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Background: To investigate the feasibility of combined computed tomography angiography (CTA) of
the aorta and craniocervical artery in acute type A aortic dissection (ATAAD) and the value of incremental
craniocervical information.

Methods: Combined CTA of head, neck and aorta was performed in patients with suspected aortic
dissection and 243 ATAAD patients were analyzed. The image quality and radiation dose were assessed.
Valuable craniocervical CTA findings were determined for further surgical analysis.

Results: The mean dose-length product (DLP) was 314.11229.31 mGy.cm. The image quality of
craniocervical arteries were 100% diagnostic. Intimal flap involving carotid arteries was detected in 47% of
patients, and significant stenosis of true lumen was observed in 60% of common carotid arteries (CCAs).
Hypodensity and hypoplasia/occlusion of carotid arteries were also detected and apprised surgeons. The
tortuosity of carotid artery was found in 90.9% of patients. Bilateral antegrade selective cerebral perfusion
(ASCP) was performed in 21.1% of aortic arch surgery based on 7 hemodynamic variation types of the circle
of Willis (CW) determined by cranial CTA information.

Conclusions: A combined CTA of head, neck and aorta is feasible with low radiation dose and diagnostic
image quality. Incremental information on craniocervical pathology and anatomy may be useful for surgery
repair of ATAAD.
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Introduction artery. Hence, conventional aortic CTA fails to visualize the

. . . . anatomy and pathology of cerebral and carotid arteries, which
According to the International Registry of Acute Aortic yandp gy ’

Dissection (IRAD) data, computed tomography angiography are important for the surgeon to plan pre- and intraoperative
procedures in aortic arch surgery. The selection of reliable

(CTA) may be presently the imaging modality of first choice

on suspicion of aortic dissection (1). However, the scan cerebral protection method and precise surgical procedures

range of conventional aortic CTA for assessment of aortic
dissection is commonly from the thoracic inlet to the pelvis
(2,3), covering the proximal supraaortic branches to iliac
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may influence the postoperative outcome.
Acute type A aortic dissection (ATAAD) is a life-threatening
vascular emergency, mandating immediate surgical repair (4),
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and the complex operative procedures are associated with a
relatively high mortality and neurologic complications (5).
Cases requiring arch repair like total arch replacement,
unilateral antegrade selective cerebral perfusion (ASCP) is
usually the cerebral protection method of choice to prevent
neurologic complications from occurring in ATAAD patients (6).
Recent studies have been shown that the occurrence of
temporary neurologic dysfunction (TND) is closely associated
with the method of brain protection and the duration of deep
hypothermic circulatory arrest (HCA) (5,7).

During unilateral ASCP, the brain receives blood only
through right common carotid artery (CCA) and right
vertebral artery (VA). It is insufficient to maintain adequate
perfusion in the left hemisphere when variations existing
in both the anterior and posterior portion of the circle
of Willis (CW). Hence, latent hypoperfusion of the left
cerebral hemisphere is the major concern of unilateral
ASCP due to the high incidence of the variation of the CW
(8-10). The performance of bilateral ASCP according to the
anatomic information on cerebral and carotid arteries will
maintain sufficient cerebral perfusion during aortic arch
surgery, and thus may be useful to reduce postoperative
neurologic complications (11). However, except for CTA,
the preoperative assessments of the variations of CW using
other imaging modalities such as transcranial Doppler
ultrasound (T'CD) or magnetic resonance angiography (MRA)
are impractical in emergency situations like ATAAD (6).

Additionally, detailed information on the involvement
of carotid vessels is essential for surgical procedures. The
hypoplasia or occlusion of right internal carotid artery
(ICA) or VA may also lead to latent hypoperfusion of the
left cerebral hemisphere during unilateral ASCP. These
should be payed close attention by the surgeon. Hence,
the identification of these carotid pathology and anatomy
is critical for surgeons to plan the details of operative
procedures prior to complex aortic arch surgery.

The advances in latest CT technology have made single
imaging of a long scan range possible (12,13). Therefore,
combined CTA imaging of head, neck and aorta using dual
source CT (DSCT) may also be feasible. According to the
best of our knowledge, no previous studies have reported
the comprehensive evaluation of craniocervical arteries and
aorta in patients with ATAAD.

The purpose of this study was to evaluate the image
quality and radiation dose of a comprehensive CTA protocol
that expands the conventional aortic CTA coverage to head
and neck. Specifically, we attempt to explore whether the
new aortic CTA protocol benefit the surgeon by providing
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useful information of craniocervical pathology and anatomy
that aids to plan appropriate ASCP method and surgical
procedures in patients with ATAAD.

Methods
Patients

This prospective observational study was conducted in
the largest hospital of northwest China. This prospective
study was approved by our institutional review board and
all patients provided written informed consent. From
October 2013 to March 2016, a total of 1,125 patients with
clinically suspected aortic dissection received the new aortic
CTA protocol. ATAAD was defined as any nontraumatic
dissection of the aorta proximal to the left subclavian artery
presenting within 14 days of symptom onset (14). Exclusion
criteria included: (I) non-dissection aortic diseases or
normal aorta (n=78); (II) type B aortic dissection (n=667);
(III) postoperation of aortic dissection (n=107); (IV) chronic
type A aortic dissection (n=16); (V) renal insufficiency
(serum creatinine level greater than 1.5 mg/dL, n=12); (VI)
history of hypersensitivity to iodinated contrast medium
(n=2). Finally, 243 patients with ATAAD were enrolled in
the present analysis.

CT data acquisition and postprocessing

All examinations were performed using a second-generation
DSCT (Somatom Definition Flash, Siemens Healthcare,
Forchheim, Germany) with high-pitch spiral scan mode.
Patients received a combined CTA imaging of head, neck
and aorta in a cranio-caudal direction from the top of the
calvaria to the pubic symphysis. The scanning parameters
were as follows: a tube voltage of 100 kV, pitch of 3.0,
slice collimation of 2 mm x 128 mm x 0.6 mm by means
of a z-flying focal spot, gantry rotation time of 280 ms,
attenuation-based tube current modulation with a reference
tube current time product set at 300 mAs per rotation. For all
scans, patients were positioned supine with both arms up.

Each patient received an injection of 70 mL of iopromide
(Ultravist 370, 370 mg I/mL, Bayer Schering Pharma,
Berlin, Germany) at a flow rate of 5 mL/s followed by
40 mL saline solution. Bolus tracking was performed in the
suprarenal descending aorta with an attenuation threshold
of 100 HU.

Images were reconstructed with a slice thickness of 1 mm
and an increment of 0.8 mm. A smooth tissue convolution
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kernel (B26f) was applied. All images were analyzed by two
experienced cardiovascular radiologists.

Measurement of radiation dose

The volume CT dose index (CTDIvol) and dose-length
product (DLP) were obtained for all scans using the dose
exposure record generated by the scanner console. The
DLP can be related to energy imparted to organs and can
thus be used to assess overall radiation burden of a given
examination. It is equal to the product of the CTDIvol
multiplied by the length of the scan in centimeters (15).

Image quality of craniocervical arteries

The images of all cerebral and carotid arteries were analyzed
and graded in consensus by two cardiovascular radiologists.
The arteries of per dataset were divided into 19 segments for
analysis. These vessel segments include anterior cerebral artery
(ACA), middle cerebral artery (MCA), posterior cerebral artery
(PCA), anterior communicating artery (AcomA), posterior
communicating artery (PcomA), basilar artery (BA), ICA,
CCA, VA, innominate artery (IA), and subclavian artery (SA).
For each arterial segment, image quality was graded on a
3-point scale (0= excellent, 1= good, and 2= nondiagnostic) (12).
The percentage of diagnostic images was calculated by dividing
the number of good or excellent vessels by the total number of
assessed vessel segments.

CTA findings of carotid arteries

Dissection involving supraaortic vessels was identified. The
extension of intimal flap into uni- or bilateral CCA and
stenosis >50% of the true lumen were described. Hypoplasia
of carotid arteries was defined as the diameters less than
2.2 mm (16). The tortuosity of carotid artery was defined
on the basis of previous report (17). Hypodensity of carotid
arteries in one side was also described. The number and rate
of each involved artery and abnormal vessel were recorded.

CTA findings of cerebral arteries and the variations in the CW

Each component stems of the CW as well as the intracranial
VA were carefully analyzed and measured on the best slice
of the CT axial images. Hypoplasia of cerebral arterial or
intracranial VA was defined as a diameter less than 1 mm
(10,11). Both hypoplasia and absence were considered
as haemodynamic significance. Previously work (18) has
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demonstrated that insufficient cross-perfusion mainly in
cases with multiple abnormalities within the CW. For the
patients underwent aortic arch surgery, we listed all types
encompassed at least two variable component stems that
could lead to hypoperfusion in theory during unilateral
ASCP. Other CTA findings were also described.

Statistical analysis

Statistical analysis was performed on software SPSS (Version 19.0,
SPSS Inc., Chicago IL, USA). Categorical variables were
presented as frequency values and proportions. Continuous
normally distributed variables were presented as mean =
standard deviation (SD). Cohen’s Kappa statistics were calculated
for inter-reader agreements for the assessment of image quality.
A kappa value of greater than 0.81 was considered as excellent,
values of 0.61-0.80 as good, values of 0.41-0.60 as moderate and
values below 0.20 as poor agreement.

Results
Patient population

All enrolled patients underwent successful single CTA
scanning of head, neck and aorta on DSCT. Demographics
and clinical features are displayed in the 7able 1.

Radiation dose

The mean CTDIvol and DLP of our new CTA protocol
were 3.36+0.25 mGy and 314.11+29.31 mGy.cm, respectively.

Image quality of craniocervical arteries

A total of 4,272 craniocervical vessel segments were
evaluated (Tuable 2). The average image quality score of
each carotid artery segment was <1. Except AcomA (1.58),
the average image quality scores of other cerebral artery
segments were all <1.5. The cerebral and carotid arteries
were 100% diagnostic (rated good or excellent) in all study
patients. Interobserver agreement was excellent for all
craniocervical vessel segments (kappa coefficients) >0.81.

CTA findings of carotid arteries

The CTA findings of carotid arteries are recorded in the
Table 3. Approximately 47% (115/243) of patients presented
dissection involving carotid arteries. The involved carotid
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Table 1 Patient characteristics

Characteristics

n (%) (N=243)

Age (years)

Male

Body mass index (kg/m?)
Hypertension

Coronary artery disease
Previous stroke

Marfan syndrome

Aortic aneurysm
Diagnostic imaging

Chest radiograph

Computed tomographic angiography
Transthoracic echocardiogram (TTE)
Carotid Doppler ultrasonography

Abdominal Doppler ultrasonography

Magnetic resonance imaging

52.6+14.6
207 (85.2)
24.4+3.1
209 (86.0)
10 (4.1)
16 (6.6)
14 (5.8)
19 (7.8)

29 (11.9)
215 (88.5)
176 (72.4)

8 (3.3)

12 (4.9)

30 (12.3)

Values are expressed as mean

deviation.

SD or n (%). SD, standard

Table 2 Image quality of cerebral and carotid arteries (N=243)

Wen et al. A new aortic CTA protocol for ATAAD

arteries were most common in the IA (21.0%) followed by
CCA (19.8%), SA (13.6%) and ICA (2.9%). Twenty-nine
CCAs (29/48, 60.4%) with stenosis >50% in true lumen
(Figure 1) was detected in a total of 48 involved CCAs.
Dissection involving whole or proximal CCA was observed
in 37.5% (18/48) and 27.1% (13/48) of involved CCAs,
respectively. Hypoplasia (Figure 2A), occlusion (Figure 2B),
and the variation of the VA (Figure 2C) were also showed
and recorded in Tuble 2. The tortuous of carotid arteries,
including ICA, VA and CCA tortuosity (Figure 2D-F),
was the most frequent findings and was found in 90.9% of
patients. In addition, hypodensity (Figure 2G) of carotid
arteries was found in 19 patients owing to the intimal flap
involving in or vessels originating from false lumen.

CTA findings of cerebral arteries and bemodynamic
variation types of the CW

In 243 patients, 209 (86%) had variation of CW. One, two or
three hypoplastic/absent component stems were detected in
41 (16.9%), 83 (34.2%), and 85 (35%) patients, respectively.
Seven hemodynamic variation types of the CW (Figure 3) were
detected in 68 patients (28.0%) in the setting of hypothesized

Arterial segment Numbers Mean score Diagnostic segments
Cerebral artery 2,088
Anterior cerebral artery 486 1.37+0.38 486 (100%)
Middle cerebral artery 486 1.15+0.44 486 (100%)
Posterior cerebral artery 482 1.23+£0.35 482 (100%)
Anterior communicating artery 176 1.58+0.43 176 (100%)
Posterior communicating artery 215 1.37+0.32 215 (100%)
Basilar artery 243 1.24+0.17 243 (100%)
Carotid artery 2,184
Internal carotid artery 486 0.73+0.22 486 (100%)
Common carotid artery 486 0.54+0.15 486 (100%)
Vertebral artery 483 0.85+0.26 483 (100%)
Innominate artery 243 0.35+0.25 243 (100%)
Subclavian artery 486 0.58+0.24 486 (100%)
Total 4,272 4,272 (100%)

Values are expressed as mean + SD or n (%). SD, standard deviation.
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Table 3 CTA findings of carotid arteries (N=243)
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n (%) (left) n (%) (right) n (%) (bilateral)

CTA findings n (%) (total)
Dissection involving carotid arteries 115 (47.3)
IA 51 (21.0)
CCA 48 (19.8)
SA 33 (13.6)
ICA 7 (2.9)
Hypodensity 19 (7.8)
ICA 5(2.1)
CCA +ICA 10 (4.1)
VA 4 (1.6)
Hypoplasia or occlusion 63 (25.9)
ICA 3(1.2)
VA 24 (9.9)
Plaque 30 (12.3)
ICA 19 (7.8)
VA 3(1.2)
SA 5(2.1)
CCA 3(1.2)
Tortuosity 221 (90.9)
ICA 215 (88.5)
VA 120 (49.4)
CCA 57 (23.5)
Aneurysm 14 (5.8)
Left VA abnormally originate from aortic arch 8(3.3)
Aberrant right SA 6 (2.5)

7 (2.9) 24 (9.9) 17 (7.0)
13 (5.3) 15 (6.2) 5 (2.1)
1(0.4) 4(1.6) 2(0.8)
0 5(2.1) 0
0 10 (4.1) 0
0 4(1.6) 0
1(0.4) 2(0.8) 0
10 (4.1) 14 (5.8) 0
10 (4.1) 3(1.2) 6 (2.5)
1(0.4) 2(0.8) 0
2(0.8) 3(1.2) 0
0 2(0.8) 1(0.4)
22 (9.1) 4(1.6) 190 (78.2)
61 (25.1) 10 (4.1) 49 (20.2)
24 (9.9) 6 (2.5) 28 (11.5)

Values are expressed as n (%). CTA, computed tomography angiography; IA, innominate artery; CCA, common carotid artery; SA,

subclavian artery; ICA, internal carotid artery; VA, vertebral artery.

unilateral ASCP. The number and rate of variations in seven
types as well as vessel territories at risk of hypoperfusion during
unilateral ASCP are presented in Table 4. Type I with hypo/
aplasia of AcomA and left PcomA was the most frequent variation
type and was found in 16.5% (40/243) of patients (Figure 3A4).
The remaining 6 types were uncommon and each type was found
in less than 4% of patients (Figure 3B-7). Other intracranial CTA
findings included arterial stenosis or occlusion (8/243, 3.3%),
aneurysm (4/243, 1.6%) and hypodensity (20/243, 8.2%) of
cerebral arteries.
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Comprebensive analysis of C1A findings

Although the CTA findings of cerebral and carotid arteries
were separately shown in different tables, the clinical analysis
of craniocervical anatomy and pathology, as well as aortic
pathology in each ATAAD case was comprehensive. The
valuable information on aortic and craniocervical arteries
that could influence the plan of surgical procedures and the
choice of ASCP method was recorded and discussed with the
surgeon preoperatively.

F Thorac Dis 2017;9(11):4733-4742
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Figure 1 Coronal thin MIP shows aortic dissection involving
whole left CCA and severe narrowing in the true lumen (arrow).

MIP, maximum intensity projection; CCA, common carotid artery.

Discussion

Clinical presentation of acute aortic dissection is a true
emergency, often with dramatic scenario, with patients in
critical conditions. Due to the acute and complex nature of
ATAAD, the use of multi-detector CT has been shown to
be an invaluable tool in the emergency department (19).

Furtado er al. (12) demonstrated the feasibility of a
combined imaging of the brain, carotid arteries, aorta,
and heart by using a 64-section CT scanner. Their new
CT protocol achieved excellent image quality in ischemic
stroke patients. Another study (13) also reported a single
evaluation of heart, head, and neck CTA using a DSCT
scanner. The new CT protocol provided good image quality
of coronary, cerebral and carotid arteries at a low radiation
dose. Our results, showing 100% diagnostic image quality
of aorta and craniocervical arteries, further demonstrated
the feasibility of imaging a long body range with this new
aortic CTA protocol.

Due to added scan length of head and neck, higher
radiation dose is possible using our new aortic CTA
protocol. Fujioka ez al. (20) conducted a systematic analysis
of dose reduction in 30 patients undergoing 64-MDCT
angiography of the aorta and coronary arteries. Their CTA
protocol, with a coverage from pulmonary apex to the pelvis,
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a tube voltage of 100 kV and a tube current of 600 mAs,
delivered a mean DLP of 444+98 mGy.cm. Mileto
et al. 21) performed a conventional aortic CTA using high-
pitch DSCT, with the setting of 120 kV and 200 mAs.
The mean CTDIvol was 8.3+0.7 mGy. Our new aortic
CTA protocol, with the setting of 100 kV, 300 mAs, and
a high pitch of 3.0, however, delivered a mean CTDlIvol
of 3.36x0.25 mGy and DLP of 314.11229.31 mGy.cm,
which significantly was lower than these conventional aortic
CTA studies with shorter scan range. Therefore, this new
protocol has the potential to provide diagnostic image
quality of aorta and craniocervical arteries at low radiation
exposure.

An appropriate cerebral protection method is a key
issue in aortic arch surgery with HCA. It has been shown
that about 17% of patients were likely to have inadequate
perfusion of the left hemisphere with unilateral ASCP
because of an incomplete CW (22). In this setting,
bilateral ASCP is essential for restoration of perfusion
in the left hemisphere. These may lower the occurrence
of postoperative TND (5,7). Thus, the anatomy of the
cerebral arteries of the patients undergoing the aortic arch
surgery should be examined for better risk stratification.
Our new aortic CTA protocol, with the capability of
combined imaging craniocervical arteries and aorta in a
very short time, better than other examinations that could
not be underwent in emergency situations like ATAAD.
Sixty-eight patients with 7 hemodynamic CW variation
types in the case of unilateral ASCP were classified based
on incremental cerebral CTA findings, which apprised the
surgeon of the administration of bilateral ASCP. Of the
147 subjects who underwent aortic arch surgery, 31 21.1%)
were administered with bilateral ASCP while unilateral
ASCP was a conventional choice in our institution in the
last few years.

CTA findings of carotid arteries in ATAAD patients are
rarely described in previous reports due to the conventional
scan coverage from proximal supraaortic branches to iliac
arteries (2,3,23). The details of carotid lesions such as the
extension of dissection in CCA, reentry in CCA as well
as thrombosis in false lumen of CCA, however, are vital
for surgery procedures of ATAAD. Significant stenosis of
true lumen in CCA, hypodensity in CCA and ICA, and
hypoplasia/occlusion of right VA or ICA (8) all indicate the
possibility of cerebral hypoperfusion. Therefore, our new
aortic CTA imaging benefited the surgeon by visualizing of
carotid pathologic and anatomy that could aid the optimal
preoperative planning and intraoperative processing.

7 Thorac Dis 2017;9(11):4733-4742
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Figure 2 Incremental CTA findings of carotid arteries. (A) Sagittal thin MIP image shows hypoplasia of right ICA (arrow); (B) coronary thin
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MIP image shows occlusion of right VA (arrow); (C) coronary thin MIP image shows tortuous left VA abnormally originating from aortic
arch (arrow); (D) coronary thin MIP image shows the kinking of left ICA (pink arrow) and CCA (yellow arrow); (E) coronary thin MIP
image shows the kinking of right ICA (pink arrow) and coiling of left ICA (yellow arrow); (F) coronary thin MIP image shows the kinking of

bilateral VAs (arrow); (G) coronary thin MIP image shows hypodensity of right ICA (pink arrow) and CCA (yellow arrow) due to the right

CCA originating from the false lumen (white arrow). CTA, computed tomography angiography; MIP, maximum intensity projection; ICA,

internal carotid artery; VA, vertebral artery; CCA, common carotid artery.

It is perhaps noteworthy that a dramatically high
frequency (90.9%) of carotid artery tortuosity was found in
our cohort. Previous results have demonstrated that tortuous
carotid artery is often detected in hypertensive patients
(24-26). Several reports (27,28) also indicated that arterial

tortuosity of the head and neck vessels is present in 84% to
100% of patients with Loeys-Dietz syndrome. However,
there are no previous reports on the phenomenon of
tortuous carotid artery in patients with ATAAD. Our study
demonstrates that carotid arterial tortuosity is also common

© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com 7 Thorac Dis 2017;9(11):4733-4742
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Figure 3 CTA classification of 7 hemodynamic CW variation types during unilateral ASCP. (A) Variation type I with absence of AcomA
(pink arrow) and left PcomA (yellow arrow); (B) type II with absence of AcomA (pink arrow) and left P1 (yellow arrow); (C) type III with
absence of right Al (pink arrow) and left PcomA (yellow arrow); (D) type IV with absence of right Al (pink arrow) and left P1 (yellow
arrow). Type V with absence of right P1 (pink arrow), left PcomA (yellow arrow) (E); and intracranial right VA (pink arrow) (F). Type VI
with absence of bilateral PcomA (pink arrow) (G) and intracranial right VA (pink arrow) (H). Type VII with absence of right PcomA (pink
arrow), left P1 (yellow arrow) (I); and hypoplasia of right VA (pink arrow) (J). CTA, computed tomography angiography; CW, the circle of

Willis; ASCP, antegrade selective cerebral perfusion; AcomA, anterior communicating artery; PcomA, posterior communicating artery; P1,

precommunicating segment of posterior cerebral artery; Al, precommunicating segment of anterior cerebral artery; VA, vertebral artery.

in patients with ATAAD. It is well known that the majority of
patients with aortic dissection have a history of hypertension.
Approximately 86% of patients have hypertension in our
cohort. The presentation of tortuous carotid artery in
ATAAD is thereby likely to be associated with hypertension.
Future studies should to be carried out to elucidate the
underlying mechanism of tortuous carotid artery in ATAAD.

There were several limitations to our study. First, this
study was a prospective analysis and thus, is subject to all of

© Journal of Thoracic Disease. All rights reserved.
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the potential limitations intrinsic to this type of study design.
Our study was performed at a single urban, academic site so
the number of patients and the skills of imaging and surgery
reflect our specific institutional idiosyncrasies. Additionally,
we didn’t compare our new protocol with conventional
aortic CTA protocol for effect on clinical outcomes because
surgeons prefer the new protocol to the standard aortic
CTA protocol. Thus, future randomized trials should
be performed to determine the potential benefit of the

7 Thorac Dis 2017;9(11):4733-4742
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Table 4 CTA classification of 7 hemodynamic CW variation types in the setting of unilateral ASCP (N=68)

Classification Variation of component Stems Number (%) Latent hypoperfusion in vessel territories during unilateral ASCP

Type | AcomA + LPcomA 40 (16.5) Left anterior cerebral artery + left middle cerebral artery

Type ll AcomA + LP1 2(0.8) Left anterior cerebral artery + left middle cerebral artery + left
posterior cerebral artery

Type lll RA1 + LPcomA 8 (3.3) Bilateral anterior cerebral artery + left middle cerebral artery

Type IV RA1 + LP1 4(1.6) Bilateral anterior cerebral artery + left middle cerebral artery + left
posterior cerebral artery

Type V RVA + RP1 + LPcomA 2(0.8) Left posterior cerebral artery

Type VI RVA + RPcomA + LPcomA 8(3.3) Bilateral posterior cerebral artery

Type VI RVA + RPcomA + LP1 4 (1.6) Right posterior cerebral artery

Total 68 (28.0)

Values are expressed as n (%). CTA, computed tomography angiography; CW, the circle of Willis; ASCP, antegrade selective cerebral
perfusion; AcomA, anterior communicating artery; PcomA, posterior communicating artery; A1, precommunicating segment of anterior
cerebral artery; P1, precommunicating segment of posterior cerebral artery; VA, vertebral artery.

incremental CTA findings in therapeutic decision making
to improved clinical outcomes in patients with ATAAD.

In conclusion, this study demonstrates that a combined
CTA of head, neck and aorta in patients with ATAAD is
feasible, with low radiation dose and diagnostic image quality.
Incremental craniocervical information benefit the surgeon by
providing useful cerebral and carotid pathology and anatomy
that aids to plan detailed surgical procedures and appropriate
cerebral protection method in patients with ATAAD.
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