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Abstract 

Background  This study aims to identify a morphological indicator of aortic dissection (AD) based on the geometrical 
characteristics of the thoracic aorta.

Methods  We evaluated computed tomographic angiograms of 63 samples with AD (22 with type A AD, 41 with type 
B AD) and 71 healthy samples. Via centerline extraction and spatial transformation, the spatial entanglement 
of the aorta was minimized, and the expanded 2D aortic morphology was obtained. The 2D morphology of the tho-
racic aorta was fit to a circle. The applicability of the fitting circle method for identifying aortic dissection was verified 
by multivariable logistic regression analysis.

Results  Via the 3D coordinate transformation algorithm, the optimal aortic view was obtained. On this view, the geo-
metrical characteristics of the thoracic aortas of the healthy controls were similar to a portion of a circle (sum of resid-
uals: 3502.45 ± 2566.71, variance: 86.23 ± 56.60), while that of AD samples had poorer similarity to the circle (sum 
of residuals: 5404.78 ± 3891.69, variance: 129.90 ± 90.09). This difference was significant (p < 0.001). A logistic regression 
model showed that increased deformation of the thoracic aorta was a significant indicator of aortic dissection (odds 
ratio: 1.35, p = 0.034).

Conclusions  The morphology of the healthy thoracic aorta could be fit to a circle, while that of the dissected aorta 
had poorer similarity to the circle. The statistics of the circle are an effective indicator of aortic deformation in AD.

Trial registration  This study is registered in the Chinese Clinical Trial Registry (ChiCTR2000029219).
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Background
 Aortic dissection (AD) is one of the most common fatal 
aortic diseases, responsible for the deaths of approxi-
mately 30% of patients with type A AD and 10% of 
patients with type B AD before they can even arrive to 
the hospital [1, 2]. It is important to find a way to visually 
identify dissected aortas rapidly and quantifiably [3–5].

The pathological changes in AD can occur not only 
near the proximal tear but also throughout the entire 
aorta. The thoracic aorta is responsible for transporting 
blood and absorbing the ejection kinetic energy of the 
heart [6, 7]. The main reason for aortic dissection is an 
unbalanced transformation from the kinetic energy of 
blood flow to the elastic potential energy of the aortic 
wall. This imbalance leads to tear out of the aortic intima 
[8, 9]. According to previous studies, abnormal thoracic 
aorta shapes correlated with the abnormality of the aortic 
wall structure and hemodynamic stress [8–10]. Whether 
the biological cause of AD is an intima tear or media 
necrosis, macroscopic deformation of the aorta can be 
observed by imaging [11, 12].

In addition to the diameter of the aorta, other compre-
hensive imaging-based indexes are required to describe 
the risk of AD. Although aortic diameter greater than 5.5 
cm is a recognized risk factor for AD [1], more than 60% 
of type A ADs and more than 80% of type B ADs occur 
in patients with normal-diameter aortas according to the 
IRAD global data [13, 14]. Recently, the length of the tho-
racic aorta was considered another morphological risk 
factor for thoracic AD [15, 16]. However, this indicator 
alone is also unable to describe the overall shape of the 
thoracic aorta [17]. According to previous studies, aortic 
tortuosity has been confirmed to be related to aortic dis-
section onset, which may be a manifestation of abnormal 
aortic histology. Additionally, it can induce abnormal 
hemodynamics and affect the aorta [18]. Sharper angula-
tion and higher tortuosity of the aortic arch are consid-
ered geometric factors associated with aortic dissection 
[19, 20]. Our previous study confirmed that type B AD 
is related to the deformation of the arch and the proxi-
mal descending aorta. The deformation related to the dis-
section tends to be wider and inclined, and the dissected 
aorta appears slumped overall, and angulated and stiff 
locally [21]. Therefore, the tortuosity and slumpedness of 
the thoracic aorta may be indexes for AD, and it is desir-
able to find a method to quantify differences between dis-
sected and healthy thoracic aortas.

To quantitatively describe the characteristics of the 
aorta, computed tomography angiography (CTA) 
images need to be transformed using methods includ-
ing three-dimensional (3D) reconstruction and center-
line extraction of the aorta. In our previous study, a 3D 
rotation projection modeling method was established to 

determine the optimal projection plane [3]. On this opti-
mal projection plane, the morphological features of the 
thoracic aorta were extracted. This algorithm reduced 
the complexity of 3D morphological analysis and allowed 
the use of reproducible and quantificational parameters 
to describe the centerline extracted from CTA instead of 
subjective judgment.

Based on the previous works, an additional algorithm 
is needed to describe healthy and dissected aortas by 
quantitatively describing and identifying the characteris-
tics of the aorta in AD. The morphology of the thoracic 
aorta was described by the difference between the aortic 
centerline and a fitted circle. The correlation between the 
fitted circle and AD was then verified using multivariable 
logistic regression analysis.

Methods
Figure  1 demonstrates the principal steps of the pro-
cedure in the study. Three-dimensional reconstruction 
of the aorta was performed with CTA data. The lumen 
centerline of the reconstructed aorta and the correspond-
ing coordinates were extracted. The optimal aortic view 
was obtained via the 3D coordinate transformation algo-
rithm, and the two-dimensional (2D) morphology was 
subjected to circle fitting. The applicability of the fitting 
circle method for the identification of AD was verified by 
multivariable logistic regression analysis.

Population
This study is a retrospective multicenter cross-sectional 
study. Imaging data were retrospectively retrieved from 
the medical records of patients with continuous Stan-
ford type A or B aortic dissection who underwent chest 
CTA examination in the two centers from January 2017 
to December 2018 and were included in the dissection 
group. The exclusion criteria for the dissection group 
were as follows: (1) connective tissue disease (Marfan’s 
disease, Loeys‒Dietz syndrome or Ehlers‒Danlos syn-
drome, etc.); (2) iatrogenic dissection; (3) other aortic 
diseases, such as aneurysms; (4) previous aortic surgery; 
(5) a previous cardiothoracic disease or cardiothoracic 
surgery; (6) 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 (7) diseases that might cause distortion 
of the shape of the thoracic wall (scoliosis, barrel chest, 
pectus carinatum, history of spinal surgery, etc.) [21].

Imaging data were retrospectively retrieved from 
the continuous medical records of patients with healthy 
aortas who underwent chest CTA examination in four 
centers from April 2018 to December 2018 and included 
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in the healthy control group. The exclusion criteria for 
the healthy control group were as follows: (1) existing or 
previous aortic diseases (aortic dissection, aneurysms, 
coarctation of the aorta, etc.); (2) a previous cardiotho-
racic disease or cardiothoracic surgery; (3) 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, pneumo-
thorax, pulmonary bullae with a diameter > 3 cm, history 
of thoracic and mediastinal surgery, etc.); and (4) diseases 
that might cause distortion of the shape of the thoracic 
wall (scoliosis, barrel chest, pectus carinatum, history of 
spinal surgery, etc.)

Three‑dimensional reconstruction of the aorta
Imaging
A Toshiba 64-slice CT scanner (Toshiba Medical Systems 
(China), Beijing, China) was used with a scanning range 
from the entrance of the thorax to the lower boundary 
of the lung. Nonenhanced scanning was performed first, 
followed by contrast-enhanced scanning. Files were saved 
in DICOM format and anonymized. The raw DICOM 
format CTA data were imported into reconstruction 
software.

Three‑dimensional reconstruction of aorta
Two-dimensional cross-sectional images were adjusted 
to allow segmentation of the thoracic aorta in the seg-
ment module. The aorta was subjected to initial thresh-
old segmentation according to dynamic area growth. 

Then, the calculate 3D function was used to reconstruct 
the processed mask in 3D. Afterward, the 3D model 
was smoothed to reduce spurious noise and maintain a 
biological shape. For the dissected aorta, dynamic area 
growth was used for the true and false lumen regions 
separately. After segmentation, the masks of the two 
parts were combined into one mask using the Boolean 
function under Boolean Operation. To facilitate the sub-
sequent centerline extraction, the mask of the rupture 
site was repaired using Editing Masks and Multiple Slice 
to create a complete lumen.

Aortic centerline extraction and centerline coordinate 
construction
The centerline was extracted semiautomatically accord-
ing to the reconstructed 3D thoracic aorta model using 
Mimics software. The distance between the control 
points was 3 mm, and the coordinates of the thoracic 
aortic centerline were kept between 100 and 150. The 
entire thoracic aorta was divided into 6 segments accord-
ing to Society for Vascular Surgery (SVS) segmentation 
standards (Zone 0: ascending aorta, including the innom-
inate, Zone 1: from the distal edge of the innominate to 
the distal edge of the left common carotid, Zone 2: from 
the distal edge of the left common carotid to the distal 
edge of the left subclavian, Zone 3: first 2 cm distal to the 
left subclavian, Zone 4: from Zone 3 to the mid-descend-
ing thoracic aorta, Zone 5: mid-descending aorta to 
the proximal edge of the celiac artery) [22]. The coordi-
nates from Zone 0 to Zone 4 were incorporated into the 

Fig. 1  Flow chart of the study
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following calculations. The coordinates of the dissected 
segments of the aorta were labeled 1, and the coordinates 
of the undissected segments were labeled 0.

Determination of the optimal projection plane and circle 
fitting
As described in our previous study [3], the optimal pro-
jection plane can be determined according to the 3D 
coordinate transformation algorithm using MATLAB 
(2022, Mathworks, Inc.). The sum of absolute residuals 
(SAR) was used as the evaluation parameter, the XOY 
plane was used as the projection plane, and the two cor-
responding angles of rotation can be obtained. The best 
morphology of the corresponding projection plane can 
be obtained by rotating the original aortic centerline by 
the angle of rotation. The resulting 2D aortic morphology 
was segmented according to the six SVS classification 
criteria [22], and circle fitting was performed.

The improved algorithm of least-squares fitting using 
“area difference” was used to minimize the sum of the 
squares of errors and find the optimal function match. 
The coordinates of the fitted circle center are (A, B), 
the radius is R, the sample size is N, the sample set is 
(Xi,Yi), i = 1, 2, 3, . . . ,N  , and the distance between the 
sample set and the center of the circle is di.

The equation of the fitted circle can be expressed as.

Let a = −2A, b = −2B, c = A2 + B2 − R2 ; then, the 
general equation of the circle is

The center (A, B) and radius R can be obtained by reverse 
calculation A = − 1

2
a,B = − 1

2
b,R = 1

2

√
a2 + b2 − 4c.

For the sample set (Xi,Yi) , the squared distance from 
each point to the center of the circle is

The difference of squares δi between the distance from 
each point to the edge of the circle and the radius of the 
circle is

Q(a, b, c) is the sum of the squares of δi ; then,

(1)
R2 = (x − A)2 + y− B

2 = x2 − 2Ax + A2 + y2 − 2By+ B2
.

(2)x2 + y2 + ax + by+ c = 0.

(3)d2i = (Xi − A)2 + (Yi − B)2.

(4)

δi = d2i − R2 = (Xi − A)2 + (Yi − B)2 − R2

= X2
i + Y 2

i + aXi + bYi + c.

When Q(a, b, c) takes the minimum (min) value, it indi-
cates that the current fitted circle is the closest to the 
sample distribution and thus the optimal fitted circle. 
Then, the partial derivatives of the parameters a, b, and 
c for Q(a, b, c) can be calculated, and the extreme points 
can be obtained by setting the partial derivative to 0. The 
minimum value can be obtained after comparing all of 
the extreme points.

The degree of agreement between the fitted cir-
cle and the sample data was analyzed. The sum of the 
squared error (SSE) was used to describe the degree of 
discreteness.

The length of the aorta is associated with the degree of 
discreteness but is also influenced by body size. There-
fore, the radius of the fitting circle was proposed to 
eliminate the influence of body size on the degree of dis-
creteness. The ratio of SSE to radius could be expressed 
as 1R

∑

(Xi − X)
2 , and the ratio of variance to the radius 

was calculated by 1
NR

∑

(Xi − X)
2.

Clinical data analysis and correlation verification
Clinical data were processed with SPSS software (IBM 
SPSS 23.0, SPSS Inc.). All quantitative data are expressed 
as the mean ± standard deviation (SD), and the unpaired 
t test was used for comparisons between quantitative 
data. The correlation between the fitted circle and AD 
was tested using logistic regression models. The logis-
tic regression model was adjusted by known risk fac-
tor of AD (age, sex, and hypertension) according to 
guideline and body size parameter (body surface area, 
BSA) which may affect aortic morphologic parameters 
[5]. BSA = 0.0061 × height (cm) + 0.0128 × weight (kg) 
− 0.1529. A receiver operative characteristic (ROC) curve 
was generated for the model. The predictive ability of the 
indicators was evaluated using the area under the curve 
(AUC), sensitivity, specificity, negative and positive pre-
dictive values. The cutoff value was calculated by ROC 
curve based on the best Youden’s index. The baseline 
prevalence of AD was from previous reported rate of AD 
patients in patients presenting with symptoms concern-
ing for AD in whom physicians ordered a CT specifically 
for the purpose of ruling in/out AD [23]. Statistical sig-
nificance was considered at P < 0.05.

Results
Characteristics of involved population
CTA records of 98 AD patients were complete and 
available, among them 63 records were involved in the 

(5)Q(a, b, c) =
∑

δ2i =

∑

(

X2
i + Y 2

i + aXi + bYi + c
)2

.

(6)SSE =
∑

(Xi − X)2



Page 5 of 10Pu et al. BMC Cardiovascular Disorders          (2024) 24:461 	

analysis (22 samples with type A AD, and 41 samples 
with type B AD), and 71 samples from healthy peo-
ple were involved. The average age of the AD group 
and control group was 56.90 ± 13.56 and 61.07 ± 17.16, 
respectively (p = 0.095). Between two groups, there 
were significant differences in the ratio of male 
(84.1% vs. 52.1%, p < 0.001), height (169.08 ± 8.07 vs. 
163.29 ± 8.45, p < 0.001), weight (67.73 ± 13.18 vs. 
61.40 ± 12.14, p = 0.014), BSA (1.75 ± 0.19 vs. 1.64 ± 0.20, 
p = 0.0026), and the ratio of hypertension patients 
(76.2% vs. 57.7%, p = 0.029) (Table 1). Considering that 

male sex and hypertension are risk factors for AD, this 
difference at baseline was not unexpected. These fea-
tures may affect fitting-circle statistics and were sup-
posed to be considered in our prediction model.

The optimal plane projection solution
The spatial transformation process is shown in Fig.  2. 
Figure  2A shows the original 3D morphology of the 
aorta. The intermediate state shown in Fig.  2B can be 
obtained after matrix transformation using the first 
angle of rotation, and the optimal morphology Fig. 2C 
can be obtained through matrix transformation using 
the second angle of rotation. Figure  2D are the pro-
jections of the centerline onto the projection plane of 
XOY. After two transformations, the optimal aortic 
spatial morphology (i.e., the shape of a streamlined 
question mark), which minimizes the spatial entangle-
ment of the aorta itself and yields the 2D morphology 
of the expanded aorta, can be obtained on the projec-
tion plane required for the aortic view.

Aorta fitting result and circle‑fitting distinctions 
of the thoracic aorta
The expanded aortic centerline of healthy aorta (Fig.  3A) 
and dissected aorta (Fig.  3B) was used to circle fitting. 
The coordinates of the center and the radius of the fitting 

Table 1  Characteristics of involved patients

Comparison of general characteristics of AD and control groups. AD aortic 
dissection. Body surface area = 0.0061 × height (cm) + 0.0128 × weight (Kg) 
− 0.1529

Characteristic AD (63) Healthy control (71) P value

Male 84.1% (53/63) 52.1% (37/71) < 0.001

Age (year) 56.90 ± 13.56 61.07 ± 17.16 0.095

Height (cm) 169.08 ± 8.07 163.29 ± 8.45 < 0.001

Weight (Kg) 67.73 ± 13.18 61.40 ± 12.14 0.014

Body surface area 1.75 ± 0.19 1.64 ± 0.20 0.003

Hypertension 76.2% (48/63) 57.7% (41/71) 0.029

Diabetes 3.2% (2/63) 7.0% (5/71) 0.447

Smoke 9.5% (6/63) 19.7% (14/71) 0.144

Fig. 2  The process of the spatial transformation of the aortic centerline. A The original 3D morphology of the aorta. B The 3D morphology 
after the first rotation. C The optimal morphology after the second rotation. D-F are the projections of (a) onto the projection plane of XOY
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circle were obtained via solving the parameters a, b, and c 
of Q(a, b, c) . The representative diagram of the fitting circle 
of the healthy and dissected aorta was shown. The fitting 
circle parameters are listed in Table 2. The sum of residu-
als and variance was used to reflect the extent of similar-
ity between the centerline of the thoracic aorta and the 
fitting circle. The sum of residuals was significantly higher 
in the AD group (5404.78 ± 3891.69 vs. 3502.45 ± 2566.71, 
p = 0.001). The variance of the fitting circle was also higher 
in the AD group (129.90 ± 90.09 vs. 86.23 ± 56.60, p = 0.001). 
Considering the non-negligible differences in sex and body 
size between the samples, the radius of the fitting circle 
was calculated (45.63 ± 7.43 vs. 43.30 ± 6.78, p = 0.061), and 
the variance divided by radius (3.04 ± 2.65 vs. 2.04 ± 1.36, 
p = 0.006) were used for AD prediction model.

Fitting circle prediction model
According to the above comparisons of fitting circle sta-
tistics and sample baselines, variance/radius, age, sex, 

hypertension, and BSA are involved in logistic regression 
analysis (Table  3). The receiver operating characteristic 
(ROC) curve was used to assess the performance of this 
model. The area under the ROC curve (AUC) was 0.812 
(Fig. 4). The optimum cutoff value was 0.545, and the sen-
sitivity and specificity of the model derived from circle 
fitting were 73.3% and 81.2%, respectively. The negative 
predictive value of this model is 91.6% and the positive 
predictive value is 52.2%. The result of logistic regression 
analysis indicated that the variance/radius of the fitting 
circle was positively correlated with the probability of 
AD (OR = 1.350, β = 0.300, p = 0.034, the OR of variance/
radius refers to the risk per 1-unit increase). The results 
matched the hypothesis: The shape of a healthy thoracic 
aorta could be reflected by a circle, while the shape of the 
aorta of AD patients did not fit the circle well.

Fig. 3  The representative diagram of the fitting circle of aorta. The aortic centerline of healthy aorta (A) and dissected aorta (B) in CTA (blue) 
and expanded aortic centerline after spatial transformation (red). The optimal aortic view was represented by the colored background

Table 2  The fitting circle parameters

Distinctions of circle-fitting parameters in ascending aorta and aortic arch 
between dissection and healthy control groups

Circle-fitting 
statistics

AD (63) Healthy control 
(71)

P value

Sum of residuals 5404.78 ± 3891.69 3502.45 ± 2566.71 0.001

Variance 129.90 ± 90.09 86.23 ± 56.60 0.001

Radius of fitting 
circle

45.63 ± 7.43 43.30 ± 6.78 0.061

Variance/radius 3.04 ± 2.65 2.04 ± 1.36 0.006

Table 3  Results of logistic regression analysis

Multivariable logistic regression analysis of thoracic aorta fitting circle prediction 
model for aortic dissection. Regression model was adjusted for age, sex, 
hypertension and BSA. CI confidence interval, OR odds ratio, BSA body surface 
area

Factors OR (95% CI) β value P value

Variance/Radius 
(Fitting Circle)

1.350 [1.023,1.782] 0.300 0.034

Age 0.959 [0.932,0.987] -0.042 0.005

Sex 3.842 [1.465,10.073] 1.346 0.006

Hypertension 3.144 [1.265,7.810] 1.145 0.014

BSA 7.670 [0.935,62.945] 2.037 0.058

Constant 0.029 -3.529 0.065
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Discussion
This study demonstrated a significant difference between 
dissected and healthy aortas. As shown in Fig.  3, the 
shape of the healthy ascending aorta, aortic arch, and 
part of the descending aorta resembles a circle, while that 
of the dissected aorta differs from a circle. This degree 
of mismatch between the centerline and the fitted cir-
cle reflects the tortuosity and slumpedness of the aorta, 
which is consistent with observations in clinical practice. 
Considering the clinical needs, the baseline prevalence of 
AD in patients presenting with symptoms concerning for 
AD and received CT specifically for AD diagnose (21.9%) 
[23]  was used to calculate predictive values. The nega-
tive predictive value (91.6%) is high, while due to reasons 
including low prevalence of AD, the positive predictive 
value (52.2%) is relatively low.

Based on this result, we proposed a new question: Can 
aortic dissection be identified high-dimensional morpho-
logical indicators describing the degree of local aortic 
deformation? By answering this question, patients with 
a high risk of dissection can potentially be identified. 
In this study, the optimal plane was confirmed math-
ematically; viewed from this optimal plane, the degree 
of mismatch between the centerline and the fitted circle 
was used to quantitatively describe the morphological 

characteristics of the aorta. The result suggested that this 
indicator achieved good performance in identifying AD.

According to previous studies, morphological risk fac-
tors for AD can be evaluated by the aortic centerline of 
AD patients. Rylski et  al. compared the geometry fea-
tures before and after aortic dissection onset. This study 
involved 63 non-Marfan patients with nonbicuspid aor-
tic valves who had undergone computed tomography 
angiography < 2 years before and within 12 h after aortic 
dissection onset. The result indicated that while the larg-
est increase in diameter and volume induced by the dis-
section were observed, the centerline length showed no 
significant difference before and after onset in ascending 
aorta (99.6 vs.105.0, p = 0.090), aortic arch (39.8 vs.41.0, 
p = 0.677) and proximal descending thoracic aorta (123.2 
vs. 125.8, p = 0.912) [24]. Although the sample size of 
this study needs to be further expanded, it provides 
strong evidence for the consistency of the aortic center-
line before and after onset. Similarly, Trimarchi et  al., 
reported that the diameter of the aorta increases sharply 
after aortic dissection while the index extracted from 
the centerline is relatively stable to aortic dissection [14]. 
Based on this, multiple cross-sectional studies have used 
morphological features of the aortic centerline to identify 
the risk factors or predictors for aortic dissection. Using 

Fig. 4  The ROC curve of the fitting circle prediction model. The AUC = 0.812. AUC: area under curve; ROC: receiver operating characteristic
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the centerline method, Sun et al. reported that the incre-
mental aortic arch angulation, the tortuosity, and the type 
III arch configuration are valuable geometric risk fac-
tors for type B dissection [25]. Corte et al. reported that 
along with aortic diameter and length, the asc-arch angle 
is a promising measurement to predict aortic dissection 
[20]. Another mainstream computer-aided diagnosis 
and treatment is achieved by segmenting the true and 
false lumen of aorta in AD patients, and there has been 
a wealth of positive results [25]. In 2006, Kovács et  al. 
introduced model-based approaches to identify the true 
and false lumen of AD by the successive steps: segmenta-
tion of the aorta, detection of the intimal flap and identi-
fication of the two lumina [26]. Since each step is highly 
dependent on the preceding steps, the approach prone 
to failure on irregularly-shaped aortas. Besides, Lee et al. 
introduced an approach combines multi-scale wavelet 
analysis and generative-discriminative model matching 
to segment the lumens [27]. In recent years, deep learn-
ing has been an emerging approach to segment dissected 
aorta. Li et al. reported the first application of deep learn-
ing in AD, using two 2D cascaded convolutional networks 
to extract the contours of aorta and true lumen. Only the 
lumen contours are manually annotated with a fixed num-
ber of points [28]. Cao et al. designed a 3D U-Net that can 
segment true and false lumen simultaneously in a unified 
network, based on a large and manually annotated CTA 
datasets [29]. Based on previous studies, we presented the 
concept of the fitting circle using the centerline method. 
However, this evaluation of aortic geometry needs to be 
tested on a dataset that, for each subject, contains pre- 
and post-dissection imaging before any real predictive or 
risk-stratifying capability is claimed.

Furthermore, previous studies have indicated that the 
pathological changes in AD are not limited to the entry 
tear; rather, the whole aorta is affected and deformed [2, 
21, 24]. These results raise new research questions for 
current aortic treatment: Does aortic stent implantation, 
which simply seals intimal tears, play the same role as 
“radical surgery” in aortic dissection? The onset of aor-
tic dissection may be the result of pathological changes 
in the long section of the aorta. These pathological pro-
cesses can lead to macroscopic deformation in properties 
such as the slumpedness, angulation, and stiffness of the 
aorta. In this case, we should pay attention to the general 
health of the aorta rather than only the intima tear.

Several limitations need to be acknowledged. The 
major shortcoming is that the sample size is relatively 
small. Larger sample size is required to draw more robust 
and accurate conclusions. Another shortcoming is that 
no external validation was performed. An independent 
cohort is needed to verify the conclusions. This series of 

studies is continuing, which may solve the above issues. 
Furthermore, we hope that this discrepancy will allow for 
rapid identification of thoracic AD at the onset, or even 
as a risk factor to predict AD before the onset. How-
ever, subgroup analyses based on interval from AD onset 
to CTA were not conducted. Therefore, although the 
parameter of fitted circle can describe the abnormalities 
associated with AD, it is unknown whether these param-
eters can identify early AD. Subgroup analysis is neces-
sary after sample size increases. In addition, considering 
that the aim is to identify thoracic AD early, it would be 
more valuable if the control sample was people who had 
chest pain and in whom CTA was performed to rule out 
dissection, instead of healthy people. This could better 
reflect the situation in emergency and outpatient. Natu-
rally, it is too early to consider such remote limitations in 
clinical practice based only on theoretical results. How-
ever, if new morphological indexes are proven to be supe-
rior to the current traditional diameter index in clinical 
practice, they may have the potential to form part of a 
new aortic dissection prevention and diagnose program.

We are committed to applying this work to the clinic. 
We established this reproducible approach by identifying 
SAR as the evaluation standard and obtaining the opti-
mal 2D morphology with unified algorithms. Based on 
the current algorithm, we are developing software that 
can automatically calculate fitted circle parameters from 
CTA data. This tool would facilitate the expansion of 
sample size and the clinical application of the fitted circle 
model. In addition, other high-dimensional morphologi-
cal indicators, such as collapse degree, are also consid-
ered in this tool.

Conclusion
The morphological characteristics of the thoracic aorta 
can be described by a fitted circle, while that of the dis-
sected aorta had poorer similarity to a circle. The fitting 
circle model is an effective indicator for dissected tho-
racic aortas.
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