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ABSTRACT 

Introduction: Computed tomography angiography (CTA) is the imaging method for assessing aorta and other peripheral arteries in recent years. 

Accurate timing of the contrast administration leads to better quality and less radiation to the patient and operator. This study aimed to evaluate the 

optimal time of scanning after contrast medium administration through the test-bolus injection method and investigate how individual factors could 

affect the aortic contrast enhancement timing on aorta CTA. Design: In this cross-sectional study, one hundred consecutive patients who underwent 

CTA were included. Individual factors such as gender, age, height, weight, BMI, and cardiac function were measured. The optimal time (i.e. aortic 

peak-time (APT)), the starting time of the scan, the contrast arrival time of the monitoring level, and duration of CTA scanning were reported and 

the correlation of these variables and patients’ factors were evaluated. Results: The Patient’s mean age was 66.39 ± 10.91 years. The mean APT was 

19.17 ± 3.14s (ranged 14-30.1s). The CTA start and arrival time was 9.46 ± .98s and 12.02 ± 1.71s, respectively. In this research, The CTA mean 

duration was 23.35 ± 2.77s. There was no correlation between aortic peak-time and patients’ factors such as gender, age, weight, BMI, and cardiac 

function. Conclusions: According to the results, the aortic peak time following test-bolus contrast media injection was 19.17s which was not 

influenced by gender, age, weight, BMI, and cardiac function. 
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INTRODUCTION 

Computed tomography angiography (CTA) is an accurate non-invasive 

imaging technique for vascular disease evaluation. Recently, CTA is the 

imaging method for assessing aorta [1, 2]. The intravenous contrast 

media administration has improved the image quality of CTA [3-6] and 

using multi-detector CT (MDCT) devices has led to the shorter scan 

time, higher speed, and higher resolution [7-9].  

The first MDCT scanners with 2–10 rows had some limitations because 

the execution of CTA required administration of large volumes of 

contrast medium due to their acquisition speed restriction [2]. With 

the development of CT devices and the 384-MDCT scanners 

introduction, the scanning time has been reduced significantly 

accompanying with less contrast medium administration [10]. The 

small time-window for data gathering during aortic CTA scanning due 

to the 384-MDCT devices’ high-speed nature along with a small 

amount of contrast media administration could cause the scanning to 

outpace the contrast medium bolus before reaching the endpoint of the 

scanning range. Therefore, the CTA image quality is degraded [11]. For 

optimal timing of scanning and proper contrast medium injection, 

predicting the aortic enhancement pattern including the APT and the 

aortic peak enhancement (APE) is significant [12]. 

Bolus-timing techniques could ensure accurate timing of the contrast 

bolus in CTA [1]. The test-bolus injection (TBI) method and the bolus 

tracking (BT) method are the two most available bolus-timing 

techniques. Even though these techniques are helpful to determine the 

scanning delay for the optimized starting time scan; they cannot 

reduce the outpacing risk because they can not provide vital 

information regarding the contrast medium transit time in the aorta 

[11]. Furthermore, various factors affect the contrast enhancement 

including the contrast medium parameters and the patients’ physical 

condition such as weight, height, and cardiovascular functions, 

especially cardiac output and the vascular disease presence [1, 12]. 

The proper calculation of contrast arrival time and its maximum 

concentration in the aorta could lead to better CTA image quality and 

less radiation to the patient and operator. In this study, we aimed to 

evaluate the optimal scanning time after contrast medium 

administration through the test-bolus injection method and investigate 

how individual factors could affect the aortic contrast enhancement 

timing on aorta CTA. 

MATERIAL AND METHODS 

Study design 

This cross-sectional study was performed at Rajaie Cardiovascular 

Medical and Research Center, Iran University of Medical Sciences 

(IUMS) during 2017 and 2018.  

One hundred consecutive patients suspicious for CAD who underwent 

CTA examination were included in this study. The exclusion criteria 

were patients with previous severe reactions to radiographic contrast 

agents, renal dysfunction, uncooperative or pregnant patients, and 

those with unstable clinical condition [1]. Sex, age, height, and weight 
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of all patients were evaluated before contrast media administration. 

The body mass index (BMI) was calculated for all patients using weight 

(kg) / [height (m)] 2 formula. Patients were also categorized based on 

BMI as 19-25 Kg/m2, 25-30 Kg/m2 and > 30 Kg/m2 (World Health 

Organization (WHO) classification [13]). The cardiac function was also 

reported as normal, mild, moderate, or severe heart failure (HF) [14]. 

 

CTA study 

All CTA scans were performed using a 384-MDCT scanner. 

- First, the peak enhancement time of the ascending aorta was 

determined using the test-bolus method, and then the exact 

start time of the main CT angiography procedure of coronary 

arteries was calculated and executed using the  the test-bolus 

methods’ information. 

- The dose of the drug in the test phase for all patients was fixed 

at 12 cc and a flow rate of 5.6 ml/sec in the main stage of the 

scan was calculated based on the patients’ weight and 

according to the same injection conditions as the test phase. 

- All patients were injected with 300 mg / mL iodine 

concentration using a 20-gauge catheter through an 

antecubital vein. Following the injection of contrast material, 

both the test and the main injection phase of 30 mL saline 

solution were performed in the same way. The monitoring 

level for the ascending aorta was at the level of the tracheal 

bifurcation. CT scans were then performed with a 384-slice 

device. 

- Scan monitoring was done based on the protocol (100 kV and 

50 mAs) 1sec interval and scan start time 10 seconds after 

contrast injection. 

The region of interest (ROI) in the ascending aorta was selected to 

achieve a time-attenuation curve for APT measurements (Figure 1) 

[11, 15]. The optimal time was measured from the initial contrast bolus 

administration until the aortic peak enhancement (APE) was reached 

the 200 HU threshold. The scanning start time, the contrast arrival 

time of the monitoring level and CTA scanning duration were also 

measured and reported. 

Statistical analysis  

This analysis was carried out using SPSS software V22, SPSS Inc., 

Chicago, IL, USA. The Kolmogorov-Smirnov test showed a normal data 

distribution. Unpaired t-test, Chi-square, and repeated measures 

ANOVA were used for statistical comparisons. In the case of non-

normal distribution, non-parametric tests were used. The notable 

threshold was considered to be less than 0.05.  

RESULTS 

One hundred patients (48 male and 52 female, with a mean age of 

66.39 ± 10.91 years, ranged 38-92 years) with suspected CAD 

underwent CTA using the TBI method. The demographics of patients 

are summarized in table 1. Patients’ mean weight and height were 

80.78 ± 16.58 Kg and 170.41 ± 10.49 cm, respectively. The mean BMI 

was 27.67 ± 4.15 Kg/m2. The mean optimal time (APT) was 19.17 ± 

3.14s (ranged 14-30.1s). The CTA start and arrival time was 9.46 ± 0 

.98s and 12.02 ± 1.71s, respectively. The CTA mean duration was 23.35 

± 2.77s in this study. 

We evaluated the correlation between patients’ factors and the mean optimal time (Table 2). Patients were categorized in ≤ 65 years and > 
65 years old (51 and 49 cases, respectively). The optimal time was 

higher in patients younger than 65 years (19.23 ± 2.91s compared to 

19.10 ± 3.39s). This difference was not significant with p-value=0.539. 

The APT was higher in female patients (19.40 ± 3.16s compared to 

18.91 ± 3.13s) with no significant difference with p-value = 0.322. 

Twenty-three patients had a BMI of 19-25 Kg/m2, fifty-three had a BMI 

of 25-30 Kg/m2 and twenty-four had a BMI > of 30 Kg/m2. The highest 

mean optimal test was observed in patients with BMI of 19-25 Kg/m2 

(19.44 ± 2.54s) and the lowest in patients with BMI of > 30 Kg/m2 

(18.54 ± 2.74 s), but no significant correlation was found between BMI 

and the APT (p-value = 0.461). Eighty-six patients had a normal cardiac 

function, eight patients were diagnosed with mild, moderate, and 

severe HF each was observed in three patients. The highest APT was 

observed in patients with moderate HF (20.00 ± 2.00s) and the lowest 

was observed in patients with severe HF (18.07 ± 1.95s). There was no 

significant relation between cardiac function and optimal aortic time. 

(p-value = 0.908). 

The effect of individual factors on start, arrival, and duration times 

were also measured. As shown in table 3, no significant correlation 

existed between patients’ characteristics, and the above-mentioned 

CTA variables (all with p-value > 0.05).  

DISCUSSION 

For the best result in CTA, the scanning should be performed in 

optimal time during the arterial phase after intravenous injection of 

the contrast media with its constant intra-arterial concentration [12, 

16]. The advancement of CT technologies has led to the reduction of 

the time-window for the data acquisition also  the entire aorta imaging 

has been reduced to less than 10 seconds for 384-MDCT [10]. Thus, the 

optimization of contrast media injection protocols and the timing of 

the scanning based on aortal peak pattern (APE and APT) are vital for 

achieving the proper results [10, 17]. Based on previous studies, the 

intra-arterial contrast media concentration and enhancement were 

associated with patients’ characteristics including body weight, BMI, 

heart rate (HR), and cardiac output (CO) [1, 18, 19]. This study aimed 

to evaluate the optimal time of scanning after contrast medium 

administration (APT) via the TBI method and the correlation between 

patients’ characteristics and the APT. 

In the present study, one hundred patients with suspected CAD 

underwent CTA, and findings (optimal time, start time, arrival time, 

and duration) were evaluated. According to the findings, the CTA 

optimal time (APT) was 19.17 ± 3.14s. Although, the APT was higher in 

female patients, aged < 65 years, with BMI of 19-25 Kg/m2 and HF with 

moderate severity, there was no correlation between APT and other 

CTA variables evaluated in this study with patients’ characteristics. 

Masuda et al. studied the effect of two different test bolus techniques, 

diluted and undiluted contrast media on the aortic enhancement 

during coronary CTA [15]. The arrival time (the duration from the scan 

delay to the APE) was 19.0s and 20.0s in the undiluted and diluted 

group, respectively which was in line with the measured optimal time 

of the present study. The median CT number in the ascending aorta 

was significantly higher in patients receiving diluted TBI (217.1 vs. 

157.4 HU) and there was a strong linear correlation between the CT 

number after diluted TBI and CT number obtained during coronary 

CTA. According to their study, the APE value can be used for predicting 

enhancement on coronary CTA images by using a diluted TBI method. 

Furthermore, The TBI method yields not only the aortic time density 

curve but also predicts peak enhancement before coronary CTA. In a 

study by Zhou et al. a high positive correlation was observed between 

aortic enhancement and hemodynamic parameters obtained through 

TBI (e.g. peak enhancement and the time to peak enhancement of the 

right ventricle and left ventricle) during coronary CTA [17]. Hoshino et 

al. introduced a new TBI method (femoral artery test injection (FTI) 

method) and found that the enhancement was significantly higher with 

the FTI compared to the BT method (388.3 ± 52.4 HU vs. 281.2 ± 59.1 

HU). The percentages of cases with good image quality were 86% and 

46% in FTI and BT method, respectively [11]. They concluded that the 

FTI method with the prediction of proper scan start time could reduce 

the risk of outpacing of contrast media during aortic CTA. 

Tang et al. studied on 116 patients undergoing coronary CTA via the 

dual-source CT (DSCT) [1]. The delay time (duration between contrast 

administration to the density threshold of > 100 HU in ascending aorta 

at the level of right main pulmonary artery reaching a threshold of 100 

HU) was 16.0 ± 3.0s ranged 11.16 – 25.08s. It shortened with 

increasing HR (with a coefficient of -0.110) and in female patients it 

was 1.902s shorter than the male patients (P < 0.001) and increased 

with an increasing transversal cardiac diameter (TCD) (with a 
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coefficient of 0.394) with P = 0.015. Other evaluated factors in this 

study were age, height, weight, body surface area, transversal thoracic 

diameter (TTD), and cardiothoracic ratio (TCD/TTD) which could not 

influence the delay time. Among the cardiac function variables, stroke 

volume (SV) was associated with the delay time, but there was no 

relationship with the CO. According to this study, the delay time could 

be predicted by gender, HR, and TCD. Although the delay time was 

shorter than the mean APT of our study, it should be noted that the 

enhancement threshold was set at 100 HU in the study by Tang et al., 

but for a diagnostic assessment as in the present study, an intra-

arterial target threshold higher than 200 HU is required [20]. So, this 

difference is justifiable. Furthermore, similar to the findings of our 

study, the enhancement time was independent of height, weight, and, 

age.  

Puskás et al.  determined that neither systolic blood pressure, diastolic 

blood pressure, HR, body length, body weight nor body surface could 

influence the blood circulation time of intracranial CTA [16]. In another 

study by Kirchner et al. optimized enhancement following bolus-

triggered contrast administration was not correlated with age, body 

weight, and body surface in 548 patients undergoing abdominal and 

chest CTA [21]. 

In 2009, Sakai et al. evaluated the effect of cardiac functions on aortic 

peak patterns during coronary CTA [12]. According to their findings, 

the mean APT and APE were 38.3±7.5s, and 390.4±72.1 HU, 

respectively. There was a negative correlation between the cardiac 

index with either APT (r =−0.698, p < 0.0001) and APE (r =−0.573, p = 

0.0009). A significant correlation was observed between the patients’ 
body weight, APT (negative relation) and APE (positive relation). This 

finding is inconsistent with the findings of our study. In the present 

study, even though the APT decreased with increasing weight, no 

significant relationship between the weight and the optimal time was 

reported. Besides, the optimal time was shorter compared to the 

calculated APT of the Sakai study [12]. It should be noted that the 

present study had a larger sample size (100 cases compared to 29). 

Furthermore, the contrast media volume and concentration were 

greater in the Sakai study (an iodine concentration of 350 mg of I/mL 

with 90 mL volume), and the tube voltage and current were also 

different (120 kV and 60 mA, respectively) which explain the 

difference between the two studies.  Also, according to the study of  

Kim et al. the mean peak time of the abdominal aorta was 37±4s using 

a similar contrast administration protocol as Sakai et al [22,12]. 

We had some limitations consisting of the small size of the study 

population and that other important factors influencing APT, including 

blood pressure, HR, and CO not evaluated. We recommend further 

studies with larger sample sizes, which also include other parameters 

to achieve more reliable results.  

 

CONCLUSIONS  

 

According to the findings of this study, the aortic peak time following 

test-bolus contrast media injection in a 384-slice multi-detector 

scanner was 19.17s, which was not influenced by the patient’s gender, 

age, weight, BMI, and cardiac function. 
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Fig. 1: The graphical illustration of the test-bolus tracking method. (The dashed line reveals contrast arrival time and the continuous line 

represents the time to peak contrast enhancement). 

Table 1: Participants demographics 

Characteristic Minimum Maximum Mean Standard Deviation 

Age (years) 38.0 92.0 66.39 10.91 

Weight (Kg) 52.0 135.0 80.78 16.58 

Height (cm) 150.0 20.0 170.41 10.49 

BMI (Kg/m2) 19.57 41.91 27.67 4.15 

BMI: body mass index 

 

Table 2: Participants CTA characteristics 

Characteristic Minimum Maximum Mean Standard Deviation 

Optimal time 14.00 30.10 19.17 3.14 

Start time 8.0 13.0 9.46 0.98 

Arrival time 10.0 16.0 12.02 1.71 

Duration time 18.0 32.0 23.35 2.77 

CTA: computed tomography angiography 
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Table 3: Analysis of Optimal time by demographics 

Characteristic N Mean SD P-value 

Age 

≤ 65 years 51 19.23 2.91 
0.539 

> 65 years 49 19.10 3.39 

Sex 

Male 48 18.91 3.13 
0.322 

Female 52 19.40 3.16 

BMI 

19-25 Kg/m2 23 19.44 2.54 

0.461 25-30 Kg/m2 53 19.33 3.53 

> 30 Kg/m2 24 18.54 2.74 

Cardiac function 

Normal 86 19.21 3.33 

0.908 
Mild dysfunction 8 18.78 1.01 

Moderate dysfunction 3 20.00 2.00 

Severe dysfunction 3 18.07 1.95 

N: number, SD: standard deviation, BMI: body mass index 
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