Jundishapur | Microbiol. 2026 March; 19(3): e167755

https://doi.org/10.5812/jjm-167755

Published Online: 2026 February 22

Research Article

Carbapenem-Resistant Acinetobacter baumannii Infections Associated
with Deep Venous Catheterization in Patients with Pulmonary
Infection in the ICU

Sicheng Yuan (! ', Yuwei Tan', Panpan Wu ', Xiaogian Du', Ge Guo', Lu LI', Hang Wang ', Li Dou ', Tao

Guo®
!Emergency Department Affiliated Hospital of Nanjing University of Chinese Medicine (Jiangsu Hospital of Traditional Chinese Medicine),

Jiangsu, China

‘CorrespondingAuthor: Emergency Department Affiliated Hospital of Nanjing University of Chinese Medicine (Jiangsu Hospital of Traditional Chinese Medicine),
Jiangsu, China. Email: saharaicu@126.com

Received: 12 November, 2025; Revised: 14 January, 2026; Accepted: 7 February, 2026

4 I
Abstract

Background: Carbapenem-resistant Acinetobacter baumannii (CRAB) is an important cause of fatal drug-resistant infection in the intensive care unit (ICU).
Thus, it is crucial to identify strategies to reduce the occurrence of CRAB infection. Although studies have revealed that CRAB is associated with invasive
operations, little research has assessed the relationship between the occurrence of CRAB infections and different types of invasive procedures in patients with
pulmonary infections in the ICU.

Objectives: The present study explored the relationships between specific invasive procedures and CRAB infection to provide evidence for the clinical
prevention and control of CRAB.

Methods: This single-center retrospective analysis was conducted in the ICU and electronic ICU of Jiangsu Provincial Hospital of Traditional Chinese Medicine.
Patients diagnosed with pulmonary infection caused by AB between June 2020 and December 2024 were enrolled. Patients were categorized according to the
presence or absence of CRAB infection, and invasive operation types and mortality rates were compared between these groups. The factors affecting CRAB
infection were analyzed by least absolute shrinkage and selection operator (LASSO) regression analysis. Patients were further divided into three groups based on
the duration of deep venous catheterization, and the relationship between the risk of CRAB infection and the duration of catheterization was examined using
multivariate regression models.

Results: In total, 341 patients were included, with 216 patients in the CRAB group and 125 patients in the AB group. The 28-day all-cause mortality rate was
higher in the CRAB group (52.8% vs. 38.4%; P < 0.001). Endotracheal intubation (odds ratio [OR] = 7.28, 95% confidence interval [CI] = 3.81 - 13.92), chronic
obstructive pulmonary disease (OR = 0.32, 95% CI = 0.14 - 0.77), a higher CURB-65 score (OR = 1.53, 95% CI = 1.16 - 2.02), and a longer duration of deep venous
catheterization (6 - 10 days: OR = 2.39, 95% CI = 115 - 4.97; > 10 days: OR =10.56, 95% CI = 4.52 - 24.67) increased the risk for CRAB infection. In the fully adjusted
model, the rate of CRAB infection was significantly higher in patients catheterized for 6 - 10 days (OR = 2.49, 95% CI =1.16 - 5.34) or > 10 days (OR =12.63, 95% CI =
5.22-30.59).

Conclusions: Tracheal intubation and prolonged deep venous catheterization in the ICU increased the risk of CRAB infection and reduced survival among
patients with pulmonary infection. Thus, the duration of deep venous catheterization and the use of tracheal intubation in the ICU should be minimized to
reduce the risk of CRAB infection.
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1. Background

Acinetobacter baumannii (AB) has become a clinically
important pathogen in the 2ist century. Genomic
research has revealed the ability of this pathogen to
rapidly acquire and spread drug resistance. Multi-drug-
resistant (MDR), extensively drug-resistant (XDR), and
fully drug-resistant AB represent major challenges in the
global anti-infective field (1). According to data from the
China Antimicrobial Surveillance Network in 2024, AB

accounted for 16.11% of clinical isolates of gram-negative
bacteria in China. Acinetobacter baumannii nosocomial
infections most commonly involve the lungs, and AB is
an important causative agent of hospital-acquired
pneumonia (HAP), especially ventilator-associated
pneumonia (VAP) (2). Additionally, this pathogen tends
to spread throughout the community (3). Carbapenem
resistance in AB isolates has been increasing in recent
years, with its rates reaching up to 50% in the US and
exceeding 70% in China. The increasing antibiotic
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resistance of AB and the emergence of strains resistant
to almost all available drugs represent grave concerns.
Imipenem has traditionally been considered the gold
standard for treating VAP caused by AB. However, the
prevalence of carbapenem-resistant AB (CRAB) has
increased dramatically (4), resulting in more restrictive
antibiotic use. Thus, clinical alternatives are urgently
desired (5). Among them, polymyxin E and polymyxin B
have been used to treat VAP, bacteremia, and meningitis
caused by AB. Meanwhile, tigecycline, eravacycline,
minocycline, and cefiderocol represent alternative
antibiotics used for MDR and XDR strains of AB (6).
Therefore, the treatment of CRAB is challenging, making
infection prevention critical. Current research has
found that AB can colonize the skin, mucous
membranes, and medical instruments and survive in
the hospital environment (7). Therefore, cleaning and
disinfecting the intensive care unit (ICU) is mandatory.
Additionally, the risk factors for AB infections include
prolonged hospitalization, admission to a care unit,
mechanical ventilation, invasive surgery, antimicrobial
exposure, and severe underlying disease (8). Therefore,
ICU medical staff have been asked to strictly comply
with aseptic practices and infection control norms,
especially when performing operations such as central
venous intubation, tracheal intubation, indwelling
urinary catheterization, and drain placement.
Meanwhile, a small number of studies have found that
CRAB is associated with invasive surgery (9), but there is
a dearth of large-sample studies. Moreover, the
relationship between different invasive operations and
the risk of CRAB infection has not been explored.

2. Objectives

The present study explored the relationships
between specific invasive procedures and CRAB
infection to provide evidence for the clinical prevention
and control of CRAB.

3. Methods

3.1. Data Source

This single-center retrospective analysis was
conducted in the ICU/electronic ICU (EICU) of Jiangsu
Provincial Hospital of Traditional Chinese Medicine
using data from the hospital’s electronic medical record
system. This study included adults presenting with
pulmonary infection by AB from June 2020 to December
2024. The study was approved by the Institutional
Review Board of Jiangsu Provincial Hospital of
Traditional Chinese Medicine. The requirement for

informed consent was waived because of the
retrospective nature of the research. This study was
conducted in accordance with the 1975 Declaration of
Helsinki on Ethics.

3.2. Study Population and Definitions

Data were extracted from the hospital’s electronic
medical record system for patients in the ICU/EICU who
met the diagnostic criteria for pulmonary infection as
follows (10): Elevated temperature (> 38.5 °C ) with a
peripheral blood leukocyte count greater than 10 x 10°/L
or less than 4 x 10°L; clinical symptoms such as
coughing, coughing sputum, and deep and fast
respiration; dry and wet rales on auscultation of both
lungs; and inflammatory changes of lungs on X-ray or
chest computed tomography. Patients meeting at least
three of the following four criteria were included:
Meeting the diagnostic criteria for pulmonary infection;
invasive operation within 24 h after ICU admission; at
least three valid sputum cultures, blood cultures, or
alveolar lavage fluid cultures after placement of the
relevant catheter and at least two valid cultures
suggesting either pure or dominant AB growth (because
it is difficult to strictly differentiate between
colonization and causative bacteria); and ICU stay and
survival time >10 days. Because it was difficult to
completely determine whether AB infection existed
before the patient was admitted to the ICU, we excluded
patients who had been repeatedly admitted to the
respiratory, emergency, and infectious disease
departments or ICU and immunosuppressed patients
with previous organ transplantation, hematological
diseases, and active malignant tumors. To reduce the
interfering factors, we excluded patients who previously
participated in clinical trials of antibiotics and
treatments for drugresistant infection during
hospitalization  (Figure 1). Carbapenem-resistant
Acinetobacter baumannii colonization was defined in
reference to the 2023 Infectious Diseases Society of
America  (IDSA)  Guidelines: Management  of
Antimicrobial-Resistant Gram-Negative Bacterial
Infections (11). There is no clear demarcation between
colonization and infection. Isolation of CRAB from non-
sterile sites (skin, mucosa, or wounds) without clinical,
imaging, biochemical, or histopathological evidence
typically indicates colonization. Alternatively, recurrent
CRAB cultures in patients with markedly improved
clinical symptoms can also be considered colonization.
Under compromised immune conditions, colonizing
bacteria might become opportunistic pathogens.

3.3. Data Extraction
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Figure 1. Participant enrollment diagram. Abbreviations: ICU, intensive care unit; AB, Acinetobacter baumannii, CRAB, carbapenem-resistant A. baumannii

The extracted variables included demographic
information (sex, age, and Body Mass Index [BMI]), vital
signs (respiratory rate, peripheral capillary oxygen
saturation, heart rate [HR], temperature, and mean
arterial pressure), comorbidities (hypertension,
coronary heart disease, cardiac insufficiency, cerebral
infarction,  bronchiectasis, = chronic  obstructive
pulmonary disease [COPD], diabetes, renal insufficiency,
hepatic insufficiency, gastric ulcer, and malignant
tumors), laboratory parameters (initially obtained
within the first 24 h of ICU admission; white blood cell
[WBC] count, high-sensitivity C-reactive protein [hsCRP],
and procalcitonin [PCT]), blood gas parameters (lactate
[Lac], partial pressure of oxygen [PaO:], partial pressure
of carbon dioxide [PaCO.], and PaO,/fraction of inspired
oxygen [FiOz]), invasive procedure type (placement of a
nasogastric tube, nasoenteric tube, endotracheal tube,
tracheotomy, internal jugular venous catheter, femoral
venous catheter, continuous renal replacement therapy
[CRRT] catheter, femoral arterial catheter, radial arterial
catheter, peripherally inserted central catheter,
thoracentesis drainage catheter, abdominocentesis
drainage catheter, or urethral catheter, alongside the
duration of catheterization), and all-cause mortality at
28 days.

3.4. Statistical Analysis

Jundishapur | Microbiol. 2026;19(3): 167755

Variables with more than 30% missing data were
excluded. Missing values for the remaining variables
were imputed using multiple interpolation. Data
imputation was performed for age; heart rate (HR);
systolic and diastolic blood pressure; temperature; pH;
partial pressure of oxygen (PaO.); partial pressure of
carbon dioxide (PaCO.); white blood cell (WBC) counts;
and procalcitonin (PCT), lactate (Lac), and high-
sensitivity C-reactive protein (hsCRP) levels. The
Shapiro-Wilk normality test was used to assess whether
continuous variables were evenly distributed. Normally
distributed data were presented as the mean + standard
deviation, and group comparisons were performed
using the independent-samples t-test. Non-normally
distributed data were presented as the median
(interquartile range), and group comparisons were
performed using the Mann-Whitney U test. Categorical
variables were presented as frequencies and
percentages, and between-group comparisons were
performed using Fisher’s exact test or the chi-squared
test. Kaplan-Meier survival analysis was conducted to
estimate the incidence of 28-day mortality across the
groups, with the logrank test used to assess the
statistical significance of differences between survival
probabilities. Multivariate logistic regression analysis
was performed to examine the association between
group assignment and 28-day mortality, and odds ratios
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Table 1. Participant Characteristics *

Variables and Characteristic Total AB CRAB Statistic P
Count 341 125(36.7) 216 (63.3)
Age,y 7779 £11.86 75.89+11.06 78.89 £12.19 t=-226 0.024
Sex X*=0.87 0.351
Male 175 (51.32) 60 (48.00) 115 (53.24)
Female 166 (48.68) 65(52.00) 101(46.76)
BMI, kg/m % 22.69+4.15 2329+4.63 2234%3.81 t=196 0.052
vital signs
HR, beats/min 100.29 £16.79 10156 +15.41 99.56 +17.52 t=1.06 0.289
MAP, mmHg 84.54£11.40 8534+11.28 84.07+11.47 t=0.99 0.325
Temperature, °C 38.80+0.53 38.83£0.48 38.79+0.56 £=0.63 0532
RR, beats/min 23.08+6.67 2230+6.68 23.53+6.63 t=-1.65 0.099
Scores
APACHE II 22.01£3.72 21.65+2.97 2223+4.08 t=-151 0133
SOFA 11.87+4.09 1146 +3.94 1210 +£4.16 t=-139 0.165
CURB-65 3.09+1.06 2.90+0.97 319£110 t=-252 0.012
Laboratory values on admission
CRP, mg/L 77.74+26.04 83.03+23.81 74.68 £26.83 t=2.89 0.004
WBC, x10° 1939+5.16 19.16 +5.08 19.53£5.21 t=-0.65 0.517
PCT, ng/mL 2.02+£0.92 2.03£0.91 2.01+0.93 t=021 0.831
Pa02[Fi02, mmhg 234.96 £50.01 232.55+47.74 236355133 t=-0.68 0500
Pa02, mmhg 58.72+5.72 58.66+538 58.75+5.91 t=-0.14 0.888
PaC0O2, mmhg 6039+ 8.81 60.36+8.93 60.41+8.76 t=-0.05 0.962
Lac, mmol[L 279+0.72 2.73+0.66 2.8240.75 t=-1.20 0.231
Chronic Pulmonary Disease
Heart failure 22(6.45) 9(7.20) 13(6.02) X*=0.8 0.669
Hypertension 77(22.58) 25(20.00) 52(24.07) X'=0.75 0.386
COPD 39 (11.44) 20(16.00) 19(8.80) X*=4.06 0.044
Bronchiectasis 49 (14.37) 21(16.80) 28(12.96) X*=0.95 0330
Coronary heart disease 44 (12.90) 12(9.60) 32(14.81) X=192 0.166
Renal insufficiency 98(28.74) 43 (34.40) 55(25.46) X2=3.09 0.079
Cerebral infarction 109 (31.96) 37(29.60) 72(33.33) X*=0.51 0.476
Liver insufficiency 39 (11.44) 17(13.60) 22(10.19) X*=0.91 0.340
Gastric ulcer 20(5.87) 8(6.40) 12(5.56) X*=0.10 0.749
Diabetes mellitus 66(19.35) 20(16.00) 46(2130) X=142 0.233
Malignant tumour 21(6.16) 10 (8.00) 11(5.09) X*=116 0.282
Invasive operations
Nasogastric tube 311(91.20) 114 (91.20) 197(91.20) X*=0.00 0.999
Nasoenteric tube 13 (3.81) 4(3:20) 9(4.17) X2=0.02 0.876
Tracheal intubation 131(38.42) 16 (12.80) 115 (53.24) X2=54.74 <0.001
Tracheotomy 35(10.26) 16 (12.80) 19 (8.80) X*=138 0240
Internal jugular vein catheter 217 (63.64) 70 (56.00) 147(68.06) X*=4.97 0.026
Femoral vein 138 (40.47) 58(46.40) 80(37.04) X2=2.88 0.090
CRRT 53 (15.54) 17(13.60) 36(16.67) =057 0.451
Femoral artery 62(18.18) 24(19.20) 38(17.59) =014 071
Radial artery 84 (24.63) 36(28.80) 48(22.22) X*=185 0.174
Picc 10 (2.93) 4(320) 6(2.78) X2=0.00 1.000
Thoracic puncture 59 (17.30) 20(16.00) 39 (18.06) X*=0.23 0.629
Abdominal puncture 54 (15.84) 22(17.60) 32(14.81) X2=0.46 0.497
Urinary catheter 296 (86.80) 111(88.80) 185 (85.65) X*=0.69 0.407
catheter dwell time, days X*=4539 <0.001
1-5 61(17.89) 41(32.80) 20(9.26)
6-10 161(47.21) 64 (51.20) 97(44.91)
>10 119 (34.90) 20(16.00) 99 (45.83)
Arterial + venous catheters 146 (42.82) 60 (48.00) 86(39.81) xX=217 0.141
Number of catheters 0.111
1 1(0.29) 0(0.00) 1(0.46)
2 8(235) 4(3.20) 4(1.85)
3 69(20.23) 23(18.40) 46(2130)
4 149 (43.70) 51(40.80) 98(45.37)
5 79 (23.17) 34(27.20) 45(20.83)
6 27(7.92) 13(10.40) 14 (6.48)
7 8(235) 0(0.00) 8(3.70)
Prognosis
28-day all-cause mortality 162 (47.51) 48(38.40) 114 (52.78) X*=6.56 0.010

Abbreviations: APACHE I, acute physiology and chronic health evaluation II; SOFA, Sepsis-Organ Failure Assessment Score; MAP, mean arterial pressure; WBC, white blood cell
count; CRP, C-reactive protein, PCT, procalcitonin; COPD, chronic obstructive pulmonary disease; CRRT, continuous renal replacement therapy; PlCC,geripherally inserted

central catheter; PaO2, partial pressure of oxygen; FiO2, fraction of inspired oxygen; PaCO2, partial pressure of carbon dioxide; BMI, body mass in

baumannii; CRAB, carbapenem-resistant A. baumannii.
2Values are presented as mean + SD or No. (%).

ex; AB, Acinetobacter

(ORs) and 95% confidence intervals (CIs) were calculated.
To reduce factor covariance, least absolute shrinkage
and selection operator (LASSO) regression was used to
determine the influencing factors, followed by single
and multifactor logistic regression analyses to derive

the final influencing factors. Data processing and
analysis were performed wusing Zstats 1.0
(http:/fwww.zstats.net). A two-sided hypothesis test was
applied, with statistical significance set at a = 0.05.

4.Results
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Figure 2. Kaplan-Meier survival curves of 28-day mortality across the groups.

4.1. Participant Characteristics

We identified 341 patients with pulmonary infections
involving A. baumannii who met our inclusion and
exclusion criteria (Figure 1), including 216 patients
(63.3%) in the CRAB group and 125 patients (36.7%) in the
AB group. Regarding general patient information, age
and CURB-65 scores were higher in the CRAB group. C-
reactive protein (CRP) levels and the incidence of
chronic obstructive pulmonary disease (COPD) were
lower in the CRAB group. Additionally, internal jugular
vein catheterization and tracheal intubation were more
common in the CRAB group, and the duration of deep
venous catheterization was longer in this group.
Moreover, the 28-day mortality rate was higher in the
CRAB group. The findings are detailed in Table 1.

4.2, All-Cause Mortality at 28 Days

In total, 114 all-cause deaths occurred within 28 days
in the CRAB group, versus 48 in the AB group (P < 0.001),
whereas the mean (17.175 days vs. 23.417 days) and
median survival times (17 days vs. 25 days) were longer
in the AB group than in the CRAB group (both P < 0.05),
as detailed in Figure 2.

4.3. Correlation Between Invasive Maneuvers and the
Occurrence of Pulmonary Infection by Carbapenem-Resistant
Acinetobacter baumannii in Patients in the Intensive Care
Unit

Jundishapur | Microbiol. 2026;19(3): 167755

To reduce covariance in data analysis, a LASSO
regression model was built using binomials, and all 44
influencing factors were included in the LASSO
regression model, in which the regression coefficients
of the model predictors gradually converged to zero as
the penalty term (A) increased. Eventually, 16 variables
with non-zero coefficients were selected with a
minimum mean square error of 0.027: Tracheal
intubation, internal jugular venous catheterization,
duration of deep venous catheterization, arterial
catheterization, chronic obstructive pulmonary disease
(COPD), coronary heart disease, renal insufficiency, age,
Acute Physiology and Chronic Health Evaluation II
(APACHE II), CURB-65, Sepsis-Organ Failure Assessment
(SOFA), body mass index (BMI), respiratory rate, heart
rate (HR), C-reactive protein (CRP), and lactate (Lac). The
LASSO regression coefficient profiles and cross-
validation plots are presented in Figures 3 and 4,
respectively.

The 16 factors were included in the logistic regression
model and subjected to one-way analyses, and variables
significant at P < 0.05 were included in the
multifactorial stepwise forward analyses. These analyses
ultimately revealed that endotracheal intubation (odds
ratio [OR] = 7.28, 95% confidence interval [CI] = 3.81 -
13.92), COPD (OR = 0.32, 95% CI = 0.14 - 0.77), higher CURB-
65 scores (OR = 1.53, 95% CI = 116 - 2.02), and a longer
duration of catheterization (6 - 10 days: OR = 2.39, 95% CI
=1.15-4.97;>10 days: OR=10.56, 95% Cl =4.52 - 24.67)
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Figure 3. Least absolute shrinkage and selection operator (LASSO) coefficient profile

were risk factors for CRAB infection, as detailed in Table
2 and Figure 5.

4.4. Correlation Between the Duration of Deep Venous
Catheterization and Carbapenem-Resistant Acinetobacter
baumannii Infection

Patients were divided into three groups based on the
duration of deep venous catheterization (1- 5, 6 - 10, and
>10 days). A comparison of the three groups revealed
that the proportion of CRAB infections was significantly
higher in the > 10-day group than in the remaining two
groups (32.79% vs. 60.25% vs. 83.19%, P < 0.05). The >10-day
group additionally had higher CURB-65, Acute
Physiology and Chronic Health Evaluation II (APACHE II),
and Sepsis-Organ Failure Assessment (SOFA) scores; an
older age; and higher rates of tracheal intubation,
tracheotomy, and arterial and venous catheterization,
whereas C-reactive protein (CRP) levels were lowest in
this group (Table 3). Using CRAB infections as an
endpoint, the duration of catheterization was included
in the multi-model regression analyses. In the fully
adjusted model, the odds of CRAB infection were
significantly higher in the 6-10-day (odds ratio [OR] =

2.49, 95% confidence interval [CI] = 1.16 - 5.34) and > 10-
day groups (OR = 12.63, 95% CI = 5.22 - 30.59, Table 4),
indicating that a longer duration of catheterization
increases the risk of CRAB infection.

5. Discussion

In this study, we found that patients with pulmonary
CRAB infection had significantly higher clinical 28-day
mortality than those with regular A. baumannii
infection. In addition, tracheal intubation (odds ratio
[OR] = 7.28, 95% confidence interval [CI] = 3.81 - 13.92),
chronic obstructive pulmonary disease (COPD) (OR =
0.32, 95% CI = 0.14 - 0.77), higher CURB-65 scores (OR =
153, 1.16 - 2.02), and a longer duration of catheterization
(6-10 days: OR=2.39, 1.15 - 4.97; > 10 days: OR=10.56, 95%
CI = 4.52 - 24.67) were associated with higher odds of
CRAB infection among patients in the ICU. Further
subgroup study clarified the correlation between the
duration of deep venous catheterization and the
occurrence of CRAB infection. CRAB tends to form
biofilms on the catheter surface, increasing its drug
resistance and survival in the ICU. Some studies isolated
AB biofilms from patients with urinary tract infection

Jundishapur ] Microbiol. 2026; 19(3): 167755
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Figure 4. Least absolute shrinkage and selection operator (LASSO) regression cross-validation curve

and from the catheter (12). Thus, a longer duration of
catheterization will increase the risk of CRAB infection
by increasing the risk of bloodstream infection.
Research has revealed that by improving the central
vein catheter material (13), the biofilm can be effectively
destroyed, thereby reducing the risk of AB infection.
Prior research examined the wuse of octane
dihydrochloride to eradicate AB biofilms from various
types of catheters, thereby reducing AB colonization
(14).

In addition, the present study also confirmed that
tracheal intubation is a risk factor for CRAB. Tracheal
intubation increases the probability of VAP, and as AB is
the main causative agent of VAP, these two variables
mutually influence each other. Tracheal intubation itself
creates conditions for invasion and colonization by
CRAB. The tracheal tube is inserted into the trachea
through the mouth, allowing the bacterium to bypass
the innate defense barriers of the human respiratory
tract (e.g., nasal hairs, cough reflex, mucus cilia
clearance system) and providing a direct gateway for its
entry into the lower airway. Additionally, AB easily forms
biofilms on the surface of the endotracheal tube. This

Jundishapur | Microbiol. 2026;19(3): 167755

film acts as a “protective shield” that permits the
bacterium to firmly attach to the catheter, evading the
body’s immunity and antibiotic clearance and
becoming a persistent source of infection (15).

The CURB-65 scoring system is used to evaluate the
severity of inflammatory lung disease. CRAB is more
likely to infect patients with poor baseline immunity
and more underlying diseases, who generally have
greater severity, require greater catheter access, and
have greater susceptibility to CRAB infections in the ICU
setting (16). Concerning mortality, the 28-day all-cause
mortality rate was higher in the CRAB group, in line
with previous findings (17). Some studies have found
that even after successful discharge from the hospital,
patients with CRAB infection have higher re-
hospitalization and mortality rates. Therefore,
effectively preventing CRAB infection is extremely
important for patient survival in the ICU.

This study revealed that COPD acts as a protective
factor against CRAB infection, differing from the
conventional clinical observation (18). The reason for
this discrepancy might be that patients with COPD
predominantly require repeated hospitalization. Such
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Table 2. Logistic Regression
Variables Univariate Analysis Multivariate Analysis
B S.E z P OR (95%CI) B S.E z P OR (95%CI)
CURB-65 027 0.11 249 0.013 131(1.06 ~1.63) 0.43 0.14 3.04 0.002 153 (116 ~ 2.02)
Tracheal intubation
No 1.00 (Reference) 1.00 (Reference)
Yes 2.05 030 6.82 <0.001 7.76 (430 ~13.98) 1.99 033 6.00 <0.001 7.28 (3.81~13.92)
Internal jugular vein catheter
No 1.00 (Reference) 1.00 (Reference)
Yes 0.52 0.23 222 0.026 1.67(1.06 ~2.64) 0.24 0.29 0.82 0.411 1.27(0.72~2.23)
CURB-65
1-5 1.00 (Reference) 1.00 (Reference)
6-10 113 032 3.58 <0.001 3.11(1.67 ~5.78) 0.87 037 233 0.020 239 (115~ 4.97)
10~ 232 0.37 6.32 <0.001 10.15 (4.95~20.82) 236 0.43 5.45 <0.001 10.56 (4.52 ~24.67)
Arterial + venous catheters
No 1.00 (Reference)
Yes -033 023 147 0.142 0.72(0.46 ~1.12)
COPD
No 1.00 (Reference) 1.00 (Reference)
Yes -0.68 034 1.99 0.047 0.51(0.26 ~ 0.99) 113 0.44 2.57 0.010 032(0.14~0.77)
Coronary heart disease
No 1.00 (Reference)
Yes 0.49 036 137 0.169 1.64 (0.81~3.31)
Renal insufficiency
No 1.00 (Reference)
Yes -0.43 024 175 0.080 0.65(0.40 ~1.05)
Age 0.02 0.01 2.23 0.026 1.02(1.01~1.04) 0.01 0.01 118 0237 1.01(0.99 ~1.04)
RR 0.03 0.02 1.65 0.099 1.03(0.99 ~1.06)
APACHE II 0.04 0.03 138 0.166 1.04 (0.98 ~1.11)
SOFA 0.04 0.03 139 0.165 1.04(0.98 ~1.10)
BMI -0.06 0.03 2.04 0.041 0.95(0.90 ~0.99) -0.06 0.03 .78 0.075 0.94(0.88 ~1.01)
CRP -0.01 0.00 -2.80 0.005 0.99(0.98 ~0.99) -0.01 0.01 -1.44 0.149 0.99(0.98 ~1.00)
HR -0.01 0.01 -1.06 0.288 0.99 (0.98 ~1.01)
Lac 0.19 0.16 120 0.231 1.21(0.88 ~1.67)

Abbreviations: CVC, central vein catheter; COPD, chronic obstructive pulmonary disease; RR, resgiratory rate; APACHE II, acute physiologe/ and chronic health evaluation II; SOFA,
i

Sepsis-Organ Failure Assessment Score; BMI, body mass index; CRP, C-reactive protein; HR, hazar

rate; Lac, lactate; OR, odds ratio; CI, confidence interval.

Variables OR(95% CI)
CURB65 153 (116 ~2.02)
Tracheal Intubation

No 1.00 (Reference)

Yes 7.28(3.81~13.92)
Internal Jugular Vein Catheter

No o 1.00 (Reference)

Yes 1.27(0.72~2.23)
CVCTime

1-5 1.00 (Reference)

6-10 239(115~4.97)

10~ 10.56 (4.52 ~ 24.67)
COPD

No 1.00 (Reference)

Yes 0.32(0.14 ~0.77)
Age 1.01(0.99 ~1.04)
BMI 0.94 (0.88 ~ 1.01)
CRP 0.99(0.98 ~1.00)

- 0.002

<0.001

- 0.411

0.020

<0.001

™ 0.010
. 0.237
L 0.075

0.149

OR(95%CI)

Figure 5. Forest map of impact factors

patients might have been excluded during the data
collection phase, thereby influencing the final results.
Patients with COPD frequently receive fluoroquinolones
(e.g., moxifloxacin, levofloxacin) or macrolides (e.g.,
azithromycin) for acute exacerbations of COPD. These

medications can exert in vitro activity or bacteriostatic
effects against AB, thereby preventing CRAB
colonization or early infection during hospitalization.
This protective effect is attributable to the therapeutic
drugs themselves as opposed to COPD. Alternatively,
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Table 3. Comparison of General Conditions in Groups Categorized by the Duration of Deep Venous Catheterization
Variables and Characteristic 1-5(n=61) 6-10 (n=161) 10 ~(n=119) Statistic P
Age,y 75.43£11.02 76.78 £13.16 8036+9.91 F=4.69 0.010
Sex X*=2.59 0.274
Male 33(54.10) 88(54.66) 54 (45.38)
Female 28(45.90) 73(4534) 65(54.62)
BMI, kg/m 2 2244+4.43 2310+4.29 2226+3.77 F=152 0221
Vital signs
HR, beats/min 100.02+13.81 99.22£16.60 101.87+18.36 F=0.86 0.423
MBP, mmHg 84.13£11.26 85.08+11.43 84.01+11.49 F=035 0.706
Temperature, °C 38.77+0.45 38.86+0.52 38.75+0.57 F=166 0193
RR, beats/min 2330+7.32 2273+ 6.65 23.44£637 F=0.42 0.658
Scores
APACHE I 2115+3.81 22.57+3.42 22.44£3.67 F=5.07 0.007
SOFA 10.73£3.52 1254 £4.13 12.45+4.30 F=734 <0.001
CURB-65 2.66+0.89 315+0.93 337£113 F=16.84 <0.001
Laboratory values on admission
CRP, mg|L 88.33+14.05 75.43£28.98 75.44£2539 F=633 0.002
WBC, x10° 19.71£5.76 19.58 £4.63 18.98 +£5.51 F=0.61 0.546
PCT, ng/mL 2.02+0.88 1.94+0.94 212+0.91 F=138 0.252
Pa0,[Fi0,, mmhg 233.87+46.97 235.23£50.35 2351545144 F=0.02 0.983
Pa0,, mmhg 58741542 58.84 £5.62 58.55+6.03 F=0.08 0.919
PaCO,, mmhg 62.11£10.90 60.67+8.15 59.13+836 F=250 0.084
Lac, mmol/L 2.7740.69 2.81£0.73 276£0.72 F=018 0.833
Chronic pulmonary disease
Heart failure 3(4.92) 14(8.70) 5(4.20) X=258 0275
Hypertension 10 (16.39) 40 (24.84) 27(22.69) =181 0.405
copD 4(6.56) 21(13.04) 14 (11.76) X2=1.86 0395
Bronchiectasis 9(14.75) 20 (12.42) 20 (16.81) ¥’ =1.08 0.583
Coronary heart disease 10 (16.39) 22(13.66) 12(10.08) =159 0.453
Renal insufficiency 18(29.51) 41(25.47) 39(32.77) X =181 0.405
Cerebral infarction 17(27.87) 53(32.92) 39(32.77) X*=0.57 0.751
Liver insufficiency 8(13.11) 14 (8.70) 17(14.29) X*=232 0314
Gastric ulcer 0(0.00) 10 (6.21) 10 (8.40) =522 0.073
Diabetes mellitus 10 (16.39) 30 (18.63) 26(21.85) X*=0.87 0.647
Malignant tumour 4(6.56) 11(6.83) 6(5.04) X*=0.40 0.819
Invasive operations
Nasogastric tube 56 (91.80) 146 (90.68) 109 (91.60) X*=0.10 0.949
Nasoenteric tube 2(3.28) 7(4.35) 4(336) - 0.931
Tracheal intubation 11(18.03) 67 (41.61) 53(44.54) X=1329 0.001
Tracheotomy 15(24.59) 10 (6.21) 10 (8.40) X*=16.91 <0.001
Internal jugular vein catheter 37(60.66) 99 (61.49) 81(68.07) X?=156 0.457
Femoral vein 28(45.90) 66(40.99) 44(36.97) x=137 0.504
CRRT 6(9.84) 23(14.29) 24(20.17) X>=3.65 0.161
Femoral artery 6(9.84) 33(20.50) 23(19.33) X*=3.54 0.170
Radial artery 14(22.95) 47(29.19) 23(1933) ¥*=3.70 0.157
Picc 1(1.64) 6(3.73) 3(252) - 0.761
Thoracic puncture 14(22.95) 25(15.53) 20 (16.81) =173 0.420
Abdominal puncture 10 (16.39) 26 (16.15) 18 (15.13) X*=0.07 0.965
Urinary catheter 52(85.25) 145(90.06) 99(83.19) X*=2.98 0.226
Arterial +venous catheters 20(32.79) 80 (49.69) 46/(38.66) X=6.45 0.040
Number of catheters = 0.794
1 0(0.00) 0(0.00) 1(0.84)
2 2(3.28) 3(1.86) 3(252)
3 13 (21.31) 28(17.39) 28(23.53)
4 28(45.90) 70 (43.48) 51(42.86)
5 10 (16.39) 43(26.71) 26 (21.85)
6 7(11.48) 13(8.07) 7(5.88)
7 1(1.64) 4(2.48) 3(2.52)
Prognosis
CRAB X*=4539 <0.001
No 41(67.21) 64(39.75) 20 (16.81)
Yes 20(32.79) 97(60.25) 99(83.19)
28-day all-cause mortality 17(27.87) 80(49.69) 65(54.62) =129 0.004

Abbreviations: APACHE II, acute physiology and chronic health evaluation II; SOFA, Sepsis-Organ Failure Assessment Score; MAP, mean arterial pressure; WBC, white blood cell
count; CRP, C-reactive protein; PCT, procalcitonin; COPD, chronic obstructive pulmonary disease; CRRT, continuous renal replacement therapy; PICC, peripherally inserted
central catheter; CRAB, carbapenem-resistant A. baumannii; PaO,, partial pressure of oxygen; FiO,, fraction of inspired oxygen; PaCO,, partial pressure of carbon dioxide; Lac,

lactate; BMI, Body Mass Index; HR, hazard rate.

@Values are presented as mean + SD or No. (%).

other uncontrolled confounding factors, rather than
inherent biological protection from COPD, might
explain this finding. Further investigation is warranted.

This study had some shortcomings. First, it was
difficult to determine whether AB or CRAB infection
already existed before patients were admitted to the ICU
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despite the exclusion of patients who frequently visited
infection-related departments and those with clear
immunodeficiency. It was also difficult to accurately
grasp patients’ history of antibiotic use. Second, it was
difficult to clearly distinguish whether CRAB was a
pathogenic or colonizing organism. Past experience
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Table 4. Association Between the Duration of Central Vein Catheterization and Carbapenem-Resistant Acinetobacter baumannii Infection Central Vein Catheter Time

. Model 1? Model 2P Model 3 €
Variables
OR (95%CI) P OR (95%CI) P OR (95%CI) P
Time
1-5 1.00 (Reference) 1.00 (Reference) 1.00 (Reference)
6-10 3.11(1.67~5.78) <0.001 3.27(1.74 ~ 6.16) <0.001 2.49 (116 ~5.34) 0.019
10~ 10.15(4.95 ~ 20.82) <0.001 10.22 (4.90 ~ 21.31) <0.001 12.63 (5.22 ~30.59) <0.001

Abbreviations: CVC, central vein catheter; CRAB, carbapenem-resistant Acinetobacter baumannii; OR, odds ratio; CI, confidence interval.

2 Model 1: Crude.
b Model 2: Adjustment for sex, age, and Body Mass Index.

€ Modeel 3: Adjusted for CURB-65 score, tracheal intubation, tracheotomy, arterial + venous catheterization, age, APACHE II score, SOFA score, and CRP.

suggests that in addition to the general manifestations
of pulmonary bacterial infection, several factors should
be considered: Worsening of clinical symptoms of
pulmonary infection and the appearance of new
pulmonary exudates, infiltrates, and solid lesions on
imaging; host factors, including the underlying disease,
immune status, use of antimicrobial drugs, and other
risk factors related to disease onset such as the duration
of mechanical ventilation; initial improvement upon
antimicrobial drug initiation followed by worsening,
with the timing coinciding with the appearance of AB;
the clinical significance of positive culture results in
terms of the method of specimen collection, specimen
quality, bacterial concentration, and observations on
the smear; and two or more sputum cultures exhibiting
either pure AB or AB-dominant growth.

We included all patients with AB pulmonary
infections to minimize confounding factors in this
regard and considered the quality of the specimens and
reproducibility of the culture results. Third, multiple
factors affect CRAB infection in patients, and patients’
empirical antibiotic use also affects their prognosis (19).
As a single-center retrospective study, the use of
empirical antibiotic use in patients with lung infections
was consistent, and thus, this variable was not
considered in the study. It is also possible that patients
have infections in other parts of the body, but our study
focused only on infections in the lungs. Fourth, while
the duration of deep venous catheterization could be
accurately recorded, that for other types of catheters
was not fully considered. As tubes can be added or
removed according to patients’ condition, we mainly
considered the tubes that were placed within 24 h of ICU
admission. Finally, as a single-center retrospective
analysis, the data were obtained from a traditional
Chinese medicine hospital. The conclusions drawn
require further validation through future multicenter
studies.
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5.1. Conclusions

For patients with lung infection in the ICU, invasive
operation 1is essential. This study found that
endotracheal intubation and a longer duration of deep
venous catheterization are risk factors for CRAB
infection. As deep venous cannulation is indispensable
for patients admitted to the ICU, we must ensure the
cleanliness of venous tubing placement and minimize
the duration of intravenous catheter placement.
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