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Duw bio nhip don vi hoi sire tich cwe & bénh nhian viém
phoi cong dong nhap vién: Mo hinh eXtreme gradient
boosting

Prediction of intensive care unit admission in hospitalized patients with
community-acquired pneumonia: An eXtreme gradient boosting model

Lé Dirc Duén, Nguyén Hai Ghi, Nguyén Thai Cuong, Bénh vién Trung wong Qudn déi 108
Ngo Chi Cong, Pau Xuin Thanh, Dwong Hiru Bic,
Nguyén Khac Hung va Do Thanh Hoa*

Tom tat

Muc tiéu: Danh gia hiéu suat cia mo6 hinh hoc may eXtreme Gradient Boosting (XGBoost) trong viéc
du bao nhu cdu nhap don vi cham séc tich cuc (ICU) & bénh nhan viém phdi cong déng (CAP) nhap vién.
D6i tugng va phuong phdp: Nghién ctu mé ta, héi cliu dugc thuc hién trén bénh nhan viém phdi céng
déng > 18 tudi tai Khoa Cap cuu, Bénh vién TWQD 108 tir nam 2021 dén 2022. DI liéu |am sang va can
lam sang thu thap trong vong 24 gid dau nhap vién. M6 hinh XGBoost dugc huan luyén trén 70% dir liéu
va danh gia trén 30% con lai. M6 hinh cudi ciing st dung cac bién du bao cé chi s6 Gain cao nhat. Két
qua: Théng tin ctia 350 bénh nhan dugc dua vao nghién clu, trong doé 75 ngudi (21,4%) can nhap ICU.
Sau bién du bao c6 muic d6 anh hudng cao nhat (theo thi tu giam dan) la: Réi loan y thic, tang uré mau,
gidm tiéu cau, tang tan s6 thd, tham nhiém da thuy phéi va ting s6 lugng Neutrophil. M6 hinh XGBoost
cho thay hiéu suét du bao cao han so véi CURB-65, véi AUC lan luot la 0,876 va 0,826. Phan tich dudng
cong quyét dinh xac nhan mé hinh XGBoost mang lai Igi ich rong t8i da va én dinh trong khodng
ngudng nguy co tir 20% dén 80%. Két ludn: Md hinh XGBoost sir dung 6 bién Iam sang va can lam sang
c6 kha nang du bao nhu cau nhap ICU & bénh nhan viém phéi cong déng nhap vién tét hon thang diém
CURB-65. Day la mé hinh don gian gitp phan tang nguy ca tai bénh nhan viém phdi cdng déng tai khoa
cap ctu.

Keywords: Viém phéi cdng déng, du bao nhap ICU, mé hinh XGBoost.

Summary

Objective: To evaluate the performance of the machine learning model eXtreme Gradient Boosting
(XGBoost) in predicting the need for Intensive Care Unit admission in hospitalized patients with
Community-Acquired Pneumonia. Subject and method: A retrospective, descriptive study conducted on
Community-Acquired Pneumonia patients > 18 years old in the Emergency Department, 108 Military
Central Hospital, from 2021 to 2022. Clinical and paraclinical data were collected within the first 24 hours
of admission. The XGBoost model was trained on 70% of the data and tested on the remaining 30%. The
final model utilized 6 predictors with the highest Gain scores. Result: A total of the 350 patients studied,
75 (21.4%) required ICU admission. The six most important preditors (in descending order of
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importance) were: impaired mental status, elevated blood urea, thrombocytopenia, tachypnea,
multilobar infiltrates on X-ray, and neutrophilia. The XGBoost model had a higher predictive
performance compared to CURB-65 score, with AUCs of 0.876 and 0.826, respectively. Decision Curve
Analysis confirmed that the XGBoost model provided maximum and stable net benefit over a wide
range of threshold probabilities (20% to 80%). Conclusion: The XGBoost model, using 6 key clinical and
paraclinical variables, significantly outperformed the CURB-65 score in predicting the need for ICU
admission in hospitalized CAP patients. This simple model is a good tool to stratify the risk among
patients with community-acquired pneumonia presenting to the Emergency Department.
Keywords: Community-Acquired Pneumonia, ICU admission prediction, XGBoost model.

1. DAT VAN BE

Viém phdi cong déng (Community-Acquired
Pneumonia - CAP) la mét trong nhitng nguyén nhan
nhiém trung hang dau gay tan tat va t&r vong trén
toan thé gidi'. B6i v6i bénh nhan CAP nhap vién,
nguy co can cham séc tai ICU la khoang 10% dén
20%”. Viéc danh gia chinh xac va kip thdi nhu cau
nhap ICU 1a yéu t6 then chét dé dua ra quyét dinh
diéu tri va phan bé nguon luc y té hiéu qua.

Thang diém CURB-65 dugc khuyén nghi rong rai
dé tién lugng tir vong trong 30 ngay. Tuy nhién, nhiéu
nghién ctru da chi ra rang CURB-65 con ton tai han ché
dang ké khi du doan nhu cau nhap ICU. Thang diém
nay thuong thiéu di d6 nhay can can thiép cham séc
tich cuc®. Do d6, can c6 mét cong cu du béao tét han
ma c6 thuc hién ngay tai Khoa Cap ctu.

Thuat todn eXtreme Gradient Boosting
(XGBoost) la mét trong nhing thuat toan hoc may
phé bién nhat hién nay, dang néi [én nhu mot giai
phép tiém nang nha kha nang téng quat hoa, nguy
co thap overfitting (qua khdp) va cé tinh dé dién giai
cao, thuat toan nay tét hon so véi cac phuang phéap
khai thac dir liéu khac trong cac bai toan du bao y
hoc st dung di liéu dang bang®. XGBoost la mot
trong nhimng thuat toan hoc may két hgp (Ensemble
Learning) st dung cac mé hinh hoc yéu (Weak
learners) dé phat trién mdt mé hinh t8i uu. N6 hoat
dong bang cach xay dung tuan tu moét tap hop cac
cdy quyét dinh, trong dé mbi cdy méi dugc huan
luyén dé slra chita 16i do céc cay truéc do tao ra’.
Mac du XGBoost da dugc iing dung trong tién lugng
két cuc bat Igi ctia CAP® nhung con thiéu cac nghién
cliu trén quan thé ngudi Viét Nam.
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Nghién ctu nay dugc thuc hién nham danh gia
hiéu suat du bao nhu cau nhap ICU & bénh nhan
CAP nhap vién bang mé hinh XGBoost.

1. OI TUQNG VA PHUONG PHAP
2.1. Déi tuong

Nghién ctu: Ngudi I6n = 18 tudi

Tiéu chudn lua chon: Bénh nhan dugc chan doan
xac dinh 1a viém phéi céng déng dua theo huéng
dan chan doan va diéu trj viém phoi cong déng clia
BO Y t€ nam 2020’. Bénh nhan dugc nhap vién diéu
tri ban dau tai khoa lam sang. C6 du cac dir liéu lam
sang va can lam sang can thiét trong vong 24 gig
dau nhap vién.

Tiéu chudn logi trir: Dugc chan doan ban dau la
viém phdi bénh vién hoac viém phdi thd may. Bénh
nhan nhap vién ban dau tai ICU. Bénh nhan nhap
ICU do cac nguyén nhan chinh khac (chan thuong so
nao nang, suy tim nang, nhéi mau co tim cap hoac
nhiéu bénh ly nang phéi hop...). Bénh nhan cé tién
st mac cac bénh ly man tinh (COPD, gidm tiéu cau
vO can, bénh than man tinh...). Khong day da di liéu
dé xay dung mé hinh.

2.2, Phuong phdp

Thiét ké nghién ctu: Nghién cttu mé ta, hoi ciu
tai Khoa Cap ctiu - bénh vién Trung uong Quan doi
108 tir nam 2021 dén nam 2022.

Phat trién mé hinh Extreme Gradient Boosting.

Chung t6i phan chia ngau nhién di liéu thanh 2
phan theo ty I& 70:30. Vi 70% dé huan luyén mo
hinh (training set) va 30% dé kiém tra mé hinh
(testing set).
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Lua chon bién du bado: M6 hinh XGBoost ban
dau dugc huan luyén véi 21 bién du bdo géom:
Théng s6 lam sang (tudi, gi6i, mach, huyét ap trung
binh, tan s6 thd, roi loan y thic, than nhiét), xét
nghiém mau (néng do glucose, uré, creatinin, natri,
albumin, protein, lactate, s6 lugng bach cau,
neutrophil, lymphocyte, ti€éu cau, RDW) va X-quang
phéi (tham nhiém da thuy, tran dich mang phdi). Si
dung chi s6 Gain dé dinh lugng muc d6 déng gop
tuong d6i cla moi bién vao mé hinh. Cac bién du
bédo c6 chi sé Gain trung binh cao nhat dugc git lai
dé phat trién mo hinh cudi cling.

Cac siéu tham s6 (hyperparameter) cia mé hinh
XGBoost dugc téi uu hoa dua trén muc tiéu la AUC
bang phuong phéap Grid Search két hop véi kiém
ching chéo 5 fold, lap lai 5 lan (5-fold repeated
cross-validation). Tap hgp siéu tham s6 hoat dong
tét nhat dugc xac dinh la: téc d6 hoc (n) = 0,05; do
sau cay téi da (max_depth) = 2; hé sé Regularization
(y) = 0,3 va sé lugng cay quyét dinh nrounds = 32.

Céc bénh nhin

thoa mén tiéu
chuan

Huén luyén mé
hinh XGBoost

Kiém tra mé
hinh XGBoost

M6 hinh XGBoost cudi cing st dung tap hop 6
bién du bao t6t nhat va cac siéu tham sé téi uu dugc
xay dung mo hinh trén tap huan luyén va danh gia
trén tap kiém tra.

Phan tich théng ké

Cac bién lién tuc dugc trinh bay dudi dang
trung binh (d6 léch chuédn) hodac trung vi (khoang ti
phan vi) tiy theo phan bé clia s6 liéu. Cac bién phan
loai trinh bay dudi dang s6 lugng (ty 1é phan tram).
So sanh gita cac nhom thuc hién bang Student t
test hoac Mann-Whitney U test déi véi bién lién tuc
va kiém dinh y? hodc Fisher exact test d6i véi bién
phan loai tuy theo trudng hop cu thé.

DPanh gia hiéu suat ctia mo6 hinh XGBoost thong
qua cac metricc AUC, d6 chinh xac (accuracy), d6
nhay (Se), d6 dac hiéu (Sp), gia tri tién doan duong
(PPV), gia tri tién doan am (NPV). So sanh hiéu suat
(AUCQ) vai thang diém CURB-65 trén cling tap kiém
tra. Lay p<0,05 la c6 y nghia thong ké. Phan tich s6
liéu bang phan mém R 4.4.1.

= Sir dung 70% mau
= [ra chon bién du bao
» Tinh chinh siéu tham s6 tbi wu

Phat trién m6

hinh

So sanh vdi
thang diém
CURB-65

* Sit dung 30% mau

| | |
= AUC, do chinh xac

= Se, Sp, PPV, NPV

Hinh 1. So d6 phat trién va danh gia mé hinh XGBoost

Ill. KET QUA

Nghién ctiu tuyén chon dugc 350 bénh nhan véi d6 tudi trung binh 71,7 + 16,0, nam gidi chi€ém 228 ngudi

(65,1%), nhap ICU chiém 75 bénh nhan (21,4%).
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Bang 1. Mét s6 dac diém lam sang va can 1am sang theo két cuc

Dic diém (Mean + SD) Nhap ICU (n = 75) Khong ";f; ICU(n= p
Tudi (ndm) 81,2+ 10,1 71,4+£150 0,013
Gidgi nam (%) 51 (68,0%) 177 (64,4%) 0,558
RGi loan y thirc, n (%) 47 (62,7 %) 30 (10,9%) <0,001
Tan s6 thé (lan/phut) 21,8+£33 18334 0,005
Tan s6 tim (lan/phut) 101,1 £ 20,8 94,5+17,3 0,013
Huyét ap trung binh (mmHg) 93,7+17,2 96,0 + 14,9 0,084
Than nhiét (66 C) 37,6+1,3 37,5+3,7 0,771
S6 lugng BC (G/L) 12,5+7,2 12,7 £6,9 0,842
S6 lugng N (G/L) 148+7,6 11,2+ 10,0 <0,001
S6 lugng L (G/L) 1,0+£0,7 1,5£1,7 <0,001
S6 lugng TC (G/L) 234,0 £ 144,0 292,0+£127,0 <0,001
RDW 15,7+ 2,6 14,3+ 2,1 <0,001
Glucose (mmol/l) 10479 84 +4,1 0,119
Uré (mmol/l) 13,7+8,8 72+5,0 < 0,001
Creatinin (umol/l) 1290+ 324 111,0 £ 44,2 <0,001
Natri (mmol/I) 135,0+ 10,0 133,0£6,5 0,309
Protein (mg/dl) 598+7,7 61,4+£6,9 0,005
Albumin (mg/dl) 27,5+x4,6 29,6 £4,5 <0,001
Lactate (mmol/I) 24+22 1,6+09 0,007
Tham nhiém da thuy, n (%) 56 (74,7%) 96 (34,9%) <0,001
Tran dich mang phdi, n (%) 26 (34,7%) 74 (26,9%) 0,187

Nhdn xét: C6 su khac biét c6 y nghia théng ké vé tudi, ty 1& réi loan y thic, tan s6 thg, tan sé tim, s6
lugng Neutrophil, s6 lugng Lymphocyte, s luong ti€éu cau, RDW, néng dé uré, creatinin, protein, albumin,

lactate va tham nhiém da thly gitta nhém nhap ICU va nhém khéng nhap ICU.

TU cac bién lam sang va can lam sang trén, ching t6i da lua chon dugc 6 bién cé chi sé Gain cao nhat:

R&i loan y thirc

Uré mau

Tiéu cau

Tan s8 the

Tham nhiém da thuy

Neutrophil

Neutrophil

H Gain 0,021

(=]

Feature Importance

0,05 0,1 0,15
Thamnhiém . .. . s
da thuy Tén so the Tiéu cau
0,068 0,091 0,194

03 035

Réiloan y thirc

0,321

Hinh 2. Tam quan trong ctia cac bién trong mé hinh XGBoost
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Nhdn xét: C6 6 bién c6 muic dé anh hudng cao trong mé hinh XGBoost theo thi tu gidm dan la réi loan y
thuc-> tang uré mau -> gidm tiéu cau -> tang tan s thd -> tham nhiém da thuy phdi -> ting s lugng

Neutrophil.
So sanh hiéu suat: XGBoost va CURB-65
[ ]
-~ =
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= ©
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m o
=
% o~ —— XGBoost (AUC = 0.876 )
- o
= o CURB-65 (AUC = 0.826 )
S | | | |
1.5 1.0 0.5 0.0 -0.5
1 - D6 Dac hiéu (False Positive Rate)
Hinh 3. Dudng cong ROC so sanh hiéu suat du bao nhap ICU
Bang 3. So sanh hiéu suat gitta XGBoost va thang diém CURB-65
M6 hinh AUC Accuracy Se Sp PPV NPV
XGBoost 0,876 0,89 0,95 0,62 0,91 0,76
CURB-65 0,826 0,73 0,71 0,74 0,40 0,91

Nhan xét: M6 hinh XGBoost gom 6 bién du bao doc 1ap co hiéu suat tién lugng nhéap ICU cao han so véi mo
hinh truyén thong la thang diém CURB-65 (tai ngudng cutoff la 2 diém) véi AUC lan lugt 1a 0,876 va 0,826.

Loi ich rong chudn hoa

1.0

00 02 04 06 08

— XGBoost
All
—— None
f 1 1 T T
0.0 0.2 0.4 0.6 0.8 1.0
Ngu&ng nguy co dé& can thigp
T T T \ T 1
1:100 1:4 2:3 32 4:1 100:1

Cost:Benefit Ratio

Hinh 4. Biéu d6 phan tich dudng cong quyét dinh (DCA)
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Nhdn xét: Phan tich dudng cong Quyét dinh
(DCA) da ching minh mé hinh XGBoost s& hitu gia
tri 1am sang vugt troi trong viéc du doan nhu cau
nhap ICU & bénh nhan viém phdi cong dong, so véi
hai chién lugc tham chiéu la "chuyén tat ca vao ICU"
va "khong chuyén ai vao ICU".

Pudng cong Lgi ich Rong (Net Benefit) cia mo
hinh nam cao hon cac dudng so sanh trong toan b6
pham vi ngudng nguy co dugc danh gia (tir 0% dén
100%). Déc biét, mé hinh mang lai Igi ich rong téi da
va 6n dinh trong khodng nguéng nguy cc tir 20%
dén 80% (tuong duang ty |é chi phi: Lgi ich khodng
1:4 dén 4:1).

Diéu nay nghia la, viéc s&¢ dung mé hinh
XGBoost dé ra quyét dinh chuyén ICU sé t6i da hoa
lgi ich rong bang cach giam thiéu dang ké sé luong
ca chuyén ICU khéng can thiét (duong tinh gid),
dong thai bao toan kha nang phat hién chinh xac
cac trudng hop can can thiép thuc su. Do dé, mé
hinh nay la mét céng cu hé trg quyét dinh cé tinh
Ung dung lam sang cao.

IV. BAN LUAN

M6 hinh XGBoost bao gom 6 bién du bao doc
lap da ching minh c6 hiéu suat phan loai t6t han so
vGi thang diém CURB-65, cu thé la XGBoost dat hiéu
suat (AUCQ) 1a 0,876 cao han so vai thang diém CURB-
65 la 0,826 trong du bdo nhap ICU. Phan tich dudng
cong quyét dinh xac nhan lgi ich rong 1am sang vuat
troi cla mé hinh nay. Su vuat tréi tét nhat 6 khoang
nguy co tu 20 - 80%.

Nghién ctu clla nhém tac gid Xu va cong su
(2022), stt dung cac mé hinh hoc may dé du bao két
cuc bat lgi & bénh nhan CAP. Két qua cho thay mé
hinh XGBoost dat hiéu suat t6t nhat trong du bao
nhap vién (AUC = 0,92), du bdo nhap ICU (AUC =
0,801) va t& vong (AUC = 0,831)°. Nghién cliu cla
ching téi cho thdy hiéu suat cai thién han, c6 thé do
su khac biét vé lua chon bién dau vao va dac diém
quan thé nghién ctru. Nghién cliu cta Huang va
céng su (2024) st dung md hinh XGBoost dé du bao
nhap ICU & bénh nhan CAP va bénh phéi mé ké. Mo
hinh XGBoost da cho thay cé hiéu qua vuot trdi vai
AUC dat 0,941 va d6 chinh xac la 0,913. Phan tich
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dudng cong quyét dinh cho thady mé hinh nay tot
hon so vGi cadc mé hinh khac®.

So sanh véGi cac mé hinh truyén théng thi cac
mo hinh hoc may cé hiéu suat du bao ca nhap ICU
va tir vong tét hon so véi cac thang diém truyén
thong. M6 hinh dya trén Gradient boosting du bao
can ho trg ho hap hoac tirvong dat AUC = 0,713, cao
hon so véi mé hinh CURB-65 vai AUC = 0,621°. Két
qua nay phu hgp véi bdo cado clia ching toi

Kha nang du bao ctia mé hinh XGBoost tét hon
so véi thang diém CURB-65 |a nhd khd nang mo
hinh héa cac tuong tac phi tuyén tinh phuc tap gita
cac bién. Thay vi chi st dung céc triéu ching don
gian, XGBoost sit dung ca cac dau an sinh hoc phan
anh truc tiép tinh trang réi loan chiic nang co quan
va dap Ung viém toan than. Ca 6 bién du bao trong
mo hinh XGBoost déu c6 co sa sinh ly bénh r6 rang
trong tién lugng. Hai bién s6 réi loan y thiic va tang
uré mau la hai bién sé dugc sir dung trong thang
diém CURB-65 dé tién lugng CAP. Gidam ti€u cau
ciing dugc nhan dién la dau an cla két cuc xau &
bénh nhan CAP do méi lién quan gitia s6 lugng tiéu
cau thap véi déng mau rai rac trong long mach va
nhiém khuan hé théng nang. Cac nghién ciu ciing
chi ra gidm ti€u cau lam tang nguy co nhap ICU va tr
vong & bénh nhan CAP'™. Tang tan s6 thg va dong
dac phai lan toéa lam tang nguy cd suy hé hap giam
oxy mau va day chinh la chi diém tién lugng xau &
bénh nhan CAP nhap vién'". Khi bach cau da nhan
dugc hoat hoa, ching tap két tai vi tri nhiém trung
dé thuc bao. Viéc tang bach ciu neutrophil phan
anh dap ung viém hé théng va muic dé nang cua
bénh'™.

M6 hinh XGBoost véi 6 bién du bao da cho thay
uu viét hon thang diém CURB-65. N6 gitip nhan dién
s&m cac bénh nhan CAP c6 nguy co cao can chuyén
ICU. Do vay la t6i uu héa dugc nguén luc ICU khan
hiém. Phan tich dudng cong quyét dinh da ching
minh mo hinh cé Igi ich rong lam sang vuot tréi tai
hau hét cadc ngudng nguy ca. Tuy nhién, két qua cua
ching téi dya trén phan tich héi ctu do vay khong
tranh khoi sai Iéch chon mau. Can thém céac nghién
clu tién clu v6i ¢ mau 16n hon dé két qua cb thé
én dinh hon va han ché thi€u di liéu. Do ty 1é nhap
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ICU so véi nhém khong nhap ICU con thap lam dir
liéu mat can bang. Do vay, nghién ctu clng can
ngoai kiém thém tur cac co s& khac dé co thé ting
tinh khai quat héa ctia mé hinh.

V. KET LUAN

M6 hinh XGBoost véi 6 bién du bdo c6 kha nang
danh gia nguy cg nhap ICU & bénh nhan viém phéi
cdng dong tét haon so vai thang diém truyén théng
CURB-65 véi AUC lan lugt 1a 0,876 va 0,826. M6 hinh
nay cé tiém nang la cong cu lam sang trong phan
tang nguy co bénh nhan viém phéi cong déng.
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