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The aim of this study was to explore the influence of different input arteries on the parameters of computed
tomography (CT) perfusion imaging for patients with different degree of stenosis of internal carotid artery (ICA).
Forty patients were enrolled in the present study and divided into mild, moderate, severe stenosis and occlu-
sion groups respectively with each 10 patients in each group. In reconstruction of cerebral CT perfusion (CTP)
images, each raw perfusion image was reconstructed 3 times based on different reference input artery, includ-
ing bilateral middle cerebral artery (MCA) and basilar arteries (BA). Region of interest (ROI) was drawn in the
central territories of bilateral anterior cerebral artery, middle cerebral artery and posterior cerebral artery. And
regional cerebral blood flow (rCBF) regional cerebral blood volume (rCBV), mean transit time (MTT), time to
peak (TTP) and delay time (DT) were obtained from those ROI corresponding perfusion images.

In patients with mild and moderate ICA stenosis, there was no significant difference of perfusion parameters
based on different input arteries (P>0.05). However, in severe ICA stenosis and occlusion CBF, MTT, and DT were
significant different in affect side of the MCA group compared to the others (P<0.05).

Large intracranial artery can be selected as the input artery for patients with mild to moderate ICA stenosis,
while for patients with severe stenosis and occlusion of ICA, the contra lateral middle cerebral artery or basi-
lar artery would be better choice.
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Background

Stenosis or occlusion of internal carotid artery (ICA) is an im-
portant cause of chronic cerebral ischemia [1-4]. The degree
of ICA stenosis is closely related to the changes of cerebral
hemodynamics [5-8]. Computed tomography perfusion (CTP)
combined with CT angiography (CTA) can comprehensively
evaluate the condition of cerebral and cervical vessels and
the changes of cerebral hemodynamics [9,10]. In the post-pro-
cessing of CTP images, it is necessary to select an input artery
as a reference to determine the start time of the first circula-
tion, and then analyze the cerebral parenchyma blood perfu-
sion. Study have shown that [11] intracranial display of good
arbitrary artery as the input artery, does not affect the results
of perfusion. However, another study [12] also indicated that
the selection of different input arteries will have an impact
on partial perfusion parameters. Therefore, how to select the
input artery to ensure the accuracy of perfusion parameters
is still worth discussing. The purpose of this study was to in-
vestigate the effect of different input arteries on the parame-
ters of cerebral perfusion in patients with ICA stenosis in dif-
ferent degrees, and to provide practical basis for reasonable
selection of input arteries in these patients.

Material and Methods

Patients inclusion

Forty consecutive patients (18 males, 45%) aged 41 to 85 years
old with an average age of 67.56+16.36 years who were diag-
nosed as chronic cerebral ischemia and were examined by cra-
niocerebral CTP combined with head and neck CTA in our hos-
pital were enrolled. CTA confirmed ICA as mild, moderate, or
severe stenosis and occlusion in 10 patients. All cases were
unilateral carotid artery stenosis and excluded patients with
obvious intracranial or vertebral artery stenosis. All the pa-
tients provided written informed consent. The study was ap-
proved by the Medical Ethics Committee of the Six Affiliated
Hospital of Wen Zhou Medical University.

Scanning method

Toshiba Aqulilion One 320 row volume CT was used for whole
brain perfusion scanning. Low dose scanning parameters (80 kV,
150-300 mA) were selected. The current of CTA tube in arte-
rial phase was 300 mA, and the rest were 150 mA. The scan
was delayed for 7 seconds after injection. The arterial interval
was 2 seconds and the venous interval was 5 seconds. The to-
tal scan time was about 60 seconds. The whole brain dynamic
volume data of 19 phases were obtained. All images were vol-
ume scanned. The rotation time of the tube was 0.5 seconds,
the thickness of the tube was 0.5 mm, and the coverage was
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16 cm. After completing brain CTP, neck CTA scan from the
aortic arch to the skull base was added to obtain the image
of the carotid artery.

Image processing

The data were imported into a special software package for
image post-processing. Three groups of input arteries, M1 seg-
ment of left and right middle cerebral artery and basilar artery
were selected by manual single-point sampling. The superior
sagittal sinus was chosen as the output vein. Singular value
decomposition was used to generate cerebral flow (CBF), cere-
bral volume (CBV), mean transit time (MTT), peak time (TTP)
and delayed time (DT) and other parameters. Regions of in-
terest (ROI) was mapped in bilateral anterior, middle and poste-
rior cerebral artery blood supply areas and abnormal perfusion
centers by mirror technique. Six circular regions of interest (ROI)
with a diameter of 2.0 cm were placed symmetrically on the
midline of the brain to measure the perfusion values of the
corresponding areas. When ROl was measured and analyzed,
3 groups of ROl were measured at the same level, while avoid-
ing large vessels and calcification. Each ROl was measured at
least twice, and the average perfusion value of each ROl was
taken as the perfusion parameter value of the side.

CTA evaluation of cervical vessels

The CTA data of the neck was transmitted to the workstation
for surface reconstruction, maximum density projection dis-
play and measurement of the narrow segment. According to
the experimental standard of symptomatic carotid endarterec-
tomy in North America [13], mild stenosis was 0% to 29%,
moderate stenosis was 30% to 69%, severe stenosis was 70%
t0 99%, and complete occlusion was 100% (Figure 1). The ste-
nosis rate was calculated to be (1-the area of the most nar-
row end lumen/the area of the distal normal diameter)x100%.

Statistical analysis

SPSSI7.0 (SPSS, Inc., Chicago, IL, USA) statistical software was
used for data analysis. The measurement data are expressed
as (y+s). Firstly, the data are analyzed by normality test and
homogeneity test of variance, which conform to the normality
and homogeneity of variance. The comparison among groups
is conducted by one-way ANOVA. Non-parametric test was
used for non-conformity to normality or homogeneity of vari-
ance, with P<0.05 as the significant difference.
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Figure 1. Computed tomography angiography evaluation of cervical vessels. (A, B) Mild stenosis was 0% to 29% (blue arrow).
(€, D) Moderate stenosis was 30% to 69% (red arrow). (E, F) Severe stenosis was 70% to 99% (green arrow). (G, H) Complete

occlusion was 100% (yellow arrow).

Table 1. CTP parameters in mild and moderate groups between different input artery.

CBF (mL/100 g-min)  CBV (mL/100 g)

CTP — computed tomography perfusion; CBF — cerebral blood flow; CBV — cerebral blood volume; MTT — mean transit time; TTP — time
to peak; DT — delay time; BA — basilar arteries; MCA — middle cerebral artery.

Results

CTP parameters in mild and moderate groups between
different input artery

In patients with mild and moderate ICA stenosis, there was
no significant difference of CT perfusion parameters based on
different input arteries (P>0.05) (Table 1).

CTP parameters in severe and occlusion groups between
different input artery

In patients with severe ICA stenosis and occlusion, MCA and BA
on the normal side of ICA were selected as the input arteries
and the perfusion parameters were not statistical difference
(P>0.05). However, CBF, MTT, and DT were significant different
in affect side of the MCA group compared the other 2 groups
(P<0.05) (Figure 2). However, there was no significant difference
of CBV and TTP between different groups (P>0.05) (Tables 2, 3).
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Figure 2. Male, 65-years-old, with severe stenosis of the lumen at the beginning of ICA on the right side. The perfusion maps of MCA
and BA on the contralateral side were obtained. The perfusion parameters of each artery supplying area and abnormal
perfusion area were similar (A-J). The perfusion maps of MCA on the affected side were different from those of the former
2 groups, CBF, MTT, and DT had no significant changes in CBV and TTP (K-0). ICA — internal carotid artery; MCA — middle
cerebral artery; BA — basilar arteries; CBF — cerebral blood flow; MTT — mean transit time; DT — delay time; CBV — cerebral

blood volume; TTP — time to peak.

Discussion

Craniocerebral CTP scans the selected area dynamically in the
same layer after bolus injection of contrast medium to obtain
the time-density curve (TDC) of each pixel [9,14,15]. Then dif-
ferent mathematical models were applied to calculate the
perfusion parameters and to evaluate the perfusion of brain
tissue. There are 2 computational methods for CTP imaging:
non-deconvolution and deconvolution [16]. Non-deconvolution
model is based on the assumption that the venous outflow can
be neglected in the first-pass state of contrast medium, and
enhanced TDC can be obtained without extravasation of con-
trast medium. The deconvolution model is relatively indepen-
dent and is not limited by the assumption of organ hemody-
namics, which improves the accuracy of measurement [17-19].
In different studies, the applied mathematical models, perfusion

parameters and imaging schemes are also different, which
leads to the lack of strict comparability among researchers [20].

The singular value decomposition plus deconvolution algo-
rithm is used in 320 row CT, which is a further improvement
of the deconvolution algorithm [21]. The thickness of the origi-
nal layer is the thinnest to 0.5 mm, and the detector covers
16 cm. The perfusion range of the brain develops from local
to whole brain. Zhaogian et al. [22] evaluate the influence of
different input arteries on cerebral perfusion parameters in
320-row whole brain CTP image post-processing. However,
in patients with chronic cerebral ischemia, it is not known
whether the selection of the ipsilateral MCA as the input ar-
tery after stenosis of the carotid artery and ICA will affect the
perfusion results.
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Table 2. CTP parameters in severe and occlusion groups between different input artery.

CBF (mL/100 g-min)  CBV (mL/100 g)

P 0.002 0.003 0.90 0.77

0.000 0.000

CTP — computed tomography perfusion; CBF — cerebral blood flow; CBV — cerebral blood volume; MTT — mean transit time; TTP — time
to peak; DT — delay time; BA — basilar arteries; MCA — middle cerebral artery.

Table 3. Comparison of post-processing perfusion values of different input arteries in abnormal perfusion area of severe stenosis and

occlusion groups.
CBF (mL/100 g-min)  CBV (mL/100 g)

Groups Affected Intact Affected Intact

side side side side

P 0.000

0.001 0.79 0.70

Affected

Intact  Affected Intact  Affected Intact
side side side side side side

0.000 0.001

CTP — computed tomography perfusion; CBF — cerebral blood flow; CBV — cerebral blood volume; MTT — mean transit time; TTP — time
to peak; DT — delay time; BA — basilar arteries; MCA — middle cerebral artery.

In this study, MCA and BA on both sides were selected as in-
put reference arteries for patients with different degrees of
ICA stenosis, and superior sagittal sinus was used for both out-
put veins. In 20 patients with unilateral ICA mild to moder-
ate stenosis, there was no significant difference in perfusion
parameters obtained by different input arteries among the
three groups. The results are consistent with those reported
by Zhaogian et al. [22]. Considering that mild and moderate
ICA stenosis may have less effect on hemodynamics, the ef-
fect of different input arteries on perfusion parameters is not
obvious. However, this study found that for patients with se-
vere ICA stenosis and occlusion, the perfusion parameters ob-
tained by different input arteries in the 3 groups were signifi-
cantly different. The results showed that MCA on the affected
side had significant effects on CBF, MTT, and DT when it was
used as the input artery. The results were similar to those re-
ported by Wintermark et al. [23], but had no significant effects

on CBV and TTP. The reason may be that the blood flow ve-
locity and vascular permeability of the involved artery steno-
sis are different from those of the non-involved artery, result-
ing in the difference of CBF, MTT, and DT.

However, in this study, there were 3 cases of severe stenosis
and 1 case of occlusion with no significant difference in post-
processing perfusion parameters, and no abnormal changes in
cerebral blood flow perfusion images. When stenosis occurs in
head and neck vessels, CTP manifestations are related to the
degree of stenosis and collateral opening [24]. When stenosis
or occlusion occurs, the regulation mechanism of cerebrovas-
cular activation makes the distal stenosis compensatory dila-
tation and collateral vessels open, such as anterior and poste-
rior communicating arteries, in order to maintain the cerebral
blood flow at a relatively normal level. In this study, 4 patients
with severe unilateral ICA stenosis and occlusion were studied.
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The shape of Willis ring was intact, and the collateral circula-
tion of pia mater was established. Considering the above rea-
sons, no abnormal changes of CTP were observed.

There were limitations to this study. The sample size is slightly
insufficient, which needs to be further studied by increasing
the sample size. Patients with severe bilateral ICA stenosis or
occlusion were not included in the observation.
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Conclusions

We believe that in CTP post-processing of patients with unilat-
eral ICA stenosis or occlusion of varying degrees, patients with
mild or moderate ICA stenosis can choose any larger artery in
the brain as the input artery, without affecting perfusion pa-
rameters. For patients with severe ICA stenosis or occlusion,
non-invasive arteries such as MCA and BA on the contralat-
eral side should be selected as input arteries to ensure more
accurate cerebral perfusion parameters.
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