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ABSTRACT. This study aimed to determine the optimal placement of the region of interest 
(ROI) among four anatomical sites—pulmonary artery (PA), pulmonary vein (PV), aortic arch 
(AA), and carotid artery (CA)—in computed tomography (CT) brain angiography with automatic 
bolus tracking in healthy beagle dogs. Six beagles were included, and CT brain angiography was 
performed four times for each dog, to cover each ROI. The scan parameters, amount, and injection 
rate of the contrast medium were the same. The major intracranial arteries were selected for 
quantitative and qualitative evaluation: caudal cerebellar artery (CcA), basilar artery (BA), rostral 
cerebellar artery (RcA), caudal cerebral artery (CCA), middle cerebral artery (MCA), and rostral 
cerebral artery (RCA). Quantitative evaluation showed significantly higher CT attenuation values 
for the RcA, CCA, and MCA in the PA group and RcA and MCA in the PV group than in the CA 
group. Qualitative analysis revealed significantly higher scores for the BA, CCA, and MCA in the 
PA and PV groups than in the CA group. Venous contamination did not differ significantly among 
the ROIs, but the mean scores of the AA and CA groups were higher than those of the PA and 
PV groups. CT brain angiography using bolus tracking in the beagle dogs showed that the ROI 
should be placed at the PA or PV rather than at the CA for optimal images with strong contrast 
enhancement of the BA, RcA, CCA, and MCA and minimal venous contamination.
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Computed tomography angiography (CTA) can be used to visualize the intracranial vessels; thin-slice continuous images of the 
vessels can be obtained using iodine-based contrast material. In human medicine, this modality is used to diagnose and evaluate 
vascular diseases, including intracranial aneurysms, arteriovenous malformations, dural arteriovenous fistulas, and intracranial arterial 
steno-occlusive disease [21, 28]. Magnetic resonance angiography (MRA) relies on the intrinsic magnetic properties of body tissues 
and blood without the use of ionizing radiation or contrast agents [10]. CTA, on the other hand, has fewer motion artifacts than 
magnetic resonance imaging; it provides highly sensitive images, and its scan duration is shorter with newer scanners [20, 21].

The administration of an intravenous contrast medium is essential for CTA. The available methods of CTA include fixed-scan 
delay, the test-bolus technique, and bolus tracking. Optimal scan protocols have been determined for these methods [2, 19, 22]. 
The fixed-scan delay method is used to examine the intracranial arterial phase without considering the differences in contrast-agent 
transit time, while the test-bolus technique is used to measure the time from the initiation to the arrival of the contrast agent. 
Bolus tracking is used to monitor the contrast medium dynamics within the region of interest (ROI) in real-time to obtain optimal 
contrast-enhanced images. To trigger a scan, the ROI should be placed in the desired vessel, and the predetermined computed 
tomography (CT) attenuation value (Hounsfield unit [HU]) of the ROI set to initiate the scan automatically. In human studies, the 
ROI for CT brain angiography has been placed in the anterior aortic arch, internal carotid artery, or distal common carotid artery 
[12]; ROI placement has been a subject of study for obtaining CTA images with optimal brain arterial opacification [12, 29]. 
However, veterinary research on the placement of the ROI for brain angiography is lacking.
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Five pairs of the main arteries─caudal cerebellar artery (CcA), which originates from the basilar artery (BA), rostral cerebellar 
artery (RcA), caudal cerebral artery (CCA), middle cerebral artery (MCA), and rostral cerebral artery (RCA)─directly supply the 
brain in dogs. These paired vessels, except CcA, arise from the arterial circle called the circle of Willis. We hypothesized that 
ROI placement for CTA using bolus tracking would be different from that in human medicine, and good quality CTA by optimal 
placement of the ROI can facilitate better visualization of the above main arteries. The main purpose of this study was to determine 
the ideal placement of the ROI for optimal images of the main arteries minimally contaminated by venous structures in beagle 
dogs obtained with CTA using bolus tracking. Based on the sequential pathway of the intravenous contrast medium, four arteries, 
including the pulmonary artery (PA), pulmonary vein (PV), aortic arch (AA), and carotid artery (CA), were used as ROIs.

MATERIALS AND METHODS

All experiments were approved by the Kangwon National University Animal Care and Use Committee (KW-180716-1). This 
study included six healthy 2-year-old male beagle dogs with no history of cerebrovascular disease. Their mean bodyweight 
was 11.5 ± 1.1 kg (mean ± standard deviation (SD)). Blood tests, urinalysis, radiography, echocardiography, and abdominal 
ultrasonography were performed before the experiment. These examinations revealed no remarkable findings or underlying 
diseases, contrary to the purpose of the study.

Four CT scans were performed consistently for each dog with four different ROIs, including the PA, PV, AA, and CA. There 
was an interval of at least 3 days between the scans. During CT, the heart rates of the dogs were monitored to ensure they remained 
above 100 beats/min and recorded before premedication, after induction, and before and immediately after a scan.

For the CT scan, midazolam (0.3 mg/kg) was intravenously administered for premedication, and propofol (4 mg/kg) was 
administered before endotracheal intubation. Anesthesia was maintained with oxygen and isoflurane. The dogs were placed in a 
sternal recumbency position, and their forelimbs were pulled caudally to maintain a humanoid position. An 18-gauge over-the-
needle intravenous catheter was used in the cephalic vein and connected to a contrast injection system (Salient; Imaxeon, Sydney, 
Australia). A 16-channel multidetector CT unit (Alexion; Canon Medical Systems, Ohtawara, Japan) was used for the cerebral 
angiography, and a pre-contrast helical scan was performed from the head to the thorax in the rostral-to-caudal direction to 
determine the position of the bolus-tracking site and CTA. The trigger threshold for bolus tracking was set at 50 HU, plus the mean 
HU of each ROI. The dose of intravenous iodinated contrast medium (Omnipaque, iohexol, 300 mg iodine/ml; GE Healthcare 
Ireland, Cork, Ireland) was fixed at 20 ml/dog. The contrast medium was injected at a rate of 4 ml/sec using a contrast injection 
system, and the contrast injection pressure was recorded. When the HU of the ROI reached the threshold HU after contrast medium 
injection, CT brain angiography was automatically initiated at the occipital bone level in the caudal-to-rostral direction with a 5-sec 
delay after the trigger. Breath-holding was maintained during bolus tracking and the CT, and the scan duration was fixed at 10 
sec. The parameters for the pre-contrast helical scan and angiography were as follows: 120 kV, 200 mA, rotation time of 0.75 sec/
rotation, pitch factor of 0.938, and scan thickness of 0.5 mm. The reconstruction parameters were: slice thickness of 0.5 mm and 
slice interval of 0.3 mm with the standard algorithm. The proper ROIs for triggering were determined using pre-contrast images. 
The PA and PV were selected at the T8 level, AA was selected at the heart base level, and CA was selected at the C3 level (Fig. 1). 
These anatomical landmarks for ROI placement were uniformly applied in all the dogs, as their body shapes were almost identical.

Five main intracranial arteries, including BA, RcA, CCA, MCA, and RCA, were evaluated using a digital viewer (ViewRex; 
TechHeim Co., Ltd., Seoul, Korea). The image quality of the CcA was not sufficient for the quantitative analysis. The CT 
attenuation value for each artery was measured using axial images, and round ROIs for the CT attenuation value measurement were 
as large as possible but not so large as to approach the edges of the artery. To ensure a consistent location for the CT attenuation 
value measurements, the ROIs were placed within the segment closest to the circle of Willis; these locations were also uniformly 
applied for qualitative analysis. Contrast enhancement of a pair of arteries (except the BA) was considered the same bilaterally, and 
all measurements were performed on the left side.

The image volume data were transferred to a special software program (Xelis, Infinitt, Seoul, Korea), and 3D volume rendering 
(VR) was performed. Before the analysis, we assessed any anatomical variations in the circle of Willis based on a previous study [27] 
that identified aplasia of the RCA or rostral communicating artery in dogs. Qualitative analysis was conducted using two different 
volumes of interest (VOI): the cranial fossa for cerebral vessels and the caudal fossa for cerebellar vessels. First, for the simultaneous 
evaluation of cerebral arteries, including the CCA, MCA, and RCA, and venous contamination, we created VR images with the VOI 
set to show the cranial fossa. Second, we created VR images with the VOI set to show the caudal fossa without the tentorium osseum 
to visualize the CcA, RcA, and BA. Arterial enhancement (0=bad, 1=mild, 2=moderate, 3=excellent) and venous contamination 
(0=none to mild, 1=moderate, 2=remarkable) were scored for the opacification of each vessel (Figs. 2 and 3).

The measured values from 24 series of CT images were analyzed using GraphPad Prism Software (GraphPad Prism version 8; 
GraphPad Software Inc., San Diego, CA, USA). The Kruskal-Wallis test with Dunn’s multiple comparison test was used for the 
analysis, and P-values less than 0.05 were considered statistically significant.

RESULTS

In total, 24 series of CT scans were performed. The mean heart rates before premedication, after induction, and before and 
immediately after a scan were 112.2 ± 11.5, 130.1 ± 18.8, 120.3 ± 18.0, and 116.8 ± 16.4, respectively. The mean contrast injection 
pressure was 147.5 ± 3.7 psi. For ROI placement, because the PA and PV are smaller than the AA and more easily affected by 
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Fig. 1. Region of interest(ROI) placement for triggering in bolus tracking. A–C. Red circles represent the positions of four ROIs for bolus 
tracking. Contrast enhancement of the ROI is monitored, and a helical scan is triggered automatically when the hounsfield unit (HU) of the ROI 
reaches the preset threshold. A. Axial image of the T8 level; B. Axial image of the heart base level; C. Axial image of the C3 level, a. Pulmonary 
artery, b. Pulmonary vein, c. Aortic arch, d. Carotid artery.

Fig. 2. Qualitative evaluation of the individual artery segments. Three-dimensional volume rendering images were used for qualitative analysis. 
Each artery was qualitatively evaluated and scored from 0 to 3 as follows: A. The vessel is scored as 0 when it is impossible to evaluate the 
vascular anatomy of the artery (0=bad). B. The vessel is scored as 1 when the quality is not sufficient to visualize the vascular anatomy of the 
artery (1=mild). C. The vessel is scored as 2 when it is possible to evaluate the vascular anatomy of the artery but the vessel is not fully enhanced 
(2=moderate). D. The vessel is scored as 3 when the quality is sufficient to evaluate the vascular anatomy of the artery (3=excellent). Pairs of 
black arrows indicate the middle cerebral artery.

Fig. 3. Qualitative evaluation of venous contamination. A–C. Dorsal view of volume rendering images. D–F. Left view of volume rendering 
images. The skull is eliminated until the tentorium osseum (black arrow) is visualized in the dorsal view. We considered the straight sinus (red 
arrow) and the vessels draining from it (red box) to be representative of venous contamination. Venous contamination is evaluated and scored 
from 0 to 2 as follows. A and D. 0=none to mild. When the veins are not or slightly enhanced and do not obscure the arteries, venous contamina-
tion is scored as 0. B and E. 1=moderate. When the veins are visualized slightly and they obscure the arteries, venous contamination is scored as 
1. C and F. 2=remarkable. When the veins are strongly enhanced and they obscure the arteries, venous contamination is scored as 2. a. Basilar 
artery, b. Rostral cerebellar artery, c. Caudal cerebral artery, d. Middle cerebral artery, e. Rostral cerebral artery, f. Caudal communicating artery.
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motion from pulmonary respiration, it was important to maintain breath-holding during bolus tracking. The PA and PV tend to 
narrow in diameter toward the end of the lobe; therefore, thicker segments of the vascular branch should be selected, if possible 
(usually located proximally). The CA is also a small artery for ROI placement; however, it is less susceptible to respiratory motion. 
The diameter of the AA was sufficiently large, meaning that the ROI was easily set and less affected by respiration.

A total of 120 brain arteries were evaluated from four ROI groups: the PA, PV, AA, and CA groups (Table 1). The mean CT 
attenuation values of the BA and RcA in the PV group were the highest, and they were significantly higher than those in the 
CA group (P=0.048, P=0.014). The mean RcA attenuation value was significantly higher in the PA group than in the CA group 
(P=0.037). The mean values of the CCA, MCA, and RCA were highest in the PA group, and the mean values of the MCA in the PA 
(P=0.004) and PV (P=0.013) groups and the RCA in the PA (P=0.001) group were significantly higher than those in the CA group.

The visualization of the brain arteries and venous contamination was qualitatively scored on 24 VR images (Table 2). The mean 
scores for the BA, CCA, MCA, and RCA for the PA and PV groups were significantly higher than those for the CA group: PA vs. 
CA (P=0.05 for BA, P=0.008 for CCA, P=0.001 for MCA, P=0.001 for RCA) and PV vs CA (P=0.05 for BA, P=0.014 for CCA, 
P=0.007 for MCA, P=0.04 for RCA). No statistically significant difference in venous contamination was found among the ROI 
groups, but the mean scores of venous contamination were higher for the AA and CA groups than for the other two ROI groups. 
None of the dogs included in the present study had vascular segment abnormalities.

DISCUSSION

This study aimed to determine the ideal ROI placement for good arterial enhancement with minimal venous attenuation when 
using bolus tracking for brain angiography in healthy beagle dogs. Four different ROIs (PA, PV, AA, and CA) were selected, and 
CT scans were obtained four times for each dog. Five pairs of the main arteries supplying the brain (CcA, RcA, CCA, MCA, and 
RCA) and the basilar artery were analyzed using axial and VR images. Arterial enhancement and venous contamination were 
assessed quantitatively and qualitatively.

The factors affecting contrast enhancement and scan duration can be divided into three categories: patients, contrast media, and 
CT scans [2]. To minimize the patient factors, we selected medium-sized 2-year-old male beagles, and breath-holding, disease 
status, and heart rate were checked and controlled during the experimental period. As none of the dogs had cardiovascular disease, 
heart rate was considered as indirect evidence of cardiac output, which was one of the major influencing factors in this study. The 
contrast medium parameters, including iodine mass (concentration, volume) and injection rate, were uniformly applied; therefore, 
the same magnitude of enhancement was expected. Clinically, the rate of contrast medium injection through a 16-18G catheter in 

Table 2. Qualitative analysis of arterial enhancement and venous contamination (mean ± standard deviation)

Brain vessel
Qualitative score of each group (n=6)

PA PV AA CA
CcA 0.5 ± 1.2 1.7 ± 0.8 1.5 ± 0.5 1.3 ± 0.5
BA 2.8 ± 0.4* 2.8 ± 0.4# 2.5 ± 0.5 1.7 ± 0.8*,#

RcA 2.3 ± 1.0 2.5 ± 0.8 1.8 ± 1.5 0.7 ± 0.8
CCA 2.8 ± 0.4* 2.7 ± 0.8# 2.0 ± 1.0 0.7 ± 0.8*,#

MCA 3.0 ± 0.0* 2.7 ± 0.8# 2.0 ± 1.0 0.2 ± 0.4*,#

RCA 2.7 ± 0.8* 2.0 ± 1.0# 0.8 ± 0.7 0.0 ± 0.0*,#

Venous contamination 0.5 ± 1.2 0.5 ± 0.8 1.3 ± 0.5 1.7 ± 0.5
* or #: There was a significant difference between the values with the same superscripts (P<0.05). The scores (from 0 
to 3) for the caudal cerebellar artery (CcA), basilar artery (BA), rostral cerebellar artery (RcA), caudal cerebral artery 
(CCA), middle cerebral artery (MCA), and rostral cerebral artery (RCA) and venous contamination (from 0 to 2) were 
evaluated for each region of interest group: pulmonary artery (PA), pulmonary vein (PV), aortic arch (AA), and carotid 
artery (CA) groups.

Table 1. Quantitative analysis of brain arteries (mean ± standard deviation)

Brain 
artery

CT attenuation values of each group (n=6)
PA PV AA CA

BA 310.8 ± 115.4 363.2 ± 80.3* 304.7 ± 84.6 205.3 ± 84.2*
RcA 251.5 ± 60.8* 256.3 ± 20.5# 219.0 ± 42.2 152.7 ± 39.8*,#

CCA 294.3 ± 29.5 264.7 ± 67.8 250.2 ± 88.7 188.0 ± 58.2
MCA 342.2 ± 85.5* 313.8 ± 99.8# 242.3 ± 67.1 149.3 ± 19.7*,#

RCA 357.2 ± 91.7* 246.2 ± 86.9 177.7 ± 43.5 125.0 ± 14.3*
* or #: There was a significant difference between the values with the same superscripts (P<0.05). 
Computed tomography (CT) attenuation values for the basilar artery (BA), rostral cerebellar artery 
(RcA), caudal cerebral artery (CCA), middle cerebral artery (MCA), and rostral cerebral artery 
(RCA) were measured for each region of interest group: pulmonary artery (PA), pulmonary vein 
(PV), aortic arch (AA), and carotid artery (CA) groups.
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dogs varies from 3 ml/sec to 5 ml/sec using a power injector system [3]. A faster injection rate shortens the time to vascular arterial 
enhancement and increases the magnitude of contrast enhancement [4]. However, the pressure of the contrast injection in the 
power injector increases with the injection rate. One veterinary study on beagle dogs reported the mean psi of the power injector as 
198.33 ± 19.83 in 5 ml/sec injection rate groups [15]. We determined that an injection rate of 4 ml/sec was fast enough for contrast 
enhancement, but not so fast that it would lead to inadequate pressure of contrast injection.

To determine the optimal CT scan protocol, ROI placement was the only variable among the scanning factors in this study. Other 
scanning factors for bolus tracking, such as scan delay and scan duration, were fixed. In a previous study [7], the mean arrival 
durations to aortic enhancement appearance and aortic enhancement peak were 7.4 and 12 sec, respectively, when contrast media 
was injected for 5 sec. Based on this previous study, the scan delay after triggering in this study was fixed at 5 sec so that the aortic 
enhancement peak time could be included in the scan duration. The 5-sec scan delay was sufficient to cover the preparation time 
(table movement and interscan time) for the subsequent helical scan. Although a short scan duration should be applied to obtain 
good-quality CTA images, a 10-sec scan duration using a 0.5 mm slice thickness and 0.938 pitch factor in 16-channel multidetector 
CT equipment was inevitable. A more advanced CT modality would shorten the scan duration required for high-contrast resolution.

Six arteries (CcA, BA, RcA, CCA, MCA, and RCA) were included for the qualitative assessment, and five arteries (excluding 
the CcA) were evaluated quantitatively. As part of the initial design of this study, we planned to analyze CcA both qualitatively and 
quantitatively. However, when using ViewRex software, we found that the diameter of the CcA did not meet the minimum ROI size 
for attenuation measurement. Thus, they were excluded from the quantitative evaluation. Various human studies have attempted the 
quantitative assessment of CT angiography, and these studies considered an optimal attenuation value greater than 250 HU [6, 23, 
26]. In our study, enhancement in the PA and PV groups was superior to that in the CA group during the quantitative evaluation. 
The mean attenuation values   of all the blood vessels in the PA and PV groups were greater than or equal to 250 HU, whereas the 
majority in the CA group did not reach 250 HU. This suggests that the PA and PV groups had superior contrast enhancement, they 
met the contrast enhancement criteria proposed in other studies, and the scan timing of the CA group was too late to involve a peak 
of contrast enhancement. Usually, approximately 300 HU provides satisfactory 3D images [11]. As the attenuation value reflects 3D 
reformation, it is logical that the results of our quantitative and qualitative evaluations were similar. The PA and PV groups differed 
significantly from the CA group based on the qualitative and quantitative assessments. Therefore, both qualitative and quantitative 
evaluations in this study provided appropriate results for optimal ROI placement.

Venous contamination indicates a shift in the iodine load to the venous bed, resulting in reduced opacification of the arteries. 
Visualization of the arteries may also be obscured by opacified veins [8]. In our study, the degree of venous contamination was 
qualitatively assessed using VR images. In human medicine, one study considered the superior sagittal sinus to be representative 
of the vessels and analyzed artery-vein separation using CT angiography [25]. The study examined both the arterial-dominant 
and venous-dominant phases based on a total examination duration of 60 sec. We considered the straight sinus and the vessels 
draining from the straight sinus to be representative of venous contamination (Fig. 3). As such, the scores tended to increase in the 
AA and CA groups. Because a delayed phase was not included in our study, we could not identify the disappearance of venous 
contamination, as in the previous human study. Further research on the delayed phase is warranted to understand the full venous-
dominant phase of brain angiography in dogs.

In veterinary research, the intracranial vessels of dogs have been assessed using vascular imaging [5, 9, 17, 24, 27, 30]. Ischemic 
or hemorrhagic strokes, which are referred to as cerebrovascular accidents, have been recognized as a common cause of acute 
neurologic dysfunction in dogs [1]. MRA has been used for vascular imaging in dogs with strokes, aneurysms, intravascular 
lymphomas, and cerebral vascular malformations in dogs [18, 30]. In humans, variations in the circle of Willis are commonly 
found; this increases the possibility of ischemic problems [14, 16], and variations in the circle of Willis in dogs have recently 
been researched using MRA [27]. Vascular imaging using CTA and MRA would be useful for the evaluation of ischemic problems 
and intracranial vascular anomalies. However, there are only few published studies on the use of CTA in dogs with stroke and 
intracranial vascular variations [1], and one report described an intracranial aneurysm in a dog incidentally detected on CTA using 
a fixed-scan delay (injection-to-scan delay of 10 sec and injection rate of 4 ml/sec) [5]. The CTA protocol using bolus tracking 
described facilitated the acquisition of good to excellent angiograms of the intracranial arteries.

There are several limitations to our study. First, saline flush could not be administered after contrast-agent injection because 
we used a single-syringe CT injector for contrast medium only. As a saline flush assists the antegrade movement of the contrast 
bolus and clears the vascular access site of residual contrast after injection [13], it is particularly beneficial when a small volume 
of contrast medium is used [2]. Second, because dogs have a relatively short arterial enhancement peak, a shorter CT scan duration 
is needed for stronger arterial opacification. A shorter scan duration using higher grade CT equipment would result in better image 
quality of the CcA and small brain arterial branches.

Our findings show that the ROI for triggering should be placed at the PA or PV rather than at the CA for optimal CT brain 
angiography using bolus tracking, which will facilitate strong arterial attenuation of the BA, RcA, CCA, and MCA and minimal 
venous contamination in beagle dogs.
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