EREMHE $£35%5 £3H 202056A
276 Journal of Medical Biomechanics, Vol. 35 No.3, Jun. 2020

X EHS:1004-7220(2020) 03-0276-08

S5 % 100 B 5 16 35 B 50 o 2 U I 7 3 ) 2
# RIEF R

EmE, AR, RWA', wBE, AERE pa
(1. VA8 K2 B B E i LR b D RANEE, 1 2001275 2. LIS A4 10 5 s 40
IS TR AR L, B 200127, 3. FIGACHE KRR LBHE LR S50, L 200127)

WE. B S K0 E6AH 5 M il 35 ik & H (pulmonary arterial hypertension related to congenital heart disease,
PAH-CHD) J&/iti Sl K Il 37 3 3 27 55 P B0 — R AT 50 It 408 B8 1l 3 3 0 24 5wk, A B T T % PAH-CHD &
RBMEY SR E, ik XS5 B PAH-CHD [ LA S #1178 PAH( Non-PAH) i 4 R OIS 8 )Ll 3ot 1 R K
SARGORMCER | A = AR R TSR R Sl 2 AU Sl I L WU B0 , X L 43 A s 20 K L S 3 g 2 AR G 3
BEIek BEM YY) F1 (wall shear stress, WSS) M AN KR IMBEHREERR (£) 25, HR M3 F1 T8
7R, PAH-CHD LA A5 Il S ik 3 S AR s A WSS W2 T , Rt sh kst wss W% BT, £ 2 B s B
il Bk BLAR B A D i W B R AR DG, 4518 PAH-CHD /B JL4Z Non-PAH fE LT 34 ik 73 S Ak it s Fn WSS # &gt T
fey, BB WSS BEA k30, WX L8 M i 3h )24 N3R5 PAH-CHD S UIARSE 2 I RIFAL PAH-CHD F ¥ 75 IfiL

Wl J1 243685 .
KR S RO MR AR SRR sl bk s & 5 T BRARSh i ifish fisF; BEMSYYI T REsdiik
FESES: R 318.01 XHEiFREE: A

DOI: 10. 16156/j.1004-7220. 2020. 03. 003

Hemodynamic Characteristics of Pulmonary Arterial Hypertension
Related to Congenital Heart Disease

WANG Liping', LIU Jinlong'*®, ZHANG Mingjie', SHEN Juanya'?, TONG Zhirong"*”,

XU Zhuoming'

(1. Department of Thoracic and Cardiovascular Surgery, Shanghai Children’ s Medical Center, Shanghai Jiao
Tong University School of Medicine, Shanghai 200127, China; 2. Shanghai Engineering Research Center of
Virtual Reality of Structural Heart Disease, Shanghai 200127, China; 3. Pediatric Translational Medicine Institute,
Shanghai Jiao Tong University School of Medicine, Shanghai 200127, China)

Abstract: Objective Hemodynamic disorder of the pulmonary artery ( PA) is the main cause of pulmonary
arterial hypertension related to congenital heart disease (PAH-CHD). To study the hemodynamic characteristics
of PA, so as to understand biomechanical factors in the occurrence and development of PAH-CHD. Methods

Clinical and imaging data were collected in five PAH-CHD patients and five matched controls ( Non-PAH) to
reconstruct subject-specific three-dimensional (3D) PA models. Computational fluid dynamics ( CFD) was
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performed to compare the hemodynamic difference of flow patterns, wall shear stress (WSS) and normalized

energy loss (E) in the two groups. Results Hemodynamics-related parameters showed that the velocity and

WSS were higher in the left and right PA branches of PAH-CHD patients, with significantly lower WSS in the main

PA. The E significantly increased in PAH-CHD patients and positively correlated with normalized PA diameter and

inflow. Conclusions Compared with Non-PAH subjects, PAH-CHD patients have obviously higher velocity and

WSS in PA branches, lower WSS in main PA and greater E, indicating these hemodynamic parameters are
related with the PAH-CHD, which can be used as potential biomechanical factors for the clinical evaluation of
PAH-CHD.

Key words: pulmonary arterial hypertension related to congenital heart disease (PAH-CHD) ; computational fluid

dynamics (CFD) ; hemodynamics; wall shear stress (WSS) ; energy loss
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F1 WMRMKAOZEER
Tab.1 Subject-specific clinical data

N LW s A 5 B/ em TR kg BSA/m? LVEF/%
Non-PAH 1 VSD 6 % 62 7.6 0.323 67
2 VSD 20 s 77 7.2 0. 409 64
3 VSD 32 5 93 14. 8 0. 604 68
4 VSD 63 §-q 143 23.8 1.024 62
5 ASD 72 'y 114 18.7 0.782 66
PAH-CHD 6 VSD 10 7B 70 7.8 0.374 69
7 VSD/ASD/PDA 29 i 85 10.9 0.505 71
8 CAVSD/PDA 33 5 83 10.0 0. 481 59
9 VSD/ASD/PDA 61 i 110 16. 8 0.733 86
10 CAVSD/PDA 81 s 104 15.2 0.676 85

. VSD, ZE [RIFGELE ; ASD , F5 [BI BB ; PDA , B k545 K 4] ; CAVSD, J55 2= 8] B et s BSA , 7 2% 1hi AR
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Fig.1 Reconstruction of three-dimensional (3D) geometries of patient-specific models (a) Non-PAH model, (b) PAH model
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B 2 1 6)& )L AKET E M S5TE K i i E
Fig.2 Inflow spectrum and velocity from a child with PAH-CHD
(a) Inflow spectrum of the pulmonary artery, (b) Velocity in a

cardiac cycle of the pulmonary artery
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EL, FIM SPSS 23. 0 #4741t 50 #rit o5, %
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Tab.2 Demographic results from the two groups

FEAMER Non-PAH 41 PAH-CHD #{ P1i
AW/ H 38.600+28. 121  42.800+28.075  0.819
B/ em 97.800+31.792  90.400+16.349 0. 660
TR/ kg 14. 420+7. 160 12.140+3.742  0.551
BSA/m? 0. 628+0. 284 0.554+0.148  0.618
LVEF/% 65.520+2. 519 73.760+11.425  0.154
Dyipa norm 17.708+3. 055 24.256+2.998  0.009 *
Dyprn/D o 1.031+0. 118 1.510£0.210  0.002*
Dypa/D (1pasnea) 0. 785+0. 089 0.911£0.071  0.038*

T BSA  MRR AL LVEF, £ % 44 1 4345 ; PAH-CHD , 58 KAt 0
U975 4 52 il 0 ik 5 s Non-PAH, JE Il 318K 15 7 5 Doy o o » PR32 THT
TR HEAL 2 il 3 Bk BLAR ; Dypas/D o, M SNk B 12/ F B Ik B 125
Dypa/D (1pa+ nony » 300 3 Bk B AR/ (Z2 Bl 8 Bk B & + A3 fili 3 Bk

HAE)
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2.2 REES CHD LR R I BAREIL 9 5 K [ (54. 526+ 15.263)

P&l 3 it Sk R 2 A A5 e A ik P i 3 ok it 4k L/ (min-m®) JFPEH[ (22.510+6. 892) L/ (min-m?) ] fili
i, 5 Non-PAH £ JULAHIL ,PAH-CHD BJLEMZNK  Zhlk A B i & B 8 & T Non-PAH & JL & K
AL AR P [RI JC A S 25 5 | 22 A It sl ik S Ak e [ (26.011+7.897)L/(min-m*) ] FIFHI[ 10. 127 +
1E PAH SR AR T . 76 1 S0 al i PAH- 3.948 L/(min-m?) Jfiligh ik A 13 & (P<0.05) .

Vi(m's™)

:

—_ N

(b) Jili 3l Rk e R 2

B3 FhzhhkiRiES
Fig.3 Streamlines of the models (a) Non-PAH model, (b) PAH model
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(b) Jifizh ik e FEAR Y
B4 BhishRkEEE VIR 1976
Fig.4 Wall shear stress distributions of the pulmonary artery (a) Non-PAH model, (b) PAH model
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[ (124.609+78.580) mW/m* ] 1 & = T Non-PAH ¥J(r=0.922, P=0.000) fili sl kA 137 2 52 B 4 1)
L[ (34.258+21.250) mW/m*] (P=0.038), H IEASC(UWES) .,
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Fig.5 Correlation analysis (a) Correlation between BSA normalized energy loss (E) and main pulmonary artery

diameter (Dypy yom ) s (b) Correlations between E and maximum pulmonary artery inflow (V.. ),

(¢) Correlations between E and mean pulmonary artery inflow (V,,...)
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