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ABSTRACT

Objectives: To develop an Al model capable of accurately detecting PVCs and to evaluate
its screening performance on reference standardized ECG datasets.

Methods: This retrospective study utilized 24-hour Holter ECG data collected from
Nguyen Trai Hospital and Nguyen Tri Phuong Hospital between 2021 and 2024. Data
labeling and analysis were performed from October 2024 to April 2025. The Al model was
constructed using a deep learning-based ResNet architecture.

Results: From a total of 453 Holter ECG datasets, 643675 PVCs were identified, with
the rate of patients exhibiting frequent PVCs recorded as 4.0%. The prevalence of PVC
couplet, bigeminy, and trigeminy was 17.0%, 31.8%, and 29.1%, respectively. The
developed Al model demonstrated a sensitivity of over 80%, a specificity exceeding 90%,
and an F1-score above 85% when validated against MIT-BIH, AHA, and ESC reference
datasets.

Conclusion: Our Al model has strong potential for real-world application in large-scale
ECG-based PVC screening, offering an efficient and scalable solution for PVC detection.
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ABSTRACT

Muc tiéu: Xay dung mo hinh Al cé du nang luc tAm soat ngoai tdm thu that va danh gia
nang luc tAm soat ngoai tam thu that ctia mo hinh Al trén cac tap dir liéu ECG tham chiéu.

Phuong phap nghién ctru: Nghién ciru hoi ctru trén dir liéu Holter ECG 24 gid tir bénh
vién Nguyén Trai va bénh vién Nguyén Tri Phuong t&r ndm 2021 dén 2024. Viéc dan nhan
va phan tich dit liéu dién ra tir thang 10 ndm 2024 dén thang 4 ndm 2025. M hinh Al dugc
xay dung dua trén kién tric ResNet thudc vé hoc sau (deep learning).

Két qua: Tr 453 b dir liéu Holter ECG, c6 643675 ngoai tdm thu that dugc thu thap. Ti
& truong hgp c6 ngoai tAm thu that day la 4,0%. Ti & beat ngoai tam thu that couplet,
bigeminy va trigeminy l&n lugt la 17,0%, 31,8% va 29,1%. M hinh Al dugc xay dung cé do
nhay trén 80%, gia tri tién doan duong trén 90% va diém F1 trén 85% khi tham dinh trén
c4c tap dir liéu tham chiéu MIT-BIH, AHA va ESC.

K&t luan: Md hinh Al do chung tdi ¢6 tiém nang ing dung thuc t& dé tam soat hiéu qua

ngoai tdm thu that trén di liéu l6n ECG.

Tir khoa: Dién tdm do, ngoai tdm thu that, tri tué nhan tao.

1. DAT VAN DE

Ngoai tdm thu that la mot dang rdi loan nhip tim phé
bién trong thuc hanh lAm sang, vdi ty 1& hién méac
khoang 1-4% trong dan sé chung khi ghi dién tdm do
(ECG) 12 chuyén dao tiéu chuén va hau hét trudng
hop khi theo déi Holter 24-48 gio[1,2]. (o nhirng
ngudi co tim céu tric binh thudng, ngoai tdm thu
that thuong lanh tinh. Tuy nhién, khi xuat hién trén
nén bénh tim c4u tric, ngoai tdm thu that khong chi
lam tang nguy co dot t&r ma con c6 thé la dau hiéu
clia cac bénh ly titm an nhu bénh tim thi€u mau cuc
bo[3].

Tan suat ngoai tam thu that cao c6 thé dan dén bénh
co tim, gay suy gidm chirc nang tdm that trai hoac
ldm tram trong thém tinh trang bénh ly tim mach sén
c6. Diéu dang chuy la bénh cotim va suy gidm chirc
nang that trai cé thé hdi phuc néu dugce can thiép kip

*Tac gia lién hé

thoi bang triét dét qua 6ng thdng hoac diéu tri noi
khoa[4]. Tinh chat clia ngoai tdm thu that nhu hinh
dang, s6 lugng 6 phéat nhip ngoai vi va hién tugng
R/T c6 thé lién quan dén réi loan nhip that nguy
hiém[1,2].

Danh gia toan dién dac diém ngoai tam thu that vé
s8 lugng va tinh chat thudng dugc thuc hién bang
khao sat Holter ECG 24 gig. Thong tin vé ngoai tam
thu that la yéu cau co ban khong thé thi€u clia bang
tra loi két qua. Mac du phuong thic phan tich ngoai
tdm thu that hién tai trén Holter ECG dugc hd trg
bang phan mém (thuat todn) nhung van con ton tai
mot s6 han ché vé do chinh xac. Do do, du gitp sang
loc va phat hién r6i loan nhip, phuong phap thuéat
todn van doi hoi vai trd quan trong clia bac si lam
sang trong danh gia két qua.
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Tri tué nhan tao (Al) dang md& ra nhiéu trién vong
trong phan tich ECG. Céac nghién cltu trén thé gidi
da chirng minh tiém nang ctia Al trong nhan dién va
danh gia ngoai tdm thu that. Vi vay, nghién clru clia
chung téi dugc thuc hién nham xay dung mé hinh Al
c6 nang luc chan doan ngoai tdm thu that hiéu qua.

2. DOI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Thiét ké nghién ctru: H6i ciru di¥ Liéu.

2.2. Dia diém va thdi gian nghién cru: Nghién clru
dugc thuc hién tai Bénh vién Nguyé&n Trai va bénh

vién Nguyén Tri Phuong tir thang 10/2024 dén thang
4/2025.

2.3. Péi twong nghién ctru: DI liéu Holter ECG 24
gio'tai B&nh vién Nguyén Trai va bénh vién Nguyén Tri
Phuong tir nam 2021 dén nam 2024 dugc lua chon
st dung.

2.4. C& mau, chon mau
2.4.1. Céng thire tinh c&@ mau

Chuing t6i chon do nhay (Se) dé wéc tinh c& mau va
cobng thirc tinh ¢c6 mau nhu sau:

22 xp,*(1-p,)

W2 % pdis
Trong do:

+ N & ¢& mau nghién cttu, don vi: s8 luong ngoai
tam thu that.

+Z_\a tri s6 phan phdi chuan, véi a=0,01 thi gia tri
Z.=2,57.

+ p_, la do nhay clia Al, p_se=87,92% theo nghién
clu cua Zhipeng Cai[5].

+p,, laty & ngoai tdm thu that, p,_=20008/175660
=11,39% theo nghién cltu clia Zhipeng Cai[5].

+w la muc sai s6, chon w=0,01.

Theo céng thirc trén, c& mau tinh dugc la N = 61588
beat V.

2.4.2. Tiéu chudn chon méu
- Tiéu chuén chon vao:

D{r liéu Holter ECG 24 gid tai Bénh vién Nguyén Trai
va bénh vién Nguyén Tri Phuong tir nam 2021 dén
nam 2024 dugc lya chon str dung.

- Tiéu chuén loai trur:

D liéu bang nhip ECG cé nhip nén cg ban khong
phai nhip xoang.

Nhiéu tin hiéu anh hudng dén viéc danh gia hinh anh
ECG.

2.5. Bién so nghién ctru

Hinh anh ECG dugc chia thanh 3 nhdm beat (nhip
don) bao gom:

- Beat N tuong duong vdi beat xoang.

- Beat S tuwong duong beat ngoai tdm thu trén that.
Beat dén sém, c6 hoat déng nhi trudc QRS va thdi
gian phitc bd QRS c6 thé hep hodc rong (néu co roi
loan dan truyén léch hudng hodc rdi loan dan truyén
trong that co dinh).

25.0mm/s, 10mn/mV - HP: 0.5HE,)

IR T T T 1 M SN T

25/03/2024 04:11:34 - 04:11:44

VE Trigeminy

Hinh 1. Bang nhip ECG tir di¥ liéu thyc t& minh
hoa beat V véi cac dang couplet (cap), bigeminy
(nhip do6i) va trigeminy (nhip ba)

- Beat V: twong duong beat ngoai tdm thu that (Hinh
1). Beatdén sdm, khong cé hoat ddng nhitruwée QRS,
phtrc bd QRS rong. Twong quan vdi beat N, dac diém
beat V dugc phan thanh beat V couplet (cap) bao
gom 2 beat V di cung nhau, beat V bigeminy (nhip
doi) bao gobm 1 beat N di cung 1 beat V va beat V
trigeminy (nhip ba) bao gom 2 beat N di cing 1 beat
V. Ngoai tdm thu that day dugc dinh nghia la so
luong beat V = 10% téng beat va/hoac = 10000 beat
V trong 24 gid.

2.6. Phuong phap thu thap sé liéu va dan nhan

- Cac thanh vién nhém nghién ctu sé tién hanh dan
nhan beatV, beat S va beat N bang cong cu cé hd trg
thuat toan nhan dién beat.

- K&t qué doc sé dugc kiém tra chéo bdi cac thanh
vién sau khi hoan tat.

- Hai chuyén gia tim mach déc lap phan tich va kiém
tra lai nhirng beat da dan nhan.

- Khikhong c6 suthéng nhat vé két luan, cac chuyén
gia thao luan dé dua ra két qua cudi cung.
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60s of 200Hz ECG signal

filter = [16, 32, 48, 64 R
80, 96, 112] ;

Convolution (kernel=3, strike=2)

BatchNorm -> Relu -> Droupout ->
Conv(kernel=3, strike=2)

BatchNorm -> Relu -> Droupout ->
Conv(kernel=3, strike=1)

60 Output

Convolution (kernel=1, strike=1)

Hinh 2. C4u trac md hinh ResNet

Chung t6i stir dung kién tric ResNet dé xay dung
b6 phan loai beat V, nhd kha nang hoc sau cac dac
trung t tin hiéu ECG, giup md hinh nhan dién chinh
x4c ngay ca trong mdi trudng nhiéu hoac tin hiéu
phurc tap.

C4u triic mé hinh ResNet (Hinh 2)

- L&p dau vao: Nhan tin hiéu ECG véi tan s6 200Hz,
dam bao cung cap day du thong tin cho qua trinh
X0 ly.

- Cac l&p convolutional: Trich xuat dac trung quan
trong vGi bd loc c6 s6 kénh lan lugt la[16, 32, 48, 64,
80, 96, 112], giup md hinh phat hién cdc mau dac
trung clia beat V.

- Batch Normalization, ReLU, Dropout:

- Batch Normalization: Gil* 6n dinh qua trinh huén
luyén, tang t6c hoi tu.

- ReLU: Loai b tinh tuyén tinh, tdng kha ndng hoc
dac trung.

- Dropout: Giam qué khdp, cai thién téng quat héa.

- L&p fully connected: T6ng hop déc trung tir cac lop
convolutional thanh mét vector biéu dién duy nhat.

- L&p dau ra: GGm 60 don vi, mbi don vi twang (rng vdi
xac sut clia mot clra s6 1 gidy, giup phan loai gitra
beat V va céac loai beat khac.

- Ham Softmax: Ct]uéin héa xac suat, dam bao téng
x&c suat bang 1, hd trg phan loai chinh xac hon.

Md hinh nay giup phat hién beat V vdi do chinh xac
cao, dap Ung yéu cau trién khai trong thuc té lam
sang.

2.8. Panh gia nang luc chan doan ngoai tam thu
that ciia mé hinh Al
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Chung t6i sir dung cac théng s6 bao gom dé nhay
(Se), gia tri tién doan duong (PPV) va diém F1 dé
danh gia nang luc ctia mo hinh Al. Ba tap di liéu
ECG chuan dugc dung dé lugng gia mé hinh Al la
MIT-BIH, AHA va ESC.[6]

2.9. Pao dirc nghién cru

Deé tai mang tinh chat héi ctru di liéu nén khong anh
hudng dén quy trinh chan doan va diéu tri clia ngudi
bénh. Tat ca thong tin ca nhan cla bo di liéu sé
dugc gilr bi mat, ma hoda, khong cong bs danh tinh
trong bat c van ban xuat ban nao cé lién quan dén
két qua nghién clru. D& tai da dugc Hoi dong dao
duc trong nghién cru Y sinh hoc ctia Pai hoc Y dugc
thanh phé H6 Chi Minh cho phép thuc hién (ma sé
712/HPDD-DHYD).

3. KET QUA NGHIEN cUU

Trong thai gian tién hanh nghién ctru, ching téi thu
thap 453 b6 dir liéu Holter ECG phi hop tiéu chuén
nghién clu.

3.1.Pac diém dan sé nghién ciru

Bang 1. Dac diém dan sd nghién clru.

N 239 (53,0)
60 (45-72)
Nhan xét: Ti [& nam va n{¥ gidi can bang nhau.
3.2. Dac diém Holter ECG 24 gi¢o

3.2.1. Céc beat co’' ban va nhijp bat thud'ng trén dan
sé nghién ctu

Tubi

Bang 2. Dac diém cac beat co ban.

Sé lugng Trung vi
Téng beat | 47458719 | 103864 (92873 - 116316)
Beat N 46323061 | 102059 (89959 -113111)
BeatS | 352099 18 (4-117)
BeatV 643675 19(6-197)

Nhan xét: Trong mau nghién cltu, da s6 beat 3 beat
N va s6 lugng beat V nhiéu hon beat S.

Bang 3. Dac diém céc réi loan nhip.

VT 30 (6,6)
SVT 182 (40,2)
AFIB 26 (5,7)

VT: Nhip nhanh that; SVT: Nhip nhanh trén that;
AFIB: Rung/cubng nhi
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Nhén xét: Nhip nhanh trén that ¢4 ti lé xuat hién cao
nhat.

3.2.2. Bac diém ngoai tdm thu théat

Nghién clru clia chung toi ghi nhan 95% s6 trudng
hop cé xuét hién ngoai tdm thu that.

Bang 4. Dac diém s6 lwong ngoai tdm thu that

Beat V= 10% t6ng beat 18 (4,0)

Beat V = 10000 18 (4,0)

Nhan xét: S6 trudng hgp ngoai tdm thu that day déu
thod c4 hai tiéu chuén.

Bang 5. Dac diém tinh chat ngoai tdm thu that

So So
trwong | lugng Trung vi

hop beat
Beat V couplet (17770) 6273 (A _39 5)
Beat V bigeminy (31;1;) 49491 (2_1%2’5)
Beat V trigeminy (215’21) 56670 | g _23100)

Nhan xét: Beat V trigeminy cé s6 lugng nhiéu nhat
trong khi sé trudng hgp Holter ECG cé xuat hién beat
V bigeminy la cao nhét.

3.3. Xay dung md hinh Al c6 du nang lvc chan doan
ngoai tam thu that

Bang 6. Nang luc chan doan ngoai tdm thu that
clia mo hinh Al

Tap dUlieU | se () | PPV (%) Di?;:)”
MIT-BIH 89 94 o1
AHA 83 90 86
ESC 91 96 93

Nhan xét: M6 hinh Al ctia ching téi cé kha nang chan
doan ngoai tdm thu that vGi dd nhay trén 80%, gia tri
tién doan duong trén 90% va diém F1 trén 85%.

4. BAN LUAN

Bang 7. So sanh d6 nhay
va do dac hiéu vdi nhirng nghién cfu tuong ty

L Poé nha Piém F1
Nghién ctru (%) Y (%)
Chung t6i
(MIT-BIH-AHA-EsC) | 898391 91-86-93
Cai va cong sy, 2020 85
(MIT-BIH)[5]
Jungva coéng su, 2017 98 —
(MIT-BIH)[7]
Liva congsu, 2019 . 91
(MIT-BIH)[8]

Nghién clru nay da xay dung va danh gia moé hinh Al
trong viéc chan dodn ngoai tdm thu that trén dir liéu
ECG luu déng. K&t qua cho thdy md hinh Al c6 kha
nang phat hién chinh xac céc ngoai tam thu that,
gép phan ho trg bac si lam sang trong chan doan
va quan ly r6i loan nhip tim. So sanh va&i cac nghién
ctru tuong tu, md hinh Al do chung t6i xay dung cé
dd nhay thap hon vai két qua cla Jung va cong sy
trong khi cé diém F1 tuong duong hodc t8t hon.
[5,7,8] Cac tac gia khac chu yéu sty dung tap dir liéu
chudn MIT-BIH dé danh gid mé hinh Al nén c6 thé
chua phan anh dugc day du wu diém clng nhu diém
can khac phuc vé nang luc chan doan.

K&t qua danh gia trén ba tap dit liéu tiéu chuén
(MIT-BIH, AHA, ESC) cho thdy moé hinh Al dat do
nhay tr 83% dén 91%, gia tri tién doan duong tir
90% dén 96% va diém F1 tlr 86% dén 93%. Pac biét,
mé hinh hoat déng tét nhat trén tap ESC vdi diém F1
dat 93%, trong khi thdp nhat trén AHA véGi diém F1
& 86%. Diéu nay phan anh kha nang téng quat hoa
clia mod hinh khi dp dung trén cac tap dir liéu khac
nhau. So sanh vdi cac phuong phéap truyén théng,
mo hinh Al mang lai hiéu suét vugt tréi nho' kha nang
khai thac dac trung phdc tap tu tin hiéu ECG. Tuy
nhién, su chénh l&ch vé dd nhay gilra cac tap dir liéu
cho thdy suanh hudng clia cac yéu t6 nhu dac diém
dan so, phuong phap thu thap tin hiéu va dinh nghia
ngoai tdm thu that.

K&t qua nghién cu khang dinh mé hinh Al c6 thé hd
trg dang ké trong ch&n doan ngoai tam thu that, giup
giam thiéu sai s6t do danh gia ch quan cua bac si
ldm sang. VGi do nhay va diém F1 cao, mé hinh Al c6
thé dugc trién khai trong céc thiét bi theo dbi dién
timlién tuc, giup phathién kip thdi cac ngoai tam thu
that nguy hiém ma ngudi bénh c6 thé khéng nhan
biét.[9,10]

Bén canh chan doan ngoai tdm thu that, mé hinh
Al c6 tiém nang md rong sang phat hién nhiéu roi
loan nhip quan trong khac nhu rung nhi, réi loan nhip
that, block dan truyén va cac dang réiloan nhip nguy
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hiém khac. Diéu nay dac biét quan trong trong bdi
canh giatang i’ng dung thiét bi deo thong minhva hé
théng theo dbi tir xa. Han nira, mo hinh c6 thé dugc
tich hgp vao céc hé théng Al da nhiém, két hop vdi
phan tich lam sang dé cung cap danh gia toan dién
vé tinh trang tim mach ctia ngudi bénh, hdé trg bac
si trong viéc dua ra quyét dinh diéu tri cé nhén hoéa.
[9,10]

Mac du dat két qua ban dau kha quan, mé hinh Al
cuia chung téi xay dung van van con mét s6 han ché
can dugc tinh chinh dé ddm bao tinh chinh xac khi
trién khai trén cac quan thé ngudi bénh khac nhau.
TU d6, mot s6 hudng hoan thién va phat trién quan
trong cho nhirng nghién cltu tiép theo bao gom: (1)
M@ rong dit liéu huén luyén théng qua viéc tiép tuc
thu thap va két hop nhiéu tap dir liéu ECG tir cac
ngudn khac nhau dé tang cudng kha ndng téng quat
héa, (2) thyc hién thdm dinh nang lu'c tAm soat ngoai
tam thu that ctia md hinh Al trén tap di liéu thuc
té, (3) tiép tuc tdp hudn md hinh Al vé cac dac diém
clia ngoai tdm thu that nhu hinh dang, s6 lugng va vi
tri & phat nhip, hién tuong R/T, (4) huén luyén nhéan
dién nhirng beat phtic tap hon nhu dan truyén léch
hudng va beat thoat dé da dang hod nang luc chan
dodan va (5) t6i uu thuat todn bang cach ap dung cac
k¥ thuét hoc sau tién tién nhu transformer hodc mo
hinh lai d& nang cao dd chinh xac va tdc doé x ly.

San phdm clia nhém nghién cltu c6 thé ing dung
thuc té, tich hgp vdi thiét bi deo théng minh, gitp
giam sat nhip tim theo thdi gian thuc. Lugng dir liéu
song hanh nay sé trd thanh ngudn bén virng dé tiép
tuc hoan thién nang luc chan doan ctia mé hinh Al.
Nghién ctru nay khéng chi cho thay tiém nang cua
Al trong chan doan ngoai tdm thu that ma con md'ra
hudng phat trién réng han cho trng dung Al trong linh
vue r8i loan nhip tim, gép phan cai thién chat luong
chan doéan va diéu tri tim mach trong tuong lai.

5. KET LUAN

M6 hinh Al do nhém nghién clu xay dung dua trén
di liéu lén Holter ECG 24 gio c6 nang luc phu hgp
dé tam soat ngoai tdm thu that. Viéc ng dung mo
hinh Al vao thyc té lam sang la hoan toan kha thi
song song vdiviéc ti€p tuc hoan thién kha ndng chéan
doéan ngoai tdm thu that.
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