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Abstract 
Introduction: Pulmonary CT angiography is among the most challenging protocols to 

execute, with significant inter-center variability in image acquisition protocols and iodinated 

contrast media injection. This study aimed to ascertain whether the use of iodinated 

contrast media (ICM) and acquisition protocols are optimized during pulmonary CT 

angiography procedures. 

Material and methods: This was a multicentric cross-sectional, descriptive and analytical 

study with prospective data collection conducted in three radiology departments in Togo. It 

encompassed all pulmonary CT angiography examinations carried out from March 1st to 

June 30th, 2023. 

Results: In total, 89 patients, of which 52 were females (58.43%), were registered. The 

average age was 59.97±14.34 years. The average volume of injected ICM was 67.08±14.21 

ml. The mean iodine dose was 0.31±0.07 gI/Kg. Catheters of 20 G (44.94%) and 18 G 

(43.82%) were most frequently used. The mean injection rate was 4.22±0.64 ml/s. The bolus 
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test technique was the most employed (75.28%). The average acquisition delay was 

17.77±12.26 seconds, while the average acquisition duration was 10.56±2.56 seconds. The 

average dose-length product (DLP) was 390.09±236.69 mGy.cm, and the average volumetric 

computed tomography dose index (CTDI_vol) was 12.31±11.69 mGy. Vascular enhancement 

was insufficient in 7.87% of cases. No statistically significant difference was found on the 

rate of insufficient enhancement and optimization factors. Similarly, there was no 

enhancement difference between bolus test and bolus tracking techniques. 

Conclusion: The vast majority of examinations allowed for optimal opacification of the 

pulmonary arteries. However, the optimization measures for the use of iodinated contrast 

media are not consistently applied. 

Introduction 
Pulmonary embolism (PE) is the complete or partial occlusion of the pulmonary artery trunk 

or one of its branches by a circulating foreign body, most commonly fibrinocruoric material1. 

It is a prevalent condition in clinical practice. Indeed, in epidemiological studies, the annual 

incidence rates of PE range from 39 to 115 per 100,000 individuals2–4. Despite advances in 

medical technologies, its diagnosis remains challenging. Early diagnosis and intervention are 

crucial, as the majority of deaths due to acute PE occur within the first hours or days, with 

more than 70% of deaths occurring in the initial hour5. In Togo, a West African country, the 

prevalence of PE was 3.1% in 2017, with a significant increase in the number of diagnosed 

PE cases per year6. 

Computed tomography (CT) is highly effective in diagnosing PE and is currently the 

preferred imaging modality7. Typically, CT is employed to assess the pulmonary artery and is 

performed with a rapid contrast medium injection. It should yield enhancement of 250 HU 

or even 300 HU during the arterial phase at the level of the pulmonary artery trunk8–10. 

According to the literature, the iodine flow rate at 120 kV should range between 1.2 and 2 

gI/s11,12. This represents one of the most challenging protocols to execute, as it is highly 

sensitive to heart rate and patient body size9. Consequently, considerable inter-center 

variability exists regarding image acquisition protocols and injection of iodinated contrast 

agents. In all cases, administering a fixed contrast agent dose for all examinations is no 

longer considered appropriate. The optimization of injection protocols must be tailored to 

each machine based on its technical characteristics. 

To contribute to best practices in computed tomography within our facilities, we have 

undertaken this study, the overarching goal of which is to evaluate pulmonary CT 

angiography protocols. Specifically, our objectives are to determine the anthropometric 

characteristics of patients, assess vascular opacification protocols, and evaluate image 

acquisition protocols. 
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Materials and methods 
This was a multicentric cross-sectional, descriptive and analytical study with prospective 

data collection spanning a four-month period (from March 1st to June 30th, 2023). It was 

carried out in three departments of radiology in Togo, namely: CHU Campus and Polyclinic le 

Cœur in Lomé, and Saint-Sauveur Clinic in Kara. The study received approval from the 

medical advisory board of these healthcare institutions and was carried out in accordance 

with the ethical standards set by the Helsinki Declaration. 

We included in this study all patients who underwent pulmonary CT angiography for 

suspected pulmonary embolism during the study period. Thoracic CT scans requested for 

indications other than pulmonary embolism were not included. 

The variables examined were: 

- Patient anthropometric parameters: age, sex, weight, height, and body mass index 

(BMI), 

- Vascular opacification protocols: catheter size and location, concentration, volume, 

contrast injection rate and duration, acquisition delay, iodine flow rate, and vascular 

enhancement, 

- Acquisition protocols: type of machine, kilovoltage, tube current-time product, slice 

thickness, pitch, dose-length product (DLP), volumetric computed tomography dose 

index (CTDI_vol), and acquisition duration. 

Based on the World Health Organization's international BMI classification13, patients were 

categorized as underweight with a BMI less than 18.5 kg/m², of normal weight between 

18.5 kg/m² and 25 kg/m², overweight between 25 kg/m² and 30 kg/m², and obese when 

exceeding 30 kg/m². 

Vascular enhancement was measured by placing a region of interest (ROI) in the vessel. The 

ROI covered more than half the vessel's diameter (Figure 1).  

 

Figure 1. Images a, b and c correspond to the axial sections of a pulmonary CT angiogram 
passing respectively through the aorto-pulmonary window, the bifurcation of the pulmonary 
artery and the cardiac chambers and show the measurement of the enhancement of the 
structures. 1= Superior vena cava ; 2= trunk of the pulmonary artery; 3= right pulmonary 
artery; 4= left pulmonary artery; 5= descending thoracic aorta; 6= right ventricle. 
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Six vascular structures were analyzed: the pulmonary artery trunk (PAT), right pulmonary 
artery, left pulmonary artery, right ventricle, inferior vena cava, and descending thoracic 
aorta. PAT enhancement was considered optimal if it exceeded 250 HU and suboptimal if 
below this threshold10,14 (Figure 2). 
 

 
Figure 2. Axial pulmonary CT angiogram sections passing through the trunk of the 

pulmonary artery. Image a: optimal enhancement, average density of the trunk of the 

pulmonary artery measured at 522 HU. Image b: insufficient enhancement, average density 

of the trunk of the pulmonary artery is measured at 188 HU. 

 

Data was processed using the EPI Info 7.1.3.3 software. Qualitative variables were 

presented as frequencies and percentages, while quantitative variables were expressed as 

mean ± standard deviation. Analysis of variance (ANOVA) was used to compare pitch and 

acquistion duration means according to the type of machine and the mean of iodine 

injection flow rate according to catheter gauge. The Kruskal-Wallis test was utilized to 

compare the mean iodine dose injected and the mean dosimetric parameters according to 

BMI groups. The exact Fisher test was used to compare proportions with respect to the 

optimality of TAP enhancement and various optimisation parameters. A significance level of 

5% was set for statistical tests. 

 

Results  

General characteristics of the patients 

During the study period, a total of 89 patients were recorded. Females accounted for 52 

patients (58.43%) and males 37 patients (41.57%), with a sex ratio of 1.4. The patients' age 

ranged from 24 to 91 years, with an average of 59.97±14.34 years. The average weight was 

74.29±18.18 kg (ranging from 46 to 136 kg). The average height was 1.67±0.08 m (ranging 

from 1.50 to 1.96 m). The average BMI was 26.51±6.26 kg/m² (ranging from 15.35 to 47.05 

kg/m²). Most patients had a normal BMI (36 cases; 40.45%) (Table 1). 
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Table 1. Distribution of patients according to body mass index (BMI) 

BMI Frequency Percentage 

Underweight 6 6.74 

Normal 36 40.45 

Overweight 24 26.97 

Obesity 23 25.84 

Total 89 100.00 

 

Protocols for iodinated contrast media injection 

The pink catheter (20 G) was used in 40 cases (44.94%); the green catheter (18 G) in 39 

cases (43.82%); and the blue catheter (22 G) in 10 cases (11.24%). The catheter was 

predominantly placed on the upper limb in 88 cases (98.88%) (table 2). It was primarily 

positioned at the elbow bend (n=58, 65.17%) (Table 2). The right side was used in 74 cases 

(83.15%) and the left in 15 cases (16.85%). The average injection rate was 4.22±0.64 ml/s. In 

50 cases (56.18%), the contrast medium injection rate was less than 4 ml/s, compared to 39 

cases (43.82%) where it exceeded 4 ml/s. The average flow rate was 3.52±0.21 ml/s with the 

blue catheter (22 G), 3.83±0.42 ml/s with the pink catheter (20 G), and 4.79±0.35 ml/s with 

the green catheter (18 G), with a statistically significant difference (p<0.00001). The contrast 

medium injection duration ranged between 9 and 30 seconds, averaging 16.05±4.89 

seconds. It was less than 10 seconds in 9 cases (10.11%) and exceeded 10 seconds in 80 

cases (89.89%). The iodine flow rate ranged between 1.02 and 1.75 gI/s, with an average of 

1.47±0.23 gI/s. Saline flush was only administered in 21 cases (23.60%). 

Table 2. Distribution of examinations according to the site and the caliber of the catheter 

 Frequency Percentage 

Catheter seat 
  

Forearm 4 4.49 

Internal jugular vein 1 1.12 

Bend of the elbow 58 65.17 

Wrist 25 29.21 

Total 89 100.00 

Catheter gauge   

Blue (22G) 10 11.24 

Pink (20G) 40 44.94 

Green (18G) 39 43.82 

Total 89 100.00 
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Two types of concentration of iodinated contrast agents were employed. The 350 mgI/ml 

contrast agent was used in 78 cases (87.64%) and the 300 mgI/ml agent in 11 cases 

(12.36%). The average injected ICM volume was 67.08±14.21 ml (ranging from 45 to 120 

ml). The average dose of iodine was 0.31±0.07 gI/Kg. There was a statistically significant 

relationship between the iodine dose injected and BMI groups, ranging from 0.37 gI/kg in 

underweight individuals to 0.27 gI/kg in obese patients (p<0.00001) (Figure 3). 

 
Figure 3. Iodine dose according to body mass index groups. A : underweight; B: normal 

weight; C: Overweight; D: Obese. 

Image acquisition protocols 

Forty-three examinations (48.31%) were performed on a 16-slice scanner, 32 examinations 

(33.71%) on a 32-slice scanner and 16 examinations (17.98%) on a 64-slice scanner. The 120 

kV voltage setting was the most commonly used, applied in 65 cases (73.03%). The voltage 

of 130 kV was used more frequently in underweight patients (n=3 ; 50.0%). The voltage of 

120 kV was the most commonly used in patients of normal weight (n=23, 63.89%), 

overweight patients (n=19 ; 79.27%), and obese patients (n=21 ; 91.30%) (Figure 4). The 

average tube current-time product was 159.15±109.27 mAs (ranging from 4.3 to 360 mAs).  

The average dose-length product (DLP) was 390.09±236.69 mGy.cm (ranging from 49.70 to 

997.05 mGy.cm). The average volumetric computed tomography dose index (CTDI_vol) was 

12.31±11.69 mGy (ranging from 1.5 to 75.44 mGy). These dosimetry parameters did highly 

variable and were not correlate with the patient's weight (Table 3). 
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Figure 4. Different voltages used according to BMI groups. 

 

Table 3. Dosimetric parameters according to body mass index groups 

 DLP* p value CTDIvol** p value 

BMI***  0,66  0,42 

Underweight 323.02±281.79  17.67±28.58  

Normal 382.04±261.80  12.62±14.27  

Overweight 393.85±234.85  10.95±4.04  

Obesity 416.26±193.06  11.84±3.24  

*DLP : dose-length product ; **CTDIvol : volumetric computed tomography dose index ; ***BMI : 

body mass index 

Two techniques were utilized to initiate acquisition. The bolus test technique was used in 67 

cases (75.28%), and the automated bolus tracking technique was used in 22 cases (24.72%). 

The acquisition delay varied from 2 to 39 seconds, with an average of 17.77±12.26 seconds. 

It was less than 10 seconds in 34 cases (38.20%) and more than 10 seconds in 55 cases 

(61.80%). 

The average acquisition duration was 10.56±2.56 seconds (ranging from 5 to 15 seconds). 

The duration varied slightly depending on the type of machine (p=0.07) (Table 4). The 

average pitch was 1.3±0.17 (ranging from 1 to 1.5) and varied based on the machine type 

(p<0.00001). The average slice thickness was 3.02±1.48 mm. Most examinations were 

conducted with a slice thickness greater than 2 mm (n=51, 57.30%). 
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Table 4. Acquisition duration and pitch according to the type of machine used 

 Acquisition duration 

Mean ± Standard 

Deviation 

p-value Pitch 

Mean ± Standard 

Deviation 

p-value 

Machine type  0.07  <0.00001 

16-slice (n=43) 10.90±3.23  1.16 ±0.06  

32-slice (n=30) 9.73±0.98  1.50 ±0.0  

64-slice (n=16) 11.18±2.25  1.33 ±0.18  

 

Vascular enhancement and optimization factors 

The average enhancement of the PAT (pulmonary artery trunk) was 316.85±55.47 HU. The 

PAT enhancement was sufficient in 82 cases (92.13%) and insufficient in 7 cases (7.87%). In 

8 cases (8.9%), aortic enhancement was greater than that of the PAT. The enhancement of 

different vascular structures is detailed in Table 5. 

Table 5. Enhancement of different vascular structures (in HU) 

 

PAT enhancement was sufficient in 94.59% of cases when the catheter was placed on the 

right versus 80% when placed on the left (p=0.09). Catheter size, injection rate, acquisition 

delay and injection duration dit not have significant influence on the rate of insufficient 

pulmonary artery enhancement. No statistically significant difference was found on the rate 

of insufficient enhancement when saline flush was used or not (p=0.66). There was also no 

statistically significant enhancement difference between the bolus test technique and the 

bolus tracking technique (Table 6). 

 

 

Vascular structure Mean ± Standard Deviation Minimum Maximum 

Superior vena cava 473.90±403.41 39 2830 

Right ventricle 281.22±141.16 110 1332 

Pulmonary artery trunk 316.85±55.47 209 456 

Right pulmonary artery 272.87±66.18 100 495 

Left pulmonary artery 272.14±64.73 132 497 

Thoracic aorta 161.95±71.09 33 461 



Evaluation of pulmonary computed tomography angiography protocols 

68 

Table 6. Optimization factors and quality of pulmonary artery trunk enhancement 

 Insufficient 

enhancement (n=7) 

Sufficient 

enhancement (n=82) 

p-value 

Catheter gauge   N / A 

Blue (22G) 0 10 (100.0)  

Pink (20G) 2 (5.0) 38 (95.0)  

Green (18G) 5 (12.82) 34 (87.18)  

Catheter placement   0.09 

Right side 4 (5.41) 70 (94.59)  

Left side 3 (20.0) 12 (80.0)  

Injection rate   0.23 

< 4ml/s 2 (4.0) 48 (96.0)  

>4ml/s 5 (12.82) 34 (87.18)  

Acquisition delay   0.1 

< 10s 5 (14.71) 29 (85.29)  

>10s 2 (3.64) 53 (96.36)  

Injection duration   0.14 

< 10s 2 (22.22) 7 (77.78)  

>10s 5 (6.25) 75 (93.75)  

Saline injection   0.66 

No 5 (7.35) 63 (92.65)  

Yes 2 (9.52) 19 (90.48)  

Acquisition technique   1 

Test bolus 2 (9.09) 20 (90.91)  

Bolus tracking 5 (7.46) 62 (92.54)  

N/A : Not applicable 

 

Discussion 
The success of a thoracic angio-CT scan is evaluated retrospectively by clinicians by assessing 

vascular enhancement. The factors that influence the quality of pulmonary arterial 

enhancement are numerous and fall into three categories : factors related to the patient, 

factors related to the iodinated contrast medium injection protocol, and factors related to 

the image acquisition protocol15. 

In this study, 20 G and 18 G catheters were the most used, accounting for 44.95% and 

43.82% respectively. Catheters were almost exclusively placed in the right upper limb, and 

in 65.17% of cases at the elbow crease. Basson et al.16 made a similar observation, but 

preferred the forearm (in 33.9% of cases) followed by the hand (in 32.3%). They also noted 
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that the 20 G catheter was the most used (66.1%). In our study, the injection rate was 

strongly correlated with catheter size, but these rates still exceeded the theoretical 

maximum values17,18. Indeed, the theoretical maximum flow rates for 22 G, 20 G, 18 G, and 

16 G catheters are 35 ml/min, 65 ml/min, 105 ml/min, and 195 ml/min respectively19. 

Knowing these rates helps prevent exceeding the catheter's physical limits, potentially 

causing it to detach and migrate into the patient's venous system. It also reduces the risk of 

extravasation of contrast media20. For these reasons, 18 G and 16 G catheters are 

recommended for contrast media injection21. For Sum et al.22, the 20 G diameter seems to 

be a good compromise for patients with impaired venous capital when placing an 18 G is 

impossible. 

The choice of an appropriate injection rate is vital for obtaining consistent enhancement 

and adequate vessel opacification. If the volume and concentration of the ICM remain 

constant, vascular enhancement intensity is directly related to the injection rate and 

inversely related to both bolus arrival time and peak enhancement duration15. For vascular 

protocols, the iodine flow rate is the key factor to optimize. In this study, the average 

injection rate was 4.22±0.64 ml with an average iodine flow rate of 1.47±0.23 gI/s (ranging 

from 1.02 to 1.75 gI/s). Our result aligns with the recommendations of the literature which 

fall between 1.2 and 1.6 gI/s 8,23–25. 

The appropriate duration of injection is determined by the exam conditions and the clinical 

objectives of the study. According to the Interdisciplinary Committee for Research and Work 

on Imaging Contrast Agents (CIRTACI), a group from the French Radiology Society dedicated 

to contrast agents, there is no need to continue injecting contrast media after the vessel of 

interest has been opacified8. Since the contrast media takes about 10 seconds to reach the 

pulmonary artery trunk, the injection will therefore be made for a maximum of 10 seconds8. 

In our study, more than 4/5 of the exams had an injection duration that exceeded 10 

seconds. With a fixed injection rate, the duration of injection varies with the volume of ICM 

to be injected. The average volume of ICM injected in this study was 67.08±14.21 ml 

(ranging from 45 to 120 ml). The average iodine dose was 0.31±0.07 gI/Kg. Basson et al. 

found an average volume of 85.12 ml16. The trend today is to reduce ICM doses and 

injection volumes in vascular applications to between 20 and 40 ml26–28. 

In the present study, 120 kV was the most commonly used (73.03% of cases) for 

examinations and was not correlate with the patient's weight. In some previous studies, the 

voltage of 120 kV was also the most commonly used29.30. However, recent studies 

recommend 100 kV and even 80 kV for pulmonary angiography in non-obese patients31-33. 

The voltage influences the penetration of the X-ray beam into the patient. It represents the 

flow of X photons, directly influencing the dose administered to the patient, as well as the 

signal-to-noise ratio34. The voltage must be adapted to the thickness of the examined body. 

For radioprotection reasons, it is necessary to reduce the voltage as much as possible (for 

children and thin individuals). Reducing the voltage allows one to reduce the necessary dose 

of iodine and radiation dose29,35–37. Other parameters are also used to reduce radiation, 
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such as reducing the scan length, utilizing automatic tube current modulation, employing 

iterative reconstruction and sometimes artificial intelligence38. In our study, the dose-length 

product (DLP) and the volumetric computed tomography dose index (CTDIvol) showed 

significant variability and had no relationship with the patient's body size, with averages 

exceeding international recommendations 39–41. Therefore, it is essential to implement a 

system to significantly reduce radiation doses in CT scans while maintaining good image 

quality. 

This study found that the rate of exams with insufficient enhancement was 7.87%. This 

result is lower than those of Basson et al.16 and Marshall et al.42, which found 20.8% and 

11.2%, respectively. This result is encouraging. The enhancement of the pulmonary artery 

was more satisfactory when the catheter was placed on the right compared to when it was 

placed on the left, with a difference tending towards significance. Marshall et al. 42 did not 

find a statistically significant difference between the proportion of unsatisfactory exams and 

the location or size of intravenous catheters. The same was true in the study by Basson et 

al.16. In a study, Kim et al. reported that when ICM is administered through the leg veins, 

there is a higher proportion of insufficient enhancement of the PAT compared to cases 

where contrast medium is injected through an upper limb vein10. Thus, it is preferable to use 

the upper limb veins for ICM injections. 

Although some studies have shown a correlation between injection rate, acquisition delay, 

injection duration, and enhancement of the pulmonary artery15, our study did not find a 

significant influence between these factors and the rate of insufficient enhancement. This 

may be due to the small proportion of exams that had insufficient enhancement. There was 

also no enhancement difference between the bolus test technique and the automated bolus 

detection technique. A lingering debate is whether bolus test techniques offer real 

advantages over automated bolus follow-up techniques in terms of optimal vascular 

attenuation. Some researchers did not find this distinction43,44. However, others have 

reported the benefits of the bolus test technique over automated bolus tracking 45. Given 

that the necessary contrast medium volume is slightly higher for the bolus test technique, it 

is preferable to use the bolus monitoring method. 

Limitations 

The main limitation of this study is the small sample size, which may impact the 

interpretation of the results. Additionally, this study did not take into account several 

patient-related factors.  

Conclusion 
This study demonstrated that the vast majority of examinations achieved optimal 

opacification of the pulmonary arteries, although optimization measures for the use of 

iodinated contrast media were not always applied. Reducing the kilovoltage, shortening the 

injection duration and acquisition delay, and using appropriate venous catheters will result 
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in higher-quality examinations with as low an iodine dose as possible. This would also 

reduce radiation doses. Therefore, it becomes imperative to implement a management 

system for iodinated contrast media for efficient management and standardization of 

pulmonary angio-CT scan protocols, while also adapting them to patients' body sizes. 
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