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[ Abstract] Objective To analyze the drug resistance situation and risk factors of
multi-drug resistant in patients with ventilator-associated pneumonia caused by Pseudomonas

aeruginosa (PA-VAP) in intensive care unit (ICU) undergoing mechanical ventilation.
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Methods The clinical data of PA-VAP patients in ICU in Suizhou Central Hospital from
March 2018 to March 2023 were collected retrospectively. PA-VAP patients were divided
into sensitive group and drug resistance group according to whether they were infected with
multi-drug resistant PA. The drug resistance characteristics between the two groups were
analyzed and the risk factors were analyzed using Logistic regression and receiver operating
characteristic (ROC) curve. Results A total of 130 patients with PA-VAP were included.
There were 65 patients each in the sensitive group and drug-resistant group. PA-VAP patients
had high resistance rate to imipenem (60.0%), levofloxacin (50.8%), ciprofloxacin (50.8%), and
ceftazidime (50.8%), but low resistance to polymyxin (7.7%) and amikacin (16.9%). Logistic
regression analysis showed that tracheostomy [OR=6.045, 95% CI (2.416, 15.125)], >3 types of
antibiotics [OR=2.704, 95% CI (1.062, 6.881)], and use of carbapenem antibiotics [OR=4.283,
95% CI (1.642, 11.173)] were independent risk factors for the multiple drug resistance in
PA-VAP patients (P<0.05). The area under the ROC curve for the combined application of
the above three factors was 0.824[95% CI(0.752, 0.896)], with a sensitivity of 0.785 and a
specificity of 0.738. Conclusion ICU mechanically ventilated patients with PA-VAP have a
high rate of antibiotic resistance. Tracheostomy, the use of 23 types of antibiotics, and the use
of carbapenems increase the risk of multiple drug resistance. Targeted measures need to be
taken for the prevention and treatment of multiple drug resistance PA-VAP patients in clinical

practice.
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Table 1. Comparison of general characteristics of the two groups(x + )
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Table 3. Univariate analysis of multidrug resistance in PA-VAP patients (1, %)
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Table 4. Logistic regression analysis of multidrug resistance in PA-VAP patients

H AR W AE 5= B SE  Wald/fH ORfE (95%CI) PH
WAL - 2512 0528  22.632 - <0.001
SEVI =1, 75=0 1.799 0468  14.788 6.045 (2416, 15.125)  <0.001
Ui =350 =3fh=1, <3Fh=0 0.995  0.477 4354 2704 (1.062, 6.881) 0.037
i S AR A E =1, =0 1455  0.489 8.839 4283 (1.642, 11.173) 0.003
WEPRI s =1, 75=0 0232 0578 0.161 0.793 (0.255, 2.463) 0.688
BB =1, =0 0250  0.534 0.218 1.284 (0.450, 3.659) 0.640
APACHE I35y (43) >254y=1, <25/%=0  0.116 0514 0.050  1.122 (0.409, 3.077) 0.822
NRS 20023143 (43) >343=1, <343=0 0.595  0.486 1.502 1.814 (0.700, 4.698 ) 0.220
1l =1, =0 0279 0482 0336  0.756 (0.294, 1.944) 0.562
B Z IR (d) =7d=1, <7d=0 0519  0.482 1.158 1.680 (0.653, 4.321) 0.282

&5 PA-VAPEE R4 ZEMZIHIROCH &1

Table 5. ROC curve analysis of multidrug resistance in PA-VAP patients

15F% AUC (95%CI) SE P{E TR R
RS B AShUE R 0.700 (0.609, 0.791) 0.047 <0.001 0.738 0.662
PRI = 3FD 0.677 (0.584, 0.770) 0.048 <0.001 0.677 0.677
SEYIT 0.677 (0.584, 0.770) 0.048 <0.001 0.615 0.738
DAL =R bR & 0 H 0.824 (0.752, 0.896) 0.037 <0.001 0.785 0.738

3 it

HLAGE S 7E ICU fE B A b k55 &
SRR, B HUAGE S SRR H k),
VAP K9k O I8 R % AT B m AT 1
ICU 835 H B RPE KT, W E SR, K4 VAP
BT BT A, FEUREMELURL, AR R
B (R R A B 9% L R A I 22 F T 24 D Rk
Yo, BOMEET AR, WG HE2E, JEroRE
i O ARBRGE 2540 M R B, PA-VAP BT
I R 5 LA R YAF AN AR BT 2, X S e85
L AERE . N R LK Al e TR 2R
B, (HXF 2R R APk R R A 2. AT
FEAR IR U iR 25 W ke i i 1 B 2R 25 W)
NGB, 15 PA B RRH 24 AR 4R 5 e,
ZEML) . WL W BRI 250 PA K
REZAE LIRS, B BE TR T

T ICU MU <A PA-VAP BB L EZH
My 25 AR SR P 2, R XM b il e T it
XoF T B AN i 2 R 24 00 & A, PRk TS
AEEE L, ARV, EYIIFE ICU HUIK
S PA-VAP B # kA ZH 2GR e R &
5 Park %5 "I WFST 45 R —E0, PA by LIPIGHE IEH

TFAW, IEILSEORE, EVIIRHIES T A
PRIE R GpE B bR, SRR BIIREREA%, P
b EE ATTIRIRE ST N, 55K PA-VAP
REZHEM . ARG REN, =3 FPIEZ
VIR & PA-VAP B3 & A Z R 25 371G
SRR, MR T R, s A
Z R IR 25 AT 23 5 | S TRTAE 2 IR RIS 245 P R
SEVAP Y77, ICU BB 2R 20 Rk
Wz, WA N HEZMPUERE SR, m g
PUE 2 K R & PA 2 i 25 Je HofldE >
FIVEFF B DL TR ™ A 5 BaE, 52 i gy in
ISR AR A R, R &R
PUAEZJE PA-VAP B8 & A 2w 24 3 7 e B
HZE, AfFsE " KW, PA BB A K gt 5 &5
WS4 Jm N IR R I . 0 e B ma g LA B OXA-23 il
OXA-51 WiFhit 25 564, DT A 50k 75 85 4 25 9T
2T 245 . AL AT BE PR A ik T B 0 2T
ARG R I, T 253 B Ak e o iR g i o
e R, A 25 5L AR 25 A i 5 |
AR

[, ASEIFSE 200 T e b6 R 2 i B0 AN,
it kT 8IS PiAE R . DU = 3 Fif
SEDTIF =AHZREA NI AUC 2k 0.824, H

yxxz.whuznhmedj.com



EZ#H4N 2024 £ 6 A 34 £5F 6 3 New Medicine, Jun. 2024, Vol. 34, No.6 637

A B T R — E IR RS H N . AR
AWFIELER, IR PR 29097 PA-VAP 1Y
MR . OFH PCR. NGS 4600 T-B, 489w
JERG I, i 4 R, AR R g R T
Hbrbid: Ri697. QB FEHYUER, B
DA ERSUERIH, o ER RS 8 E T
AERWIERNIE, R S8 w20k
QIR ZE=RHSIT A E, GRS R TIRITZ)
PN, N o 24 B o A Y L Y, T IR
2YIHBE N 2BV PURGIR YT ROR, IRIEPURE 2
W5 sh J1 2% 1 2500 sl 1 2 B i R
2y, DA T RE RN TR ™, @
SPAEVITF RS, SR SGEE R, (I AN T8”,
DhBh R E R, WORA SRR . M. Ghnsm
ICU MR IX B, B A RN # T . F 1
A AR, TR AGPTIRALAS BB, e R R
WAEER, Dhss UYL IE

ZE FAnR, 1CU ALGES PA-VAP B E X WAL
el ZAEHEYE . AN R LA 2R
w, YT BRI = 3 R R
WP R I Z T2 00 & A KBS IRREE A
U R OGVE 1CU HLAGE S PA-VAP B35 KA 2
N ERIFE, Pl Aim b A,
I ER, DI PA ZEM G LE, &
WFIAIAFAE—E B R BRI, I REEA 4 g T
BIBERTST, S5ie T FErEmoMEEZ 2IBRE, Fok
WREEA Zl . TR 5E

S 30k

1 AR S0P o o o R 2 b A I B
ARATF i 58 5 0 O AL AR A il 212 W MG T 45

(2018 4 ) [J]. HHA4h R P 2% i, 2018, 41(4):
255-280. [Infection Group, Chinese Thoracic Society.
Guidelines for the diagnosis and treatment of hospital—
acquired pneumonia and ventilator-associated pneumonia
in China (2018 edition)[J]. Chinese Journal of Tuberculosis
and Respiratory, 2018, 41(4): 255-280.] DOI: 10.3760/
cma.j.issn. 1001-0939.2018.04.006.

2 Papazian L, Klompas M, Luyt CE. Ventilator-associated
pneumonia in adults: a narrative review[]J]. Intensive Care
Med, 2020, 46(5): 888-906. DOI: 10.1007/s00134-020-
05980-0.

3 Faure E, Kwong K, Nguyen D. Pseudomonas aeruginosa

yxxz.whuznhmedj.com

in chronic lung infections: how to adapt within the
host?[J]. Front Immunol, 2018, 9: 2416. DOI: 10.3389/
fimmu.2018.02416.

BT, SR, B , 45 . 2021 4F CHINET [ 40 5
Tt 245 W50 (7). e 5 kT AR L 2022, 22(5): 521-
530. [Hu FP, Guo Y, Zhu DM, et al. Surveillance of bacterial
drug resistance in CHINET China in 2021[J]. Chinese
Journal of Infection and Chemotherapy, 2022, 22(5): 521-
530.] DOIL: 10.16718/j.1009-7708.2022. 05.001.

WRIEE T, 8 Aty . i) I B T 550 B AL A O AP A
R fE I R R BT 24 P 5 (D). o T AR 2 2
W%, 2019, 21(4): 11-15. [Chen HT, Guan JM. Study on
risk factors and drug resistance of ventilator-associated
pneumonia caused by pseudomonas aeruginosa[J]. Modern
Medicine Journal of China, 2019, 21(4): 11-15.] DOL:
10.3969/}.issn.1672-9463.2019.04.003.

AR IR A 2 WP 27 2 S 2 L v R i
BT PP GE R G20 T R (2022 40D [J]. T
A8 75 K% IR I 24 75, 2022, 45(8): 739-752. [Infection
Group, Chinese Thoracic Society. Chinese expert
consensus on the management of lower repiratory tract
infections of pseudomonas aeruginosa in adults(2022)[]].
Chinese Journal of Tuberculosis and Respiratory Disease,
2022, 45(8): 739-752.]1 DOI: 10.3760/cma.j.cn112147-
20220407-00290.

Humphries R, Bobenchik AM, Hindler JA, et al. Overview
of changes to the clinical and laboratory standards institute
performance standards for antimicrobial susceptibility
testing, M100, 31st edition[]J]. J Clin Microbiol, 2021,
59(12): €0021321. DOT: 10.1128/JCM.00213-21.

HES, DR, XS5z . U0 T SR 5 58
SR MISC IR BT (1), B 2GR IR | 2024, 45(7):
749-752. [Xiao R, Ma FL, Liu JY. Study on related factors
of pulmonary infection in patients with craniocerebral
injury after craniotomy[J]. Journal of Medical Forum, 2024,
45(7): 749-752.1 DOI: 10.20159/j.cnki.jmf.2024.07.016.
T, 5Kk ¥ . APACHE 11 43 45 4 1l i PCT.
hs—CRP X T filf 48 3 I I 0 %€ 365 19 1500 44 f F
%[0 AR BE 25 T2k, 2024, 408): 1307-1311, 1316.
[Wang GC, Zhang YT. The predictive value of APACHE II
score combined with serum PCT and hs—CRP in severe

pneumonia complicated with respiratory failure[J]. Journal

of Modern Medicine & Health, 2024,40(8):1307-1311,


https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2EhB6aGpoaGh4MjAxODA0MDA3GghndWFmbnpneg%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2EhB6aGpoaGh4MjAxODA0MDA3GghndWFmbnpneg%3D%3D
https://pubmed.ncbi.nlm.nih.gov/32157357/
https://pubmed.ncbi.nlm.nih.gov/32157357/
https://pubmed.ncbi.nlm.nih.gov/30405616/
https://pubmed.ncbi.nlm.nih.gov/30405616/
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2EhJ6Z2tncmhsenoyMDIyMDUwMDEaCGF2dmo4Ymd1
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2EhF6Z2h0eXl6ejIwMTkwNDAwMxoIYmhodjN3cnI%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2EhB6aGpoaGh4MjAyMjA4MDA0GghsdHVyY3FrdQ%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2EhB6aGpoaGh4MjAyMjA4MDA0GghsdHVyY3FrdQ%3D%3D
https://pubmed.ncbi.nlm.nih.gov/34550809/
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg9obnl5eHgyMDI0MDcwMTYaCHQ0b25oam1q

12

13

15

16

638

EZHA 2024 £ 6 A% 34 5% 6 ] New Medicine, Jun. 2024, Vol.34, No.6

1316.] DOI: 10.3969/}.issn.1009-5519.2024.08.01 1.
ot , XIS, B . AR KUK A 2002 W53
LT A A 7K A8 P RE ZE PR I e £
H IS PEAG A [1]. LB, 2021, 42(11): 1276~
1280. [Hou HN, Liu WX, Xia YM. The prognostic value of
nutritional risk screening 2002 score and serum albumin
level in patients with chronic obstructive pulmonary
disease complicated with respiratory failure[J]. Anhui
Medical Journal, 2021, 42(11): 1276-1280.] DOI: 10.3969/
j.issn.1000-0399.2021.11.017.

Byt , AFETY . IRIGFRR AR AL AL PR 5 e ) 4
PR 36 BTt (R SR S T (D], 8 B AR L 2023, 9(13):
5-9. [Duan QY, Yu MF. Effect of improved collection
and treatment of sputum culture samples on the quality of
bacteriological examination[J]. Smart Healthcare, 2023,
9(13): 5-9.] DOI: 10.19335/j.cnki.2096- 1219.2023.
13.002.

Chang Y, Jeon K, Lee SM, et al. The distribution of
multidrug—resistant microorganisms and treatment status
of hospital-acquired pneumonia/ventilator-associated
pneumonia in adult intensive care units: a prospective
cohort observational study[J]. J] Korean Med Sci, 2021,
36(41): e251. DOI: 10.3346/jkms.2021.36.251.
Hernandez—Jiménez P, Lopez—Medrano F, Fernandez—
Ruiz M, et al. Risk factors and outcomes for multidrug
resistant Pseudomonas aeruginosa infection in
immunocompromised patients[J]. Antibiotics (Basel), 2022,
11(11): 1459. DOI: 10.3390/antibiotics11111459.

Harris AD, Jackson SS, Robinson G, et al. Pseudomonas
aeruginosa colonization in the intensive care unit:
prevalence, risk factors, and clinical outcomes|J]. Infect
Control Hosp Epidemiol, 2016, 37(5): 544-548. DOI:
10.1017/ice.2015.346.

Souza GHA, Rossato L, Brito GT, et al. Carbapenem—
resistant pseudomonas aeruginosa strains: a worrying
health problem in intensive care units[J]. Rev Inst Med
Trop Sao Paulo, 2021, 63: €71. DOI: 10.1590/S1678-
9946202163071.

Park SA, Cho SS, Kwak GJ. Factors influencing ventilator—

17

18

19

20

21

22

associated pneumonia in cancer patients|J]. Asian Pac ]
Cancer Prev, 2014, 15(14): 5787-5791. DOI: 10.7314/
apjep.2014.15.14.5787.

Miyoshi—-Akiyama T, Tada T, Ohmagari N, et al.
Emergence and spread of epidemic multidrug-resistant
pseudomonas aeruginosa[J]. Genome Biol Evol, 2017,
9(12): 3238-3245. DOI: 10.1093/ghe/evx243.

Kula BE, Hudson D, Sligl WI. Pseudomonas aeruginosa
infection in intensive care: epidemiology, outcomes, and
antimicrobial susceptibilities[J]. J Assoc Med Microbiol
Infect Dis Can, 2020, 5(3): 130-138. DOI: 10.3138/
jammi—2020-0003.

Hu Y, Qing Y, Chen J, et al. Prevalence, risk factors, and
molecular epidemiology of intestinal carbapenem-resistant
Pseudomonas aeruginosa[J]. Microbiol Spectr, 2021, 9(3):
€0134421. DOI: 10.1128/Spectrum.01344-21.

Tamma PD, Aitken SL, Bonomo RA, et al. Infectious
diseases society of America 2022 guidance on the
treatment of extended—spectrum Pf—lactamase producing
enterobacterales (ESBL-E), carbapenem-resistant
enterobacterales (CRE), and pseudomonas aeruginosa
with difficuli—to—treat resistance (DTR—-P. aeruginosa)[J].
Clin Infect Dis, 2022, 75(2): 187-212. DOI: 10.1093/cid/
ciac268.

Oliver A, Mulet X, Lopez—Causapé C, et al. The increasing
threat of pseudomonas aeruginosa high-risk clones[J].
Drug Resist Updat, 2015, 21-22: 41-59. DOI: 10.1016/
j-drup.2015.08.002.

A, TS, BREE, AL IR IS5 2 Hi 2y
BRI B EAE il 28 1936 07 B 255 A (0], b 240
2022, 25(4): 676-681. [Guo XX, He W, Chen Y, et al.
Clinical pharmacists participate in the treatment and
pharmaceutical care of severe pneumonia caused by
multiple drug-resistant bacteria[J]. China Pharmacist,
2022, 25(4): 676-681.] DOI: 10.19962/j.cnki.issn1008-
049X.2022.04.021.

Wk HAl: 2024 4E 01 A 09 H #&RIHY]: 20244504 4 02 H
ARt . LR o

FURHARSC: ol h, BMeET, MU s:, 2. B W i as WP IHILRR SCE i 5 S0 H S (B M B 22 B 245155 00 S5 1 16 D] 3R 20 0.
B30, 2024, 34(6): 630-638. DOT: 10.12173/j.issn.1004-5511.202401033

He MB, Lai PS, Dai LT, et al. Analysis of situation and risk factors of multiple drug resistance of Pseudomonas aeruginosa in
patients with ventilator—associated pneumonia in intensive care unit[J]. Yixue Xinzhi Zazhi, 2024, 34(6): 630-638. DOI: 10.12173/

j.1ssn.1004-5511.202401033

yxxz.whuznhmedj.com


https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg94ZHl5d3MyMDI0MDgwMTIaCHc5dnY2emM4
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg1haHl4MjAyMTExMDE4Ggh1YXRzeDZ1dA%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg1haHl4MjAyMTExMDE4Ggh1YXRzeDZ1dA%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg16aGprMjAyMzEzMDAyGgg0eTVybmNhcw%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg16aGprMjAyMzEzMDAyGgg0eTVybmNhcw%3D%3D
https://pubmed.ncbi.nlm.nih.gov/34697926/
https://pubmed.ncbi.nlm.nih.gov/36358114/
https://pubmed.ncbi.nlm.nih.gov/26832307/
https://pubmed.ncbi.nlm.nih.gov/34586305/
https://pubmed.ncbi.nlm.nih.gov/34586305/
https://pubmed.ncbi.nlm.nih.gov/25081653/
https://pubmed.ncbi.nlm.nih.gov/25081653/
https://pubmed.ncbi.nlm.nih.gov/29202180/
https://pubmed.ncbi.nlm.nih.gov/36341317/
https://pubmed.ncbi.nlm.nih.gov/36341317/
https://pubmed.ncbi.nlm.nih.gov/34817230/
https://pubmed.ncbi.nlm.nih.gov/35439291/
https://pubmed.ncbi.nlm.nih.gov/35439291/
https://pubmed.ncbi.nlm.nih.gov/26304792/
https://pubmed.ncbi.nlm.nih.gov/26304792/
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg16Z3lzMjAyMjA0MDIxGggxd2w4cDRydg%3D%3D
https://d.wanfangdata.com.cn/periodical/ChlQZXJpb2RpY2FsQ0hJTmV3UzIwMjMxMjI2Eg16Z3lzMjAyMjA0MDIxGggxd2w4cDRydg%3D%3D

