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§ F B X ERE Y% 5 (ICU, Intensive care unit) HUMGES B EWIGRE R, O HT R AL
FHERH % (VAP, Ventilator-associated pneumonia) HUHIE T 7 & A2 FEIRATLAH Sl 28 1 8 37 fe [ DA
., M VAP XS TR ST HIE R, R IR VAP & fE B PRI PR e S f ik B 2
TH.

Jiis:

LuF Bt SRR SR A BB 2 b 65 BEBIE 50T, M NETSELIX 4 P =20 TP 45 1
B 2020 4F 1 & 2023 4 12 F1E ICU $ia i 4121 BIFLRGE < S, 0 B 75 RS LT
B OFNDERE: F MRS, BEROW; IRRIEFR: SRR 518 BRI 1T

(APACHE 1D) . A&4%: sScs=4ahs: SMEMAZMIEG /MR, BB EER. C RME
. HEA; BTG EEAMMEH . Piod <07, 8 4%,

2HHE A SRR 17 7:3 K BRFEREHLS NIZREE (n=2885) FIERIELE (n=1236) , il
1k LASSO [l )35 126 78 £ TRl AL &, R 2 I3 Logistic [FIH 73 i€ VAP MAL R

AR SI0UE . JET [ 40 A 4 A B 4 28 B TS A, 0@ AR 7 VRS AR Y 1 i
K H Bootstrap B HIAFEIERAT NFERIE, KHZ A E TAERHMER 2 N 1fiAR, Hosmer-Lemeshow 46 [
RHERI 2 PSR i B M VP AN R V) X 20 FE R BRI PR KO

4 RETY R 5OV B S B O 5 RT3 2%, T 2024 4E 1 H 1 H-2024 4 12 /]
31 HIARZE A TR 25— B EEBE ICU M TRIBETER o %R & gy NARUE R 6111 5 VAP K 2E
MR, AR AR 3 2 SE 2 TP, JFI8 I T TR0 /5 VAP KR 2 LB AL i 3 R0R
o

LA FEIEIAN OB BT 4121 B, KAE VAP N 315 B, RIGHA 7.64%.

2.%2 K% Logistic AT o7~ : HUESKE (OR=1.01, 95%CI: 0.00~0.01). fEHILE L
KE (OR=1.01, 95%CIL: 1.00~1.02). FR4fE X% (OR=1.38, 95%CI: 1.23~1.55). &k (OR=1.71,
95%CI: 1.24-2.36). &HIERZIH =3 Fl (OR=1.95, 95%CI: 1.38-2.78). fii &) (OR=3.89,
95%CI: 2.77-5.54) FAMKEE A IMAE (OR=5.28, 95%CI: 3.85-7.28) A VAP HIMALfERK M 2 .

3RV B VEAL 25 R B X3P JIIZREE AUC 4 0.835 (95%CI: 0.811-0.860), HiEfE
AUC 9 0.835 (95%CI: 0.792-0.877). SefE#ilbi{a . i &AL S fa g, IIZRSemilbiii 0.054,
XL REEE 84.2% FEREFE 66.7%; WUFFEMBIE 0.064, XN RESE 82.8%. K mfE 71.5%. Kk
5 : Hosmer-Lemeshow £ 46 it /- B 8 TR ME 2 5 S PR XURS TG 235 22 7 (P>0.05), ek i & pbae i
1.



4 ARG R AT PR R, SEE RS 73 =105, VAP SRR % A 2023 41K 5.31% R #EZED
2B Z 2024 I 2.18% (FHIZH) (P<0.001). %R0 Z0Mr: MR : RE N 11.66%
(1821%% 6.55%), FXIEAL: T 2.67% (5.23%% 2.56%), RAKZ: T 1.54% (1.92%%
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Abstract

Objective

Using the clinical data of mechanically ventilated patients in intensive care unit (ICU, Intensive care
unit) in Xinjiang, we analyzed the independent risk factors of ventilator-associated pneumonia (VAP,
Ventilator-associated pneumonia) for the occurrence of ventilator-associated pneumonia in mechanically
ventilated patients, constructed a risk prediction model for VAP, and carried out a The preliminary
application of the model provides an important tool for the early identification of high-risk patients with
VAP and the optimization of clinical decision-making.

Methods

1. Study design and data collection: A retrospective multicenter case-control study design was used to
include 4,121 mechanically ventilated patients admitted to the ICUs of four tertiary-level hospitals in
Xinjiang region between January 2020 and December 2023, and the following data were extracted through
the electronic medical record system: including demographic characteristics: age, gender, etc.; underlying
diseases; clinical indicators: acute physiology and chronic Health Status Score II (APACHE II),
oxygenation index; laboratory indicators: white blood cell count, platelet count, calcitoninogen, C-reactive
protein, albumin; therapeutic measures: use of sedative drugs, mechanical ventilation mode, ventilation
time, etc.

2. Data grouping and variable screening: patients were randomly divided into training set (n=2885)
and validation set (n=1236) according to the ratio of 7:3. Firstly, potential predictive variables were
screened by LASSO regression, and then multifactorial logistic regression analysis was used to determine
the independent risk factors of VAP.

3. Model construction and validation: The column-line graph prediction model was constructed based
on the results of regression analysis, and the model performance was validated by the following methods:
internal validation using Bootstrap resampling method, area under the curve of the subject's work
characteristics, Hosmer-Lemeshow test and calibration curves, and decision-curve analysis were used to
evaluate the model's differentiation, calibration and clinical utility.

4.Model application and effect evaluation: The model parameters were transformed into a simple risk
rating scale, which was prospectively applied between January 1, 2024 and December 31, 2024 in the ICU
of the First Affiliated Hospital of Shihezi University. The probability of VAP occurrence was calculated for
cases meeting the inclusion criteria, graded interventions were implemented based on the risk stratification,
and the effect of model guidance was evaluated by comparing the incidence of VAP before and after the

intervention.

I



Results

1. A total of 4,121 mechanically ventilated patients were included in this study, and the occurrence of
VAP was 315 cases, with a prevalence rate of 7.64%.

2. Multifactorial logistic regression analysis showed that the number of days of mechanical ventilation
(OR=1.01, 95% CI: 0.00-0.01), the number of days of antimicrobial drug use (OR=1.01, 95% CI:
1.00-1.02), the number of reintubation (OR=1.38, 95% CI: 1.23-1.55), the coma (OR=1.71. 95% CI:
1.24-2.36), comorbid underlying diseases =3 (OR=1.95, 95% CI: 1.38-2.78), use of sedative medication
(OR=3.89, 95% CI: 2.77-5.54), and hypoproteinemia (OR=5.28, 95% CI: 3.85-7.28) were independent risk
factors for VAP.

3. The results of predictive model performance assessment showed the following: discrimination:
training set AUC was 0.835 (95% CI: 0.811-0.860) and validation set AUC was 0.835 (95% CI:
0.792-0.877). Optimal cutoff value: determined by maximizing the Jordon index, the training set cutoff
value of 0.054 corresponded to a sensitivity of 84.2% and a specificity of 66.7%, and the validation set
cutoff value of 0.064 corresponded to a sensitivity of 82.8% and a specificity of 71.5%. Calibration:
Hosmer-Lemeshow test showed that there was no significant difference between the predicted probability
of the model and the actual risk (P>0.05), and the slope of the calibration curve was close to 1.

4. Clinical prospective application of the model showed that the implementation of the risk
stratification intervention significantly reduced the overall incidence of VAP from 5.31% (control group) in
2023 to 2.18% (intervention group) in 2024 (P<0.001). Analyzed by risk stratification: high-risk group:
11.66% decrease in incidence (18.21% to 6.55%), medium-risk group: 2.67% decrease (5.23% to 2.56%),
and low-risk group: 1.54% decrease (1.92% to 0.38%).

Conclusion

1.Model performance and clinical value:The VAP risk prediction model constructed based on
multicenter retrospective data in this study has good differentiation and calibration.The model realizes
quantitative assessment of VAP risk by integrating 7 independent risk factors such as duration of
mechanical ventilation, coma status, underlying diseases, use of sedative drugs, and hypoproteinemia, and
provides an objective tool for the early identification of high-risk patients in the clinic.

2. Clinical application effect:The VAP risk scale developed based on the model significantly reduced
the incidence of VAP in the pilot hospital application (from 5.31% to 2.18%, P<0.001), especially in
high-risk patients with a decrease of 11.66%. This result supports the potential value of the model to
improve quality of care by guiding graded interventions.

Key words: Ventilator-associated pneumonia; Risk factors; Predictive modeling; Nomogram; Risk

assessment
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1.1 fiRE=

HE 4799 7 (Intensive care unit, ICU)E N B e #5258 S G BE B 1R (A 3L T RE ™
FASMAA 2B, FEUSGREE Far Wik, BIET 3. 25
A P AR . BAERE ZAEA AT E TIRER S, fE ICU RN BENGIT 2 5b, 1875
BT A E IRESCRARYT , GG TEEA SRR FPRCCRE . Bk B AIeITSE, H
rh, PR B A AT LA “U(Mechanical ventilation, MV fi BLAE S I S 4 A —
T HVRIT M At SR T B MBS E N R R SR T B, EARRUE A A A (]
INF, il RN FHL A REE 22 R f ACRE XU, HoH DARFIRATLAE 56 i 22 (Ventilator-associated
pneumonia, VAP)fx AH W, VAP 1 A2 B s 15 i 76 (Hospital-acquired pneumonia,,
HAP)H)—Ff, AGEA S ATUGm < RIFERBT R, 7™ 55 e S iR T fITE
W2 FEOFRAEIC M« 24 E RS E ™ B AE, H2 B EE £ at.
[FIF, VAP 5 RS TR ARG A KRG — L8 RIFAE, iR 5%
&, IREFFRAER BN I IEITMERE, B ICU ) VAP HISE T E A FE 0,
VAP 1y #52 A GO <R B W I AEZ —, ZE& D EZ W R E,
VAP [ &2 RN S ICU =7 4P, B e it e i B LR ARL 8,

H TR BRI R R R A2 WK PSR, ANE X ICU AU <
F VAP LRI WK R AT REA AN H . B, 047 VAP [fEks K Z= IS, VAP 1
DA PSR B B S, i gt v XU AR TR AIK VAP A3 AIBE T3 IRFREEE
JY e LR R EE, ANFSTE TR X 4 SRR E B I AR s, #%EE ICU
PGB B R VAP K FUlA , A0 VAP s KB AR, Sl VAP 1R
HERTH5 , g I R R i U A N I SR B e, (04 ICU RS BB &, $2 i
PRIEAERCR . 1l Im RS bR G IE, il R B T IR AR AR R IR TH T P &
SEFKE, WIMABIRG ICU B35 VAP AR, NHRbX ICU FEH
G PR AT B BOR S
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1.2.1 FREIRHLHERER2ERITENR

VAP JZHURGHE T i WA R B R e BEE R A BORAY AT & SR AT VAP B
BRIE AR , AN SNEEAE VAP BRATH A RlEsE I2ITE PR sk A
BIT T R EAG T R, JUHIE VAP WA TBUR T E AT 5 AR ALY, R AL
MR (VAP LR H THEAFAET 70 R (o) T 732 (Vo) FFRIA T3, (HBE AT AR
DBIRIIE s -

VAP KI5 (%) = (VAP & A1 55/ SIS HUGE = H %50 < 1000950, S ieds: 1000 LK
WAH F R VAP BB, T R ER DINURGE T HEON AL, Sk ICU FEIAILAE
TN B AR ACF BT 7 ok, 5 R8T e ] GEAHED RN, 2T Bk
G T TN A X ICU Z AR A, IR A 32 [ B4 il v
OREIRSE PRSI ARG o e 00 o S [ 5 M AR e o6, AR 2023 4
] o 125 g SR e 2 AU B B 22 Hu D 98 8 S e, 42 Bk ICU AU LB VAP RN
10-15.7%0 , HUsRZE F AR AL A B AN, A0 LS8 1-2.5%, W : 18.3%6, M : 14.6%,
A D MR SR O B 23 B VAP AR B, 2004 1000 HUIE < H %L 18.5
Dottt o Al SRS R S5 R e Ay — BR BB E H Y i iR, 2023 A3
VAP JhpiZR N 2.86%0, Hrh =T BEBE 2.77%6, 0 IrEERE 3.20%,; Bk VAP
KIpi 280060 o IO e [E VY ES 20769 FIHUMIE R BRSNS A EL, 1ICU HLHK
BB VAP K00 16.7%1,

VAP K5 5(%) = (VAP KLU SHUMGIE TEAEED < 100%, Fihdg 100 FiHLmE
BB TR VAP BIGIEL. Rt B LUEE N AL, RO AE MR VAP &
VAN S ()7 S S e S s NI SN = R 3 S V) R EE NI RS
RIEIR, VAP BRI R PBNE 5%-47.9%15 191, fEP= B Q10 & 1, VAP By AR AR
35%-60% A7 1T 8o WRHHTFFE OO Y VAP AN 1.8%, RIS E 200 1.85%,
A 200 0.9%, iz TS A TR 27 4~ ICU J B Be R PE AT R 00, AcEL VAP
B LRSI, [N ATGE R, VAP BYAHRAE 5% % 40% 2 1], SET- 5k 10%.
— i Meta 73t WoR B E Rl VAP B AN 23.8%20,

IFFIRATURH R A 2 ST 5 B AR 2R, I 5% 2 40% AZERN ) HZE R T
INEH R WRE. G, INET RN VAP LR A EREZEN, A H E R
ICU RYRIA BAP N A EC S EL il R B AR s ATUBIGE U FH AL RSl KF
TR 22 0 IR, S WITRIERY AN GE R A R 22 5 o) — EE B (A2 2,
FURT IR ARR I HY VAP 32 Wibm e == 20045 1)58 BB F -5 10T A DT 22 27 22 4 A



#15E g BN FRFMEFAIL

25 Y AR s 2) IR ARG IE 55 3 E T E M ZIE R B iS ARt 2016 £E3E
[ G S SR E R 22 S RS A AT RYTR R B 5R , AS RIS IR RIS = a5 5
Wi VAP AT A BRI R Ee o FHA, ZOWRFEETTHAE (e R 5 T0%)
WM ST R RS LUEE N BER 0 R R T IR B TP Al A XU, 1
LIATUBIGE = H DA 70 BEA T3 238 0 BG5BT 17 ke AT LA [ EE Ao 3K T 2 22
SEE— BRI T SCRRE VAP IR S BT

1.2.2 FREIRHFERFRR B E =

VAP (YA RHILHTES K 22 IR UM AR, Hak R 2 APt e AR 2
Py MR R R RS2 o 8 SEAH G IR 3R T8 N 38 B RPIR DA B AR BIUIR A, 4
PEAS Sl AFFRANON . ROREEEG . (RE S E. SEPIROERS SR . BRI
DR 2R T R 55027 B RN A i, B ERE i u A s S B RO
WM AUEDIPIRES FHEE R MUGE IR PR P A R
B FEAEPITHIL WP PNEIHNEE WRIEAENE . BRIXRS: LA ICU PREE60 )

TS
1221 BEHXEZE

BB RIS VAP [T5 R R il s PEAE T, AMAESRR . TR, 2%
it FEPR 0 LA S BEMLBE S5 7 THI Y 22 57 X B VAP B AR, JEHAERZE . B 8
LGB T REAR ™ NHER N2, IS NS 2 SR AR 2R (1wl RE IR S5 9 n, 2k
VAP [ EMER B 2 5Em . SFEAEN VAP B IRE 2, Fihl it mie N, HEREE
GBI, HUAZ RS Re 2 ILEHT R AEYS, Al e S & AEE th g
HIEIRM, PO RET, PURGRIE RS ohhe I ITEH D), FREEE IAF 2R
TEVEIRE, SRTIT A (0 i I T 8 A L I 3R G B AR AR B9 5, e WP AL B
BIT IR, VAP AR R m . VAP IR A5 B MR ThRe. JEmm LA
FAUVHOE RS AV DI oG flan, EAE. BFEEREDIREAR T &3 VAP K&
M, H¥E 8 ZER,

1222 EfffAxEE

IR IRCATUAE DR i 98 Y 242 A S5 MUBAE R SE S [R) s AUE-S8 R 28 A L AP it A A S
Kiko WHIERY, HURGE SR VAP IS G R 3R, R HLB0E <R I TRl RS,
FEE KL VAP IR AR R 52 7T, F HLAE ICU He sz AlUGE ~Uld 48 /NI R
VAP [ A0 s EFHE 25 20 M UGHE U r] S B OB S5 A T REC, (it
PR AD E A 2 . EREMUE VDT EA CIWIGE PR, HHEEE
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IR I, A FIROPIRC R, T B TR A VPR, A
TR, CEYITRERISET. WML WSS, (TR
SO, HISIURZEEUIAIIRE , B0 VAP BUR . b, TR B R
00, I URIE UM K 7 A G (0 R RDORR ML LI S5 R%)
FLEEMREHZI (U SR, PR ST, T VAP FYE
o,

VLRI A RIS R A R, S MR ST (S BORPA  M —
B, ABCERZ R BR300 B2 R T A TR R 2 500, IR,
CU B/ AN IS O T, EL 5 SR BB B T2 ), 4
BRI VR REGE Y A (RO BRI, LT S8 O AT 2 MR P 25
F1o BRVRAELES T LI MREER BB T R AT FL AT S IE RN , LD i
SEZE RIS SBOHET T P o 2 AT IR AR Y, 58
ST B HRIVPRE AT, Hett, (BRI, AT b4 B e AR 5 2
RIS FEGEERORESROEET , H RS E AR T T A, A7
BRGCRM, SRR SRIRGEE, W R, PR Jea b ]
i, LUK ICU PSSR RIS AT AN, O S50 VAP R2EH B
341

B SME VAP BT SR I TR % T T
TR, FIMEYESHROR . (RELE SRR 7 BRSSPy s
B2k £ TR TN T P HORHRS  ASRBSERLIE 2 IR EIBR 2, 5%
ESMGHELAE, B SRR, I AR TDI R T A0, AR VAP FY
RIRFAPEL T, BB L

1.2.3 FRORATLAR < Bl 5 XUBG FIUMAR BY 32 37 75 SR I ST it R

EFR, 5 VAP XS A G AR UG 1 B e, 2R C st ry AT i
BT R TF %40 0 AL Samadani SEPIE AL 8 > BEAT AL N VAP & A2 [
WAL T MIMIC- IV EGa R R AT 52 ICU FFIRATU SR 2 S8 2 B 20 S 5%, o
— AP 2 T BEHLRR AN Logistic [H] A5 UMY 3 Afr i Tk 75 M S T 2 A
ST PR PRI SR I R A SE IR IR 3R o A S RE RV R D/ MR R AT 5T, 0 D.
Younan®*xf G475 B K A VAP [ XU TN LA K o122 BERE 45 £ IR LAF 5 i 2 XU
TSI O Ay 7 A B MR SEAR PR €M Al (COPD, Chronic obstructive pulmonary
disease) F I IR ATLAH G i 2 XURS: FUEASTRL ) A e S5 0421, A G R URGE LB L
VRTXE D S B[R 3R 0 M B AN AR A 5 491588 o X 2Bt 50 VAP |1 ROBIRT T 41
T EER IR IS T S
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[ A VAP A 5 28 £ T XUBS TSR A My e S 0 01, B RO 4 M ERE - Al
REFIE . A ZIE AN FT XS S8 MRS IE R P & FF VAP 3, TR TR a2 4%
I RTE AR KBS U R 5, R e T i O I I A A RE o VRN G I ke
FILE P AT I T 1 LIRS AR XS TN, DA A= ) L EOIE S AP e AL 3l T
Heo RS B SO AR 7 28 S BRE I % & 1000 300 A R Al I A e I A
WA R, HALEAET R 2 RECE PR SRIG , JhR T VAP FRAER H4EE . T
/INRESTRTBIZAS PR AU T RS P i 2 K, FH A S 5% 5 i AT BRT i 24 7 A A X
ARATE i 5 AL e U I PR TSR

TR FE e 2D A A R R AR XTI, 52 e 271 e [ A I S A
JE N RIS R ARE RGN o 2 FARPORI A EHT P B & PNU/STL A=y bR 5 WAL e e e
A REPETNA R, O VAP FEACIEE HAR AU LA . THRRSER 2B X0 iR &
fili g A S R I T X AT, T AR DO S VAP BUSCHME . PRSI R S
At VAP JSEAE T AR P AR L], TFA ISR R US PG T H o Sun-A PPYRIEAR
] WA Jiiveg SR A S B T BB RS e ey e M A LI R SR AR B VAP [ 5E
HIW, PRI ERME X IEAE TR, JR2eft sl 2 488800 o0 A A Jeie S8 VAP
PSS, TSI AR I RE

N
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1.2.4 STHEAEVE

FIAT, f44ER) Logistic [R1H Cox HuBIXRASRL, s EZHAT, FEALARAR. SCFF
AL XGBoost S5 [ HL "7 2 FIE N H 4612 FILEIERE AR 58 HAE ELBEALER AR
Tl IR B AT Y U, £ S BT P 2B SR M Al AR
IINFEAR B B REUE TR LA S SE A e RS o R B 2R A G TSR e A0 O 2 T B A 14
TALPFr T, (EE AN REARIA DA AR XU, - [T BT 5 2 i R R SR A
T HEATLARAR B R E U B AN AR AR SC R T _E2eB AL, (B “JRAE™ Hpk. K
T TR LU SRR IE PR 1 A B S P BRI o R, SRR EE T
i B SR AR E AT I R R TIN5, MO BEMURR AR B & LASE TS o0 5 TR A AT 52 o
AR, BEERBARAN TR BERORABE— 2 & e, VAP XS ARG B gEfL A
PEACAASERSAL , R B AAR B AT I B SFF o

Zi b, ATl S EIX 4 SRR R IR, AR X ICU AL
WA VAP XU FTIARRY , A2 A5l SE iy, SEE ICU T VAP Rk
e RS AR SR, AT 3 I AT 5 XS S I SR BB A0 7 A i i s o
AFTFA TR G B BCABRAVIG R SR, LRI iR 5% 4, AR
ICU & VAP H AR AL %



