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1 Introduction
Cardio- cerebrovascular diseases have become a high-frequency 

disease. Common cardio- cerebrovascular diseases include 
cerebral hemorrhage, myocardial infarction, aortic aneurysms 
and aortic dissection (AD) (Omura et al., 2017; Acosta et al., 
2019), in which the aortic dissection is also known as a dissection 
aneurysm, an aortic wall-media hematoma or a hemorrhage 
(Subramanya et al., 2018). The etiology of AD is not clear. The 
main risk factor for AD is high blood pressure, which causes 
high-pressure blood flow in the aortic lumen to be injected into 
the media to form a hematoma and extend the hematoma in 
the arterial wall (Liu et al., 2018). In recent years, the incidence 
of AD has increased from one in 100,000 per year to 10 in 
100,000 per year (Guo et al., 2017a). Aortic dissection (AD) 
is very dangerous, if it is not diagnosed and treated on time. 
According to a recent report, without treatment, the hourly 
mortality rate of AD increases by 1% to 1.4%, resulting in 68% 
mortality rate within 48 h. Patients with type A dissection have 
the highest mortality rate, with a reported mortality rate of 58% 
in patients without surgery and 26% in patients with surgery. In 
contrast, patients with type B dissection have a lower mortality 
rate. The mortality rate of patients treated with medication is 
11% lower than that of patients treated with surgery, and it is 
reported to be 31% (Pape et al., 2015). Therefore, in order to 
reduce the morbidity and mortality of patients with clinically 
suspected AD, early and accurate diagnosis and decision-making 
on surgery or conservative intervention is essential.

At present, imaging techniques computed tomography (CT) 
and magnetic resonance imaging (MRI) are the most commonly 
used methods for the diagnosis of AD (Hartnell, 2001; Liu & 
Huang, 2018). For instance, hybrid PET-CT and 4D flow MRI may 
afford the non-invasive assessment of anatomic, hemodynamic, 
and molecular features of the aorta, and provide preventative 
surgical intervention for patients with AD (Adriaans  et  al., 
2019). A wider understanding of the capabilities of CT and 
MRI and choosing the best protocols will further expand the 
use of these techniques and replace conventional angiography or 
digital subtraction angiography (DSA). Similar considerations 
apply when comparing the relative performance of imaging 
techniques reported in the scientific literature (Adriaans et al., 
2019). Although one technique may be useful for establishing a 
diagnosis, it may not provide all of the information concerning 
the extent of aortic disease needed to make management decisions 
(Fuglsang et al., 2017). This article focuses on these CT and MRI 
methods, and compares the advantages of CT and MRI in the 
diagnosis of AD.

2 Materials and Methods
2.1 Patients

From January 2017 to January 2019, a total of 120 patients 
including 65 males and 55 females, with an average age of 56.85 ± 
16.23 years with AD diagnosed in our hospital were selected for 
this study. Inclusion Criteria: (1) All patients were diagnosed as AD 
by DSA; (2) All patients had a history of hypertension. Exclusion 
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criteria: (1) Patients with severe heart, liver and other important 
organ failure; (2) Patients with severe cognitive dysfunction, unable 
to cooperate with the examination; (3) Patients with hepatitis 
B, syphilis, acquired immune deficiency syndrome (AIDS) and 
other infectious diseases. The 2-dimentional (2D) DSA was 
performed on a GE Innova 3100 system for diagnosis of patients 
with AD. The images were taken in the anterior, posterior, and 
oblique 30º projections (Lu et al., 2017). The obtained images 
were analyzed on the GE Advantage Workstation 4.3. The 
imaging criteria and rating method of DSA was as followed: 
(1) The AD type; (2) Morphology of true and false lumens, and 
the intimal flap detection; (3) The number of intimal entry tears, 
and the site and size of initial entry; (4) The involved condition 
of aorta branches.

2.2 Methods

All 120 patients were examined with 64-slice CT and 1.5MRI. 
Patients underwent plain and contrast enhanced CT examination. 
The CT scan was scanned with GE 64 row 128-slice CT. The 
thickness of the scanning slice was 5 mm, the reconstruction 
slice was 0.5 mm, the scanning voltage was 120 KV, and the 
scanning current was 320 mA. The contrast agent was Iohexol. 
Contrast material was injected into the median cubital vein 
at the speed of 3.5 mL/s by using a high pressure syringe, and 
scanning started 25 seconds later (Guo et al., 2017b; Li, 2017; Ren 
& Xu, 2019). The MRI scan was performed using GE 1.5T MRI. 
The magnetic resonance spin echo scan was performed on the 
left front oblique position and the axial position. The layer 
thickness was 7.0 mm, the scanning field of view (FOV) was 
300 to 330 mm, the echo time (TE) was 7.5 ms, the repeat time 
(TR) was 114 ms, left front oblique film parameter settings, 
slice distance was 2 mm, slice thickness was 5.5 mm, scanning 
field of view was 300 to 350 mm, and TR/TE was 50ms/12ms. 
Gadolinium-DTPA (15 mL), a contrast agent, was injected 
intravenously into the median cubital vein (Bonfanti  et  al., 
2018; Orabi et al., 2018; Renard et al., 2018; Yu, 2018). After the 
scan was finished, the blood flow in the large blood vessels of 
the heart was observed using a movie playback software. This 

retrospective study obtained the consent of the patients and the 
Ethics Committee of our hospital.

2.3 Evaluation index

The DeBakey classification was applied for the patients 
with AD in this study. The data including the true and false 
lumen, the detection rate of intimal flap, intimal tear, mural 
thrombosis, and aortic calcification were evaluated in accordance 
with the following imaging analysis criteria and rating methods 
(Bhamidipati & Ailawadi, 2009; Tran & Khoynezhad, 2009; 
Dehghan et al., 2017; Liu et al., 2017; Chun et al., 2018).

In the DeBakey classification, DeBakey type I AD is extensive 
and the break is in the ascending aorta; DeBakey type II AD 
is limited to the ascending portion of aorta; DeBakey type III 
AD is confined as a breach in the descending aorta, while 
type IIIa AD refers to the descending thoracic aorta, and type 
IIIb AD extends into the abdominal aorta. According to the 
International Registry of Acute Aortic Dissection (IRAD), the 
AD detection risk score of 0 to 3 is calculated on the basis of the 
number of risk categories (high-risk predisposing conditions, 
high-risk pain features, high-risk examination features) in which 
patients met criteria (Rogers et al., 2011). No high risk feature 
presented refers to score 0, any single high risk category presented 
is score 1, and two or three high risk categories presented is 
confined as score 2-3.

2.4 Statistical analysis

The Statistical Product and Service Solutions (SPSS) statistics 
software version 20.0 (SPSS Inc., Chicago, IL, USA) was used to 
analyze the data. Results were compared using t or X2 examination. 
P<0.05 was considered to be statistically significant.

3 Results
The patients with AD were examined by CT and MRI scanning. 

The representative CT imaging data of AD from a patient were 
shown in Figure 1. From the CT scanning, the linear low-density 

Figure 1. A representative CT imaging of patients with AD.
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intima can be seen in the right external ilium artery, and aortic 
arch divides the lumen into real and false lumens. Meanwhile, 
Figure 2 showed the representative MR imaging of AD. The 
contrast agent signals from the aortic arch to the upper end of 
the descending aortic line divide the descending aortic into two 
lumens in size. Collectively, DeBakey type I AD detected by CT 
and MRI were both performed in 25 patients with a detection 
rate of 20.83% (P>0.05). DeBakey type II AD detected by CT 
and MRI were both performed in 30 patients with a detection 
rate of 25% (P>0.05). DeBakey type III AD detected by CT and 
MRI were both 65 patients, and the detection rate was 54.17% 
(P>0.05) (Table 1).

Both CT and MRI true and false cavity displays can reach 
100% (P> 0.05); The intimal flap detection rate of CT and MRI is 
81.7% and 100%, respectively, and the results of the two groups 
are statistically significant (X2 = 8.763, P = 0.001). Intimal tear 
film detection rate of CT and MRI reached 68.3% and 83.3% 
respectively, and the results of the two groups are statistically 
significant (X2 = 8.759, P = 0.001). Compared to CT method, 
the mural thrombus film detection rate is enhanced in MRI 
method, and there are statistical significances between two 

groups (26.7% vs 54.2%, X2 = 6.621, P = 0.007). The CT aortic 
calcification film detection rate is 62.5%, and the MRI aortic 
calcification detection rate is 18.3%. The results of the two groups 
were statistically significant (X2 = 12.683, P = 0.000) (Table 2).

There were 5 people with CT intimal tear <1mm, and 0 
with MRI intimal tear <1mm. There is statistically significance 
between these two groups (X2 = 4.782, P = 0.016) (Table 3).

4 Discussion
Aortic dissection (AD) refers to the rupture of aortic intima 

or elastic fibropathy of media caused by various causes. The blood 
enters between the intima and media, which leads to the tear 
of media and the formation of double lumen aortic (Wen et al., 
2017). AD can be attributed to the growing rise in obesity and 
food-linked diseases (Cottica et al., 2019; Maia et al., 2020). AD 
is common in middle-aged and elderly men, presents often with 
sudden severe chest pain, radiating to the back, abdomen, and 
sometimes even with shock (Rudnitskii & Rudnytska, 2017). 
At present, there are many articles on the diagnosis of AD 
by CT and MRI (Nienaber et al., 1991; Melissano et al., 2012; 
Noorani et al., 2015; de Beaufort et al., 2019). The advantage of 
this paper lies in a more comprehensive and specific analysis 
of the classification and imaging manifestations of AD, and 
further analyze the detection rate of rupture <1 mm, so as to 
fully evaluate the advantages and disadvantages of CT and MRI 
in the diagnosis of AD.

Plain CT scan can show the calcification of avulsion intima 
to the aortic lumen. Contrast enhanced CT examination can 
show all kinds of signs of AD, such as intimal flap, true and 

Figure 2. A representative MR imaging of patients with AD.

Table 1. Comparison of DeBakey types of aortic dissection between 
CT and MRI.

Group DeBakey type I 
(%)

DeBakey type II 
(%)

DeBakey type III 
(%)

CT 25 (20.83%) 30 (25%) 65 (54.17%)
MRI 25 (20.83%) 30 (25%) 65 (54.17%)
P >0.05 >0.05 >0.05

Table 2. Comparison of CT and MRI aortic dissection.

Group n True and False lumen Intimal Flap Entry of Tear Mural Thrombus Aortic Calcification
CT 120 120 (100) 98 (81.7) 82 (68.3) 32 (26.7) 75 (62.5)

MRI 120 120 (100) 120 (100) 100 (83.3) 65 (54.2) 22 (18.3)
X2 1.125 8.763 8.759 6.621 12.683
P 0.237 0.001 0.001 0.007 0.000
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false cavity, mural thrombus, rupture and aortic calcification. 
When the contrast agent enters the false cavity, the line and 
strip transparent shadow can be seen between the true and 
false cavities, which is avulsion intima (Nienaber et al., 1991), 
and sometimes the filling defect is seen as mural thrombus 
(Noorani et al., 2015).

This study indicates that the detection rate of DeBakey typeI, 
type II, type III AD by CT and MRI is 20.83%, 25%, 54.17%, 
respectively, which shows that there is no difference between CT 
and MRI in the diagnosis of AD. True and false lumen in CT and 
MRI can reach 100%. Generally, the true lumen is narrow with 
fast blood flow, while the false lumen is wide with slow blood 
flow. A previous study suggested that CT enhanced scan can 
detect lumen dilatation in the affected segment and show the 
double-lumen aorta (Melissano et al., 2012). Four-dimensional 
(4D) MRI can reliably assess flow in the true and false lumens 
of the aorta in patients with AD, because the true luminal 
blood flow is faster, presenting low or no signal, and the false 
luminal blood flow is slow, presenting low or medium signal 
(de Beaufort et al., 2019). On the MRI images, the true luminal 
is high signal, while the false luminal is low signal, so there is 
no significant difference between CT and MRI in the diagnosis 
of the true and false lumen.

In addition, this study found that, compared to CT, the 
detection rates of internal flap, intimal tear, mural thrombus 
in MRI were increased while the rates of aortic calcification 
are decreased significantly. Previous studies provided the 
evidence that internal flap, intimal tear, mural thrombus often 
occur in patients with AD and can be detected by CT and MRI 
(Yamada et al., 1995; Cowell et al., 2003; Huang et al., 2014; 
Kurabayashi  et  al., 2014; Zhao  et  al., 2020). However, when 
AD has a large scope, CT enhancement shows that the intima 
slices will spiral between the true and false lumens (Heuts et al., 
2018), which may be the reason why the detection rate of the 
internal diaphragm in CT is lower than that in MRI. MRI can 
better show the jet sign of the intimal rupture (refers to the jet 
sign through the intimal rupture in the restricted signal flow 
space near the discontinuity of the internal diaphragm in the 
false cavity). MRI film can also show the jet sign, so the detection 
rate of intimal rupture in MRI is higher than that in CT. MRI 
examination of aortic dissection is based on the SE sequence. 
The axial plane is suitable for observing endometrial slices, 
true and false cavities, thrombus whereas left anterior oblique 
position shows the whole picture and interlayer. MRI can better 
show the intimal tear and contrast enhanced three-dimensional 
(3D) MRA images shows aortic involvement better. Therefore, 
MRI is better than CT in the endometrial film, intimal tear, and 
mural thrombus, and calcification is high density on CT, which 

is easier to identify. However, the low signal on MRI is difficult 
to identify, so the CT aortic calcification detection rate is higher 
than that of MRI. It can be seen from the data in Table 3 that 
there were 5 people with CT intimal tear <1mm and 0 with MRI 
intimal tear <1mm. We analyze the reasons and believe that CT 
can reconstruct thin slices up to 0.5mm and can form volume 
data. Therefore, the diagnosis rate of intimal tears <1mm is 
higher than that of MRI. However, this is a small cohort study 
on patients with aortic dissection. Further investigations with 
large size of patients as well as horizontal comparison of samples 
are still needed to verify the current findings.

5 Conclusion
In conclusion, this study proved that the detection rate 

of internal flap, intimal tear and mural thrombosis in MRI is 
significantly higher than that in CT, while the detection rate of 
aortic calcification and intimal rupture <1mm in CT is higher than 
that in MRI, indicating that CT and MRI have their respective 
advantages in diagnosing AD.
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