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Aortic dissection (AD) is a life-threatening cardiovascular critical illness mainly

caused by the formation of true and false lumens due to the separation of the in-
tima and media after the blood enters the media upon tearing of the aortic inti-
ma [1] [2] [3]. A few patients may also experience secondary dissection due to
aortic intramural hematoma [4] [5] [6]. With the continuous inflow of blood,
the pressure in the false lumen gradually rises, and the false lumen extends ra-
pidly along the longitudinal axis of the aorta, which may eventually result in
rupture of the aortic wall [3] [7]. The risk factors for AD include hypertension,

aneurysm of the aorta and bicuspid aortic valves, smoking, atherosclerosis,
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trauma, and genetic connective tissue disorders such as Marfan, Loeys-Dietz or
Ehlers-Danlos syndrome [2] [8] [9]. The incidence of AD in the general popula-
tion is approximately 6/100,000 per year and tends to increase with age [2] [10]
[11]. The overall mortality of acute AD in the first International Registry of
Acute Aortic Dissection (IRAD) publication was 27.7%; the early mortality of
acute AD patients without timely treatment was 1% - 2% per hour [3] [8].
Timely and accurate diagnosis is helpful in reducing the mortality and improv-
ing the prognosis of AD patients. Computed tomography angiography (CTA) is
the first choice for diagnosing AD in an emergency. This article mainly reviews

the application of CTA in the diagnosis and treatment of AD.

2. AD Classification

There are many classification schemes for AD. The Stanford classification and
the DeBakey classification, both of which involve the location of the intimal
rupture and the scope of aortic involvement, are widely used in the clinic [1] [2]
[5] [7] [12] [13] [14]. A Stanford type A dissection involves the ascending aorta,
regardless of the location of the rupture; a Stanford type B dissection only in-
volves the descending aorta distal to the opening of the left subclavian artery [2]
[5] [14]. A tear in a DeBakey type I dissection is located in the ascending aorta
and involves the descending aorta as well; a DeBakey type II dissection involves
only the ascending aorta; and a rupture in a type III dissection is located at the
distal opening of the left subclavian artery, involving the descending aorta and
abdominal aorta downward. A dissection limited to the descending thoracic
aorta is classified as type IIla, and one also involving the abdominal aorta is clas-
sified as type IIIb [5] [14].

Some scholars have also proposed other classifications [14] [15] [16] [17],
such as the “3AN3V” classification for endovascular graft exclusion. Based on the
3N3V classification, the dynamic pathophysiological NxNyB classification, de-
termined according to the difference in blood flow velocity between different re-
gions of the aorta, has also been proposed [16]. Recently, experts proposed the
“301 classification” [17] by modifying the Stanford type B to facilitate endovas-
cular repair regimen development, prognostic evaluation, and follow-up for type
B AD patients.

3. CTA Examination Technology

CTA is the most widely used examination for the diagnosis and treatment of
AD, especially for patients planning to undergo endovascular treatment [2] [5]
[14] [18] [19] [20] [21] [22] [23]. CT scanning parameters can be set compre-
hensively according to patient height, body mass, heart rate, prospective elec-

trocardiographic (ECG) gating, and retrospective ECG gating.

3.1. Thin Layer Acquisition

Multislice CTA is characterized by a fast scanning speed, thin layer acquisition
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and postprocessing reconstruction [21] [22]. The endovascular repair guideline
for descending thoracic aortic aneurysms published by the Society for Vascular
Surgery (SVS) has recommended thin-layer CTA of the whole aorta for patients
undergoing thoracic endovascular aortic repair (TEVAR). Otherwise, tiny aortic
ruptures may be missed, and the exact relationships between ruptures and

branch arteries can be difficult to determine [19] [21].

3.2. Multiphasic CTA Protocol

A multiphasic CTA protocol is valuable in the diagnosis and follow-up of AD
[22] [24] [25]. For postoperative follow-up, arterial and delayed phase scanning
are usually recommended because endoleaks have variable flow rates [22] [25].
Delayed phase scanning is more beneficial for displaying internal leakage with
slow blood flow. The scanning delay often used for the delayed phase ranges
from 60 to 120 seconds after contrast agent injection [25]. Some institutions em-
ploy a late delayed phase of 300 seconds to better visualize low-flow endoleaks
[25].

In addition, the absence of contrast enhancement on arterial and early delayed
phase CTA does not indicate complete thrombosis in the false lumen given the
possibility of a low-flow state. In such cases, late delayed phase CTA demon-
strates higher sensitivity in the detection of partial thrombosis [24]. The scan-

ning range is usually from the upper thoracic orifice to the pelvic floor.

3.3. Contrast Agent

Contrast agents should be used in reference to the relevant guidelines in combi-
nation with the patient’s weight and renal function. Double-syringe high-pressure
injectors are recommended. High-concentration nonionic iodinated contrast
agent (60 - 140 mL) is injected at a rate of 4 - 6 mL/s into the cubital fossa with
an intravenous trocar (18 - 20 G) [21] [22] [26]. Compared with a fixed scanning
delay, scanning with contrast agent concentration tracking makes it easier to
accurately determine the peak contrast agent concentration in the aorta and
achieve better image quality. Therefore, scanning is usually triggered by the

tracked contrast agent concentration after injection of contrast agent [22] [26].

3.4. ECG Gating

When non-ECG-triggered scanning is used, motion artifacts tend to occur at the
root of the ascending aorta due to the influence of the aortic wall and cardiac
impulse, thus leading to false positives. Therefore, ECG-triggered scanning is
often used, especially for Stanford type A AD patients [2] [21] [26] [27] [28].
Schernthaner RE ef al reported that compared with nongated CTA at the same
radiation dose, ECG-gated CTA of the entire aorta reduces motion artifacts and
results in a higher diagnostic confidence with the same signal-to-noise ratios
[29].

The radiation dose of CTA with prospective ECG gating is lower than that of
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CTA with retrospective ECG gating [26] [29] [30]. Retrospective gating depicts
the complete cardiac cycle. In CTA with retrospective ECG gating, CTA images
can be dynamically reconstructed at any time phase, dynamic information about
aortic wall motion during the cardiac cycle can be observed, and the aortic valve
can be evaluated [29].

3.5. Dual-Source CT (DSCT)

DSCT adopts dual X-ray sources and dual detection systems, resulting in a qua-
litative leap in scanning speed. Second- and third-generation DSCT has less
strict requirements on heart rate, and diagnostic images can be obtained from
most patients without using S-blockers, making DSCT especially suitable for
cardiac and coronary artery examinations [31] [32]. DSCT greatly increases the
coverage area in the form of a fan-shaped X-ray distribution in a single plane,
which reduces the radiation dose received by patients and the motion artifacts of
the aortic root caused by cardiac impulses [33] [34] [35] [36] [37]. DSCT com-
bined with ECG gating can collect data at different time phases of the cycle and
reconstruct CTA images of different periods [38] [39] [40]. Continuous multi-
phase reconstruction can display the changes in the aortic morphology and
blood flow in a cinematic sequence and improve the diagnosis of AD to the level

of dynamic evaluation [41].

4. AD Diagnosis

The characteristic features of AD on CT images are an intimal flap shadow and a
double-lumen structure in the aortic lumen [1] [30] [42]. Calcification of the
aortic wall can often be seen on nonenhanced CT scans. The direct evidence
leading to the diagnosis of AD is the displacement of calcified intima into the
vascular lumen, and displacement > 5 mm is of diagnostic significance. Con-
trast-enhanced axial CT images can clearly display smoothly curved or S-shaped
hypoattenuating intimal flaps. If discontinuous hypoattenuating intimae are
found in the lumen on a certain level or the contrast agent connects the two lu-
mens, the position of the AD rupture can be judged. The following imaging fea-
tures are helpful to distinguish false from true lumens: 1) There are hemody-
namic differences between true and false lumens. The blood velocity in the true
lumen is relatively high in the early stage and low in the late stage, while that for
the false lumen shows the opposite trend [1] [26] [30]. 2) The density in the true
lumen is similar to that of the adjacent normal aorta or left ventricle, but the
density in the false lumen is inconsistent. 3) The true lumen is the direct con-
tinuation of the adjacent normal aorta or left ventricle, but the false lumen is not
[26]. 4) The true lumen in typical AD is small, showing a horseshoe or oval
shape; the false lumen is large and half-moon- or crescent-shaped [26] [30]. 5)
The false lumen shows a cobweb sign and a beak sign [1] [26] [30] [43] [44]. The
reconstructed images after postprocessing can serve as an important supplement
to CT images [30] [41] [45] [46] [47] [48] (Figure 1).
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Figure 1. (A) A 69-year-old male, Stanford type B aortic
dissection. Nonenhanced axial CT image shows that the
calcified intima of the aorta has shifted into the vascular
lumen. (B) CTA axial image shows a double-lumen change
in the descending aorta and a hypoattenuating intimal flap
shadow between the true and false lumens. (C) MPR shows
the position of intimal rupture. (D) CPR shows the shape of
the intima and the true and false lumens of the aorta. (E) VR
shows a double lumen-like change in the lumen from the
aortic arch to the abdominal aorta and the rupture at the
distal opening of the left subclavian artery. The left renal
artery originates from the true lumen, the right renal artery
originates from the false lumen, the abdominal trunk
originates from the true and false lumens, and the superior
mesenteric artery originates from the false lumen.

CTA can be used to diagnose AD quickly and accurately with a sensitivity and
specificity close to 100% and 98%, respectively [49]. Although CTA is a recog-
nized examination standard for AD, it is not absolutely safe. A few complicated
ADs may not be found by CTA under special circumstances, so it is necessary to
also perform other examinations to confirm or exclude an AD diagnosis [50]
[51]. Paulraj [50] reported an 18-year-old male with traumatic type A AD that
was not displayed by CTA but was first indicated by transthoracic echocardio-
gram (TTE) and finally diagnosed by transesophageal echocardiogram (TEE).
The results of this study indicated that when the clinical suspicion for AD is high
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and in the presence of complications of type A AD, such as aortic regurgitation,
it would be prudent to obtain further images through TTE/TEE to rule in or rule
out the diagnosis.

Stanford type B AD is mostly treated with TEVAR, which especially depends
on imaging indications. In this regard, the following is recommended: 1) rotat-
ing to capture images around the rupture to display the maximum diameter of
the rupture, the shape and course of the intima, and the true and false lumens; 2)
measuring the width of the rupture, the distance between the rupture and the left
subclavian artery, and the inner diameter of the aorta; and 3) clearly displaying
the relationships between the rupture and the three main vessels on the aortic
arch (ie, originating from the true lumen or the false lumen and a thrombosis
inside an endovascularly repaired false lumen) to provide a reference for clini-
cians to plan TEVAR.

5. Follow-Up for TEVAR

Treatments for AD patients include TEVAR, surgery, and hybrid surgery [2] [5]
[14]. AD patients need regular follow-up after TEVAR because endoleaks may
develop at any time [2] [5] [14] [23] [49] [52]. CTA is the preferred method of
image monitoring given its sensitivity in the detection of endoleaks, changes in
aortic diameter, evaluation of false lumen thrombosis, and assessment of device
migration and integrity. The follow-up plans after TEVAR are not uniform be-
tween countries [2] [5] [14] [21] [49] [53] [54]. The imaging follow-up times
recommended by the 2014 European Society of Cardiology (ESC) guidelines are
as follows: 1 month, 6 months, and 12 months and once per year afterwards. If
patients show a stable course without evidence of endoleaks over 2 years, it may
be safe to extend the imaging intervals to every 2 years [2].

American guidelines recommend imaging follow-ups at 1 month, 3 or 6
months, and once per year afterwards; in addition, if patients have stable find-
ings > 5 years, the imaging follow-up may be extended to 18- to 24-month in-
tervals [14] [21] [54].

The following features are the focuses of CT follow-up after TEVAR: blood
supply changes in important branches of the aorta; aortic plasticity and false lu-
men thrombosis; stent displacement, fracture, and deformation; internal leakage
(amount and type of internal leakage); new dissection; and postoperative com-
plications [2] [14] [21] [23] [24] [54] [55] [56] [57]. Our previous study investi-
gated the value of CTA in aortic remodeling after TEVAR treatment in 38 Stan-
ford type B AD patients by retrospectively analyzing their clinical data. After
TEVAR treatment, the diameters of the true lumens increased, while those of the
false lumens decreased obviously in the acute and subacute groups. The maxi-
mum diameters of the aorta decreased obviously in the acute group, but they did
not change significantly in the subacute group. These results indicated that acute
AD may be associated with better aortic remodeling than subacute AD after
TEVAR [55].
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6. Conclusion

AD is a critical, life-threatening cardiovascular disease, requiring timely and ef-
fective clinical intervention to improve the chance of survival and prognosis.
CTA is the best imaging method for the rapid diagnosis of AD, showing high
specificity and sensitivity [14] [21] [58] [59]. The further standardization of
scanning technology and the rational application of postprocessing methods are

of great value in the diagnosis and follow-up of AD.
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