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This study aimed to investigate the role of dual-source computed tomography angiography (DSCTA) to evalu-
ate the anatomy of the aortic arch vessels in patients with acute Type A aortic dissection (AD).

A retrospective clinical study included 42 patients with acute Type A AD who underwent DSCTA and were treated
in our hospital between January 2018 and December 2018. The findings were compared with a control group
of 45 healthy individuals with hypertension and without aortic arch lesions.

The diagnostic accuracy of DSCTA in patients with acute Type A AD was almost 100%. The innominate artery
was most frequently affected. The mean DSCTA imaging measurements for the root of the innominate artery,
the left common carotid artery, and the left subclavian artery, in the coronal plane of the aortic arch, were
17.743.7 mm, 17.743.7 mm, and 12.9+3.1 mm, respectively. The angles formed by the origin of the three aor-
tic arch branches vessels and the aortic arch were 70.5+10.2°, 58.5+15.5°, and 90.24+22.7°, respectively. In the
transverse plane of the aortic arch, the mean angles were 110.5+22.3°, 100.3+15.2°, and 95.4+10.6°, respec-
tively. These DSCTA imaging findings were significantly different in the patient group compared with the con-
trol group.

DCTA demonstrated that patients with Type A AD showed anatomic differences in the aortic arch vessels. These
findings may help surgeons to develop treatment strategies and select the most appropriate vascular grafts
and stents.
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Background

Type A aortic dissection (AD) arises in the ascending aorta and
involves the aortic arch and the vessels arising from the aor-
tic arch. Type B AD arises in the descending aorta. Patients
with AD who do not have Marfan syndrome or other congen-
ital conditions affecting the aorta, commonly have a history
of hypertension [1-3]. Acute AD is a life-threatening condition
that is associated with a high mortality rate from the rupture
of the aorta [1-3]. The current management of acute Type A
AD includes open surgery combined with intraoperative tri-
ple-vessel grafting, or intraoperative replacement of the aor-
tic arch, and percutaneous transluminal vascular stent inser-
tion [4-6]. Aortic arch repair is a key component of the surgical
treatment of AD [7,8].

Currently, few studies have been reported on the anatomic
change of the vascular branches of the aortic arch during AD.
Treatment approaches for AD have very specific requirements
according to the anatomic changes in the aortic arch. These
requirements highlight the need for studies on the anatomy of
the innominate artery, the left common carotid artery, and the
left subclavian artery in AD. Therefore, this retrospective clini-
cal study, conducted at our hospital, aimed to investigate the
role of dual-source computed tomography angiography (DSCTA)
to evaluate the anatomy of the aortic arch vessels in patients
with acute Type A AD.

Material and Methods

Ethical considerations

The Board of the Ethics Committee of Fujian Medical University
reviewed and approved this study. The patients who participated
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in the study and who underwent dual-source computed tomog-
raphy angiography (DSCTA) and surgery signed written informed
consent, or their relatives signed consent on their behalf.

Patients studied

The retrospective study included 42 patients with acute Type A
aortic dissection (AD) who were hospitalized from January 2018
and December 2018 and underwent DSCTA examination. The ex-
clusion criteria included poor CT image quality, severe lung dis-
eases or thoracic disease, anatomic abnormalities of the aortic
arch, and a diagnosis of Marfan syndrome. All patients enrolled
in the study presented with typical symptoms of AD, including
acute onset of severe chest pain. Some patients reported pain
radiating to the shoulders or the abdomen. Patients also had
other symptoms, including syncope, hypotension, pericardial
or pleural effusion, and pericardial tamponade.

All patients underwent cardiac ultrasound and DSCTA examina-
tion within 4 to 8 hours after the onset of symptoms, and the
diagnosis of acute Type A AD was confirmed by the intraopera-
tive findings [9]. Overall, 90% of patients could provide a clear
history of hypertension, and the remaining patients could not
confirm whether they had a history of hypertension. A control
group of healthy individuals was selected and matched based
on age, gender, weight, and body surface area (BSA). Consider
the common etiology of the AD, 45 patients with hyperten-
sion and without aortic arch lesions, including aneurysm or
atherosclerosis of the aortic arch, were included in the con-
trol group. The individuals in the control group had regular
physical examinations, serious illnesses were excluded, and
they had no history of major surgery, cardiovascular disease,
hepatic or kidney dysfunction. Table 1 shows the clinical data
of the study group and the control group.

Table 1. Clinical data of patients with acute Type A aortic dissection (AD) and healthy controls undergoing dual-source computed

tomography angiography (DSCTA).

Variables

Hypertension 36

AD patient group

Control group

BSA — body surface area; AD — aortic dissection.
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DCTA imaging parameters

In this study, all patients underwent DCTA using low radiation
dose electrocardiogram (ECG)-gated cardiac computed tomog-
raphy (CT) (Siemens, Munich, Germany). The DSCTA parameters
included a threshold of 100 HU, a layer thickness of 0.75 mm,
tube voltage of 120KV, and automatic mA, as previously re-
ported [9]. The contrast agent used was 60mL of 320 mgl/mL
iodixanol injection (GE Healthcare, Dublin, Ireland), which was
intravenous injected using an infusion pump with the speed
of 4.5 mL/s, followed by injection of 20 mL of physiological
saline at the same speed. The amount of contrast agent used
was calculated according to the patient’s weight. The image
quality of the aorta was less affected by the dosage of con-
trast agent due to the anatomical position of the thoracic
aorta. However, in our experience, for patients who weighed
more than 80 kg, an additional 5-10 ml of contrast agent was
required. The CT images were uploaded to a postprocessing
workstation (Syngovia, Siemens, Germany) for further pro-
cessing using virtual reality (VR) technology. A three-dimen-
sional geometric shape of the arch of the aorta was manually
constructed by the same senior radiologists, and the images of
the cases were analyzed independently by two senior radiolo-
gists, as previously described [9].

DCTA imaging measurements

The parameters measured in this study included the proximal
aortic diameter, the diameter of innominate artery, the distance
from the innominate artery to the left common carotid artery,
the diameter of the left common carotid artery, the distance
from the left common carotid artery to left subclavian artery,
the diameter of the left subclavian artery, the distal aortic
diameter, the angles formed from the three branches vessels
and the aortic arch on the coronal and the transverse imaging
plane. In the transverse plane, we measured the angle of the
branch blood vessel and the projection of the branch blood
vessel onto the transverse plane of the aortic arch. Similarly,
on the coronal plane, we measured the angle of the aortic arch
and the projection of the branch blood vessel onto the coro-
nal plane of the aortic arch.

Statistical analysis

Data were analyzed using SPSS version 20.0 software (IBM,
Chicago, IL, USA). Continuous data were expressed as the
meanzstandard deviation (SD). Data were compared using
independent sample t-tests. A p-value <0.05 was considered
statistically significant.

CLINICAL RESEARCH

Results

Imaging findings

The 42 patients studied who were diagnosed with acute Type A
aortic dissection (AD) underwent dual-source computed tomog-
raphy angiography (DSCTA) and surgical treatment, with the
diagnosis confirmed at surgery. Of the aortic arch vessels,
the innominate artery was the most frequently affected by
acute Type A AD. In the patient group, DSCTA imaging was per-
formed, and the mean measurement values were obtained for
the root of the innominate artery, the root of the left common
carotid artery, and the left subclavian artery. Imaging in the
coronal plane of the aortic arch showed that mean diameter of
the root of the innominate artery was 17.7+3.7 mm, the mean
diameter of the root of the left common carotid artery was
17.743.7 mm, and the mean diameter of the left subclavian
artery was 12.943.1 mm in diameter. The mean distance from
the innominate artery to the left common carotid artery was
11.144.6 mm, and the mean distance from the left common
carotid artery to the left subclavian artery was 12.5+3.2 mm.

The angles formed by the origin of the three aortic arch
branches vessels and the aortic arch were 70.5+10.2° for the
innominate artery, 58.5+15.5° for the left common carotid artery,
and 90.2+22.7° for the left subclavian artery. In the transverse
plane of the aortic arch, the mean angles were 110.5+22.3° for
the innominate artery, 100.3+15.2° for the left common carotid
artery, and 95.4+10.6° for the left subclavian artery.

Comparison of the patient group and the control group

Table 2 shows the results of the comparison of the study group
with the control group. The transverse diameter of the proxi-
mal aorta and the distal aorta, the diameter of the innomi-
nate artery and the left common carotid artery, the distance
from the innominate artery to the left common carotid ar-
tery, and the distance from the left common carotid artery to
the left subclavian artery were significantly greater in the pa-
tient group with acute Type A AD compared with the control
group (P<0.05). For the diameter of the left subclavian artery,
no significant difference was found between the two groups.
The angles formed from the three branch vessels and the aortic
arch also varied to different degrees in the patients with acute
Type A AD but did not reach statistical significance.

Discussion

Acute Type A aortic dissection (AD) is a critical cardiovascular
emergency with a high mortality rate of up to 80% if emer-
gency surgical treatment is not performed [10,11]. Surgery with
repair of the aortic arch is the most critical part of the surgical
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Table 2. Comparison of clinical data of the aortic arch findings on dual-source computed tomography angiography (DSCTA) between
the patient group with acute Type A aortic dissection (AD) and the control group.

Variables (mm)

Diameter of the proximal aortic arch

The angle of arch and the left subclavian artery*

AD patient group  Control group p-Value

45.1+8.6 30.6+4.2 p<0.05
05467 282638 p005
"""""""""" 111¢46 86432  p005
"""""""""" 125632 92421  p00s
"""""""""" 177437 142825 p005
"""""""""" 125635 102419 p005
"""""""""" 129831 112825 p005
"""""""""" 7054102 654182  p005
"""""""""" 585:155  534:116  p005
"""""""""" 9024227 854:165 005
""""""""" 1105:223 10548206  p005
""""""""" 1003:152 10268123  ps005
"""""""""" 9541106 854:112  p<005

# Coronal plane of aortic arch; * transverse plane of aortic arch.

treatment for AD. The most commonly used procedure is open
surgery and intraoperative triple-vessel grafting, or intraoper-
ative replacement of the aortic arch, and percutaneous trans-
luminal vascular stent insertion [4-6]. Recently, the intraoper-
ative three-vessel stent grafting has been simplified, resulting
in reduced difficulty of aortic arch surgery [12,13]. Because of
the large number of aortic branch vessels and the possibility
of morphological variations [14,15], stents may not fully match
the three main blood vessels of the aortic arch, resulting in re-
sidual leakage, failed false lumen closure, stent displacement,
new dissection, and increased surgical difficulty. Therefore,
timely and accurate preoperative evaluation of the detailed
anatomy of the three branches vessels of the arch in AD fa-
cilitates the selection of appropriate replacement blood ves-
sels or a three-branch stent and the development of preoper-
ative surgical planning.

Recently, dual-source computed tomography angiography
(DSCTA) has become widely used in the diagnosis of AD.
Through a variety of three-dimensional reconstruction and
post-processing techniques, the overall image of the aorta
and its branch vessels, the rupture of the AD, and the false
and true lumens, as well as the rupture range, can be visu-
alized more clearly. Imaging with DSCTA can be performed to
create three-dimensional images to reveal the involvement of
the arch branches and obtain detailed anatomical data of the
three branches vessels and the aortic arch. A DSCTA scan can
be completed in a few seconds and increases the safety of the
imaging process. Also, DSCTA has high sensitivity and speci-
ficity [16-18]. Previous studies have reported that DSCTA has

close to 100% specificity and sensitivity for the diagnosis of
acute AD Type A [19,20], which were confirmed by the find-
ings from the present study.

Data obtained from imaging the aortic arch can be affected by
several factors, including gender, age, and body surface area
(BSA) [21,22]. Previous studies have shown that the diame-
ter of the aortic arch increases with age, is greater in men
than in women, and is closely related to body surface area
(BSA) [23,24]. Therefore, for younger patients with AD, vascu-
lar stents should be carefully selected, and the effect of BSA
should be considered. Currently, few reports are available re-
garding the diameter of the aortic arch branches in AD [25].

In this study, in patients with acute Type A AD, the diame-
ters of the left subclavian artery, the left common carotid ar-
tery, and the innominate artery at the root were 12.9+3.1 mm,
12.543.5 mm, and 17.7+3.7 mm, respectively, while the diam-
eters of the three branches of the vascular grafts used were
10 mm, 8 mm, and 8 mm, with a fixed number of models.
Therefore, a mismatch may occur in the diameters of the
blood vessel grafts used and the vessels. For three-branch
coated stent grafts and endovascular treatment, if a cylindri-
cal branch stent is used and the diameter at the blood ves-
sel opening is used as a reference, the radial support force at
the distal end of the three branches vessels will be too large,
which may cause vascular damage.

Also, in the normal population, the mean distance from the left
subclavian artery to the left common carotid artery and the
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distance from the left common carotid artery to the innominate
artery are 10.9 mm and 5.1 mm, respectively, as measured by
Finlay et al. [26]. In the present study, these mean measure-
ments were significantly greater in patients with acute Type A
AD compared with the control group. For a three-branch coated
stent graft and an integrated branch stent for endovascular
treatment, due to the limitation of the fixed positions of the
openings of the three branches vessels, the mismatch from
the stent and the actual aortic anatomy may significantly af-
fect the surgical outcome. Furthermore, in most studies, mea-
surement of the angles formed from the three branches ves-
sels and the aortic arch was limited to the coronal plane of
the aortic arch. This study measured these angles on both the
coronal plane and the transverse plane of the aortic arch to
describe the angles of the three branched vessels of the arch
in three dimensions.

Among the three branch vessels of the aortic arch, the innomi-
nate artery is the most commonly involved vessel in AD, and
the variability of its inner diameter is the greatest. The left
subclavian artery and the left common carotid artery are rela-
tively less commonly involved. The extent of their involvement
is less, and the degree of variation of the inner diameters of
these two vessels is small. This difference may arise because
the innominate artery is located at the first major turn of the
aortic arch, and when AD occurs, it is subject to a greater
hemodynamic force. Theoretically, the vascular graft conforms
to the morphology of the aortic arch after the impact of AD.
Currently, the inner diameter of each branch of the vascular
graft commonly used in aortic arch replacement is fixed. In
practice, the three branch vessels and the vascular graft can-
not achieve a perfect match.

Nevertheless, adjustment of the anastomotic technique is
achieved using surgical sutures. With the use of intraopera-
tive three-branch coated stent-grafts or endovascular treat-
ment, since the distance and angle of the stent are fixed, use
in the altered aortic arch will inevitably lead to mismatch
from the stent vessel and the arch branches. Therefore, sig-
nificant stent displacement or incomplete release may occur
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in some patients. Stents that are too small can lead to leaks
in the branches, while stents that are too large may result in
damage to the branches. Therefore, the choice of an aortic
arch stent should be made not only considering the require-
ments of the stent in the arch vessels but also the angles of
the branch vessels. Theoretically, a vascular graft corresponds
to the morphology of the aortic arch after the impact of dis-
section, and designing vascular grafts and stents according to
normal anatomical data is not optimal.

This study had several limitations. As with any retrospective
clinical study, this study included bias due to patient data col-
lection and patient enrollment, which was conducted at a sin-
gle center by clinical staff who also reported the findings of
the study. Although the number of patients was in this study
was small, the findings were of practical clinical significance
for patients with acute Type A AD and the clinicians who man-
age these patients. The methods used in measuring the vas-
cular angles require validation. The study was conducted at
a single center in China and included patients from a single
ethnic group. Given the findings from this preliminary study,
future global, multicenter, large-scale studies should be con-
ducted to determine the value of preoperative evaluation of
DSCTA in aortic arch lesions.

Conclusions

This study aimed to investigate the role of dual-source com-
puted tomography angiography (DSCTA) to evaluate the
anatomy of the aortic arch vessels in patients with acute
Type A aortic dissection (AD). DCTA demonstrated that pa-
tients with Type A AD showed anatomic differences in the aor-
tic arch vessels. These findings may help surgeons to develop
treatment strategies and select the most appropriate vascu-
lar grafts and stents.
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