Tap chi Khoa hoc PHQGHN: Khoa hoc Ty nhién va Cong nghé, Tap 33, S6 3 (2017) 1-9

Phan tich chan doan bénh mach vanh
dua trén tin hiéu dién tam do

Tran Nhu Chi', Nguyén Thi Thanh Van'*, Lé Vian Chiéu®

"Truong Bai hoc Cong nghé, PHOGHN, 144 Xudn Thity, Ha Néi, Viét Nam
’Ban Quan ly cac dy an, PHQOGHN, 144 Xuan Thuy, Ha Noi, Viét Nam

Nhan ngay 08 thang 5 ndm 2017
Chinh stra ngay 08 thang 6 nam 2017; Chap nhén dang ngay 15 thang 9 ndm 2017

Tém tit: Dién tim d6 (ECG) ghi lai va biéu thi cac xung dién trong qua trinh hoat dong ciia tim.
Nghién ctru cac ddc trung trong tin hidu dién tam d6 dé phat hién ra nhimng diém bét thuong cua
tim c¢6 ¥ nghia quan trong trong linh vuc y khoa. Béo céo nay trinh bay phuong phap phat hién hoi
chung day tam thit va day tdm nhi cua tim trén co s& phan tich tin hiéu dién tim dd két hop véi
cac dic diém cta bénh. Mot chuong trinh thyc hién tu dong phan tich tin hi€éu ECG nham phat
hién hoi ching day tAm that va day tim nhi d3 dugc phat trién va kiém ching véi cac miu tin hiéu
ECG. Két qua kiém nghiém cho thdy két qua chin doan c6 do chinh x4c cao, hira hen kha ning
tich hgp chuong trinh vao thiét bi do ECG thyc hién sang loc va hd tro chin doan tu dong.

Tir khéa: Pién tam d6, ECG, hoi ching day tam thit, hoi chimg day tdm nhi, xir 1y tin hiéu.

1. Gi6i thigu

Tim 13 mdt trong nhing bd phan rat quan
trong giup duy tri sy séng cia con ngudi. Do
tinh chit quan trong cua tim, cac bénh 1y lién
quan luén nhan dugc sy quan tdm nghién ctru
clia cac chuyén gia y té. Cac bénh ly cia tim
hau hét duoc phan anh thong qua tin hiéu dién
tam d6. Tim tao ra cic xung dién nho, truyén
dan dén co tim dé thuc hién sy co bop cua tim.
Nhitng xung dién nay duoc ghi lai, thé hién trén
dd thi va xem nhu 13 dién tdm dd hay con goi la
ECG hay EKG (electrocardiogram). Pic trung
cta tin hiéu ECG dugc thé hién thong qua cac
song P, phtrc bd QRS va song T, va déi khi voi
song U nho [1]. Trong d6 phiic bo QRS thé
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hién sy co thit ciia tim thét trai va phai, song P
14 do co thit tAm nhi, song T mo ta sy phan cuc
cta tAm thit va séng U 1a biéu thi cua co nhi.
Cac phuong phép phat hién vi tri séng cua ECG
tap trung vao viéc phat hién phic bo QRS dau
tién do co6 gia tri bién do dinh 16n nhét, tur do
suy ra vi tri cia cac song R, Q, S, P, T con lai
hay cac doan quan trong RR, ST, PR. Phuong
phap chii yéu dé xac dinh phirc bd QRS 1a sir
dung phuong phap loc co ban hay cac phuong
phép khac nhu mang neuron nhén tao [2], gidi
thuat gen [3], bién doi song con [4, 5], mo hinh
Markov 4n [6]... Két qua cua nhitng nghién ctru
xac dinh vi tri cac séng trong ECG ¢ trén
thuong duoc st dung cho muyc dich y khoa, cu
thé 1a trong chan doan bénh lién quan t6i tim.
Theo théng ké y hoc, mot trong nhitng bénh
nguy hiém lién quan dén hoat dong cua tim 1a
hoi ching day thit va day nhi. Néu day that 1a
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ngudn gbc cia ba bién ching tim nhu thiéu
mau co tim va nhdi mau co tim, giam co bop va
gdy rdi loan chirc ning tdm trwong, loan nhip
tim thi day nhi s& phat sinh thiéu mau co tim va
cac bénh 1y vé van tim. Hoi chung day that va
day nhi duoc biéu hién trén ECG thong qua dic
diém khac thuong cua song R, S, P trén cac
chuyén dao Vi, V,, Vs, Vg, dII [7]. Dé hd tro
qua trinh chan do4n bénh chinh x4c, bai bdo dé
xuat mot phuong phap chan doan bénh day that
va day nhi hiéu qua cho phép tu dong xac dinh
truc tiép cac thong sb lién quan dén hoi ching
trén co sd phén tich tin hiéu ECG. Mot ph?m
mém tng dung véi cac chirc ning hitu ich trong
chin doan va diéu trj bénh duogc xay dung dé
thuc thi phuong phap dé& xudt véi cac miu dir
liéu ECG clia Physionet. Két qua thir nghiém
chan doan bénh trén cac mau voi do chinh xac
cao da khing dinh hiéu qua cia phuong phap dé
xuét va tinh kha thi trong g dung thyc tién.

Béo cao nay dugce trinh bay bao gom bbn
phan. Phan 1 gi6i thiéu tong quan véan deé
nghién ctru. Phan 2 trinh bay tom tit hoi ching
day thit va day nhi theo quan diém y hoc tir d6
dé xuét phuong phap chan doan cac hdi chimg
nay trén co so phén tich tin hiéu ECG. Mot sé
thue nghiém kiém ching phuwong phap dé xuit
va thao luén dugc trinh bay trong Phan 3. Phan
cudi 1a mot s két luan va dinh hudng nghién
ctru tiép theo.

| | lf /\R'A/\/‘
,,/Vj\ Nf
Vi V2 V5 V6

R tai V5/Vg>25 mm, Stai V,/V, daira>25mm,

chi sb Sokolov-Lyon that trai: SV,+RVs/V > 35mm,

nhanh ndi dién téi mudn > 0,045 s.

(a)

2. Hoi chirng day tAm thit, day tim nhi va
phwong phéap chin doan dwa trén phan tich
tin hi¢u dién tim

Phan nay s& trinh bay hoi ching day tdm
thit va day tdm nhi cta tim theo quan diém y
hoc va sy thay ddi cua tin hiéu ECG khi xuat
hién cac hoi ching nay. Trén co so do, mot
thuat toan ty dong phat hién hoi ching day that
va day nhi trén co s& phan tich tin hicu ECG
dugc dé xuat. Mot chuong trinh da dugc phat
trién dé thyc hién thuat toan.

A. Héi chitng day tam that

viéc co bop va ddy mau di va do né thanh
cua n6 day 1én va gian ra. Hoi chiing nay tac
dong rat 1on dén qua trinh khir cuc 1am thay ddi
bién d6 cuia song: R ting 1én & chuyén dao truc
tiép, S sau thém & chuyén dao phia ddi 1ap va
QRS rong hon. Cac bién ddi vé khir cuc nay s&
giy ra cac bién do6i thi phat cia qué trinh tai
cuc dan dén ST chénh va T nguoc chiéu véi
QRS. Hinh 1 thé hién tin hiéu ECG va mot sb
thong sé cua hoi ching day that [7].

B. Hoi chung day tam nhi

Hoi chimg day tim nhi 1 sy ting 1én vé thé
tich ctia tm nhi, c6 thé 1a ting 1én thé tich cua
tdm nhi trdi hodc phai hodc ca hai nhi. Hoi
chimg nay 1a nguyén nhan giy ra thiéu mau co
tim va cac bénh 1y vé van tim. Hoi chimng day
nhi s& gy ra bién doi vecto khir cuc do dé thu
dugc song P khac thuong trén ECG. Hinh 2 thé
hién tin hiéu ECG ciung mét sb thong sb trong
hoi ching day nhi [7].

G

Vi

R ta1’V12 7 mm, R/S ta} V], V2 > 1, R/S ¢ V5,V6 < 1,
chi s6 Sokolov-Lyon that phai: RV |+ SVs/V¢> 11mm,

ST-T trai chiéu QRS.
(b)

Hinh 1. ECG ctia hoi chimg day thét: (a) Day thét trai, (b) Day thét phai [7].
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=2 Amm

Diy nhi phai

a) Song P > 2.5 mm, P tai V| c6 dang 2 pha +/- va >
0,03 s, truc song P 1éch phai gitra 60° va 90°, phic bo

QRS ¢ V; ¢6 dang QR: diu hiéu Soli Pallares.

AN

Binh thuong

m

Day nhi trai

b) Song P> 0,12 s, P ¢6 2 dinh hodc cd6 moc hoac
¢6 hinh lung lac da, P tai V| c¢6 dang 2 pha +/- va
> 0,04 s, truc song P 1énh trai gilra 40° va 0°.

Hinh 2. ECG cua hdi chung day nhi: (a) Day nhi phai, (b) Day nhi trai [7].

C. Phuong phdp chan dodn héi chimg day

tam thdt va day tam nhi

Duya trén nhiing dac trung cua tin hi¢u
ECG cua bénh nhan mic hoi ching day tim
thét va day tdm nhi, mot chuong trinh da duogc
phat trién dé ty dong phat hién cac dic trung
nay. Luu @ thuat toan thyc hién dugce trinh bay
trén Hinh 3. Trudc tién can xac dinh cac dudng
dfmg dién cua toan tin hi€u va trong mot chu
ky. Sau d6 tién hanh xac dinh lan lugt bién do,
vi tri cac dinh dac trung R, P, Q, S, T trong tin
hiéu ECG. Trén co sé d6 phan tich dic diém
cua song R, S, P, ST trén cac chuyen dao Vi,
Vs, Vs, Vg, dIl dé dua ra cac chan doan lién
quan t6i bénh day that va day nhi. Cac chin
doan duoc dua ra dua trén chi s6 SOKOLOW —
LYON [7].

Puong dang dién biéu hién khong c6 xung
dién toi dién cuc gin trén chuyén dao. Puong
ddng dién chung e, (1) cua toan tin hidu duoc
tim bang cach so sanh s diém trén va duéi xdp
xi bang nhau thong qua vong lap co didu kién.
Dé x4c dinh d6 rong cua ting song trong ECG
thi yéu ciu mot duong ding dién chinh xac hon,
d6 1a duong dang dién trong mot chu ky. Gia tri
ngudng trung binh duge chon la 50 dya trén sO
diém cua tin hiéu ECG. Thuét toan tim duong
dang dién trong mot chu ky vé co ban giéng
thuat toan tim duong ding dién chung nhung
thay ddi vé khoang xét.

(min+ max) (min+ max)|

s =N > -M< <50
2 2

e

N, M: s6 diém (1)

_ Tinhi¢u ECG duge tien xir 1y d¢ loai bo
nhicu tan sO thap théng qua bién doi Fourier
nhanh - FFT (X(k)) va khoi phuc vé mién thoi

gian boi bién ddi Fourier nguoc - IFFT (x(n))
nhu (2).

0<k<N-1

()
x(n) = 0<n<N-1

Tin hleu sau khi tién xur 1y dugc dua qua
ctra sb loc voi kich thuée N dé xac dinh cac
dinh duong xy(n) (3) co trong tin hi€u va qua
loc ngudng T (4) dé thu dwoc cac dinh R * ‘tam
thoi” x7(n). Tuy nhién, viéc loc ngudng chua t6i
uu va co thé van con sot cac dlem R, vi vay tin
hiéu can duoc qua mot cua s6 loc diéu chinh
v6i kich thuéc cira s6 diéu chinh Ny, dugc tinh
todn dya trén khoang céach gitta cac dinh R “tam
thoi” (5)

xy (n) = filterwindow{x(n),N} 3)
Xp (n)= {xw (n) | Xw (n) < T} (4)
N,.. =2*{xT(n)—xT(n-1)}—0.04*7; &)

trong d6 T, 1a tc do lay miu.
Sau khi xac dinh duoc cac dinh R, dua vao
dac trung cua cac dinh trong dién tdm do dé xac
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trén c\a’tc chuyén gao Yl, V,, Vs, Vi, dII nhu trép
luu 6 Hinh 3 @€ chuan doan hoi chirng day that
va day nhi.

dinh vi tri cua cac dinh Q, P, S T con lai. Khi vi
tri ctia tAt ca cac dinh song cing gia tri cua nhip
tim, dudng ding dién da duoc xac dinh, phan
tich dac diém chi tiét cua cac song R, S, P, ST

v
| min/[iR;-0.1s: iR,] |
v
Pinh Q vavi tri Q
(iQ)

v

max/[iQ-0.2s: iQ] |

Loc ctra s6
Pinh P
Loc ngudng
min/[iR:iR,+0.15s]

Loc diéu chinh +
Pinh S vavi tri S
(iS1)

v

min&max/

Tb=(max+min)/2

[iS+0.15:iS,+0.3s]

max/
[iS,+0.1s:iS,+0.3s]

Pudng ding di¢n = Tb

Nhip tim = 60/ Dinh R thtr 1 va [iS,+0.1s:iS,+0.3s]
(iR -iRp) thir 2: iRy, iR, (minT, maxT)
PinhR,Q,P,S, T
) ] )
Lo . DbosauSao 'V, DocaoRo V
Vitri R tha 2 ; ! : !
(R) (sv+l mV) (RV|+mV)
DocaoR ¢ Vs, Vg DosauS o Vs, Vi
max=max/[tR-40/ (RVs RVsmV) (SVs,SVsmV)
nhiptim:tR ;-40/nhiptim]

min=min/[tR -40/ ai
nhiptim:tR ;;40/nhiptim] Dung Ding

| Day that trai | Khong bi bénh Day thét phai Khong bi bénh
> Tb=(max+min)/2
[
S6 hrong diém (slt) >Tb? vy ¥ l
G‘a‘%:n"(‘z' ‘g"“g Vitr Pehuky 2
| min=Tb | | max=Tb | | S8 luong diém (sld) <Tb? | +" 2 T
Do rong P Do cao P
dP=ty-ty so voi Tbn (hP)
Puidng ding dién trong
mdt chu ky = Thn -
Sai
Dung Dung
| Day nhi trai | Khong bi bénh | Day nhi phai | Khong bi bénh

Hinh 3. Luu d6 thuat toan phuong phéap chan doan hoi chimg day that va day nhi.
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3. Két qua va thio ludn

Phuong phap chan doan hoi ching day
that va day nhi dé xuét duoc thuc nghiém voi
cac mau dir litu ECG tir co so dit liéu chuén
cua Vién Do luong cua DPuc - PhysiNet-
Physiche Bundesanstalt (PTB). ECGs dugc thu
thap tr nhitng nguoi tinh nguyén khée manh va
nhiing bénh nhan bi cac bénh tim khac nhau do
Giao su Michael Oeff, MD, tai Khoa Tim mach
cua Bénh vién DPai hoc Benjamin Franklin &
Berlin, Dtc. Mot phdn mém tng dung xay
dung trén ngon nglt C++ vdi cac tinh nang phan
tich, lwu trit va trich xuét truc tiép két qua chan
doan dé hd trg thuan loi qué trinh tham kham
va diéu tri bénh.

Hinh 4 13 vi du mét mau tin hiéu ECG cua
bénh nhan dua vao phin mém dé chan doan
bénh. Phan mém chan doan da phat hién hoi
chung day thit va day nhi trén tp cac mau dit
liéu ECG. Hinh 5 la cac dang tin hi¢u sau khi
loc nhiéu, loc diéu chinh, xéac dinh vi tri cac
song co ban R, S, Q, P, T, va cac dudng déng
dién cua toan bo tin hiéu cling nhu trong mot
chu ky. Tin hiéu trén Hinh 5a 1a tin hiéu loai bo
nhiéu cong nghi€ép 50Hz, loc bo nhiéu tan sd
thip va tin so cao ngoai dai tin hiéu dién tim.
Loc diéu chinh gitp loai bo nén mot chiéu cua
tin hi€u. Trén co s& cac gia tri tim dugc, tinh
toan cac thong sb can thiét dé dua ra chan doan
vé hoi chimg day that va day nhi.

A. Két qua loc tin hiéu va phat hién dinh

~Hinh 5 1?1 cac dang tin hi¢u sau khi loc
nhiéu, loc diéu chinh, xac dinh vi tri géc song
co ban R, S, Q, P, T, va cac duong dang dién
cua toan bd tin hi¢u ciing nhu trong mét chu ky.
Trén co sé‘ cac gié t}‘i tim duocz tinh toér} cac
thong s6 cén thi€t d€ dua ra chan doan vé€ hoi
chung day that va day nhi.

B Két qua chan doan hgi chung day tam

that (day that trai, day that phdai)

Hinh 6 thé hién két qua phat hién song R va
S trén cac chuyén dao V, (Hinh 6(a)), Vs (Hinh
6(b)), va V¢ (Hinh 6(c)) vdi cac gia tri nhu sau:

e Nhip tim: 68.331 BPM

e SV, +RV5;=6.0122mV, SV, +RV¢=

4.6963 mV
e RV;+SV5;=0.311803 mV, RV, +SV¢=
0.153703 mV

So sanh vdi tiéu chudn SOKOLO - LYON
thi chan doan: tim bi day that trdi.

Hinh 7 thé hién két qua phat hién song R va
S tai cac chuyén dao V; (Hinh 7(a)), Vs (Hinh
7(b)), va V¢ (Hinh 7(c)) vdi cac gia tri nhu sau:

+ Nhip tim: 51.5021 BPM

+ SV, +RV5=10.771242 mV, SV, +RV¢=
0.788699 mV

+ RV] + SV5 =
2.9453 mV

So sanh v6i tiéu chudn SOKOLO- LYON
thi chuan doan: tim bi day that phaii.

2.98276 mV, RV, + SV¢ =

= bl

difmy)

L

o 1000

EA B o

3000
2850 -
2700
2550
24900 l
2250 ‘\'1'
2100 —
2000

se:mds {s)

5000

WELCOME TO ECG_DIAGNOSTIC_V3_3

! [ @

| e = ==

Hinh 4. MAu tin hiéu ECG cén chin doan bénh dwgc hién thi trong ph?m mém chin doan bénh.
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Hinh 5. (a) Tin hi¢u sau khi loai b6 tan s6 thap, (b) Tin hi¢u sau loc higu chinh va x¢a dinh lan cén,
(c) Cac dinh song R, S, Q, P, T, (d) Puong dang dién.

sl T T ' T T ] '.:" )

0.8
g
18k
24F

Y1(my)

1 Y 1 L

seconds(s) seconds(s)

(a) (b)

seconds(s)

()
Hinh 6. Két qua chan doan bénh day that trai. (a) Chuyén dao V,; (b) Chuyén dao Vs, (¢) Chuyén dao Vi
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3.15
27

2.25
18

1.35
0.9

V1my)
E(m)

1 — 2 IIII 1 2
seconds(s) seconds(s)

(a) (b)

Yalmi)

seconds(s)
(c)
Hinh 7. Két qua chuén do4n bénh day thit phai. (a) Chuyén dao V; (b) Chuyén dao Vs, (¢) Chuyén dao V.
C. Két qua chan dodn héi chimg day tam rong song va do cao song. Theo thong s6 v& hoi
nhi (day nhi trdi, day nhi phai) ching day that thi chan doan bénh tuong tGng
Hinh 8 1a két qua phat hién song P trén voi day nhi trai (Hinh 8(a)) va day nhi phai
chuyén dao dII v&i cac thong sb vé nhip tim, do (Hinh 8(b)).
P S O DT R U TR R S T S SN I S M 1 EE N
S T G 0 s ] R T s o e e 24r
27t ] 225 ]
28f ] s 21 - .
= 28 E 2 = 195 g
E’. % _ n——"«amfd\ _ ok :
® a1k - T 165 0 VO £ MY O .
=32 F _M - LS ; [ui] ; : e
33 F : . 1 2
- .JI_ ! ! * seconds(s)
seconds(s) e Nhip tim: 57 BPM
e Nhip tim: 76 BPM e Dorongsong P o dII=0.148 s
e Dorongsong P& dll=027s e DJcaosong P ¢ dIl=0.30975 mV
e Do caosong P o dll=0.1379 mV o Chan doan: tim bj day nhi phai
e Chuén doan: tim bj day nhi trdi (b)

(a)
Hinh 8. Két qua chin doan bénh: (a) Day nhi trai, (b) Day nhi phai.
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Dé danh gia hoat dong cua chuong trinh, thi
nghiém duogc tién hanh trén 60 mau ECG tir co
s6 dit liéu chuan Vién Po luong cua Puc nhu
da dé cap ¢ trén. Véi cac mau dir lidu ECG,
ph?m mém da thuc hién vé 12 chuyén dao, xac
dinh va danh diu dugc cac dinh song co ban,
phan tich cac dic trung, tir d6 dua ra chan doan
hoi chimg day thit trai, day that phai, day nhi
trai, va day nhi phai dwa trén tiéu chuén
SOKOLOW - LYON. Két qua chan doan thu
duoc v6i 60 mau dit liéu phﬁn mém cho ra két
qua co 16 dit liéu bénh day nhi trai, 3 dir ligu
day nhi phai, 3 dit liéu day thét trai va 4 dir liéu
day that phai, cic mau con lai cho ra két qua
tim khong bi bénh. Cac Kkét qua phat hién bénh
tr phdn mém 1a ddng nhat véi két qua chuin
doan boi chuyén gia y té c6 kinh nghiém. Mot
sd truong hop chan doan khéng cho ra két qua
do khong phat hién dugc chinh xac cac dinh
trong phirc bo song dién tim. Ly do tin hi€u thu
dugc c6 nhidu 16n do nguoi lay mau cir dong
trong qua trinh tién hanh do dién tim (Hinh 9).
Vi nhitng truong hop nay thi doc dién tim thuc
hién béi cac nhan vién y té c6 kinh nghiém
ciing hét strc khé khan. Nhimg két qua thu duoc
nay xac thuc do tin cay cua thuat toan, mo ra
kha ning tich hop chuong trinh vao thiét bi do
ECG nhdm thuc hién sang loc va hd tro chin
doan tu dong, giup giam tai cho cac nhén vién
y té.

ia T T T
17 [ -
0o 5

avLimy)
|
|
).
I
I
2
I
I
I

0.6 - 1
g _ 3
18k | I L]

seconds(s)

Hinh 9. M6t tin hiéu ECG nhiéu 16n do cir dong cua
bénh nhan trong qua trinh do. Vi tin hi¢u nay viéc
xac dinh cac dinh gip sai s6 dan dén
khong chan doan dugc.

4. Két luan

Bai bao trinh bay mét phuong phap hd trg
chan doan hoi ching day tam that va day tim
nhi trén co s& xu 1y tin hi¢u dién tim ECG.
Phuong phap dugc thuc hién dya trén viéc phat
hién cac vi tri dinh co ban trong tin hi¢u ECG,
xac dinh cac ddc trung cuia séng trén cac
chuyén dao lién quan dén hoi chimg day tdm
thit va day tdm nhi. Mot chuong trinh phan
mém chin doan bénh di duoc xay dung dé thuc
thi phwong phap dé xuit. Két qua thuc nghiém
v6i cac mau dir liéu ECG d3 khang dinh hiéu
qué va tinh kha thi khi img dung trong thyc té.
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Coronary Artery Disease Diagnosis Based on
Electrocardiogram Signal Analysis
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Abstract: An electrocardiogram (ECG) records and displays electrical impulses during cardiac
activity. Studying the features of ECG signals to detect cardiac abnormalities is important in the
medical field. This report presents a method for the detection of coronary artery diseases, i.e., Atrial
Enlargement and Ventricular Enlargement, based on the analysis of ECG signals associated with
standard indicators. A program performing ECG analysis for the detection of ventricular thickening
and atrial thickening syndrome has been developed and verified with recorded ECG signal. The
obtained results show a high accuracy diagnostic results, promising the ability to integrate the program
into the ECG measuring equipment for screening and autonomus diagnosis.

Keywords: ECQG, atrial enlargement and ventricular enlargement, signal processing.



