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Background: The combination of computed tomography angiography (CTA) and computed tomography 
perfusion (CTP) evaluation of cerebral perfusion status and vascular conditions can improve the diagnostic 
accuracy of infarction, ischemia, and vascular occlusion in stroke patients, as well as a comprehensive 
assessment of cerebral edema, collateral circulation, and blood perfusion in the lesion area. However, the 
consequent radiation safety and contrast agent nephropathy have aroused increasing concern. The purpose 
of this study was to assess the image quality and diagnostic accuracy of CTA images derived from CTP data, 
and to explore the feasibility of replacing conventional CTA.
Methods: A total of 31 consecutive patients with suspected acute ischemic stroke were retrospectively 
analyzed. All patients underwent head and neck CTA and brain CTP examinations. All the CTP images were 
transmitted to the ShuKun artificial intelligence system, which reconstructs CTA derived from CTP (CTA-
DF-CTP). The images were divided into 2 groups, including CTA-DF-CTP (Group A) and conventional 
CTA (Group B). The CT attenuation values, subjective image noise, signal-to-noise ratio (SNR), contrast-
to-noise ratio (CNR), image quality, CT volume dose index (CTDIvol), dose length product (DLP), and 
effective radiation dose (ED) were compared between the 2 groups. Moreover, the consistency of vascular 
stenosis and stenosis degree between the 2 groups were measured and evaluated.
Results: There were no significant differences in image noise, SNR, or CNR between Groups A and B 
(P>0.05). The CT attenuation values of the arteries were higher in Group A than in B [internal carotid 
artery (ICA) =548±112 vs. 454±85 Hounsfield units (HU), middle cerebral artery (MCA) =453±118 vs.  
388±70 HU, and basilar artery (BA) =431±99 vs. 360±83 HU] (P<0.01). The image quality of the 2 groups 
met the requirement of clinical diagnosis (4.97±0.18 vs. 4.94±0.25). No significant difference was found in 
subjective evaluation (P>0.05). In Group A compared with Group B, the following reductions were observed: 
CTDIvol (10.7%; 100.8 vs. 112.9 mGy), DLP (23.0%; 1,613±0 vs. 2,093±88 mGy·cm), and ED (23.0%; 
5.00±0.00 vs. 6.49±0.27 mSv).
Conclusions: CTA-DF-CTP data provide diagnostic accuracy and image quality similar to those of 
conventional CTA of head and neck CTA.
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Introduction

Ischemic stroke is the most common form of stroke 
and is characterized by brain tissue damage caused by 
occlusion of cerebral arteries and cerebral circulation  
insufficiency (1). Ischemic stroke is considered one of the 
major fatal diseases in the world, with high morbidity, 
mortality, disability, and recurrence rates (2). Clinical 
studies have shown that intravenous thrombolytic therapy 
within 4.5 hours or mechanical thrombectomy within 
6 hours of the onset of stroke can reduce the scope of 
cerebral infarction and greatly reduce complications (2,3). 
Therefore, early detection, early diagnosis, and targeted 
treatment are of great significance to rescue patients’ lives 
and restore their normal functions.

Cerebral computed tomography (CT) angiography 
(CTA) is the standard method for the evaluation of vascular 
stenosis in the diagnosis of acute stroke, which can detect 
vascular occlusive thrombi, atherosclerotic plaques, or 
vascular malformations (4). CT perfusion (CTP) can reflect 
changes in the perfusion volume of organs on the time 
axis, which can not only evaluate the penumbra and infarct 
core volume of cerebral ischemic stroke patients, but also 
quantitatively evaluate tertiary cerebral collateral circulation 
from the perfusion level (5). Several studies have reported 
that the multimodal CT evaluation of cerebral perfusion 
status and vascular conditions, such as the combination 
of unenhanced CT with CTP and CTA, can improve the 
diagnostic accuracy of infarction, ischemia, and vascular 
occlusion in stroke patients (6,7), as well as a comprehensive 
assessment of cerebral edema, collateral circulation, 
and blood perfusion in the lesion area (5). However, the 
consequent radiation safety and contrast agent nephropathy 
have aroused increasing concern (8,9).

Previous studies have demonstrated that CTA can 
be derived from CTP data (10). CTP images and data 
also contain information about the vasculature. This 
information is extracted and presented as a dynamic 
angiography sequence, referred to as dynamic CTA or 
4-dimensional (4D)-CTA. In addition, a high-quality 
3-dimensional (3D)-CTA dataset can be reconstructed 
from the 4D-CTA data by showing the maximum contrast 
enhancement over time during the CTP process (10). 

Provided that the images of CTA derived from CTP 

(CTA-DF-CTP) have excellent image quality, the CTA 
scan can be omitted. This method can reduce the radiation 
dose and contrast agent iodine intake by reducing the 
total scan time and iodine contrast agent injection volume, 
which can improve the safety of patients.

In this study, we aimed to evaluate the image quality and 
diagnostic performance of CTA-DF-CTP and to explore 
the feasibility of replacing conventional CTA with this 
technology.

Methods

Population

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the institutional ethics committee board of 
The Second Affiliated Hospital of Soochow University and 
informed consent was provided by all participants.

A total of 31 patients from December 2021 to February 
2022 who were clinically suspected of having cerebral 
vascular disease were enrolled in the study. The exclusion 
criteria were as follows: iodine contrast agent allergy, 
surgical history of stent implantation and aneurysm 
clipping or embolization, motion artifacts, or severe heart, 
liver, and renal insufficiency. All 31 patients (23 males and  
8 females) had undergone head and neck CTA and CTP 
and were distributed into Group A (n=31; CTA-DF-CTP) 
and Group B (n=31; conventional CTA). The average age 
was 67.07±13.42 years, ranging from 31 to 91 years.

CTA and CTP protocol

All participants underwent a CTP and conventional CTA 
examination. The imaging studies were performed using 
a 256-multidetector CT system (Brilliance iCT, Philips 
Healthcare, Cleveland, OH, USA). For the CTP scan,  
40 mL of contrast material (370 mg iodine/mL; Ultravist 
370, Bayer Schering Pharma, Berlin, Germany) was injected 
into the cubital vein using an 18 G needle at a rate of  
5 mL/s followed by a 30 mL saline flush at a rate of  
5 mL/s using a high-pressure syringe (MissouriXD2001, 
Ulrich, Ulm, Germany). The CTP scanning was performed 
with the toggling table technique (Jog mode) during a 
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total scanning time of 56 seconds and the parameters were  
80 kVp, 180 mAs, 128×0.625 mm collimation, and  
512×512 matrix. The CTP scanning was executed  
4 seconds after the initiation of contrast medium injection, 
the scanning interval was 4 seconds for each circle, and a 
total of 14 scans were performed, with the scanning range 
of 160 mm from the skull base to the vertex, consisting 
of 32 slices at 5 mm thickness (total of 448 images). For 
CTA, another 40 mL of contrast material was injected at a 
rate of 5 mL/s, followed by 30 mL saline flush at a rate of  
5 mL/s. The CTA scanning parameters were 100 kVp, 
150 mAs, 128×0.625 mm collimation, 512×512 matrix, 
0.9 mm slice thickness, and the scanning range of  
373±22 mm from the aortic arch to the vertex. The 
start time of data acquisition was determined with 
a computer-assisted bolus-tracing program (Bolus 
Tracking; Philips Healthcare) with a trigger threshold of  
120 Hounsfield units (HU) in the aortic arch, and data 
acquisition started 2.5 seconds after triggering. Volume 
rendering (VR) and conventional maximum intensity 
projection (MIP) postprocessing were performed on a 
multimodality workstation (Philips Medical Systems, 
Philips Healthcare, Best, The Netherlands) or an artificial 
intelligence reconstruction system (ShuKun application, 
Beijing, China) for each patient.

CTA-DF-CTP reconstruction

The ShuKun artificial intelligence reconstruction system 
was used to reconstruct CTA images derived from CTP. 
CTA-DF-CTP consists of 160 slices at 1 mm thickness. 
The algorithm of CTA-DF-CTP mainly includes 2 parts: 
single CTP phase selection and CTA reconstruction. CTA-
DF-CTP of ShuKun application is based on the imaging 
principle of CTP, in which the CT value of brain tissue will 
gradually rise to the peak value and then gradually decline 
to the bolus tail with time after the injection of contrast 
agent. First, the anterior cerebral artery (ACA), middle 
cerebral artery (MCA), and basilar artery (BA) in CTP 
images were segmented using a deep learning algorithm 
to obtain the corresponding arterial vessels. Then, the 
time-density curve (TDC) of each arterial point pair was 
analyzed, the characteristics of the line curve were analyzed 
combined with clinical knowledge, and only 1 TDC was 
selected for the next perfusion process. The TDC selected 
was also used to select the single CTP phase to reconstruct 
CTA. The single CTP phase with the highest CT value 
in the TDC was selected. The reconstruction algorithm 

comprised almost the same process of standard CTA images, 
which is first vessel segmentation using deep learning to 
obtain a cerebral vascular mask on the selected CTP single 
phase images. Although the image quality of CTP is always 
lower than that of standard CTA images, the deep learning 
algorithm can deal with this segmentation task well. The 
VR algorithm in CTA can be processed on these masks. 
Then, some centerline extraction and vessel name identify 
methods were applied to generate curve planar reformation 
(CPR) images. Conventional MIP postprocessing was 
applied to generate MIP images.

Objective image quality evaluation

A professional radiologist with 5 years of CTA experience 
measured and compared 2 sets of CTA images. Vascular 
attenuation (HU) was measured with a circular region of 
interest (ROI), placed in the center of the vessels at the 
following sites: bilateral internal carotid artery (ICA), 
bilateral MCA, M1 segment, and BA. All ROIs (range,  
3–7 mm2) were placed in the enhanced lumen of the vessels, 
avoiding inclusion of other structures such as the edges 
of vessels, atherosclerotic plaques, and calcifications. The 
background signal was measured with a circular ROI (range, 
5–10 mm2), which was placed at the bilateral temporal 
muscle at the same slice as the artery. The standard 
deviation (SD) of vascular attenuation was deemed image 
noise. The signal-to-noise ratio (SNR) and contrast-to-
noise ratio (CNR) were calculated for all patients based on 
the following formulas: SNR = HUvessel/SDvessel and CNR = 
(HUvessel − HUmuscle)/SDvessel (8,11). Target areas were made 
as consistent as possible in the same level of the 2 groups  
of CTA.

Partial head and neck arteries were selected for each 
patient: bilateral external carotid artery (ECA), bilateral 
ICA, and bilateral vertebral artery (VA). The stenosis rate of 
the vessels was evaluated for all patients using the following 
formulas: stenosis rate = (1 − Ds/Dn) × 100%, where Ds 
= the diameter of the artery at the site of the most severe 
stenosis and Dn = the diameter of the distal normal artery 
(12,13). In the present study, 186 eligible vascular locations 
were included in Group A and Group B.

Subjective image quality evaluation

All  CT images were independently assessed by 2 
professional radiologists with 5 years of experience in 
CTA. CTA image quality was assessed on a 5-point 
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scale according to image noise, artefact, sharpness, and  
contrast (14). The scoring criteria were as follows: 5, 
excellent, neither noise nor artefacts, images with clear and 
sharp edges, high and homogenous contrast in the lumen; 
4, good, low noise, minimal artefacts and blurred edges, 
good and homogenous contrast; 3, fair, mild graininess or 
streak artefacts and blurred edges, slightly heterogeneous 
contrast; 2, poor increased graininess or streak artefacts and 
blurred edges, heterogeneous contrast, limited diagnostic 
confidence; 1, unacceptable, obvious graininess or streak 
artefacts and blurred edges, poor contrast, no diagnostic 
confidence. Image quality was considered diagnostic at 
scores from 3 to 5 and non-diagnostic at a score of 1 and 
2. In cases where there was disagreement between the 2 
radiologists, the score was determined by consensus.

Radiation dose analysis

The CT volume dose index (CTDIvol) and the dose length 
product (DLP) were used to estimate the radiation dose. The 
CTDIvol and DLP of each patient were recorded according 
to the dose report generated by scanner machine. The 
effective radiation dose (ED) was calculated based on the 
formula ED = DLP × k, where k is the conversion coefficient, 
and the value of k in head and neck CTA is 0.0031 (15).

Statistical analysis

Data were analyzed using the software SPSS 26.0 (IBM 
Corp., Armonk, NY, USA). The results were presented as 
the mean ± SD. The paired-samples t-test was performed 
to analyze differences in objective image quality (vascular 
attenuation, image noise, SNR, and CNR) between Groups 
A and B. The Mann-Whitney U test was used to compare 
image quality scores. The kappa statistic was used to 

assess inter-reader agreement in the evaluation of image 
quality scores in Group A and Group B. Bland-Altman 
analysis was used to assess agreement in the evaluation 
of the vascular stenosis rate of Groups A and B. A Bland-
Altman scatter plot was drawn to analyze the consistency 
of the diagnostic vascular stenosis rate in Group A and 
Group B. The stenosis rate measured on the CTA-DF-
CTP image was taken as the standard measurement value, 
which was taken as the X-axis, and the difference between 
the stenosis rate measured in Groups A and B was taken as 
the Y-axis. The limit of agreement (LOA) was the median 
of the difference (M) ± 1.96 SD. The consistency of the two 
image measurement methods under different bounds was 
evaluated by the proportion of boundary points.

Results

Objective image quality

There were no significant differences in image noise, SNR, 
or CNR between the 2 groups (P>0.05) (Table 1); however, 
the mean vascular attenuation of Group A was higher than 
that of Group B (P<0.01) (Table 2). Among 186 arteries 
examined in 31 patients, 43 vessels were diagnosed with 
varying degrees of stenosis in both Group A and Group B. 
Bland-Altman analysis showed good consistency between 
CTA-DF-CTP and conventional CTA in the diagnosis of 
head and neck artery stenosis rate [95% confidence interval 
(CI): −5.44, 4.99] (Figures 1-3).

Subjective image quality

The image quality of both groups met the requirements of 
clinical diagnosis, and the difference was not statistically 
significant (4.97±0.18 vs. 4.94±0.25) points, Z=−1.414, 

Table 1 Results of objective image quality analysis

Group
SNR CNR

ICA MCA BA ICA MCA BA

A (n=31), mean ± standard deviation 31±22 16±13 12±9 29±21 14±12 11±8

B (n=31), mean ± standard deviation 34±28 16±14 14±14 30±25 14±12 12±12

t value −0.647 −0.281 −1.010 −0.317 −0.187 0.432

P value 0.520 0.779 0.321 0.752 0.852 0.796

A, CTA-DF-CTP; B, conventional CTA. SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio; ICA, internal carotid artery; MCA, middle 
cerebral artery; BA, basilar artery; CTA-DF-CTP, computed tomography angiography derived from computed tomography perfusion; CTA, 
computed tomography angiography. 
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P>0.05). There was good agreement between the 2 
radiologists in image quality evaluation (kappa value: 0.652, 
P<0.05) (Figures 4,5).

Radiation dose

The CTDIvol, DLP, and ED of the CTP scan were 

approx imate ly  100 .8  mGy,  1 ,613  mGy·cm,  and  
5.00 mSv, respectively. The CTDIvol, DLP, and ED 
of CTA combined with CTP scans were 112.9 mGy,  
2,093±88 mGy·cm, and 6.49±0.27 mSv, respectively. 
Compared with Group B, Group A had 1 fewer CTA scan, 
and the CTDIvol, DLP, and ED were reduced by 10.7%, 
23.0%, and 23.0%, respectively.

Discussion

In this study, we used CTA-DF-CTP to conduct a 
comprehensive subjective and objective evaluation of the 
head and neck from the proximal large vessels such as the 
ICA to the intracranial branch of the MCA and analyzed 
the stenosis and occlusion of important vessels of the 
head and neck. Our study found that the quality of CTA 
images extracted by this method was excellent and the 
diagnostic efficiency of head and neck artery stenosis was 
good. Therefore, the CTA scan can be omitted so that 
patients can reduce the radiation dose and iodine contrast 
agent injection, which has important clinical implications 
especially for patients with renal insufficiency. Since 
conventional CTA is performed at a moment in time, 
vessels will not be visible if the contrast material has not yet 
arrived at the time of acquisition. CTA-DF-CTP displays 
the maximum contrast during the total time of the CTP 
acquisition. Therefore, it is less susceptible to blurred 
vascular display resulting from changes in cardiac output or 
early or delayed arrival due to vascular pathology (16-18).

The present study showed that there were no significant 
differences in noise, SNR, or CNR between CTA-DF-
CTP and conventional CTA, but the vascular attenuation of 
CTA-DF-CTP was higher than that of conventional CTA. 
The reason for this discrepancy may be that CTA-DF-CTP 
shows the highest CT value during the total time of CTP 

Table 2 Results of objective image quality analysis

Group
Attention (HU) Noise (HU)

ICA MCA BA ICA MCA BA

A (n=31), mean ± standard deviation 548±112 453±118 431±99 25±16 45±28 47±21

B (n=31), mean ± standard deviation 454±85 388±70 360±83 33±85 39±27 44±27

t value −5.952 4.818 4.214 −7.345 1.896 0.741

P value <0.01 <0.01 <0.01 0.466 0.063 0.465

A, CTA-DF-CTP; B, conventional CTA. HU, Hounsfield units; ICA, internal carotid artery; MCA, middle cerebral artery; BA, basilar 
artery; CTA-DF-CTP, computed tomography angiography derived from computed tomography perfusion; CTA, computed tomography 
angiography.

Figure 1 Bland-Altman analysis of arterial stenosis rate. Bland-
Altman scatter plot of the diagnostic consistency of the vascular 
stenosis rate in CTA-DF-CTP and CTA images (n=31). Only 2 
cases were outside the consistency limit, and the proportion of data 
points outside the consistency limit was less than 5%. The two 
groups of images had good consistency in the diagnosis of arterial 
stenosis. SD, standard deviation; CTA-DF-CTP, CTA derived 
from CTP; CTA, computed tomography angiography; CTP, 
computed tomography perfusion. 
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A B

C D

Figure 2 CTA-DF-CTP (A,C) and conventional CTA (B,D) images in a 59-year-old male patient with right middle cerebral artery 
obstruction. Occlusion of the vessels (red arrows) was detected on both CTA techniques. The slab thickness of MIP was 25 mm. Window 
settings were kept constant for better comparability (width 1,000 HU, level 300 HU). CTA-DF-CTP, CTA derived from CTP; CTA, 
computed tomography angiography; CTP, computed tomography perfusion; MIP, maximum intensity projection; HU, Hounsfield units.

acquisition. At the same time, the 2 groups of images had 
excellent consistency in the diagnosis of vascular stenosis 
rate. The image quality of CTA-DF-CTP is good enough 
to provide diagnostic accuracy for the detection of arterial 
stenosis and occlusion. Therefore, it was unnecessary 
to perform a separate CTA acquisition of the brain. In 
addition, for some patients with CTA combined with CTP 
examination, CTA-DF-CTP can be used to compensate for 
the failure of CTA scans caused by large image artefacts due 
to poor patient cooperation or other reasons.

In recent years, with the wide application of CTA, 
the radiation dose and contrast-induced nephropathy 
related to CTA examination have attracted great attention 
from researchers (19,20). In light of the guideline 
recommendations, CTP is increasingly used in the 
selection of patients with clinically suspected stroke (21). 

The American Heart Association (AHA) stroke guidelines 
specifically recommend CTP imaging to select stroke 

patients for endovascular therapy in the 6–24-hour time 
window and do not recommend the use of CTP imaging 
in the early time-window (22). However, the current view 
of some scholars is that the success of endovascular therapy 
depends on whether patients with significant cerebral 
tissue at risk can be rescued by reperfusion, irrespective 
of the strict time window (23). Alexandre et al. found that 
CTP can also be used for large vessels occlusion treated 
beyond 6 hours from symptom onset (24). However, CTA 
combined with CTP results in more radiation doses and 
more contrast agents that expose patients to a higher risk 
of renal insufficiency. From our study, we can see that 
if the patient could avoid surplus CTA examination and 
receive less iodine contrast agent injection, the ED could 
be decreased by 23.0%, provided that the image quality 
was guaranteed. CTP protocols vary in different medical 
CT manufacturers and institutions. In our study, the whole 
brain CTP scanning covered 160 mm from the skull base 
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A B

C D

Figure 3 CTA-DF-CTP (A,C) and conventional CTA (B,D) images in a 69-year-old male patient with left internal carotid artery 
stenosis. Severe stenosis of the vessels (red arrows) was detected on both CTA techniques. Window settings were kept constant for better 
comparability (width 1,000 HU, level 300 HU). CTA-DF-CTP, CTA derived from CTP; CTA, computed tomography angiography; CTP, 
computed tomography perfusion; HU, Hounsfield units.

Figure 4 CTA images of a 31-year-old male patient without cerebral artery stenosis or occlusion. (A-D) CTA-DF-CTP images of the bilateral 
ICA, BA, and bilateral MCA. (E-H) Conventional CTA images of the bilateral ICA, BA and bilateral MCA. Window settings were kept constant 
for better comparability (width 1,000 HU, level 300 HU). CTA, computed tomography angiography; CTA-DF-CTP, CTA derived from CTP; 
CTP, computed tomography perfusion; ICA, internal carotid artery; BA, basilar artery; MCA, middle cerebral artery; HU, Hounsfield units.
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to the vertex. Some investigations and medical institutions 
report a coverage of 80–100 mm, in which more radiation 
dose can be reduced, but the information related to the 
reduced scan range is lost in the CTA-DF-CTP.

To date, with the development of image post-processing 
technology and artificial intelligence, few studies on CTA-
DF-CTP have been reported. The use of anatomical 
information derived from the CTP data had previously 
been described to assess collateral scores, clot burden, 
and retrograde filling of vessels (17,25,26). Smit et al. 
reported that temporally filtered time maximum intensity 
projection (tMIP) CTA data have excellent image quality 
that is superior to conventional CTA (10). Smit et al. 
confirmed the diagnostic accuracy for the detection of 
artery occlusions of time-invariant CTA-DF-CTP in 
acute stroke (16). Frölich et al. validated the use of CTA-
DF-CTP in proximal local vascular occlusion, such as 
the ICA, BA, and MCA-M1 segment (25). Limaye et al. 
also demonstrated that CTA-DF-CTP shows excellent 
correlation in terms of identifying the presence or absence 
of occlusion of MCA-M2 (26). Verdolotti et al. reported 

that a new semi-automatic post-processing software allows 
a simpler and more immediate evaluation of collateral 
circulation during stroke (27). As these studies mainly 
focused on the subjective evaluation of CTA-DF-CTP 
and the diagnostic accuracy of local vascular occlusion, 
without evaluating image quality from objective evaluation 
indicators such as CT value, noise, SNR, and CNR, 
nor quantitative evaluation of the vascular stenosis rate, 
the quantitative evaluation of diagnostic efficacy and 
performance was insufficient.

This study had several limitations. First, the number 
of patients enrolled in this study was limited, and further 
large-scale studies should be performed to validate the 
results. Second, because the CTA scanning range is larger 
than that of the CTP, the relevant information from the 
aortic arch to the skull base is lost in the CTA-DF-CTP. 
Third, only CTA examination was omitted in this study, 
and CTP examination combined with low tube voltage, 
automatic milliampere technology, and low iodine contrast 
agent intake to further reduce the radiation dose and iodine 
contrast agent intake remains to be further studied.

A B

C D

Figure 5 VR and MIP reconstruction images of the 31-year-old male patient in Figure 4. (A,B) VR and MIP images of CTA-DF-CTP. (C,D) VR 
and MIP images of conventional CTA. The slab thickness of MIP was 25 mm. Window settings were kept constant for better comparability (width 
1,000 HU, level 300 HU). VR, volume rendering; MIP, maximum intensity projection; CTA-DF-CTP, CTA derived from CTP; CTA, computed 
tomography angiography; CTP, computed tomography perfusion; HU, Hounsfield units. 
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Conclusions

CTA-DF-CTP is of good quality and has similar diagnostic 
performance to conventional CTA in terms of cerebral 
vessel stenosis and occlusion. In this way, the radiation dose 
and contrast agent kidney damage received by patients can 
be reduced while maintaining image quality.
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