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Purpose: In patients with carbapenem-resistant Gram-negative bacteria (CRGNB) infection, the impact of appropriate empirical
antibiotic treatment (AEAT) initialized before culture results were available remains controversial. We aimed to investigate the effect
of AEAT on the prognosis of critically ill patients with hospital-acquired pneumonia (HAP) caused by CRGNB.

Patients and Methods: Patients with CRGNB-infected HAP and received empirical antibiotic treatment (EAT) for at least 3 days in
the intensive care unit (ICU) of a tertiary teaching hospital in China from February 2017 to September 2021 were included in the
retrospective cohort study. Patients were categorized into AEAT and inappropriate empirical antibiotic treatment (IEAT) groups based
on whether they received EAT covering CRGNB. The associations of AEAT with ICU and 28-day mortality were assessed using
multivariable logistic regression model.

Results: A total of 94 patients were enrolled, including 29 patients in AEAT group and 65 patients in IEAT group. Patients in AEAT
group had a higher Sequential Organ Failure Assessment (SOFA) score (P = 0.003), levels of procalcitonin (PCT) (P = 0.001), and
lactic acid (LAC) (P = 0.026); while patients in the IEAT group had a higher platelet count (PLT) (P = 0.001). There was no significant
difference in the length of ICU stay between the two groups (P = 0.051). Compared with IEAT, AEAT was associated with an
increased risk of 28-day mortality in the univariable logistic regression model (OR: 2.618, 95% CI: 1.063-6.448). However, after
adjusted for SOFA score, PLT, PCT, and LAC level, the association between AEAT and 28-day mortality diminished (OR: 1.028, 95%
CI: 0.353-2.996). AEAT showed no significant association with ICU mortality in neither univariable (OR: 1.167, 95% CI: 0.433—
3.142) nor multivariable (OR: 0.357, 95% CI: 0.097-1.320) models.

Conclusion: AEAT showed no significant influence on ICU or 28-day mortality in critically ill patients with HAP caused by CRGNB
infection.

Keywords: appropriate empirical antibiotics, hospital-acquired pneumonia, carbapenem-resistant, gram-negative bacteria, ICU
mortality

Introduction

Patients in intensive care units (ICUs) were more likely to develop health care-associated infections and multidrug-
resistant organisms (MDROs) infection due to underlying diseases with disordered pathophysiological conditions.'* The
procedures undertaken in ICU pose a risk of secondary infections, and the widespread use of broad-spectrum antibiotics
in ICU contributes to antimicrobial resistance.”* Since 2000, there has been a steady increase in the incidence rates of
extended-spectrum f-lactamase-producing (ESBL) Enterobacteriaceae, carbapenem-resistant Enterobacteriaceae (CRE),

and multidrug-resistant strains of Pseudomonas aeruginosa (MDRPA) and Acinetobacter baumannii in the United
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States.* A report from 341 ICUs in Germany showed an MDRO infection rate of 3.81%.> Another study from 6 ICUs in
New York City showed an average monthly MDRO infection rate of 5.24 per 1000 person days.° It has been reported that
antimicrobial resistance Gram-negative bacteria were the most commonly isolated. Among Gram-negative isolates,
Acinetobacter baumannii showed high resistance to antibiotics (95-99%) except for colistin. Klebsiella pneumoniae
isolates were mostly resistant to Cefotaxime (72.7%), and Pseudomonas aeruginosa was resistant to Ciprofloxacin
(40.3%).” MDRO infection in ICU patients not only prolongs the length of hospital stays and increases the economic
burden but also increases the risk of adverse outcomes.”

For patients with MDRO infection, delayed initiation of antibiotic therapy has often been regarded as a significant
risk factor for mortality,” which supports the idea of early empirical antibiotic treatment. However, whether appropriate
empirical antibiotic treatment (AEAT) improves prognosis in patients with MDRO infection is unclear. On the one hand,
studies have shown that AEAT was not associated with mortality in patients with bacteremia and pneumonia caused by
CRGNB.'"”!"" On the other hand, it was found that in bloodstream infections with multidrug-resistant Acinetobacter
bacteremia, AEAT was associated with decreased ICU mortality risk.'> In a study of patients with hematologic
malignancies, empirical treatments that covered CRE were associated with lower 30-day mortality.'*> Moreover, although
hospital-acquired pneumonia (HAP) was common in ICU patients, evidence on the effectiveness of AEAT in CRGNB-
infected HAP patients remained rare. Therefore, our study aims to further assess whether AEAT can reduce ICU
mortality in HAP patients caused by CRGNB in ICU.

Materials and Methods

Study Design and Participants

This is a retrospective cohort study of CRGNB-infected HAP patients. Participants were enrolled from February 2017 to
September 2021 in the ICU of a tertiary teaching hospital in China. Adult patients (=18 years) received anti-CRGNB
therapy were extracted from ICU records. Exclusion criteria were: (1) patients with anti-CRGNB treatment lasted for less
than 3 days; (2) patients with bacterial culture denied CRGNB infection or confirmed mixed infections; (3) patients with
non-HAP or multisite infections. Patients were divided into AEAT and IEAT groups according to whether received
empirical antibiotic therapy against CRGNB. For patient with suspected HAP infections, sputum or bronchoalveolar
lavage fluid cultures were obtained for culture test before empirical antibiotic treatment. The timing of empirical
antibiotic treatment is within 3 hours after HAP happened. When the culture result is positive, drug sensitivity analysis
will be carried out at the same time. It usually takes 36 h to 48 h to confirm the microbial diagnosis in our hospital. The
study was approved by the ethics committee of the hospital (NO. 2023042). Since this was a retrospective study and
individual patient information was withheld, informed consent was exempt.

Definitions

HAP was defined as pneumonia that occurred 48 hours or more after hospital admission.'® Ventilator-associated
pneumonia (VAP) was determined by pneumonia in patients exposed to invasive mechanical ventilation for at least 48
hours. Pneumonia was diagnosed when new or progressive lung infiltrates were proved by Chest X-ray or CT test, plus
the presence of two or more following symptoms: (1) fever, T >38 °C; (2) purulent sputum; and (3) peripheral leucocyte
count >10,000/mm> or <4000/mm°. Empirical antibiotic treatment was defined as administration of antimicrobial agents
before culture results and susceptibility test results were available. AEAT was defined as administration of at least one
antimicrobial agent that was sensitive against CRGNB isolated in vitro. IEAT was defined as administration of
antimicrobial agents that was not sensitive against CRGNB isolated in vitro. The anti-CRGNB regimen was comprised
of tigecycline or polymyxins in combination with Fosfomycin, meropenem, imipenem, quinolone, aminoglycoside,
ceftazidime-avibactam, or sulfamethoxazole.'> Microbiological response includes clearance and presumptive clearance.
Clearance refers to the absence of the pathogen of the original infection in the specimen from the respiratory tract after
treatment. Presumptive clearance refers to the disappearance of symptoms and signs as treatment progresses, making
sputum samples inaccessible or the method of obtaining sputum is too invasive for the recovering patient, and the
microbiological results are considered presumptive clearance.
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Variables and Outcomes

Antibiotic therapy types (AEAT or IEAT) were the primary independent variables. The primary outcome was ICU
mortality, defined as the occurrence of death before ICU discharge for any reason. The secondary outcomes were
28-day mortality and length of ICU stay. 28-day mortality was defined as all-cause mortality at 28 days.
Demographic information and clinical data were extracted from the hospital information system, including age,
gender, comorbidity, usage of immunosuppressive, duration of carbapenem (d), mechanical ventilation (h), and
vasopressor (d) before day of onset. At the same time, we extracted laboratory tests on day of onset, including
blood indices, procalcitonin (PCT), C-reactive protein (CRP), LAC, total bilirubin (TBI), albumin (ALB), urea
nitrogen, and creatinine. SOFA score on day of onset, Acute Physiology and Chronic Health Evaluation
(APACHE) II on day of onset, type of bacteria, antibiotics, microbiological response, duration of mechanical
ventilation after HAP, and outcomes were also collected.

Microbiology Methods

Identification of Gram-negative bacteria species was done by the VITEK-II-COMPACT instrument (BioMerieux,
France). These isolates were tested for antimicrobial susceptibility to different antibiotics by Broth microdilution test.
Interpretation of susceptibility was done according to the Clinical and Laboratory Standards Institute (CLSI) 2017
guidelines.

Statistical Analysis

Continuous variables using #-test or Mann—Whitney U-test according to their distribution, the results were expressed
as mean + standard deviation and median (interquartile range), respectively. Categorical variables were presented as
frequencies with percentages and were compared using Chi-square or Fisher’s exact test. We used univariable and
multivariable logistic regression models to assess the association between the type of antibiotic therapy (AEAT or
IEAT) and ICU or 28-day mortalities.'®'” Associations between mortalities and all the covariates were examined by
univariable logistic regression model. Covariates showed significant impact on mortalities in univariable analysis were
entered into a multivariable logistic regression. Risk factors for ICU mortality were further screened by logistic
regression models. Sensitivity analysis was also performed. Propensity scores were used to match patients in the
AEAT group and the IEAT group. A multivariable logistic regression model, including SOFA score, PLT, PCT and
LAC, was constructed to generate propensity scores. Patients in the AEAT group were matched to patients in IEAT
group in a 1:1 ratio using a greedy, nearest neighbor matching algorithm with no replacement. All statistical analyses
were performed using SPSS version 18.0 (SPSS, Chicago, IL). A two-sided P-value <0.05 was considered statistically
significant.

Results

Patients’ Characteristics

A total of 150 patients met the inclusion criteria. Excluding 33 patients with anti-CRGNB treatment lasted for less than 3
days, 14 patients with bacterial culture denied CRGNB infection or confirmed mixed infections, and 9 patients with non-
HAP or multisite infections, 94 were ultimately included in the study, of which 29 (30.9%) were in the AEAT group, and
65 (69.1%) were in the IEAT group. (Figure 1) The mean age was 66.87 + 1.71 years. Klebsiella pneumoniae was
detected in 40 (42.6%) patients, Acinetobacter baumannii in 48 (51.1%) patients, and Pseudomonas aeruginosa in 6
(6.4%) patients. VAP was diagnosed in 68 (72.3%) patients. Treatment options included tigecycline or polymyxins-based
combination therapy. (Supplemental Table 1) A total of 24 (25.5%) patients deceased during their ICU stay. The 28-day
mortality rate for the overall population was 45.7%.

Comparison Between AEAT and IEAT Groups
Patients in AEAT group had a higher SOFA score (P = 0.003), levels of PCT (P = 0.004), and LAC (P = 0.029). While
patients in the IEAT group had a higher level of PLT (P < 0.001). There was no statistical significance regarding
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150 patients from ICU:
With age 2 18 years;
With anti-CRGNB treatment.

Patients with anti-CRGNB treatment lasted
for less than 3 days (N=33)

Patients with bacterial culture denied
> CRGNB infection or confirmed mixed
infections (N=14)

Patients with non-HAP or multisite
infections (N=9)

94 patients

With CRGNB infected HAP and accepted anti-CRGNB treatment

1
| |

AEAT group (N=29) IEAT group (N=65)

Figure | Flow chart of participant selection. 94 patients were included in the analysis.
Abbreviations: CRGNB, carbapenem-resistant Gram-negative bacteria; AEAT, appropriate empirical antibiotic treatment; |EAT, inappropriate empirical antibiotic
treatment.

gender, age, comorbidities, duration of carbapenem, vasopressor, and mechanical ventilation before day of onset, the
composition of CRGNB, proportion of the microbiological response, the prescription of antibiotics, and the duration of
mechanical ventilation after HAP (P > 0.05) between the two groups (Table 1). The ICU mortality and length of ICU
stay were also showed no significant difference between the two groups (P > 0.05). The 28-day mortality in the AEAT
group was higher than that in the IEAT group (P = 0.036).

Association Between AEAT and Mortalities

Compared with IEAT, AEAT was associated with an increased risk of 28-day mortality in the univariable logistic
regression model (OR: 2.618, 95% CI: 1.063—6.448). However, after adjusting for SOFA score, PLT, PCT, and LAC
level, AEAT was not associated with 28-day mortality (OR: 1.028, 95% CI: 0.353-2.996). AEAT showed no significant
association with ICU mortality in both univariable (OR: 1.167, 95% CI: 0.433-3.142) and multivariable (OR: 0.357, 95%
CI: 0.097-1.320) models (Table 2).

Sensitivity Analysis

Twenty-nine patients in the IEAT group were successfully matched to patients in the AEAT using propensity scores
(Table 3). There was no statistical significance regarding SOFA score, PLT, PCT and LAC (P > 0.05) between the
two groups after matching. AEAT showed no significant association with ICU or 28-day mortality in univariable
models (P > 0.05). SOFA score, PLT, PCT and LAC were included in the multivariable logistic regression model to
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Table | Characteristics of the Study Subjects

Characteristics AEAT Group IEAT Group P
(n=29) (n=65)
Age (years) 62.0017.65 69.04+15.78 0.057
Female, n (%) 11(37.9) 22(33.8) 0.702
Comorbidities, n (%)
Malignant tumor 4(13.8) 9(13.8) 0.995
Hypertension 13(46.4) 39(60.0) 0.227
Diabetes mellitus 10(34.5) 20(30.8) 0.721
Coronary heart disease 6(20.7) 20(30.8) 0313
Chronic nephrosis 3(10.3) 9(13.8) 0.638
Chronic liver disease 1(3.4) 5(7.7) 0.437
Chronic lung disease 3(10.3) 11(16.9) 0.408
Autoimmune disease 2(6.9) 6(9.2) 0.708
Immunosuppressive agent usage 2(6.9) 3(4.6) 0.649
Factors before day of onset
Duration of carbapenem (d) 5.0(1.5-9.0) 6.0(0.0-10.0) 0.744
Duration of mechanical ventilation (h) 120.0(4.5-203.5) 144.0(23.0-240.0) 0.486
Duration of vasopressor (d) 1.0(0.0-4.5) 1.0(0.0-5.0) 0.993
Factors on day of onset
SOFA 9.14+3.22 6.66+3.78 0.003
APACHE I 18.45+6.73 17.31%6.17 0.423
T (°C) 37.39+0.84 37.28+0.77 0.524
WBC (*10%/L) 12.03+£6.42 12.71+£8.45 0.700
Neutrophil granulocyte (%) 87.4(79.1-93.3) 87.1(83.0-91.7) 0.977
PLT (*10°/L) 90.0(45.0-195.0) 184.0(114.3-275.3) 0.000
PCT (ng/mL) 2.0(0.9-10.7) 0.7(0.3-2.2) 0.004
CRP (mg/L) 133.0(61.4-173.5) 91.6(54.8-143.0) 0.202
LAC (mmol/L) 1.6(1.2-2.2) 1.1(0.8-1.8) 0.029
TBI (umol/L) 17.6(10.6-28.5) 13.3(10.1-20.0) 0.112
ALB (g/L) 28.34+3.74 29.61x7.77 0.407
Urea nitrogen (mmol/L) 13.3(6.8-22.3) 7.6(5.3-16.2) 0.107
Creatinine (umol/L) 91.2(49.7-165.6) 59.4(37.6-133.1) 0.103
Type of bacteria, n (%) 0.246

Klebsiella pneumoniae 9(31.0) 31(47.7)

Acinetobacter baumannii 17(58.6) 31(47.7)

Pseudomonas aeruginosa 3(10.3) 3(4.6)

Antibiotics, n (%) 0.243

Polymyxins based 11(37.9) 36(56.3)

Standard dose tigecycline based 10(34.5) 14(21.9)

High dose tigecycline based 8(27.6) 14(21.9)
Microbiological response, n (%) 9(31.0) 28(43.1) 0.270
Duration of mechanical ventilation after HAP (h) 240.0(72.0-265.0) 114.0(0.0-257.8) 0.104
Outcomes
ICU mortality, n (%) 8(27.6) 16(24.6) 0.760
28-day mortality, n (%) 18(62.1) 25(38.5) 0.036
Length of ICU stay (d) 17.0(12.0-23.0) 26.0(15.0-30.0) 0.051

Abbreviations: AEAT, appropriate empirical antibiotic treatment; |[EAT, inappropriate empirical antibiotic treatment; SOFA, sequential
organ failure assessment; APACHE ll, acute physiology and chronic health evaluation Il; WBC, white blood cell; PCT, procalcitonin; CRP,
C-reactive protein; LAC, lactic acid; TBI, total bilirubin; ALB, albumin; ICU, intensive care unit.

generate propensity scores. AEAT showed no significant association with ICU mortality (OR: 0.310, 95% CI: 0.080—
1.209) or 28-day mortality (OR: 1.082, 95% CI: 0.371-3.160) after adjusting the propensity scores as covariates
(Supplemental Table 2).
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Table 2 ORs and 95% Cls for Mortality Associated with AEAT in
Overall Patients

Regression Models Mortality

ICU, OR (95% CI) | 28 d, OR (95% CI)

Univariable 1.167 (0.433-3.142) 2.618 (1.063-6.448)
Multivariable

Model | 0.839 (0.292-2.411) 1.763 (0.667—4.659)
Model 2 0.357 (0.097-1.320) 1.028 (0.353-2.996)

Notes: Model |: was adjusted for SOFA score on day of onset. Model 2: was adjusted
for model | plus PLT, PCT, and LAC on day of onset.

Table 3 Characteristics of the Study Subjects Before and After Propensity Score Matching

Characteristics Before Matching After Matching
AEAT Group IEAT Group P AEAT Group IEAT Group P

(n=29) (n=65) (n=29) (n=29)
SOFA 9.14£3.22 6.66+3.78 0.003 9.14£3.22 8.48+3.75 0.478
PLT (*10°/L) 90.0(45.0-195.0) | 184.0(114.3-275.3) | 0.000 | 90.0(45.0-195.0) | 137.0(70.0-178.5) | 0.388
PCT (ng/mL) 2.0(0.9-10.7) 0.7(0.3-2.2) 0.004 2.0(0.9-10.7) 2.0(0.5-6.5) 0.347
LAC (mmol/L) 1.6(1.2-2.2) 1.1(0.8-1.8) 0.029 1.6(1.2-2.2) 1.7(0.9-2.2) 0919
ICU mortality, n (%) 8(27.6) 16(24.6) 0.760 8(27.6) 12(41.4) 0.269
28-day mortality, n (%) 18(62.1) 25(38.5) 0.036 18(62.1) 16(55.2) 0.594

Abbreviations: AEAT, appropriate empirical antibiotic treatment; |[EAT, inappropriate empirical antibiotic treatment; SOFA, sequential organ failure
assessment; PLT, platelet; PCT, procalcitonin; LAC, lactic acid; ICU, intensive care unit.

Risk Factors for ICU Mortality

The mean SOFA score (8.83 + 3.45) and mean APACHE 1I score (21.50 + 6.16) are both higher in patients deceased (the
deceased group) during ICU stay than in those survived (the survived group, P = 0.034 for SOFA score and P < 0.001 for
APACHE II score, respectively). The deceased group presented higher levels of WBC (P = 0.041), PCT (P = 0.006),
CRP (P = 0.008), and LAC (P = 0.011), lower level of ALB (P = 0.005), lower microbiological response (P < 0.001),
and longer duration of mechanical ventilation after HAP (h) (P = 0.003) (Supplemental Table 3).

Discussion

In our retrospective cohort study, multivariable analysis showed no significant difference in ICU and 28-day mortality
between AEAT and IEAT in CRGNB-infected HAP patients. There was no significant difference in the length of ICU
stay between the two groups. VAP accounted for 72.3% of HAP in our research, consistent with previous studies.'®
Carbapenem-resistant Klebsiella pneumoniae (42.6%) and carbapenem-resistant Acinetobacter baumannii (51.1%) were
the main pathogens. Treatment options included tigecycline or polymyxins-based combination therapy.

The SSC guidelines state that early administration of appropriate antimicrobials is one of the most effective interven-
tions to reduce mortality in patients with sepsis.'” Studies have shown that the early AEAT can reduce the mortality of ICU
patients with septic shock.”> MDRO infections are associated with high morbidity and mortality.”' Delayed initiation of
antibiotic therapy has often been considered as a significant risk factor for excess mortality. Therefore, the idea of early
empirical antibiotic treatment was recommended by several guidelines.'” Many studies have investigated the efficacy of
AEAT in patients with MDRO infection. A multicenter prospective observational cohort study conducted among patients
with HAP/VAP caused by MDRO (mainly MDRAB) infection showed that AEAT was significantly associated with reduced
mortality.”> Observational studies on patients with MDRPA or CRAB bacteremia showed similar results.> »° In patients
with urinary tract infection, pneumonia, or sepsis caused by CRE infection, AEAT is associated with lower mortality,
shorter hospital stays, and lower hospital costs.”® However, some studies showed that AEAT is not related to clinical
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outcomes in patients infected by ESBL-Enterobacteriaceae or CRGNB. Study performed in the emergency department on
patients with bacteremia caused by ESBL-bacteria found no statistical difference in the mortality between patients who
received AEAT and those who did not.”” Another study focusing on patients with hematologic malignancy and ESBL-
Enterobacteriaceae or CRE bacteremia also found that AEAT did not have influence on duration of hospitalization or 28-
day mortality rate.® A prospective study on patients with invasive infections caused by CRGNB (mainly Acinetobacter
baumannii) also found no association between AEAT and 28-day or 14-day mortality.'” The conclusions of the above
studies are inconsistent, and previous studies included patients from various sources, while did not focus on those in ICUs.
Moreover, the severity of diseases was not evaluated in previous studies. For the first time, our study collected data on
patients with HAP caused by CRGNB infection from ICU and a critical care score was collected to comprehensively assess
the severity of patients. We collected patients with HAP alone, with more specific types and sites of infection. Our result
showed that AEAT had no significant influence on ICU or 28-day mortality.

The reason why treatment with AEAT of CRGNB could not reduce mortality compared with IEAT was not clear. The
following two reasons may explain our findings. First, patients with CRGNB infected-HAP suffered from both severe
illness and multiple clinical interventions, therefore, the effect of a single therapy may not be easily revealed. Future studies
with a larger sample are warranted to further investigate the impact of AEAT. Second, once cultures and susceptibility tests
were available, effective antibiotics targeting CRGNB would be initiated even in the IEAT group, which may compensate
the impact of inappropriate antibiotic use at first. Our findings can serve as a foundation for future prospective studies on the
optimal antibiotic regime for critically ill patients with HAP caused by CRGNB infection.

The emergence of antibiotic-resistant bacteria has driven exploration of treatment options. For ESBL-producing
Enterobacteriaceae, it was reported that colistin treatment was associated with increased mortality rate, and poorer
clinical and microbiological response than carbapenems.”’ However, for multidrug-resistant (MDR) and extensively
drug-resistant (XDR) strains of Pseudomonas aeruginosa, Acinetobacter baumannii, and Enterobacteriaceae, the poly-
myxins have an important role in salvage therapy.’**' Meanwhile, among carbapenem-resistant Gram-negative patho-
gens, tigecycline is active against the majority of CRE, Acinetobacter baumannii, and S. maltophilia strains.>* Therefore,
in clinical practice, polymyxins and tigecycline have been used as first-line agents for the treatment of infections caused
by CRGNB. And the loading dose of them are highly recommended to rapidly increase the drug concentration in serum,
particularly among critically ill patients.*'*> As they all have some limitations as a therapeutic agent of CRGNB
infection, combination therapy is often suggested.**>° In our treatment regimen, polymyxins or tigecycline has been
proved sensitive by vitro drug sensitivity tests and other antibiotics were combined.

The population selected for this study was HAP patients in ICU. The treatment regimen included tigecycline or
polymyxins-based combinations for both groups. ICU patients showed high SOFA scores and APACHE 11 score because
of multiple organ dysfunction and/or complicated comorbidities. Studies have shown that high SOFA score or APACHE
I score are associated with increased mortality.>” Our study also found that higher APACHE II score, higher LAC, and
lower ALB were risk factors for ICU mortality. It is suggested that the improvement of prognosis may depend on
improving the overall condition, timely resuscitation of septic shock, and correction of hypoproteinemia. Treatment with
AEAT of CRGNB might not reduce mortality compared with IEAT.

In our study, the AEAT group had higher SOFA scores, LAC, and PCT levels than the IEAT group. Studies have
shown that blood lactic acid and SOFA score can be used to evaluate the severity of the infection and predict prognosis.*®
As a biomarker, PCT can reflect systemic inflammatory response syndrome caused by bacterial infection to a certain
extent,”” and also support and predict the unfavorable prognosis of sepsis.*” When choosing empiric antimicrobial
therapy for ICU patients, we combined the diagnosis of infection, the severity of disease, PCT, blood Lac, SOFA score,
and the MDR prevalence in our unit.*' Combined with the differences in SOFA scores, we considered that the patients in
the AEAT group might be more critical. However, there was no significant difference in ICU mortality between the
AETA and IEAT groups by multivariate regression and propensity scores analysis. In future studies, it is necessary to
further explore and optimize the use of empirical coverage of CRGNB therapy to avoid excessive exposure to
polymyxins or tigecycline and prevent the increase of bacterial resistance.

The advantages of our study were as follows: first, we included HAP patients in ICU and analyzed multiple variables
that might impact ICU mortality, including patient demographic statistics, diseases, test results, infection, SOFA,
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APACHE I scores, and so on. Second, we collected the antibiotic regimens from all patients. Antibiotic treatments were
tigecycline or polymyxins-based combinations (in line with guideline recommendations), which may help us exclude the
interference of the treatment regimen on the results. Third, the duration of anti-CRGNB treatment in all patients was 3
days at least to ensure the influence of antibiotics. However, as a retrospective study, there are some limitations. Our
study was confined to HAP patients in a single ICU with a limited number of cases. Multi-center studies are warranted in
the future to comprehensively evaluate the impact of AEAT in hospitals from different regions. Secondly, this study was
limited to nosocomial bacterial pneumonia caused by CRGNB, while community-acquired pneumonia, bloodstream
infections, urinary tract infections, and other infections were not considered. Finally, we did not involve molecular
mechanisms of drug resistance, which is expected to be involved in future investigations.

Conclusion
In critically ill patients with CRGNB-infected HAP, AEAT, compared with IEAT, showed no significant impact on ICU
or 28-day mortality. The effectiveness of AEAT is worthy of further exploration in future prospective studies.

Abbreviations

AEAT, appropriate empirical antibiotic treatment; HAP, hospital-acquired pneumonia; CRGNB, carbapenem-resistant
Gram-negative bacteria; ICU, intensive care unit; IEAT, inappropriate empirical antibiotic treatment; MDROs, multidrug-
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