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Nghién ciru thiét ké cong cu hd tro qua trinh co bop ciia tim
Designing Tool for Supporting the Heart Contraction Process
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Tom tat

Hién nay, s6 luong nguwdi méc bénh suy tim ngay cang gia tang (i 16 1-2% dén sé thé gidi bi suy tim). Pay la
mét van dé dang béo dong va mang tinh théi sw. Bén canh dé, chi phi cho méi dot diéu tri ndi tri cia bénh
nhan suy tim khodng 25 triéu déng - la khodn chi phi twong déi cao déi véi nhiéu gia dinh & Viét Nam. Géan
day, c6 mét vai loai thiét bj hd tro bénh nhan suy tim da duwoc ché tao va thuong mai héa. Tuy nhién, nhitng
thiét bi nay phai nhdp khdu va cé gia thanh rat dat (ttr 900 triéu ddng tré 1én), chuwa tinh chi phi cdy ghép
thiét bj, diéu tri va dung thube. Do vay, viéc nghién ctru, thiét ké mot cong cu hé tro qua trinh co bép cua tim
la rat cén thiét. Bai bao nay trinh bay viéc nghién ctru, thiét ké cong cu hé tro qua trinh co bop cua tim. Két
qué cua nghién ctru duwoc thir nghiém véi tim gid - la tim dwoc nhém nghién ctru ché tao béng vét liéu
silicon.

T khoa: Tim, co bép, suy tim, bénh nhan.
Abstract

Currently, the number of people with heart failure is increasing (1-2% of the world's population). This is an
alarming problem and a topical topic. Besides, the cost for each treatment of heart failure inpatients is about
VND25 million - a relatively high cost for many families in Vietnam. Recently, there are several types of
devices support heart failure patients have been manufactured and commercialized. However, these devices
are imported and very expensive, from VND900 million or more, and not including the cost of
transplantation, treatment, and medication. Therefore, researching and designing a tool for supporting
contractility of the heart is essential. This paper presents the research and design of a tool for supporting the
contractility of the heart. The results of this study were tested on a fake heart made by silicon material.

Keywords: Heart, contraction, heart failure, patient.

1. Dit véan dé

Bénh suy tim hién dang 1a ganh nang cua toan
cau, sb lugng ngudi bi suy tim chiém 1-2% dan s thé
gioi, ti 16 ngudi mac suy tim tang theo do tudi & ca
nam va nit [1]. O Viét Nam, tuy chua c6 s6 liéu thong
ké chinh thirc, nhung udc tinh c6 khoang trén 1 tri¢u
nguoi mic bénh suy tim. Pang chi y 1a 50% bénh
nhan suy tim tir vong trong vong 5 nam, chi phi diéu
tri cho bénh nhan suy tim tuong ddi cao do ty 1¢ nhap
vién cao va chat lugng cudc song thip. Chi phi cho
mdi dot didu tri ndi tri cia bénh nhan suy tim 1én dén
25 triéu dong [1]. DBay la khoan chi phi trong dbi cao
d6i voi nhiéu gia dinh ¢ Viét Nam. Gan day, mot sb
thiét bi, cong cu hd trg bénh nhan suy tim da duoc
nghién cuu, thiét ké va ché tao va thuong mai hoa co
thé ké dén nhu thiét bi hd tro tm thit (ventricular
assist device VAD). VAD dau tién duge nghién ctu,
thiét ké ché tao va cay ghép thanh cong cho bénh
nhén vao ndm 1966 do Dr. Michael E. DeBakey thuc
hién [2]. Cho dén nay, VAD c6 tén 1a HeartMate III
do hing Thoratec san xuét nho gon, va kha hoan
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chinh v& cong nghé. Mot thiét bi khac ciing co mit
trén thi truong hién nay do la thiét bi hd trg bénh
nhan suy tim st dung phwong phap vanh giing tim
[3]. Mt thiét bi nita c6 tén 1a thiét bi hd trg bénh
nhan suy tim st dung phuong phap ong tay robot
mém [4]. Tuy nhién, nhimg thiét bi, cong cu nay cb
gia thanh rat dét (tir 900 tri¢u dong trg 1én), chua tinh
chi phi ciy ghép thiét bi, didu tri va dung thudc. Do
vay, viéc nghién curu, thiét ké mot cong cu hd trg qua
trinh co bop cia tim 1a rat can thiét tai Viét Nam.

Bai bao nay trinh bay viéc nghién ctru, thiét ké
cong cu hd trg qua trinh co bop ctia tim. Két qua cua
nghién ctru dugc thur nghiém véi tim gia - 1a tim dugc
nhom nghién ciru ché tao bang silicon. B cuc cia bai
bao duoc chia thanh cac ndi dung chinh gom phan
gidi thiéu, phan phuong phap thiét ké, phan két qua
va ban luan, cudi cing 1a két luan.

2. Phuong phap luin
Suy tim va mét sé van deé lién quan dén suy tim

Suy tim I khi tim bi giam kha ning gidn dé
nhan mau (suy tim tam truong) hodc giam kha nang
co bop (suy tim tam thu), dan dén giam luwgng mau
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can thiét di nudi co thé va o tré mau & phoi va ngoai
bién [5].

Nguyén nhén cia suy tim [5]: Sy tén thuong co
tim chinh 12 nguyén nhan gy ra suy tim. Mot s6 can
nguyén sau diy co thé khién cho co tim bi ton
thuong:

Bénh dong mach vanh: La bénh 1y xay ra khi
dong mach cép mau cho tim bi hep, do cdc mang xo
vita hodc do su co thit mach, dan dén tim bi thiéu
oxy, gy dau that nguc.

Dién hinh 1a nhdi mau co tim: Cac con nhdi mau
co tim xdy ra khi dong mach vanh bi tac nghén dot
ngot, ngan chan su luu théong mau dén cac té bao co
tim, 1am ton thuong co tim va khu vyc khong duoc
cip mau d6 s& khong thé hoat dong binh thudng.

Bénh co tim: Ton thwong co tim con bat ngudn
tir nhiéu nguyén nhan khéc ngoai cac van dé vé dong
mach hodc luu théng méu, ching han nhu tinh trang
nghién rugu, hit thude 14 1au ngay hodc st dung ma
tay.

Nhitng bénh ly man tinh khién tim hoat dong
qua strc: Bao gdm bénh ting huyét ap, bénh van tim
(nhu hé van tim), bénh tuyén gidp (nhu cuong giap),
suy than, dai thao duong hodc cac khiém khuyét &
tim, day déu c6 thé 1a nguyén nhan dan dén suy tim.
Bén canh d6, bénh nhan méc dong thoi cac bénh ké
trén c6 nguy co méic suy tim cao hon. Bénh nhiém
trang, nhiém doc anh huéng dén co tim.

Triéu chiing 1am sang cua suy tim trai, phai va
toan bo:

Suy tim phai: bao gdm cac nguyén nhan giy can
tro trén duong téng mau, ting ganh ning va ton
thuong truc tiép co tim that phai.

Suy tim trdi: Gom céc nguyén nhan gy ra can
tro trén duong tong mau, ting ganh ning va ton
thuong co tim thét trai.

Cong cu hd trg qua trinh co bop cia tim bao
gdm 4 khdi chinh: Khdi ngudn, bo phan hd trg co bop
tim, khoi thu nhan tin hiéu va diéu khién qué trinh co
bop tim, khéi hién thi.

= Khbi nguon: Cung cip ngudn dién cho toan bo
thiet bi

So d6 ce“ip nguén cho toan bo thiét bi duoc thé
hién nhu hinh 2.

= Bo phan hd trg co boép tim: Day la phan quan
trong nhat clia cac nghién ciru trén thé gidi noi chung
va cua nghién ctru ndy ndi riéng. Nhom tac gia da dua
ra mot sO ¥ tuong dé thiét ké, ché tao b phan hd tro
co bop tim nay cu thé:

Y tuong 1: Thiét ké mot mang bao quanh qua
tim va bd phan co hoc 1a dang cac canh tay nho tac
dung tryc tiép 1én bd phan mang bao quanh tim dé tao
ra lyc ép 1én tim nham hd trg qué trinh co bop cua
tim.

Dé diéu tri bénh suy tim, ngoai viéc diéu chinh
16i sdng, diéu tri bang thudc; cac bac sy chuyén khoa
tim mach con dung cac k¥ thuat cao nhu cdy may tai
ddng bo that trai (CRT), cdy may khir rung ty dong
(ICD), thiét bi hd tro that trai (LVAD), ghép tim, va
gan day nhit 1a tim nhan tao toan bd. Cac ky thuat
nay chua dugc thyc hién mot cach rong rdi & Viét
Nam do can phai ¢6 trang thiét bi va trinh do ky thuat
chuyén sau, va nhit 1a do chi phi con rit cao so v&i
kha ning kinh t& ciia nguoi bénh. So dd khdi cua
cong cu hd trg qua trinh co bép cua tim duoc nhom
nghién ciru dé xuét dwoc thé hién trong hinh 1.

Tuy nhién, ¥ tuong nay c6 mot sé nhuoc diém
do6 la khoang nguc co thé nho viéc dua thiét bi vao co
thé 1a kho thuc hién, canh tay co bop kho lya chon vét
liéu dé trién khai do trong co thé ngudi can tranh
nhiém tring khi tiép xtc va co thoi gian sir dung lau
dai.

----- I
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Hinh 1. So d6 khéi ctia cong cu hd trg qua trinh co bop ciia tim
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Y tuong 2: Thiét ké bd phéan bao tim twong tu y
tuong 1, bo phan tac dung luc bang cac day quan ludn
vao bén trong bd phan bao tim va st dung dong co
bén ngoai dé quén hodc tha diy tao lyc ép lén tim.
Nhung ¥ tuong ndy cb nhuge diém 1a cac duong day
bao tim khi bénh nhan di chuyén s& giy anh huong
16n dén céc co quan khac trong co thé nguoi. Bén
canh d6 néu trudong hop day bi ket trong co thé ngudi
1a rat nguy hiém.

Ngudn dién ap
220VAC

220 VAC
220 VAC

Khéi ngui’m o ong
220VAC - 24VDC

Mady bom khi nén

24VDC

Module Mosfet Module ngudn
12VDC
A 4 v =2
Van déng ngit
khi nén

Hinh 2. So db cép nguén cho toan bd cong cu hd trg
qua trinh co bop cua tim

Y tuong 3: Thiét ké bo phan bao tim twong ty y
tuong 1, bd phan tic dung luc bang cac 6ng quin
quanh bd phan bao tim; cic éng nay sir dung dung
dich hodc khi dé lam cang cac éng tao ra luc tac
dung. Uu diém cua y tuong nay 1a khi hodc dung dich
s& an toan vai co thé hon so v6i cac phuong phép
khac. Nhung van tdn tai nhuge diém do6 1a dam bao
ngudn cung cip khi hodc dung dich 6n dinh. Néu 1a
dung dich cAn dam béo an toan véi co thé khong gay
1o ri. Néu 13 khi can chu ¥ t6i 4p suit ddy vao bén
trong cac dng. Nhom tac gia lwa chon y tudng 3. Nhu
véy, bd phan hd trg co bop tim cd cac thanh phin
chinh gdm bd phan bao tim, bd phéan cung cap ap luc
(may nén khi) va cac dng dan né tao lyuc tac dung truc
tiép 1én tim. So d6 khdi thé hién duong di chuyén cua
khi nén trong bd cong cu hé trg tim co bop dugc thé
hién nhu trong hinh 3.

Bj didu
khién 4p
suat

Van dong
ngat khi
nén

Mdy bom
khi nén

Hinh 3. So d6 khéi théNhién duong di chuyén cua khi
nén trong b cong cu ho tro tim co bop

Céc 6ng dan nd o day dugc nhom tac gia ché tao
tir vat liéu silicon dang long d6 bang khuén. Silicon
sau khi kho rit mém, chic chin va rit co gian, cé thé
kéo dai gap nhiéu lan kich thudc ban dau ciia né ma
khong bi rach va s€ tr¢ lai hinh dang ban dau ma
khong bi bién dang. Dé bao vé cac ong din né nay
tranh dan t6i mirc ma khong thé dan hoi lai hodc bi
nd, cac tac gia st dung dy ludi c6 dang nhu hinh 4.
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Hinh 4. Hinh dang day ludi boc 6ng dan no

Trong qué trinh nghién ctru thir nghiém, cac dng
dan ndé thr nghiém dugc duc véi duong kinh bén
trong thanh dng 1a 5Smm; chiéu dai dng 30cm va do
day ong 1a 2mm vi voi d¢ day nhu nay thi ap luc cia
dng chiu dung tbt va qua trinh duc éng d& dang hon
s0 v6i dng co d6 day 1mm. Hinh 5 thé hién 6ng dan
no duoc dac béng silicon 16ng va sau d6 dugc boc
ludi dé bao ve.

a)

» b)
Hinh 5. Ong din né duoc duc bang silicon 1ong (a);
va sau do dugc boc ludi (b)

B phén bao tim:

Dé ¢6 qua tim nguoi phuc vu cho nghién clu,
thir nghiém trong Iinh vuc y khoa cling nhu trong
nhitng nghién ctru nhu nay qua 1a mot van dén hét
strc kho khan. Chinh vi vay, nhom tac gia da duaray
tuong ché tao tim gia bang vat ligu silicon.

Thiét ké bao tim c6 thé bat chudc chirc ning
sinh hoc phirc tap ctia tim do6 1a sy co bop tim. Dé co
thé tao thanh bo phén bao quanh qua tim tiép xuc truc
tiép v6i thanh qua tim, nhom nghién ctru di dac bo
phan bao tim bang Silicon 16ng dya trén khudn mau
dugc thiét ké bang phan mém Solidworks sau do
dudc in 3D. Hinh 6 thé hién bo phan bao tim duoc
duc bang silicon long.

Hinh 6. B6 phdn bao tim duoc dic bang silicon long

Sau khi thiét ké bo phan bao tim va cac dng dan
nd, nhom nghién ctru thye hién cong viée cb dinh cac
dng dan no theo dudng tron va duong xoén b¢ dé tao
thanh b phan co bop nhu trong hinh 7.
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Hinh 7. Cac émg dan no fiuqc cd dinh xung quanh bd
phén bao tim trudc khi do silicon

Qua trinh d9 silicon dé ¢ dinh cac dng dan no
xung quanh b phén bao tim dugc thé hién trong hinh

Hinh 8. Qua trinh d6 silicon ¢b dinh cic dng dan né
xung quanh bd phan bao tim

Hinh 9. Hinh anh bén trong bd phan hd trg co bop
tim
= Khdi thu nhan tin hiéu va diéu khién qua trinh co
bop tim:
Khéi nay thuc hién diéu khién qué trinh co bop
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bang cac xung dua trén chu ki tim co ban; thu nhan
tin hi¢u tir bo d1eu khién 4p suat thong qua vi xu ly dé
diéu chinh 4p sudt nhu mong mudn va cung cap tin
hiéu dé hién thi 1én man hinh. So d6 khéi chi tiét cua
khdi nay dugc thé hién trong hinh 10. Bo diéu khién
ap sudt khi nén tao ra ap luc dé ép 1én thanh tim. Pay
la mét yéu td rat quan trong, nén viéc diéu khién mot
céch chinh xéac ap suét khi 13 sy vu tién hang dau. Khi
nén duoc cung cap boi bo didu khién khi nén
ITV1050-212BL ciia hang SMC -Nhat, 4p suat du ra
ctia bd diéu khién nay co6 thé didu chinh theo dai ¢
dinh va duge hién thi trén man hinh. Dau ra cua bd
diéu ap ITV c6 mot cam bién ap suat. Cam bién nay
dugc s dung dé do ap suét khi nén diu ra, ciing
chinh 1 4p sut dit 1én cac dng din né. BO didu khién
ap suat str dung ngudn cung cip 24Vdc. Pau ra may
nén khi c6 thé dugc diéu khién bang dién tir v6i dai
diép ap diéu khién tir 0-5Vdc.

-
Chu ky tim | Vidiéu khién
co ban Arduino UNO R3
——» T

Module giao
Module DAC Mosfet tiép hién thi
12C
A A
Man hinh
hién thi LCD

Cac van khi
nén

Hinh 10. So db khdi chi tiét cua khéi thu nhan tin

hiéu va diéu khién qua trinh co bop tim

B9 diéu khién
ap suat

Module DAC (digital to analog converter) PCF
8591 [6] duoc s dung dé chuyén tin hiéu sb tir vi
diéu khién thanh tin hiéu analog nham diéu khién bo
diéu ap ITV. Module nay cé 8bit nén ¢ thé diéu
khién 2%= 256 muc voi dai ap suét tir 0,0005- 0,9
(MPa).

Céac van dong mo khi nén dé diéu khién thoi
diém dong ngét khi khac nhau, & déng mo khi nén,
nhom tac gia st dung 2 cum 4 van dién tir loai 3/2 (3
ctra 2 vi tri), loai nay dugc diéu khién chu yéu béng
cudn coil dién tir, van c6 chtic nang dong mo va xa (1
cong vao, 1 cong ra, 1 cong xa), chi st dung hoi khi
nén, thuong dugc dung dé didu khién xi lanh khi nén
1 chidu (loai tac dong don). Dé diéu khién qué trinh
hoat dong ctia toan bo hé thong trong nghién ctru nay,
chung t6i s dung Vi diéu khién Arduino UNO R3
[7]. Module nay dugc st dung phé bién tai Viét Nam,
gia thanh khong dit, dic biét, né hd tro giao tiép
I2C/TWI v6i cac thiét bi khac. Dé c6 thé sir dung
xung PWM dong ngit cho nhiéu van khi nén khéc
nhau va thoi gian dap irng nhanh chong, nhom tac gia
da str dung 4 module mosfet nham diéu khién cho h¢
thong 8 van khi nén tin hiéu du vao 1a cac xung
PWM ti 1€ chu ki xung 1a 25% véi chu ki 12 0,8s

»  Khdi hién thi:
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Trong nghién ctru nay, chung t6i sir dung man
hinh LCD 16x4 d¢ hién thi két qua do duogc.

3. Két qua va ban luin

Trén co s& 1y thuyét, phuong phap ludn ma cac
tac gia dd nghién ctru va thyuc hién; khéi thu nhan tin
hiéu va diéu khién qua trinh co bop tim da duoc cac
tac gia cu thé héa bang cac mach cing va cac module
duoc két ndi v6i nhau va duge thé hién nhu trong
hinh 11. Hinh anh bo cong cu hd trg qua trinh co bop
cua tim duoc thé hién trong hinh 12.

Hinh 11. Mach cing va cac module cia khdi thu
nhén tin hi€u va diéu khién qua trinh co bop tim

Gia treo tim gia

Chiéu cao cot nude
h (cm)
B0 phan t‘hu nhan tin
hi¢u va diéu khién qua
trinh co bop tim

Tim gia va
céc dng danf
khi dan né

Hinh 12. B cong cu hd tro qué trinh co bop cua tim

Dé tién hanh thir nghiém, cac tic gia da sir dung
nude sach thay cho mau dé dua vao tim gia va sir
dung 6ng nghiém dé do thé tich nudc (thé tich nhat
bop cua tim) ¢ don vi ml voi dudng kinh 6ng 1a
14mm. Ta c6 thé tinh dugc thé tich nhat bop cua tim
(thé tich mau ma mdi lan tim déay di t6i cac bo phan
ctia co thé ngudi) qua cong thirc tinh thé tich hinh try:

V=mxR?xh )

trong do: w = 3.14; R 1a ban kinh 6 dng nghiém; A 1a
chiéu cao 6ng.

Céc budc tién hanh thir nghiém
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Budc 1: Két noi ong khi cia may khi nén, cac ong
dan no véi bo phan thu nhan va diéu khién

Budc 2: Bat cong tac nguén

Budc 3: bicu chinh ap suat bang niit bam

Budc 4: Ghi chép sb liéu ap suat duoc hién thi trén
man hinh LCD va chiéu cao c6t nudc trong 10 phut
co bop.

Nhom tic gia tién hanh nhiéu thi nghiém, mdi
thi nghiém 2 14n do, mdi 1an do cach nhau khoang 10
phit, bit dau tir gi4 tri ap sudt khi nén nho nhat 1a
0.01 Mpa dé tim ra thé tich nhat bop cua tim. O ngudi
truong thanh, thé tich nhat bop cua tim khoang tir
60ml dén 100ml v6i chu ky tim 1a 0.8s twong tmg véi
nhip dép cta tim la 75 nhip/ phut [8].

S6 liéu thir nghiém do dugc va tinh toan tl}é tich
nhat bop trung binh qua cong thic duoc thé hién
trong bang 1.

Biing 1. Bang s6 lidu thir nghiém do thé tich nhét bop
thuc té

i Chidu Thé tich nhat Thé tich
Thi Lin suér a0 bép tinh toin nhat
nehiém do ™ al)) éne h trung binh qua bép do
ghie p ( g) cong thirc duoc

om Vi (ml) V (ml)

1 5 8

1 5 0,01 5.6 8,2 7

1 11,4 17

2 2 0,03 12.2 18,2 15

1 18 27

4 2

3 2 0.0 19,1 8,5 29

1 23 36

4 7 0,06 N 36,2 38

1 33,4 50

5 > 0,08 325 50,0 5

1 37,3 57

6 5 0,1 37.6 57,7 59

1 42,1 65

7 > 0,11 42.9 65,4 63

1 47,5 70

8 > 0,14 48.5 73,9 74

1 51 77

9 5 0,15 50 71,7 79

4. Két luan

Qua qua trinh nghién ctru, bude ddu nhom tac
gia da thiét ké ché tao dugc bd cong cuy trg qua trinh
co bdp cua tim. Do nghién ctru nay thir nghiém trén
tim ngudi - ddy 1a diéu kién thir nghiém rat kho kha
thi nén ching t6i da ché tao tim gia bang silicon aé
thir nghiém dya trén nguyén 1y hoat dong, mot s6 dic
diém va chirc ning chinh vé& mit y hoc ctia tim. Nhom
tac gia da thuc hién nghién ciru, thiét ké va ché tao bd
cong cu hd tro qua trinh co bop cua tim tai phong thi
nghiém ctia b mon K¥ thuat y sinh - Truong Pai hoc
Bach Khoa Ha Noi. Trong tuong lai gan, cic tac gia
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s& phat trién dé tai nay theo hudng tich hop cac linh
kién thanh mach t6 hop ¢& nho, thiét ké cac cam bién
ap sudt va cam bién luu lugong c¢& nho, thu nho thiét bi
dé budc dau c6 thé thir nghiém trén dong vét ching
han nhu lon,....
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	Nguyên nhân của suy tim [5]: Sự tổn thương cơ tim chính là nguyên nhân gây ra suy tim. Một số căn nguyên sau đây có thể khiến cho cơ tim bị tổn thương:
	Suy tim phải: bao gồm các nguyên nhân gây cản trở trên đường tống máu, tăng gánh nặng và tổn thương trực tiếp cơ tim thất phải.
	Suy tim trái: Gồm các nguyên nhân gây ra cản trở trên đường tống máu, tăng gánh nặng và tổn thương cơ tim thất trái.




