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Background: Recent study has revealed that enlarged diameters of the ascending aorta and 
proximal aortic arch enhance the probability of ATBAD. However, little is understood about 
the relation to ATBAD.
Objective: This study explored the differences in proximal aortic segment (PAS) morphol
ogy in patients with acute type B aortic dissection (ATBAD), and performed hemodynamic 
simulations to provide proof of principle.
Materials and Methods: The morphological characteristics of PAS in the ATBAD group 
(n = 163) and corresponding segment in the control group (n = 120) were retrospectively 
measured. The morphological parameters were analyzed using comprehensive statistical 
approaches. Ridge regression analysis was also performed to determine the association between 
independent variable and dependent variable. P < 0.01 was considered significant. Idealized 
aortic models were established based on variables of statistical significance, and hemodynamic 
simulations were performed to evaluate blood flow changes caused by morphology.
Results: Diameters at landmarks of PAS were significantly larger in the ATBAD group. The 
lumen volume (VPAS) of PAS in the ATBAD group was significantly enlarged than that of the 
control group (124,659.07 ± 34,089.27 mm3 vs 89,796.65 ± 30,334.40 mm3; P < 0.001). 
Furthermore, the VPAS was positively correlated to diameters. As the VPAS increased, the 
fluid kinetic energy in PAS enhanced linearly, and time-averaged wall shear stress and 
oscillatory shear index at the distal area of the left subclavian artery increased significantly.
Conclusion: In the ATBAD group, the enlarged VPAS and increased diameters of PAS are 
positively correlated. Meanwhile, the enlarged VPAS leads to more aggressive hemodynamic 
parameters at the distal area of the left subclavian artery, which may create a contributory 
condition for ATBAD.
Keywords: aortic dissection, aortic morphology, hemodynamics, ridge regression, kinetic 
energy

Introduction
Acute aortic dissection is a catastrophic aortic disease with an estimated incidence 
of 3.5 per 100.000 persons per year.1 Acute type B aortic dissection (ATBAD) 
accounts for 25% to 40% of all aortic dissections.2 The onset of the disease is 
sudden, which makes it difficult to predict, and thus difficult to prevent. Research 
has indicated that changes in aortic morphology are related to aortic dissection, 
such as that the maximum diameter of the aorta greater than 5.5cm dramatically 
increases the risk of aortic dissections.3 But the maximum diameter of the 
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descending aorta greater than or equal to 5.5 cm is not an 
accurate predictor of ATBAD,4 and a considerable number 
of patients present ATBAD in the absence of aortic 
dilatation.5 Therefore, identifying more morphologic risk 
factors may help to better identify patients at risk for 
ATBAD. Recent study has revealed that enlarged dia
meters of the ascending aorta and proximal aortic arch 
enhance the probability of ATBAD.6,7 However, little is 
understood about the relation to ATBAD.

Hemodynamic simulation has been widely used in the 
study of aortic diseases,8–11 and has enabled the quantifi
cation of the specific impact of each aortic anatomical risk 
factor.12 Polanczyk et al created a mathematical approach 
for blood hemodynamic description with the use of bright
ness analysis and proved post-operative remodelling of the 
aorta after TEVAR for aortic dissection improved hemo
dynamic patterns. These examples open up a whole new 
perspective on the clinical application of computational 
fluid dynamics.13,14 In an attempt to provide a new per
spective for the evolution of ATBAD, our study aims to 
thoroughly understand the relationship between aortic 
morphology and ATBAD. Unlike previous studies, we 
focus on the influence of upstream aortic morphology 
changes on downstream aortic hemodynamic characteris
tics. The process of blood flow in the aorta is also the 
process by which the heart assigns fluid energy to each 
artery. The fluid energy of the bloodstream in the aorta 
follows the principle of conservation of mass and momen
tum, so the fluid energy in the downstream aorta depends 
on that of the upstream fluid.

Our aim is to explore the differences in aortic morphol
ogy in patients with ATBAD. To understand the relationship 
between aortic anatomy and ATBAD, several idealized aortic 
design models based on actual aortic morphological differ
ences were developed, and hemodynamic simulations were 
performed to provide proof of the principle of the conserva
tion of mass and momentum.

Materials and Methods
Study Design
In this retrospective study, patients diagnosed with ATBAD 
(onset not more than two weeks) at the Second Xiangya 
Hospital between April 2018 and July 2019 were analyzed. 
Exclusion criteria were as follows: 1) patients without avail
able computed tomography angiography (CTA) scans or with 
poor-quality scans; 2) patients with known connective tissue 
disorders; 3) patients with iatrogenic or traumatic dissection, 

and chronic aortic dissection; 4) patients <30 years old; 5) 
patients with congenital aortic malformations; 6) patients with 
congenital anomalies of the aortic arch branch; 7) patients had 
undergone previous aortic surgery; 8) aortic arch or left sub
clavian artery involved hematomas. Finally, 163 patients were 
incorporated into the ATBAD group. The control group con
sisted of patients who received CTA for a non-vascular emer
gency at the Second Xiangya Hospital between April 2018 and 
June 2018 (n = 184). Expectedly, these included fairly young 
adults. For homogenization, we excluded all patients below 
the age of 30 from this group (n = 64), as a result, 120 patients 
were incorporated into the control group. Demographic data 
including age and sex were collected. This retrospective study 
was approved by the Medical Ethics Committee of the Second 
Xiangya Hospital of Central South University 
(NO.2020S017), and the need for informed consent was 
waived. It was conducted following the Declaration of 
Helsinki. Information of the patients for this study was kept 
strictly confidential.

CTA Scans
CTA scans were carried out at the Second Xiangya 
Hospital using a third-generation dual-source CT scanner 
(SOMATOM Definition Force, Siemens Healthcare, 
Forchheim, Germany), with a high iodinated contrast 
bolus of 100 mL (370 mg/mL iodine). The bolus was 
injected at a rate of 4–5 mL/s and was chased by saline. 
CTA images with a maximum slice thickness of 1 mm 
were accepted for further processing.

Aortic Landmarks and Image Processing
CTA datasets were processed using MIMICS (v20.0, 
Materialise, Belgium) software to reconstruct the 3D 
geometrical models of the aortas (Figure 1). The recon
structed arteries were subsequently smoothed with the 
Laplacian smoothing method to diminish noises caused 
by the discontinuity of image data or uncertainties in 
lumen boundary identification. The cross-sectional con
tours of the reconstructed geometries were mapped back 
to CTA images to ensure that the 3D models present the 
actual outline of the vessel lumen. Then, the centerline of 
the aorta (excluding the three branches on the arch, the 
branches below the iliac artery, the renal artery and other 
small branches) was extracted. The aortic segment from 
the aortic valve annulus to distal of the left subclavian 
artery orifice was defined as the proximal aortic segment 
(PAS). The following landmarks were applied for asses
sing the equivalent diameter of the aortic segment 
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, M stands for the cross-section area): D1, 
aortic valve annulus; D2, mid-ascending aorta; D3, prox
imal of the brachiocephalic trunk orifice; D4, proximal of 
the left common carotid artery orifice; D5, proximal of the 
left subclavian artery orifice; D6, distal of the left sub
clavian artery orifice; D7, orifice of the brachiocephalic 
trunk; D8, orifice of the left common carotid artery; D9, 
orifice of the left subclavian artery. The length measure
ment of the aortic segments was defined as follows: L, 
length of PAS. The marker nodes on the centerline were 
defined as follows: S, the intersection of the centerline 
with the aortic valve annulus plane; C, the intersection of 
the centerline with distal of the subclavian artery plane. 
The tortuosity was defined as the ratio of the length of the 
centerline to the straight-line distance between two 
points: T, tortuosity of PAS. VPAS, lumen volume of PAS.

Evaluation of Interobserver Image 
Measurement Consistency
To assess inter-class reliability, two vascular surgeons took 
measurements simultaneously in the same protocol frame
work. Inter-class correlation coefficient (ICC) was used to 
evaluate the consistency of the image geometry features. 

ICC > 0.75 indicates that this measuring result had good 
consistency.

Hemodynamic Simulation and Data 
Quantification
Construction of Ideal Model
Seven idealized aortic computer aided design models fea
turing the morphology of the aorta and the three branches 
of the aortic arch, ie, left subclavian, left common carotid, 
and brachiocephalic arteries were established to evaluate 
the overall kinetic energy of the bloodstream in this seg
ment. This approach enabled a controlled comparison 
among models, as only one geometrical factor (VPAS) 
differed and branches were constant and the descending 
aorta was far from the left subclavian artery. The varying 
VPAS is realized by fixing D6 and adjusting D1-D5 in 
different degrees. At the same time, the adjustment pro
portion of D1-D5 is consistent. VPAS increases from 1.15E 
+05 mm3 to 1.53E+05 mm3; the maximal increased mag
nitude of VPAS was approximately 33%.

Mesh and Time-Step Independence Tests
Four unstructured meshes consisting of 1.1–1.8 million 
hexahedral elements with ten prismatic layers, reducing 

Figure 1 (A) Aortic landmarks: D1, aortic valve annulus; D2, mid-ascending aorta; D3, proximal of the brachiocephalic trunk orifice; D4, proximal of the left common carotid 
artery orifice; D5, proximal of the left subclavian artery orifice; D6, distal of the left subclavian artery orifice; D7, orifice of the brachiocephalic trunk; D8, orifice of the left 
common carotid artery; D9, orifice of the left subclavian artery; S, the intersection of the centerline with the aortic valve annulus plane; C, the intersection of the centerline 
with distal of subclavian artery plane. (B) Red area stands for proximal aortic segment.
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in size towards the wall, to ensure adequate near wall 
resolution were generated with ANSYS ICEM 19.0 
(ANSYS, Inc., Canonsburg, PA, USA). These meshes 
were tested as part of a sensitivity analysis, and the chosen 
mesh (with about 1.6 million elements) differed from the 
finer mesh in the predicted maximum and minimum results 
by less than 2%. Three time step settings were 0.0005 s, 
0.001 s and 0.005 s. Reducing the time step from 0.005 
s to 0.0005 s leads to a small discrepancy in the velocity 
and pressure distribution (less than 1%), but significantly 
increases the computational cost, so a time step of 0.001 
s is used in the present study. Simulation was carried out 
for 5 cardiac cycles (total 4 seconds) to achieve a periodic 
solution, and results of the final cycle are presented. The 
computational simulation was calculated using ANSYS 
FLUENT 19.0 (ANSYS, Inc., Canonsburg, PA, USA).

Boundary Conditions and Blood Property
A transient parabolic flow inlet Q(t) and a pulsatile pres
sure waveform outlet p(t) are applied at the ascending 
aorta and the descending aorta, respectively.15 Based on 
previous studies, 5% of the flow volume is diverted to 
each branch outlet, ie, left subclavian artery, left common 
carotid artery, and brachiocephalic artery.16 The aortic wall 
is assumed to be rigid according to the vivo data that show 
low distensibility in long-term follow-ups,17 and no-slip 
and non-porous boundary conditions are designated at the 
aortic wall. The blood was modeled as incompressible 
non-Newtonian fluid. As the Reynolds number less than 
2000 in peak systolic phase, we analysed the laminar flow 
analysis following the Carreau-Yasuda model, which fits 
the experimental data of the blood at 37.0◦C,12,18 and the 
density of the blood was 1060kg/m3.17,19

Statistical Analysis
Statistical analysis was performed using SPSS 20.0 soft
ware (IBM, Armonk, NY, USA) and MedCalc 18.2.1 soft
ware (Mariakerke, Belgium). The distribution of 
continuous variables was assessed for normality using 
the Shapiro–Wilk test. Categorical variables are presented 
as counts, and continuous variables were presented as 
mean ± standard deviation (SD). Differences between the 
study groups were tested for significance using Student 
t test, Mann Whitney U-test or χ2 test. Spearman correla
tion analysis was performed to explore the correlations 
among variables and variance inflation factor (VIF) was 
calculated to assess the collinearity of independent vari
ables. Ridge regression analysis was also performed to 

determine the association between independent variable 
and dependent variable. Receiver-operating characteristic 
(ROC) curves were used to assess the diagnostic value. All 
reported P values were two sided; P < 0.01 was considered 
significant.

Results
Baseline Characteristics and 
Morphological Distinction
Table 1 shows that the prevalence of hypertension was 
higher in the ATBAD group. There were no significant 
differences in age, gender, body mass index (BMI) and 
smoking between the control group and the ATBAD 
group.

Table 2 shows the diameters of different aortic segments 
and branches of the aortic arch included in the study groups. 
The diameters of the aortic arch branches were not signifi
cantly different between the control group and the ATBAD 
group, neither were the length and tortuosity of PAS. All 

Table 1 Baseline Characteristics of Patients

Control (n=120) ATBAD (n=163) P value

Age (y) 56.21 ± 12.62 55.42 ± 11.00 0.813

Gender (M/F) 82/38 119/44 0.473

BMI (kg/m2) 26.5 ± 3.2 26.2 ± 3.7 0.304

Hypertension 42.5% 84.7% <0.001

Smoking 65% 67% 0.275

Abbreviation: BMI, body mass index.

Table 2 Geometrical Parameters Included in the Analysis

Variable Control (n=120) ATBAD (n=163) P value

D1 (mm) 30.55 ± 3.83 34.60 ± 4.69 <0.001

D2 (mm) 34.29 ± 3.83 38.08 ± 4.17 <0.001

D3 (mm) 32.42 ± 3.72 35.74 ± 3.40 <0.001

D4 (mm) 30.15 ± 3.48 33.68 ± 3.27 <0.001

D5 (mm) 28.31 ± 2.98 31.41 ± 3.18 <0.001

D6 (mm) 27.23 ± 2.91 30.36 ± 3.23 <0.001

D7 (mm) 15.01 ± 2.81 16.48 ± 2.65 0.091

D8 (mm) 10.50 ± 2.03 11.43 ± 3.41 0.082

D9 (mm) 11.80 ± 2.48 12.88 ± 2.00 0.103

L (mm) 112.11 ± 14.73 115.39 ± 12.30 0.120

T 1.33 ± 0.09 1.31 ± 0.24 0.483

VPAS (mm3) 89,796.65 ± 30,334.40 124,659.07 ± 34,089.27 <0.001

Abbreviations: D1, aortic valve annulus diameter; D2, mid-ascending aorta dia
meter; D3, aorta diameter at proximal of the brachiocephalic trunk orifice; D4, 
aorta diameter at proximal of the left common carotid artery orifice; D5, aorta 
diameter at proximal of the left subclavian artery orifice; D6, aorta diameter at 
distal of the left subclavian artery orifice; D7, the brachiocephalic trunk orifice 
diameter; D8, the left common carotid artery orifice diameter; D9, the left sub
clavian artery orifice diameter; L, length of proximal aortic segment; T, tortuosity of 
proximal aortic segment; VPAS, lumen volume of proximal aortic segment.
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diameters of PAS in the ATBAD group were significantly (P < 
0.001) larger than those in the control group. The VPAS in the 
ATBAD group significantly exceeded that of the control group 
(124,659.07 ± 34,089.27 mm3 vs 89,796.65 ± 30,334.40 mm3, 
P < 0.001). The VPAS had an area under the curve (AUC) of 
0.789 (95% CI: 0.720 to 0.847; P < 0.001) (Figure 2).

Correlation Between the Diameter of 
Different Aortic Segments and V in 
Patients
The correlation of VPAS with the diameter of aortic segments is 
summarized in Table 3. VPAS of different patient groups were 
positively correlated to D1, D2, D3, D4, D5, D6 (r = 0.64, 0.79, 
0.71, 0.66, 0.64, 0.63, respectively, P < 0.001). Multiple regres
sion analysis showed that there was a significant correlation 
among the variables. Collinearity diagnostic tests revealed 
severe collinearity among the independent variables (VIF: 

D3 = 9.88, D4 = 11.64, D5 = 10.43). The ridge regression 
analysis adjusted for hypertension was further used to calibrate 
(Figure 3). The parameters were estimated with k = 0.6, when 
the standardized regression coefficients of each independent 
variable were stable. The results indicated that D1, D2, D3, D4, 
D5, D6 were independent factors associated with VPAS 

(β= 0.64, 0.79, 0.71, 0.66, 0.64, 0.63, respectively, P < 0.01) 
(Table 4).

Hemodynamic Analysis
As depicted in the pathlines diagram of Figure 4, idealized 
models were established to simulate several hemodynamic 
conditions with varying morphological characteristics in 
Figure 4A. The inlet flow curve and outlet pressure curve 
are shown in Figure 4B-b and Figure 4B-c, a vortex was 
observed in PAS that was extracted as the region of inter
est. Vortex generation moved the blood away from the 
aortic wall towards the center of the aorta, which had 
direct effects on the fluid kinetic energy. Numerical simu
lations were performed to investigate the variations in the 
kinetic energy using qualitative and quantitative analyses 
methods (Figure 4C-b). The streamline diagrams show that 
the flow velocity of blood is gradually enhanced with the 
increasing VPAS. The kinetic energy in the diagram of 
curves represent the overall energy throughout the cardiac 
cycle. As the VPAS increases from 1.15E+05 mm3 to 1.53E 
+05 mm3, it can be seen that the increased magnitude of 
fluid kinetic energy is approximately 22.3%. The fluid 
kinetic energy is positively, linearly correlated with the 
VPAS. Computational fluid dynamics simulation shows 
there is a significant relationship between VPAS and hemo
dynamic factors at the distal area of the left subclavian 
artery (Figure 4C-c). The time-averaged wall shear stress 
(TAWSS) and oscillatory shear index (OSI) in the diagram 

Figure 2 Receiver-operating curve for lumen volume of proximal aortic segment 
(VPAS). 
Abbreviation: AUC, the area under the curve.

Table 3 Correlation Analysis and Multiple Linear Regression Analysis Between Lumen

Dependent 
Variable

Independent 
Variables

Spearman Correlation Multiple Linear Regression

r P β SE t P Tolerance VIF

VPAS D1 0.64 <0.01 1.3 0.50 2.7 <0.01 0.48 2.1

D2 0.79 <0.01 5.9 0.92 6.4 <0.01 0.16 6.3

D3 0.71 <0.01 −2.3 1.32 −1.7 0.09 0.10 9.9

D4 0.66 <0.01 0.7 1.47 0.5 0.64 0.09 11.6

D5 0.64 <0.01 0.6 1.50 0.4 0.70 0.10 10.4

D6 0.63 <0.01 1.1 0.99 1.1 0.28 0.23 4.4

Note: Volume of proximal segment (VPAS) and diameter of aortic segments (D1-D6). 
Abbreviations: VPAS, lumen volume of proximal aortic segment; D1, aortic valve annulus diameter; D2, mid-ascending aorta diameter; D3, aorta diameter at proximal of the 
brachiocephalic trunk orifice; D4, aorta diameter at proximal of the left common carotid artery orifice; D5, aorta diameter at proximal of the left subclavian artery orifice; 
D6, aorta diameter at distal of the left subclavian artery orifice.
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of curves represent the cardiac cycle area average value. 
As the VPAS increases from 1.15E+05 mm3 to 1.53E 
+05 mm3, the TAWSS and OSI increase about 2 times.

Discussion
This study focused on the morphology and hemodynamic 
characteristics of PAS, to explore the interrelationships of 
PAS morphology, hemodynamics, and ATBAD. Result 
shows: 1) diameters at all landmarks of PAS and the 
VPAS in the ATBAD group were significantly increased 
compared with the control group, and the VPAS of different 
patient groups was positively correlated to diameters at all 
landmarks of PAS; 2) as the VPAS increased, the flow 

velocity of the blood was gradually enhanced, the fluid 
kinetic energy increased linearly, and the time-averaged 
wall shear stress (TAWSS) and oscillatory shear index 
(OSI) at the immediate area distal to the orifice of the 
left subclavian artery increased significantly.

Numerous studies have revealed that the dilation of the 
aorta is age and gender dependent, whereas correlations 
with BMI and smoking are weak.3,20,21 In the sample, all 
these factors were equally distributed in both study groups. 
More than 80% of the studied patients who developed acute 
type B aortic dissection had hypertension, which coincided 
with previous studies.7 Hypertension can place increased 
pressure on the aortic wall, which may have an association 
with the development of aortic sections.3,22

The diameters of PAS in the ATBAD group were larger 
than those of the control group in this study, which was 
consistent with previous studies.6,7 The increased VPAS was 
proved to be significantly associated with an increased risk 
for ATBAD, and exhibited a superior diagnostic value, with 
a ROC-AUC of 0.789. Meanwhile, several studies have 
revealed that the VPAS improved the sensitivity for detection 
of morphological changes compared with diameter 
measurements.23,24 The formula for VPAS shows that the 
VPAS is related to the diameter and length of the PAS. 
Univariate contrasts found no statistically significant differ
ences in L between the two groups, which suggests that the 
increase in the VPAS is due to the dilatation of PAS in the 
ATBAD group. Spearman correlation analysis demon
strated a correlation between VPAS and diameters (D1-D6), 
and collinearity diagnostic tests indicated a collinearity 

Figure 3 Ridge trace curve of the association between the lumen volume (VPAS) and diameters at landmark (D) in proximal aortic segment.

Table 4 Ridge Regression Analysis of Lumen Volume of Proximal 
Non-Dissection Aortic Segment (VPAS) and Diameter of Aortic 
Segments (D1-D6)

VPAS

β SE(β) t P

Constant −117.76 14.51 −8.12 <0.01

D1 1.40 0.22 6.34 <0.01
D2 2.06 0.20 10.40 <0.01

D3 0.97 0.20 4.79 <0.01
D4 0.72 0.20 3.63 <0.01

D5 0.75 0.23 3.37 <0.01

D6 0.846 0.27 3.11 <0.01

Abbreviations: VPAS, lumen volume of proximal aortic segment; D1, aortic valve 
annulus diameter; D2, mid-ascending aorta diameter; D3, aorta diameter at prox
imal of the brachiocephalic trunk orifice; D4, aorta diameter at proximal of the left 
common carotid artery orifice; D5, aorta diameter at proximal of the left subclavian 
artery orifice; D6, aorta diameter at distal of the left subclavian artery orifice.
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Figure 4 (A) Detail parameters for ideal models. D1, aortic valve annulus diameter; D2, mid-ascending aorta diameter; D3, aorta diameter at proximal of the brachiocephalic 
trunk orifice; D4, aorta diameter at proximal of the left common carotid artery orifice; D5, aorta diameter at proximal of the left subclavian artery orifice; D6, aorta diameter 
at distal of the left subclavian artery orifice; D7, the brachiocephalic trunk orifice diameter; D8, the left common carotid artery orifice diameter; D9, the left subclavian artery 
orifice diameter; D10, diameter of distal descending aorta; L1, length of proximal aortic segment; L2, length of descending aorta; VPAS, lumen volume of proximal aortic 
segment. (B-a) Creation of polyhedral meshes; (B-b) Inlet flow curve; (B-c) Outlet pressure curve. (C-a) Streamlines for the baseline geometry; (C-b) The variations of 
kinetic energy versus the VPAS; (C-c) TAWSS and OSI versus VPAS. 
Abbreviations: TAWSS, time-averaged wall shear stress; OSI, oscillatory shear index.
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among the independent variables (D1-D6). When there is an 
issue of collinearity among independent variables, the 
regression coefficients obtained from traditional multiple 
linear regression analysis and stepwise regression analysis 
lack precision and the results may be distorted or even 
contradictory to the facts. Ridge regression is an improved 
least-squares regression analysis and is more applicable to 
the case of collinearity between independent variables.25–27 

Adjusted for hypertension, the effects of the independent 
variables were determined by ridge regression analysis.

What is the relationship between the increased VPAS 

and ATBAD? To answer this question, a series of ideal 
models was established based on the discrepancy of the 
spatial geometry of PAS and hemodynamic simulations 
were performed. The flow velocity of blood and the fluid 
kinetic energy of PAS enhanced as the VPAS increased. 
The greater the kinetic energy of the upstream fluid, the 
greater the force applied to the downstream vascular wall. 
Relatively high TAWSS and OSI at the distal area of the 
left subclavian artery may be associated with tear initiation 
and propagation.15,28 According to the principle of biolo
gical stress balance of the aortic wall,29 this could be 
a contributory factor for ATBAD. From the perspective 
of fluid mechanics, the incremental blood pressure 
increase leads to an increase in the fluid kinetic energy.30 

Therefore, the increase in fluid kinetic energy caused by 
the increased VPAS in this study had an effect similar to 
hypertension, contributing to ATBAD.

Conclusion
All diameters of PAS in the ATBAD group were significantly 
(P < 0.001) larger than those in the control group. The VPAS 
in the ATBAD group significantly exceeded that of the con
trol group (124,659.07 ± 34,089.27 mm3 vs 89,796.65 ± 
30,334.40 mm3, P < 0.001). In the ATBAD group, the 
enlarged VPAS and increased diameters of PAS are positively 
correlated. As the VPAS increases from 1.15E+05 mm3 to 
1.53E+05 mm3, the TAWSS and OSI increase about 2 times. 
The enlarged VPAS leads to more aggressive hemodynamic 
parameters at the distal area of the left subclavian artery, 
which may create a contributory condition for ATBAD.

Study Strengths and Limitations
This was a retrospective cross-sectional study combining 
morphological analysis and hemodynamic simulation. It 
was the first time to explore how the increased volume 
of the ascending aorta and aortic arch could promote 
ATBAD from the perspective of kinetic energy transport.

It has been demonstrated that rigid wall analysis over
predicts the pulsatility of both pressure and flow waveforms, 
and overpredicts will be larger in the more compliant aortic 
model.12 We could not replicate physiologic phase shifts and 
attenuation of outflow using a rigid-wall assumption.31 All 
results are under hypothetical conditions, all ideal models can 
only partially explain the possible principles. It is not easy to 
assess the individual impact of an anatomical factor that 
plays a role in ATBAD. However, our simple analysis 
method can capture the changing trend of some characteris
tics of the flow field under our hypothetical conditions. It is 
through the study of simplified models that the relative value 
of the anatomical variation can be understood.

The single-center retrospective approach limited the 
application of the relationship of VPAS and diameters in 
PAS and the VPAS as a predictor for ATBAD. 
Nevertheless, the findings of significant discrepancies in 
morphology and morphology-driven hemodynamics in 
PAS were meaningful to thoroughly understand the forma
tion mechanism of ATBAD.
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