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NGHIEN CU'U MO PHONG SO HOAT BONG CUA MO CO
TAM THAT TRAI

NUMERICAL SIMULATION STUDY TO REPRODUCE THE ACTIVITY OF LEFT
VENTRICULAR MUSCULAR TISSUE
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TOM TAT

Bai bdo trinh bay mét phwong phdp mé phong sé, tdi tao lai qud trinh gidn né tam that
danh riéng cho tirmg bénh nhdn, dé xudt mot phieong phdp mé phong sé dua trén md nguon mo
SimVascular dé tdi hién mét cach chinh xac nhat hoat dong tam thdt trai. Vi mé co tim ¢6 cdu tao
Vé ciing phike tap, sw gidn né khéng giong véi cac hé thong dan hoi thong thuong ma hoat dong nay
duoc quy dinh boi nhitng soi co tim va vat liéu co tim la hoan toan khong nén duoc, day la mot hé
dan hoi phi tuyén phike tap. Pé mé phong chinh xdc qud trinh nay, ching t6i da sir dung mot thudt
todn dwa trén quy tdc dé dinh hiedng cdc soi co tim ciing nhie hwéng co gian cia co tim, sau dé la
diing bg gidi svFSI dé mé phong qud trinh lam phdt thy dong ciia tam that trdi dwoc Iy tuong héa
thanh nira hinh elipsolid. Két qud mé phong ciia chiing t6i hodn toan phi hop véi két qua dwoc danh
gid tir cde chuyén gia triede do, tuy nhién, phwong phdp ciia chiing (6i tiét kiém chi phi va tai nguyén
tinh todn. Diéu nay sé dwoc xem xét dé dp dung cho bénh nhén cu thé trong twong lai.

Tw khoa: SimVascular; svFSI; Co hoc tim; Lam phat tam that; Tam that trdi.
ABSTRACT

This paper presents a numerical simulation method, recreating the ventricular contraction
process specific to each patient, propose a numerical simulation method based on the open source
SimVascular code to most accurately reproduce left ventricular activity. Because myocardial tissue
has an extremely complex structure, contraction is not the same as that of the normal ileal system,
which is regulated by myocardial fibers and the myocardial material is completely incompressible,
this is a complex nonlinear elastic system. To accurately simulate this process, we used a rule-based
algorithm to orient the myocardial fibers as well as the direction of myocardial contraction, then
used the svFSI solver to simulate the contraction process. The passive emission of the left ventricle
is idealized as a semi-elliptic solid. Our simulation results are completely consistent with the results
evaluated by previous experts, however, our method saves costs and computational resources. This
will be reviewed for patient-specific applications in the future.

Keywords: SimVascular; svFSI; Cadiac mechanics, Inflation of a ventricle, Left ventriclular.
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1. GIOI THIEU

Theo dir liéu nam 2019, bénh tim la
nguyén nhan gay tr vong hang dau ¢ ngudi trén
toan thé gidi, chiém 16% tong sd ca tr vong
[1]. Viéc phat trién va sir dung cac mé hinh co
tim mach danh riéng cho tung bénh nhan cu thé
1a mot muc tiéu kha thi, véi nhiing tién bo trong
mo hinh hoa va mé phong nhu hién nay [2-5].
Hién nay, viéc tich hgp cac mo hinh toan vao
timg trudng hop 1am sang cua bénh nhan cy thé
gitip hiéu cac hién twong sinh 1y va cung cép hd
trg dwa ra chuan doan chinh xac ciing nhu cac
quyét dinh dung din cho cac bac si di tré nén
thudng xuyén hon trong thoi gian gan day [5-
7]. Céc md hinh nay phai da chinh xac va thao
tac thyc hién nhanh chong, dwa ra phan hoi kip
thoi cho nhitng chuin doan 1am sang va theo
dai két qua dicu tri.

DPbi v6i nhimg bénh phic tap va co
d6 kho cao khi phiu thut nhu viée cit bo dy
phong & bénh nhan nhdi mau co tim, i 1¢ thanh
cong chi khoang 50-80% [8] thi viéc c6 mot mo
hinh co hoc tdm thét trai mo ta qua trinh gidn
ng tam that 1a diéu vo cung can thiét cho cac
bac si phau thuat dé dua ra dugc phuong phap
khac nhau cho ting truong hop cu thé. M6 hinh
tim cu thé cta timg bénh nhan cung cip dit liéu
qué trinh gidn nd cta co tim tht trai trong timg
truong hop véi cac diéu kién va phuong phap
diéu tri khac nhau, tir d6 dua ra mot két luan vé
viéc nén st dung phuong phap nao dé dua ra
kha ning thanh cong 1a cao nhét [9, 10].

Trong nghién ctru nay, ching t61 da su
dung vat liéu dan hoi phi tuyén va sit dung mo
ta di huong dua trén hudng soi co tim va hudng
phap tuyét cia tAm soi co hinh thanh nén mé co
[11]. Khac v&i cac vat lidu siéu dan hdi thong
thudng, md co tim khong chi cin bang thu
dong cac luc bén ngoai ma con chiu bién dang

chu dong ma khong can tai trong bén ngoai.
Chuing t6i giai quyét dong luc hoc dan hoi phi
tuyén bang cach str dung mot cong thirc hdn
hop, trong d6 van tdc va ap sudt cua cu trac
1a cac bac tu do chua biét dua trén cac phuong
trinh Euler-Lagrange co ban.

Viéc tao dinh huong soi cling 1a mot
thach thirc 16n khi khong thyc hién giai phau
trai tim cy thé, tuy nhién trong bai bao nay,
chung t6i sir dung MRI tensor khuyét tan (DT-
MRI) dé hinh dung céu trtc soi. Chung toi gan
dinh hudng soi va huéng phéap tuyén cia tdm
cho timg phan tir va str dung mé hinh phén tir
hitu han dé moé ta qu4 trinh gidn nd nay.

2. MO HINH HINH HQC

Ching t6i su dung hai nua hinh
elipsolid dé mo ta tam that trai véi kich thudc
chiéu dai khoang 10cm. Mb hinh ludi thé tich
clia chung toi gdm 9385 diém va 43072 phan tur
tr dién cua ludi. Ludi bé mit gom 03 ludi, bé
mit base gdm c6 346 diém va 564 phan tir tam
giac, bé mit ndi tim mac gém ¢6 1550 diém va
3046 phﬁn tor tam gidc, bé mat ngoai tdm mac
gdm c6 2585 diém va 5092 phan tir tam giac.
Hinh anh chi tiét cua ludi duoc thé hién trong
hinh 1.

(b)

Hinh 1. Ludi ddy dii cho tam thdt trdi: (a) Ludi thé
tich tam thdt trdi, (b) Ludi bé mdt tam thdt trdi
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3. MO HINH TOAN HQC
3.1. Tao huéng sg¢i co tim

Sau khi tao xong phan tr hiru han,
ching ta tao cac vector hudng soi, huéng binh
thudng cua tAm, day ciing sé 14 hai chiéu quan
trong diéu khién hudng co gidn cta tim. Chung
t6i sir dung thuat toan dua trén quy tic Laplace-
Dirichlet (LDRB) dé gan hudng soi co tim cho
cac mo hinh tim tinh toan [12]. Ching t6i liy
gbc hudng soi tai bé mat ndi thm mac 1a —80°
va tai bé mit noi tim mac 1a 80°, cac goc dai
dién hudng tdm ching toi 14y bang 0, tirc 13 cac
vector hudng tdm ludn vudng goc véi bé mit
tai d6. Mdi phan tir twong tng véi 1 hé toa do
vector nhu thé, cac sé lidu nay trong thuc té
c6 thé thu thap tir dir liéu chup cong huong tir
tensor khuyét tan. Hinh 2 biéu dién cu thé cac
vector ma ching t6i tao ra.

Hinh 2. Vector quy dinh hwong soi va huwong phap
tuyén ciia tam ing véi cde phan tir riéng biét: (a)
Vector quy dinh huong soi, (b) Vector quy dinh
hieomg tam

3.2.Pong hoc va dong lue hoc dan hdi phi tuyén

Trong chu ky tim, tim trai qua nhitng
bién dang dang ké, bao gdm cac chuyén dong
kéo dai, xodn va co gidn. Nhirng bién dang nay
rat phtc tap va khong thé mé ta chinh xac bang
ly thuyét dan hoi tuyén tinh, gia dinh cac bién
dang nhoé va mdi quan hé ng suit-bién dang

tuyén tinh. Chung t6i st dung hé thong cong
thirc ALE (Arbitrary Lagrangian Euler) [13] dé
mo ta dong luc hoc tam that boi cac ciu hinh
tham chiéu (ky hiéu 1a Q,), ciu hinh vat ligu
(cau hinh lagrange va ky hi¢u 1a Qy) va cau
hinh hién tai (cdu hinh Euler va ky hiéu la Q).
Chung toi thiét 1ap mot khudén kho dé dinh
luong va phan tich sy bién dang ciia tim trong
sudt chu ky tim. Cau hinh tham chiéu cung cap
duong co so dé tir 46 chung ta c6 thé do ludong
nhiing thay d6i vé hinh hoc va bién dang theo
thoi gian. M6i quan hé giita cac cdu hinh c6 thé
dugc thdy rd hon trong hinh 3.

x-ﬂlx.ﬂ : ﬂ,‘

Hinh 3. Minh hoa moi quan hé gitta cau hinh tham
chiéu, cau hinh vat liéu, cau hinh hién tai

Anh xa tir cu hinh tham chiéu dén ciu
hinh Lagrangian tai thoi diém t:
PG00y 2 Q) = P(Q,H),VE 20
X o y=H(X,0), VX € Qy

Anh xa tir cdu hinh Lagrangian dén cu
hinh Eulerian tai thoi diém t:
PG00, — 0, =9(Q,0,Vt 20
x-2>x=0x 0, VY eqQ,

Anh xa tir cdu hinh tham chiéu dén cau
hinh Eulerian tai thoi diém t:
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(p('!t) :'Q'X B ‘Q'x = (p(Q'X!t)JVt =0
PX, 1), VX €0,
So:x(X, 1) =X+ u(X1)

X—=x=

Cac phuong trinh biéu dién chuyén
dong cua co tim ¢ thoi gian t la:

——v=0
dt

B(p) +V v=20

dv
p(p) prie Vy-Ogey + Vip — p(p)f, =0

Trong d6, u la truong vector dich
chuyén, odev 1a (mg suat Cauchy 1éch lac, p 1a
khdi lugng riéng ctia mod co tam thét trai, B 1a
hé s nén ding nhiét.

o (p) = (%)

-1

p
62 GVOI
1 dp apz
B(p) = BE == 9Gyol
dp

Ogep = j LF(P:S)FT
aGR a(pOGiso)

150
=2

S=2 _
aC aC

F 1a tensor gradient bién dang va J 1a
Jacobian cua F, C la tensor bién dang Cauchy-
Green, G, va G, la nang lugng tu do Gibbs:
G(C, b, T) = Giso(C!T) + Gvol(pJ T)

Vat liéu ciu tao co tim chung to61 sur
dung ¢ day tuan theo luat cAu thanh Guccione,
duoc gioi thi¢u bo1 Guccione va cong su [14],
la mot mo hinh dugc str dung rong rai dé mo
ta dac tinh co hoc ctia mo co tim. Mo hinh nay
mo ta co tim 1a mot vat liéu dang hudng ngang,
siéu dan hoi, khong thé nén dugc, chiém cac

dac tinh di hudng cia né doc theo hudng soi
(f), hudng tim (s), huéng binh thuong cia tim,
(n) quan h¢ ciu thanh duoc thé hién béng toan
hoc thong qua cac phuong trinh sau:

1
L EEINCESY
Q = bEf + b (2EL, + 2Ef) + b (EL + EZ,

Trong d6, ¥ 1a mat do nang luong, b
1a cac thong sb biéu thi phan tmg co hoc cua
mo co tim trong mo theo cac huong khac nhau.
Céac chi sd f, s, n cta ten-xo bién dang Green-
Lagrange bi¢u thi cac hinh chiéu cta ten-xo
nay tuong ung véi cac huong s01 tam va phap
tuyén cua tam. Vi cac thong sb vt lidu chung
toi chon la C, = 2kPa, b, =8,b =2, b, = 4 diéu
kién bién DIrlchlet du’orc ap dung cho bé mat
co s6, duoe ¢ dinh theo moi hudéng. Sy gian
nd hoat dong cua tam that duoc dua ra boi ung
sudt Piola-Kirchoff thir hai, khong d6i, dong
nhat theo huéng soi 1a 60kPa:

T= Tp + T,ff T
Trong do: T, = 60kPa; f la vector cot
don vi theo hudng soi; Gng suét thu dong

T =

bién dang phi tuyén.

Diéu kién bién ap suit ¢ ddy ching toi
ap dung la di€u kién bién Neumann tang tuyén
tinh theo thot gian tir 0 dén 15kPa cho ndi tdm
mac.

4. KET QUA

Hinh 4 thé hién qua trinh gidn no cta
tam that trai. Tt lac cudi tim thu cho dén cudi
tam truong, tim thuc hién gian nd theo chiéu
gidng hinh xodn c. Piéu nay hoan toan phu
hop voi quy ludt co gian cua co tim binh thuong.
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Hinh 4. Hinh danh tam that trdi qua cdc giai doan
khac nhau, lan lwot tir trdi qua phdi la tir cuoi tam

thu den cuoi tam truong.

Hinh 5 thé hién tng suit thanh co tdm
that trai, img suat 16n nhat tai cudi tdm truong
va nho nhat tai cuoi tam thu.

LA A A
VAVAVAV,

VonMises_stress
156402 2000030000400005000060000 7.6¢+04
— C —

Hinh 5. Hinh anh tam thdt trai qua cdc giai doan
khac nhau, lan lwot tir trdi qua phdi la tie cuoi tam
thu den cuoi tam truong.

5. KET LUAN

Trong nghién ctiu nay, ching t61 da
phat trién mot mo hinh co hoc Iy tuéng cua tim
that trai con nguoi sir dung céu tric phan phdi
soi dya trén quy tic, va sir dung md hinh nay dé
mo phong co hoc qua trinh gidn néd cua tim that
trai. Chung t61 d@ mo6 phong co tim nhu mot vat
lidu khong ddng nhit, thanh day, phi tuyén va
khong nén dugce. Cac mo hinh danh riéng cho
bénh nhan la mdt cach tiép can tién bo va dﬁy
dtra hen ddi voi y hoc tim mach dugc c4 nhan
hoa. Cac gia tri sau md phong c6 thé duoc danh
gi thém bang cach kiém tra kha ning du doan

su thay d6i chlrc ning tim trong qua trinh tri
liéu va giap toi vu hoa phac do diéu tri. <
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