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Abstract: [ Objection] To evaluate the effects of aortic valve stenosis on the flow field characteristics of ascending aor-
tic aneurysm by computational fluid dynamics and hemodynamic indexes.[Methods] A total of 63 patients aged 18 or over
with ascending aortic dilation or aneurysm were retrospectively recruited from Sun Yat—sen Memorial Hospital of Sun Yat—
sen Universily and assigned to aortic valve stenosis (AS) or none aortic valve stenosis (NAS) group. Propensity score
matching analysis and ascending aortic division based on centerline were performed to compare the hemodynamic indexes
[pressure, shear stress rate (SSR), wall shear stress (WSS), time average shear stress rate (TASSR), time average wall
shear stress (TAWSS) |. [Results] There were significant differences in SSR (191.70 [117.22~248.78] s™'vs. 93.23
[68.59~145.35] s™', Z = 2.167, P = 0.030) and WSS (2.87 [1.88~4.00] Pa vs. 1.20 [1.04~2.18] Pa, Z = 2.233, P =
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0.026) between AS group and NAS group. The differences were mainly found in the proximal and lesser curvature of as-

cending aorta (P < 0.05). There was no statistical significance in pressure, TASSR or TAWSS.[Conclusions] Aortic valve

stenosis alters the hemodynamics in ascending aortic dilation or aneurysms, which increases tangential component force (e.

2. SSR, WSS) but has no significant effects on perpendicular component force (e.g. pressure).

Key words: aortic valve stenosis; ascending aortic aneurysm; computational fluid dynamics; hemodynamic index;
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Shortly, we first labelled the mask of aorta (B) from the raw CTA (A). The ascending aorta was cropped, smooth and refine (C). Boundary conditions

were set for hemodynamics calculation (D). Results, including pressure, wall shear stress and so on, were obtained after post—processing (E). Then we

split ascending aorta into 6 parts (gt, gm, gh, It, Im, 1b) by the centerline (F, G). Gt: the top region of greater curvature of ascending aorta. Gm: the middle

region of greater curvature of ascending aorta. Gb: the bottom region of greater curvature of ascending aorta. Lt: the top region of lesser curvature of as-

cending aorta. Lm: the middle region of lesser curvature of ascending aorta. Lb: the bottom region of lesser curvature of ascending aorta.
E1l CFDREFESENREZR

Fig.1 The architecture of CFD and the ascending aortic segmentation
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#*1 PSMERZHEZHMMILEFHLLER

Table 1 Comparison of the constituent ratio of confounding factors after PSM

Variables Level AS None % P
Agelyears 63.82+9.30 62.55+9.06 1=0312 0.768
Sex Male 10 (91) 10 (91) 1.000
CT Siemens Force 8 (73) 6 (54)

GE CT750 3(27) 4 (36) X =1429,v=2 0.496

EVO 0(0) 1(1)

Smoke Yes 9 (82) 9 (82) 1.000
Diabetes Yes 10 (91) 10 (91) 1.000
Hypertension Yes 9 (82) 10 (91) 1.000
hypercholesteremia Yes 10 (91) 10 (91) 1.000
CHD Yes 4 (36) 5(45) 1.000
Arrhythmia Yes 10 (91) 10 (91) 1.000
Maximum diameter/mm 49.75+9.3 49.64+4.81 1=0.034 0.973

PSM: propensity score matching; CHD: coronary heart disease; AS: aortic valve stenosis; None: normal aortic valve; normally distributed

continuous variables were represented by their mean + standard deviations, categorical data by the numbers (percentages). Pearson’s chi-square

test or Fisher’s exact test was performed in categorical variables and ¢ test was performed in age and maximum diameter; all tests were 2—tailed; P

value < 0.05 was regarded as significant.

R2  AEEZBRIRR BT E AR ML 30 1 4R AR

Table 2 Hemodynamic indexes of ascending aorta with different aortic valves

Hemodynamic indexes AS None Z 2
15 633.19 15 632.26
Pressure/Pa 0.394 0.694
(15 230.07~15 839.88) (15 568.89~15 681.29)
191.70 93.23
SSR/s 2.167 0.030
(117.22~248.78) (68.59~145.35)
2.87 1.20
WSS/Pa 2.233 0.026
(1.88~4.00) (1.04~2.18)
57.20 52.12
TASSR/s 0.000 1.000
(48.12~80.15) (44.15~125.97)
0.70 0.68
TAWSS/Pa 0.000 1.000
(0.58~1.11) (0.52~1.95)

AS: aortic valve stenosis; None: normal aortic valve; SSR: shear stress rate; WSS: wall shear stress; TASSR: time averaged shear stress

rate; TAWSS: time average wall shear stress; non—normally distributed continuous variables were presented by median (interquartile range) ;

Mann—Whitney U test was used in comparisons between groups; all tests were 2—tailed; P value < 0.05 was regarded as significant.
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The distribution of WSS varies greatly in different regions of ascending aorta (A). Pressure (B), SSR (C), WSS (D), TASSR (E), TAWSS (F) in as-
cending aorta that suffered from dilation with two different kinds of aortic valves in 22 patients. Mann—Whitney U test was used in comparisons between
groups. All tests were 2—tailed. P value < 0.05 was considered significant. AS: aortic valve stenosis. None: normal aortic valve. SSR: shear stress rate.
WSS: wall shear stress. TASSR: time averaged shear stress rate. TAWSS: time average wall shear stress. Gt: the top region of greater curvature of ascend-
ing aorta. Gm: the middle region of greater curvature of ascending aorta. Gb: the bottom region of greater curvature of ascending aorta. Lt: the top region

of lesser curvature of ascending aorta. Lm: the middle region of lesser curvature of ascending aorta. Lb: the bottom region of lesser curvature of ascend-
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<
&
g
7
g
~
The SSR in different groups
1) Groups
1 mm AS
B I NAS
L = Ll
b
Reglons C
B The TASSR in different groups
ns Groups
[ DS mmmm AS
- ,£| B NAS
ns
[

ns

s

gt gm gb It Im Ib

Regions E

19 000

18 000

17 000

16 000

15 000

14 000

WSS/Pa

TAWSS/Pa

10.0

7.5

5.0

2.5

0.0 =

The pressure in different groups

ns Groups
r = AS
fﬁl I NAS
ns
ns ns [
1
gt gm gb It Im b
Regions B
The WSS in different groups
1) Groups
M1 mm AS
[ NAS
ns
[ 1
ns
[
2) 3)
[ % —/
E BT ;i
gt gm
Regions D
The TAWSS in different groups
ns Groups
[ mm AS
s =, B NAS
ns
M ns
[
ns
i B
Im Ib

Regions F

ing aorta. ns: There was no statistical significance. Vp< 0.05; Yp< 0.01; ¥ p<0.001.
B2 FAEshhkiFEzhSFERR

Fig.2 Hemodynamic indexes of ascending aorta
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Table 3 Aortic valve stenosis changed the flow field characteristics of ascending aortic aneurysm

Hemodynamic indexes Regions AS None Z P
156.36 70.00
SSR/s gb 3.021 0.001
(136.23~211.41) (61.22~87.44)
203.91 103.89
It 1.970 0.024
(156.69~341.05) (76.14~183.65)
181.61 113.26
Im 2.430 0.007
(140.42~326.08) (91.34~162.07)
181.58 93.02
1b 3.349 <0.001
(149.10~255.50) (78.39~108.37)
2.04 0.70
WSS/Pa gb 3.086 0.026
(1.88~2.57) (0.59~0.95)
3.71 1.66
It 2.233 0.013
(2.75~5.96) (1.16~3.10)
3.04 1.51
Im 2.561 0.005
(2.31~5.99) (1.17~2.55)
2.08 0.67
1b 3.349 <0.001
(1.70~2.89) (0.53~1.13)

Gb: the bottom region of greater curvature of ascending aorta. Lt: the top region of lesser curvature of ascending aorta. Lm: the middle region

of lesser curvature of ascending aorta. Lb: the bottom region of lesser curvature of ascending aorta. AS: aortic valve stenosis; None: normal aortic

valve; SSR: shear stress rate; WSS: wall shear stress; non—normally distributed continuous variables were presented by median (interquartile

range) ; Mann—Whitney U test was used in comparisons between groups; all tests were 1—tailed; P value < 0.05 was regarded as significant.
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