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Pulmonary embolism: Low dose contrast MSCT pulmonary angiography 
with modified test bolus technique 
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H I G H L I G H T S  

• Test bolus technique increase the diagnostic quality score of the scans performed. 
• Provides better evaluation of the pulmonary arteries and its subsegmental branches. 
• Increase the main pulmonary artery average density, decrease average density of the aorta and pulmonary veins. 
• Increase the confidence and accuracy rate of diagnostic examinations. 
• Volume of IV contrast decreased by 40 % than in bolus tracking.  
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A B S T R A C T   

Purpose: This study aims to prove that the test bolus technique provides a better selective imaging study of the 
pulmonary arterial system in comparison to the automatic bolus-tracking technique. 
Method: A prospective study included 600 patients, classified into 2 groups where each group consisted of 300 
patients. In group A, we used the bolus tracking technique with 80− 100 ml of contrast while in group B test bolus 
technique was used with 50 mL of contrast. 
Results: It was clear that the Main PA average density was 260.5 HU in group A and increased to 320 HU in group 
B with P value < 0.002. The Ascending aorta average density decreased from 250 HU in group A to 130 HU in 
group B with P value <.001. The average score was increased by 35 % (from 1.75 in group A to 2.8 in group B 
with P value < .001). The Volume of IV contrast needed decreased by 40 % in group B compared to group A. 
Conclusion: MSCTPA using test bolus method reduces the amount of the contrast used with better opacification of 
the pulmonary artery and its sub segmental branches in addition to reduced artifact.   

1. Background 

Pulmonary embolism (PE) is one of the acute chest pain and high risk 
mortality diseases. Its diagnosis and management should be done as 
soon as possible through a combination of clinical, laboratory and 
radiological investigations that play a main role in the diagnosis of PE. 
The imaging modality of choice is the pulmonary angiographic study by 
Multislice computed tomography (MSCTA) as it has a high sensitivity 
(82 %–97 %) and specificity (78 %–96 %) in the diagnosis of PE [1,2]. 

The MSCTA of the pulmonary arteries depends on the amount and 
timing of the contrast injection. There are two main technical methods; 
automatic bolus tracking and test bolus technique [3,4]. While the first 

method was routinely used, the second method was introduced subse
quently. The difference between both methods is the way of estimation 
of the optimized time delay between contrast administration and image 
acquisition. [5] 

The aim of this study is to prove that the test bolus technique pro
vides a better selective imaging study of the pulmonary arterial system 
in comparison to the previously used standard automatic bolus-tracking 
technique. 

2. Material and methods 

Our prospective study included 600 patients (350 females and 250 
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males with age ranging from 25 to 65 years and the mean age is 42 
years) during the period from January 2017 to December 2018. The 
study was approved from the Institutional Review Board and an 
informed written consent was obtained from all patients. 

All the patients were presented by clinical symptoms of PE such as 
acute chest pain, shortness of breath, desaturation associated with high 
risk factors of PE like having a history of previous chronic DVT, having 
acute DVT, previous surgery, or a high level D-dimer (positive D dimer 
test). Most of the patients presented at the emergency room while 
certain patients who were previously admitted as ICU patients or post- 
operative patients developed similar symptoms during the admission 
period. Informed consents had been obtained from all patients. Exclu
sion criteria included patients with high serum creatinine level, central 
line, as well as history of allergic reaction or those who refused the CT. 

The patients are classified into 2 groups; each group consists of 300 
patients with no specific selection. In Group A, we used the bolus 
tracking technique while in Group B, the test bolus technique was used 
depending on the time of the contrast reaching to the pulmonary artery 
as well as the time of contrast reaching to the ascending aorta. 

2.1. CT technique 

CT pulmonary angiography examination was carried out using a 
SOMATOM Definition AS (64 detector) Multislice CT machine, Siemens/ 
Germany. All patients were scanned in supine position; head first, with 
the arms above the head. The imaging parameters were; field of view 
(FOV) 30 cm, voltage 120 KV. Tube current 80− 100 mA, slice thickness 
3 mm, increment interval 3 mm. Image reconstruction on slice thickness 
1 mm and increment interval 0.5 mm for multiplanar coronal and 
sagittal reformate in addition to maximum intensity projection (MIP) 
reconstructed images. 

Nonionic water soluble contrast media was injected intravenously by 
automatic injector through 18 gauge peripheral cannula in the right arm 
followed by 25− 30 ml saline flushing. Contrast media used was VISI
PAQUE contrast media with Iodine concentration 320 mg I/ml. There 
was no adverse reaction or complication noted in both groups. No 
extravasation was reported, as we used wide caliber cannula; patients 
with central line or difficult cannulation were excluded. 

2.2. Automatic bolus tracking 

This method is based on fixed selected axial cuts are taken at the level 

Fig. 1. Automatic bolus tracking, (A) axial non contrast image, the cursor seen at the main pulmonary artery before contrast administration, (B) axial post contrast 
image, the cursor shows increased contrast density within the main pulmonary artery. (C) Dynamic curve showing the progressive increase of the contrast density in 
main pulmonary artery. 
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of the main pulmonary artery. The curser is placed at the main pulmo
nary artery and the machine is adjusted to start full examination when 
the density of the contrast is double or reached 100 Hounsfield (HU) at 
the main pulmonary artery (real-time monitoring of the contrast) 
(Fig. 1). 

In this method, the scanner and the injector start simultaneously and 
the first monitoring image is obtained at 5 s. Images are obtained every 1 
s. When the region of interest reached the adjusted HU, breathing in
structions are given by the technologist and full scan starts with a delay 
time 3–4 s to allow for the change from axial to helical scanner. 

Contrast injection is continued along the whole time of scanning to 
be sure that adequate contrast is seen at the targeted vessels. The 
average time of scanning is 20 s that needs a larger volume of contrast 
(80− 100 mL) at a rate of 5 mL/s. 

2.3. Test bolus 

In this method, a small amount of contrast 10 mL (initial test bolus) is 
injected initially to detect the accurate time of the contrast reaching the 
pulmonary artery and calculate the delay time between contrast 

injection and the start of the scan. The curser is seen at the pulmonary 
trunk and the time is estimated after contrast reached it. 

The previous step is the routine test bolus technique; however in this 
study we added another step. We add another courser at the ascending 
aorta and also estimate the contrast time needed to reach the aorta as in 
the curve. The time difference between the pulmonary and aorta is 
calculated (Fig. 2). 

For example, if the time to reach the PA is 10 s and the aorta is 16 s, 
then the time peak of the contrast at the pulmonary will be 6 s. There is a 
delay time 2− 3 s to return to the starting point of examination. So, the 
total amount of the contrast (50− 60-ml) should be injected within 9 s 
with a maximum flow rate 5.5 mL/s (5.5 × 9 = 49.5 mL is the maximum 
amount can reach the pulmonary artery before reaching the aorta), so 
there’s no need to add more contrast like in bolus tracking 80− 100 ml. 
Then it is followed by 25− 30 ml saline flush in a rate of 5 mL/s need 5− 6 
s. So the total time of examination, contrast injection and saline flushing 
will be maximum 15 s. So, the whole contrast, saline and examination 
finished before contrast reaching the aorta that need 16 s. 

Fig. 2. Test bolus method, (A) axial non contrast image, the cursor seen at the main pulmonary artery and ascending aorta before contrast administration, (B) axial 
post contrast image, the cursor shows increased contrast density within the main pulmonary artery and ascending aorta. (C) Dynamic curve showing the time of 
contrast peak reached the main pulmonary artery 8 s. and the ascending aorta 12 s. 
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2.4. Image interpretation 

Image interpretation was focused on the quality of the study and 
contrast enhancement based on the anatomical details; of the pulmonary 
artery, its branches and sub segmental branches. Moreover, the pattern 
of contrast opacification within the arteries, homogenous or non, 
adequate or non in addition to the appearance of contrast on the aorta 
and left sided heart or pulmonary veins were taken into consideration. 
The assessment was done subjectively and objectively for both groups 
(Figs. 3–6). 

Measuring the contrast density in HU was done for quality assess
ment of the contrast opacification. The densities measured in the axial 
images at the main pulmonary trunk, the ascending and the descending 

aorta. The contrast density was measured at the target region with the 
cursor include most of lumen of each vessel. 

Image interpretation was done by two well experienced radiologists 
(with more than 10 years of experience) independently, blinded to the 
technique used and the interpretation made by the other radiologist. 
They reviewed each study for its diagnostic quality as mentioned before 
based on the selective contrast opacification of the vessels, and corre
sponding scores assigned in (Table1). 

2.5. Statistical analysis 

The data collected was analyzed and findings were obtained using 

Fig. 3. CTPA with Test bolus method: (A, B, C&D) axial images showing well 
opacification of the main pulmonary arteries and its branches till the terminal 
subsegmental branches, clearly seen in coronal images (E&F) and Sagittal im
ages(G&H). In all images there is no contrast opacification of the pulmonary 
veins, aorta or left side of the heart. According to the scoring chart of inter
pretation, it has score 4 (Excellent). 

Fig. 4. CTPA with automatic bolus tracking: (A,B&C) axial images (D&E axial 
MIP), (F) sagittal MIP, (G&H) coronal MIP images showing well opacification of 
the main pulmonary arteries with bilateral filling defect of PE. All images 
showing opacification of the pulmonary veins and left side of the heart while 
the aorta not opacified. Still there is difference in density between the sub
segmental branches of pulmonary arteries and pulmonary veins. According to 
the scoring chart of interpretation, it has score 3 (very good). 
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the statistical package for social science (SPSS) windows package 
(version 23, SPSS, Chicago). Descriptive analysis was conducted, 
including the scoring system, diagnostic score quality, average HU 
density of the estimated vessels. For all statistical tests, P value of less 
than 0.05 was considered a statistically significant difference. Cohen’s 
Kappa test was run to determine if there was an agreement between the 
two radiologists in both groups. 

3. Results  

• Regarding the results for each technique, 60 % were positive in group 
A and 65 % were positive in group B (Table 2), however our targeting 
results were based on the quality of the technique and better 
enhancement of the pulmonary arteries, subjective and objective 
assessment.  

• According to the score assessment of the study; in group A; 30 % of 
the cases were satisfactory, 45 % were good, 15 % were very good, 5 
% were excellent and 5 % were non diagnostic. While in group B; 5 % 
of the cases were Satisfactory, 15 % were good, 30 % were very good 
and 50 % were excellent (details seen in Table 3). There was a good 
agreement between the two reader’s judgments, by using Cohen’s 
Kappa test, K = 0.9  

• According to contrast density estimation based on Hounsfield units, 
the main pulmonary artery average density was 260.5 HU in group A 
and increased to 320 HU in group B with P value < 0.002. On the 
other hand, the ascending aorta average density decreased from 250 
HU in group A to 130 HU in group B with P value < 0.001. Also, the 
average density of the descending aorta decreased from 220 HU in 
group A to 95 HU in group B with P value < 0.001. According to the 
diagnostic quality score of the scans performed by the radiologist, 

Fig. 5. CTPA with Test bolus method: (A&B) 
axial images with cursor and dynamic curve 
showing that the time peak of the pulmonary 
artery is 6 s and for the ascending aorta is 11.9 
s. it is very short time for contrast administra
tion, as the whole examination should be 
finished before 12 s. In this case the 50 mL of 
contrast was injected at a rate of 5.5 mL/s with 
a delay time 2 s. The whole examination 
finished within 11 s. (C&D) axial images and 
(E&F) coronal images showing well opacifica
tion of the main pulmonary arteries and its 
branches till the terminal subsegmental 
branches. However, the pulmonary veins and 
left side of the heart are seen opacified while 
the aorta not opacified. Still there is difference 
in density between the branches of pulmonary 
arteries and pulmonary veins. According to the 
scoring chart of interpretation, it has score 3 
(Very Good).   
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the average score was increased by 35 % (from 1.75 in group A to 2.8 
in group B with P value P < 0.001). (Table 4)  

• Regarding the volume of IV contrast needed, it was decreased by 40 
% in group B compared to group A. 

4. Discussion 

Pulmonary embolism as a critical life threating condition must be 
diagnosed and managed rapidly. MSCTA is the first line and imaging 

modality of choice in PE diagnosis [6]. MSCT is based mainly on timing 
of contrast injection and image accusation at the proper time [7]. In our 
study we provided comparison between the two main techniques of 
contrast administration and imaging of PE, bolus tracking and test bolus 
methods. 

Many previous comparative studies similar to our study were done 
like Kavita et al. [1], Godoy et al. [5] and Lorenzo et al. [8] studies. 
However, in our study we added a step in test bolus technique. We 
measured the time needed for the contrast to reach the ascending aorta, 

Fig. 6. CTPA with automatic bolus tracking: (A&B) axial images, (D&E) coronal MIP images, (E) sagittal MIP showing well opacification of the main pulmonary 
arteries as well as the subsegmental branches as seen in sagittal and coronal images. However, the pulmonary veins and left side of the heart as well as the aorta are 
seen opacified. According to the scoring chart of interpretation, it has score 2 (Good). 
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in addition to the basic step of measuring the time needed for the 
contrast to reach the pulmonary artery. This step made us able to 
calculate the exact time needed for contrast injection as the well as 
estimating the maximum amount of contrast that can be injected and is 
needed to opacify the pulmonary arteries and the subsegmental 
branches before contrast reaching the aorta. 

Some studies based on optimizing the time delay in automatic bolus 
tracking technique were trying to improve the quality of the MSCTA 
examination and obtained images [4,9,10]. However, the variation of 
cardiac and breathing function of patients were the reasons of not 

achieving the quality required. 
On the other hand, optimization of the time delay on test bolus 

method is estimated for each patient separately and this leads to contrast 
concentration and opacification of the main pulmonary arteries and the 
sub segmental branches [11,12]. Minimal enhancement of veins is 
considered another advantage of test bolus method that allows better 
delineation of the arterial system following the bright density of the 
contrast in the arteries [1]. The step we added in our study, measuring 
the time needed for contrast to reach the ascending aorta provided a 
clear vision of these advantages. 

In our study, the amount of injected contrast used is much reduced in 
test bolus technique than in bolus tracing technique depending on the 
estimated time to reach the pulmonary artery. In addition, the estimated 
contrast time reaching the aorta gives us the exact time at which the 
contrast should be injected totally, that should never exceed 15 s in all 
cases. So in a rate of 6 mm/s and pulmonary time is 9 s, aorta time 15 s, 
the difference in time 6 s plus 3 s time of image acquisition, the total time 
is 9 s in a rate of 5.5 m/s the total amount could be used is 49.5 mL. 
Reduced amount of contrast has a great significance specially in high 
risk patients, like rising serum creatinine or those on dialysis. Similar 
studies to reduce volume of contrast were done by Wichmann et al. [13], 
Szucs et al. [14] and Mathias et al. [15]. 

In addition, the test bolus technique not only reduces the amount of 
the contrast but also it increases the quality of the examination by 
increasing the contrast concentration and opacification of the pulmo
nary artery and its branches up to the 4th sub segmental branches 
clearly. Also, following the estimated time curve reduces the artifact 
from the contrast seen at the SVC, decreases opacification of the pul
monary veins, as well as the left side of the heart and the aorta which 
gives a clear visualization of the pulmonary artery and its branches. On 
the other hand, in bolus tracking method almost of the cases have 
opacification of the pulmonary veins and left sided heart, even if the 
subsegmental branches of the pulmonary artery visualized, it may be 
conflicted with the pulmonary veins. Also SVC artifact is more evident in 
bolus tracking method. 

In our study most of the patients were obese and overweight in both 
groups as seen in Table 5 that force us to use high kv during scanning. In 
test bolus technique, the amount of contrast was not related to the pa
tient weight, unlike the bolus tracking technique in which we may need 

Table 1 
Scoring chart for radiologist’s interpretation of scans.  

Type Score Details 

Non- 
diagnostic 

0 Opacification of pulmonary arteries is poor; the radiologist 
is unable to diagnose or rule out pulmonary embolism due 
to poor quality of the scan. 

Satisfactory 1 Scan is acceptable for diagnosis, but the pulmonary 
arteries are not densely opacified; the limited contrast 
density in the pulmonary vasculature makes diagnosis 
difficult but not impossible. 

Good 2 The pulmonary arteries are well opacified, but contrast is 
seen in the veins and in the left heart as well. The aorta 
appears to have the same opacification as the pulmonary 
arteries; the sub-segmental pulmonary arteries and veins 
are visible, and a confident diagnosis of filling defect in 
these also can be made. 

Very good 3 The pulmonary arteries are very well opacified, and there 
is some contrast in the aorta and the left heart; the distal 
pulmonary arteries are well opacified, and there is some 
visual distinction between subsegmental pulmonary 
arteries and veins due to differences in contrast density. 

Excellent 4 The pulmonary arteries and their branches to the level of 
subsegmental branches are very well opacified and clearly 
identified, and the visual distinction between 
subsegmental pulmonary arteries and veins is very clear; 
there is minimal if any contrast spillage in the aorta and 
the left heart.  

Table 2 
Positive & negative cases of PE with site distribution of positive cases in both 
groups.  

PE Result 
Group A Group B 

Reader 1 Reader 2 Reader 1 Reader 2 

Positive result 180 (60 %) 179 (59.6 %) 195 (65 %) 196(65.4 %) 
Negative result 120 (40 %) 121(40.4 %) 105 (35 %) 104(34.6 %) 
PE site of + ve cases     

MPA 11 11 14 14 
LPA 43 43 42 42 
RPA 48 48 45 45 
LPA&RPA 37 37 35 35 
Segmental PA 33 34 31 30 
Subsegmental PA 8 6 28 30  

Table 3 
Scoring of the both groups based on radiologist’s interpretation of scans.  

Scoring 
PA, Segmental, Subsegmental 
branches 

PV Aorta & Lt heart 

Reader 1 Reader 2 Average 
scoring 

Group A Group B Group A Group B A B 

Non-diagnostic 
(0) 

Poor Opacification. Poor Opacification. Poor Opacification. 16 (5.4 
%) 

0% 14 (4.7 
%) 

0% 5% 0% 

Satisfactory (1) Not densely opacified but 
acceptable for diagnosis 

Not densely opacified Not densely opacified 89 (29.6 
%) 

13(4.4 %) 92 (30.6 
%) 

16(5.4 %) 30 
% 

5% 

Good (2) Well opacified Opacified with same 
density as PA 

Opacified with same 
density as PA 

135 (45 
%) 

43(14.4 
%) 

132 (44 
%) 

44(14.6 
%) 

45 
% 

15 
% 

Very good (3) Very well opacified Opacified with less 
density than PA 

Opacified with less 
density than PA 

44 (14.6 
%) 

92 (30.6 
%) 

47 (15.7 
%) 

91 (30.4 
%) 

15 
% 

30 
% 

Excellent (4) Very well opacified & clearly 
identified 

Non opacified Non opacified 16 (5.4 
%) 

152 (50.6 
%) 

15 (5%) 149 (49.6 
%) 

5% 50 
%  

Table 4 
Assessment of HU density in targeted vessels in both groups.   

Group A Group B P value 

Contrast density in HU    
• MPA 260.5 ± 22.5 320 ± 26.4 (P < .002) 
• Left PA 240 ± 17.7 305 ± 21.5 (P < .001) 
• Right PA 244 ± 16.3 308 ± 21.7 (P < .001) 
• A Aorta 250 ± 18.7 130 ± 12.8 (P < .001) 
• D Aorta 220 ± 16.3 95 ± 10.5 (P < .001) 

Score of diagnostic quality 1.75 2.8 P < .001  
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to increase the amount of contrast in obese patients [8,16]. However in 
test bolus even if the amount is increased, it will be of no value as the 
aorta, the left side of the heart and pulmonary veins will be opacified 
and degrading the image quality and may interfere with the diagnosis. 
There was a 5 % non-diagnostic examination in group A related to the 
weight of the patient and abnormal cardiac function. Similar results 
were reported by Kavita el al. [1] 

On the other hand, by decreasing the timing of the examination, it 
subsequently decreases the radiation exposure dose of the patient. Many 
studies were applied for reduction of radiation dose in CTA for PE, 
depending on the advanced CT technology and dual CT imaging ma
chine [14,17]. 

The unavoidable limitation of this study was that only one study 
technique applied for each patient and not both techniques for the same 
patient, although most patients in both groups had similar patient 
demographics. 

Finally, our comparative study showed that MSCTA using test bolus 
technique with our added step provided better examination regarding 
the quality of images, diagnostic performance and reduced volume of 
contrast used in comparison to MSCTA using automatic bolus tracking 
method, aim achieved. 

5. Conclusion 

MSCT-PA using test bolus method reduces the amount of the contrast 
used, with better opacification of the pulmonary artery and its sub 
segmental branches in addition to reduced artifact. It is considered to be 
better than automatic bolus tracking in assessment of pulmonary em
bolism and we recommend it to be routinely applied in CTA for PE 
imaging studies with our added step. 
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Table 5 
Patient Size Information in both groups.  

Patient Size Information Group A Group B 

Patient Weight   
• <80 kgm 10 (3.3 %) 15 (5%) 
• 80− 100 kg m 130 (43.4 %) 120 (40 %) 
• >100 kg m 160 (53.3 %) 165 (55 %) 

Patient Height   
• 150− 160 cm 50 (16.6 %) 43 (14.4 %) 
• 160− 170 cm 165 (55 %) 172 (57.4 %) 
• 170− 180 cm 70 (23.4 %) 68 (22.6 %) 
• >180 cm 15 (5%) 17 (5.6 %) 

Body Mass Index (BMI)   
• Healthy weight(18− 24.9) 12 (4%) 18 (6%) 
• Over weight (25− 29.9) 127 (42.4 %) 123 (41 %) 
• Obese (30 and above) 161 (53.6 %) 159 (53 %)  
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