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XAy dung mé hinh du doan diéu tri thay thé than lién tuc
¢ bénh nhan sepsis

Building a predictive model for continuous renal replacement therapy in

patients with sepsis

Lé& Xuin Dwong, Nguyén Hai Ghi va P6 Thanh Hoa*

Tom tat

Muc tiéu: Xay dung mo hinh hoc may bang thuat toan XGBoost du doan diéu tri thay thé than lién
tuc (CRRT) & bénh nhan sepsis. Béi tugng va phuong phdp: Nghién clu cat ngang trén 530 bénh nhan
dugc chan doan sepsis. Thu thap cac chi s6 1am sang va can 1am sang tai thai diém chan doan. Theo doi
doc thai gian xac dinh d6i tuong cé chi dinh CRRT. Chia ¢c& mau thanh 2 phan theo ty 1& 80:20. Trong d6,
80% c& mau huan luyén mé hinh bang thuat toan XGBoost dua trén cac chi sé lam sang va can lam sang.
20% c& mau dé danh gia hiéu suat mo hinh. Két qud: Mé hinh gém 8 théng s6 gém tudi, gidi, dudng vao,
nong do ure, creatinin, lactate va pH cho hiéu suat téi uu vai dd nhay 92,3%, d6 dac hiéu 92,4%, d6 chinh
xac téng quat 91%, do chinh xac trong sé du doan duong 85,7% va AUC rat tot (0,95). Két ludn: M6 hinh
dua trén thuat toan XGBoost c6 gia tri cao trong du doan CRRT & bénh nhan sepsis.

Tirkhéa: Sepsis, diéu tri thay thé than lién tuc, thuat toan XGBoost.

Summary

1. DAT VAN BE

de doa tinh mang do dap Ung cda vat chu véi tinh

Objective: The study aimed to develop a machine learning model using the XGBoost algorithm to
predict continuous renal replacement therapy (CRRT) in patients with sepsis. Subject and method: This
was a cross-sectional study involving 530 patients diagnosed with sepsis. Clinical and paraclinical
parameters were collected at the time of diagnosis. Patients were then followed longitudinally to
identify those who required CRRT. The sample size was divided into two groups in an 80:20 ratio. 80% of
the sample was used to train the XGBoost model based on clinical and paraclinical parameters, while
20% was used to evaluate the model’s performance. Result: The model included 8 parameters: age,
gender, portal entry of infection, serum urea concentration, serum creatinine concentration, blood
lactate, and arterial pH. It achieved optimal performance with a sensitivity of 92.3%, specificity of 92.4%,
accuracy of 91%, precision of 85.7%, and a very good AUC (0.95). Conclusion: The model based on the
XGBoost algorithm had significant value in predicting CRRT in patients with sepsis.

Keywords: Sepsis, continuous renal replacement therapy, XGBoost.
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trang nhiém trung bi réi loan, c6 thé dan dén ty Ié
tan tat va ti vong cao, dac biét & nhiing bénh nhan
nang & don vi hoi suc (ICU). Sepsis la nguyén nhan
hang dau gay tén thuong than cdp (Acute Kidney
Injury: AKI) va can phai diéu tri thay thé than. Xap xi
khoang 35% bénh nhan c6 AKI tai ICU, trong d6 50%
la thi phét do sepsis. Ty 1é ti vong & nhém sepsis c6
AKI thudng cao han cé y nghia so véi nhém sepsis
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khong cé AKI. AKI la mot yéu t6 nguy co doc lap tu
vong trong sepsis '. Hién nay, diéu tri sepsis két hgp
vGi AKI chu yéu la cac bién phap khéng dac hiéu.
Diéu tri thay thé than lién tuc (CRRT) la mét bién
phép truyén théng dé diéu tri AKI. Mac du hién nay
chién lugc diéu tri thay thé than sém (trong vong 12
gid sau khi bénh nhan théa man tiéu chuan kha thi)
so vdi diéu tri chudn (khéng chi dinh diéu tri thay
thé than trur khi ¢ cac chi dinh thong thudng hoac
tén thuong than dai dadng > 72 gid) cé thé khéng
lién quan v&i gidm nguy co ti vong 90 ngay °. Tuy
nhién khi diéu tri thay thé than sém c6 nhiing lgi ich
nhat dinh nhu cai thién va én dinh nhanh can bang
acid-base, can bang nudc va dién giadi do dé du
phong dudgc cac bién ching nidng cda tén thuong
than cdp va c6 kha nang lay bo cac chat doc tiém
tang °. Do d6 ma viéc phat hién sé6m bénh nhan cé
nhu cau diéu tri thay thé than van rat quan trong.
Hién tai c6 mét s6 cong cu tiém nang dé du bao can
phai diéu tri thay thé than lién tuc nhu mét s6 dau
an sinh hoc (biomarkers), nhung cac bang ching
chua @ manh dé khuyén cao thudng quy cac cong
cu nay dua ra quyét dinh diéu tri thay thé than *. Véi
su phat trién cda khoa hoc may tinh, viéc ap dung tri
théng minh nhan tao trong y té dugc st dung ngay
cang phd bién, trong d6 c6 st dung hoc may dé xay
dung cadc mo hinh tién lugng. Viéc 4p dung hoc may
trong xay dung mé hinh dy doén tai Viét Nam con
han ché. Do dé chung t6i s dung XGBoost, mot
thuat toan rat manh mé, da dugc chiing minh la mét
mé hinh t6i uu hoda vé téc dd va hiéu suat nham muc
tiéu®: Xday dung mé hinh hoc mdy bdng thudt todn
XGBoost du dodn diéu tri thay thé thdn lién tuc (CRRT)
& bénh nhan Sepsis.
I.p0oI TUQONG VA PHUONG PHAP

2.1. Béi tuong

Bao gém 530 bénh nhan dugc chan doan sepsis
tai Khoa Cap clu - Bénh vién Trung uong Quan déi
108 tur thang 01/2020 dén thang 01/2024.

Tiéu chudn lua chon: Ngugi 16n > 18 tudi; chan

doén sepsis theo tiéu chuan ctia SCCM/ESICM nam
20176.

Tiéu chudn logi trir: Bénh nhan cé bénh than
man tinh; bénh nhan khoéng dugc gidm sat va lam
xét nghiém du theo quy trinh; bénh nhan hodc gia
dinh khéng déng y tham gia nghién ctu.

2.2, Phuong phdp

Thiét ké nghién cutru: Nghién clu cat ngang, tién
ctru két hop véi hoi clu.

Thu thdp di liéu: Theo mau bénh an nghién ciu
gbém cac chi s6 1am sang (tudi, gidi tinh, dudng vao
nhiém khudn) va can lam sang ldy tai thoi diém nhap
khoa Cap cutu (ure, creatinin, lactate, HCO,-, pH).
Bénh nhan dugc chan doan va diéu tri theo khuyén
céo cla Sepsis-3 nam 2016 va theo déi doc dé ghi
nhan cac trudng hgp chi dinh diéu tri thay thé than
lién tuc lién quan dén sepsis.

Cdc tiéu chudn dp dung trong nghién cuu: Sepsis
la réi loan chic nang co quan de doa tinh mang do
roi loan dap Ung cda vat chl véi nhiém trung, trong
dé réi loan chiic ndng co quan xac dinh bai thay doi
cdp tinh diém SOFA > 2 so vdi muc nén °. Tén
thuong than cap (AKI) la tang creatinine huyét thanh
it nhat 0,3mg/dl (26,5umol/l) trong vong 48 gid hodc
tang creatinine huyét thanh 50% so vdi muc nén
trong vong 7 ngay hodc cung lugng nuéc tiéu <
0,5ml/kg/h it nhat 6 gi ’. Chi dinh diéu tri thay thé
than lién tuc do AKI: Tang kali mau khoéng dap ung
vai diéu tri ndi khoa, nhiém toan chuyén hoa khéng
dap ung vdi diéu tri ndi khoa, qua tai thé tich khéng
dap Ung véi lgi tiéu, hdi chiing ure huyét cao (chay
mau, viém mang ngoai tim, bénh ly ndo...) °.

2.3. Phdn tich théng ké

Cac s6 liéu dugc phan tich dua trén phan mém
SPSS 22.0 (IBM), trong d6 cac bién lién tuc dugc trinh
bay dudi dang trung binh + dé léch chuan véi bién
phan phdi chudn va trung vi (t& phan vi) véi bién
khéng tuan theo phan phdi chuan. Bién phan loai
dugc trinh bay dudi dang n (%). D{ liéu lién tuc dugc
phan tich bang kiém dinh t-test hodc ANOVA cho dir
lieu phan phéi chudn, hodc kiém dinh Mann
Whitney U cho dit liéu khéng phan phdi chuan. D
lieu phan loai dugc phan tich bang kiém dinh Chi
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binh phuong. Lay p hai phia < 0,05 la ¢6 y nghia
thong keé.

Dé xady dung moé hinh dy doan ching toi su
dung thuat todn hoc mdy XGBoost. XGBoost
(eXtreme Gradient Boosting) la mét trong nhiing
thuat todan hoc may két hop (Ensemble Learning)
phé bién nhat hién nay, st dung cac mé hinh hoc
yéu (Weak learners) dé phat trién mot mé hinh téi
uu giup lam gidm Bias. Chung t6i chia bo dir liéu
thanh 2 phan, trong d6 80% (424 bénh nhan) s
dung dé huan luyén mé hinh (training set) va 20%
(106 bénh nhan) dé kiém tra mé hinh (testing set).
Véi tap training set st dung kiém chiing chéo (five -
fold cross-validation) dé xac dinh siéu tham s6 t8i uu
(hyper-parameters) va tranh hién tugng overfitting.
Trong dé chia tdp traning set thanh 5 phan nho
(fold) bang nhau, 4 phan (fold) dung cho huan luyén
md hinh, 1 phan (fold) dé kiém ching (validation).
Qua trinh nay 1ap lai 5 1an, méi lan s dung lan luot 1
phan (fold) trong 5 phan trén dé kiém chung
(validation). Sau khi huan luyén xong, mé hinh dugc
kiém tra trong bo testing (testing set). Hiéu suat mo
hinh (Performance) dugc danh gid théng qua cac
Metrics gbm dién tich dudi dudng cong (AUCQ), do
nhay (xac sudt mé hinh dy bao ding can CRRT so
vGi s6 truong hgp CRRT thuc té), d6 dac hiéu (xac
suat mé hinh du bao ding khéng can CRRT so vdi s6
trudng hop khéng can CRRT thuc té), d6 chinh xac
téng quat (Accuracy: Xac xuat mé hinh du bao dung
trén téng s6 ¢& mau) va do chinh xac trong s6 du
doan duong (Precision la xac suat moé hinh du bao
dung can loc mau trén téng sé trudng hgp mé hinh

du béo can loc mau). Chang t6i st dung phan mém
Python phién ban 3.13.2 dé€ chay mé hinh XGBoost.

Training

o o e

Huén luyén mé
— hinh — Traing set ———

(424 BN)

Validation

Phat trién mé
hinh

|Ap dung

mo hinh

trén data mai
(testing set)

530 bénh
nhéin

Kiém tra md hinh
— Testing set
(106 BN)
Panh gia hiéu e
= AUC, do nhay, do dac hiéu.
= Accuracy, Precision.

Hinh 1. So d6 minh hoa xay dung mo hinh

L

. KET QUA

Ty 1¢é diéu tri thay thé thin

CRRT: 31%

Khong CRRT; g
69%

CRRT = Khéng CRRT
Biéu dé 1. Ty lé CRRT & bénh nhan sepsis

Nhdn xét: Ty |é diéu tri thay thé than (CRRT) &
bénh nhan sepsis la 31%, tlic khoang 1/3 s6 bénh
nhan sepsis.

Bang 1. Pac diém déi tuong nghién ciu

Nhém CRRT Khéng CRRT Téng
(n=164) (n=366) (n=530)
Tudi (X = SD) 66,4+ 15,7 68,1+ 15,7 676+ 15,7
Nam giéi (n, %) 118 (72%) 219 (59,8%) 337 (63,5%)
Tién s Tang huyét ép 65 (39,6%) 110 (30,1%) 175 (33,0%)
(n,%) bai thdo dudng 63 (38,4%) 114 (31,1%) 117 (33,3%)

Nhdn xét: D6i tugng nghién ctu c6 dé tudi trung binh 1a 67,6 + 15,7 va nam gidi chiém chl yéu 63,5%.
Bénh ly nén véi ty 1é tang huyét ap va dai thao duong lan luot la 33,0% va 33,3%.
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Bang 2. Phan bé dudng vao ctia nhiém trung

Puong vao S6 bénh nhan Tylé %
H6 hép 175 33,0
Tiéu hoa 199 37,5
Tiét niéu 71 13,4
Da va mé mém 39 74
Khac 46 8,7

Téng 530 100
Nhdn xét: Tiéu héa va hé hap 1a 2 dudng vao nhiém khudn phé bién nhat, chiém tuang tng la: 37,5% va
33,0%.
Bang 3. Bién ddi mot sé xét nghiém can 1am sang tai thai diém nhap Khoa Cap ciu

Nhém Nhém CRRT Khéng CRRT Téng p (Mann-
Théng sé (n=164) (n=366) (n=530) Whitney)
pH 7,28(7,17-7,37) 741(7,33-747) 7,38 (7,28-7,45) <0,05
HCO,- (mmol/l) 17,1(13,1-20,2) 20,7 (17,3-24,2) 19,8 (15,9-234) <0,05
Lactate (mmol/l) 4,4(23-76) 2,8(1,7-4,9) 3,1(1,9-57) <0,05
Ure (mmol/I) 13,7(9,9-19,4) 9,9(6,0-14) 11,0(7,0-15,4) <0,05
Creatinin (umol/I) 184,5 (118,0 - 295,0) 113 (79,0-175,5) 132,5(86,0-218,0) <0,05

Ghi chu: S8 liéu trong bang biéu dién duéi dang trung vi (khodng ti phan vi 25 -75%).

Nhan xét: Nhém CRRT c6 pH, HCO3 thap hon va

nong dé lactate, ure, creatinin cao hon cé y nghia

théng ké so véi nhom khéng diéu tri CRRT.

Receiver Operating Characteristic (ROC) Curve

Pwong vao

Gidi

1.0

o

o
o
!

True Positive Rate

<]
>

o
N

0.0

| I

ROC curve (area = 0.95)

Creatinin
Lactate
Tudi
HCO3-

pH

0.0 0.2 0.4
False

0.6 0.8
Positive Rate

1.0

Bi€u d6 2. Dudng cong ROC du doan CRRT & bénh
nhan sepsis.

Nhan xét: C6 8 yéu t6 cé lién quan dugc dua vao
md hinh du doan gém: Pudng vao, tudi, gidi, ure,
creatinin, lactat, HCO3-, pH. M6 hinh du doan diéu
tri thay thé than & bénh nhan sepsis c6 AUC = 0,95.

Feature Importances

0,05 01 0,15

Importance score

02 0,25

Bi€u d6 3. Phan bd muic dé quan trong clia cac bién
tién lugng trong mé hinh

Nhdn xét: Trong 8 bién du doan diéu tri thay thé

than thi muc d6 quan trong trong mé hinh theo thua
tu gidam dan lan lugt la: Budng vao > Gidi tinh >
Nong do creatinin > Néng do lactate > Tudi > Néng
dd HCO;- > pH > Néng d6 Ure.
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Bang 4. Gia tri du doan CRRT
trong mé hinh tién luong

Chisé Gia tri
D6 nhay (%) 92,3%
Do dac hiéu (%) 92,4 %
Accuracy 91,0%
Precision 85,7%
AUC 0,95

Nhan xét: M6 hinh c6 giad tri du doan véi d6
nhay 92,3%, do dac hiéu 92,4%, do chinh xac téng
quat 91%, dé chinh xac trong sé du doan duong
85,7%.

IV. BAN LUAN

DPGi tugng nghién clu c6 dd tudi trung binh
66,4 va nam gidi chiém chl yéu 72%. Ty |é diéu tri
thay thé than la 31%. Mot s6 nghién ctu trén thé
gidi cling chi ra, ty 1é ton thuang than cap lién quan
dén sepsis tu 10-50%, gan 1/3 sé trudng hop can
phai diéu tri thay thé than®. R rang rang véi cac chi
dinh diéu tri thay thé than nhu nhiém toan chuyén
héa nang, bién ching clia héi chiing ure mau cao...
thi nhom diéu tri thay thé than cé céac chi sé ure,
creatinin, lactate cao hon va néng d6 HCO3-, pH
thap hon so v6i nhém khéng loc mau nhu trong bao
cdo clia chung téi. Va day cling la cac thong sé tiém
nang dé dua vao mé hinh du doan nhu ciu loc mau.

Truéc day va mot s6 nghién cdu hién nay su
dung céac dau an sinh hoc dé du doén diéu tri thay
thé than vi du nhu NGAL, IL-18, cystatin C, cell cycle
arrest markers va CCL14 ', Tuy nhién chi phi thuc
hién cac xét nghiém nay thudng kha cao va khéng
phdi co s§ y té nao ciing c6 thé thuc hién dugc,
déng thai chua c6 bang ching dd manh dé dua ra
quyét dinh CRRT mot cach thudng quy. Thay vao dé
ching ta c6 thé sit dung cac théng sé san cb, don
gian dé du doan van dé nay. Tri thdng minh nhan
tao (Al) hién nay dang dugc nghién ctu réng rai nhu
mot cong cu day hia hen dé du bao ton thuong
than cdp va muic d6 nang, du bao tién trién va nhu
cau diéu tri thay thé than, xac dinh cac chat doc véi
than, danh gia dap (ng bu dich, gidm sat va téi uu
diéu tri thay thé than''. Hién tai khong c6 nghién
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cltu nao trén thé gidi va Viét Nam s dung XGBoost
du bao can CRRT & bénh nhan sepsis. Ching toi da
xay dung mét moé hinh dua trén thuat todn nay du
bdo diéu tri thay thé than lién tuc & nhom déi tuong
sepsis. Sau khi xay dung va kiém tra mé hinh nhiéu
lan s dung XGBoost ching t6i nhan thay 8 thong
s6 don gian gom: Tudi, gi6i, dudng vao, ndbng doé
ure, creatinin, lactate va pH la cac thong s6 co y
nghia quan trong trong du doan diéu tri thay thé
than véi hiéu suat t6i uu nhat. Két qua cho thady mo
hinh gém 8 thong s6 trén c¢é hiéu suat dat dé nhay
92,3%, d6 dac hiéu 92,4%, dé chinh xac téng quat
91%, d6 chinh xac trong s6 du doan duong 85,7% va
AUC rat tot (0,95). Mét nghién cliu quan sat tién ctu
tai Duc tién hanh trén 208 bénh nhan si dung két
hogp chemokine (C-C motif) ligand 14 trong nudc
tiéu + furosemide stress test du bao CRRT c6 (AUC
=0,87)"%. Cho thay mé hinh dua trén XGBoost c6 hiéu
suat tét hon. Hon nlta trong mé hinh ctia chiing toi
cing chi ra rang khéng phai nong dé ure hay
creatinin 1a yéu té quan trong nhat dé du bao can
diéu tri thay thé than nhu quan niém truyén théng
trudc day. Co |1 bdi vi ching khong du nhay dé phat
hién ton thuong éng than giai doan sém va khéng
tang cho dén khi muc loc cau than gidm' ™. Vi tri
nhiém triing cé thé dnh hudng tai két cuc 1am sang
cla bénh nhan sepsis’. Mét s6 mam bénh thudng
gdy bénh & mét sé co quan giai phau dac hiéu do su
khéac biét vé déc luc clia ching. Su khac biét giai
phdu tao diéu kién thuén Igi cho vi khudn phat
trién'®. Nhiém trung co quan va hé théng c6 thé gay
ra cac nguy cd khac nhau cho bénh nhan. Hodc la do
déc tinh truc tiép t6i co quan dé hodc do giam tudi
mau nang va roi loan dap ung viém lién quan dén
sepsis gay ra'’. Cac nghién ctiu chi ra nhiém tring &
bung lién quan dén ty lé t&r vong cao hon, can nhiéu
diéu tri ho trg co quan hon so véi cac nhiém trung &
co quan khac'®. Nhiém trung dudng mat thudng cé
két cuc tot hon'. Do do vi tri hay dudng vao nhiém
trung c6 thé la yéu t6 tiém nang anh hudng dén két
cuc lam sang & bénh nhan sepsis va can phai diéu tri
ho trg cac co quan tich cuc hon nhu CRRT. Trong mo
hinh cla chung téi, dudng vao nhiém tring la yéu
t6 quan trong nhat du bao CRRT. G day chung toi st
dung mo6 hinh XGBoost thay vi st dung m6 hinh hoi
quy logistic (LR) truyén thong vi LR yéu cau phai lua
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chon cac bién doc lap tha cong doi hoi khong cod
hién tugng da cong tuyén dé tranh moé hinh kém
chinh xac va LR ciing khéng xac dinh dugc cac moi
quan hé phi tuyén tinh phtc tap. Nhung XGBoost c6
thé gidi quyét van dé trén hiéu qud va linh hoat
bang cach st dung cac mé hinh hoc yéu dé thiét lap
md hinh hoc ching xac®. Chinh vi thé ma né dem lai
d6 chinh xac va hiéu suat cao nhu bao cao két qua
clia chung toi.

Tuy nhién nghién cdu ctia ching t6i cling c6
mot s6 han ché nhat dinh nhu sir dung ca di liéu hoi
cliu nén c6 cac sai léch lua chon (selection bias). C&
mau trong nghién clu con nhoé do dé can nghién
ctu ¢& mau I6n hon. Pay la nghién clu don trung
tdm do d6 mé hinh nay can phai dugc ngoai kiém
(external validation) trén nhiéu trung tam khac nhau
dé c6 thé ap dung mé hinh nay.

V.KET LUAN

M6 hinh XGBoost cho thdy hiéu suat cao trong
du bao can phai diéu tri thay thé than lién tuc &
bénh nhan sepsis, véi AUC = 0,95, d0 nhay 92,3%, va
do ddc hiéu 92,4%. M6 hinh c6 tiém nang ting dung
trong thuc hanh lam sang, gitp cdi thién quan ly va
diéu tri bénh nhan.
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