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Background and purpose. — To evaluate whether brain CT perfusion (CTP) aids in the detection of intracra-
nial vessel occlusion on CT angiography (CTA) in acute ischemic stroke.
Materials and methods. - Medical-ethical committee approval of our hospital was obtained and informed
Keywords: consent was waived. Patients suspected of acute ischemic stroke who underwent non-contrast CT(NCCT),
Brain CTA and whole-brain CTP in our center in the year 2015 were included. Three observers with different
Stroke . levels of experience evaluated the imaging data of 110 patients for the presence or absence of intracranial
g gg;figsglro;;hy arterial vessel occlusion with two strategies. In the first strategy, only NCCT and CTA were available. In the
second strategy, CTP maps were provided in addition to NCCT and CTA. Receiver-operating-characteristic
(ROC) analysis was used for the evaluation of diagnostic accuracy.
Results. — Overall, a brain perfusion deficit was scored present in 87-89% of the patients with an
intracranial vessel occlusion, more frequently observed in the anterior than in the posterior circula-
tion. Performance of intracranial vessel occlusion detection on CTA was significantly improved with the
availability of CTP maps as compared to the first strategy (P=0.023), due to improved detection of distal
and posterior circulation vessel occlusions (P-values of 0.032 and 0.003 respectively). No added value of
CTP was found for intracranial proximal vessel occlusion detection, with already high accuracy based on
NCCT and CTA alone.
Conclusion. - The performance of intracranial vessel occlusion detection on CTA was improved with the
availability of brain CT perfusion maps due to the improved detection of distal and posterior circulation
vessel occlusions.

© 2018 Elsevier Masson SAS. All rights reserved.

Introduction gency room. CT is a fast imaging technique with high accuracy

for the detection of intracranial hemorrhage on non-contrast CT

The diagnostic workup and treatment of cerebral ischemic
stroke have changed significantly in the last decade. Computed
Tomography (CT) is the primary imaging technique in the diag-
nostic work-up of acute cerebral stroke in most institutes, usually
with a CT-scanner available at or in the vicinity of the emer-

Abbreviations: 1AT, intra-arterial thrombectomy; NCCT, non-contrast CT; CTA,
CT angiography; CTP, CT perfusion; ROC, receiver operating characteristic; AUC, area
under the curve.
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(NCCT), and intracranial vessel occlusion on CT angiography (CTA)
[1,2]. Until recently, systemic intravenous thrombolytic therapy
with tissue-type plasminogen activator was the only reperfusion
therapy available with evidence of improved clinical outcome
when administered within 4.5h after onset of symptoms [2,3].
Recent randomized controlled trials show that in case of a prox-
imal intracranial vessel occlusion, clinical outcome is significantly
improved when intra-arterial thrombectomy (IAT) is initiated
within 6, and possibly even up to 12 h, after onset of stroke [4-9].
As a consequence, this puts a greater demand on adequate and fast
diagnostic evaluation in the acute stage. For patient selection for
IAT, a subsequent CTA is essential to evaluate the presence of an
intracranial proximal vessel occlusion [10].

As early signs of ischemic stroke can be missed on NCCT, CT
perfusion (CTP) can be added to the scanning protocol for the eval-
uation of a brain perfusion deficit both for the purpose of increasing
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confidence about the diagnosis of ischemic stroke, and to estimate
tissue viability of the affected parenchyma [11,12]. Small cere-
bral infarcts can, however, still be missed on CTP [13]. Both CTA
and CTP have additional value for predicting infarct presence and
infarct volume on follow-up imaging [14]. The presence of a prox-
imal vessel occlusion, poor collateral status and large infarcted
areas on admission CTA and CTP are strong predictors of poor
outcome and can be used to predict long-term clinical outcome,
although there is limited additional prognostic value over clinical
neurological evaluation and NCCT[15]. Yet, CTP derived parameters
cannot reliably identify patients who will benefit from IAT [16]. It
has, however, been reported that less experienced observers more
accurately identify major ischemic changes on CTP source images
than on NCCT [12], and that 4D-CTA reformatting of CTP increases
the diagnostic accuracy and certainty in proximal vessel occlusion
detection [17].

In this study we investigate whether brain CTP aids in the detec-
tion of intracranial vessel occlusion on CTA.

Materials and methods
Study population

We retrospectively identified patients with the suspicion of
acute ischemic stroke scanned in our institute with a CTP proto-
col in the year 2015. Inclusion criteria were age >18 years, onset
of symptoms of less than 9h and a CT scanning protocol which
included brain NCCT, CTA and whole-brain CTP. Exclusion criteria
were another diagnosis explaining the symptoms (clinical follow-
up taken into account) and previous (endovascular) brain surgery.
The following patient characteristics were collected: age, gender,
time of onset to imaging, stroke severity (NIHSS), treatment given
(IV-tPA, IAT), time of onset to IV-tPA and follow-up imaging.

In total, 177 subjects with clinical suspicion of acute ischemic
stroke with a CT protocol including whole-brain CTP were
scanned at our institution in the year 2015. Fifty patients
(28.2%) were excluded because during clinical follow-up a diag-
nosis other than acute ischemic stroke was made (9 patients
with functional disorder, 8 patients with a seizure, 6 patients
with vestibular neuritis, 3 patients with a tumor or metasta-
sis, 2 patients with migraine; the remaining 22 patients had
a different diagnosis). Seventeen patients (7.9%) were excluded
because of previous (endovascular) brain surgery resulting in
metal artifacts on CT. The remaining study population con-
sisted of 110 patients. With clinical follow-up taken into
account, 98 patients (89.1%) were finally diagnosed with ischemic
stroke and 12 patients (10.9%) were diagnosed with transient

Table 1

Baseline characteristics of the study population.
Demographics n=110
Age (y), mean (SD) 64 (13)
Female sex, n (%) 45 (40.9%)
NIHSS on onset, mean (SD) 6.31(6.44)
Time of onset to imaging, hours:min (SD) 2:33(1:58)
Treatment, n (%) 65 (59.1%)
IV-tPA, n (%) 64 (58.2%)
IAT, n (%) 14 (12.7%)
Onset to needle time, hours:min (SD) 2:10(1:13)
Follow-up imaging, n (%) 45 (40.9%)
CT, n (%) 17 (37.8%)
MRI, 1 (%) 28 (62.2%)
Time to follow-up imaging, days mean (SD) 26 (48)

Abbreviations: NIHSS, National Institutes of Health Stroke Scale; IV-tPA, intravenous
tissue-type plasminogen activator; IAT, intra-arterial thrombectomy; SD, standard
deviation.

ischemic attack. Additional baseline characteristics are presented
in Table 1.

The study has been approved by the medical-ethical committee
of our hospital and informed consent was waived because of the
retrospective collection of the study data. Clinical data and results
of imaging analyses were anonymized and stored in a protected
database Castor EDC (www.castoredc.com), following Good Clinical
Practice (GCP) and European Data Protection Directive guidelines.

Imaging protocol

All patients were scanned on a 320-row detector CT scanner
(Aquilion One, ViSION EDITION, Toshiba Medical Systems Corpo-
ration, TMSC, Otawara, Japan). For CTA 70 mL and for CTP 50 mL
non-ionic contrast agent (300mg iodine/mL lomerion” Bracco
Imaging, Italy) was injected into an antecubital vein with an injec-
tion rate of 5mkL/s followed by a 40 mL saline flush at 5mlL/s.
The contrast bolus triggered CTA acquisition included 0.5 mm slice
thickness with scan range from the aortic arch to the cranium
vertex at 120kV tube voltage with dose modulation. For CTP,
19 whole brain volumetric acquisitions were performed over a
period of 60s with 16cm z-coverage using 0.5 mm slice thick-
ness, 0.5 s rotation time at 80 kV tube voltage and 100 mAs. Image
reconstruction was done using a convolution kernel FC41 and
standard adaptive iterative dose reduction in three-dimensions.
Axial and coronal CT perfusion maps (CBV, CBF, MTT, TTP)
were created on a Vitrea (Toshiba Medical Systems) workstation
using a singular value decomposition deconvolution algorithm
with automated arterial input and venous output functions
selection.

Imaging review

Three observers with different levels of experience evaluated
the imaging data blinded to clinical information and patient iden-
tity on anImpax 6.6.1.0 2015 PACS system (Agfa Healthcare, Morsel,
Belgium). The first observer (FJAM) was a neuroradiologist with 11
years of experience in neurovascular imaging; the second observer
(JV) was a resident subspecializing in neuroradiology; the third
observer (SP) was a neuroradiologist with 6 years of experience.
All observers were blinded to patient identity and clinical out-
comes. Sidedness of the neurological deficit was the only clinical
information provided.

The observers scored the presence, or absence, of a proximal
or distal arterial vessel occlusion comparing two strategies. In the
first strategy, only NCCT and CTA were available. NCCT was eval-
uated for early ischemic signs and hyperdense vessel sign, and
CTA was evaluated for intracranial vessel occlusion. In the second
strategy, additional CTP maps were provided. CTP was evaluated
for the presence of a perfusion deficit, and subsequently CTA was
re-evaluated for intracranial vessel occlusion. Multi-planar refor-
matting and maximum intensity projections were available in both
strategies. In order to reflect clinical practice, a time limit of 5 min
was set for the evaluation of each subject.

Reference standard and statistical analysis

The reference standard for the presence or absence of an
intracranial vessel occlusion was set based on the evaluation by
the three observers, and the judgment of an independent neurora-
diologist (SCAS) serving as referee in case of discrepancy between
the observers. Vascular 4D-CTA reformats of the CTP acquisition,
follow-up imaging (when available), anonymized clinical data and
follow-up, as well as the evaluation results of all observers were
available to the referee.
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Proximal vessels were defined as the supraclinoid segment of
the internal carotid artery, first segments of the anterior and pos-
terior cerebral arteries, M1 and M2 segments of the middle cerebral
artery, the basilar artery and the intradural course of the vertebral
artery. Distal vessels included the second and third segments of the
anterior and posterior cerebral arteries, third and fourth segments
of the middle cerebral arteries, and the cerebellar arteries (SCA,
AICA, PICA).

Sensitivity and specificity of vessel occlusion detection were
calculated per strategy for each observer. Receiver operating
characteristic (ROC) analysis was used for the evaluation of the
diagnostic accuracy in intracranial vessel occlusion detection for
both strategies. Differences in area under the curve (AUC) between
both strategies were tested for statistical significance using a
paired t-test [18]. A P-value below 0.05 was considered statistically
significant. Subgroup analyses were performed for the anterior
circulation, posterior circulation, proximal and distal vessel occlu-
sions.

Analyses were performed using SPSS 22.0.0.1 (IBM Corp.
Released 2013).

Results

The study population included fifty-four patients (49.1%) with
an intracranial vessel occlusion, of which 32 (59.3%) were located
in the anterior circulation and 22 (40.7%) in the posterior circula-
tion; 36 concerned proximal vessel occlusions and 24 distal vessel
occlusions. Six patients presented with simultaneous proximal and
distal intracranial vessel occlusions.

Table 2

Diagnostic accuracy of intracranial vessel occlusion detection

The accuracy of overall intracranial vessel occlusion detection
was comparable between the observers (Table 2), with sensitivity
ranging between 91 and 96% and specificity ranging between 86
and 96% for strategy 2. The level of the observers’ experience was
of no influence on the accuracy of intracranial vessel occlusion
detection.

The accuracy of intracranial distal vessel occlusion detec-
tion was lower than for proximal vessel occlusion detection,
both with and without the availability of brain CTP. The addi-
tion of CTP did, however, increase the accuracy of distal and
posterior circulation vessel occlusion detection for the different
observers (Table 2, supplementary figure). With the results of
the observers pooled together (Table 3), a statistical significant
increase in AUC for overall intracranial vessel occlusion detec-
tion is seen with the aid of CTP (P 0.023), based on improved
detection of distal and posterior circulation vessel occlusions (P-
value of 0.032 and 0.003 respectively). The improved performance
is explained by an increase in sensitivity while maintaining high
specificity. For all observers, brain CTP was not of added value
for proximal vessel occlusion detection, with already high accu-
racy (AUC 0.92-0.97) based on the evaluation of NCCT and CTA
alone.

Brain CT perfusion

The identification of brain parenchyma perfusion deficits on CTP
in the study population was comparable between the observers
(Table 4). Overall, a brain perfusion deficit was scored present in

Comparison of diagnostic accuracy between strategy 1 and 2 in detection of intracranial vessel occlusion per observer (n=110).

Strategy 1 versus strategy 2

Sensitivity %

Specificity %

ROC (area under curve)

P-value (2-tailed)

Observer 1 (neuroradiologist)

Overall 74 vs 93 98 vs 96 0.86 vs 0.95 0.049
Anterior circulation 75 vs 88 100 vs 100 0.88 vs 0.94 0.226
Posterior circulation 73 vs 100 99 vs 98 0.86 vs 0.99 0.017
Proximal occlusion 94 vs 100 99 vs 99 0.97 vs 0.99 0.245
Distal occlusion 33 vs 67 100 vs 99 0.67 vs 0.83 0.060
Observer 2 (neuroradiologist in training)
Overall 85vs 91 86 vs 86 0.85 vs 0.88 0.574
Anterior circulation 88 vs 94 95vs 95 0.91 vs 0.94 0.504
Posterior circulation 82 vs 86 94 vs 95 0.88 vs 0.91 0.668
Proximal occlusion 89 vs 89 96 vs 97 0.92 vs 0.93 0.874
Distal occlusion 75 vs 88 94 vs 93 0.85 vs 0.90 0.398
Observer 3 (neuroradiologist)
Overall 83 vs 96 86 vs 88 0.85vs 0.92 0.116
Anterior circulation 84 vs 97 94 vs 94 0.89 vs 0.95 0.197
Posterior circulation 77 vs 91 97 vs 97 0.87 vs 0.94 0.270
Proximal occlusion 92 vs 94 95vs 95 0.93 vs 0.95 0.732
Distal occlusion 63 vs 96 95vs 95 0.79 vs 0.96 0.011

Abbreviations: ROC, receiver-operating characteristics.

Strategy 1 includes NCCT and CTA; strategy 2 includes NCCT, CTA and CTP.

" A P-value below 0.05 was considered statistically significant. Abbreviations: ROC, receiver-operating characteristic.

Table 3

Comparison of overall diagnostic accuracy between strategy 1 and 2 in detection of intracranial vessel occlusion with pooling of 3 observers.

Sensitivity %

Specificity %

ROC (area under curve)

P-value (2-tailed)

Pooled results (n=330),
strategy 1 versus strategy 2

Overall 81vs 93 90 vs 90
Anterior circulation 82vs 93 96 vs 96
Posterior circulation 77 vs 92 97 vs 97
Proximal occlusion 92 vs 94 96 vs 97
Distal occlusion 57 vs 83 97 vs 96

0.85vs 0.92 0.023
0.89vs 0.94 0.065
0.87 vs 0.95 0.032'
0.94 vs 0.96 0.459
0.77 vs 0.90 0.003'

Strategy 1 includes NCCT and CTA; strategy 2 includes NCCT, CTA and CTP.

" A P-value below 0.05 was considered statistically significant. Abbreviations: ROC, receiver-operating characteristic.



M.J. Becks et al. / Journal of Neuroradiology 46 (2019) 124-129 127

Table 4
Detection of brain parenchyma perfusion deficit on CT perfusion in patients with an
intracranial vessel occlusion per observer (n=110).

Perfusion deficit (CTP)

Observer 1 (neuroradiologist)

Overall 48/54 (88.9%)
Anterior circulation 30/32(93.8%)
Posterior circulation 19/22 (86.4%)
Proximal occlusion 30/36 (83.3%)
Distal occlusion 22/24(91.7%)

Observer 2 (neuroradiologist in training)

Overall 47/54 (87.0%)
Anterior circulation 30/32(93.8%)
Posterior circulation 18/22 (81.2%)
Proximal occlusion 30/36 (83.3%)
Distal occlusion 22/24 (91.7%)

Observer 3 (neuroradiologist)

Overall 47/54 (87.0%)
Anterior circulation 29/32(90.6%)
Posterior circulation 18/22 (81.2%)
Proximal occlusion 30/36 (83.3%)
Distal occlusion 23/24(95.8%)

Abbreviations: CTP, CT perfusion.

87-89% of the patients with an intracranial vessel occlusion. A brain
perfusion deficit was more frequently seen in the anterior circula-
tion (91-94%), in comparison to the posterior circulation (81-86%).

Discussion

The detection of an intracranial vessel occlusion can be chal-
lenging especially for smaller vessel structures as illustrated in
Figs. 1 and 2. The identification of an area of disturbed brain
perfusion on CTP maps guides the observers’ attention to the vas-
cular structures in this area on CTA. In our study, the accuracy of
intracranial vessel occlusion detection was increased after adding
brain CTP maps to the evaluation of NCCT and CTA, mainly based
on increased sensitivity for the detection of distal and posterior cir-
culation vessel occlusions. It can be debated whether the improved
detection of a distal or posterior circulation vessel occlusion is of
clinical relevance. For all observers, CTP was not of added value for
intracranial proximal vessel occlusion detection, based on which
patients are selected for IAT. However, the detection of a smaller
vessel occlusion improves the understanding of underlying etiol-
ogy and pathophysiology which can be of relevance for secondary
prevention. Possibly, smaller vessel occlusions could become of
relevance for patient selection to new acute stroke treatment
strategies in the future.

Fig. 1. Case illustration. Head non-contrast CT, CT angiography (CTA) and CT perfusion (CTP) in a patient with acute onset of a unilateral visual deficit. Subtle hyperdense
vessel sign on non-contrast CT (a, black arrow) and P3 segment occlusion of the left posterior cerebral artery on CTA, which can easily be overlooked (b, white arrow). Brain
CTP maps aid in the detection of this posterior cerebral vessel occlusion by guiding the observers’ attention to an area of disturbed perfusion in the left occipital lobe. CTP
maps: increased time-to-peak (c), prolonged mean-transit-time (d) and reduction in relative cerebral blood flow (e). Relative cerebral blood volume (f) is reduced in this

area, which is indicative of infarct core.
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Fig. 2. Case illustration. Head non-contrast CT, sagittal MIP (Maximum Intensity Projection) CT angiography (CTA) and CT perfusion (CTP) in a patient with acute onset of
aphasia. Subtle early ischemic changes left operculum region on non-contrast CT (a, white circle), and distal M2 segment occlusion of the left middle cerebral artery on CTA
(b, white arrow), which can be easily overlooked. CTP maps: increased time-to-peak (c), prolonged mean-transit-time (d) and reduction in relative cerebral blood flow (e) in
the operculum region of the left frontal lobe. Relative cerebral blood volume (f) is reduced in this area, which is indicative of infarct core.

Scanning, reconstruction and interpretation of whole-brain CTP
can be done in less than 5 min on recent generation of CT scanners
[19,20]. Although vessel occlusions were evaluated on conventional
CTA in our study, this conventional CTA could be obviated as a sep-
arate acquisition because dynamic CTA can be reconstructed from
the CTP acquisition. Several studies have shown that dynamic CTA
can replace conventional CTA for the evaluation of the intracranial
vessels, with reported improved depiction of thrombus burden and
collateral status [21-26]. With the use of a wide detector, a volume
neck CTA acquisition combined with dynamic volume acquisitions
of the head is technically feasible and this would obviate the need
to obtain a separate neck CTA acquisition [27,28]. This saves time
and radiation exposure.

Our study has some limitations. First, our study does not fully
reflect clinical practice. Only the sidedness of the neurologic deficit
was provided to the observers. In the clinical setting, additional
clinical information is available, which can aid in the localization
of a vessel occlusion, although this can sometimes be misleading.
Studies show that predicting infarct location based on clinical infor-
mation alone is not reliable in up to 6% of the cases [14,29]. It
needs to be taken into account that our study population concerns
a subgroup of patients in the acute stage of disease with exclusion
of subjects with a final diagnosis other than ischemic stroke and

exclusion of subjects with previous (endovascular) brain surgery.
This explains the relatively high percentage of patients treated with
IVT or IAT (59.1%).

Furthermore, the evaluation time of strategies 1 and 2 was due to
the sequential nature not evaluated for the observers in our study.
Although the accuracy of intracranial vessel occlusion detection
was slightly increased for observer 2, distal vessel occlusions were
already detected with high accuracy based on scrutinized analy-
ses of NCCT and CTA. A possible explanation is that observer 2
looked more intensively and for a longer time evaluating distal ves-
sel occlusions on NECT and CTA alone, and used CTP for increasing
confidence for the presence or absence rather than detection of a
distal vessel occlusion. Finally, due to the retrospective collection
of the study population only a part of the subjects have had digi-
tal subtraction angiography (DSA), CT or MRI during follow-up. In
our study the reference standard was defined by the judgment of an
independent neuroradiologist serving as referee in case of disagree-
ment between the observers, based on all information available.
Vascular 4D-CTA reformats of the CTP acquisition, follow-up imag-
ing when available, clinical follow-up and the evaluation of all
observers were taken into account by the referee. Although one
can argue that another imaging modality (such as DSA) is needed
to serve as the reference standard for all cases, this approach bears
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the risk of bias due to possible (spontaneous or treatment induced)
vessel recanalization in-between the imaging modalities.

Conclusion

The performance for intracranial vessel occlusion detection on
CTA was improved with the availability of brain CTP maps, due to
improved detection of distal and posterior circulation vessel occlu-
sions.
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