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BUGC DAU DANH GIA HIEU QUA CUA MO HINH HOC MAY
DE DU POAN SOC TIM
G BENH NHAN NHOI MAU CG TIM CAP
Hoang Van Sy'2 Ly Quang Sang'?, Nguyén Minh Kha'?,

TOM TAT

Mé& dau: Séc tim la bién chirng nghiém trong nhét
ctia nhdi mau co tim (NMCT) cép, lién quan dén ty lé
t& vong ndi vién cao. Viéc dy doan s&m nguy co sbc
tim ngay khi nh&p vién c6 y nghia quan trong trong dinh
hwéng diéu tri. M6 hinh hoc may gan day da dwoc g
dung réng rai trong dw doan bién cb tim mach.

Muc tiéu: Xay dwng va danh gia hiéu suét ctia cac
mé hinh hoc may trong dy doan séc tim ndi vién & bénh
nhan NMCT cép, t&r d6 lwa chon mé hinh c¢é tiém nang
trng dung lam sang.

DP6i twong — Phwong phap nghién ctru: Nghién
clu cat ngang mé ta, co theo ddi doc trén 316 bénh
nhan NMCT cép. Bénh nhan dwoc phan thanh hai
nhém: cé dién tién séc tim va khéng sbc tim. D liéu
dwoc thu thap ti thei didm nhap vién bao gbm thong
tin nhan trac, tién can, lam sang, xét nghiém, ECG va
siéu am tim. Sau khi xt ly, di¥ liéu dwoc chia thanh tap
Training (70%) va tap Testing (30%). Ky thuat SMOTE-
Tomek dwoc ap dung trén tap Training d& x&r ly méat
can bang mau. Céc bién dau vao dwoc chon loc bang
phuwong phap SHAP. Tam md hinh hoc may duoc xay
dwng va so sanh hiéu suat du doan trén tap Testing.

Két qua: Trong s6 316 bénh nhan NMCT cép, ty 1&
sbc tim ndi vién 1a 10,1%. M6 hinh AdaBoost dat hiéu
suét dy doan tot nhat véi AUC = 0,924, Recall = 0,60,
va F1-score = 0,571; cho thay kha ndng can bang tét
gitva d6 nhay va do chinh xac. Logistic Regression va
LASSO Logistic cling thé hién hiéu qua tét véi AUC cao
I&n lwot 1a 0,902 va 0,912; véi cung Recall = 0,60 va
F1-score lan Iwot 1a 0,600 va 0,571. Tat ca cac mé hinh
hoc may déu vuwot trdi so véi thang diém truyén théng
nhw GRACE (AUC = 0,755) va ORBI don gian (AUC =
0,780).

Két luan: Ba md hinh hoc may AdaBoost, Logistic
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Nguyén Nhat Tai'2 Tran Nguyén Phwong Hai?

Regression va LASSO Logistic cho thay hiéu suét cao
trong dw doan som sbc tim ndi vién & bénh nhan NMCT
cap. Két qua nay goi m& kha nang tich hop cac mé
hinh hoc may vao hé théng hd tro ra quyét dinh 1am
sang nham t6i wu héa cham séc cho nhém bénh nhan
nguy co cao.

Ttr khod: Séc tim, nhdi mau co tim cip, hoc may,
dw doan s&ém, AdaBoost

SUMMARY

PRELIMINARY EVALUATION OF MACHINE
LEARNING MODELS FOR PREDICTING
CARDIOGENIC SHOCK IN PATIENTS WITH
ACUTE MYOCARDIAL INFARCTION

Background: Cardiogenic shock (CS) is the most
severe complication of acute myocardial infarction
(AMI), associated with high in-hospital mortality. Early
prediction of CS at the time of admission is critical for
guiding timely treatment. In recent years, machine
learning (ML) models have been increasingly applied to
predict major cardiovascular events.

Objective: Todevelop and evaluate the performance
of various machine learning models in predicting in-
hospital CS among patients with AMI, and to identify
the model with the highest clinical application potential.

Methods: This was a cross-sectional descriptive
study with longitudinal follow-up on 316 patients
diagnosed with AMI. Patients were classified into two
groups: with and without CS during hospitalization.
Data were collected at admission, including medical
history, clinical features, laboratory results, ECG, and
echocardiography. After preprocessing, the dataset
was randomly split into training (70%) and testing (30%)
sets. The SMOTE-Tomek technique was applied to
the training set to address class imbalance. Feature
selection was performed using SHAP. Eight ML models
were developed and their predictive performance was
compared on the testing set.

Results: Among the 316 patients with AMI, the
incidence of in-hospital CS was 10.1%. The AdaBoost
model demonstrated the best predictive performance
with an AUC of 0.924, recall of 0.60, and F1-score of
0.571, indicating a good balance between sensitivity
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and overall accuracy. Logistic Regression and LASSO
Logistic also showed strong performance, with high
AUCs of 0.902 and 0.912, respectively; both models
achieved a recall of 0.60 and F1-scores of 0.600 and
0.571. All machine learning models outperformed
traditional risk scores such as GRACE (AUC = 0.755)
and the simplified ORBI score (AUC = 0.780).

Conclusion: The three machine learning models—
AdaBoost, Logistic Regression, and LASSO Logistic—
demonstrated high performance in the early prediction
of in-hospital CS among patients with AMI. These
findings highlight the potential for integrating machine
learning models into clinical decision support systems
to optimize care for high-risk patients.

Keywords: Cardiogenic shock, acute myocardial
infarction, machine learning, early prediction, AdaBoost

I. DAT VAN DE

Tudi, tién can dot quy/TIA, ngwng tim luc khéi
phat, NMCT thanh trwéc, phan do killip, tan sb
tim, huyét ap tam thu, duong huyét. Séc tim 1a
bién chirng ndng né va la nguyén nhan hang dau
gay tlr vong & bénh nhan nhdi mau co tim (NMCT)
cép. Ty lé sbc tim dao déng tir 5-10% trong nhém
bénh nhan NMCT cép, vdi ty Ié t& vong ndi vién
lén dén 40-50%, bat chap nhirng tién bd trong
can thiép mach vanh va diéu tri hé tro tuan hoan.’
Viéc nhan dién sém nguy co dién tién dén sbc tim
c6 vai tro then chét trong viéc trién khai cac bién
phap diéu tri kip th&i nham cai thién tién lwong.

Hién nay, mot sé thang diém lam sang nhw
GRACE hay ORBI dwoc s dung dé tién doan
bién cb n&ng trong hoi chirng vanh cap, bao gdm
cé sbc tim.2 Tuy nhién, cac md hinh nay chi yéu
duoc xay dwng bang phuong phap hoi quy truyén
thdng, vén chwa du linh hoat d& mé hinh hoéa cac
méi lién hé phi tuyén gitra nhiéu bién sb phirc tap
trong bdi canh lam sang thuc té. Bén canh do,
nhiéu yéu td nguy co chi dwgc ghi nhan muén sau
khi b&nh nhan da c6 bién ching, lam gidm hiéu
qua canh bao som.

Tri tué nhan tao (Artificial Intelligence - Al), dac
biét Ia cac thuat toan hoc may (machine learning
— ML), dang ndi l1én nhw mét cong cu tiém nang
trong viéc xay dwng cac mo hinh tién doan y khoa
c6 d6 chinh xac cao.®* ML cho phép x ly va hoc
tr mét lwong I&én dir liéu da bién, tir d6 tao ra cac
mé hinh tién doan phu hop véi cac dac diém lam
sang da dang va phi tuyén cta bénh nhan. Mét

sb6 nghién ctu gan day da ng dung ML dé dw
doan séc tim noi vien sau NMCT va cho két qua
kha quan.*

Tai Viét Nam, chwa c6 nghién clru nao rng
dung cac thuat toan hoc may dé xay dwng mod
hinh dw doan séc tim & bénh nhan NMCT cép trén
di liéu thye té. Do do, ching téi thuwe hién nghién
ctvu nay nham xay dung va danh gia hiéu suét cac
mé hinh hoc may trong tién doan séc tim noi vién
& bénh nhan NMCT cép.

I. DOl TUONG-PHUGNG PHAP
2.1. Thiét ké nghién ctru

Day 1a nghién ctru md ta cat ngang c6 theo dbi
doc, dwoc tién hanh tai Khoa Tim mach Can thiép
— Bénh vién Cho Ry tir thang 9 nam 2023 dén
thang 4 nam 2025. Tiéu chuan dwa vao bao goém:
bénh nhan =18 tudi nhap vién v&i chan doan nhdi
mau co tim cip (STEMI ho&c NSTEMI), khéng ¢
sbc tim tai thoi diém nhap vién ban diu, va ddng
y tham gia nghién ctru. Nghién ctru loai trie nhirng
bénh nhan cé sbc tim ngay khi nhap vién.

Nghién cru dwoc théng qua bdi Hoi dong
dao dwc trong nghién ctru Y sinh hoc tai Bai hoc
Y Duwogc TP. H6 Chi Minh (Quyét dinh s 2247/
DHYD-HDDD)

2.2. Quy trinh nghién ctru

tim ban dAu, theo dai bién cb séc tim ngi vign

+ Thu nhan bénh nhan NMCT cp khang ¢4 séc
« Thu thap bién s6 ltc nhap vign

X 1§ i l1gu:
*  Loo, lam sach dir ligu
*  Imputation

dir ligu tho
‘ * Chuén hod di liéu

‘ B0 dir ligu da dwoc xir Iy

‘ ‘Tép dir ligu Training (70%) ‘ ‘ Tép di liéu Testing (30%) H

Chonra
mé hinh
t6t nhét

Hinh 1. Quy trinh nghién cteu
T4t ca bénh nhan thda tiéu chuan nhan vao va
khéng c6 tiéu chuan loai trir dwoc theo dai dién tién
trong thoi gian ndm vién va dwoc phan thanh hai
nhém: cé dién tién dén séc tim va khong sbc tim.
Tiéu chuan chan doan sbc tim: huyét 4p tam
thu < 90 mmHg kéo dai = 30 phut hodc can st
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dung thubc van mach/tang co bép dé duy tri huyét
&p tam thu > 90 mmHg, kém theo it nhat mot dau
hiéu gidm twéi mau md nhu thay dbi tri giac, chi
lanh &m, thiéu niéu (<30 ml/gi®) ho&c lactate = 2
mmol/L.

Di liéu thu thap bao gdm: thong tin nhan tréc
hoc, ti&n can bénh ly; dac diém Iam sang, két qua
xét nghiém huyét hoc — sinh héa, dién tam do, va
siéu am tim luc nhap vién.

D@ lieu thu thap dwoc x&r ly gdm: lam sach,
loai bé gia tri ngoai lai, dién di liéu thiéu bang
phwong phap imputation va chuan hoéa dir liéu
theo phan phéi chuén.

Tap di¥ liéu sau d6 dwoc chia ngau nhién thanh
tap di liéu Training (70%) va tap dir liéu Testing
(30%), d@m bao phan bb ty Ié sbc tim — khéng séc
tim twong dwong.

Ty 1& sbc tim thap d&n dén van dé méat can bang
mau, dé gay hién twong qua khép (overfitting) khi
xay dung mé hinh hoc may. Dé xt ly van dé nay,
ky thuat SMOTE-Tomek dwoc ap dung riéng trén
tap di liéu Training.’

Bién dau vao duwoc chon loc bang phuong
phap SHAP (SHapley Additive exPlanations),
chon ra 20 bién quan trong nhat dwoc gilr lai dé
xay dwng md hinh.

Céac md hinh hoc may dwogc sir dung va huén
luyén trén tap di¥ liéu Training: Support Vector
Machine (SVM), Light Gradient Boosting Machine
(LightGBM), AdaBoost, XGBoost, Random
Forest, K-Nearest Neighbors (KNN) va Logistic
Regression, LASSO phan loai.

Hiéu suat dw doan ctia cac mo hinh dwoc danh
gia trén tap div lieu Testing théng qua cac chi sé:
dd chinh xac (accuracy), dién tich dwdi dudng
cong ROC (AUC), recall, precision, va F1 score.
M6 hinh cé hiéu suét cao nhat sé dwoc lwa chon
dé dé xuét rng dung trong lam sang.

2.3. Phwong phap théng ké

D{ liéu dau vao cho cac mé hinh hoc may duoc
Xt ly tién xt ly bao gébm: dién dir liéu thiéu bang
phwong phap imputation (trung binh hoac gia tri
phd bién nhéat), chuan hoa theo phan phdi chuén
(chuén hoéa Z-score: u = 0, 6% = 1), va khac phuc
mat can bang I6p bang ky thuat SMOTE-Tomek.

Hiéu suat dw doan cia mo hinh dwoc danh gia
trén tap kiém tra (test set) théng qua céc chi sb:
dd chinh xac (accuracy), dién tich dwdi dwong
cong ROC (AUC), d6 nhay (recall), dé chinh xac
dwong tinh (precision) va F1-score. F1-score la
trung binh diéu hoa gitra recall va precision, déc
biét hiru ich trong cac bai toan phan loai voi div
liéu mat can bang.

. KET QUA

Téng cong 316 bénh nhan NMCT cap nhap
vién tai Khoa Tim mach Can thiép — Bé&nh vién
Cho Ray tir thang 09/2023 dén thang 04/2025
dwoc dwa vao phan tich, trong dé 32 trwong hop
(10,1%) dién tién thanh sbc tim ndi vién.

Ty lé séc tim trong thoi gian nam vién (N=316)

100 89,9%
(n=284)

80

60

Ty 1€ (%)

40

20 10,1%
(n=32)

S6c tim

Khéng séc tim

Biéu db 1. Ty Ié séc tim xay ra trong thoi gian
nam vién
Nhém séc tim c6 diém GRACE va ORBI don
gidn cao hon cé y nghia théng ké so v&i nhom
khong sbc tim (déu p<0,001) (Bang 1).

Bang 1. So sénh diém GRACE va diém ORBI don gién (khéng tinh dén bién sé lién quan thd thuét)

gitta nhém cé va khéng c¢é séc tim

. iz Chung Séc tim Khéng séc tim
Bgc diem (N=316) (n=32) (n=284) P
Diém GRACE 1555 + 31,5 184,1 + 34,2 152,3 +29,5 <0,001
Diém ORBI don gian
(khong tinh bién s6 tha thuat) 2(1-5) 6 (4-10) 2(1-4) <0,001
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Sau khi chia theo ty 1& 70:30, tap Training gébm 221 ca (22 séc tim), con tap Testing ¢ 95 ca (10 sbc
tim). Ty 1é sdc tim & ca hai tap twong déi can ddi, dam bao tinh dai dién (Bang 2).

Dé cai thién kha nang hoc clia mé hinh véi tap Training mat can déi, ky thuat SMOTE-Tomek duoc
&p dung, tao ra mot tap div liéu can bang véi 199 ca séc tim va 199 ca khong sbc tim, gitp tbi wu hiéu

suat dw doan trén cac mé hinh hoc may.

Bang 2. Phén bé sé luong bénh nhén séc tim va khéng séc tim theo tirng tap dir liéu

Dir liéu chung Tap dir liéu Training Tap div liéu Testing
(n=316) (n=221) (n=95)
Khéng sbc tim 284 199 85
Séc tim 32 22 10

Trong téng sb 71 bién dau vao, phwong phap
SHAP d3 chon ra 20 bién quan trong nhat cé anh
hwéng 16n dén kha nang dy doan séc tim. Cac
bién dwoc chon bao gdm: cac bién 1am sang (tudi,
STEMI thanh trwéc, STEMI that phai, huyét ap
tam thu, Killip 1I/111), xét nghiém mau (hemoglobin,
lympho, tiéu ciu, BUN, eGFR, kali, cholesterol
toan phan, triglyceride va troponin I), ECG (block
nhanh phai), siéu am tim (LVEF, RLVD thanh
trwdc, RLVD that phai, tran dich mang ngoai tim),
va diém ORBI don gian.

Trén tap Training (sau khi can bang bang
SMOTE-Tomek), hau hét mé hinh dat AUC va F1-
score gan 1, cho thy kha nang hoc manh nhung
tiém an nguy co qua khép. Trén tap kiém tra,
AdaBoost cho hiéu suét tdng thé tét nhat véi AUC

= 0,924, Recall = 0,60, va F1 = 0,571, cho thay
mé hinh can bang tbt gitra do nhay va dé chinh
xac. LASSO Logistic va Logistic Regression ciling
la lwa chon hiéu qua v&i AUC cao, Recall = 0,60,
F1 lan lwot la 0,571 va 0,600, déng thoi cé wu
diém 1a mé hinh don gian, dé trién khai. (Bang 3).

M6 hinh KNN dat AUC cao nhat (0,928) nhung
chi dat Recall = 0,50 va F1 = 0,500, cho théy hiéu
qua phat hién ca séc tim con han ché. LightGBM
c6 AUC tét (0,901) nhwng Recall va F1 thép
hon nén khéng ndi bat. Cac mé hinh khac nhw
Random Forest, XGBoost va SVM tuy c6 AUC
cao, nhung thé hién tinh trang overfitting ro rét khi
chi dat Recall = 0,30 va F1-score thap (= 0,353),
khéng phu hop dé& &ng dung trong bdi canh can
wu tién phat hién s&m séc tim.

Bang 3. Hiéu suét chan doén cta cac mé hinh trén tap div liéu Training va Testing

Trén tap dir liéu Training Trén tap dir liéu Testing
Mb hinh
AUC | Accuracy | Recall | Precision F1 AUC | Accuracy | Recall | Precision F1
KNN 1,000 | 0,967 | 1,000 | 0939 | 0,968 | 0,928 | 0,895 0,5 0,500 | 0,500
AdaBoost |1,000| 0,995 | 0,990 | 1,000 | 0,995 | 0,924 | 0,905 0,6 0,545 | 0,571
Random | 4 500 | 1,000 | 1,000 | 1,000 | 1,000 | 0,923 | 0,884 0,3 0429 | 0,353
Forest
LASSO 0,998 | 0982 | 0,990 | 0,975 | 0983 | 0,912 | 0,905 0,6 0,545 | 0,571
Logistic
Logistic 1996 | 0970 | 0,965 | 0975 | 0,970 | 0,902 | 0916 0,6 0,600 | 0,600
Regression
LightGBM | 1,000| 1,000 | 1,000 | 1,000 | 1,000 | 0,901 | 0,916 0,5 0,625 | 0,556
XGBoost | 1,000 1,000 | 1,000 | 1,000 | 1,000 | 0,872 | 0,874 0,3 0,375 | 0,333
SVM 1,000 | 0,998 | 0,995 | 0,985 | 0,990 | 0,849 | 0,884 0,3 0429 | 0,353
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Phan tich dworng cong ROC cho thay hau hét cac mé hinh hoc may déu c6 kha ndng phan biét sé¢
tim tot hon so véi thang diém GRACE (AUC = 0,755) va ORBI don gian (AUC = 0,780). Diéu nay cho
thay so v&i cac thang diém truyén thdng, cac mé hinh hoc may cé tiém ndng trng dung tét hon véi do
chinh xac cao trong viéc dy doan bién cb séc tim ndi vien & bénh nhan nhéi mau co tim cap.

4’J 7 .
P %
-

—— KNN (AUC = 0.928)
~—— AdaBoost (AUC = 0.924)
AUC = 0.

—— Logistic Regression (AUC = 0.902)
—— LightGBM (AUC = 0.901)
XGBoost (AUC = 0.872)
—— SVM (AUC = 0.849)
GRACE (AUC = 0.755)
~~- ORBI don gian (AUC = 0.780)

0.0 0.2 0.4

0.6 0.8 1.0

False Positive Rate

Biéu dé 2. buong cong ROC cda cac mé hinh va cia diém GRACE va
diém ORBI don gién trén trén tap di liéu Testing

IV. BAN LUAN

Trong nghién ctu nay, chung téi chon dwoc
ba mé hinh tét nhat gém AdaBoost, Logistic
Regression, va LASSO Logistic — dai dién cho cac
hwéng tiép can mé hinh héa khac nhau nhwng
déu thé hién hiéu qua cao trong dw doan séc tim
ndi vién.

M6 hinh AdaBoost trong nghién ctru clia ching
t6i dat hiéu suat phan loai cao va gitr dwoc do 6n
dinh gilra tap Training va Testing (AUC = 0,924;
Recall = 0,60; F1 = 0,571), cho thay kha nang tng
dung tét trong dy doan séc tim noi vién. Uu diém
ctia AdaBoost ndm & co ché diéu chinh trong s6
theo tirng vong lap, giup téi wu hoéa 16i va ting
cuwdng dé nhay trong phat hién cac trwong hop
bién cb it g&p nhw sbc tim ndi vién.

Logistic Regression dwgc dwa vao so sanh
nhw mét mé hinh tuyén tinh ¢b dién, c6 wu diém rd
rang vé tinh minh bach, dé trién khai va giai thich.
Mac du don gidn, mé hinh van dat AUC = 0,902
va Recall = 0,60 — twong dwong véi cac md hinh
phtrc tap hon, ddng thi F1 = 0,6 1a cao nhat trong
tat cd mo hinh khao sat. Diéu nay cho thay hdi quy
logistic van la lwa chon manh mé trong mai trwérng
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lam sang yéu cau ré rang vé giai thich mé hinh.

LASSO Logistic Regression la phién ban dwgc
chuén héa véi phat L1, cho phép lwa chon bién tw
ddng. M6 hinh nay khéng nhirng duy tri hiéu nang
cao (AUC = 0,912; Recall = 0,60; F1 =0,571), ma
con mang lai mé hinh gon nhe hon, phu hgp véi
cac ing dung thuc té can tiét kiém thoi gian va tai
nguyén xt ly.

Sw khac biét vé mé hinh téi wu gitra cac nghién
ctru 14 diéu dé ly giai. Nghién ctu clia Bai va cdng
sw xac dinh LASSO la mé hinh tét nhat nhe don
gian, it overfitting;® trong khi nghién ctru cia Béhm
va cong suw (STOP SHOCK) Iwa chon hdi quy
logistic v&i chuan héa elastic net la mé hinh tbi
wu nhé tinh don gian, dé hiéu chinh va kha nang
hiéu nang cao khi dwoc huén luyén trén di liéu
I&n tr bénh &an dién t&.” M&i mé hinh phu hop véi
dac diém di liéu khac nhau: dan sé, c& mau, cach
chon bién, phan chia di¥ liéu va dac diém ky thuat
déu anh hwdng dén két qua. Trong nghién ctwu
nay, di liéu dwoc thu thap chi dong tir dau, han
ché bién méat va cho phép xay dwng mé hinh dua
trén cac thong sé san cé tai nhap vién — mot loi
thé dang ké so v&i nhidu nghién ctru qubc té phu
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thuoc vao dir liéu bénh an dién tr, von dé thiéu
ho&c khéng déng nhét.

Diém chung quan trong la ca nghién ciru cla
chung t6i va cla tac gia Bai déu cho thdy cac mo
hinh hoc may vwot tréi hon GRACE va ORBI —
nhirng thang diém hdi quy truyén théng, vén kho
phdn anh dwoc tinh chat phi tuyén va twong tac
bién phirc tap ctia bénh Iy sbc tim.6 Cac mé hinh
hoc may cho phép tich hop nhiéu loai di liéu dau
vao, tang dé chinh xac ma khéng phu thuéc vao
bién can thiép hoac theo ddi sau nhap vién.

Tuy nhién, d& mé hinh dwoc trién khai thuc té,
can tién hanh kiém dinh ngoai trén cac quan thé
doc lap véi quy md Ién hon va thiét ké giao dién
(rng dung lam sang than thién. Chi khi dam bao
tinh tdng quat, tinh kha thi va kha nang tich hop
vao hé théng lam sang, mé hinh m&i thyc sy tré
thanh coéng cu hd tro ra quyét dinh hiéu qua trong
diéu tri bénh nhan NMCT cép c6 nguy co séc tim.

V. HAN CHE

Nghién ctru don trung tdm vé&i c& mau con han
ché, chwa thuwc hién kiém dinh ngoai, do dé kha
nang téng quat cia mé hinh con can dwoc xac
minh. Ngoai ra, mé hinh chwa dwoc tich hop vao
hé théng lam sang dé danh gia tinh kha thi trong
thuc té.

VI. KET LUAN

Nghién ctru cho thdy cac mé hinh hoc may,
dac biét la AdaBoost, Logistic Regression va
LASSO Logistic, c6 hiéu suat cao trong dy doan
sém sbéc tim nodi vién & bénh nhan nhdi mau co
tim cap. Viéc khai thac cac théng sé lam sang,
can lam sang va hinh anh hoc ngay tai thoi diém
nhap vién gitp mé hinh dé tich hop vao quy trinh
phan tang nguy co va hd tro quyét dinh diéu tri
sém. Trong d6, AdaBoost ndi bat véi d6 chinh xac
cao va kha nang can bang tbt gitra d6 nhay va do
dac hiéu, trong khi Logistic Regression va LASSO
Logistic c6 wu diém 1a md hinh don gian, dé trién

khai trong thwc hanh 1am sang. Tuy nhién, dé ap
dung roéng rai, cdn thém cac nghién ctru kiém dinh
ngoai va danh gia tinh kha thi khi tich hop vao hé
thdng cham séc 1am sang thuc té.

NGUON TAI TRQ’: Nghién ctru nay nhan duoc
sy hd tro tv S& Khoa hoc va Cong nghé Thanh
phd H6 Chi Minh (theo hop ddng sb 02/2025/HD-
QKHCN ngay 07/02/2025).

TAI LIEU THAM KHAO

1. Vallabhajosyula S, Ahmad K. The Price We
Pay: Cardiogenic Shock After Acute Myocardial
Infarction. American College of Cardiology
Foundation Washington DC; 2024. p. 101048.

2. Auffret V, Cottin Y, Leurent G, et al. Predicting
the development of in-hospital cardiogenic shock
in patients with ST-segment elevation myocardial
infarction treated by primary percutaneous coronary
intervention: the ORBI risk score. European heart
journal. 2018;39(22):2090-2102.

3. Bommu R. Machine Learning Applications
in Cardiology: A Viable Practical Solution for
Developing Countries. The  Metascience.
2024;2(1):10-20.

4. Aleman R, Patel S, Sleiman J, et al. Cardiogenic
shock and machine learning: a systematic
review on prediction through clinical decision
support softwares. Journal of Cardiac Surgery.
2021;36(11):4153-4159.

5. Or B. Improving Requirements Classification with
SMOTE-Tomek Preprocessing. arXiv preprint
arXiv:2560106491. 2025;

6. Bai Z, Hu S, Wang Y, et al. Development of
a machine learning model to predict the risk
of late cardiogenic shock in patients with ST-
segment elevation myocardial infarction. Annals of
Translational Medicine. 2021;9(14):1162.

7. BohmA,SegevA,JajcayN,etal. Machinelearning-
based scoring system to predict cardiogenic shock
in acute coronary syndrome. European Heart
Journal-Digital Health. 2025:ztaf002.

233



