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Computed tomography thoracic angiography studies were performed on five adult beagles 
using the bolus tracking (BT) technique and the test bolus (TB) technique, which were 
performed at least two weeks apart. For the BT technique, 2 mL/kg of 300 mgI/mL iodinated 
contrast agent was injected intravenously. Scans were initiated when the contrast in the aorta 
reached 150 Hounsfield units (HU). For the TB technique, the dogs received a test dose of 
15% of 2 mL/kg of 300 mgI/mL iodinated contrast agent, followed by a series of low dose 
sequential scans. The full dose of the contrast agent was then administered and the scans were 
conducted at optimal times as identified from time attenuation curves. Mean attenuation in 
HU was measured in the aorta (Ao) and right caudal pulmonary artery (rCPA). Additional 
observations included the study duration, milliAmpere (mA), computed tomography dose 
index volume (CTDI[vol]) and dose length product (DLP). The attenuation in the Ao (BT = 
660  52  HU ± 138  49  HU, TB = 469  82  HU ± 199  52  HU, p = 0.13) and in the rCPA (BT = 
606 34 HU ± 143 37 HU, TB = 413 72 HU ± 174.99 HU, p = 0.28) did not differ significantly 
between the two techniques. The BT technique was conducted in a significantly shorter time 
period than the TB technique (p = 0.03). The mean mA for the BT technique was significantly 
lower than the TB technique (p = 0.03), as was the mean CTDI(vol) (p = 0.001). The mean DLP 
did not differ significantly between the two techniques (p = 0.17). No preference was given 
to either technique when evaluating the Ao or rCPA but the BT technique was shown to be 
shorter in duration and resulted in less DLP than the TB technique. 

Introduction
Thoracic computed tomography (CT) is a well established and increasingly important imaging 
procedure in human and veterinary medicine. Computed tomography is superior to conventional 
radiography of the thorax as it eliminates superimposition and demonstrates enhanced resolution, 
thus detects subtle changes in organ size, shape, margins, contours and position (Rivero et al. 
2009). Except for some of the smaller vessels, nerves and details of the heart, most of the osseous, 
visceral and vascular structures of the dog thorax can be identified and described (Cardoso et 
al. 2007; De Rycke et al. 2005). Computed tomography angiography (CTA) analyses imaging 
data that is acquired during the first pass of a bolus of contrast medium. Proper selection of 
acquisition timing is thus critical in order to optimise contrast medium enhancement (Bae 2003). 
When performing any intravenous contrast study there are several factors that need to be taken 
into account: physico-chemical factors (such as concentration of the contrast medium); technical 
factors (such as injection duration and rate); and patient factors, with body weight cited as the 
most important factor affecting the amount of aortic enhancement (Bae 2008). The variability 
introduced by patient factors is overcome in CTA by the application of either a bolus tracking 
(BT) or a test bolus (TB) technique. 

For the BT technique, a circular or rectangular region of interest (ROI) with a desired Hounsfield 
unit (HU) is placed in a blood vessel of interest related to the study, such as the aorta. The 
computer detects vessel opacification by contrast medium within this ROI during real-time 
monitoring of the main bolus during injection. This is done by means of the acquisition of a series 
of low-dose sequential scans at a specific level containing the ROI in the vessel of interest. The 
scan is initiated automatically when the desired HU in the ROI is met. One study has shown that 
the BT technique (when compared with the TB technique) has better synchronisation between the 
scanning and contrast medium enhancement, with a more homogenous and steady enhancement 
for coronary angiography (Cademarriti et al. 2005). This technique has been shown to require a 
shorter scan time (and hence reduced radiation exposure) with up to 20% less contrast medium 
being used. A recent study on pulmonary angiography in beagles has shown no advantage in 
using the TB technique above the BT technique, but a limitation to this study was that only one 
patient had both techniques performed and compared (Habing et al. 2011). Various factors can 
affect the outcome of the BT technique; should the ROI be inaccurately positioned, then erroneous 
monitoring may lead to either the desired HU never being reached in the vessel, or if the ROI 
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is placed in such a manner that part of the area of the ROI 
includes the vessel wall, the desired HU may be artifactually 
reached earlier than it actually should. These scenarios can 
result in a suboptimal CTA scan. If the patient moves during 
the monitoring scans, the ROI may move out of the vessel 
of interest and an unsuccessful scan may result. However, 
by monitoring the procedure, should the scan not trigger 
automatically the main scan can be started manually.

Factors to bear in mind when using the BT technique include 
the transition delay (delay between the time at which the 
threshold is reached and the start of the actual CT scan) and 
the inter-scan delay (time between the consecutive dynamic 
scans). Both delays are variable, depending on the machine 
used, but it has been reported than even machines from 
the same vendors can have different delays (Henzler et al. 
2012). The BT technique has been reported to be particularly 
beneficial for patients with right heart failure or pulmonary 
hypertension due to the delayed passage of contrast through 
the pulmonary vessels in such conditions (Roggenland et 
al. 2008). BT techniques are preferred for CT angiography 
in children, this is due to the various patient factors that 
can affect the timing of the application of empirical scan 
delays, such as varying body weight and cardiac output 
(Frush 2005). For the TB technique, a low dose of the contrast 
medium (usually 15% – 20% of the total dose of the contrast 
medium) is injected and low radiation dose, single-slice, 
sequential images are obtained at a slice containing the vessel 
of interest. This is to allow for evaluation of vascular contrast 
medium enhancement over time. Time attenuation curves 
are then generated and the contrast medium arrival time and 
time of maximal enhancement of the vessel are determined 
(Cademartiri et al. 2002). From these curves, the time delays 
between the start of contrast medium injection and initiation 
of the scan are calculated automatically (Cademartiri et al. 
2002; Cademartiri et al. 2005; Zwingenberger et al. 2004). This 
method has a significant advantage because it is specifically 
adapted to the patient being examined and the variability of 
the BT technique is therefore removed. The technique has 
been advocated for use in human patients with compromised 
cardiac function or in debilitated patients (Sheiman et al. 
1996). A study in 1995 concluded that the injection of a test 
bolus improved the timing of spiral CT acquisition in human 
patients when evaluating the enhancement in the aorta (van 
Hoe et al. 1995). When evaluating smaller vessels, the TB 
technique is preferred over other CTA techniques (Sheiman 
et al. 1996). The disadvantages of the TB technique are 
increased scan time, radiation exposure, anaesthetic time and 
contrast medium dose.

Although there are several human studies comparing the 
BT and TB techniques (Henzler et al. 2012; Cademartiri et al. 
2004; Itoh et al. 2004; Kim et al. 2006; Mehnert et al. 2001), there 
are no such veterinary studies. Therefore, the purpose of this 
study was to compare the attenuation (in HU) in the aorta 
(Ao) and right caudal pulmonary artery (rCPA) following 
thoracic CTA using the BT and the TB techniques. Additional 
parameters that were evaluated included the subjective 
visualisation of the smaller thoracic arteries, the procedural 
duration of the studies, the milliAmpere (mA), the computed 
tomography dose index (volume) (CTDI (vol)) and the dose 
length product (DLP).

Materials and methods
Animals
Five adult purpose-bred research beagles (median age = 
38 months, median weight = 15.05  kg) were used for the 
study. There were three spayed females and two castrated 
males. They were deemed to be healthy and eligible for the 
study based on normal physical examination, full blood 
count, serum chemistry analysis, blood pressure evaluation, 
urinalysis, thoracic radiography and abdominal ultrasound. 

Each animal underwent both the BT CTA and the TB CTA. 
The animals were randomly assigned and divided into two 
groups by pulling the number of the dog 1 – dog 5 out of a 
hat. Group 1 received the TB technique first, followed at least 
two weeks later by the BT technique. Group 2 had the studies 
conducted in the reverse order. 

A 20-gauge intravenous catheter was placed in the cephalic 
vein of either the left or right thoracic limb and secured with 
tape. Patients were placed in sternal recumbency on the CT 
table, this was to prevent dependant lung hypostasis and to 
minimise excessive motion artifacts during scanning. 

The patients were premedicated with 0.2 mg/kg diazepam 
(Pax®, Pharmcare limited, Woodmead, Sandton, South 
Africa) and anaesthesia was induced with Propofol 1% 
(Fresenius Kabi SA (Pty) Ltd, Stand 7, Growthpoint Park 
2 Tonetti Street, Halfway House, Midrand, South Africa) 
at 5.5  mg/kg i/v to effect. Anaesthesia was maintained 
with isoflurane (Forane® liquid, Abbott Laboratories Pty 
Ltd., Constantia Kloof, Roodepoort, South Africa) in 100% 
oxygen. During various stages of the CTAs, positive pressure 
ventilation with breath holding techniques, by means of 
manual rebreathing bag compression, were employed to 
eliminate motion artifacts. 

Survey CT scan
A dorsal survey helical topogram was performed on all 
animals, from the level of the thoracic inlet to the furthest 
caudal extent of the diaphragm, in a cranio-caudal direction 
using a dual-slice 6th generation Siemens Emotion duo 
CT scanner with sliding gantry (Siemens South Africa, 
300 Janadel Avenue, Halfway House, Midrand, 1685). A 
collimated helical scan was also performed from the level of 
the seventh cervical vertebra to the level of the second lumbar 
vertebra in a caudal to cranial direction. Collimation was set 
at 2.5 mm with a slice thickness of 3.0 mm. A kilovoltage of 
130, mA of 24 and a pitch of 1.65 was used. Images from the 
survey scan were assessed for any pathology or abnormalities 
not noted during the thoracic radiographic examination. 

Bolus tracking technique
For the BT technique, a slice from the pre-contrast scan was 
chosen that contained the Ao and rCPA on a single slice. 
A ROI was placed in the lumen of the aorta at this level, 
approximately at the level of the eighth thoracic vertebra. 
The ROI occupied approximately ¾ of the internal diameter 
of the vessel and was placed clear of the vessel wall. This 
was done to prevent possible movement of the ROI out of 
the lumen during respiratory movement. The scan range 
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and scan parameters used for the systemic arterial phase 
CTAs were planned using this survey pre-contrast scan. A 
threshold of 150 HU was set in the ROI. This level of contrast 
medium attenuation was selected based on literature reports 
deeming this level to be diagnostic (Habing et al. 2011). The 
patients then received a 2 mL/kg bolus dose of 300 mgI/mL 
Iohexol (Omnipaque™, GE Healthcare Pty Ltd., Weltevreden 
Park, South Africa, 1709), which was administered with a 
pressure injector set to inject at a rate of 3 mL/s. A manual 
saline chaser of 1  mL/kg immediately followed this. The 
contrast medium injection was started at the same time as 
the pre-monitoring phase. During the pre-monitoring phase, 
low dose sequential scans were performed at the pre-selected 
level. By means of an inherent software program, a near-
instantaneous time attenuation curve was generated. When 
contrast medium reached the desired 150 HU, the machine 
automatically triggered the start of the angiographic scan of 
the arterial phase. The scan direction of caudal to cranial was 
chosen so as to limit motion artifacts from diaphragmatic 
movement. The scan was conducted from the level of the 
tenth thoracic vertebra to the cervical inlet. This range was 
chosen as the blood vessels of interest (Ao and rCPA and 
cranial thoracic arteries) were expected to lie within this 
scan range. If it was noted that the attenuation in the Ao was 
rising to a subjectively adequate level of attenuation without 
automatic triggering the scan, it was triggered manually. 
Scan parameters for the systemic arterial phase were the same 
as for the pre-contrast survey helical scan. The kilovoltage 
ranged from 110 to 135 and the mA was chosen inherently by 
the Caredose® software and ranged from 19–29. 

Test bolus technique
A topogram and pre-contrast survey thoracic CT was 
performed as per the BT technique. Again, a single slice 
from the survey scan was chosen in the region of the eighth 
thoracic vertebra, which contained the Ao and rCPA. The 
patient received a test bolus of Iohexol 300 mgI/mL at 15% 
of the full dose of 2 mL/kg. This test bolus was administered 
manually due to limitations encountered with the pressure 
injector. The test bolus injection was immediately followed 
by a manual saline flush at a dose of 1 mL/kg. Then, 40 serial 
sequential low-dose scans followed at the slice identified on 
the pre-contrast scan. A breath hold technique was again 
employed to minimise motion artifacts due to respiration. 
Following initiation of the scan, there was an unavoidable 
scan delay, inherent to the machine, of 4 s. 

Using the dynamic evaluation software programme 
(DYNAEVA®), the 40 sequential scans obtained in the 
previous step were evaluated and information regarding time 
to peak enhancement was obtained for the Ao. Immediately 
following this, a helical systemic arterial angiographic 
scan with a contrast medium dose of 2 mL/kg of 300 mgI/
mL Iohexol was performed, using the time delay obtained 
during the dynamic scanning. Injection parameters were as 
for the BT technique. 

Imaging data analysis
A primary investigator then evaluated the raw data using a 
50% reconstruction increment. The images were viewed with 

a window width of 750 HU and a window level of 40 HU, 
which is described as a ‘pleural’ window (Henninger 2003), 
as well as with a window width of 400 HU and window level 
of 40 HU, which is termed as a ‘mediastinal’ window in the 
Siemens software. The investigator subjectively determined 
that the images viewed with the ‘mediastinal’ window to 
be easier to interpret and all measurements were done in 
this window. Thoracic pre-contrast survey and arterial 
post-contrast images were evaluated on transverse and 
multiplanar reformatted images. Motion artifacts were noted 
if present. 

Three measurements of the attenuation in HU were taken for 
the Ao and rCPA in the systemic arterial phase by drawing 
a ROI in the lumen of the vessels. The three measurements 
were taken 4.5 mm apart at the level of the eighth thoracic 
vertebra, where both the Ao and rCPA were visualised on 
one slice. It was aimed to include approximately 90% of 
the lumen and not include the vessel wall. These values 
were averaged and one value was obtained for each vessel 
during each angiographic phase for the BT tracking and TB 
technique.

A subjective assessment from 0 to 3 (0 = not visualised, 1 
= mild attenuation, 2 = moderate attenuation, 3 = marked 
homogenous attenuation) of the following vessels was made 
in the arterial phase: the cranial vena cava, brachiocephalic 
trunk, left and right subclavian arteries, carotid arteries, 
costocervical trunk, internal thoracic arteries and the 
vertebral arteries. 

Any side effects noted during the procedure were documented 
and the mA, CTDI (vol) and the DLP were noted. The total 
time taken for the studies was documented; this was the 
time from the start of the CTA procedure, not including 
the process involved in anaesthetising and positioning 
the patients. The total dose of contrast medium used for 
each procedure was also documented and compared. The 
duration of the delays before initiation of the scans, as well 
as the duration of the angiographic scans and injections were 
noted in order to facilitate interpretation of the results, but 
were not statistically evaluated. All the dogs were closely 
monitored during their recovery from anaesthesia in the CT 
room under direct veterinary supervision.

Statistical analysis
All measurements were entered into an Excel spread sheet. 
The above information was compared between the two 
groups. In this within-subject study design, the BT and TB 
techniques were compared with respect to the HU in the 
Ao and the rCPA areas for the systemic arterial phase. The 
Shapiro-Wilks test was used to assess whether differences 
(BT–TB) within parameters were normally distributed. The 
comparisons were performed using the Students paired t-test. 
To facilitate the interpretation of the t-test results, the 95% 
confidence interval for the difference of the means between 
the BT and the TB was rewritten to a 95% confidence interval 
for BT as a ratio of TB. The latter was considered the gold 
standard. When evaluating the 95% confidence interval for 
the difference of the means, the closer the values are together, 
the more comparable they are to one another.
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The assessment of the visualisation of the smaller cranial 
thoracic vessels was largely subjective in nature, with a 
subjective grading score used and the scores averaged and 
subjectively compared between the two techniques (BT 
and TB). 

The radiation parameters (mA, CTDI(vol) and DLP), the 
duration of the studies and the total dose of contrast medium 
used were compared between the BT and TB techniques using 
the Students paired t-test and significance was set at p < 0.05. 

Ethical considerations
The study was approved by the Animal Use and Care 
Committee (V09/44). The animals used in this study were 
cared for in a manner approved by this committee.

Results
Each dog responded well to the chosen anaesthetic protocol 
and recovered well from the anaesthetic. No adverse 
reactions were noted. 

All of the CT scans were considered successful and 
diagnostic, with adequate attenuation noted in the vessels of 
interest. Motion artifacts were noted during one of the scans; 
the systemic arterial phase of the bolus-tracking scan for dog 
number two. However, the scan was nevertheless considered 
diagnostic.

The results for the mean attenuation in the two vessels (Ao 
and rCPA) are shown in Table 1. Representative transverse 
images taken at the level of the eighth thoracic vertebra in 
dog two during the systemic arterial phase during the BT 
and TB technique are shown in Figure 1. 

There was no significant difference in the attenuation 
in the Ao during the arterial phase between the two 
techniques (BT = 660.52 HU ± 138.49 HU, TB = 469.82 HU ± 
199.52 HU, p = 0.13) (Table 1). However, to further facilitate 
interpretation, the 95% confidence interval for the difference 
of the means between BT and TB was rewritten as a ratio 
of BT to TB (Table 1). This indicated that although BT and 
TB are comparable techniques, the BT technique could be 
regarded as superior to the TB technique for attenuation in 
the Ao during the systemic arterial phase. 

The mean attenuation values in the rCPA during the systemic 
arterial phase did not differ significantly between the two 
techniques (BT = 606.34 HU ± 143.37 HU, TB = 413.72 HU ± 
174.99 HU, p = 0.28) (Table 1). However, the 95% confidence 
for BT rewritten as a ratio of TB indicated that BT could be 
regarded as superior to the TB technique for the rCPA in the 
arterial phase (Table 1). 

1, right caudal pulmonary artery; 2, caudal vena cava; 3, heart; 4, oesophagus; a5, aorta; Left 
of the patient is to the left of the image; Window width, 400; window length, 40.

FIGURE 1: Transverse pre-contrast and post-contrast images of dog 2 at the level 
of T8. The image (a) pre-contrast image during the BT technique; (b) BT post-
contrast arterial phase; (c) pre-contrast image during the TB technique and (d) 
TB post-contrast arterial phase. 
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TABLE 1: The mean attenuation (HU) in the major thoracic vessels during the 
systemic arterial phase for the bolus tracking and test bolus techniques. 
Major thoracic vessels Ao rCPA
BT 660.52 ± 138.49 606.34 ± 143.37
TB 469.82 ± 199.52 413.72 ± 174.99
95% CI for BT/TB 80% ≤ μBT/μTB ≤ 200% 60% ≤ μBT/μTB ≤ 232%

BT, bolus tracking; TB, test bolus; Ao, aorta; rCPA, right caudal pulmonary artery; μBT, mean 
of the bolus tracking; μTB, mean of the test bolus.
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1, cranial vena cava; 2, left subclavian artery; 3, brachiocephalic trunk; 4, internal thoracic vein; 5, left and right common carotid arteries; 6, right subclavian artery; 7, internal thoracic artery; 8, 
costocervical trunk; 9, vertebral artery; 10, confluence of the axillary vein into the brachiocephalic vein. 
Left of the dog is to the left of the image. 
Window width, 400; window length, 40.

FIGURE 2: Transverse images of dog 5 during the arterial phase for the BT technique showing attenuation in the smaller cranial thoracic vessels. Images taken from the 
level of the aortic bulb (a) moving cranially to (d). 
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1, cranial vena cava; 2, left subclavian artery; 3, right subclavian artery; 4, left and right common carotid arteries. 
Left of the dog is to the left of the image. 
Window width, 400; window length, 40.

FIGURE 3: Transverse post-contrast image of dog 5 at the level of the second rib (a) BT arterial and (b) TB arterial. 
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On assessment of the smaller cranial thoracic vessels, the 
cranial thoracic arteries could most often be visualised 
with moderate attenuation during the systemic arterial 
phases (Figure 2 and Figure 3). The internal thoracic artery 
and vertebral artery were the only smaller cranial thoracic 
arteries that showed a lower grade of subjective enhancement 

during the arterial phase for both the BT and TB techniques 
(Table 2).

The most striking finding during the assessment of the 
smaller cranial thoracic vessels was that the cranial vena 
cava (or, at times, the axillary vein as it merged with the 
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brachiocephalic vein) was consistently visualised during the 
systemic arterial phase during both techniques on the side of 
injection (Figure 4). 

The mean mA for the BT technique (3564.4 ± 131.94) was 
significantly lower than for the TB technique (3984.1 ± 315.7) 
(p = 0.03). The mean CTDI(vol) for the BT technique (31.18 ± 
18.01) was significantly lower than for the TB CTDI(vol) (45.45 
± 1) (p = 0.001). The mean DLP did not differ significantly 
between the two techniques (BT = 140.8 ± 5.4, TB = 166.4 ± 
35.73) (p = 0.17). 

The BT technique was conducted in a significantly shorter 
time period than the TB technique (BT = 7.6 min ± 1.07 min, 
TB = 12.7  min ± 4.19  min, p =  0.03). As expected, the TB 
technique resulted in the use of significantly more contrast 
medium (33.2 mL ± 4.02 mL) compared with the BT technique 
(28 mL ± 3.52 mL) (p = 0.0007). This resulted in an average 
dose of 1.89 mL/kg for the BT technique and 2.2 mL/kg for 
the TB technique. 

The delay prior to the onset of the arterial phase scan was 
4.2 s ± 0.44 s for the BT technique (taken from start of injection 
and monitoring) and 12.6 s ± 2.5 s for the TB technique. The 
duration of the arterial phase scan was 18.37 s ± 2.85 s for the 
BT technique and 16.6  s ± 0.58  s for the TB technique. The 
duration of injection for the BT technique was 8.83 s ± 1.7 s 
for the BT technique to 9.95 s ± 1.6 s for the TB technique. 

Discussion
Computed tomography thoracic angiographic studies were 
conducted in healthy adult beagle dogs using both the BT 
technique and the TB technique. When evaluating the Ao and 
rCPA during the systemic arterial phase, the BT technique is 
regarded as superior based on the 95% confidence interval 
for BT rewritten as a ratio of TB. Explained simply, the BT 
technique performs better than the TB technique. The BT 
technique results in a shorter procedural duration, less 
contrast medium and less mA and CTDI(vol). Thus for a 
general CTA of the thorax, taking all the above information 
into account, the BT technique should suffice, giving adequate 
attenuation in the Ao and rCPA.

The mean attenuation of the rCPA in the systemic arterial 
phase using both techniques was good, comparable to that 

achieved in the aorta during this study, and attenuation 
levels were considered to be adequate for diagnostic 
purposes (Habing et al. 2011). The good attenuation in the 
rCPA during the arterial phase is due to the fact that during 
the systemic arterial phase of the study, the blood has already 
entered the pulmonary system from the right heart prior to 
entering the systemic circulation. It can be hypothesised that 
whilst the systemic arterial phase scan was underway, there 
was still flow of contrast medium from the right heart (and 
pulmonary circulation) to the left heart and subsequently 
the aorta (Erturk et al. 2008). In a recent study investigating 
pulmonary angiography in dogs, the initial pulmonary 
enhancement was noted at around 6 s after onset of contrast 
medium injection, and peak enhancement in the rCPA was 
noted between 8 s – 10 s (Habing et al. 2011). In a more recent 
canine study comparing two injection protocols for CTA of 
the pulmonary arteries, the time to peak enhancement was 
8.6 s ± 3.5 s for a fixed injection rate protocol (Makara et al. 
2011). The injection duration ranged from 8.83 s ± 1.7 s for 
the BT technique to 9.95 s ± 1.6 s for the TB technique and the 
scan times ranged from 16.6 s ± 0.58 s for the TB technique 
to 18.37 s ± 2.85 s for the systemic arterial phase during BT. 
Considering this, as well taking into account that the scans 
were conducted in a caudal to cranial direction, it can be 

TABLE 2: Subjective assessment of the smaller cranial thoracic vessels during the arterial phase. 
Smaller vessel Grade

Brachiocephalic trunk Subclavian arteries Common carotid arteries Internal thoracic arteries Vertebral arteries Costocervical trunk
BT TB BT TB BT TB BT TB BT TB BT TB

Dog 1 2 3 2 3 2 3 2 3 1 3 2 3
Dog 2 2 3 2 3 2 3 1 3 2 3 2 3
Dog 3 3 2 2 3 2 3 2 1 2 2 2 3
Dog 4 3 3 3 3 3 3 2 2 3 3 3 3
Dog 5 3 2 3 2 3 2 3 2 3 2 3 2
Mean 2.6 2.6 2.6 2.4 2.4 2.8 2 2.2 2.1 2.3 2.4 2.8

Grades: 0, no enhancement; 1, mild enhancement; 2, moderate enhancement; 3, strong homogenous enhancement. 
BT, bolus tracking phase; TB, test bolus phase. 

 

Arrow, the homogenous attenuation in the confluence of the right axillary vein with the 
brachiocephalic vein. 
Left of the dog is to the left of the image. 
Window width, 400; window length, 40.

FIGURE 4: A transverse post-contrast image of dog 1 at the level of the cranial 
thoracic cavity, taken during the arterial phase of the BT technique.
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concluded that although the attenuation in the rCPA was 
good during the systemic arterial phases, it was most likely 
obtained post peak enhancement. However, to confirm this 
speculation, specific studies into pulmonary enhancement 
would be needed.

The visualisation of the cranial thoracic arteries was 
considered to be adequate for their identification and 
detection of gross pathology, with no marked subjective 
difference between the two techniques. This is in contrast 
to human medical literature, which cites the TB technique 
to be preferable when evaluating smaller vessels (Sheiman 
et al. 1996). However, that study pertained to the abdominal 
aorta and its branches. If pathology is suspected in any of the 
cranial thoracic vessels, it is expected that the ROIs for both 
the BT and TB techniques will be placed in an appropriate 
level of the ascending aorta. Scanning should be done over 
a limited scan range, over the region of suspect pathology, 
and done in a caudal to cranial direction (Joly, D’Anjou & 
Huneault 2008). If such a defined protocol is followed, it is 
expected that improved attenuation in the cranial thoracic 
arteries will be obtained. 

It is likely that the reason for seeing contrast consistently 
in all studies in the cranial vena cava (or at the confluence 
between the axillary veins into the brachiocephalic veins) 
on the side of injection, despite the use of a manual saline 
flush, was due to residual contrast medium remaining in 
the venous structures. The use of a saline flush has been 
advocated to improve the bolus shape by ‘pushing’ the bolus 
forward, to flush out contrast medium remaining in the 
injection tubing and to eliminate the extra step required to 
clear the vascular access site of residual contrast medium. 

It has also been shown to be beneficial in reducing artifact 
formation, in particular streak or per venous artifacts (Haage 
et al. 2000), and it increases the amount of contrast medium 
available for image acquisition (Bae 2008, Suzuki et al. 
2004). A saline flush is most often administered by means 
of a double-barrel pressure injector. Due to the technical 
limitations of the pressure injector used in this study, the 
mode of administering the saline flush was by manual 
injection. Thus the pressure attained during injection was 
most likely inadequate to fully achieve the benefits described 
above. In order to investigate this theory, the study should 
be repeated with a double-barrel pressure injector. Another 
method that could have been employed in this study in order 
to achieve a saline chaser injected under pressure would 
have been to layer the contrast medium and saline in the 
same syringe. A previous study has shown that a saline bolus 
chaser administered with a pressure injector increased the 
point of maximal enhancement and also increased the time 
to point of maximal enhancement (tPME) (Cademartiri et al. 
2002). Similarly, should a saline bolus chaser be used, the 
dose of contrast medium could be reduced, whilst attaining 
similar peak enhancement values to those obtained with an 
increased dose and no saline chaser. The injection rates of 
the saline chaser mentioned in this study were as high as 
10 mL/s (Cademartiri et al. 2002). The effects of the use of a 
pressure injector to administer the saline chaser in this study 
are speculative and need further investigation.

The radiation emitted by the CT x-ray tube is affected by 
the tube current (mAs) and the tube voltage (kilovolt peak) 
(Huda, Rowlett & Schoepf 2010). However, the total amount 
of radiation that is directed towards a given location within 
the CT gantry is also affected by the tube rotation speed and 
the pitch (Huda, Rowlett & Schoepf 2010). The finding that 
the mA is significantly higher for the TB technique compared 
to that of the BT technique is due to the addition of a series of 
low dose sequential scans required for the TB technique. This 
consequently leads to a significant increase in the CTDI(vol) 
for the TB technique, as CTDI(vol) relates to the intensity of 
the x-ray beam incident on the patient and is measured from a 
single rotation of the x-ray tube. CTDI(vol) generally depends 
on the kilovolt and mA chosen to perform the examination 
(Huda & Mettler 2011). However, neither the mA nor the 
CTDI(vol) take into account the patient size and the scan 
length. The DLP is not significantly different between the 
two studies, although the BT technique has lower mean DLP 
values than the TB technique. This finding holds more weight 
than that of the other dose parameters evaluated (mA and 
CTDI(vol)), as the DLP can be used to estimate the effective 
dose for a CT examination by applying a DLP to Energy 
conversion factor (κ), which depends on the anatomic region 
examined (Huda & Mettler 2011; McCollough, Christner & 
Kofler 2010). The effective dose takes into account the tissue 
being irradiated and permits comparisons between different 
forms of radiation as well as background radiation. It is 
agreed that the value calculated for effective dose in human 
studies is subject to many uncertainties and approximations 
(McCollough, Christner & Kofler 2010), thus making the term 
‘effective dose’ a broad, generic estimation of risk. To the best 
of our knowledge, there are no effective doses described for 
animal studies. However, as the estimation of effective dose 
calculation in humans makes use of small anthropomorphic 
patient models, thus making these estimates applicable to 
small humans only, it would seem logical to associate this 
term with an estimate of dose to animal patients. Further 
work would be needed to define animal equivalent models 
not only in CT but also in other forms of diagnostic imaging 
involving ionising radiation. However, to minimise radiation 
dose to a patient the BT technique is suggested. 

As expected, the duration of the BT study compared with the 
TB study is significantly shorter; this is because additional 
scans are required during the TB technique. However, in 
some cases, the BT technique took half the time and it was 
unexpected that the time difference would be so significant. 
This is thought to be partly due to operator inexperience and 
partly due to the learning curve experienced when using 
the TB technique in practice. It can be expected that the TB 
technique will be quicker as experience with the technical 
aspects involved is gained. None the less, if a patient has 
an anaesthetic risk or is compromised in any way, it would 
be better to choose a protocol that is known to be shorter in 
duration, whilst still providing diagnostic quality studies. 
For this reason, the BT technique would be desirable over the 
TB technique. 

The finding that the dose of contrast medium used during 
the BT technique was significantly less than the TB technique 
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was expected. It is a characteristic of a TB technique, as the 
name implies, that an additional dose of contrast medium be 
used for dynamic evaluation of enhancement in the vessels of 
interest prior to planning the angiographic study. This may 
translate into increased costs incurred for the extra contrast 
medium used, a factor that may need to be considered when 
cost sensitive cases are under study. There is also a potential 
increased risk of contrast medium-associated toxicities, such 
as in patients with underlying renal pathology or diabetes 
(Baerlocher, Asch & Myers 2010; Barrett 1994; Barrett et 
al. 2006; Bryniarski 2010; Bui et al. 2007; Deray et al. 1999; 
Galimany-Masclans et al. 2010; Katzberg & Newhouse 2010). 
Although this will most likely not be the major factor in 
the decision between performing a TB or BT technique in a 
patient, it may be a deciding factor to consider when all other 
factors prove equal.

The main limitation to this study was the low number of 
animals investigated, although each animal was used as its 
own control. For this reason, the 95% confidence interval for 
the obtained data was rewritten as a 95% confidence interval 
for BT as a ratio of TB, with the latter being considered the 
gold standard. The question arises whether the TB technique 
being considered the gold standard should be a limitation 
to this study. When using the TB technique the scan is 
individualised for the patient under study and takes into 
account the inherent factors that may affect the scan, such as 
cardiac output (CO), heart rate and blood pressure. However, 
the use of the TB technique presumes a relationship between 
the bolus geometry of the test bolus and the main bolus. The 
correlation between the test bolus tPME and the main bolus 
tPME has been found to be variable depending on which 
study is reviewed and can vary from none to moderate 
(Cademartiri et al. 2002). What has been found is a strong 
correlation between the test bolus tPME and the time to reach 
certain attenuation levels in the main bolus (Cademartiri et 
al. 2002). These findings indicate that the bolus geometry 
between the test bolus and the main bolus is, in fact, different 
and this may lead to the TB technique being demoted as the 
gold standard technique as applied in this study. However, 
currently there are no other study designs that could be used 
as the gold standard for CTA. 

The test dose during the TB technique was administered 
manually and then followed by a manual saline flush; 
therefore the flow rates achieved during this administration 
would not have been close to the flow rate of 3 mL/s achieved 
with a pressure injector. It can be expected that the test bolus 
was thus not delivered in a tight bolus and may have been 
diluted in the blood pool. This would affect not only the 
tPME but also the PME recorded and evaluated during the 
dynamic evaluation, which would translate into potentially 
erroneous time delays during the TB scan. In studies 
comparing BT to TB techniques in humans, the test bolus is 
injected using a pressure injector with the same injection rate 
as that used during injection of the main bolus (Cademartiri 
et al. 2005). In these studies the test bolus was 20 mL, but in 
this study, due to the lower mean weight of the animals, the 
test bolus injected was on average 4.0 mL. Injecting such a 

low dose under pressure with the pressure injector currently 
in use at the facility, made this technically difficult. Because 
the saline flushes were all manually injected, the pressures 
obtained during manual injection are likely to be much less 
than those obtained when using a pressure injector and this 
may have negated the effects of a saline flush. However, the 
influence of this variable was considered to be minimal, as 
each animal was used as its own control in this study. 
 
One of the main variables that have been shown to affect the 
bolus geometry during CTA is CO (Bae 2008, Cademartiri et 
al. 2002), with a decrease in CO resulting in a longer tPME and 
a higher PME. Although the animals used in this study were 
deemed to be healthy based on routine clinical tests, CO of 
the animals was not investigated. Another factor to consider 
is that the animals were placed under general anaesthetic, 
which is known to affect cardiopulmonary parameters. The 
same anaesthetic protocol was used for each animal to limit 
this variable. Considering the design of the study, where 
each animal acted as its own control, it can be concluded that 
CO did not significantly affect the outcome of the study. 

Cognisance was taken of the fact that the animals undergoing 
the TB technique received 15% more contrast medium 
than the BT group, but it is anticipated that this low dose 
of contrast medium was diluted by the blood pool and did 
not have an effect on the attenuation achieved following the 
bolus injection. 

Conclusion
This study is useful as it gives the clinician the confidence 
to make an informed choice when choosing a CTA thoracic 
study protocol in a medium-sized canine patient whilst 
using a dual-slice CT scanner. The limitations identified in 
this study can be taken into account during clinical CTAs 
and the variables kept to a minimum. This study did not 
investigate the use of different injection rates or contrast 
medium concentrations on the attenuation in the vessels of 
interest using the two techniques and this warrants future 
investigation. Similarly, with the knowledge obtained from 
this research, for patients that have sub-clinical renal disease 
or are at higher risk of adverse reactions to the contrast 
medium, the clinician can consider the benefit of using 
additional contrast medium to perform a TB CTA. However, 
for CTA evaluation of the systemic arterial phase of the 
thorax, the risk and cost of using extra contrast medium can 
be eliminated and the BT technique can confidently be used, 
knowing that BT will give similar results to the TB technique.
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