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NG DUNG HOC MAY TRONG DU’ POAN TON THUONG
THAN CAP SOM SAU PHAU THUAT GHEP GAN

Ngé Pinh Trung', Nguyén Tai Thu!

Tém tit

Muc tiéu: Panh gia hiéu qua ciia mé hinh hoc may Random Forest trong dw doan
so'm ton thwong than cip (acute kidney injury - AKI) sau ghép gan. Phwro'ng phdp
nghién ctru: Nghién ctru h6i ciru mé ta don trung tim trén 205 bénh nhan (BN) ghép
gan tai Bénh vién Trung wong Quan doi 108 giai doan 2021 - 2025. Dit liéu dworc chia
thanh tAp huin luyén (70%) va kiém dinh (30%). M6 hinh Random Forest dwoc xay
dung tlr cac bién lam sang lién quan dén nguy co AKI va dwoc danh gia thong qua
dién tich dwéi dwong cong (AUC), do nhay, do dac hiéu, diém Brier va calibration.
Két qua: M6 hinh dat gia tri AUC 1a 0,752 v&i do dac hiéu cao (0,804). Cac bién co gia
tri dw bdo quan trong nhat bao gém diém MELD (model for end-stage liver disease),
lwgng mau truyén, thoi gian thi€u mau am va néng do lactate 6 gior sau ghép. Két qua
phéan ting nguy co tir mo hinh c6 moi twong quan chit ché véi ty 1€ AKI va thoi gian
nam hoi strc thuc té. K€t udn: M6 hinh Random Forest cho hiéu nang du bao kh4, c6
gid tri trong nhan dién sém nhém nguy co cao AKI sau ghép gan, tir d6 ho tro cac bac
si dwa ra quyét dinh 1am sang kip thoi.

Tir Khoa: Hoc may; T6n thwong than cdp; Phau thuat ghép gan.

APPLICATION OF MACHINE LEARNING FOR EARLY PREDICTION OF
ACUTE KIDNEY INJURY FOLLOWING LIVER TRANSPLANTATION

Abstract

Objectives: To evaluate the performance of a Random Forest machine-learning
model in the early prediction of acute kidney injury (AKI) following liver
transplantation. Methods: A single-center, retrospective, descriptive study was
conducted on 205 liver transplant recipients at 108 Military Central Hospital from
2021 to 2025. Data were divided into a training set (70%) and a validation set (30%).
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The Random Forest model was developed using clinical variables associated with
AKI risk and evaluated based on the area under the curve (AUC), sensitivity,
specificity, Brier score, and calibration. Results: The model achieved an AUC of 0.752
with high specificity (0.804). MELD (model for end-stage liver disease) score,
intraoperative transfusion volume, warm ischemia time, and post-operative 6-hour
lactate levels were identified as the most important predictors of AKI. Risk
stratification based on the model correlated well with actual AKI incidence and ICU
length of stay. Conclusion: Random Forest model demonstrated moderate predictive
performance and is valuable for early identification of high-risk AKI groups after
liver transplantation, thereby supporting timely clinical decision-making.

Keywords: Machine learning; Acute kidney injury; Liver transplantation.

PAT VAN PE

Tén thwong thin cip la mét bién
chirng sém nghiém trong sau ghép gan,
voi ty 18 mac khodng 30 - 40%. Sw xuit
hién cta AKI trong giai doan hau phau
khong chi lién quan truwc ti€p dén ty 1€ t
vong cao ma con suy giam chirc nang
manh ghép va rut ngin thoi gian séng
con cua ngwoi bénh [1]. Trong béi canh
cac ca ghép gan ngay cang phrc tap, viéc
dw doan sém nguy co AKI dong vai tro
then chot nham t6i wu héa hoi strc, dieu
chinh huyét déng, quan ly dich truyén va
kiém soat kip thoi cac yéu té nguy co cd
thé can thiép.

Cac mo hinh théng ké truyén thong
nhuw héi quy logistic, tuy dwoc stv dung
phd bién nhung van ton tai nhirng han
ché boi gid dinh tuyén tinh, tinh nhay
cam cao v&i da cong tuyén va gip khé
khan khi xtr ly kém cac twong tac phirc
tap gitra cc bién s6. Nhirng han ché nay
lam tang nguy co qua khép va giam hiéu
qua dw doan trén dir liéu thuc té.

36

Nguwoc lai, cdc thuat toan hoc may
ngay cang chirng minh wu thé trong dw
b4o bién ¢ hiu phiu nho kha ndng phan
tich cAc m6i quan hé phi tuyén tinh, tw
déng nhin dién twong tac gitra cac bién
va giam nguy co qua khép thong qua co
ché danh gia 1ap. Nhiéu nghién ctru da
xac nhan hiéu qua vwot troi ciia hoc may
trong dw doan AKI sau phau thuatlém va
ghép tang [2, 3].

Trong d6, m6 hinh Random Forest dac
biét phu hop voi dir liéu ghép gan nho
cdu truc tap hop nhiéu ciy quyét dinh,
giup tidng d6 6n dinh cia mé hinh ngay
cd khi ¢ mau han ché, dong thoi cung
cip théng tin vé mirc d6 quan trong cua
bién [4].

Xuit phat tir nhu cdu 1am sang do,
nghién cru nay dwoc thuc hién nham:
Xdy dwng va ddnh gid mé hinh Random
Forest trong dw dodn sém AKI sau ghép
gan, huwéng dén hé tror quyét dinh diéu tri
va toi wu hoa két cuc cho nguwdi bénh.
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PpOI TUONG VA PHUONG PHAP
NGHIEN CU'U

1. P4i twong nghién ciru

Gom 205 BN dwoc phiu thuat ghép
gan tai Bénh vién Trung wong Quan doi
108 trong giai doan 2021 - 2025.

* Tiéu chudn lwa chon: BN > 18 tudi; c6
day du dir liéu 1am sang va cin 1am sang
can thiét cho phén tich.

* Tiéu chudn loai trir: BN < 18 tudi; BN
tlr vong trong vong 48 gir sau md; cac
treong hop thi€u dir liéu nghién ctiru.

2. Phwong phap nghién ciru

* Thiét ké nghién ctru: Nghién cru hoi
cru, mo ta, don trung tam.

* Tiéu chudn dp dung trong nghién
ctbu: Chan doan AKI theo Tiéu chuin
KDIGO 2012, bao gobm: Tang creatinine
huyét thanh > 26,5 pmol/L trong vong
48 gitr hodc tang creatinine = 1,5 lan so
v&i gid tri nén trwdec mo [5].

* Chi tiéu nghién ctru: Xuat hién AKI
trong 48 gior ddu sau ghép gan; thoi gian
nam tai Khoa H®éi strc tich cuc (ICU) tinh
bang s6 ngay.

Cac bién dau vao cho mo hinh bao
gobm tudi, gidi tinh (nam/nit), nguyén
nhan xo gan (do rwou/khéng do rwou),
diém MELD tai thoi diém trwdc mé; thoi
gian thiéu mau am, thoi gian thi€u mau
lanh, lwvong mau truyén trong mo, thoi
gian phau thuat va ndng do lactate tai 6
gior sau ghép [6, 7, 8].

* Xdy dung mo hinh: Nghién ctru st
dung hoc may c6 giam sat, v&i thuat toan
Random Forest nham dw doan kha ning
xudt hién AKI sau ghép gan. Random
Forest thu6c nhom mo hinh dwa trén cay
quyét dinh, pht hop cho dir liéu 1am sang
c6 moi quan hé phi tuyén va twong tac
phirc tap gitra cac bién.

Dit liéu lam sang va can lam sang
dworc trich xult tir h6 so bénh an, nhap
va lwu trit dwéi dang bang Excel. Dir liéu
sau d6 dwoc nhap truc tiép tir Excel vao
phin mém R dé xay dwng va danh gia
mo hinh.

Cach tinh todn: Trwdc hét dir liéu
dwoc chia ngiu nhién theo ty 1& 70% cho
tdp hudn luyén va 30% cho tip kiém
dinh doc 1ap, déng thoi duy tri ty 1& AKI
twong dwong giita hai tap. Viéc chia mau
str dung ham sample() trong R v&i ma s6
ngau nhién c¢d dinh nhim dam bao kha
nang tai lap.

M6 hinh Random Forest dwogc xay
dwng trén tap huin luyén véi cac dac
diém sau: Thuit toan s dung tip hop
nhiéu ciy quyét dinh, moi ciy duwoc huin
luyén trén mot mau bootstrap cta dit
liéu. Tai mdi nut chia, thuat toan lwa chon
ngiu nhién mot tap con cac bién dé tim
diém chia t6i wu, gidp gidam da phwong
sai va han ché qua khép. S6 lwong cay
dworc thiét lap & mrc da 1én (thwong tir
500 - 1.000) d€ dam bao do6 6n dinh. Cac
siéu tham s6 nhuw s6 lwong bién dwoc
chon tai mdi diém chia, d6 siu tdi da cia
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cay, s6 lwong mau tdi thiéu tai
ndt cudi... dwoctéiwuhdéabang  kiém
dinh chéo nham cai thién hiéu suit mé
hinh.

DE t6i wu hod mo hinh va giam nguy
co qua khop, tip huin luyén dwoc chia
ngau nhién thanh 10 phan c6 kich thwéc
x4p xi bang nhau. Trong modi vong lap,
md hinh dwgc huan luyén trén 9 phan va
danh gia trén 1 phan con lai. Qua trinh
nay dwoc ldp lai 10 l4n, ddm bao mbi
phén dir liéu déu déng vai tro tip kiém
tra dung mot lan.

Sau khi m6 hinh dwoc huin luyén va
toi wu hoa hoan chinh, toan bd mé hinh
dwoc 4p dung 1én tip kiém dinh déc lap
(30%) nham danh gia ngoai kiém. Cac
chi s6 thu dwoc bao gobm AUC, d6 nhay,
do dac hiéu, diém Brier va calibration.
Trong dé6 AUC 0,7 - 0,8: Kha; 0,8 - 0,9:
T6t; > 0,9: Xuat sdc. Piém Brier dwoc st
dung dé danh gid do chinh xac cta xac
suit du bao trén thang diém tir 0 - 1; gia
tri cang thip, moé hinh cang tot.
Calibration intercept > 0 cho thidy mé
hinh dw bdo nguy co cao hon thuc té,
trong khi intercept < 0 phan &nh mé hinh
danh gia thidp hon nguy co thuc té.
Calibration slope < 1 cho thdy mé hinh cé
xu hwéng qua tw tin, khién cac xac suat
duw bao cao bi ddy 1én qua mirc va cac xac
suat thip bi kéo xuéng thap hon thuec té,
con slope > 1 cho thdy mo hinh chwa du
nhay va chwa khai thac hét kha nang
phan tach nguy co cé trong dir liéu.
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Trong mé hinh Random Forest, mirc
dé quan trong cua cac bién dwoc tinh
dwa trén cac chi sé ndi tai. D€ thuin tién
cho viéc so sanh va dién giai, cac gia tri
nay dwgc chuin hoéa bang cach quy déi
vé ty 1é phan tram. Trong dé bién c6 mirc
d6 quan trong cao nhat dwoc chuin hoéa
thanh 100%, va cac bién con lai dwoc
biéu dién theo ty 1é twong quan so vé&i
bién nay.

Sau khi hoan thién qua trinh huin
luyén va kiém dinh, m6 hinh Random
Forest dwoc lwu dudi dang tép .RDS
(https://drive.google.com/file/d/1cVsy
1KiYqDiDepl3rlZ9LB214WWf5q5/ view?
usp=share_link), 1a dinh dang chuin duy
nhat cho phép lwu trir mo6 hinh dw doan
trong moi treong R. Khi stt dung mo hinh
cho muc dich dw doan, ngudi dung nap
lai md hinh bang phin mém R thong qua
ham readRDS(), sau d6 nhap bd dit liéu
diu vao ttr bang Excel (bao gom cac bién
da liét ké & trén) dé mo hinh xr ly va tinh
toan. Dir liéu dau ra la xac suit mic AKI,
c6 gia tri tir 0 - 100% dé phuc vu phan
tAng nguy co va ho tro dwa ra quyét dinh
lam sang.

* Xt Iy s6 liéu: Phan tich dwoc thuc
hién bang phan mém RStudio phién ban
2024.04.2 (Posit Software, PBC). Kiém
tra phan phdi chuin bang kiém dinh
Kolmogorov-Smirnov. Cac bién lién tuc
phan phéi khéng chuin biéu dién duéi
dang trung vi va khoang tt phan vi, so
sanh s dung kiém dinh Mann-Whitney
U test. Cac bién dinh tinh biéu dién duéi
dang ty 1é phan tram (%), so sanh s
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dung kiém dinh X2 (Chi-square). Chon vy sinh hoc cia Bénh vién Trung wong
mirc y nghia thong ké p < 0,05. Quéan doéi 108. S6 liéu nghién ctru duwgc
Bénh vién Trung wong Quan ddi 108 cho
phép st dung va cong b6. Nhéom tac gia

Nghién ctru dwoc thuc hién theo diing  cam két khong c6 xung dot loi ich trong
quy dinh vé dao ditc trong nghién ctru  nghién ciru.

3. Pao dirc nghién ciru

KET QUA NGHIEN C(rU

C6 205 BN dap wng tiéu chuin lwa chon va dwoc dwa vao nghién ctvru. Nhirng BN
nay dwoc phan loai thanh hai tip: TAp huin luyén va tip kiém dinh.

Bang 1. Dic diém BN nghién cru.

Tap huin luyén Tap kiém dinh

Bién s (n =144) (n=61) P
Tuéi (trung vi - IQR) 54,0 (43,0-60,0) 54,5(452-61,0) >0,05
Nam gié¢i, n (%) 120 (83,4) 51 (84) > 0,05
Xo gan nguyén nhan do ruou, n (%) 22 (15,4) 8(12,9) > 0,05
biém MELD 12,7 (6,8 - 19,6) 10,8 (6,3-16,1) >0,05
Thoi gian thiéu mau 4m (pht) 35,0(30,0-43,0)0 34,0(30,0-41,0) >0,05

Thoi gian thidu mau lanh (phut) 80,0 (70,0 - 95,0) 76,0 (68,0 -86,5) >0,05

Lwong mau truyén (mL) 2.950(1.850-3.700) 2.775(1.500-3.350) >0,05
Thoi gian phau thuat (phut) 393 (345 - 440) 379 (350-419) >0,05
Lactate 6 gior (mmol/L) 53(4,1-7,5) 50(4,1-6,7) > 0,05
AKI, n (%) 57 (39,9) 24 (38,7) > 0,05

Két qua tir bang 1 cho thiy khong cé sw khac biét c6 y nghia théng ké vé cac dac
diém 1am sang, cin lam sang va cac thoéng s& phau thuat giita hai tap dit liéu

(huén luyén va kiém dinh).
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Bang 2. Hiéu nang mo hinh Random Forest trén tap kiém dinh.

Théng so Random Forest
AUC 0,752
D6 nhay 0,521
Do dac hiéu 0,804
Gia tri tién doan dwong tai ngudng t6i wu 0,636
Gia tri tién doan 4m tai nguwdng téi wu 0,720
Piém Brier 0,203
Calibration intercept 0,079
Calibration slope 0,758

M6 hinh Random Forest cho thiy hiéu nang dw bdo twong d6i tot trén tip kiém
dinh v&i AUC dat 0,752, d6 dac hiéu cao (0,804) va gia tri tién dodn am tot (0,720).

Bang 3. Mirc d6 quan trong ctia bién trong mé hinh Random Forest.

Bién s6 Mirc do quan trong (%)
biém MELD 100
Lwong mau truyén trong mo 52
Thoi gian thiéu mau 4m 50
Nong do lactate 6 gior sau ghép 43
Tudi 34
Thoi gian thiéu mau lanh 26
Thoi gian phau thuat 21

Tir két qua ctia bang 3 cho thay diém MELD la yéu to tién lwong manh nhat déi véi
tinh trang AKI sau ghép gan. Tiép dén la lwong mau truyén trong md, thoi gian thiéu
mau 4m va néng do lactate 6 gir sau ghép.

Bang 4. Phan ting nguy co theo mé hinh Random Forest va két cuc 1am sang.

Nhoém nguy co Xac sudt AKl thucté€ Thoi gian\nﬁm ICU
Random Forest (%) (%) (ngay)

Thap <10 0 4(4-4)

Trung binh 10-30 0 4(4-5)

Cao 30 - 60 33 7(5-7)

Rat cao > 60 48 7,5(6-12)

O’ nhém du bao nguy co thip va trung binh khong ghi nhan AKI thuwc t&. Nhém
nguy co cao c6 ty 1é AKI tang 33% va dat 48% & nhom nguy co rit cao, dong thoi
thoi gian nam ICU & nhom nay kéo dai nhat (trung vi 7,5 ngay).
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BAN LUAN

Viéc phan chia dir liéu thanh hai tap
huin luyén va kiém dinh cho thiy sw
nhit quan vé dic diém lam sang, dam
bao mo6 hinh dwoc xay dwng trén dir liéu
c6 tinh dai dién va han ché nguy co sai
léch phin b6. M6 hinh Random Forest
cho thay hiéu nang dw bdo & mic kha
quan, dac biét 1a kha nang sang loc nhém
nguy co thong qua do dac hiéu cao va gia
tri tién doan 4m tot.

Két qua nay twong déng véi nghién
ctru cua Chiofolo va CS (2019) tai Mayo
Clinic trén BN hoi strc. Gid tri AUC dat
0,882 cho thdy kha ndng phan biét kha
tot clia thuat toan trong bdi canh lam
sang phtrc tap [9]. Twong tw, trong phan
tich tong hop cia Song va CS (2022) vé
du bao AKI sau phau thuit tim, cidc mo
hinh hoc may - bao gbm Random Forest -
nhin chung thé hién hiéu nang vwot troi
hon so v&i cadc mo hinh théng ké c6 dién
nhw hoi quy logistic [10]. Piéu nay cling
c6 cac thuét todn dwa trén ciy quyét dinh
c6 wu thé vwot troi trong tién lwong AKI
& nhiéu quan thé BN khac nhau.

K&t qua nghién cru khang dinh gia tri
ciia mo hinh trong viéc sang loc som va
loai trir cic trwomg hop nguy co thap,
giup tap trung nguon lwc cho nhém BN
nguy co cao. Tuy nhién, d0 nhay con han
ché cho thiy cin tiép tuc téi wu hoa méo
hinh nham ting kha ning phat hién AKI
trong nhirng gio: dau sau mo - thoi diém
can thiép Kip thoi c6 thé cai thién dang
ké két cuc sang loc cho BN.

Phéan tich mirc d6 quan trong cia bién
cho thdy mé hinh nhén dién ding cac yéu
t6 sinh ly bénh quan trong cia AKI sau
ghép gan, bao gom diém MELD, néng d6
lactate sau mo, thoi gian thi€éu mau dm
va lwong mau truyén. Cac bién nay phan
anh tinh trang suy gan, réi loan huyét
doéng va chuyén hoa - nhirng co’ ché trung
tAm cda AKI. Uu thé cta cac yéu té nay
cung ¢ gia tri sinh hoc cia md hinh,
dong thoi cho thdy moé hinh Random
Forest khong chi dw doan t6t ma con phu
hop v&i ban chit da yéu to cia AKI.

Mic du quy mdé mau nghién ctru con
han ché (hon 200 trueong hop ghép gan),
mo hinh Random Forest van cho thiy
hiéu nang dw bdo kha quan véi AUC =
0,752 va do6 dac hiéu cao. Piéu nay phan
anh wu thé cta thuit toan trong xt ly dir
liéu phtrc tap, phi tuyén tinh, cling nhw
kha nang hoat déng 6n dinh ngay ca khi
c® mau gidi han.

Trong twong lai, cac thuat todn hoc
may nhw Random Forest, XGBoost va
Deep Learning c6 tiém niang hd tro manh
meé cho phan ting nguy co va du bdo bién
c6 sau ghép gan. Khi dit liéu 1o6n hon va
da trung tam dworc tich hop, cac mo6 hinh
nay khong chi cai thién do chinh xac dw
b4do ma con tré thanh céng cu hd tro
quyét dinh 1dm sang quan trong.

KET LUAN

M6 hinh hoc may Random Forest cho
thiy hiéu nang mirc kha trong dw doan
som AKI sau ghép gan, véi AUC 0,752 va
do6 dac hiéu 0,804 trén tip ki€ém dinh doc
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1ap. Cac yéu t6 du bao quan trong nhit
cia AKI sau ghép gan dé la diém MELD,
lwrong mau truyén trong mo, thoi gian
thi€u mau néng va xét nghiém lactate
huyét thanh tai thoi diém 6 gio sau
phAu thuét.
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