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Abstract: In this paper, we present an algorithm for automatic detection of myocardial infarction
using high-frequency components of the ECG signal. Firstly, the QRS complexes and their
boundaries are identified. Then, the correlation matrix between the detected QRS complexes in each
lead is determined to eliminate noises and ectopic oscillations. The dominant QRS complexes are
finally determined using cluster analysis. These resulting values are averaged to have a unique
representative QRS complex in a given lead. This averaged signal is then passed through a band-
pass filter to obtain high-frequency components of the QRS complex. Finally, the High-Frequency
Morphological Index (HFMI) for each lead is calculated and diagnosed with myocardial infarction
based on decision rules. The performance of the proposed algorithm is evaluated on signals from
the PTB database. The obtained results show that the proposed method reached satisfactory
performance compared with the results from clinical studies.
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Tom tat: Trong bao céo nay, ching toi s& trinh bay mot phuong phap phat hién chirng nhdi mau
co tim st dung tin hiéu ECG tan s6 cao. Trudc tién, thuat toan s& xac dinh vi tri, diém bét dau va két
thdc cua cac phirc bo QRS trong tin hiéu ECG. Tiép theo, sy twong quan giira cac phic bo QRS
trong mdi chuyén dao s& dwoc xac dinh nham loai bo nhiéu va cac dao dong ngoai vi nhd sir dung
ma tran twong quan. Ké tiép, phan tich nhom dwoc sir dung dé phat hién cac phirc bo QRS chiém wu
thé. Két qua nhan duogc s& duoc trung binh héa dé c6 mot phac bo QRS dai dién duy nhit cho mdi
chuyén dao. Sau d6, phtc bo QRS trung binh duoc loc bai bo loc théng dai dé c6 duoc céc thanh
phan tan s cao cua phuc bo QRS. Cubi cing, chi s6 HFMI caa mdi chuyén dao duoc tinh va thuat
toan s& chan doan dua trén cac quy tic quyét dinh. Thuat toan dé xuat duoc thir nghiém va danh gia
trén co so dir liéu PTB. Két qua thu duoc cho thay phuwong phap dé xuat da dat duoc hiéu qua kha

quan so véi két qua nghién ctru 1am sang.

Tur khoa: Nhdi mau co tim, ECG tn sé cao, RAZ, HFMI, RMS.

1. Mé dau

Pé chan doan bénh mach vanh, ngudi ta c6
thé sir dung céc cong cu xam lan va khdng xam
I4n khac nhau. ECG I cong cu dugc sir dung phd
bién dé danh gia cac chung bénh dau nguc va
chan doan thiéu mau cuc bo hoic nhdi mau co
tim do khéng xam 14n, chi phi thap, khdng cé buc
Xa ion hoa va cé kha nang st dung rong rai. Mot
tin higu ECG thong thudng ¢ tan s6 0,05 + 100
(Hz) va duoc goi la cac tin hiéu ECG tan sb thép.
Phuong phap chin doan bénh mach vanh théng
qua tin hiéu ECG tan s thap cho d6 nhay tuong
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d6i thap. Vi vay, cac phuong phap chin doan
hinh anh cho d6 chinh xdc cao hon nhu chup
mach vanh hay Xa hinh tudi mau co tim doi khi
dugc ua thich hon. Tuy nhién, nhitng phuong
phap nay khong dugc st dung nhu mot cong cu
co ban dé chan doan nhdi méau co tim do chi phi
cao va bénh nhan s& phai tiép xdc vai bic xa ion
héa. Trong nhimg nam gan dy, mot sé nghién
ctru 1am sang da chi ra kha nang sur dung tin hiéu
ECG tan sb cao dé chan doan nhdi mau co tim.
Céc tin hiéu ECG tan s6 cao cho phép ghi lai cac
thanh phan tan s cao hon mang thong tin hitu
ich dé chan doan nhdi mau co tim. Phan tich
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ECG tan sb cao c¢6 nghia 1a phan tich cac thanh
phan tan s6 150 + 250 (Hz). ECG tan sé cao chi
yéu dugc str dung dé phan tich phé cua phic bo
QRS (HFQRS) & tan sé cao [1-3]. Tuy nhién,
phan tich HFQRS ciing c6 nhiing han ché khi
dugc sir dung dé chan doan thiéu mau co tim &
nhitng bénh nhén co6 phac bo QRS rong hon 120
ms, may tao nhip tim va bénh co tim bdi nhitng
biéu hién nay cd thé gay ra cac vét Idm (notch)
va doan giy (break) dic trung cia thiéu mau cuc
bo [4-6].

Y nghia chan doan cia HFQRS di duoc
nghién cuau tor nhiing nam 1960. MGt trong
nhiing nghién ctru 1am sang dau tién duoc thyuc
hién la nghién cau cua nhom tac gia Abbouda [7]
v6i muc dich nghién ciru cac biéu hién cua bénh
thiéu méau co tim cap tinh trong dai tan s6 150 +
250 (Hz). Két qua cho thiy bénh nhan méc bénh
mach vanh da lam gidm bién d6 HFQRS.
Goldberger va cong su [8] da chi ra sy anh hwdng
ctia bénh nhdi mau co tim dén tin hiéu tan sé cao
trong dai tan 80 + 300 Hz. Két qua dat dugc cua
nhom nghién ctru Petterson [9] cho thiy phuong
phép chan doan thiéu mau co tim cap sir dung
phéan tich HFQRS c¢6 dd nhay cao hon so voi
phuong phap sir dung phéan tich ST. Nghién ctu
cua Ringborn va cong su [5] chi ra rang gia tri
suy giam cua tham sé6 RMS (Root Mean Square)
trong HFQRS c¢6 tuong quan vai pham vi va mac
dd nghiém trong cua thiéu mau cuc bo co tim.

Nghién ciru 1am sang do nhém Toledo va
cong su [10] thuc hién di khang dinh nhiing thay
d6i trong qua trinh khir cuc (phirc bd QRS) cho
két qua chan doan nhay va cu thé hon so véi
nhitng thay d6i trong qua trinh tai cuc (phan doan
ST) nham phat hién triéu ching thiéu mau co tim
khi tham gia bai kiém tra géng sirc. Nghién ctu
duoc thuc hién trén 133 bénh nhan nghi ngd méc
bénh thiéu mau co tim. Nhitng nguoi tham gia
nghién ctru da trai qua phép do ECG trong khi
thuc hién ging strc bang may tap thé duc chay bo
(treadmill) hodc xe dap thé thao tai mot phong
kh&m ngoai tru ¢ Charleston. Sau khi thuc hién
gang strc da co 20 két qua bi loai do phic bo
QRS rong hon 120 ms, 8 két qua do cac van dé
lién quan toi ki thuat do ECG, 4 két qua bi loai

do két qua khong xac dinh cua hinh anh xa hinh
tuéi mau co tim (MPI) [10-12]. Bén canh
phuong phap phan tich HFQRS sir dung tham s6
RMS 1am chi s nhan biét triéu ching thiéu méu
cuc bd, phuong phap chan doan nhdi mau co tim
st dung phan tich doan ST, trong do 6 chénh
Ién hozc chénh xuéng cua doan ST duoc do & 80
ms sau diém J, cling duoc thuc hién. Qua trinh
danh gia két qua duoc thuc hién boi hai bac si
tim mach khdng c6 thdng tin vé bénh nhan.
Trong s 101 bénh nhan con lai, dd c6 19 bénh
nhén duoc chan doan nhdi mau co tim. Phan tich
HFQRS dugc cho la nhay hon (79% so vdi
41%), 46 dac hidu cao hon (71% so véi 57%),
gia tri chan doan 4m tinh cao hon (94% so Vi
78%) va gia tri tién doan duong tinh thap hon
(39% so voi 78%) khi dugc so sanh vai phuong
phap phan tich doan ST nham phap hién nhoi
mau co tim & ca phu nir va nam gidi.

Nghién cuu 1am sang do nhdm tac gia Conti
va cong su [13] thuc hién véi su tham gia cua
377 bénh nhan bj dau thit nguc dién hinh va
thiéu mau co tim. Cac bénh nhan d3 duoc kiém
tra thé chét, do dién tim d6 va danh gia ndng do
troponin trong huyét tuong. Trong s6 377 bénh
nhan, 11 bénh nhéan da bi loai do su hién dién cua
phuc bd QRS rong hon 120 ms va 29 bénh nhan
do mtrc @ nhiéu cao trong tin hiéu HFQRS. Véi
phuong phap chan doan thong thuong, do chénh
cua doan ST duoc do tai diém 60 ms sau diém J
sir dung phan mém hé thdng ging stc HyperQ
thwong mai. Nhoi méau co tim duoc phéat hién khi
d6 chénh 18n 16n hon 0,5 mm hozc chénh xudng
I6n hon 1 mm cua doan ST duoc phat hién trong
hai dao trinh lién ké. Vi phuong phéap phan tich
HFQRS, tham sb RMS duoc sir dung lam chi s6
phat hién nhdi mau co tim. Két qua nghién ctu
lam sang cho thiy, phwong phap phan tich
HFQRS c6 d6 nhay cao hon dang ké (63% s0 V6i
22%), do dac hiéu kém hon (68% so vai 95%),
gia tri tién doan am tinh thap hon (11% so Vi
25%) va gid tri tién doan duong tinh la tuong
duong (97% so vai 96%) khi so sdnh véi phuong
phép phén tich dya trén doan ST.

MGt nghién ctru lam sang tiép theo do nhom
tac gia Galante va dong nghiép [14] thuc hién sir
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dung tin hiéu HFQRS nham chan doan chang
thiéu mau co tim cip tinh tai Khoa Céap ctu
Soroka. Tiéu chuan loai trir 1a cc bénh nhan méc
chtmg rung tim nhi, ri loan nhip that kéo dai va
sy hién dién cta phiac hop QRS rong hon 120
ms. Bénh nhan dugc danh gia dau nguc lam
sang xét nghlem mau, ECG thong thuong va tan
s6 cao. Trong s6 235 bénh nhan dat duogcyéu cau
thir nghiém thi c6 104 bénh nhan mac hoi ching
mach vanh cap tinh va 131 bénh nhan dau nguc
khéng do thiéu mau cuc bd. Phuong phap phan
tich HFQRS cho két qua tuong duong (d6 nhay
—67,3% so véi 61,5%, do dac hiéu — 69,5% so
véi 68,7%, gia tri tién doan Am — 63,6% S0 Vai
61,0% va gia tri tién doan duong tinh — 72,8% so
VGi 96,2%) khi so sanh vai két qua do bac si tim
mach chan doan qua doan ST.

Phan con lai cua bai bao dugc to chic nhu
sau: Phan 2 gigi thiéu cac tham s6 HFQRS va
phuong phéap dé xuat chan doan nhdi méau co tim.
Két qua thir nghiém va nhitng thao luan dénh gia
dugc trinh bay trong Phan 3. Phan cudi 1a nhiing
két luan cua bai bao.

2. Phwong phap dé xuét chan doan nhdi miu
co tim

2.1. Céc tham s6 HFQRS

Hai tham s6 co ban dugc sir dung dé dinh
luong su thay doi trong tin hiéu HFQRS 1a RMS
(Root Mean Square) va RAZ (Reduced
Amplitude Zone). Tham s6 RMS tuong ttng voi
tong s0 nang luong dugc luu trit trong cac thanh
phan tin sb cao cua phuc bo QRS va duoc tinh
theo cbng thac sau:

2
RMS = |¥n, % (1)
Trong d6 n 1a sb lugng mau va A; 1a bién do cua
tin hiéu HFQRS.

Gia tri RMS & nhirng nguoi khoe manh cao
hon so véi nhitng ngudi mac bénh nhdi méau co
tim hodc thiéu mau co tim. Xac dinh diém bat
dau va két thac cua phuc bo QRS 1a mot budc rat
quan trong boi néu khong chinh xac s& anh

huong dén gia tri RMS. Gia tri RMS rat khéac
nhau gitra cac ca nhan va do d6 khéng dugc su
dung dé chan doan bénh nhdi mau co tim.
[12,15,16].

RAZ 1a mét chi sb hinh thai cua bénh 1y dugc
phat hién boi Shimon Abboud va cac ddng
nghiép vao nam 1987. Tham s nay md ta o 16m
xay ra trén duong bao cua tin hiéu HFQRS ¢
bénh nhan thiéu mau cuc bd hoic nhdi mau co
tim. RAZ dugc Abboud dinh nghia 1a khoang
gita hai diém cuc dai hoidc cyc tiéu dia phuong
lién ké trén duong bao caa tin hiéu HFQRS. Mot
cuc dai hoic cuc tiéu dia phuong 1a mot diém ma
tai d6 gia tri tuyét ddi cua dién ap cao hon gia tri
cua cac diém xung quanh. Bénh nhan khoe manh
chi c6 mot mot diém cue dai hoic cuc tiéu dia
phuong trén duong bao tin hi¢gu HFQRS va sé
khong dugc sir dung dé xac dinh tham sé RAZ.
Cac nha nghién ctru di chi ra rang xac suat xuat
hién RAZ trong cac Chuyen dao co tuong quan
Vi s6 lugng cac yéu t6 nguy co cia bénh tim
mach. Néu nhdi mau co tim xay ra thi s& ¢ it
nhat hai cuc tri dia phuong trén duong bao
HFQRS cho phép xac dinh RAZ. Do d6, RAZ la
khu vuc gitra hai cuc dai hoic cuc tiéu lién ké.
Pé chan doan bénh nhdi mau co tim thi tham sb
RAZ s& hiru ich hon so véi tham s6 RMS (chi
bao cudng do tin hiéu HFQRS) [3,11,17].

2.2. Chdn dodn nhéi mau co tim dwa trén phdn
tich QRS tan so cao

Thuat toan chan doan ching nhdi mau co tim
dé xuat trong bai bao nay str dung tham sé RAZ
dé dinh luong sy thay doi hinh théi trong tin hiéu
HFQRS. Chi s6 HFMI duoc tinh nhdm xac dinh
kich thuéc RAZ trén duong bao tin hiéu
HFQRS. Tham sb nay xac dinh ty 1& phan trim
cua phan 16m giita hai cuc dai dia phuong lién
ké (RAZ) so vai dién tich bén dudi dudng bao
cua tin hiéu HFQRS. Tham s6 RMS duoc sir
dung dé tinh bién d¢ ning lugng trung binh cua
tin hiéu HFQRS va cho phép xac dinh su khéac
biét vé gia tri RMS & nhitng ngudi khoe manh va
bénh nhan nhdi mau co tim. Thuat toan phan tich
HFQRS nham phét hién nhdi mau co tim thuc
hién theo so do trong Hinh 1.
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Xac dinh diém bat dau
va két thuc QRS

l

Sép xép phtrc bd QRS
trong chuyén dao

Tuong quan gitra cac
phtc b6 QRS

l

Trung binh héa phuc
bo QRS

l

Loc thong dai
(150-250 Hz)

l

Tinh toan duong bao
tin hi¢u

l

Tinh HFMI

Hinh 1. Thuat toan phéan tich HFQRS.

Trudc tién, thuat toan sé xac dinh vi tri, diém
bat dau va diém két thdc cua cac phuc bo QRS
trong mot dao trinh nhét dinh. Tiép theo, cac
phirc bo QRS tai mdi dao trinh riéng biét s& duoc
trich xuét tai thoi diém 250 ms trude diém bét
dau va két thic tai thoi diém 250 ms sau diém
két thic phirc bo QRS. Piéu nay 1a do yéu cau sy
lin két chinh xac hon cua cac phuac bo QRS
riéng lé. Tai budc ké tiép, tt ca cac phan doan
phtrc bd QRS nay duoc lién két véi phirc bo QRS
dau tién nhu Hinh 2.

Dién ap [mV]

100 200 300 400 500
Thoi gian [ms]

Hinh 2. Cac phirc bo QRS duoc lién két voi nhau.

Tiép theo, thuat toan s& xac dinh méi tuong
quan gitta cac phic bo QRS lién két nham loai
bo nhidu va dao dong ngoai vi ciing nhu dé phat
hién cac phiac bo QRS chiém wu thé. Bé thuc
hién diéu ndy, mot ma tran twong quan s& dugc
tinh. Cac hé sé trong ma tran tuong quan cho biét
su twong ddng vé hinh dang cua cac phic bo
QRS riéng l¢é dé tir d6 xac dinh dugc cac phic bo
QRS chiém uu thé. Néu khdng c6 hé s6 nao trong
ma tran twong quan nhé hon 0,95 (cac phuc bo
QRS c6 mit trong dao trinh rat gidong nhau) thi
c6 nghia la khong c¢6 phirc bd QRS nao dugc phéat
hién dudi dang nhiéu hoic dao dong ngoai vi.
Mt khéc, phan tich nhém duoc sir dung dé phét
hién cac phirc bo QRS chiém uu thé. Nghién ctru
da st duyng phuong phap phan tich nhom
UPGMA két tu phan cp. S lwong cac cum
dugc xac dinh trén co sé cat cay pha hé bang
phuong phap UPGMA trong d6 khoang céch
giita cac phiic b QRS la I6n nhat. Nhém c6 s6
lugng phirc bd QRS 16n nhat duoc chi dinh a
nhom c6 phirc bo QRS chiém uu thé. Két qua thu
dugc s€ dugc trung binh hoa dé thu dugc mot
phicc bd QRS dai dién duy nhit cho mot dao
trinh. Hinh 3 trinh bay mot phirc bo QRS trung
binh dai dién dai dién cho mot chuyén dao véi
diém bét dau va diém két thuc duoc phéat hién.
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o Két thac QRS
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Dién ap [mV]

0 L

-0.2 ‘ ‘ : ‘
100 200 300 400 500

Thoi gian [ms]
Hinh 3. Phuc hop QRS trung binh.

Budc tiép theo, phirc bo QRS trung binh dugc
loc bai bo loc théng dai tan s6 150 + 250 (Hz).
Sau khi loc, ching ta sé thu durgc mét tin hiéu co6
chtra cac thanh phan tan sé cao cua phac bo
QRS. Tin hiéu tan sb cao dugc cit tai thoi diém
150 ms trudc va sau phic bd QRS nham loai bo
bién dang gay ra bai qué trinh loc. Tin hiéu nhan
dugc sau budc ndy s& duoc sir dung dé tinh
duong bao tin hiéu trong budc ké tiép. Hinh 4a
biéu di&n tin hiéu tan sb cao véi dudng bao cua
mot ngudi khée manh va Hinh 4b 1a hinh anh tin
hiéu tan s6 cao voi dudng bao cua bénh nhan bi
nhdi mau co tim.

Budc cudi ciing cua thuat toan 1a xac dinh chi
s HFMI cho mdi dao trinh, dinh lwong kich
thudc cia RAZ trén duong bao HFQRS. RAZ ¢6
thé duoc dinh nghia 1a dién tich phan 18m trén
duong bao caa tin hi¢u HFQRS va duoc xac dinh
boi hai cuc dai dia phuong. Cuc dai dia phuong
nay phai dap ing duoc cac tiéu chi sau: khoang
cach gitra mdi cuc dai dia phuong ti thiéu 12 10
ms va c0 gid tri 16n hon 35% gia tri duong bao
tin hiéu HFQRS cuyc dai. Thong thuong, & nhitng
nguoi khoe manh chi ton tai mot cyc dai dia
phuong (Hinh 4a) va it nhét 14 hai diém cuc dai
dia phuong ddi nhirng bénh nhan bi nhdi mau co
tim (Hinh 4b) cho phép xac dinh RAZ. Néu phat
hién hai cuc dai dia phuong thi RAZ sé dugc tinh
gitra hai cuc dai nay. Néu phat hién nhiéu hon
hai cuc dai dia phuong thi tham s6 RAZ s& duoc
tinh giira hai cuc dai cao nhét vi chiing cho két
quéa xap xi tot nhat hinh dang cua ving 13m.

bién ap [mV]

0 100 200 300 400

Thoi gian [ms]
(a)
0.01 ; ,
— 0.005 1 1
>
)
\% 0 ll STV
=
<
A -0.005
-0.01 : : : :
0 100 200 300 400
Thoi gian [ms]
(b)

Hinh 4. Tin hiéu tan s6 cao va duong bao, (a) -
nguoi khée manh, (b) - bénh nhan nhoi mau co tim.

Dé tinh tham s RAZ, trudc tién phai biét
duge duong cong phang xéac dinh hinh dang cua
phan 16m. Trong nghién ctru nay, chung t6i woc
tinh hinh dang cua phan I8m bang 2 duong
parabol bi giGi han tir phia trén bdi mét duong
nam ngang. Trong d6 mdi parabol s& dugc sir
dung dé xap xi hinh dang caa mét nira vang 16m.
Déi v6i mbi parabol, ching ta can xac dinh toa
d6 cua 3 diém trén né dé co thé dinh nghia hinh
dang ctia parabol. Chung toi dd chon nhimg diém
nay la nhimg diém canh va diém nam ¢ giira cua
parabol. Céc toa d6 nay c6 thé nhan duoc bang
cach giai hé 3 phuong trinh sau day:

yi =ax? +bx; +c
y, = axs +bx, +c 2

y3 = ax? + bxz +c
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Trong d6, x; va y; voi i =1, 2, 3 la toa do cua
cac diém.

Giai h¢ phuong trinh nay s€ thu dugc cac hé
sb a, b va ¢ cho phép xac dinh phwong trinh cua
parabol. Parabol nay dugc gidi han bdi mot
duong nam ngang phia trén co6 phuong trinh
dang tong quat:

y=e @)
Trong do, y la toa d6 cua duong thang va e la
hang so bicu thi phan bu doc theo duong thang
tr goc toa do.
Dién tich caa parabol bi han ché & trén dugc
tinh theo cdng thirc sau:
= f;rzliix(e —(ax? +bx+¢))dx (4
Trong d6, e la phuong trinh duong thang,
(ax? + bx + ¢) la cong thic parabol va x,;,,
Xmax 12 toa d0 x ctia cac diém canh parabol.

Tham sé RAZ la phan dién tich duoc tao
thanh tir 2 parabol véi duong gigi han & trén.
Hinh 5 trinh bay mot tin hiéu tan s cao voi
duong bao trong d6 RAZ duogc chi ra.

0.01 : ,
0.005 1
- RAZ
2 \
%%" 0 il el
=}
&
A -0.005 1
-0.01 : : : :
0 100 200 300 400

Thoi gian [ms]
Hinh 5. Tin hiéu tin s6 cao — RAZ.

Nhdi méu co tim dugc chan doan dya trén chi
s6 HFMI la ty & phan trdm giira dién tich phan
RAZ so véi dién tich bén duéi duong bao cua
phtic bo HFQRS va ¢ thé duoc tinh bang cong
thac sau:

HFMI = 22,100 [%] (5)

Trong do, A 1a dién tich bén dudi duwong bao
tin hiéu HFQRS. Chi s6 HFMI s& duoc tinh cho
mbi dao trinh va gia tri chi s6 HFMI cudi cling
sé la gia tri trung binh cua 6 dao trinh c6 gié tri
chi s6 HFMI 16n nhat. Chi s6 HEMI khong dugc
danh gia & cac chuyén dao c6 muc nhiéu cao.
Cac chuyén dao véi mac nhiéu cao duoc danh
gia bang céach tim kiém gia trj cuc dai cua phic
bo HFQRS va cac dinh trong mot ctra s6 co do
rong 100 ms bat dau tir diém 50 ms sau diém két
thuc cua HFQRS. Néu gia tri 16n nhat cua cira s6
I6n hon hoic bang 20% gia tri cuc dai cua phirc
bo HFQRS thi chuyén dao dugc xem nhu la
nhiéu. Céc ban ghi c6 s chuyén dao duoc coi la
nhiéu I6n hon 2/3 tong sé chuyén dao c6 trong
ban ghi tro 1&n s€ bi loai ra khoi qua trinh phéan
tich khi ma két qua phéan tich HFQRS duoc coi
la khéng dang tin cdy. Hinh 6 trinh bay mét tin
hiéu c6 muc nhidu cao khong thé danh gia chi s6
HFMI. Tham s6 RMS ciing dugc tinh cho mdi
chuyén dao. Gia tri RMS cubi cung sé 1a gié tri
trung binh duoc tinh tir cc gia tri thanh phan ddi
VGi cac chuyén dao dugc coi la khong nhiéu.
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Hinh 6. Chuyén dao véi mirc nhiéu cao.

Bat ky chuyén dao nao ¢ gié trj chi s6 HFMI
Ién hon 8% dugc coi 1a thiéu mau cuc bo. Mot
ban ghi ECG duoc coi la thiéu mau cuc bo néu
phat hién it nhat 3 chuyén dao thiéu mau cuc bo
va ddng thoi chi s6 HFMI dugc chan doan trong
it nhit 5 chuyén dao, hoic gié tri chi s6 HFMI
(duoc tinh trung binh tir 6 chuyén dao c6 chi s6
HFMI I6n nhét) 6 gid tri 1on hon 9%.
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3. Két qua va thao ludn
3.1. Céc tham s6 danh gid két qua

Do nhay (Se) 1a tham sé cho biét xac suat két
qua xét nghiém s¢ duong tinh khi c6 bénh (ty 1€
duong tinh that) va duoc tinh theo [18].

TP
" TP+FN )
Trong d6, TP 1a s6 bénh nhan dugc chin doan
chinh xé4c bi nhdi mau co tim va FN 1a sé bénh
nhan bi chan doan nham 1a khoe manh.

Do dac hiéu cho biét xac suat két qua xét
nghiém s& am tinh khi khéng c6 bénh (ty I¢ am
tinh that). B dac hiéu (Sp) duoc tinh theo cong
thac [18].

TN
TN+FP (7)
Trong d6, TN 1a s6 bénh nhan duoc chan doan
chinh xéac 1a khée manh va FP 1a s6 bénh nhan
dugc chan doan sai mac bénh nhdi mau co tim.

Sp =

Gid tri tién doan duong tinh cho biét xac xuat
mot ngudi thuc su bi bénh khi dwoc chan doan 1a
duong tinh va duogc tinh theo cong thirc sau [18].

+ __ TP
Pt = TP+FP (8)
Trong d6, TP 1a s6 bénh nhan dugc chian doan
chinh xé4c bi nhdi mau co tim va FP 1a s6 bénh
nhan dugc chan doan khéng chinh xac bi nhoi
mau co tim.

Gié tri tién doan 4m tinh cho biét Xac suat mot
ngudi khdng bi bénh khi duoc chan doan 14 4m
tinh va duoc tinh theo céng thirc [18].

TN
TN+FN (9)
Trong d6, TN 1a s6 bénh nhan duoc chin doan
chinh xéc 1a khoe manh va FN 1a s bénh nhan
bi chan doan nham Ia khoe manh.

Ngoai ra, tham s6 chinh xac cho biét x4c suat
chung mét bénh nhan dugc chan doan chinh xéac
cling duoc str dung dé danh gia hiéu suat cua
thuéat toan [19].

P~ =

_ TP+TN
" TP+TN+FP+FN

(10)

3.2. Pdnh gid két qua ciia thudt todn dé xudt

Hiéu suat caa thuat toan chan doan bénh nhdi
mau co tim sir dung phuong phap phan tich tin
hiéu ECG tan sb cao duogc thir nghiém trén 446
ban ghi tin hiéu ECG cua co so dir liéu PTB [19].
Trong d6, 6 ban ghi da bi loai do 15i thuat toan
xac dinh phac bo QRS va 9 ban ghi bi loai do
muc nhiéu cao trong tin hiéu HFQRS. Nhu vay,
thuat toan da dugc thir nghiém trén 431 ban ghi
dir liéu ECG (trong d6 bao gom 353 ban ghi ECG
ctia bénh nhan bi nhdi mau co tim va 78 ban ghi
ECG cua ngudi khoe manh). Cac két qua chan
doan duoc trinh bay trong Bang 1 va ma tran
nham Ian trong Hinh 7. Gia tri 0 dai dién cho
khéng mac bénh nhéi mau co tim (nguoi khoe
manh). Trong khi d6, gi4 tri 1 dai dién cho mic
bénh nhdi mau co tim. Cac gié tri 0 va 1 bén trai
la két qua chan doan cua thuat toan, céc gia trji 0
va 1 bén dudi la gia tri thuc té. S6 luong nguoi
chan doan chinh x4c duogc biéu didn bai cac 6
mau xanh (TN — 33, TP —259). C4c 6 mau do chi
ra s6 lugng ngudi dugc chan doan sai (FN — 94,
FP — 45). Cot bén phai ngoai cung cho biét gia
tri tién doan duong tinh (85.2%), am tinh
(25.98%) va d6 chinh xac cua thuat toan
(67.75%). Hai 6 gia tri con lai tai hang cudi biéu
dién cho gia tri do dac hiéu (42.31%) va do nhay
(73.37%) cua thuat toan dé xuat.

Bén canh d6, Bang 2 ciing trinh bay cac gia
tri trung binh cua cac chi s6 HFMI va RMS &
nhitng bénh nhan nhéi mau co tim va cac dbi
twong hoan toan khée manh trong khi thir
nghiém thuat toan trén co s& dir liéu.

Bang 1. Két qua chian doan nhéi mau co tim bang
thuat toAn HFQRS

Tham s6 Thliat tgén
de xuat
Do nhay (%) 73.37
bo dac hiéu (%) 42.31
Gi4 tri tién doan duong tinh (%) 85.20
Gia tri tién doan Am tinh (%) 25.98
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Ma trin nham lin

94 25.98%
21.81% 74.02%

g

= | 45 259

i GV 60.09% 14 8%
=

L

42.31% 73.37% 67.75%
57.69% 26.63% 32.25%
0 1
Thue té

Hinh 7. Ma tran nham Ian biéu dién két qua cia
phuong phap de xuat.

Bang 2. Gia tri trung binh cua chi s6 HFMI va RMS

HFMI RMS
[%] [nv]
Be;n’h nhan bi nhoi mau 123 278
CcO tim
Nguoi khoe manh 10,64 3,1

Qua phan tich cac gia tri trong Bang 2, chung
ta thay rang gié tri RMS trung binh & nguoi khoe
manh cao hon so v&i bénh nhan nhdi mau co tim
va phl hop Vvéi céc gia dinh ly thuyét. Nhoi méu
co tim lam giam tong ning lugng dugc luu trit
trong tin hiéu HFQRS dan dén théng s6 RMS
thap hon. Gia tri ctia chi s6 HFMI & bénh nhan
nhoi mau co tim 1a cao hon modt chit so Vi
nhitng nguoi khoe manh. Sy khac biét nho nay
cho thdy su tuong dong vé hinh théi cua tin hiéu
HFQRS tan sb cao ¢ cac dbi tuong khoe manh
va bénh nhan nhéi mau co tim c6 thé khién cho
két qua chan doan chua chinh x4c. Hinh 8 trinh
bay tin hiéu HFQRS vai duong bao ciaa mot
bénh nhan khoe manh ¢6 hinh théi gidng véi hinh
thai cua tin hiéu HFQRS cua bénh nhan nhoi
mau co tim. Viéc str dung két hop chi s6 HFMI

va RMS dé phat hién nhoi mau co tim dudng nhu
cho két qua chinh xac hon nhiéu so vi RAZ.
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Hinh 8. Tin hiéu HFQRS cling va&i duong bao cua
mot bénh nhan khoe manh.

Hiéu suét caa thuat toan dé xuét ciing duoc so
sénh vai két qua duoc cong bé trong 3 thir nhiém
lam sang (Toledo [10], Conti [13], Galante [14]).
Ca 3 nghién ciru 1am sang déu chi ra duoc lgi ich
cua viéc sir dung tin hiéu ECG tan sb cao trong
qué trinh chan doan bénh thiéu mau co tim. Hinh
9 50 sanh két qua cua thuat toan HFQRS duoc dé
Xuét vai két qua phan tich HFQRS duoc cong b
bai cac nghién ctu nay.

Két qua cua thuat toan dé xuat co thé so séanh
vé6i két qua nghién ciru 1am sang. Chi cd gié tri
tién doan am tinh 1 thp do tin hiéu HFQRS cua
nhimg ngudi khoe manh ¢é hinh thai gidng voi
nhitng ngudi mac bénh nhdi mau co tim nén
thuat toan da chan doan sai. Két qua phat hién
thanh céng nhdi mau co tim bi anh huong boi
quy md cua bénh nhan tham gia xét nghiém va
ty 18 gita bénh nhan nhdi mau co tim va ddi
tugng khoe manh trong quan thé xét nghiém. Gia
tri tién doan duong tinh va 4m tinh cho thiy cac
dbi twong khoe manh chiém wu thé trong nghién
ctru cua Conti [13]. Nguoc lai, trong nghién cau
cua Toledo [10] va cua ching téi, ECG ghi nhan
tir bénh nhan nhdi mau co tim chiém wu thé. Véi
nghién cau cua Galante [14], ty 1¢ bénh nhén
nhdi mau co tim va cac ddi twong khoe manh
trong quan thé xét nghiém Ia can bang.
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72,8

Hinh 9. So sanh két qua thu duoc tir phan tich HFQRS va&i mot sé két qua nghién ciu 1am sang.

4. Két luan

Bai bao dd dé& xuat mot phuwong phap chan
doan bénh nhdi mau co tim st dung tin hiéu ECG
tan sé cao dya trén chi s6 HFMI dé dinh luong
gia tri RAZ trén duong bao cua tin hiéu HFQRS.
Hiéu suit dat duoc cua thuat toan dé xuét duoc
thir nghiém trén 333 ban ghi ECG tur cac bénh
nhan duoc chan doan mic bénh nhdi méau co tim
va 78 ban ghi ECG tir cac d6i twong khoe manh
trong co so dit liéu PTB. Két qua cho thay nhoi
mau co tim dan t6i nhirng thay di trong tin hiéu
tir ECG tan s6 cao.
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