (60.25-149) mL in favorable group and 168 (114-214) mL
in unfavorable group. The result of UGuard ICV measurement of favorable outcome group was 6 (2-14.75) mL
and 19 (7.5-46.5) mL in unfavorable outcome group. The PV of favorable outcome group was 105 (76-115.75)
mL compared with 145 (102.5-239) mL in unfavorable group.

Univariable logistic regression analysis was used to analyze the relationship between RAPID and UGuard
CTP measurements and the favorable outcome group. All of the four measured values of ICV and PV were
significantly associated with decreased chance of favorable outcome (Table 2, all P<0.05). ROC analyses were
performed and AUC, 95% CI, Youden index, cutoft value, sensitivity, and specificity are shown in Table 3. ROC
curve of subjects is shown in Fig. 3.

The AUC of ICV for favorable outcome as measured by RAPID was 0.70 (0.62-0.78), with a cut-off value
of 8.5 ml, a Youden index of 0.34, a sensitivity of 73% and a specificity of 61%. The AUC of ICV measured by
UGuard was 0.72 (0.65-0.80) with a cut-off value of 11.5 ml, a Youden index of 0.37, a sensitivity of 67% and a
specificity of 70%; The P value of the Delong test was 0.43, showing that the ICVs measured by the two packages
had no difference in predicting favorable outcome.

The AUC of the PV measured by RAPID was 0.70 (0.62-0.78), with a cut-off value of 146.0 ml, a Youden
index of 0.34, a sensitivity of 76% and a specificity of 58%. The AUC of the PV measured by UGuard was 0.65
(0.56-0.73), with a cut-off value of 123.5 ml, a Youden index of 0.32, a sensitivity of 67% and a specificity of 65%.
The P value of the Delong test was 0.03, indicating that the PVs measured by RAPID had a better predictive
performance than that measured by UGuard.
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AUC | 95%CI pvalue | Youden index | Threshold value | Sensitivity | Specificity | p value
RAPIDICV |0.70 |0.62-0.78 | <0.001 | 0.34 8.5 0.73 0.61 -
UGuard ICV | 0.72 | 0.65-0.80 | <0.001 | 0.37 11.5 0.67 0.70 0.43*
RAPID PV 0.70 |0.62-0.78 | <0.001 |0.34 146.0 0.76 0.58 -
UGuard PV | 0.65 | 0.56-0.73 | 0.002 0.32 123.5 0.67 0.65 0.03

Table 3. ROC analysis regarding favorable outcome. *DeLong test compared with RAPID core volume; t
DeLong test compared with RAPID penumbra volume.
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Fig. 3. Receiver operating characteristic curves for (A) ischemic core volume measured by RAPID and
UGuard (B) penumbra volume measured by RAPID and UGuard.

Multivariable models to predict favorable clinical outcome

Lasso regression with an alpha value of 1 (L1 regularization) was used to select the variables and remove
component multicollinearity between variables. The optimal lambda value, determined through cross-validation,
was 0.453. After using the lambda corresponding to the minimum standard error distancing from mean square
error, gender, age, NIHSS score on admission, atrial fibrillation and mTICI were independent predictors of
favorable clinical outcomes. CTP measurements (ICV or PV) measured by RAPID and UGuard as well as the
above independent predictors were all incorporated to establish 6 predictive models (Table 4). With the increase
of age, the probability of good outcomes decreased significantly. Patients with lower NIHSS score at admission
were more likely to have a favorable outcome. Patients without atrial fibrillation had a higher probability of
favorable outcome than patients with AF. Patients with successful recanalization (mTICI 2b - 3) after EVT were
more likely to have a favorable outcome. In addition, the measurement of two software(RAPID and UGuard)
were all associated with reduction of the probability of favorable outcome.

The ROC curves are shown in Fig. 4. There was no significant difference in AUC between Model 1 and Model
2, Model 3 and Model 4, Model 5 and Model 6 respectively, specificity and sensitivity of Model 2 was 0.83 and
0.72. The results showed that all the six models had good predictive performance and were reliable in predicting
favorable functional outcome of AIS patients after EVT, and the model incorporating the ICV and PV measured
by UGuard software (Model 2) showed the best predictive ability.

Subgroup analysis was conducted in groups with a sample size larger than 30. All P for interactions were
greater than 0.05 throughout stratified subgroups (Supp Fig. 3), demonstrating that there was no interaction
between clinical factors and UGuard measurements in influencing clinical outcomes. Therefore, the results of
our multivariable model were rigorous.

Discussion

This study investigated the agreement and correlation between the RAPID and UGuard softwares in evaluating
ICV and PV by using CTP data and their performance in predicting favorable outcomes following EVT. RAPID is
a reliable software that has been validated extensively in randomized controlled trials®!%!3. In the measurement
of ICV and PV, we found excellent correlation and agreement between the UGuard and RAPID software. In terms
of predicting favorable outcomes, we found that after combining clinical predictors, the performance of UGuard
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Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Predictor (RAPID ICV & PV) | (UGuard ICV & PV) | (RAPID ICV) (UGuard ICV) (RAPID PV) (UGuard PV)
Gender (Male) 0.88 (0.35-2.19) 0.97 (0.39-2.44) 0.81 (0.35-1.90) | 0.87 (0.37-2.05) | 0.99 (0.42-2.37) | 0.90 (0.39-2.08)
Age (OR per year) 0.96* (0.92-0.99) 0.96* (0.92-0.99) 0.96* (0.93-0.99) | 0.96* (0.93-0.99) | 0.96* (0.93-1.00) | 0.96* (0.93-0.99)
Atrial fibrillation 0.38% (0.16-0.90) 0.38* (0.16-0.92) 0.41* (0.18-0.91) | 0.45 (0.20-1.02) | 0.43* (0.18-0.98) | 0.43* (0.19-0.96)

NIHSS on admission (OR per point)

0.89% (0.83-0.96)

0.89* (0.83-0.96)

0.90* (0.84-0.96)

0.90* (0.84-0.96)

0.89% (0.83-0.95)

0.88% (0.83-0.93)

mTICI (2b - 3)

19.36* (2.12-176.99)

23.02* (2.40-220.46)

19.62*
(2.21-174.52)

19.19*
(2.11-174.37)

22.65*
(2.32-220.60)

19.25%
(2.11-175.73)

RAPID core volume

0.98% (0.96-0.99)

0.98% (0.97-0.99)

RAPID penumbra volume

0.99% (0.99-1.00)

0.99% (0.98-0.99)

UGuard core volume

0.99* (0.97-0.99)

0.98* (0.96-0.99)

UGuard penumbra volume

0.99* (0.98-0.99)

0.99 (0.99-1.00)

Model statistics

AUC (95% CI)

0.86 (0.81-0.92)

0.87 (0.82-0.93)

0.82 (0.76-0.89)

0.83 (0.77-0.89)

0.83 (0.77-0.89)

0.82 (0.75-0.88)

Youden Index 0.54 0.58 0.54 0.52 0.53 0.47
Sensitivity 0.75 0.72 0.78 0.88 0.74 0.69
Specificity 0.77 0.83 0.75 0.64 0.79 0.78
DeLong test p value compared with model 1 | - 0.49 0.32 0.54 0.25 0.07
DeLong test p value compared with model 2 | - - 0.46 0.73 0.92 0.27
DeLong test p value compared with model 3 | — - - 0.39 0.69 0.52
DeLong test p value compared with model 4 | - - - - 0.95 0.28
DeLong test p value compared with model 5 | - - - - - 0.19

Table 4. Six multivariable models to predict favorable clinical outcome. *OR significantly different from 1
(p<0.05).

was comparable to that of RAPID. Our study suggests that the UGuard software package is an alternative tool for
analyzing ischemic CTP data with reliable predictive ability of favorable prognosis in AIS patients receiving EVT.

According to a previous study, RAPID software may underestimate the ICV in patients who receive
intravenous iodine contrast injections as opposed to contrast-naive patients, particularly during early time
window!?. All patients in our study received intravenous iodine contrast during CTP examination, which may
have amplified the underestimation of ICV by RAPID. Koopman et al.!> compared RAPID with syngo.via’
software. The study showed syngo.via™ software similarly yielded significantly larger ICV measurements when
compared to RAPID. Taken together, these may help to account for the difference of ICV measured by RAPID
vs. UGuard in this study.

Our study showed significant differences in the measurements of ICV and PV between favorable and
unfavorable outcome groups after EVT, and univariable logistic regression showed that larger ICVs and PVs
were significantly associated with decreased occurrence of favorable outcome after EVT. A number of studies
suggested that functional outcomes after EVT are associated with ischemic core volume, which conversely
does not modify the treatment benefit of EVT!®-!8, In this regard, penumbral imaging may have its benefits
by predicting functional improvement and independence after EVT!*?°. Our findings indicated that the ICV
measured by UGuard had similar performance with RAPID in predicting favorable outcome, with UGuard
having a higher specificity.

The phenomena of ghost infarct core (GIC) has been proposed in a number of studies*""??, implying that
clinical decision should not be solely based on CTP-determined core volume, but also take into account clinical
factors. As a result in this study, we developed multivariable logistic regression models in both software packages
to investigate the association between CTP measurements and clinical prognosis. We employed penalized logistic
regression (PLR) method, which uses L1 regularized LASSO regression to select variables before multivariable
logistic regression, and to remove component covariance to generate a more accurate model. Our multivariable
models that utilized the ICV measured by UGuard, and the model used the RAPID measurements had similar
performance in predicting favorable clinical outcome, as did the models that used the PV output from two
softwares. Also, the models incorporating the ICV and PV measurment showed similar performance and the
UGuard software model showed the best predicting performance. These results imply that a combined model
incorporating clinical factors and CTP measurements can be instrumental in predicting functional outcome and
guide therapy selection?’.

Our study has limitations. First, because this is a retrospective study, we missed to collect some certain
variables for baseline comparisons, e.g., time metrics such as onset-to-door time and onset-to-recanalization
time which may help to explain the discrepancy of ICV measurements between RAPID and UGuard. However,
this variability may be an advantage for the extrapolation of the results. Secondly, we did not compare with
DWI-quantified core volume, which has been deemed as “gold standard”. However, since CT-based technology
including CTP, instead of MRI, have been widely used in acute ischemic stroke patient assessment?42°, the direct
comparison between UGuard and RAPID may have more practical significance. In addition, DWT image after
the procedure may not be a good reference for comparison, since it is substantially dependent on the status of
recanalization. Thirdly, most patients in our study had small infarct core volume. As our study was conducted
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Fig. 4. Receiver operating characteristic curves of the 6 different multivariable models. Model 1 with RAPID
core volume and penumbra volume, Model 2 with UGuard core volume and penumbra volume, Model 3 with
RAPID core volume, Model 4 with UGuard core volume, Model 5 with RAPID penumbra volume, Model 6
with UGuard penumbra volume.

before publication of the large ischemic core trials»*%%, it is not known how the comparison between UGuard
and RAPID will perform in patients with larger ischemic core infarct who receives EVT. At last, our study
focused on evaluating the consistency between UGuard and RAPID in the agreement and correlation of ICV
and PV measurement, future studies should explore the potential advantages of UGuard in terms of diagnostic
accuracy, processing time, and clinical relevance. Such investigations could provide a more comprehensive
understanding of UGuard’s performance and its potential benefits over existing tools. Our study did not collect
data on infarct-associated seizures, intravenous thrombolysis, anatomical variants, brain tumors, or procedural
details (e.g., thrombectomy duration, stent retriever passes, intra-arterial thrombolysis, stent placement, or
residual stenosis). Additionally, we did not correlate the measurement of two softwares (RAPID and UGuard)
with the mTICI score. While these factors were beyond the scope of our investigation, future studies should
incorporate them to provide a more comprehensive understanding of their impact on perfusion analysis,
thrombectomy outcomes, and alignment with clinical standards.

In conclusion, the UGuard software demonstrated good correlation with the RAPID software in the
evaluation of ischemic core volume and penumbra volume in acute ischemic stroke patients undergoing EVT.
The results of our study suggest that UGuard may serve as an alternative in the automated CTP assessment of
acute ischemic stroke patients who are considered for EVT.
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Data availability
The datasets generated and analyzed for the present study will be available from the corresponding author on
reasonable request.

Software information

UGuard software is developed by Qianglian Zhichuang (Beijing) Technology, and is not publicly available due
to commercial licensing restrictions. For further information or inquiries regarding the software, please contact
the corresponding author.

Received: 9 September 2024; Accepted: 27 March 2025
Published online: 15 April 2025

References

1.

Goyal, M. et al. Randomized assessment of rapid endovascular treatment of ischemic stroke. N Engl. J. Med. 372, 1019-1030
(2015).

2. Jovin, T. G. et al. Thrombectomy within 8 hours after symptom onset in ischemic stroke. N Engl. J. Med. 372, 2296-2306 (2015).

3. Campbell, B. C. et al. Endovascular therapy for ischemic stroke with perfusion-imaging selection. N Engl. J. Med. 372, 1009-1018
(2015).

4. Li, Q. et al. Mechanical thrombectomy for large ischemic stroke: A systematic review and meta-analysis. Neurology (2023).

5. Bivard, A. et al. Perfusion computed tomography to assist decision making for stroke thrombolysis. Brain 138, 1919-1931 (2015).

6. Czap, A. L. & Sheth, S. A. Overview of imaging modalities in stroke. Neurology 97, $42-s51 (2021).

7. Murray, N. M., Unberath, M., Hager, G. D. & Hui, E. K. Artificial intelligence to diagnose ischemic stroke and identify large vessel
occlusions: A systematic review. J. Neurointerv Surg. 12, 156-164 (2020).

8. Albers, G. W. et al. Thrombectomy for stroke at 6 to 16 hours with selection by perfusion imaging. N Engl. J. Med. 378, 708-718
(2018).

9. Nogueira, R. G. et al. Thrombectomy 6 to 24 hours after stroke with a mismatch between deficit and infarct. N. Engl. J. Med. 378,
11-21 (2018).

10. Koo, T. K. & Li, M. Y. A guideline of selecting and reporting intraclass correlation coefficients for reliability research. J. Chiropr.
Med. 15, 155-163 (2016).

11. DeLong, E. R., DeLong, D. M. & Clarke-Pearson, D. L. Comparing the areas under two or more correlated receiver operating
characteristic curves: A nonparametric approach. Biometrics 44, 837-845 (1988).

12. Straka, M., Albers, G. W. & Bammer, R. Real-time diffusion-perfusion mismatch analysis in acute stroke. . Magn. Reson. Imaging
32,1024-1037 (2010).

13. Campbell, B. C. et al. A multicenter, randomized, controlled study to investigate extending the time for thrombolysis in emergency
neurological deficits with intra-arterial therapy (extend-ia). Int. J. Stroke. 9, 126-132 (2014).

14. Copelan, A. Z. et al. Recent administration of iodinated contrast renders core infarct estimation inaccurate using rapid software.
AJNR Am. ]. Neuroradiol. 41, 2235-2242 (2020).

15. Koopman, M. S. et al. Comparison of three commonly used Ct perfusion software packages in patients with acute ischemic stroke.
J. Neurointerv Surg. 11, 1249-1256 (2019).

16. Chen, C. etal. Exploring the relationship between ischemic core volume and clinical outcomes after thrombectomy or thrombolysis.
Neurology 93, 283-€292 (2019).

17. Turk, A. et al. Ct perfusion-guided patient selection for endovascular treatment of acute ischemic stroke is safe and effective. J.
Neurointerv Surg. 4, 261-265 (2012).

18. Campbell, B. C. V. et al. Penumbral imaging and functional outcome in patients with anterior circulation ischaemic stroke treated
with endovascular thrombectomy versus medical therapy: A meta-analysis of individual patient-level data. Lancet Neurol. 18,
46-55 (2019).

19. Wannamaker, R. et al. Computed tomographic perfusion predicts poor outcomes in a randomized trial of endovascular therapy.
Stroke 49, 1426-1433 (2018).

20. Chen, C. et al. Influence of penumbral reperfusion on clinical outcome depends on baseline ischemic core volume. Stroke 48,
2739-2745 (2017).

21. Boned, S. et al. Admission Ct perfusion may overestimate initial infarct core: The ghost infarct core concept. J. Neurointerv Surg. 9,
66-69 (2017).

22. Ballout, A. A, Oh, S. Y., Huang, B., Patsalides, A. & Libman, R. B. Ghost infarct core: A systematic review of the frequency,
magnitude, and variables of Ct perfusion overestimation. J. Neuroimaging (2023).

23. Seker, E. et al. Reperfusion without functional independence in late presentation of stroke with large vessel occlusion. Stroke 53,
3594-3604 (2022).

24. Nguyen, T. N. et al. Noncontrast computed tomography vs computed tomography perfusion or magnetic resonance imaging
selection in late presentation of stroke with large-vessel occlusion. JAMA Neurol. 79, 22-31 (2022).

25. Klein, P. et al. Specialist perspectives on the imaging selection of large vessel occlusion in the late window. Clin. Neuroradiol. 1-11
(2023).

26. Huo, X. et al. Trial of endovascular therapy for acute ischemic stroke with large infarct. N Engl. J. Med. 388, 1272-1283 (2023).

27. Sarraj, A. et al. Trial of endovascular thrombectomy for large ischemic strokes. N Engl. J. Med. 388, 1259-1271 (2023).

Acknowledgements

We thank Drs. Guanggiang Geng and Tong Lu for source imaging processing.

Author contributions
Y.S. and Y.W. conceived and supervised the study. D.C., W.C,, Y.C., X.B.,, B.D,, Y.Z. and T.Q. conducted the
data analysis. D.C., W.C., YW. and Y.S. completed the first draft. All authors completed critical revisions and

approved the final draft.
Funding
The study was supported by grants to Dr. Yi Sui from Shenyang Science and Technology Bureau (#22-321-33-55,
#1.230149 & #1190082).
Scientific Reports|  (2025) 15:12907 | https://doi.org/10.1038/s41598-025-96340-9 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Declarations

Competing interests
Thanh N Nguyen discloses advisory board for Idorsia. Dr. Yi Sui received speaker honoraria from Medtronic
and Boehringer-Ingelheim. All other authors report no conflicts.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-96340-9.

Correspondence and requests for materials should be addressed to Y.W. or Y.S.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommo
ns.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

Scientific Reports |

(2025) 15:12907 | https://doi.org/10.1038/s41598-025-96340-9 nature portfolio


https://doi.org/10.1038/s41598-025-96340-9
https://doi.org/10.1038/s41598-025-96340-9
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Validation of a novel CT perfusion software compared to RAPID in stroke patients receiving endovascular therapy
	﻿Methods
	﻿Patients
	﻿Ethical approval and consent to participate
	﻿Clinical assessment
	﻿Imaging acquisition protocols
	﻿Pre- and post-processing of computed tomographic perfusion images
	﻿Statistical analysis

	﻿Results
	﻿Clinical characteristics
	﻿Correlation and agreement of computed tomographic perfusion measurements between RAPID and UGuard
	﻿Prognostic value of baseline characteristics and computed tomographic perfusion measurements
	﻿Multivariable models to predict favorable clinical outcome


	﻿Discussion
	﻿References


