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Abstract: Objective: To evaluate the clinical imaging capacity of FLASH dual-source CT at low radiation dose and low 
contrast medium dose in thoracic aorta, pulmonary artery & vein and coronary artery. Method: One hundred and 
eight patients of thoracalgia were randomly divided into two groups; 60 cases (group A) received dual-source CT 
scan in flash model at 100KV and contrast medium dose of 74 ml combined with digital subtraction angiography 
(DSA) examination; 48 cases (group B) received retrospectively. ECG-triggered high-pitch spiral acquisition at 120 
KV and contrast medium dose of 101 ml. Several image reconstruction techniques were adopted for coronary ar-
tery, pulmonary artery and aorta. The imaging quality and the diagnostic value of this technique were evaluated. 
Coronary artery stenosis of group A was compared against the results of DSA examination. Results: The scan time 
in group A was obviously shorter than that of group B, i.e., t=0.7±0.1 s in group A and t=7.7±1.7 s in group A. The 
image reconstruction phase of coronary artery was 70.4±15.6% in group A, and the systolic phase accounted 
for 13.3% of the optimal reconstruction phase. Compared with group B, the radiation dose of group A decreased 
obviously, i.e. ED=2.7±0.7 mSv for group A and ED=21.6±6.0 mSv for group B. Moreover, less contrast agent was 
consumed in group A than in group B, which was 74 ml in group A and 101 ml in group B. The image quality of aorta 
and pulmonary artery & vein was grade 1 for all cases in group A, which was the same as with group B. The coronary 
artery images of group A had better quality, with score of 2.9±0.1. Of 780 segments, only 2 segments could be effec-
tively diagnosed, showing no statistically significant differences from group B (P>0.05). The coronary artery stenosis 
revealed by dual-source CT for group A was not significantly different from that by DSA (P>0.05). Conclusion: FLASH 
dual-source CT scan at reduced radiation dose and reduced contrast medium dose used for triple-rule-out (TRO) 
examination achieved good image quality and clear visualization of blood vessels. Moreover, this CT scan technique 
is fast and rapid in diagnosis and suitable for extensive clinical settings.
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Introduction

In recent years, 64-slice spiral CT scan is widely 
used for triple-rule-out (TRO) examination. 
Meanwhile, 256-slice and 320-slice spiral CT 
scans have faster scanning speed and higher 
image quality in TRO examination. But larger 
radiation dose and contrast medium dose are 
needed due to wider scan scope [1-4]. FLASH 
dual-source CT (second-generation dual-source 
CT) has a rotation time 0.28 s, temporal resolu-
tion of single segment reconstruction 75 ms, 
scan time of coronary artery approximately 0.2 
s, and scan time of entire chest approximately 
0.6 s. Therefore, FLASH dual-source CT is most 
suitable for cardiovascular imaging. Many stud-
ies are devoted to the use of prospectively ECG-

triggered high-pitch spiral acquisition (flash 
mode) for coronary CT angiography. In contrast, 
the value of flash low tube voltage using flash 
mode in TRO examination is rarely discussed. 
We applied flash mode CT scan with low tube 
voltage and reduced contrast medium dose to 
TRO examination for patients with heart rate 
≤75 beats/min, and the feasibility, reliability 
and clinical value of this CT scan technique 
were assessed.

Materials and methods

General data

From May 2014 to June 2015 patients suspect-
ed of TRO and having contradictions for the use 
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first. The time window of ECG-triggered scan 
was set as 20% R-R 4 s later, and second-phase 
contrast-enhanced scan of the heart was per-
formed with head entering first. For the first-
phase scan, the quality of the coronary artery 
image might be affected by accelerated heart 
rate or respiratory movement after the injection 
of contrast medium. So an additional contrast-
enhanced scan in systolic phase was 
performed. 

Group B: Retrospectively ECG-triggered high-
pitch spiral acquisition was performed to deter-
mine the calcification score of the coronary 
artery, followed by contrast-enhanced scan of 
the entire chest. The scan was performed from 
the diaphragmatic surface to the thoracic 
entrance. The full radiation dose was triggered 
at 20%-90% R-R interval.

Scan parameters: Group A: Collimation 
128×0.6 mm; using z-flying focal spot tech-
nique, 2×128 slices were acquired; the recon-
structed slice thickness was 0.6 nm, and the 
interval was 0.4 mm; gantry rotation time 0.28 
s/r, pitch 3.4, tube voltage 100 KV, reference 
tube current 320 mAs. Caredose 4D technique 
was used to decrease the radiation dose. 

Group B: Collimation 128×0.6 mm; using z-fly-
ing focal spot technique, 2×128 slices were 
acquired; the reconstructed slice thickness 
was 0.6nm, and the interval was 0.4 mm; gan-
try rotation time 0.28 s/r, pitch 0.17-0.5, auto-
matically adjusted based on heart rate; tube 
voltage 120 kV, reference tube current 320 
mAs. Caredose 4D technique was used to 
decrease the radiation dose.

Data measurement and image postprocessing

Scan time (time of contrast-enhanced CT of the 
entire chest), radiation dose (ED), density of 
aorta, pulmonary artery, pulmonary vein, left 
main coronary artery, and density of pectoralis 
major were recorded or measured for each 
case. The area of coronary artery measured at 
1 mm slice thickness was 0.03 cm2, while the 
area of other blood vessels was measured as 

of iodine-free contrast media were included. 
The cases totaling 108 had fluctuation of heart 
rate ≤10 beats/min, heart rate ≤75 beats/min, 
and body mass index (BMI) 23.4±3.2 kg/m2 
(ranging from the lowest of17.8 kg/m2 to the 
highest of 31.9 kg/m2). Sixty cases in experi-
mental group (group A) received prospectively 
ECG-triggered high-pitch spiral acquisition 
combined with DSA examination. Among them, 
there were 22 females and 38 males, aged 
from 35 to 86 years (average, 65.7±12.2 years), 
and heart rate ranged from 42 beats/min to 75 
beats/min (average 59.0±6.9 beats/min). 
Forty-eight cases of control group (group B) 
received retrospectively ECG-triggered high-
pitch spiral acquisition, including 19 females 
and 28 males. They were aged from 41 to 89 
years (average, 62.5±11.1 years), and heart 
rate ranged from 50 beats/min to 75 beats/
min (average, 68.2±5.8 beats/min). 

Instruments and contrast medium

Instruments: Somatom Definition Flash (Sie- 
mens, Germany), 18-22 G needle, medrad 
dual-flow high-pressure injector, Vitrea Work- 
station and Syngovia Workstation. Contrast 
media: Iohexol (350 mgI/m1).

Scanning

Administration and scan time: Group A: 50 ml 
of contrast medium was loaded to high-pres-
sure injector at the flow rate of 5.0 ml/s, fol-
lowed by 40 ml of 6:4 mixture (24 ml contrast 
medium, 16 ml normal saline) at 4.0 ml/s and 
finally 40 ml of normal saline at 4.0 ml/s. With 
ascending aorta under monitoring, the trigger-
ing threshold was scan CT value plus 50 HU at 
a delay of 8 s. 

Group B: 80 ml of contrast medium was loaded 
to high-pressure injector at the flow rate of 5.0 
ml/s, followed by 7:3 mixture (21 ml contrast 
medium, 9 ml normal saline) at 4.0 ml/s and 
finally 40 ml of normal saline at 4.0 ml/s. With 
ascending aorta under monitoring, the trigger-
ing threshold was scan CT value plus 50 HU at 
a delay of 8 s.

Scan mode: Group A: Prospectively 
ECG-triggered high-pitch spiral acquisi-
tion was performed to determine the 
calcification score of the coronary 
artery, followed by first-phase contrast-
enhanced scan of the entire chest. The 
time window of ECG-triggered scan 
was set at 55% R-R, and the entire 
chest was scanned with feet entering 

Table 1. Blood vessel density (HU)
Group A Group B t p

Aorta 484.4±77.0 459.1±77.7 1.673 0.097
Pulmonary artery 494.9±153.9 355.2±83.8 6.001 0.000
Pulmonary vein 564.1±128.1 439.9±85.5 5.761 0.000
Left coronary artery 480.0±72.3 450.8±73.4 2.071 0.041
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about 0.3 cm2 at 5 mm slice thickness. The 
images were postprocessed on Vitrea Wo- 
rkstation and Syngovia Workstation. Multiplanar 
reconstruction (MPR), maximum intensity pro-
jection (MIP), volumetric rendering (VR) and 
curve planar reconstruction (CPR) were per-
formed for thoracic aorta, pulmonary artery & 
vein and coronary artery, respectively. Radiation 
dose (ED)=k×DLP, where K=0.017 as recom-
mended by European Commission for chest 
scan [5]. 

Image analysis

Objective evaluation of noise: Considering 
blood vessel density (SD) as noise, signal-to-

noise ratio (SNR) and CNR were calculated: 
SNR=SI/SD, CNR=(SI-SI of the muscle)/SD, 
where SI is the contrast-enhanced CT value of 
the blood vessels; SD is noise (standard devia-
tion), and SI is the CT value of pectoralis major. 

The images were reviewed by two experienced 
radiologists independently using double-blind 
method: Quality of coronary artery images: The 
3-grade classification system was used. Grade 
1, excellent (score of 3): clearly visualized blood 
vessels, with smooth edges, good continuity, 
good contrast with the surrounding, and no arti-
facts; grade 2, acceptable (score of 2): moder-
ately visualized blood vessels, with acceptable 

Table 2. Noise from blood vessels
SD SNR CNR

Group A Group B Group A Group B Group A Group B
Aorta 14.3±3.3 6.7±1.5 35.9±11.0 71.8±22.0 30.8±10.0 61.6±19.8
    t 15.772 -10.274 -9.829
    p 0.000 0.000 0.000
Pulmonary artery 15.2±5.6 6.7±1.8 36.7±17.1 56.6±22.0 31.5±16.2 46.2±19.1
    t 10.900 -5.277 -4.222
    p 0.00 0.000 0.000
Pulmonary vein 17.9±7.2 10.5±5.2 35.2±13.6 49.3±20.4 30.7±12.1 41.8±17.9
    t 6.016 4.079 -3.668
    p 0.000 0.000 0.000
Left coronary artery 35.3±16.2 25.9±11.0 15.9±6.6 20.8±9.8 13.6±5.8 17.8±8.6
    t 3.398 -2.899 -2.876
    p 0.001 0.005 0.005

Table 3. Quality of coronary artery images (score, cases)
Group A Group B

Segment Score Excellent  
(n,%) 

Acceptable  
(n,%)

Poor  
(n,%) Score Excellent  

(n,%)
Acceptable  

(n,%)
Poor  
(n,%) x2 p

1 2.8±0.4 52 7 1 2.9±0.2 45 3 0 1.794 0.408
2 2.7±0.5 43 17 0 2.8±0.4 39 9 0 1.340 0.247
3 2.8±0.4 50 10 0 2.8±0.4 41 6 1 1.576 0.455
4 2.8±0.5 52 7 1 2.9±0.3 44 4 0 1.166 0.558
5 3.0±0.0 60 0 0 2.9±0.2 45 3 0 3.857 0.050
6 2.9±0.3 56 4 0 2.9±0.2 44 4 0 0.108 0.742
7 2.9±0.2 57 3 0 2.8±0.4 43 4 1 1.792 0.408
8 2.8±0.4 50 10 0 2.8±0.4 38 10 0 0.307 0.580
9 2.9±0.1 59 1 0 2.9±0.1 47 1 0 0.025 0.873
10 2.9±0.1 59 1 0 3.0±0.0 48 0 0 0.807 0.369
11 2.9±0.2 58 2 0 2.9±0.1 47 1 0 0.154 0.694
12 2.9±0.2 58 2 0 2.9±0.2 46 2 0 0.052 0.820
13 2.9±0.3 55 5 0 2.9±0.2 44 4 0 0.000 1.000
Total 2.9±0.1 709 69 2 2.9±0.1 571 51 2 0.248 0.883
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continuity but blurred edges and a small 
amount of artifacts; diagnosis could be made 
based on images; grade 3, poor (score of 1): 
poor contrast of blood vessels, with serious 
artifact disturbance that made diagnosis 
impossible.

Quality of aorta and pulmonary artery images: 
The 3-grade classification system was used. 
Grade 1, excellent (score of 3): clearly visual-
ized blood vessels, with good continuity and no 
artifacts; grade 2, acceptable (score of 2): 
acceptable density of blood vessels, with 
blurred edges and affected diagnosis; grade 3, 
poor (score of 1): low density of blood vessels 
and poorly visualized blood vessels, with seri-
ous artifact disturbance that made diagnosis 
impossible.

Statistical process

Statistical analyses were performed using 
SPSS 16.0 software, and the data were 
expressed as 

_
X  ± S. The means of blood vessel 

density, image noise, SNR and CNR of the two 
groups were compared with independent sam-
ple t test. The image quality of group A and 
group B and degree of coronary stenosis in 
group A revealed by flash mode CT scan were 
compared with that of DSA examination using 
chi-square test. P<0.05 indicated significant 
difference. 

Results

Scan time, time phase and radiation dose

Scan time: The scan time was 0.7±0.1 s in 
group A, ranging from 0.5 s to 0.9 s; the scan 
time was 7.7±1.7 s in group B, with the longest 
scan time of 15.2 s and the shortest scan time 
of 4.7 s. 

Reconstructed time phase: The reconstructed 
time phase of coronary artery in group A was 
70.4±15.6%, ranging from 30% to 91%; systolic 
phase was the optimal reconstruction phase in 
8 cases (8/60, 13.3%). The reconstructed time 
phase of great vessels was 70.7±10.4% in 
group A, ranging from 36% to 100%; systolic 

phase was the optimal reconstruction phase in 
2 cases (2/60, 3.3%). For group B consisting of 
48 cases, the reconstructed time phase of cor-
onary artery in group B was 71.7±11.8%, rang-
ing from 37% to 89%; systolic phase was the 
optimal reconstruction phase in 6 cases (6/48, 
12.5%). The reconstructed time phase of great 
vessels was 68.2±14.7%, with the minimum of 
30% and the maximum of 88%; systolic phase 
was the optimal reconstruction phase in 6 
cases (6/48, 12.5%). 

Radiation dose: ED=2.7±0.7 mSv in group A, 
with the minimum of 1.4 mSv and the maxi-
mum of 6.3 mSV; for group B, ED=21.6±6.0 
mSv, with the minimum of 12.0 mSv and the 
maximum of 37.3 mSv. 

Densities of blood vessels and image quality

The average density of aorta in group A was 
484.4±77.0 HU, presenting with the highest CT 
value of 675.0 HU and the lowest of 319.7 HU. 
The average density of pulmonary artery was 
494.9±153.9 HU, with the highest CT value of 
878.5 HU and the lowest of 206.5 HU. The 
average density of pulmonary vein was 
564.1±128.1 HU, ranging from 378.0 HU to 
1017.9 HU. The average density of pulmonary 
artery was 480.0±72.3 HU, showing the high-
est and lowest CT value of 660.7 HU and 316.3 
HU, respectively. The densities of aorta, pulmo-
nary artery, pulmonary vein and coronary artery 
in group A were slightly higher than those in 
group B; the densities of other blood vessels 
were significantly higher than those of group B. 
The difference in density of aorta between 
group A and B was not significant, while the dif-
ferences in density of pulmonary artery, pulmo-
nary vein and coronary artery were statistically 
significant (Table 1). The noise from blood ves-
sels was increased in group A compared with 
group B, whereas SNR and CNR decreased con-
siderably (Table 2). The quality of all images of 
aorta, pulmonary artery and pulmonary vein in 
group A and group B was all grade 1. Since seg-
ments 14 and 15 of the coronary artery may be 
absent or too slender, only segments 1-13 were 
studied (in case of hypoplastic right coronary 

Table 4. Comparison of degree of coronary stenosis revealed by CT angiography and DSA examination
CTA DSA X2 P

Degree Normal  
(n, %)

Severe  
(n, %)

Moderate  
(n, %)

Mild  
(n, %)

Normal  
(n, %)

Severe  
(n, %)

Moderate  
(n, %)

Mild  
(n, %) 0.531 0.912

Number of segments 619 8 57 96 620 620 55 95
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artery, left posterior descending branch was 
examined instead of segment 4). Coronary 
artery images of 780 segments in group A and 
624 segments in group B had similar quality. 
The two groups did not differ significantly in 
terms of image quality for each segment or in 
overall image quality (Table 3). 

Main diseases in group A

For 780 segments in 60 cases, the degree of 
coronary stenosis revealed by CTA and DSA 
(Table 4; Figure 1A-C) did not show significant 
difference. Pulmonary embolism was reported 
in 5 cases (Figure 1D-F), aortic dissection in 2 
cases (Figure 1G, 1H), aortic aneurysm in 1 
case, aortic plaques complicated by ulcer in 12 
cases, pulmonary arteriovenous malformations 
in 2 cases, pulmonary infection in 12 cases, 
lung cancer in 2 cases, and valvular heart dis-
ease in 9 cases. 

Discussion

Reduced radiation dose for FLASH dual-source 
CT in thoracic blood vessels 

Radiation dose is proportional to the square of 
tube voltage and to tube current. So tube volt-
age has a greater impact on radiation dose 
than tube current, and the radiation dose can 
be decreased by reducing tube voltage (kV) and 
tube current. However, such reduction may 
affect the density resolution of the images and 
increase the image noise. Therefore, decreas-
ing radiation dose and ensuring the image qual-
ity are the major concern. Choosing individual-
ized tube current and CARE Dose4D are the 
common methods for decreasing radiation 
dose in recent years [6]. CARE Dose4D can 
improve the utilization rate of X-ray based on 
preset reference tube current which is auto-
matically adjusted during scan. Meanwhile, this 
technique will not affect the image quality. We 
used high-pitch dual-source CT scan (3.4) with 
reduced tube voltage (100 KV) and Caredose 
4D to reduce radiation dose, which was 2.7±0.7 
mSv. This was much lower than 21.6±6.0 mSv 
in the control group which was scanned at nor-
mal radiation dose. It was also far lower than 
the radiation dose in Hameed et al.’s study [1], 
in which prospective ECG-gated 256-slice CT 
was used for combined chest and pelvic cavity 
scanning (10.5-14.7 mSv), and in Hein et al.’ 
study [2], in which prospective ECG-gated 320-
row spiral CT was used for TRO examination 
(7-9 mSv). 

Reduced contrast medium dose for FLASH 
dual-source CT in thoracic blood vessels

CT scan at reduced tube voltage has lower radi-
ation for thoracic blood vessels. The attenua-
tion coefficients of iodine, bone and soft tis-
sues increase with the decrease of tube 
voltage, but those of calcium-containing bone 
and soft tissues vary little. The substances with 
high iodine that has high atomic number are 
more affected. Since the blood vessels are 
filled with a large amount of iodine-based con-
trast media, their attenuation coefficient 
increases more obviously. As the blood vessel 
intensity increases under reduced tube volt-
age, the blood vessels can be visualized more 
clearly. Tube voltage of 100 kV and 120 kV was 
used for the scan in the experimental group 
and control group, respectively. The density of 
aorta in the experimental group was only slight-
ly higher than that of the control group; howev-
er, the densities of pulmonary artery, pulmo-
nary vein and coronary artery increased 
significantly with the increase of tube current 
(P<0.05). The lowest densities were all above 
200 HU, and the lowest density of coronary 
artery was 316.3 HU. For the experimental 
group, 50ml of the contrast medium was first 
loaded into the high-pressure injector, followed 
by 40 ml of 6:4 mixture to maintain the contrast 
medium concentration in pulmonary artery. 
Finally superior vena cava was flushed with 40 
ml of normal saline to maintain the density of 
pulmonary artery while the coronary artery, 
aorta and pulmonary vein were fully enhanced. 
FLASH dual-source CT has a short scan time 
(0.7±0.1 s, ranging from 0.5 s to 0.9 s) and a 
much reduced contrast medium dose com-
pared with 64-slice spiral CT. In our study, the 
total contrast medium dose was 74 ml and 101 
ml in the experimental group and control group, 
respectively. Gallagher and Raff et al. [3] used 
a total contrast medium dose of 130 ml and 
reported that CT value reached 250 HU or even 
higher in some regions. Haidary [4] used 150 
ml of contrast medium, and CT value of the pul-
monary artery was 299-311 HU and that of 
aorta was 332-348 HU. 

Improved image quality using FLASH dual-
source CT in thoracic blood vessels

The experimental group had a significant reduc-
tion of contrast medium dose compared with 
the control group; the noise in objective evalua-
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tion increased, while SNR and CNR decreased 
obviously; the differences were significant 
between the two groups. The image quality was 
still high in the experimental group, and the 
image quality for aorta, pulmonary artery and 
pulmonary vein was all grade 1. There was no 
case in the experimental group that could not 
be diagnosed due to poor image quality. The 
image quality of coronary artery showed no sig-
nificant differences between 780 segments in 
the experimental group and the control group; 
the quality of the majority of images was grade 

1, except 2 segments for which the image qual-
ity was poor and no diagnosis could be made. 
CTA basically achieved an accurate diagnosis of 
coronary stenosis caused by coronary artery 
plaques, and no obvious differences were 
found in this respect compared with DSA exam-
ination. Other diseases in the chest were also 
properly diagnosed, including aortic dissection, 
aortic aneurysm, aortic plaque combined with 
ulcer, pulmonary embolism, pulmonary arterio-
venous malformations, pulmonary infection 
and lung cancer. 

Figure 1. Imagine characteristics of coronary heart disease, Pulmonary artery embolism and aortic dissection. 
A-C. Coronary heart disease; A. VR clearly visualized ascending aorta, pulmonary artery & vein, coronary artery, as 
well as coronary artery branches; B. CPR for coronary artery reveals moderate stenosis of proximal LAD (straight 
arrow), while the distal LAD was well filled with contrast medium; C. DSA revealed moderate stenosis of proximal 
LAD (straight arrow), while the distal LAD was not filled with contrast medium. D-F. Pulmonary artery embolism com-
plicated by pulmonary infarction. D and E. VR and MIP revealed filling defect in several branches of left pulmonary 
artery (straight arrow). F. Lung window CT in the coronal plane showed local infarction sites in the basal segments 
of left lower lobe. G, H. Aortic dissection (Standford type B). G and H. VR and MPR showed separated intima of de-
scending aorta, and good filling of true lumen of aortic dissection (straight arrow); the false lumen was poorly filled 
with contrast medium and mural thrombosis was found (bent arrow).
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Defects of FLASH dual-source CT for imaging 
of thoracic blood vessels

Since prospective ECG-triggered high-pitch CTA 
cannot predict heart rate variability, and the 
scanned images cannot be processed by ECG 
editing. These defects have restricted its appli-
cation [7]. We first performed prospective ECG-
triggered high-pitch CT to determine the calcifi-
cation score of coronary artery as generally 
needed, followed by first-phase contrast-
enhanced CT scan in flash mode for the entire 
chest. Since coronary artery images might be 
affected by accelerated heart rate or respira-
tory movement after the injection of contrast 
medium, an additional contrast-enhanced scan 
in systolic phase was performed. Thus 3 scans 
were performed in total for the coronary artery. 
However, the radiation dose was not minimal, 
and further efforts will be made to reduce radi-
ation dose to below 1 mSv using the following 
three methods: (1) No scan for determining the 
calcification score of the coronary artery. The 
coronary artery images are quickly reviewed 
during first-phase contrast-enhanced scan of 
the entire chest to judge whether they are suit-
able for diagnosis. If yes, no second-phase 
scan will be done; if no, second-phase scan will 
be done. This can greatly reduce the radiation 
dose as only 1 scan is performed for the coro-
nary artery; (2) The tube voltage of 80kV is 
used for patients with low BMI; (3) Iterative 
reconstruction technique can be adopted. 
Moscariello et al. [8] and Ebersberger et al. [9] 
applied SAFIRE reconstruction with a reduction 
of radiation dose by 50% while ensuring the 
image quality. Though some reports describe 
the use of FLASH dual-source CT in coronary 
angiography for patients with high heart rate, 
arrhythmia and atrial fibrillation, the reports are 
rare concerning the application to TRO exami-
nation. We did not carry out relevant discussion 
due to limited sample size. 

FLASH dual-source CT at low radiation dose 
and low contrast medium dose applied to TRO 
examination in patients with heart rate ≤ beats/
min can clearly visualize the cardiovascular sys-
tem, lung, mediastinum and thoracic wall. The 
reduction of both radiation dose and contrast 
medium dose means less harm to patients. 
This technique is quick and reliable in diagnosis 
and worthy of clinical popularization. Further 

study will be directed to the application of 
FLASH dual-source CT in TRO examination 
among cases with high heart rate (>75 beats/
min), arrhythmia and atrial fibrillation. 
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