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Abstract
Objective To explore the use of two consecutive axial scans in triple-rule-out (TRO) examination on a 16 cm wide-detector CT
for radiation dose reduction.
Materials and methods Sixty TRO patients were assigned to either study group (Group A, n = 30) or control group (Group B,
n = 30). Group A used a two-phasic contrast injection: 25mgI/kg/s for 12 s in 1st and at 3.0 ml/s injection rate for 7 s in 2nd phase.
The pulmonary artery, coronary artery and aorta were scanned in succession with two axial scans using smart-coverage tech-
nique. Group B used the conventional protocol of scanning pulmonary arteries first in helical, followed by coronary arteries in
axial and aorta in helical mode with contrast injection of 25mgI/kg/s for 14 s. All images were reconstructed with 80% ASIR-V.
The qualitative and quantitative image assessment and effective dose of the two groups were statistically compared.
Results The demographic data and quantitative measurements and qualitative image scores between the two groups were statisti-
cally the same (p > 0.05). However, Group A reduced radiation dose by 52% (2.67 ± 0.98 mSv vs. 5.65 ± 1.37 mSv) (p < 0.001).
Conclusion Using two consecutive axial scans in triple-rule-out on a 16 cm wide-detector CT reduces radiation dose while
maintaining image quality compared with the conventional TRO protocol.
Key Points
• Triple-rule-out can be performed with two-axial scans on a wide-detector CT system.
• TRO with two-axial scans maintain image quality compared with conventional protocol.
• TRO with two-axial scans reduces 52% radiation dose over conventional protocol.
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Abbreviations
ACS Acute coronary syndrome

AD Aortic dissection
ASIR Adaptive statistical iterative reconstruction
CNR Contrast-to-noise ratio
CTA Computed tomography angiography
CTDI CT dose index
DFOV Display field of view
DLP Dose-length product
MIP Maximum intensity projection
mSv Millisievert
PTE Pulmonary thromboembolism
ROI Region-of-interest
SD Standard deviation
SSF Snapshot freeze
TRO Triple-rule-out
VR Volume rendering
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Introduction

Chest pain is one of the most common symptoms in
emergency departments. The acute coronary syndrome
(ACS), pulmonary thromboembolism (PTE), and aortic
dissection (AD) are the three major conditions associat-
ed with substantial morbidity and mortality for these
patients, and should first be excluded [1]. The Btriple-
rule-out^(TRO) computed tomography angiography
(CTA) for chest pain patients has recently emerged as
a technique that noninvasively evaluates the coronary
arteries and simultaneously visualizes the pulmonary ar-
teries, thoracic aorta and other intrathoracic structures
and its value is generally recognized [2]. CT systems
with 64-slice multidetector, 128-slice multidetector and
dual-source have all been used in TRO CTA examina-
tion with retrospectively ECG- gated helical scan mode
for the coronary arteries. On one hand, the use of small-
pitch, retrospective ECG-gated scanning for coronary
arteries and with overlapped coverage for same anatomy
(for ruling out different causes) in TRO examination
results in a higher radiation dose, the mean radiation
dose is reported to be 4.8-9.6mSv, [3–5] and increases
cancer risks [6]. On the other hand, acute coronary syn-
drome, pulmonary thromboembolism or aortic dissection
has a very high mortality and rapid onset, and TRO
examination has demonstrated its clinical value. So
how to ensure the quality of TRO images and reduce
radiation dose at the same time has become the focus of
many radiologists. Compared with the narrow- detector
CT system, the introduction of 16 cm wide-detector CT
system greatly improves the single rotation coverage to
not only improve the image quality for more demanding
cardiac patients [7], but also make the task of covering
the entire chest with high temporal resolution at low
radiation dose in two gated axial scans possible. The
purpose of this study was to explore the feasibility of
using two consecutive axial scans in TRO examination
for chest pain patients on a 16 cm wide- detector CT
system to reduce overall radiation dose and maintain
image quality compared with the conventional three-
scan protocol that optimized the scan timing for pulmo-
nary arteries, coronary arteries and aorta individually for
good image quality.

Materials and methods

Patient characteristics

Our study was approved by the institutional review board and
all participants gave written informed consent. One author
(J.L.) is an employee of GE Healthcare, the manufacturer of

the CT system used in this study. The other authors, who are
not GE Healthcare employees, had control of the data and
information that might have represented a conflict of interest
for (J.L.). This was a prospective cohort study of consecutive
patients who underwent TRO scans in the period from
November 2016 to November 2017. Patients aged 18 years
and older and a body-mass index (BMI) ≤30.0 kg/m2 who
with clinical histories including a chief complaint of chest
pain; shortness of breath; syncope or near syncope; neck,
shoulder, back, or arm pain not appearing to be musculoskel-
etal in nature; and patients for suspicion of heart disease, pul-
monary embolism, or aortic dissection were enrolled in our
study. Exclusion criteria included pregnancy, traumatic injury,
elevated cardiac biomarkers (troponine-I or creatine kinase-
MB) in the initial blood sample, ECG changes indicating an
ACS, hypotension (systolic blood pressure 90mmHg), elevat-
ed initial cardiac enzymes, known allergy to intravenous con-
trast material, renal insufficiency (creatinine≤120 μmol/l), and
inability to cooperate with TRO scans. According to the in-
clusion and exclusion criteria, a total of 60 patients (24 wom-
en, 26 men; mean age 54.5 ± 1.6 years; range 33–80 years)
were enrolled and assigned randomly to either the study group
(Group A, n = 30) or control group (Group B, n = 30), of
whom 20 with a clinical history of hypertension and coronary
heart disease at the same time; 14 patients with hyperlipid-
emia; 7 patients with a history of type II diabetes; 3 patients
with a history of pulmonary hypertension, and 3 patients with
severe Pneumonia, and the rest of the patients included had an
unclear clinical history of the past.

Scan protocols

All scans were performed on a 16 cm wide-detector
Revolution CT scanner (GE Healthcare, Waukesha, WI
USA). Both groups used 100 kV tube voltage, 0.28 s rotation
speed and automatic tube current modulation for obtaining a
preset noise index of 35HU at 0.625 mm slice thickness, and
contrast agent iopamidol (370 mgI/ml). The acquisition win-
dows for cardiac scans were dependent on the patient heart
rates (HR): 70-80% of the R-R interval for HR < 65 bpm;
30-50% for HR > 80 bpm and both 30-50% and 70-80% for
HR between 66 bpm and 80 bpm. Scan modes and contrast
injection protocols were different for the two groups.

Group A used the all-axial scan mode with the pulmonary
artery, coronary artery and aorta covered with two axial scans
to provide a total axial coverage of about 204 mm from the
thoracic entrance to the top of the diaphragm. The
Smart-coverage technique on the scanner was used to auto-
matically determine the collimations: after the user prescribes
a region to be scanned, the scanner will step through the com-
bination of available collimations (4, 8, 10, 12, 14 and 16 cm)
to find the smallest that will cover the required range. For
cardiac scan mode, when the scan region requires two slabs,
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the scanner will use a large slab on the inferior end, to cover as
much of the heart as possible, and place a smaller slab on the
superior side (Fig. 1). A small scan overlap between the two
axial scans was required to reduce the wide cone angle effect,
and this small overlap was determined automatically by the
system based on the image slice thickness and display
field-of-view. A patient weight-dependent, two-phasic con-
trast injection protocol was used for Group A: 25mgI/kg/s
for 12 s in the 1st phase and at 3.0 ml/s injection rate for 7 s
in the 2nd phase. The injection rate in the 1st phase was de-
termined based on the total contrast volume divided by the
preset injection time (12 s) The pulmonary artery (in the su-
perior portion) scan was triggered at a threshold of 220HU for
descending aorta with a short delay time of 1.6-2.2 s, and the
scan for coronary artery, aorta and the inferior portion of the
pulmonary arteries was carried out immediately after the first
scan in prospective ECG-triggering cardiac mode. The injec-
tion, triggering and scanning protocols were determined based
on our preliminary studies to ensure adequate contrast en-
hancement in vessels.

Group B used a more conventional three-scan protocol that
optimized the scan timing for pulmonary arteries, coronary
arteries and aorta individually. A patient weight-dependent
contrast agent injection protocol of 25mgI/kg/s for 14 s was
used followed by 30 ml of saline at the same injection rate.
The injection rate was determined based on the total contrast
volume divided by the preset injection time (14 s). Pulmonary
arteries were scanned first in a helical modewith 8 cm detector
collimation, pitch 0.992:1 and 0.28 s rotation speed to provide
an axial coverage from the thoracic entrance to the top of the
diaphragm; scan was triggered with a threshold of 100HU for
pulmonary arteries. The coronary arteries were scanned next
after 8–9 s delay in a prospective ECG-triggered cardiac axial
mode with 0.28 s rotation speed and up to 16 cm detector
collimation covering areas from the 1 cm below tracheal cari-
na to the bottom of the heart; followed immediately by aorta
using a helical scanmode, from the supra-aortic arch to the top
of the diaphragm. (Fig. 1).

Image reconstruction and analysis

Images were reconstructed with the new Adaptive Statistical
Iterative Reconstruction (ASIR-V, GE Healthcare, Waukesha,
WI USA) algorithm at 80% strength (80%ASIR-V) in both

groups, and for coronary CT angiography, the best cardiac
phase for generating images was automatically selected by
using the Smartphase technique provided by the CT system
and the Snapshot freeze (SSF) reconstruction technique was
used for cardiac motion correction. All images were trans-
ferred to an Advanced Workstation (ADW4.6, GE
Healthcare, Waukesha WI USA) for measurement and analy-
sis. The volume rendering (VR) and maximum intensity pro-
jection (MIP) images were generated for image comparison.
CT attenuation value and standard deviation (SD) of the tho-
racic aorta, pulmonary artery, coronary artery, fat and erector
spinae muscle were measured on the axial images using
region-of-interest (ROI) of 20-400 mm2, and contrast-to-
noise ratio (CNR) for vessels were calculated. For pulmonary
arteries and aorta, CNR was calculated using muscle as the
background with SD of muscle as the background noise, and
for coronary arteries, fat was used as the background with SD
value of fat as the background noise. Two imaging radiolo-
gists with cardiovascular diagnosis experience over 8 years
assessed the cardiac image quality blindly and independently
for subjective image quality score based on the American
Heart Association modified 15-segment classification [8]
and a 5-point scoring system [9]: 5, Excellent image quality,
clear vessel boundary and display, nomotion artefact; 4, Good
image quality, mostly clear boundary, only a small amount of
motion artefacts, not affecting the diagnosis; 3, Suboptimal
image quality but interpretable, can be used for diagnosis,
may affecting the diagnostic accuracy; 2, Poor image quality
and difficult to perform vessel analysis; 1, Non-diagnostic,
poor image quality with severe motion artefacts. The lowest
score of the segment in each vessel was used as the final score
for the vessel. If there was disagreement for scoring between
reviewers, consensus was reached after negotiation. The orig-
inal scores from the two reviewers were analyzed for
inter-observer consistency.

Radiation dose calculation

The volumetric CT dose index (CTDIvol) in mGy,
dose-length-product (DLP) in mGy-cm of CT scan were re-
corded by the system after each scan and the effective dose in
millisieverts (mSv) was estimated as the product of the dose-
length product (DLP) in mGy-cm and a conversion coefficient
of 0.014 mSv-mGy−1-cm−1) [10].
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Statistical analysis

Continuous variables were expressed as means ± standard
deviations (SD) and statistical analyses were performed using
SPSS software (SPSS v. 21.0, IBM Corp., New York, NY).
TheMann-Whitney U-test was used to compare the per-vessel
image quality scores and the unpaired t-test was used to com-
pare the continuous variables including CT value, CNR and
radiation dose and contrast dose. Kappa test was used to eval-
uate the inter-observer consistency of subjective scores by the
two reviewers, and the Kappa values were defined as follows:
for κ values of 0–0.20, slight agreement; for κ values of 0.21–
0.40, fair agreement; for κ values of 0.41–0.60, moderate
agreement; for κ values of 0.61–0.80, substantial agreement;
and for κ values of 0.81–1.00, almost perfect agreement. A p
value of less than 0.05 was considered statistically significant.

Results

There was no difference in age (years) (55.7 ± 12.7 vs. 53.8 ±
10.0), heart rate (bpm) (70.2 ± 9.9 vs. 69.6 ± 10.0), weight
(kg) (66.6 ± 9.2 vs. 68.6 ± 10.3), body mass index (kg/m2)
(24.0 ± 2.3 vs. 24.7 ± 2.9) and the main clinical history of

the patients between the two groups (p > 0.05) (Table 1).
The distribution of main diagnosis was similar in both groups.
Themain diagnoses of the initial reports were confirmed in the
consensus reading in all cases. Pulmonary embolism was
found in three patients in Group A and in four patients in
Group B. Coronary artery stenosis was found in four patients
in both groups. Aortic dissection was diagnosed in five pa-
tients in Group A and in four patients in Group B. One case of
penetrating atherosclerotic ulcer of the descending aorta was
diagnosed in Group B, while there was no penetrating athero-
sclerotic ulcer in Group A (Table 1).

All vessels had similar CT enhancement between Group A
and Group B (Table 2). The CT attenuation values (in HU) in
the ascending aorta and pulmonary artery trunk of Group A
were 456.8 ± 38.4 and 429.4 ± 43.2 respectively. These values
were statistically the same as the respective values of 485.8 ±
73.4 and 457.5 ± 70.4 in group B (p > 0.05). The CNR values
for all major vessels between the two groups were also statis-
tically the same (p > 0.05) (Table 2). All major vessels had
similar image quality scores between Group A and Group B,
and there were at least substantial agreements between the two
reviewers for evaluating these vessels (all κ > 0.61) (Table 3).
For the right coronary artery, the image quality scores of
Group A and Group B were (4.20 ± 0.60) and (4.20 ± 0.70),

Table 1 General information and
main clinical history of patients
and clinical findings in the two
groups

A (n = 30) B (n = 30) T value p value

General information

Average age (years) 55.7 ± 12.7 53.8 ± 10.0 0.617 0.540

Female 13 (43.3%) 11 (36.6%) −0.776 0.441

Weight (kg) 66.6 ± 9.2 68.6 ± 10.3 −0.808 0.422

Body mass index (kg/m2) 24.0 ± 2.3 24.7 ± 2.9 −0.967 0.337

Mean heart rate (bpm) 70.2 ± 9.9 69.6 ± 10.6 0.213 0.832

Main clinical history

Hypertension 14 (46.6%) 12 (40.0%) −0.769 0.445

Coronary heart disease 10 (33.3%) 9 (30.0%) −0.273 0.786

Hyperlipidemia 7 (23.3%) 7 (23.3%) 0.000 1.000

Pulmonary hypertension 3 (10.0%) 4 (13.3%) 0.396 0.694

Type II diabetes 4 (13.3%) 3 (10.0%) 0.396 0.694

Clinical Findings

Pulmonary embolism 3 4

Pulmonary hypertension 2 1

Pneumonia 3 2

Coronary artery stenosis 4 4

Congestive heart failure 1 0

Myocardial bridge 1 2

Aortic dissection 5 4

Penetrating atherosclerotic ulcer 0 1

Anomalous coronary artery 0 2

Negative 11 10

Values are mean ± SD (median), n (%)
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respectively (Z = −0.314, p = 0.753); For the left anterior de-
scending, the scores of group A and group B were (4.10 ±
0.64) and (4.20 ± 0.61), respectively (Z = −1.215, p = 0.224);
and for the left circumflex artery, the scores of group A and
group B were (3.72 ± 0.41) and (4.06 ± 0.61), respectively
(Z = −1.014, p = 0.397) (Figs. 2a-f)).

However, there was a significant difference in the total
effective radiation dose between Group A (2.67 ± 0.98 mSv)
and group B (5.65 ± 1.37mSv) (p < 0.001) (Table 4), resulting
in 52% effective dose reduction using the 2-consecutive axial
scan mode, Moreover, the total exposure time for Group A
was significantly shorter than for group B (1.35 ± 0.78 s vs.
2.58 ± 0.90s) (p < 0.001). However, to ensure adequate en-
hancement in the pulmonary artery imaged with the two axial
scans in Group A, a second phase contrast injection of about
20 ml contrast medium was used instead of the normal saline

flush, resulted in a 12% higher contrast dose than in Group B
(73.9 ± 7.4 ml vs. 65.2 ± 9.7 ml).

Discussion

In our study, we evaluated the use of an all-axial scanmode for
performing triple-rule-out (TRO) CTangiography for patients
with acute chest pain. Our results demonstrated the feasibility
of using two consecutive axial scans in TRO CT angiography
examination on a 16 cm wide-detector scanner to achieve
significant radiation dose reduction while maintaining good
image quality compared with a three-scan TRO protocol that
optimized the scan timing for pulmonary arteries, coronary
arteries and aorta individually for good opacity in vessels.
No significant differences were found in image quality

Table 2 CT Value and contrast-noise-ratio (CNR) values

A(n = 30) B(n = 30) T value p value

CT Value(HU)

ascending aorta 456.8 ± 38.4 485.8 ± 73.4 −1.919 0.060

descending aorta 478.8 ± 36.9 510.4 ± 73.7 −1.432 0.157

Aortic arch 459.8 ± 39.7 464.8 ± 39.7 −0.488 0.628

RCA 435.6 ± 43.0 448.1 ± 58.5 0.042 0.339

LAD 408.6 ± 51.3 428.2 ± 63.4 −1.317 0.193

LCX 426.3 ± 46.1 439.5 ± 54.6 −1.010 0.317

Pulmonary artery 429.4 ± 43.2 457.5 ± 70.4 0.440 0.663

left pulmonary artery 436.9 ± 43.4 455.0 ± 55.5 −1.408 0.164

right pulmonary artery 414.6 ± 51.7 439.7 ± 54.7 −1.828 0.073

Contrast-Noise-Ratio

ascending aorta 16.0 ± 3.0 17.1 ± 3.6 −0.15 0.988

descending aorta 15.9 ± 3.1 18.1 ± 3.7 −2.631 0.510

Aortic arch 15.9 ± 3.1 16.6 ± 3.3 −0.246 0.807

RCA 27.3 ± 6.8 32.73 ± 8.7 0.221 0.512

LAD 27.1 ± 6.1 26.3 ± 5.9 0.466 0.643

LCX 27.9 ± 8.4 24.8 ± 6.5 1.578 0.120

Pulmonary artery 17.1 ± 4.9 17.0 ± 14.7 0.770 0.943

left pulmonary artery 17.5 ± 5.0 16.9 ± 4.1 0.513 0.610

right pulmonary artery 16.2 ± 5.1 16.3 ± 4.2 −0.089 0.929

Table 3 Subjective image quality
score in coronary arteries,
thoracic aorta and pulmonary
arteries between the two groups

Subjective Quality Score A (n = 30) κ value* B (n = 30) κ value# Z value p value

RCA 4.20 ± 0.60 0.84 4.20 ± 0.70 0.82 −0.314 0.753

LAD 4.10 ± 0.64 0.82 4.20 ± 0.61 0.83 −1.215 0.224

LCX 3.72 ± 0.41 0.83 4.06 ± 0.61 0.80 −1.014 0.397

Pulmonary artery 3.90 ± 0.60 0.76 4.10 ± 0.64 0.79 −1.215 0.224

left pulmonary artery 3.90 ± 0.60 0.75 4.06 ± 0.61 0.77 −1.014 0.397

right pulmonary artery 3.87 ± 0.66 0.77 4.00 ± 0.45 0.80 −0.991 0.298

* κ values between the two reviewers in Group A
# κ values between the two reviewers in Group B
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between the two groups. Patients in the study group showed
an effective dose reduction of up to 52%.

One major concern for the triple-rule-out protocols is
radiation dose, especially when retrospectively ECG-
gated helical scan of the entire thorax is required. There
has been a lot of effort to reduce radiation dose in the
TRO scans. This includes the use of ECG-gated tube cur-
rent modulation, [11] adaptive detector collimation for pro-
spectively ECG-triggered coronary CT angiography with
third-generation dual-source CT to minimize unnecessary
exposure beyond heart [12]. Others used either non-gated,
ultra-high pitch CT scan for the evaluation of pulmonary
embolism and visualization of cardiac structures [13] or
ECG-gated, high-pitch dual spiral technique with
dual-source CT to cover the chest in one short scan to re-
duce overall radiation dose in TRO examinations [14].
However, the high pitch dual spiral technique often requires
patients with low and stable heart rates. In our study we

proposed an all-axial scan mode that used two consecutive
axial scans to cover the pulmonary arteries, coronary arter-
ies and aorta, fully took advantage of the 16 cm
wide-detector coverage of the Revolution CT scanner. The
image quality and radiation dose of this protocol was com-
pared with the conventional protocol which requires the use
of helical scan mode for pulmonary arteries and aorta and
axial scan for the heart which results in overlapped scans
for the same anatomy. Our results indicated that the pro-
posed all-axial scan protocol provided similar qualitative
image quality scores and the quantitative enhancement
and contrast-noise-ratio in the pulmonary arteries, coronary
arteries and aorta as the conventional TRO-CTA protocol.
On the other hand, total radiation dose was reduced by 52%
from 5.65 mSv to 2.67 mSv. This was due to the following
two reasons. First, it was due to the difference of the total
exposure ranges between the two groups. The scans in
Group Awith the two-axial scans were sequential in nature,

Table 4 Patient scan and
radiation dose parameters Parameters A (n = 30) B (n = 30) T value p value

CTDIvol (mGy) 9.00 ± 3.48 4.28 ± 0.97 (for pulmonary)

6.74 ± 2.75 (for coronary)

4.23 ± 0.98 (for aorta)

DLP (mGy-cm) 157.81 ± 58.25 125.36 ± 29.63 (for pulmonary)

94.83 ± 38.46 (for coronary)

112.09 ± 26.70 (for aorta)

ED (mSv) 2.67 ± 0.98 5.65 ± 1.37 9.563 <0.001

Total exposure time (s) 1.35 ± 0.78 2.58 ± 0.90 −2.924 <0.001

Contrast agent (ml) 73.9 ± 7.4 65.2 ± 9.7 −5.077 <0.001
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Fig. 2 a–c: 63-year-old male, images were acquired with a helical scan
for pulmonary arteries followed by axial scan for CCTA and helical scan
for aorta. d–f: 59-year-old male, images were acquired with 2 consecutive

axial scans with 16 cm wide-detector collimation. a and d Volume
Rendering (VR) image, b and e axial maximum intensity projection
(MIP) image and c and f sagittal MIP image



there was no repeated exposure for the same anatomy (ex-
cept for the small scan overlap required for the two consec-
utive axial scans), and the images for the pulmonary arteries
of the entire chest came from the sum of the two consecu-
tive scans: one for the upper chest and one for the lower
chest that included the heart. The small scan overlap for the
two consecutive axial scans with the wide-detector CT sys-
tem in Group A depends on the image slice thickness and
display field of view (DFOV) for the scan to compensate for
the cone angles and was about 1.5 cm in our study; The
scans in the conventional Group B required repeated over-
lapped exposures to the same organs: the helical scan for
pulmonary arteries also covered the heart and aorta.
Second, in Group B covering pulmonary arteries and aorta
with helical scanning mode, there was over-scan associated
with helical scan mode, resulting in effective dose addition
compared with the use of axial scan mode [15].

It needs to be noted that in this study, even though the
radiation dose for the TRO CTA in Group B with the more
conventional protocol was higher than the proposed axial
scan protocol, the total radiation dose of only 5.65 ±
1.37 mSv in Group B itself was greatly reduced compared
with the most recent published TRO CTA results with the
median dose of 9.1 mSv, [16] taking advantage of the pro-
spectively ECG triggered one-beat coronary CT angiogra-
phy with the 16 cm detector collimation and advanced
iterative reconstruction algorithm. The radiation dose was
further reduced in Group A to 2.67 ± 0.98 mSv with the use
of two-axial scans. Finally, in Group A with the proposed
CT protocol, the pulmonary arteries were scanned at a de-
layed phase than in the conventional three-scan TRO pro-
tocol, an additional contrast agent injection was needed
based on our preliminary experience to ensure adequate
contrast enhancement. We therefore modified the contrast
agent injection protocol to ensure adequate enhancement
for the pulmonary arteries during the second axial scan for
CCTA, and We replaced the traditional saline flush with a
second phase contrast injection of about 20 ml at an injec-
tion rate of 3.0 ml/s. This resulted in a slightly higher
contrast dose than Group B. However, the total contrast
volume of about 74 ml in Group A was still substantially
less than the reported 120 ml by Takx et al. [17].

The study still has some limitations: This study reflects our
preliminary experience with a small number of patients, and
only patients with BMI ≤ 30.0 kg/m2 were included in the
study, further studies with large patient cohort is required.
Also, this study was focused on evaluating the technical fea-
sibility and image quality of the proposed approach for TRO,
the clinical significance and applications of TRO itself with
the proposed approach needs to be fully studied in the future.
Finally, the contrast injection protocol and triggering scheme
in the study group were based on our preliminary experience,
further optimization is needed to further reduce contrast dose.

In conclusion, the use of two consecutive axial scans in
triple-rule-out (TRO) CTA on a 16 cm wide-detector CT sub-
stantially reduces radiation dose while maintaining image
quality compared with the conventional three-scan TRO scan-
ning protocol.
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