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Background: The increase in aortic diameter is not closely associated with type B aortic dissection (TBAD); 
morphological risk factors other than aortic diameter may help to better identify patients at risk for TBAD. 
The purpose of this study was to investigate possible morphological factors associated with the occurrence of 
TBAD.
Methods: This study was a retrospective, multicenter, cross-sectional study. We collected 94 patients with 
TBAD as the TBAD group and 534 patients with healthy aortas as the healthy control group. Morphometric 
data were collected on three-dimensional models of the thoracic aorta. A propensity score matching (PSM) 
analysis was conducted to reduce the potential for confounding by baseline factors. 
Results: The number of patients in the TBAD group was 75 after PSM. Longer lengths of the aortic 
arch (28.00±7.42 vs. 25.14±7.11 cm) were observed in patients with TBAD. The width (80.04±17.27 vs. 
71.73±15.55 mm) and height (24.92±11.39 vs. 19.37±10.10 mm) of the aortic arch in patients with TBAD 
were both larger than those of healthy controls. The morphological changes associated with the occurrence 
of type B acute dissection were most pronounced in the geometry of the aortic arch.
Conclusions: This study demonstrates that TBAD was associated with longer lengths of aortic arch and 
with larger arch height and width. 

Keywords: Aortic arch; anatomy; aortic dissection

Submitted Apr 11, 2020. Accepted for publication Oct 13, 2020.

doi: 10.21037/jtd-20-1643

View this article at: http://dx.doi.org/10.21037/jtd-20-1643

7201

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd-20-1643


7194 Qiu et al. Arch geometry related to dissection

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(12):7193-7201 | http://dx.doi.org/10.21037/jtd-20-1643

Introduction

Aortic dissection is the most common fatal aortic disease. 
Despite the development of diagnostic strategies, endograft 
design, and surgical treatment for aortic dissection in the last 
20 years, the in-hospital mortality rate of patients presenting 
with Type B aortic dissection (TBAD) has remained at 13% (1).  
For this fatal aortic disease, the benefits of treatment for 
stable and asymptomatic but high-risk conditions are far 
better than treatment after the presentation of acute and 
catastrophic symptoms (2). Therefore, identification of the 
risk factors for TBAD and prevention before an occurrence 
of acute and catastrophic symptoms are the best ways to 
reduce the mortality and treatment costs of TBAD (3). 
Hypertension, increasing age, atherosclerosis, and genetic 
predisposition are well-established risk factors for TBAD, 
but it is difficult to improve cost-effectiveness in screening 
programs by focusing on high-risk patients using these 
common risk factors. Numerical and experimental evidence 
has illustrated that morphological changes in the aorta 
can affect the mechanical stresses (4,5), which are closely 
related to the morphological features of endothelial cells (6).  
Current guidelines recommend that patients with an 
ascending aortic transverse diameter exceeding 5.5 cm 
undergo prophylactic treatment to prevent type A aortic 
dissection, but for TBAD, there are no such appropriate 
morphological risk factors (2). Therefore, the identification 
of morphological risk factors may help to better identify 
patients at risk for TBAD.

Our study considered the following points to identify the 
potential morphological risk factors for TBAD. First, the 
aortic dilation is occurring not only transversally but also 
longitudinally. Although there was no correlation between 
aortic diameter and TBAD, aortic elongation has been 
shown to be associated with TBAD. Second, in addition to 
the length of the aorta, other morphological indicators, such 
as the geometry of the aortic arch, may indicate the pre-
disease aortic morphology, which has not been previously 
studied in TBAD. Third, considering the difficulty of 
acquiring imaging prior to dissection onset, we intended 
to identify some morphological indicators that remained 
relatively stable before and after the onset of TBAD to 
describe the pre-disease aortic morphology. Therefore, 
we retrospectively collected computed tomography (CT) 
angiography data from TBAD patients and healthy control 
subjects and compared the morphology parameters (the 
length of each segment of the aorta and the geometry 
of the aortic arch) between the two groups. Fourth, it is 

widely accepted that advancing age, gender, body surface 
area (BSA), and comorbidities might have an effect on the 
aortic morphologies (7-9), but most previous studies failed 
to compare well-matched patient groups, allowing selection 
bias to influence the results (10-12). In this study, aiming to 
determine the association between the occurrence of TBAD 
and aortic morphology, we intended to use propensity score 
matching (PSM) to control for selection bias. We present 
the following article in accordance with the STROBE 
reporting checklist (available at http://dx.doi.org/10.21037/
jtd-20-1643).

Methods

Study population

This study was a retrospective, multicenter, cross-sectional 
study. Patients in the TBAD group were diagnosed with 
acute Stanford TBAD at two institutions (Shanghai 
Ninth People's Hospital Affiliated to Shanghai Jiao 
Tong University School of Medicine and Department 
of Vascular and The First Affiliated Hospital of Anhui 
Medical University). We retrospectively evaluated CT scans 
of consecutive TBAD patients who underwent thin-cut  
(0.6-mm) contrast-enhanced CT angiography between 
January 2017 and December 2018. The exclusion criteria 
for the TBAD group were as follows: (I) patients with 
connective tissue disease (Marfan’s disease, Loeys-
Dietz syndrome or Ehlers-Danlos syndrome); (II) 
iatrogenic dissection; (III) patients with other aortic 
diseases such as aneurysms; (IV) patients with previous 
aortic surgery; (V) patients with previous cardiothoracic 
disease or cardiothoracic surgery; (VI) patients with 
diseases that might cause distortion of the thoracic aortic 
morphology (pulmonary nodules with a diameter >3 cm, 
mediastinal masses or lymph nodes with a diameter >1 cm, 
pneumothorax, pulmonary bullae with a diameter >3 cm, 
history of thoracic and mediastinal surgery, etc.); and (VII) 
patients with diseases that might cause distortion of the 
shape of the thoracic wall (scoliosis, barrel chest, pectus 
carinatum, history of spinal surgery, etc.). Missing data in 
the database has been excluded.

We retrospectively evaluated CT scans of consecutive 
patients with healthy aortas who underwent thin-cut  
(0.6-mm) contrast-enhanced CT angiography or contrast-
enhanced chest CT at one institution (Shanghai Ninth 
People’s Hospital Affiliated to Shanghai Jiao Tong 
University School of Medicine) between April 2018 and 
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December 2018 as a healthy control group. The exclusion 
criteria for the healthy control group were as follows: (I) 
patients with suspected or known aortic disease; (II) patients 
with previous cardiothoracic disease or cardiothoracic surgery; 
(III) patients with diseases that might cause distortion of the 
thoracic aortic morphology; and (IV) patients with diseases 
that might cause distortion of the shape of the thoracic wall. 
Missing data in the database has been excluded.

The procedures followed were in accordance with the 
Declaration of Helsinki (as revised in 2013), and the study 
protocol was reviewed and approved by the local ethics 
committee (SH9H-2019-T144-2). The need for written 
patient consent was waived because of the observational 
nature of this study. This retrospective factorial study was 
registered with the Chinese Clinical Trial Registry, and its 
registration number is ChiCTR2000029219.

Image analysis

Digital Imaging and Communications in Medicine (DICOM) 
standard data from eligible patients were transferred 
for further analysis in an anonymized fashion. Three-
dimensional multiplanar reconstruction was performed with 
EndoSize software version 3.1 (Rennes, France).

A center line was created from the sinotubular junction 
to the diaphragmatic level of the descending thoracic aorta. 

In the presence of AD, we manually place the seed points 
of the centerline at the center of the total artery lumen (i.e., 
both the true and false lumens) to obtain the adjusted pre-
dissected aortic centerline (Figure 1). According to previous 
study (7,12), the thoracic aorta was divided into 4 segments 
by appropriate planes perpendicular to the center line 
(Figure 2): 1. ascending aorta (from the sinotubular junction 
to the origin of the brachiocephalic artery); 2. aortic arch 
(from the origin of the brachiocephalic artery to the origin 
of the left subclavian artery); 3. proximal descending 
thoracic aorta (from the origin of the left subclavian artery 
to the level of the pulmonary trunk bifurcation); and 4. 
distal descending thoracic aorta (from the level of the 
pulmonary trunk bifurcation to the diaphragm). The length 
of each segment was measured as the center line distance 
between the previously defined points.

Aortic arch parameters were measured in the aortic 
view. The arch width was defined as the maximum distance 
between the outer curvature of the ascending aorta and 
the descending aorta. The arch height was defined as the 
vertical distance between the origin of the brachiocephalic 
artery and the arch vertex. The arch angle was measured 
as the angle between the line between the origin of the 
brachiocephalic artery and the origin of the left subclavian 
artery and the horizontal line.

According to the data of previous studies, the length of 

Figure 1 A center line was placed manually from the center of false lumen (A) to the center of total artery lumen (B), the arrows indicate the 
position of the center line was manually replaced.

A B
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healthy aortic arch was estimated to be 30±10 mm, and the 
length of dissected aortic arch to be 35 mm. We accepted a 
P<0.05 as acceptable and a study with 80% power. With the 
enrollment ratio of 1, the sample size of the experimental 
group and the control group was estimated to be 63:63, 
respectively. We estimated that only 80% of the patients 
in the TBAD group were included in the final comparison 
after PSM. Therefore, we finally estimated that the TBAD 
group needed at least 78 cases, and the healthy control 
group needed more than 78 cases, and the more cases, the 
better.

We used Heuts’s retrospective modeling method to 
obtain the adjusted predissection dimension (12-14). 
Rylski et al. revealed that the length of the descending 
aorta increased by 3% on average after the occurrence of 
dissection, while the lengths of the ascending aorta and 
the aortic arch did not increase (14). As in their study, we 
modeled the aortas of TBAD patients to pre-dissection 

length by deducting 3% of the measured length of the 
descending aorta.

Statistical analysis

The distribution of continuous variables was assessed for 
normality by the Shapiro-Wilk test and was assessed visually 
by inspection of histograms and standardized normal 
probability (P-P) plots. Continuous variables, expressed 
as the mean ± standard deviation, were compared using 
the independent t-test. Categorical variables, expressed 
as frequencies and percentages, were compared using 
Pearson’s χ2 test. PSM was used to reduce the potential for 
confounding by baseline factors (15). Patients in the healthy 
control group were matched 1-to-1 with patients in the 
TBAD group, with nearest-neighbor matching without 
replacement and a matching tolerance (caliper) of 0.2. 
During matching, maximization of execution performance and 
randomization of case order were performed. Standardized 
differences for each variable and for each treatment group were 
calculated to assess the balance, with values <0.10 indicating 
a good balance. All data were analyzed using SPSS statistical 
software version 24.0 (Chicago, IL). P<0.05 was considered to 
be statistically significant.

Results

Patient characteristics

A total of 94 patients were included in the TBAD group, 
and 534 subjects were included in the healthy control group. 
Participation at each stage is shown in a flow diagram (Figure 3).  
Patients in the TBAD group were younger than patients in 
the healthy control group (57.46±12.00 vs. 65.24±12.21 years, 
P<0.001). There were more men in the TBAD group than 
in the healthy control group (80.9% vs. 58.4%, P<0.001). 
Patients in the TBAD group weighed more (70.24±9.36 vs. 
63.27±11.00 kg, P<0.001), had a higher BSA (1.75±0.14 vs. 
1.66±0.17 m2, P<0.001), and more frequently had hypertension 
(86.2% vs. 37.1%, P<0.001) and diabetes mellites (28.7% vs. 
15.7%, P=0.002). The comparison of baseline characteristics 
between the two groups before PSM is summarized in Table 1. 
Missing data in the database has been excluded.

Propensity score matching

We performed PSM to reduce the potential for confounding 
by baseline factors (gender, age, BSA, rate of hypertension, 

Figure 2 Aortic view of thoracic aorta illustrating aortic 
measurements. The thoracic aorta was divided into 4 segments: 
ascending aorta, aortic arch, proximal descending thoracic aorta, 
and distal descending thoracic aorta. The arch width (W) was 
defined as the maximum distance between the outer curvature of 
the ascending aorta and the descending aorta. The arch height 
(H) was defined as the vertical distance between the origin of the 
brachiocephalic artery and the arch vertex. The arch angle (θ) was 
measured as the angle between the line between the origin of the 
brachiocephalic artery and the origin of the left subclavian artery 
and the horizontal line.
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rate of diabetes mellites, and rate of smoking). Scoring 
performed well for balancing confounders. Before matching, 
there were 6 statistically significant differences between the 
TBAD group and the healthy control group. In the course 
of PSM, we successfully matched 75 TBAD patients to 75 
healthy control subjects. The matched pairs did not differ 
with regard to any baseline characteristics (Table 1).

Aortic geometry

We observed 12 geometric indicators of the aorta. In 
the PSM cohort, we observed longer lengths of the 

aortic arch (28.00±7.42 vs. 25.14±7.11 mm, P=0.017) in 
patients with TBAD than in healthy controls (Table 2).  
The diameters  of  the  s inotubular  junct ion level 
(3.88±0.50 vs. 3.22±0.60 cm, P<0.001), ascending aorta 
(3.33±0.44 vs.  3.69±0.38 cm, P<0.001), aortic arch 
(3.25±0.74 vs. 2.61±0.36 cm, P<0.001), and descending 
aorta (3.57±0.82 vs. 2.44±0.39 cm, P<0.001) were larger 
in TBAD patients than in healthy controls (Table 3).  
The width (80.04±17.27 vs. 71.73±15.55 cm, P=0.005) 
and height (24.92±11.39 vs. 19.37±10.10 cm, P<0.001) of 
the aortic arch in patients with TBAD were both larger 
than those of healthy controls (Table 4). There were no 

Connective tissue disease (n=8)

latrogenic dissection (n=6)

Other aortic diseases (n=17)

Previous cardiothoracic disease 

(n=8) 

Diseases cause distortion of aorta 

(n=13) 

Diseases cause distortion of 

thoracic wall (n=3)

TBAD group in the study (n=94) Healthy control group in the study

(n=534)

Healthy controls identified by inclusion 

criteria (n=721)

Type B aortic dissection (TBAD) patients 

identified by inclusion criteria (n=149)

Suspected or known aortic disease 

(n=31)

Previous cardiothoracic disease 

(n=51)

Diseases cause distortion of aorta 

(n=92)

Diseases cause distortion of 

thoracic wall (n=13)

Figure 3 Flow diagram of participation.

Table 1 The comparison of baseline characteristics between the TBAD group and Healthy controls group

Overall data Propensity Matched

TBAD (n=94)
Healthy controls 

(n=534)
P value TBAD (n=75)

Healthy controls 
(n=75)

P value

Men, n (%) 76 (80.9) 312 (58.4) <0.001 57 (76.0) 54 (72.0) 0.577

Age (y) 57.46±12.00 65.24±12.21 <0.001 60.68±10.79 61.51±10.80 0.640

BSA (m2) 1.75±0.14 1.66±0.17 <0.001 1.73±0.13 1.73±0.16 0.881

Hypertension, n (%) 81 (86.2) 198 (37.1) <0.001 62 (82.7) 62 (82.7) 1.000

Diabetes mellites, n (%) 27 (28.7) 84 (15.7) 0.002 20 (29.3) 22 (26.7) 0.716

Smoker, n (%) 29 (30.9) 169 (31.6) 0.878 25 (33.3) 22 (29.3) 0.597

TBAD, type B aortic dissection; BSA, body surface area.
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significant differences in the length of the ascending aorta 
(P=0.813), the lengths of the proximal (P=0.395) and distal 
descending aorta (P=0.066), and the length of the total 
thoracic aorta (P=0.720) between the two matched groups. 
There were no significant differences in arch angle (P=0.977) 
between the two matched groups.

Discussion

It is difficult to diagnose TBAD until its acute and 

catastrophic symptoms occur. Because of the difficulty of 
treating this fatal aortic disease, identification of potential 
risk factors before the occurrence of typical symptoms may 
be the most effective way to reduce the mortality associated 
with TBAD (2). Structural and functional changes play 
important roles in the process of aortic disease (10,16), 
and one of the important changes is in the geometry of the 
aorta. The current guidelines recommend that the only 
morphological risk factor is aortic dilation, i.e., a descending 
aortic diameter greater than 5.5 cm, which requires surgical 

Table 2 The comparison of aortic length between the TBAD group and Healthy controls group

Overall data Propensity matched

TBAD (n=94)
Healthy controls 

(n=534)
P value TBAD (n=75)

Healthy controls 
(n=75)

P value

Ascending aorta 62.10±12.17 61.80±11.09 0.813 63.50±12.08 63.96±11.70 0.813

Aortic arch 27.28±7.07 25.54±7.47 0.036 28.00±7.42 25.14±7.11 0.017

Proximal descending aorta 72.59±18.52 68.14±15.67 0.014 73.10±18.16 70.69±16.39 0.395

Distal descending aorta 143.07±22.24 152.05±23.44 0.001 143.58±23.65 150.70±23.40 0.066

Total thoracic aorta 305.04±36.16 307.53±38.04 0.556 308.19±36.61 310.50±42.10 0.720

TBAD, type B aortic dissection.

Table 3 The comparison of aortic diameter between the TBAD group and Healthy controls group

Overall data Propensity matched

TBAD (n=94)
Healthy controls 

(n=534)
P value TBAD (n=75)

Healthy controls 
(n=75)

P value

Sinotubular junction 
level

3.84±0.48 3.18±0.56 <0.001 3.88±0.50 3.22±0.60 <0.001

Ascending aorta 3.67±0.39 3.29±0.41 <0.001 3.33±0.44 3.69±0.38 <0.001

Aortic arch 3.25±0.72 2.56±0.34 <0.001 3.25±0.74 2.61±0.36 <0.001

Descending aorta 3.55±0.82 2.41±0.36 <0.001 3.57±0.82 2.44±0.39 <0.001

TBAD, type B aortic dissection.

Table 4 The comparison of aortic arch geometry between the TBAD group and Healthy controls group

Overall data Propensity matched

TBAD (n=94)
Healthy controls 

(n=534)
P value TBAD (n=75)

Healthy controls 
(n=75)

P value

Aortic arch width, mm 78.61±16.91 72.05±14.04 <0.001 80.04±17.27 71.73±15.55 0.005

Aortic arch height, mm 24.14±11.55 18.53±8.94 <0.001 24.92±11.39 19.37±10.10 <0.001

Aortic arch angle 29.53±11.82 33.36±9.49 0.002 31.37±10.78 32.39±9.27 0.977

TBAD, type B aortic dissection.
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treatment (2), but this recommendation is controversial: 
60% of TBAD patients have maximum aortic diameters 
<5.5 cm, and 40% of TBAD patients had aortic diameters 
<5.0 cm in the IRAD Registry (17). Therefore, identifying 
possible morphological factors other than aortic diameter 
may better predict the occurrence of TBAD.

Our results are similar to those of previous studies. 
Several previous studies have demonstrated an association 
between Stanford A aortic dissection and ascending aortic 
elongation (7-9,12,13,16). Besides, other previous study 
has confirmed that the aortic arch tortuosity is significantly 
increased in patients who are at increased risk for thoracic 
aortic aneurysms or aortic dissections (18). As for TBAD, a 
study confirmed that the aortic arch elongation is associated 
with the development of was highly effective in predicting 
Stanford B dissection, exceeding the indexes such as 
diameter (8).

The most common site for a proximal intimal tear in 
TBAD is just distal to the origin of the left subclavian 
artery, which is the junction of the aortic arch and the 
proximal descending aorta (3). According to previous 
studies, aortic elongation with advancing age was also most 
pronounced in this segment (5,7). Furthermore, TBAD is 
associated with elongation of the aortic arc (10). All of the 
above evidence suggests that the morphology of the aortic 
arch and surrounding aortic segments may be a positive 
marker of aortic dissection. However, previous studies 
have mostly focused on the diameter and length of the 
aorta and have not systematically explored the correlation 
between TBAD and the geometry of the aortic arch, such 
as the aortic arch width, the aortic arch height, and the 
inclination of the aortic arch (i.e., arch angle) (10,19). In 
addition, the morphology of the aorta is associated with 
factors such as age, gender, BSA, and some comorbidities, 
especially hypertension, but these confounding factors were 
not excluded in previous studies (10-12). In this study, after 
analyzing 94 patients with TBAD and 543 healthy control 
subjects and using PSM analysis to reduce the potential for 
confounding by baseline factors, we revealed that TBAD 
was associated with longer lengths of aortic arch and with 
larger arch height and width. 

Previous studies have confirmed that aortic arch 
elongation is associated with the development of TBAD (10).  
At the same time, elongation of the aorta with aging is 
most pronounced in the aortic arch (5,7). The reason may 
be attributed to the following: Compared with the fixed 
parts of the thoracic aorta, including segments connected 
to the pericardium and diaphragm (i.e., ascending aorta 

and distal descending thoracic aorta), the mobile proximal 
descending aorta and aortic arch can move relatively freely 
in the longitudinal direction (19). The proximal aorta has 
the greatest elastin content, which makes it the release 
point of the twisting thoracic aorta (17,20). This age-related 
aortic looseness may lead to changes in the geometry of 
the aortic arch. The abovementioned series of aortic arch 
morphological changes were related to TBAD in our study. 
The reason may be that changes in the morphology of the 
aortic arch may affect the hemodynamics of the descending 
aorta, resulting in increased mechanical stresses (4,5). 
Experiments have shown that this increase in wall shear 
stress leads to changes in endothelial cells (6), which in turn 
exacerbate the process of degeneration of the aorta, thereby 
accelerating the dilation, elongation, and tortuosity of the 
aortic arch and descending aorta, ultimately leading to 
descending aortic pathology.

Of course, the most direct method to identify the 
morphological risk factor of aortic dissection is to compare 
the geometry of the nondissected aorta with the same 
dissected aorta, but it is obviously difficult to obtain imaging 
prior to dissection onset. We used Heuts’s retrospective 
modeling method to obtain the adjusted pre-dissection 
dimension (12,14). They revealed that the lengths and 
diameters of the ascending aorta and the aortic arch did not 
change after the occurrence of TBAD. However, in TBAD, 
the proximal aorta of left subclavian artery is not dissected, 
which is why its geometric changes cannot be a direct 
consequence of dissection. Therefore, it is meaningful to 
compare the arch morphology of the TBAD group and the 
Healthy control group.

The results of this study and those of previous studies 
support the hypothesis that aortic dissection is associated 
with age-related aortic morphological changes (5-14). 
The results of this study provide a direction for future 
research. In future studies, we expect to find an optimal 
predictor to predict the incidence of TBAD, which ideally 
should be a simple repeatable parameter to describe the 
shape of the aortic arch. If we can screen the high-risk 
population based on this indicator, we might prevent 
patients from developing TBAD at an early age, as 
morphological deterioration would not have been occurring 
long enough to cause aortic dissection. For patients with 
adverse aortic arch morphology, it may be necessary to 
increase the number of outpatient follow-up visits. For 
these patients, blood pressure should be strictly controlled 
with antihypertensive drugs, and other risk factors must 
be eliminated. However, we need more evidence to verify 
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these results. In future studies, we also need to identify 
hemodynamic and histological risk factors with numerical 
and experimental evidence. 

This study revealed the morphological factors related 
to TBAD after controlling for confounding factors, but 
several limitations should be considered. First, this study 
was a retrospective cross-sectional study, and the study 
was not without biases. Even though PSM was used 
to control for confounding factors, the bias of reverse 
causality could not be eliminated. Second, the population 
of healthy patients included in this study was from a group 
of patients evaluated in the radiology department due to 
other diseases rather than from a population of healthy 
volunteers. A prospective life-long cohort study involving 
a healthy volunteer population may provide more 
convincing evidence. However, due to the low incidence of 
aortic dissection, it should be considered that such an ideal 
study would actually be difficult to perform. Third, due to 
the limitations of the retrospective study, some risk factors, 
such as family history of dissection in the control group, 
could not be collected; therefore, these confounding 
factors could not be excluded from the two groups. Fourth, 
we measured aortic morphology in the healthy controls 
using non-ECG-gated CT, as differences over the cardiac 
cycle might affect the measurements. Fifth, the results of 
this study can only provide a correlation between Stanford 
B aortic dissection and the morphological changes of the 
aortic arch. Whether there is a causal relationship between 
these morphological risk factors and aortic dissection 
needs to be provided by prospective studies that can 
provide a causal link.

Conclusions

This study demonstrates that TBAD was associated with 
longer lengths of aortic arch and with larger arch height 
and width. TBAD is associated with morphological factors 
other than aortic diameter, especially the geometry of the 
aortic arch.
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