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Background: The incidence of multidrug-resistant Gram-negative bacteria (MDR-GNB) pneumonia has
increased in the last decade. If antibiotics are given only through intravenous, the antibiotic concentrations
in lung tissue will be insufficient. Recently, nebulized antibiotics have shown effectiveness as an adjunctive
therapy with intravenous antibiotics for resistant strains. Therefore, the goal of this study was to assess the
efficacy and safety of adjunctive nebulized colistin sulfate in combination with intravenous antibiotics in
patients with MDR-GNB pneumonia.

Methods: A total of 203 patients who were infected with MDR-GNB pneumonia were selected. Based
on whether patients received nebulized colistin sulfate, patients were divided into 2 groups: the NCIA
group (nebulized colistin sulfate in combination with intravenous antibiotics) and the IA group (intravenous
antibiotics without nebulized colistin sulfate). After propensity score matching (PSM) analysis, we compared
the efficacy in terms of favorable clinical outcomes, the bacteria detection rate, days of hospital stay, days
of intensive care unit (ICU) stay, days of mechanical ventilation (MV), antipyretic time, days of antibiotic
therapy, and 28-day all-cause mortality. Safety was also compared between groups.

Results: A total of 116 patients met the criteria for evaluation, with 46 patients in the NCIA group and
70 patients in the IA group. After PSM, 31 patients were selected from each group. There were significant
differences in favorable clinical outcomes on days 7 (67.7% vs. 32.3%, P=0.005) and 14 (71% vs. 41.9%,
P=0.045) and the bacteria detection rate on days 7, 14, and the last day. There were also significant
differences in days of hospital stay (17 vs. 23 days, P=0.01), antipyretic time (0.5 vs. 7.5 days, P=0.037), and
days of antibiotic therapy (14 vs. 23 days, P=0.002). However, there were no significant differences in days of
ICU stay, days of MV, and 28-day all-cause mortality. For nephrotoxicity, the NCIA group did not increase
the risk of acute kidney injury (16.1% vs. 9.7%, P=0.707), only one patient (3.2%) in the NCIA group
developed airway hyperresponsiveness (P=1.000).

Conclusions: For MDR-GNB pneumonia, nebulized colistin sulfate as an adjuvant supportive treatment

for intravenous antibiotics maybe can improve clinical efficacy and has high safety.
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Introduction

In recent years, with the widespread clinical application
of broad-spectrum antibiotics and the poor control of
nosocomial infection, the rate of bacterial resistance has
increased year by year, which has become a serious global
problem. particularly, the detection rate of multidrug-
resistant (MDR) bacteria represented by Gram-negative
bacteria (GNB) has increased rapidly, posing a huge
challenge to clinical anti-infective treatment. Among
them, carbapenem-resistant Klebsiella pneumoniae (CR-KP),
carbapenem-resistant Acinetobacter baumannii (CR-AB),
and carbapenem-resistant Pseudomonas aeruginosa (CR-PA)
infections are particularly dangerous, and in the absence
of effective antibacterial drugs, the mortality rate can be
as high as 45-50% (1-4). Patients who are infected with
MDR-GNB need aggressive and immediate treatment when
pathogens are suspected. Empirical therapy often includes
carbapenems alone or in combination with cefoperazone/
sulbactam and tigecycline. However, treatment is not always
successful due to increased resistance (5). Therefore, in
the face of such a severe drug resistance status and limited
treatment options, polymyxins have returned to the clinic
and are used for first-line treatment (6,7).

Polymyxins, which mainly include polymyxin B,
colistimethate sodium (CMS), and colistin sulfate, began
to be used clinically in the late 1950s. There are many
studies verifying their effectiveness for MDR-GNB (4,5).
However, because of the poor renal reserve function
in elderly patients, the potential nephrotoxicity and
neurotoxic adverse reactions of polymyxins are still the
main factors limiting their widespread clinical application
(8,9). In addition, a study reported that the concentration
distribution of intravenous polymyxins in the lung tissue is
insufficient, especially in the case of large airway secretions
or pulmonary edema, and the antibacterial effect cannot
be effectively achieved (10). Due to the limitations of the
above treatments, inhaled antibiotics are used to minimize
nephrotoxicity and enhance the efficacy of intravenous
antibiotics (11). Currently, most studies use nebulized CMS
as an adjunctive or alternative therapy, but few studies have
reported the effectiveness and safety of colistin sulfate.
Therefore, the purpose of this study was to evaluate the
efficacy and safety of nebulized colistin sulfate in patients
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who were infected with MDR-GNB pneumonia. We
hope this study can provide an effective and safe option
for clinicians facing difficulties in treating MDR-GNB.
We present the following article in accordance with the
STROBE reporting checklist (available at https://apm.
amegroups.com/article/view/10.21037/apm-22-984/rc).

Methods
Study design and patient inclusion criteria

"This retrospective study was conducted between December
2019 and October 2021 in Chongqing University
Fuling Hospital, which is a 1200-bed tertiary hospital in
Chongging prefecture, China. A total of 203 patients who
were infected with MDR GNB pneumonia were selected.
A flow chart for the inclusion and exclusion of study
patients is shown in Figure 1. Based on whether patients
received nebulized colistin sulfate, patients were divided
into 2 groups: the NCIA group (nebulized colistin sulfate
in combination with other intravenous antibiotics) and the
IA group (intravenous antibiotics without nebulized colistin
sulfate). We confirm that all methods were carried out in
accordance with relevant guidelines and regulations. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). This study was approved
by the medical ethics committee of Chongqing University
Fuling Hospital (No. 2022CQSFLZXYYEC-003) and
individual consent for this retrospective analysis was waived.

The inclusion criteria were as follows: (I) age >18 years
old; (IT) new onset and/or progressive pulmonary infiltrates
on chest radiography; (III) MDR GNB in sputum or
bronchial alveolar lavage fluid (BALF) were cultured within
3 days of admission.

The exclusion criteria were as follows: (I) pregnancy,
perinatal period, and feeding period; (II) patients who
underwent nebulized colistin sulfate treatment for less than
3 days or died within 48 hours; (III) acute or chronic renal
insufficiency; (IV) lung cancer with obstructive pneumonia;
(V) intravenous colistin sulfate; (VI) lack of laboratory data.

Definition of MDR-GNB pneumonia

A sputum sample and BALF were collected from each
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203 cases of multidrug-resistant gram-negative bacterial pneumonia

7 excluded for nebulized colistin sulfate treatment for less
than 3 days

12 excluded for intravenous colistin sulfate

7 excluded for nebulized plus intravenous colistin sulfate

29 excluded for no etiology within 3 days

7 excluded for hospital discharge within 7 days

5 excluded for lung cancer with obstructive pneumonia

4 excluded for intermittent nebulized colistin sulfate

16 excluded for lack of laboratory data
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Figure 1 Flowchart showing study patient inclusion and exclusion. NCIA, nebulized colistin sulfate in combination with intravenous

antibiotics; IA, intravenous antibiotics without nebulized colistin sulfate.

patient for bacterial culture and DNA quantification by
real-time polymerase chain reaction (PCR) or metagenomic
next generation sequencing (mNGS). The antimicrobial
susceptibility of isolated bacterial pathogens was assessed
on the basis of the minimum inhibitory concentration
(MIC) according to the Clinical and Laboratory Standards
Institute guidelines (12). MDR-GNB infection was
diagnosed according to previously published international
guidelines, namely, GNB is resistant to 3 or more than
3 kinds of antibiotics on the drug susceptibility test (13).
The computed tomography (CT) imaging diagnosis of

pneumonia was made by a pulmonologist and a radiologist.

© Annals of Palliative Medicine. All rights reserved.

Data collection of baseline characteristics

Data on demographic characteristics and baseline variables
were retrieved from lianzhong electronic medical record
database. Patient characteristics [age, sex, Charlson
comorbidity index (CCI) points, sequential organ failure
assessment (SOFA) points, clinical pulmonary infection
score (CPIS) points, smoking history, pulmonary disease,
comorbidity], temperature, laboratory data, clinical outcome,
mechanical ventilation (MV) or not, intensive care unit
(ICU) stay or not, and we collected pathogenic bacteria

isolated by sputum culture on admission. The severity of
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pneumonia was assessed by the simplified CPIS (14-16)
and the SOFA score (17-19) on the day of admission.
Patients’ comorbidities were evaluated by the CCI (20).
The collected laboratory data were as follows: leukocytes,
neutrophil %, procalcitonin (PCT), C-reactive protein (CRP),
albumin, creatinine, bilirubin, and PaO,/FiO, (P/F) ratio.

Bacteria detection rate and microbiological eradication
definition

The definition of bacteria clearance was as follows: the
original pathogenic bacteria were not found in the sputum
and BALF after administration of bacterial culture or
DNA quantification by real-time PCR. The definition of
uncleared was as follows: pathogenic bacteria were still
cultured at the time of discharge. The bacteria detection
rate was defined as the ratio of the number of cases with
bacteria detected to the sum of cases (the sum of cases
did not include those not submitted for inspection). The
microbiological eradication rate was defined as the ratio of
the number of cases of eradication to the sum of the number
of cases of eradication, persistence, and recurrence.

Therapeutic regimens

All patients in this study were treated with intravenous
antibiotics, such as carbapenems, cefoperazone/sulbactam,
and tigecycline, which were determined by specialized
clinicians according to the clinical condition of the patient.
The patients in the NCIA group were also treated with
nebulized colistin sulfate (trade name: FengWeiLing,
Shanghai First Biochemical Pharmaceutical Co., Ltd.,
China). A total of 250,000 international units of colistin
sulfate in 5 mL 0.45% saline was administered through
the Aerogen Pro mesh nebulizer (Aerogen Ltd., Galway
Business Park, Dangan, Galway, Ireland) for 20 min every
12 h, with a duration of >3 days.

Outcomes and safety assessment

The primary outcomes were favorable clinical outcomes,
bacteria detection rate, and safety. The clinical response to
treatment was classified as cure (resolution of symptoms
and free from antibiotics), improvement (partial resolution
of symptoms but not free from antibiotics), or failure
(persistent symptoms or death). Both cure and improvement
were defined as clinically favorable outcomes (21). The
secondary outcomes were days of hospital stay, days of ICU
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stay, days of MV, days of antibiotic therapy, and 28-day all-
cause mortality.

Adverse reactions related to colistin sulfate were closely
observed, including airway hyperresponsiveness, tetter,
skin pigmentation, acute renal injury, acute liver injury, and
hematotoxicity.

We collected the outcomes and adverse reactions at day 7,
day 14, and the last day. The last day was defined as the day
antibiotic treatment ceased.

Propensity score matching (PSM) analysis

PSM was performed using the logistic regression model
to generate a propensity score for balancing the baseline
characteristics and potential confounders between the 2
groups. One-on-one paired PSM analysis with caliper <0.2
was performed by SPSS version 26 for Windows (SPSS Inc.,
Chicago, IL, USA). In this study, patients were matched
one-to-one by propensity score using the covariates of age,
sex, CCI (<3, >3), SOFA score (<3, >3), CPIS (<6, >6), and
existence of effusion as the confounding variables for PSM.
Then, the matched and adjusted data were analyzed.

Statistical analyses

Categorical variables were expressed as percentages, and
continuous variables were expressed as mean + standard
deviation (SD) or quartiles (25th to 75th). The variable
distribution was assessed by the Kolmogorov-Smirnov
test. The Chi-square or Fisher’s exact test (two-tailed)
was used to compare categorical variables, while the
unpaired Student’s #-test or Mann-Whitney U test was
used to compare continuous variables. Statistical analyses
involved the use of SPSS version 26 for Windows (SPSS
Inc., Chicago, IL, USA). A P value of <0.05 was considered
statistically significant.

Results

Demographic characteristics and disease severity before
and after PSM

Table 1 shows the demographic characteristics of the NCIA
(n=46) and IA (n=70) groups before PSM. All patients
were infected with MDR-GNB. Before PSM, there was no
significant difference in sex, age, and CCI between the 2
groups. Furthermore, we evaluated the severity of disease
by parameters including the SOFA score, MV, ICU stay,
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Table 1 Demographic characteristics and disease severity before and after PSM
Before matching After matching
Variables
NCIA group (n=46) IA group (n=70) P value () NCIA group (n=31)  |A group (n=31) P value ()

Age (years), n (%)

0.447 (0.506)

1.000 (0.000)

>70 37 (80.4) 51 (72.9) 24 (77.4) 24 (77.4)
<70 9 (19.6) 19 (27.1) 7 (22.6) 7 (22.6)

Sex, n (%) 0.452 (0.565) 0.335 (0.930)
Male 37 (80.4) 59 (84.3) 27 (87.1) 23 (74.2)
Female 9 (19.6) 11 (15.7) 4(12.9) 8 (25.8)

CCl, n (%) 0.721 (0.128) 0.335 (0.930)
>3 28 (60.9) 39 (55.7) 18 (58.1) 23 (74.2)
<3 18 (39.1) 31 (44.3) 13 (41.9) 8 (25.8)

ICU, n (%) 0.255 (1.297) 0.780 (0.078)
Yes 35 (76.1) 45 (64.3) 21 (67.7) 23 (74.2)
No 11 (23.9) 25 (35.7) 10 (32.3) 8 (25.8)

MV, n (%) 0.797 (0.066) 0.184 (1.761)
Yes 31(67.4) 50 (71.4) 17 (54.8) 23 (74.2)
No 15 (32.6) 20 (28.6) 14 (45.2) 8 (25.8)

SOFA (points), n (%) 1.000 (0.000) 0.705 (0.144)
22 40 (87.0) 61 (87.1) 26 (83.9) 28 (90.3)
0-1 6 (13.0) 9 (12.9) 5 (16.1) 3(9.7)

CPIS (points), n (%) 0.000 (12.963) 0.362 (0.830)
>6 41(89.1) 39 (55.7) 26 (83.9) 22 (71.0)
<6 5 (10.9) 31 (44.3) 5 (16.1) 9 (29.0)

PSM, propensity score matching; NCIA, nebulized colistin sulfate in combination with intravenous antibiotics; IA, intravenous antibiotics
without nebulized colistin sulfate; CCIl, Charlson comorbidity index; ICU, intensive care unit; MV, mechanical ventilation; SOFA, sequential

organ failure assessment; CPIS, clinical pulmonary infection score.

and CPIS, but there was no significant difference between
the 2 groups except in CPIS. After PSM, 31 patients
were selected from each group. Table 2 shows patient
characteristics and laboratory data in both the NCIA and IA
groups. There was no significant difference between groups
in terms of comorbidity and laboratory data, including
leukocytes, neutrophil%, PCT, CRP, albumin, creatinine,
bilirubin, and P/F ratio. The baseline characteristics were
well-balanced between the 2 matched groups.

Therapeutic efficacy

Table 3 shows the comparison of therapeutic efficacy
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between the NCIA and IA groups after PSM. There were
significant differences in favorable clinical outcomes on
days 7 (67.7% vs. 32.3%, P=0.005) and 14 (71% vs. 41.9%,
P=0.045), and the bacteria detection rate on days 7, 14,
and the last day. Only 5 patients (16.7%) were identified
as pathogenic on the last day in the NCIA group. There
were also significant differences in the following aspects:
days of hospital stay (17 vs. 23 days, P=0.01), antipyretic
time (0.5 vs. 7.5 days, P=0.037), days of antibiotic therapy
(14 vs. 23 days, P=0.002), and SOFA score on day 7 (2.5
vs. 5, P=0017). In addition, there was also a significant
difference in CPIS on days 7 and 14. However, there were
no significant differences in both groups in terms of days
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Table 2 Demographic characteristics and disease severity after PSM

Variables NCIA group (n=31) IA group (n=31) P value

Age (years), (mean + SD) 78.26+9.342 77.23+11.218 0.695 (t=0.394)
Gender (male), n (%) 27 (87.1) 23 (74.2) 0.335 (°=0.930)
Smoking history, n (%) 18 (68.1) 17 (54.8) 0.798 (°=0.066)

Pulmonary disease, n (%)

Pleural effusion 14 (45.2) 9 (29.0) 0.293 (°=1.106)
Bronchiectasis 3(9.7) 5(16.1) 0.705 (°=0.144)
Pneumoconiosis 13.2) 0 (0.0 1.000 (x°=0.000)
Interstitial lung disease 0(0.0) 0 (0.0

Tuberculosis 0(0.0) 0 (0.0

Pulmonary embolism 2 (6.5) 5(16.1) 0.422 (°=0.644)
COPD 3(9.7) 3(9.7) 1.000 (x°=0.000)

Comorbidity, n (%)

Coronary heart disease 1(3.2) 1(3.2) 1.000 (x*=0.000)
Diabetes mellitus 7 (22.6) 3(9.7) 0.300 (*=1.073)
Moderate or severe kidney disease 8 (25.8) 3(9.7) 0.184 (*=1.768)
Collagen vascular disease 0 (0.0) 0 (0.0

Cerebrovascular disease 10 (32.3) 16 (51.6) 0.198 (°=1.656)
Hemiplegia 7 (22.6) 9 (29.0) 0.843 (°=0.341)
HIV 0(0.0) 0(0.0)

Malignancy 4(12.9) 4(12.9) 1.000 (x°=0.000)
Moderate or severe hepatic disease 1@3.2) 13.2) 1.000 (*=0.000)
Peptic ulcer 0(0.0) 3(9.7) 0.237 (°=1.401)

Disease severity (points)

SOFA score at day 1 4 [2-6] 5 [3-6] 0.313 (Z=1.009)

CPIS at day 1 7 [6-8] 7 [5-8] 0.937 (Z=0.079)
MV, n (%) 0.471 ({*=1.506)

IPPV 6 (31.6) 4 (16.7)

NPPV 10 (52.6) 14 (58.3)

IPPV + NPPV 3(15.8) 6 (25.0)

Laboratory data analysis

Leukocytes 8.77 (6.20-11.52) 10.50 (7.87-17.48) 0.104 (Z=1.626)
Neutrophil % 84.90 (73.70-92.10) 86.00 (78.70-91.20) 0.811 (Z=0.239)
PCT 0.195 (0.076-1.470) 0.244 (0.118-1.940) 0.297 (Z=1.043)
C-reactive protein 54.50 (15.60-99.60) 67.00 (23.55-160.00) 0.357 (2=0.921)
Albumin 31.60 (27.20-35.50) 33.40 (27.95-35.65) 0.493 (2=0.685)

Table 2 (continued)
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Variables

NCIA group (n=31)

IA group (n=31)

P value

Creatinine
Bilirubin
P/F ratio

73.10 (48.80-106.20)
12.10 (9.33-20.88)
231.03 (153.33-296.00)

77.10 (45.20-112.00)
14.45 (10.34-26.26)
217.24 (179.31-254.00)

0.827 (z=0.218)
0.278 (Z=1.084)
0.598 (Z=0.528)

PSM, propensity score matching; COPD, chronic obstructive pulmonary disease; NCIA, nebulized colistin sulfate in combination with
intravenous antibiotics; A, intravenous antibiotics without nebulized colistin sulfate; HIV, human immunodeficiency virus; SOFA, sequential
organ failure assessment; CPIS, clinical pulmonary infection score; MV, mechanical ventilation; IPPV, invasive positive pressure ventilation;
NPPV, non-invasive positive pressure ventilation; PCT, procalcitonin; P/F, PaO,/FiO,.

Table 3 Therapeutic efficacy and adverse reactions after PSM

Variables

NCIA group (n=31)

IA group (n=31)

P value

SOFA score after day 7 (points)
SOFA score after day 14 (points)
SOFA score on the last day (points)
CPIS after day 7 (points)
CPIS after day 14 (points)
CPIS on the last day (points)
Favorable clinical outcomes, n (%)
After day 7
After day 14
On the last day
Days of hospital stay (d)
Days of ICU stay (d)
Days of mechanical ventilation (d)
Mortality (day 1 to 28), n (%)
Antipyretic time (d)
Days of antibiotic therapy (d)
Imaging absorption, n (%)
Complete
Partial

Not absorbed

2.50 (1.00-4.00)
3.00 (1.00-4.50)
2.00 (1.00-6.75)
5.00 (2.75-6.00)
2.00 (1.00-3.00)
1.00 (0.00-4.25)

21 (67.7)
22 (71.0)
21 (67.7)
17.00 (11.00-20.00)
12.00 (8.00-18.00)
9.00 (6.00-16.00)
10 (32.3)
0.50 (0.00-9.50)
14.00 (9.00-19.00)

6 (19.4)
18 (58.1)
6 (19.4)

Bacteria detection rate by culture or RT-PCR/mNGS, n (%)

After day 7
After day 14
On the last day

18 (60.0)
8 (25.8)
5 (16.7)

5.00 (2.00-7.00)
3.50 (2.00-5.25)
3.00 (2.00-7.00)
7.00 (5.00-9.00)
4.00 (2.00-6.50)
2.00 (1.00-7.00)

10 (32.3)

13 (41.9)

17 (54.8)
23.00 (14.00-34.00)
14.00 (10.00-29.50)
13.00 (10.00-21.50)

14 (45.2)

7.50 (1.25-13.75)
23.00 (14.00-33.00)

3(9.7)
18 (58.1)
10 (32.3)

26 (83.9)
22 (71.0)
15 (48.4)

0.017 (Z=2.386)
0.256 (Z=1.136)
0.513 (Z=0.654)
0.004 (Z=2.845)
0.005 (Z=2.809)
0.081 (Z=1.747)

0.005 (;*=7.8086)
0.045 (°=4.481)
0.297 (x°=1.088)
0.010 (Z=2.579)
0.265 (Z=1.115)
0.058 (Z=1.899)
0.434 (?=0.612)
0.037 (Z=2.085)
0.002 (Z=3.158)
0.392 (;°=3.000)

0.049 (*=4.322)
0.006 (°=8.563)
0.013 (’=6.961)

Table 3 (continued)
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Variables

NCIA group (n=31)

IA group (n=31)

P value

Adverse reactions, n (%)

Acute kidney injury 5(16.1)
Acute liver injury 1(3.2)
Platelet decline 6(19.4)
Anemia 4(12.9)
Tetter 0 (0.0)
Skin pigmentation 0 (0.0)
Airway hyperresponsiveness 18.2)

3(9.7)
3(9.7)
5 (16.1)
13 (41.9)
0(0.0)
0(0.0)
0(0.0)

0.707 (;?=0.144)
0.612 (;’=0.267)
0.740 (?=0.111)
0.021 (*=5.187)

1.000 (?=0.000)

PSM, propensity score matching; NCIA, nebulized colistin sulfate in combination with intravenous antibiotics; IA, intravenous antibiotics
without nebulized colistin sulfate; SOFA, sequential organ failure assessment; CPIS, clinical pulmonary infection score; ICU, intensive care
unit; RT-PCR, real-time polymerase chain reaction; mNGS, metagenomic next generation sequencing.

Table 4 Multivariate analysis of clinical factors associated with treatment outcomes after PSM

NCIA (vs. I1A) aHR (95% Cl)/aOR (95% Cl) P value
28-day all-cause mortality” 0.499 (0.264-0.946) 0.033
Favorable clinical outcomes after 7 days® 4.410 (1.520-12.792) 0.006
Favorable clinical outcomes after 14 days® 3.636 (1.075-12.303) 0.038
Microbiological eradication after 7 days® 3.467 (1.040-11.556) 0.043
Microbiological eradication after 14 days” 6.600 (1.763-24.714) 0.005
Microbiological eradication on the last day” 4.687 (1.425-15.421) 0.011

® adjusted hazard ratios (aHRs) and 95% Cls were derived from Cox regression analysis. °, adjusted odds ratios (aORs) and 95% Cls
were derived from logistic regression analysis. PSM, propensity score matching; NCIA, nebulized colistin sulfate in combination with
intravenous antibiotics; IA, intravenous antibiotics without nebulized colistin sulfate.

10 1+

094+ b :

0.8

NCIA group (n=31)
0.7 A

Probability of overall survival

Log rank test, P=0.739
0.6 22

T T T T T T T
0 5 10 15 20 25 30
Days after pneumonia onset

Figure 2 Kaplan-Meier survival curves for patients treated with
NCIA and IA after propensity score matching. NCIA, nebulized
colistin sulfate in combination with intravenous antibiotics; IA,

intravenous antibiotics without nebulized colistin sulfate.
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of ICU stay, days of MV, and 28-day all-cause mortality.
In Table 4, we observed that nebulized colistin sulfate
was an independent factor for 28-day all-cause mortality
[adjusted hazard ratio (aHR) =0.499, 95% CI: 0.264-0.946,
P=0.033], favorable clinical outcomes on days 7 and 14,
and microbiological eradication on days 7, 14, and the last
day by multivariate analysis. In Figure 2, Kaplan-Meier
analysis of 28-day all-cause survival showed no significant
differences between the NCIA and IA groups.

Nepbrotoxicity

In 7able 3, we assessed nephrotoxicity by acute kidney injury
(AKI) development after the initiation of combination
therapy. A total of 16.1% and 9.7% of patients in the NCIA
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group and control group, respectively, developed AKI, but
we did not observe significant differences between these
2 groups. There was no significant difference in acute
liver injury and platelet decline. In our study, 1 patient in
the NCIA group developed airway hyperresponsiveness
(P=1.000). Tetter and skin pigmentation did not occur in
both groups.

Discussion

Polymyxin B and colistin have become effective antibiotics
commonly used to control MDR-GNB infection at home
and abroad (4). However, there are 2 preparations of colistin,
colistin sulfate, and CMS, and the proportion of major
components of colistin in clinical use varies among different
brands, resulting in unstable clinical efficacy (5,22-24). At
present, the use of nebulized colistin as an adjuvant or
alternative therapy is a hot spot in the study of MDR-GNB
pulmonary infection, and a large number of studies have
proven the effectiveness and safety of nebulized CMS. The
United States and France even wrote aerosolized CMS into
the guidelines for antibiotic use after MDR-GNB infection
by hospital-acquired pneumonia (HAP) or ventilator-
associated pneumonia (VAP) (25-29). It is noteworthy that
since the clinical application of colistin sulfate in China,
there have been few studies on the efficacy and safety of
nebulized colistin sulfate in the treatment of MDR-GNB
pneumonia.

Palmer et al. showed that aerosolized CMS significantly
reduced the CPIS in patients with severe pulmonary infection
of MDR-GNB compared with the control group (30). The
results of our study showed that, compared with the IA group,
the CPIS of the NCIA group was significantly reduced on
the 7th and 14th day of aerosolized colistin sulfate, and the
SOFA score was added to assess the condition. The results
showed that the SOFA score of the NCIA group was also
significantly decreased on the 7th day. The clinical response
rate was up to 67.7% and 71% on day 7 and 14, respectively,
providing further support that aerosolized colistin sulfate
improves the condition of patients.

Polymyxins, by adhering to cell membranes, change
the structure of cell membranes to make them more
permeable, leading to bacterial death and neutralizing
endotoxins released by GNB (31). Nebulized colistin
was first used to enhance the clearance of pseudomonas
aeruginosa in patients with cystic pulmonary fibrosis, and
its effect on airway clearance of MDR-GNB in non-cystic
fibrosis bronchiectasis, chronic obstructive pulmonary
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disease (COPD), VAP, and the lower respiratory tract was
subsequently confirmed (11,32-34). The results of our study
showed that compared with the IA group, the bacterial
detection rate of the NCIA group decreased significantly
on day 7 (60% vs. 83.9%), day 14 (25.8% wvs. 71%), and the
day when antibiotics were discontinued (16.7% vs. 48.4%).
In contrast, the bacterial clearance rate of sputum increased,
which was consistent with the above study.

Aerosolized colistin can deliver an effective amount
of drugs directly to the respiratory system, presenting a
high concentration in lung tissue faster than intravenous
injection. This provides a rapid and effective bactericidal
effect, shortening the duration of intravenous antibiotic
use and hospital stay, thus effectively improving bacterial
resistance rates (29,30,35,36). Our study showed that the time
from fever to normal body temperature (0.5 vs. 7.5 days) and
antibiotic use time (14 vs. 23 days) were significantly shorter
in the NCIA group than in the IA group, and the length of
hospital stay was reduced (17 vs. 23 days).

Currently, there are different opinions as to whether
aerosolized colistin can shorten the MV time and ICU
stay time of MDR-GNB severe pulmonary infection.
Solé-Lleonart et al. compared aerosolized and intravenous
administration of CMS and found that aerosolized CMS
did not reduce MV and ICU stay time (37). However, the
results of a prospective randomized trial by Abdellatif ez 4.
showed that aerosolized CMS reduced MV time and ICU
stay compared with intravenous colistin administration (35).
In our study, the NCIA group did not have a shortened
duration of MV or ICU stay. We first consider the
differences in experimental design that lead to different
research results; secondly, the differences in the atomization
device used and the atomization dose cannot be ignored.
understanding the mechanisms that determine pulmonary
parenchymal deposition and the use of appropriate doses
are critical issues for treatment efficiency. In order to
optimize lung deposition in ventilated patients, mesh
nebulizers and specific ventilator settings should be used
to provide continuous atomization rather than breathing-
driven atomization to reduce the flow rate and inertial
impact of atomized particles (38). At the same time,
experiments showed that alveolar deposition of nebulized
antibiotics decreased as distal bronchioles were blocked
by suppurative embolism, and the histological severity of
pneumonia and pulmonary ventilation disappeared (39).
In our study, the NCIA group was given mesh nebulizer
atomization, excluding the influence of the atomization
device on the study results. However, some non-invasive
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ventilation patients in the NCIA group had signs of
invasive MV. Their family members refused endotracheal
intubation, meaning that they could not carry out effective
lung ventilation, which reduced the alveolar deposition
of colistin sulfate. Secondly, colistin is a concentration-
dependent antibiotic, and low-dose use is associated with
poor prognosis of MDR-GNB infection (40). However,
at present, the dose of aerosolized colistin has not been
standardized. Pharmaco Kinetics/Pharmaco Dynamics
(PK/PD) analysis concluded that alveolar concentration
was significantly higher after aerosolized administration of
CMS than intravenous administration (29). However, since
colistin sulfate has been clinically applied in China, no PK/
PD study has been conducted in patients on severe MV
for MDR-GNB pulmonary infection. Therefore, whether
the dose is appropriate for such patients is a problem that
requires further 7z vifro tests and clinical exploration in the
future.

It is worth mentioning that many studies have shown
that aerosolized colistin does not improve 28-day all-
cause mortality, which is considered to be associated with
inappropriate dosing, co-occurrence of end-stage structural
lung disease, and use as salvage rather than initial treatment
(28,37,41,42). Interestingly, in our study, there was no
improvement in 28-day all-cause mortality in the NCIA
group, but a significant reduction in the risk of death (HR
=0.499; 95% CI: 0.264-0.964; P=0.033). Therefore, once
MDR-GNB infection is confirmed and drug sensitivity
to colistin sulfate is identified, it is recommended to start
adjuvant therapy with nebulized colistin sulfate as soon as
possible. We are also eager to see future multicenter studies
that standardize aerosolized doses to reduce the risk of
death in MDR-GNB infected patients.

It is known that the potential nephrotoxicity of
intravenous polymyxins remains a major factor limiting
in their widespread clinical use (43,44), while aerosolized
colistin is not associated with an increased risk of renal
impairment, and its safety has been confirmed in numerous
studies (45-48). In our study, AKI, acute liver injury, and
thrombocytopenia occurred in a small number of cases in
both the NCIA group and IA group, but the differences
were not statistically significant. No neurotoxicity and
skin pigmentation were found, indicating that aerosolized
colistin sulfate does not increase the risk of adverse
reactions. Solé-Lleonart ez a/. suggested that aerosolized CMS
was safe in terms of nephrotoxicity and neurotoxicity, but
increased respiratory complications by 9% (95% CI: 0.01-
0.18; I’=52%), especially in patients with hypoxemia (37).
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In this study, 1 patient had airway hyperresponsiveness
in the process of atomization, but the difference was
not statistically significant between groups, which was
considered to be related to the small sample size.

In conclusion, our study showed that nebulized colistin
sulfate, as an adjunct to systemic antibiotic therapy in
Chinese MDR-GNB pneumonia patients, can improve
clinical efficacy, increase the bacterial clearance rate,
shorten intravenous antibiotic use time and hospital stay,
and reduce the risk of death with high safety. However,
due to the limitation of detection conditions, we failed to
monitor the concentration of colistin sulfate in the blood
and airway secretions of the NCIA group in a timely
manner, so the relationship between clinical efficacy and
drug concentration could not be well observed. Secondly,
due to the problems of this being a single center and small
sample size study, the accuracy of the conclusion needs to
be verified by multicenter and large-sample studies in the
future.
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