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Introduction

Early detection of acute stroke helps to reduce mortality rate 
since rapid treatment decision can be made by clinicians (1).  
Computed tomography angiography (CTA) and CT 
perfusion (CTP) of the brain are two imaging procedures 
which are reported to be of paramount importance in the 
evaluation of acute stroke apart from unenhanced CT 
for emergency situation (2-7). With the introduction of 
intravenous contrast material, the exact site of occlusion in 
the cerebral vessels can be determined clearly through the 
vascular assessment of CTA (5,8,9). Reconstructed CTA 
images are available in various formats for visualization of 
anatomical details such as maximum intensity projection 
(MIP), shaded surface display (SSD), multi-planar 

reformation (MRP) and volume rendering technique (VRT) 
(5,10-12). Moreover, reconstructed images of CTA provide 
sufficient diagnostic information which enables the CTA 
to replace MRI, and this could be an advantage for patients 
unfit for the MRI examination (9).

Studies have reported that the grade of stenosis at a vessel 
lumen over 50% was likely to cause mild stroke (13-15).  
In addition, it is also confirmed that at least 30% of patients 
with more than 70% occluded vessel lumens were detected 
with stroke (15). Several studies had reported that the 
multimodal CT evaluation of cerebral vasculature such 
as a combination of unenhanced CT with CTP and CTA 
will increase the diagnostic accuracy in the detection of 
infarction, ischemia and the origin of occluded vessels’ 
lumen in stroke patients (5,6,16). Kloska et al. stated that the 
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multimodal CT provides sensitivity of 78.9% which is much 
higher than that of single CT approach with unenhanced 
CT (55.3%), CTA (57.9%) and CTP (76.3%) (16).  
Although multimodal CT techniques offer better evaluation 
of ischemia, infarction and site of occlusion, the radiation 
dose received by the patient during the procedure is a major 
concern.

Since the diagnostic value of CTA and CTP in the 
detection of acute stroke has not been systematically 
studied, therefore, the purpose of this review was to analyse 
the diagnostic performance of CTA and CTP in terms 
of sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV) and accuracy based on a 
systematic review of the current literature.

Materials and methods

Seven databases were searched to identify studies of CTA 
and CTP which were used in the diagnosis of stroke over 
a period of 20 years (from 1993 to 2013). The search was 
completely done only on English literature which was 
included in Highwire, PubMed, Science Direct, Ovid, 
SpringerLink, Mdconsult and Oxfords journals. The 
keywords used for identification of references were ‘CTA 
stroke accuracy’, ‘cerebral CTA in detecting acute stroke’, 
‘CTP stroke and accuracy’, ‘CTA brain scan and accuracy’, 
‘CTP brain scan and accuracy’ and ‘cerebral CTP in 
detecting acute stroke’. The search was limited to human 
subjects, severity of stenosis more than 50% and the value 
of sensitivity, specificity, PPV, NPV and accuracy must also 
be reported. Studies conducted on phantom or animals, 
reported in foreign languages, case reports and review 
articles were excluded from this study.

Data extraction and analysis

The data were recorded and extracted independently by 
two authors based on the selection criteria. Information 
included (I) year of publication; (II) patient demographics 
such as number of patients and age; (III) types of scanners 
and (IV) technical parameters such as scan duration and 
scan delay time were extracted. The other parameters such 
as sensitivity, specificity, PPV, NPV and accuracy were also 
extracted in order to analyse the diagnostic value of cerebral 
CTA and CTP.

Relevant results were further assessed with Quality 
Assessment of Diagnostic Accuracy Studies (QUADAS) 
tool which is a validated consensus method containing 

14 checklists for study characteristics investigation of 
the diagnostic accuracy of the selected chosen studies 
(Table S1) (17). QUADAS is a screening tool used in the 
assessment of systematic reviews to avoid the potential for 
bias, lack of applicability in order to sustain the quality 
literature report (17).

Statistical analysis

Data were analysed using the Statistical Package for Social 
Sciences for window version 19.0 (SPSS Inc, Chicago, IL, 
USA). The diagnostic values in each study was extracted 
and analysed using multivariate analysis for multifactorial 
mean comparisons in CTA and CTP. A P value of <0.05 
was considered statistically significant difference. Box plots 
were performed for sensitivity, specificity, PPV, NPV and 
accuracy for both CTA and CTP techniques.

Assessment of image quality in each study was extracted 
and analysed with analysis of variance (ANOVA) for 
multifactorial mean comparisons

Results

A total of 1,883 citations were identified from all seven 
databases, of which 21 articles met the inclusion criteria 
and were included in this analysis. The flow chart of the 
searched citations is shown in Figure 1. Moreover, the 
data from selected articles were extracted and tabulated in  
Table 1 and Table 2 corresponding to CTA and CTP of 
brain, respectively. As a result, both authors (AS and CS) 
agreed on a total of 988 patients with mean age of 62.8 years  
old (range from 19-92 years old) were included in 12 CTA 
studies (12,16,18-26,35). On the other hand, 896 patients 
with mean age of 62.8 years old (ranging from 18-94 years 
old) were included in 11 CTP studies (5,12,16,27-34).  
The mean scan duration during both procedures were  
49 seconds and ranged from 30 to 60 seconds and 35 to 
95 seconds corresponding to CTP and CTA, respectively. 
Disagreements on the final results were resolved by 
consensus.

Analysis of diagnostic performance of CTA and CTP

In the analysis of 12 CTA studies, the mean sensitivity, 
specificity, PPV, NPV and accuracy were 83.2% (95% CI: 
57.9-100%), 95.0% (95% CI: 74.4-100%), 84.1% (95% CI: 
50.0-100%), 97.1% (95% CI: 94.0-100%) and 94.0% (95% 
CI: 83.0-99.0%), respectively, while in the CTP studies, the 
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corresponding values were 69.9% (95% CI: 20.0-97.0%), 
87.4% (95% CI: 61.0-100%), 76.4% (95% CI: 48.0-95.4%), 
78.2% (95% CI: 55.8-93.9%) and 89.8% (95% CI: 75.7-
97.1%), respectively. The detailed comparison for both 
CTA and CTP diagnostic quality criteria were presented in 
the boxplot (Figures 2 and 3).

Of CTA studies, the diagnostic performance was divided 
into two groups consisting of the degree of stenosis more 
than 70% and stenosis of between 50% and 70%. Among 
12 CTA studies, only four studies showed high diagnostic 
value for stenosis of more than 70% (18,23,32,35) which 
resulted in the sensitivity, specificity, PPV and NPV of 
73.6% (95% CI: 54.2-91.0%), 91.8% (95% CI: 84.0-
99.0%), 62.1% (95% CI: 50-86.4%) and 95.2% (95% CI: 
93.0-97.6%), respectively.

In the remaining eight studies, it was reported that the 
diagnostic value of stenosis between 50% and 70% was 
as follows: mean sensitivity, specificity, PPV and NPV 
were 89.7% (95% CI: 66.7-100%), 91.5% (95% CI: 74.4-
99.5%), 98.7% (95% CI: 97.9-99.6%) and 98.8% (95% CI: 
97.9-99.6%), respectively. However, the occlusion which 
was reported with less than 50%, were not analysed due to 

the small number of cases.
In the CTP studies, the diagnostic value of sensitivity, 

specificity, PPV and PPV was calculated based on patients 
with symptoms suggestive of acute ischemic stroke, transient 
ischemic attack (TIA) and non-stroke mimics. Therefore, 
cerebral blood volume (CBV) and cerebral blood flow (CBF) 
of colour map signals, other than mean transit time (MTT) 
or time to peak (TTP) of perfusion study were performed 
to obtain the diagnostic accuracy of the study which leads to 
the early detection of ischemic and infarct tissue of the brain. 
Only 9 out of 11 studies reported the CBV which was used to 
measure the stroke with the sensitivity, specificity, PPV and 
NPV values being 75.4% (95% CI: 45.5-96.8%); 89.4% (95% 
CI: 76-100%); 78.9% (95% CI: 52.5-90.9%) and 80.9% (95% 
CI: 74.5-93.9%), respectively (5,12,28-34).

Based on the multivariate analysis, the results showed 
that the differences in diagnostic values were variable 
depending on CTA and CTP. The accuracy and PPV 
were not found statistically significant between CTA and 
CTP with P value of 0.227 and 0.276, respectively. The 
remaining diagnostic values between CTA and CTP were 
not significantly different.

Quality assessment

QUADAS assessment was performed in both CTA and 
CTP studies. A 100% score was achieved for questions 1, 
13 and 14 in CTA studies, followed by 92.9% score being 
achieved for questions 2 and 8, 85.7% score was received 
for questions 3, 4, 5, 7, 10, 11 and 12 (Table S1). However, 
questions 6 and 9 were only scored with 78.6%. Moreover, 
results of the CTP studies were found to have 100% in 10 
questions and in the remaining 4 questions they were only 
scored at 90.9%.

Discussion

This systematic review provides a comparative analysis of 
the mean sensitivity, specificity, PPV, NPV and accuracy 
between CTA and CTP procedures in the detection of 
stroke. Firstly, the analysis shows that overall diagnostic 
performance of CTA was higher than that in CTP. 
Secondly, both CTA and CTP procedures are likely to be 
more specific rather than sensitive in the detection of stroke 
especially with the stenosis more than 70%. Moreover, CTA 
procedure provides high diagnostic accuracy for detection of 
the site of occlusion and determines its severity while CTP 
procedure offers high diagnostic accuracy to detect ischemic 

1,883 citations found from seven databases on 
CT angiogram and/or CT perfusion accuracy

155 citations were screened for 
further investigation

1,728 citations were not related 
to the title

118 citations were not related 
to the title

14 citations were excluded

37 citations were screened for further investigation:
Total citation for accuracy: 35
Total citation for accuracy & radiation dose: 2

Total citation for accuracy: 21
Total citation for accuracy & radiation dose: 2

Total citation for accuracy: 
• CTA accuracy: 12
• CTP accuracy: 9
• CTA and CTP accuracy: 2

Figure 1 The flow chart shows the citations search strategy 
employed to identify eligible studies based on seven databases from 
previous literature. CTA, CT angiography; CTP, CT perfusion.
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lesion of brain tissue and distinguish between infarcted and 
ischemic penumbra. In fact, the ability to precisely evaluate 
the sub-group of ischemia and infarction definitely helps 
to suggest the decision making in performing thrombolytic 
therapy (4).

According to the analysis of CTA studies, the type of CT 
scanner is not only important in providing diagnostic quality 
of the scan, but also plays an important role in providing 
the diagnosis of stroke in terms of sensitivity, specificity, 
NPV, PPV and accuracy. Since most of the studies analysed 
in this review included the CTA examinations which were 
performed with older generation of CT scanners, our 
analysis also showed that the diagnostic accuracy of CTA in 
the highly severe stenosis (>70%) was significantly lower than 
that in the lower degree of stenosis (<50%) (20,25,26). This is 
supported by Bucek et al.’s study (20) which used 4-slice CT 
and was reported to have the lowest sensitivity value in the 
detection of stroke compared to another study with 16-slice 
CT which resulted in 86.4% of sensitivity in the detection 
of stenosis of more than 70% (20,26). Although 4-slice CT 
was found to contribute to lower sensitivity compared to 
the latest generation of CT scanners, the sensitivity value 
can be improved from 54.2% to 62.5% if the automated 
CTA analysis was manually corrected (20). Thus, it could 
be explained that the available updated software could 
potentially improve the diagnostic accuracy in the detection 
of stenosis.

Measurement tools in CTA which are used to measure 
the vessels lumen in the stroke assessment also contribute 

to the effectiveness of the procedure. This was supported by 
Nguyen-Huynh et al. (23) with the sensitivity and specificity 
being reported to be at 97.1% and 99.5% in detecting 
occlusion of more than 50%. Moreover, the digital callipers 
were used in the measurement of stenosis in their study 
which leads to improving the value of sensitivity and 
specificity (23).

In this review, the mean sensitivity for CTP in the 
detection of ischemia and infarct was reported to be as low 
as 67.0% (95% CI: 20.0-97.0%). This is due to the fact that 
two out of 11 studies reported the lowest sensitivity value 
in CBV mapping with 20% (29) and 30% (28) respectively. 
This low score was reflected by the small ischemic volume 
proportion included in these studies. On the other hand, 
several studies reported high value of sensitivity in CTP 
stroke detection ranging from 89% to 93% (31,32,34). 
The results were based on studies using MTT in perfusion 
mapping to diagnose acute stroke. Moreover, diffusion-
weighted imaging (DWI) was performed to confirm the 
diagnosis in patients with large hemispheric stroke. MTT in 
perfusion mapping provides accurate prediction of ischemic 
core compared to CBV and CBF (12,28,29,34). However, 
the combined perfusion mapping techniques definitely 
provide greater sensitivity as reported in the previous studies  
(89-97%) (5,12,27-34).

Other studies reported that CTP technique was able to 
demonstrate the site of occlusion using MTT perfusion 
mapping with high value of sensitivity, specificity, PPV, 
NPV and accuracy at 88.2%, 95.3%, 90.9%, 93.9% and 

Figure 2 The box plot shows the mean diagnostic accuracy for 
cerebral CTA in acute stroke detection. The boxes indicate the 
first to third quartiles; each midline indicates the median (second 
quartile) and the whiskers represent the maximum and minimum 
percentage of respective parameters. CTA, CT angiography; PPV, 
positive predictive value; NPV, negative predictive value. 

Figure 3 The box plot shows the mean diagnostic accuracy for 
cerebral CTP in acute stroke detection. The boxes indicate the 
first to third quartiles; each midline indicates the median (second 
quartile) and the whiskers represent the maximum and minimum 
percentage of respective parameters. CTP, CT perfusion; PPV, 
positive predictive value; NPV, negative predictive value.
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92.9%, respectively (12,28,29). Moreover, a combination of 
perfusion mapping techniques such as MTT, CBV and CBF 
would be able to give conclusive information of severity of 
the ischemic lesion which also helps in the management of 
strokes (28,29,32,34,36).

Nevertheless, the major concern in the evaluation of acute 
stroke using either CTA or CTP technique is the ionizing 
radiation exposed to the patient. Several techniques have 
been developed with the recent multi slice CT technology 
in order to reduce radiation dose inclusive of short time of 
acquisition (7,24), early arterial phase mode which reduces 
the interruption of venous contamination during MIP, 
complete evaluation of intracranial arteries (5,12) and able to 
widen the coverage of the entire brain with single acquisition 
during CTP (5,29). Thus, optimisation of CTA or CTP 
protocols is necessary to minimise radiation exposure to 
patients without compromising diagnostic images which is 
parallel to the ‘as low as reasonably achievable (ALARA)’ 
principle. The diagnostic accuracy of acute stroke evaluation 
can be increased with implementation of both CTA and CTP 
procedures. In this case, the application of dose reduction 
techniques is of paramount importance to minimize the 
radiation dose.

Some limitations exist in this review. A small number 
of studies are included in the analysis. This is due to the 
fact that most of the articles reviewed did not provide 
the quantitative diagnostic accuracy for CTA and CTP 
distinctively. Furthermore, some studies provided 
information about mixed values of quantitative diagnostic 
accuracy in their reports with a combination of several 
protocols such as CTP with DWI, CTP with MR perfusion 
and other protocols. Therefore, we have to exclude it from 
our analysis. Finally, radiation dose was not analysed and 
compared in this analysis as the dose information was only 
provided in one study.

In conclusion, this systematic review shows that CTA 
provides high diagnostic value in the detection of occlusion 
in high degree of stenosis whereas CTP provides high 
specificity in the detection of ischemia and infarct tissue 
of brain. However, the most accurate assessment for acute 
stroke involving the site of occlusion, infarction core and 
salvageable brain tissue is a combination of different CT 
procedures involving CTA and CTP.
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Table S1 Quality Assessment of Diagnostic Accuracy Studies (QUADAS) tool

No. Items Yes No Unclear

1 Was the spectrum of patients’ representative of the patients who will receive the test in practice? (   ) (   ) (   )

2 Were selection criteria clearly described? (   ) (   ) (   )

3 Is the reference standard likely to correctly classify the target condition? (   ) (   ) (   )

4 Is the time period between reference standard and index test short enough to be reasonably sure that the 

target condition did not change between the two tests?

(   ) (   ) (   )

5 Did the whole sample or a random selection of the sample, receive verification using a reference standard 

of diagnosis?

(   ) (   ) (   )

6 Did patients receive the same reference standard regardless of the index test result? (   ) (   ) (   )

7 Was the reference standard independent of the index test (i.e., the index test did not form part of the 

reference standard)?

(   ) (   ) (   )

8 Was the execution of the index test described in sufficient detail to permit replication of the test? (   ) (   ) (   )

9 Was the execution of the reference standard described in sufficient detail to permit its replication? (   ) (   ) (   )

10 Were the index test results interpreted without knowledge of the results of the reference standard? (   ) (   ) (   )

11 Were the reference standard results interpreted without knowledge of the results of the index test? (   ) (   ) (   )

12 Were the same clinical data available when test results were interpreted as would be available when the 

test is used in practice?

(   ) (   ) (   )

13 Were uninterpretable/intermediate test results reported? (   ) (   ) (   )

14 Were withdrawals from the study explained? (   ) (   ) (   )

Source: Whiting et al. 2003 (17).


