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Background: Colistin (polymyxin E) is active against multidrug-resistant Gram-negative bacteria (MDR-GNB). However, the effectiveness of inhaled colistin is unclear. This study was designed to assess the effectiveness and safety of aerosolized colistin for the treatment of ventilator-associated pneumonia (VAP) caused by MDR-GNB.
Methods: In this retrospective longitudinal study, we evaluated the medical records of 63 patients who received aerosolized colistin
treatment for VAP caused by MDR-GNB in the medical intensive care unit (MICU) from February 2012 to March 2014.
Results: A total of 25 patients with VAP caused by MDR-GNB were included in this study. The negative conversion rate was 84.6% after
treatment, and acute kidney injury (AKI) occurred in 11 patients (44%, AKI group). The average length of MICU stay and colistin treatment-related factors, such as daily and total cumulative doses and administration period, were not significantly different between
groups. In-hospital mortality tended to be higher in the AKI group (p = 0.07). Multivariate analysis showed that a body mass index less
than 18 was an independent risk factor of mortality (odds ratio [OR] = 21.95, 95% confidence interval [CI] 1.59-302.23; p = 0.02). Notably, AKI occurrence was closely related to the administration of more than two nephrotoxic drugs combined with aerosolized colistin
(OR = 15.03, 95% CI 1.40-161.76; p = 0.025) and septic shock (OR = 8.10, 95% CI 1.40-161.76; p = 0.04).
Conclusions: The use of adjunctive aerosolized colistin treatment appears to be a relatively safe and effective option for the treatment of VAP caused by MDR-GNB. However, more research on the concomitant use of nephrotoxic drugs with aerosolized colistin will
be necessary, as this can be an important risk factor of development of AKI.
Key Words: kidney injury; antimicrobial drug resistance; pneumonia, ventilator-associated.

Introduction
Colistin (Polymyxin E) is an antibiotic whose mode-of-action changes the structure of phospholipids in bacterial cell
membranes.[1] After its discovery in the 1940s from Bacillus polymyxa, colistin was commonly used to treat Gramnegative bacterial infections up until the early 1980s.[2]
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In spite of its excellent bactericidal efficacy, colistin has
been replaced by new antibiotics, and its use has largely
decreased due to a 50% rate of serious nephrotoxicity and
neurotoxicity associated with intravenous administration.
[2-4] Recently, however, colistin has been re-introduced
in clinical practice due to increasing rates of nosocomial
infection by multidrug-resistant Gram-negative bacteria
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(MDR-GNB), particularly Pseudomonas aeruginosa and

received multiple courses of colistin, only the first one

Acinetobacter baumannii. Because these bacteria are highly

was included in the analysis. This study was approved

susceptible to colistin, its use has again increased.[2]

by the Research Ethics Committee of the CNUH under

A number of recent studies on colistin indicate that its

number 2014-10-024.

neurotoxicity has decreased and have failed to identify a

Demographic data on age, sex, length of MICU stay,

clear association between colistin treatment and neuro-

medical history, and comorbidities were obtained from

toxic events. However, the incidence of nephrotoxicity

electronic medical records. The severity of disease was

is still high, ranging from 8-45%.[2-4] Additionally, its

measured according to the Acute Physiological and

low penetration into infected tissues is a potential ob-

Chronic Health Evaluation II (APACHE II) score. The

stacle for intravenous injection.[3-6] A previous study

results of microbiological culture and antibiogram, daily

demonstrated that aerosolized colistin treatment was ef-

and total cumulative colistin doses, aerosol treatment pe-

fective for treating cystic fibrosis patients with chronic

riod, and any concomitant medications with nephrotoxic

P. aeruginosa lung infections.[7] Furthermore, favorable

potential were reviewed. We designated any drug that

results for aerosolized colistin treatment have been re-

was used for more than 72 hours in addition to aerosol-

ported in patients with ventilator-associated pneumonia

ized colistin as a concomitant medication. In addition,

(VAP),[8] including a lower incidence of nephrotoxicity

laboratory data on complete blood counts, blood chemis-

with aerosol treatment than with intravenous injection.

try (including renal and liver function markers), and the

Nonetheless, in these studies, nephrotoxicity was still

levels of high-sensitivity C-reactive protein (hs-CRP)

frequent (15-32%).[9,10] Critically, research on the rela-

and procalcitonin (PCT) were obtained just before and at

tionship between daily and cumulative colistin doses and

the completion of treatment. These measures were used

the incidence of nephrotoxicity with aerosolized colistin

to assess any adverse drug reactions, as well as to deter-

treatment has been limited,[11,12] The purpose of this

mine the efficacy of aerosolized colistin treatment.

study was to clarify the effectiveness, safety profiles, and
the incidence and related risk factors of inhaled colistinassociated nephrotoxicity in patients with VAP caused by

2) Definitions
Pneumonia was considered to be ventilator-associated

MDR-GNB.

if the onset occurred after 48 hours of intubation and
if the infection was determined to be absent before the
initiation of mechanical ventilation. Pneumonia was

Materials and Methods

diagnosed based on radiographic findings of new and

1) Study design and data collection
The data were obtained retrospectively from medical

following clinical criteria: body temperature > 38°C or

records of patients who received aerosolized colistin

mm3) or leukopenia (leukocyte count < 4,000 cells/mm3),

treatment for VAP caused by MDR-GNB in the medical

and clinical evidence suggestive of pneumonia, such as

intensive care unit (MICU) at Chonbuk National Univer-

purulent bronchial secretions and a decrease in oxygen-

sity Hospital (CNUH) between February 2012 and March

ation.[13]

progressive pulmonary infiltrates and at least two of the
< 35.5°C, leukocytosis (leukocyte count > 12,000 cells/

2014. Exclusion criteria were: (i) patients who received

MDR-GNB was defined as an extreme drug resistance

colistin for < 72 hours; (ii) patients who were diagnosed

state in which bacterial strains demonstrated in vitro

with colonization or contamination; (iii) patients who re-

resistance to penicillins, cephalosporins, carbapenems,

ceived renal replacement therapy before colistin therapy;

aminoglycosides, fluoroquinolones, and monobactams.

and (iv) patients who were < 18 years of age. If a patient

Microbiological diagnosis of VAP was established by
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mini-bronchoalveolar lavage (mini-BAL) or BAL cul-

controlled mode, with a pressure trigger of 2.0 cm H2O,

tures positive for MDR-GNB, with a concentration of >

a tidal volume of 8 mL/kg of predicted body weight, and

4

10 colony-forming units (CFU)/mL.[14] Bacteriological

an I:E (inspiration:expiration) ratio of 1:2. The frequency

sampling was performed for all patients on the day that

and adjusted aerosolized colistin doses were calculated

VAP was suspected (day 0) and before new antimicrobi-

using recommendations from the package insert,[21,22]

als were started. Bacterial colonization was defined as

with the eGFR based on CKD-EPI twice daily (morn-

persistent growth of the pathogen without symptoms or

ing [5:00 am] and evening [5:00 pm]) and hourly urine

signs of infection.

output. A bronchodilator (β 2 adrenergic agonist and/

The severity of the clinical condition at the time of VAP

or anticholinergic agent) was administered 20 minutes

diagnosis was assessed according to APACHE II[15] and

before the nebulization of aerosolized colistin to prevent

clinical pulmonary infection scores.[16]

bronchoconstriction. The duration of aerosolized colistin

Response to treatment was assessed at the end of anti-

therapy was based upon the clinical response.

microbial therapy. Negative conversion was defined “no
growth of the pathogen,” and persistence was defined as
continuous growth of the responsible pathogen regard-

4) Outcome measures
To determine the effectiveness of aerosolized colistin

less of the clinical outcome of the infection.[17]

treatment for MDR-GNB pneumonia, we evaluated the

In patients with normal renal function, nephrotoxicity

length of MICU stay, mortality, mechanical ventilation

was defined as serum creatinine > 2 mg/dL or a 50% re-

day, and the microbiological outcome. The incidence

duction in the automatically estimated glomerular filtration

and potential risk factors of nephrotoxicity and the oc-

rate (eGFR) using the Chronic Kidney Disease Epidemiol-

currence of adverse events related to aerosolized colistin

ogy Collaboration equation formula (CKD-EPI)[18] com-

treatment were also evaluated. All potential adverse ef-

pared to the value at the start of treatment or a decline in

fects related to aerosolized colistin use, such as broncho-

renal function that prompted renal replacement therapy. In

constriction, cough, apnea, chest tightness, and arterial

patients with preexisting renal dysfunction, nephrotoxicity

hypoxemia were reviewed.

was defined as an increase > 50% of the baseline creatinine
level or as a 50% reduction in the eGFR by CKD-EPI relative to the value at therapy initiation, according to risk,

5) Statistical analysis
Analyses were performed with IBM SPSS Statistics

injury, failure, loss of kidney function, and end-stage renal

software, version 18.0 (IBM Co., Armonk, NY, USA).

failure (RIFLE) criteria.[19]

Categorical variables are presented as frequency and
percentage, and these were verified by the Chi-square

3) Aerosolized colistin treatment
The aerosolized colistin used in this study was Coly–
®

test. Continuous variables are expressed as mean ± standard deviation (SD) and verified by either the paired or

Mycin M Parenteral (SteriMax Pharmaceuticals, Missis-

unpaired Student’s t-test. To identify the risk factors of

sauga, ON, Canada), supplied as 400 mg of Colistimeth-

nephrotoxicity in aerosolized colistin treatment, the rela-

ate sodium (150 mg of colistin base activity) per vial. For

tionship between concomitant nephrotoxic drug use and

patients with normal renal function, a total daily dose of

the occurrence of acute kidney injury (AKI) was verified

300 mg colistin base activity was inhaled as an aerosol,

using Fisher’s exact probability test. A p-value < 0.05

using a Servo Ultra Nebulizer 345 (Maquet, Sweden)

was considered to be significant. Univariate and multi-

2-4 times a day.[20] Each dose was mixed with 2 mL of

variate analyses of risk factors associated with aerosol-

normal saline prior to inhalation. During nebulization,

ized colistin-induced nephrotoxicity and mortality during

the mechanical ventilator setting was kept in pressure-

treatment were performed using logistic regression mod-

http://dx.doi.org/10.4266/kjccm.2016.00129
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els. Variables that emerged from the univariate analysis

patients, 8.0%), and Klebsiella pneumoniae (two pa-

with significant p-values were candidates for inclusion in

tients, 8.0%; all mixed infections). All three organisms

the multivariate analysis.

were cultured from two subjects (8.0%), and two others
had both A. baumannii and P. aeruginosa. One patient
was treated without microorganism identification (Table

Results

1). The mean culture days of MDR pathogens was 7.56

1)	Clinical characteristics of subjects and microbiologi-

started at 15.64 ± 9.8 days after intensive care unit ad-

± 6.3 days, and the aerosolized colistin treatment was

cal etiology
A total 25 patients were underwent aerosolized colis-

mission.
Of 25 patients, 13 underwent follow-up cultures for

tin treatment for MDR-GNB VAP in the study period

bacteria at the end of treatment with aerosolized colistin;

and finally analyzed (Fig. 1). The mean age of the 25

of these, 11 patients (84.6%) showed negative conver-

patients was 66.6 ± 14.5 years. Sixteen patients (64.0%)

sion, or “no growth,” of bacteria. Notably, 11 of 12

were male, and the average body mass index (BMI) was

(91.7%) A. baumannii cases showed negative conver-

20.4 ± 4.1. Thirteen patients (52.0%) had cardiovascular

sion, and one of two (50.0%) P. aeruginosa cases showed

disease, such as hypertension, and four of the remain-

negative conversion. However, P. aeruginosa and K.

ing patients (16.0%) had cerebrovascular disease. Three

pneumonia were continuously detected in one patient

additional patients (12.0%) had diabetes and chronic

with negative conversion of a simultaneous A. bauman-

obstructive pulmonary disease (COPD). The mean

nii infection. Among the 13 patients in whom follow-up

APACHE II score for all 25 subjects was 23.0 ± 6.8 at

cultures were performed, five of seven (71.4%) patients

MICU admission.

with normal renal function showed negative conversion
of bacteria, and all six patients (100%) with AKI showed

2) Microbiologic outcomes
The microbiological etiologies of VAP were predomi-

negative conversion. There were no significant differ-

nantly found to be A. baumannii (22 patients, 88.0%;

vs. 225.0 ± 56.0 mg, respectively p = 0.933), cumulative

single infection in 18 patients, 72.0%), followed by P.

colistin dose (3063.6 ± 516.1 mg vs. 4,350.0 ± 2,631.5

aeruginosa (six patients, 24.0%; single infection in two

mg, p = 0.466), or aerosol treatment period (14.4 ± 2.2

ences in the mean daily colistin dose (218.2 ± 30.0 mg

63 patients who cultured colistin sensitive
MDR-GNB
38 patients excluded
2 Received for aerosolized colistin < 72 hours
6 Received RRT before aerolized colistin
5 Received intravenous colistin
25 Colonization or contamination

Study enroll
(n = 25)

Non-AKI group
(N = 14)

Fig. 1. Flow of patient screening and enrollment. MDR-GNB: multidrug-resistant
Gram-negative bacteria; RRT: renal replacement therapy; AKI: acute kidney injury.

AKI group
(n = 11)
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A. Mortality and BMI < 18

Table 1. Baseline characteristics of patients
Characteristics

Mean ± SD or n (%)

Demographics
Age (years)

66.6 ± 14.5

Male

16 (64.0)

Body weight (kg)

56.1 ± 10.5

Body Mass Index (kg/m2)

20.4 ± 4.1

Comorbidities
Cardiovascular diseases

13 (52.0)

Cerebrovascular diseases

4 (16.0)

Diabetes mellitus

3 (12.0)

Chronic obstructive pulmonary disease

3 (12.0)

Length of MICU stay, days

30.5 ± 21.9

Mechanical ventilation, days

21.8 ± 14.8

APACHE II score*

23.0 ± 6.8

CPIS†

7.9 ± 1.8

PaO2/FiO2 ratio

Fig. 2. The area under a ROC curve to predict factors associated
with mortality and AKI. For mortality, the area under the ROC
curve was 0.817 for patients with a body mass index <18 kg/m2
(p = 0.015). ROC: receiver operating characteristic; AKI: acute
kidney injury.

250.1 ± 9.35

Isolated pathogens

Acinetobacter baumannii

22 (88.0)

Pseudomonas aeruginosa

6 (24.0)

Klebsiella pneumoniae
‡

eGFR by CKD-EPI

2 (8.0)
135.6 ± 97.9

Cumulative dose (mg)
Duration of administration (days)

revealed that only a BMI < 18 was a unique independent
risk factor of mortality (odds ratio [OR] = 21.95, 95%
confidence interval [CI] 1.59-302.23; p = 0.020) (Fig. 2).
Notably, aerosolized colistin-associated AKI does not seem

Colistin
Daily dose (mg)

to mortality in univariate analysis, multivariate analysis

246.6 ± 141.4
2,714.0 ± 1,799.0
11.7 ± 7.1

MICU: medical intensive care unit.
*
Acute physiological and chronic health evaluation II score at MICU admission.
†
Clinical pulmonary infection score at ventilator-associated pneumonia diagnosis.
‡
Estimated glomerular filtration rate by chronic kidney disease epidemiology collaboration equation at MICU admission.

to have an effect on the mortality (OR = 0.33, 95% CI 0.061.75; p = 0.19) (Table 3).
Both the leukocyte count and PCT level decreased
after treatment with aerosolized colistin, although these
decreases were not significant. However, the level of hsCRP was significantly decreased after aerosolized colistin treatment (Table 4).

day vs. 16.0 ± 7.5 day, p = 0.805) between negative conversion and non-conversion patients.

4)	Demographic and laboratory findings in AKI and nonAKI groups
Eleven of the 25 patients (44.0%) who underwent aero-

3) Clinical outcomes
The mean length of MICU stay was 30.5 ± 21.9 days,

solized colistin treatment exhibited AKI according to the

and the mean length of mechanical ventilation was 21.8 ±

RIFLE criteria; one patient (9.1%) was in the risk group,

14.8 days. Mortality during MICU stay was 24.0% (6/25),

six patients (54.5%) were in the injury group, and four

and the total in-hospital mortality was 40.0% (10/25). A

patients (36.4%) were in the failure group. The eGFR

number of factors, such as BMI < 18, concomitant use

based on CKD-EPI of the AKI group was nearly half

of aminoglycosides, and administration of amphotericin

that of the non-AKI group (45.9 ± 24.2 vs. 86.3 ± 45.3,

B with aerosolized colistin, were significantly different

respectively p = 0.01) (Table 5).

between survivors and non-survivors (Table 2). How-

The cumulative dose and time interval from aerosol-

ever, while aminoglycoside use was significantly related

ized colistin administration to the onset of AKI were
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Table 2. Clinical parameters in survivors and non-survivors
Clinical parameters

Survivors (n = 15)

Non-Survivors (n = 10)

p-value

Demographics
Age (years)

66.7 ± 13.7

Male sex, n (%)

8 (53.3)

66.5 ± 16.4

0.97

8 (80)

0.67

56.1 ± 11.0

56.1 ± 10.3

1.00

22.1 ± 3.7

17.8 ± 3.1

0.006

Cardiovascular diseases

6 (40.0)

7 (70.0)

0.15

Cerebrovascular diseases

2 (13.3)

2 (20.0)

0.66

Diabetes mellitus

2 (13.3)

1 (10.0)

0.80

1 (10.0)

0.80

Body weight (kg)
2

Body Mass Index (kg/m )
Comorbidities, n (%)

COPD

2 (13.3)

Length of MICU stay (days)

30.0 ± 27.0

30.5 ± 21.9

0.91

Mechanical ventilation (days)

20.1 ± 24.4

21.8 ± 14.8

0.48

APACHE II score*

21.7 ± 7.5

25.0 ± 5.2

0.24

8.5 ± 1.6

7.5 ± 1.8

0.16

279.1 ± 103.8

207.6 ± 56.1

0.06

†

CPIS

PaO2/FiO2 ratio
Septic shock

7 (46.7)
‡

eGFR by CKD-EPI

Acute Kidney Injury, n (%)

7 (70.0)

92.0 ± 39.5

91.9 ± 35.9

5 (33.3)

6 (60.0)

0.25
0.99
0.24

Colistin
Daily dose (mg)

238.5 ± 82.0

270.0 ± 63.2

0.31

2,793.3 ± 2,120.5

2,595.0 ± 1,268.9

0.79

12.0 ± 6.9

11.2 ± 7.6

0.79

10 (66.7)

4 (40.0)

0.19

Aminoglycoside

1 (6.7)

5 (50.0)

0.01

Amphotericin B

0 (0)

3 (30.0)

0.02

14 (93.3)

9 (90.0)

0.76

7 (46.7)

7 (70.0)

0.25

Cumulative dose (mg)
Duration of treatment (days)
Concomitant nephrotoxic drugs, n (%)
Vancomycin

Diuretics
Vasopressors

COPD: chronic obstructive pulmonary disease; MICU: medical intensive care unit.
*
Acute physiological and chronic health evaluation II score at MICU admission.
†
Clinical pulmonary infection score at ventilator-associated pneumonia diagnosis.
‡
Estimated glomerular filtration rate by chronic kidney disease epidemiology collaboration equation at MICU admission.

1,140.55 ± 722.57 mg and 4.72 ± 2.41 days, respectively.

tered drugs with potential nephrotoxicity were compared

All patients with AKI received 24 hour continuous renal

between the AKI group and the non-AKI group. We

replacement therapy and continued aerosolized colistin

found no significant differences in age, sex, body weight,

treatment because there were no susceptible antibiotics

or comorbidities (e.g., cardiovascular diseases, cere-

in the sensitivity test. The surviving patients of 11 AKI

brovascular diseases, diabetes, and COPD) between the

cases demonstrated slowly normalized renal function

groups. The length of MICU stay and APACHE II score

over four weeks.

also did not differ between the groups, but mortality in

The demographics, comorbidities, daily and total cu-

the MICU (14.3% vs. 36.3%, respectively p = 0.350) and

mulative doses of colistin, and concomitantly adminis-

total in-hospital stay (28.6% vs. 54.5%, respectively p =

http://dx.doi.org/10.4266/kjccm.2016.00129
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Table 3. Univariate and multivariate analyses of risk factors for mortality in patients with MDR-GNB pneumonia treated with aerosolized colistin
Univariate analyses

Variables

OR (95% CI)

Multivariate analyses
p-value

OR (95% CI)

p-value

Demographics
Age > 65 years

1.18 (0.2-6.93)

0.85

Male sex

1.56 (0.28-8.53)

0.61

BMI < 18

21.00 (1.92-229.40)

0.01

21.95 (1.59-302.23)

0.02

APACHE II* > 20

7.87 (0.79-78.68)

0.08

0.92 (0.78-1.08)

0.33

PF ratio < 300

7.87 (0.79-78.68)

0.08

0.62 (0.98-3.98)

0.62

Septic shock

2.67 (0.49-14.16)

0.25

0.33 (0.06-1.75)

0.19

Daily dose

2.00 (0.28-14.18)

0.49

Total dose

1.00 (0.99-1.00)

0.78

Duration

0.98 (0.87-1.10)

0.78

0.29 (0.05-1.55)

0.29

1.39 (0.11-17.67)

0.80

3.00 (0.57-15.77)

0.19

Aminoglycoside

14.00 (1.29-150.89)

0.03

14.78 (0.98-222.86)

0.052

Amphotericin B

0.00 (0.00-0.00)

0.99

Nephrotoxic drugs|| > 2

2.67 (0.49-14.46)

0.25

†

‡

AKI

Colistin

Comorbidities
CV disease
§

Diabetes

Concomitant nephrotoxic drugs
Vancomycin

OR: odds ratio; CI: confidence interval; BMI: basal mass index; CV disease: cardiovascular disease.
*
Acute physiological and chronic health evaluation II score at ventilator-associated pneumonia diagnosis.
†
PaO2/FiO2 ratio at ventilator-associated pneumonia diagnosis.
‡
Acute kidney injury at ventilator-associated pneumonia diagnosis.
§
Diabetes mellitus.
||
Numbers of concomitant nephrotoxic drugs.

Table 4. Changes in laboratory values of inflammatory markers with aerosolized colistin treatment
Markers
3

Leukocytes (/mm )
hs-CRP (mg/L)
Procalcitonin (ng/mL)

Before colistin administration

After colistin administration

p-value

15,322 ± 8,334

14,782 ± 8,675

0.70

113.0 ± 58.4

79.0 ± 60.5

0.025

1.72 ± 1.97

1.61 ± 2.31

0.86

hs-CRP: high-sensitivity C-reactive protein.

0.074) tended to be higher in the AKI group. In addition,

and diuretic use were not significantly different. Further-

septic shock with vasopressor use (35.7% vs. 81.8%,

more, there were no significant differences in the results

respectively p = 0.02) and treatment with aminoglyco-

of the daily mean dose of aerosolized colistin, mean total

sides concomitant with aerosolized colistin use (7.1% vs.

cumulative dose, or mean administration period between

45.5%, respectively p = 0.03) were significantly higher in

the AKI and non-AKI groups.

the AKI group. Conversely, vancomycin, amphotericin B,
http://dx.doi.org/10.4266/kjccm.2016.00129
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Discussion

p < 0.01
90

AKI occurrence rate (%)

80

The highlight of the presents study was that negative

70
60

conversion rate of inhaled colistin was more than 80% in

50

patients with MDR-GNB VAP. And the incidence of AKI

40

defined by RIFLE criteria was 44% of inhaled colistin

30

treatment patients. Finally, septic shock and more than

20

two nephrotoxic drugs combined with aerosolized colis-

10
0

1

2

3

4

≤2

>2

Number of drugs used concomitantly with aerosolized colistin

Fig. 3. Relationship between the occurrence of AKI and concomitant use of nephrotoxic drugs, excluding vasopressors. Use of
more than two nephrotoxic drugs concomitant with aerosolized
colistin therapy increases the likelihood of developing AKI. AKI:
acute kidney injury.
B. AKI and concomitant use of > 2 nephrotoxic drugs

tin were independent risk factors of AKI.
The low tissue penetration rate and high nephrotoxicity of intravenous colistin treatment has led to its use as
an aerosol treatment in patients with cystic fibrosis and
VAP.[23] In this study, we observed an 84.6% bacterial
negative conversion rate after aerosolized colistin treatment. Leukocyte count and PCT level decreased after
treatment, but not significantly so. However, the level of
hs-CRP measured after treatment was significantly lower
than those observed before treatment.
Our study also offers insight into the tissue penetration
and optimal dosage for aerosolized colistin. It is estimated that only 60% of each dose is inhaled into the bronchi,
as some of the drug remains in the nebulizer. Therefore,
a previous study recommended a dose of 150 mg colistin
base activity three times per day (450 mg daily) for aerosol treatment.[24] However, nebulizer types and techniques, including ventilator settings, also affect aerosol

Fig. 4. The area under a ROC curve to predict factors associated
with mortality and AKI. For AKI, the area under the ROC curve
was 0.790 for patients who used more than two nephrotoxic
drugs concomitant with aerosolized colistin (p = 0.027). ROC:
receiver operating characteristic; AKI: acute kidney injury.

distribution to the lungs.[24] In our study, a daily dosage
of 300 mg colistin base activity was administered in 2-4
doses daily using an ultrasonic nebulizer with ventilator
settings.[25] This was found to provide effective aerosol
therapy, as evidenced by our high negative conversion

5) 	Predictors of aerosolized colistin treatment-associat-

rate.[17]

ed AKI
Multivariate analysis showed that septic shock was an

duced incidence of nephrotoxicity for this mode of treat-

independent risk factor of AKI (OR = 8.10, 95% CI 1.23-

ment compared to intravenous injection.[6] However,

53.20; p = 0.04). The concomitant use of more than two

based on the RIFLE criteria, we observed AKI in 44%

nephrotoxic drugs administered during septic shock, ex-

of our subjects (11 patients). This dissimilar incidence of

cluding vasopressors, was also a significant predictor of

colistin-related nephrotoxicity in the two studies could

AKI (p < 0.01) (Figs. 3, 4); this result was verified by the

be resulted by the differences in the definitions of neph-

multivariate analysis (OR = 15.03, 95% CI 1.40-161.76;

rotoxicity, dosing schedules, or duration of treatment. In

p = 0.025) (Table 6).

other studies that have used the RIFLE criteria, colistin-

A previous study on aerosolized colistin reported a re-
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Table 5. Clinical characteristics in patients with and without AKI
Compare characteristics

Non-AKI group (n = 14)

AKI group (n = 11)

p-value

64.6 ± 14.8

69.2 ± 14.5

0.44

Demographics
Age (years)
Male sex, n (%)

8 (57.1)

8 (72.7)

0.68

Body weight (kg)

56.1 ± 11.0

56.1 ± 10.3

1.00

Body Mass Index (kg/m2)

20.6 ± 3.9

20.2 ± 4.4

0.79

Cardiovascular diseases

7 (50.0)

6 (54.6)

0.82

Cerebrovascular diseases

3 (21.4)

1 (9.1)

0.40

Diabetes mellitus

2 (14.4)

1 (9.1)

0.69

COPD

3 (21.4)

0 (0.0)

0.10

Comorbidity, n (%)

Length of MICU stay (days)

32.8 ± 26.6

27.5 ± 14.7

0.57

Mechanical ventilation (days)

22.5 ± 13.7

20.9 ± 16.7

0.80

MICU mortality, n (%)

2 (14.3)

4 (36.3)

0.35

Total in-hospital mortality, n (%)

4 (28.6)

6 (54.5)

0.07

20.9 ± 7.0

25.7 ± 5.5

0.07

7.3 ± 1.5

8.6 ± 1.8

0.06

266.0 ± 101.3

230.1 ± 83.4

0.36

APACHE II score*
†

CPIS

PaO2/FiO2 ratio
Septic shock

9 (81.8)

0.02

86.3 ± 45.3

45.9± 24.2

0.01

Daily dose (mg)

253.6 ± 77.1

250.0 ± 75.0

0.91

Cumulative dose (mg)

2,993 ± 2,186

2,356 ± 1,144

0.39

11.6 ± 6.7

11.8 ± 7.9

0.93

Vancomycin

6 (42.9)

8 (72.7)

0.13

Aminoglycoside

1 (7.1)

5 (45.5)

0.03

eGFR by CKD-EPI‡

5 (35.7)

Colistin

Duration of treatment (days)
Concomitant nephrotoxic drugs, n (%)

Amphotericin B
Diuretics
Vasopressors

1 (7.1)

2 (18.2)

0.40

12 (85.7)

11 (100.0)

0.19

5 (35.7)

9 (81.8)

0.02

AKI: acute kidney injury; COPD: chronic obstructive pulmonary disease; MICU: medical intensive care unit.
*
Acute physiological and chronic health evaluation II score at MICU admission.
†
Clinical pulmonary infection score at ventilator-associated pneumonia diagnosis.
‡
Estimated glomerular filtration rate by chronic kidney disease epidemiology collaboration equation at MICU admission.

related nephrotoxicity was observed in up to 49% of

eGFR[22] in the morning and evening and hourly urine

patients;[26] in another study, it was closely associated

output. As a result, colistin dose and administration inter-

with the total dose and treatment duration of colistin.[11]

vals were adjusted very strictly. In addition, the adminis-

However, in our study, the daily dose, cumulative dose,

tration route itself could be an important predictive factor

and period of administration did not differ between the

of AKI. Inhalation is theoretically appealing, as aerosol-

AKI and non-AKI groups, and none of these were pre-

ized local delivery to the lungs should avoid, or at least

dictors of AKI. The dose and administration schedules

minimize, potential renal toxicity compared to systemic

of aerosolized colistin were repeatedly adjusted by renal

administration (~45% vs. ~32%, respectively).[3,10]

function based on the drug package insert,[19,21] using

Most patients in the MICU are treated with multiple
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Table 6. Univariate and multivariate analyses of risk factors for AKI in patients with MDR-GNB pneumonia treated with aerosolized colistin
Univariate analyses

Variables

OR (95% CI)

Multivariate analyses
p-value

OR (95% CI)

p-value

8.10 (1.23-53.20)

0.04

5.61 (0.42-76.07)

0.19

15.03 (1.40-161.76)

0.025

Demographics
Age > 65 years

2.50 (0.38-16.42)

0.34

Male sex

2.00 (0.37-10.91)

0.42

BMI < 18

2.08 (0.40-10.95)

0.39

APACHE II* > 20

3.37 (0.52-21.72)

0.20

†

3.37 (0.52-21.72)

0.20

12.88 (1.01-150.76)

0.029

Daily dose

0.99 (0.98-1.00)

0.11

Total dose

1.00 (0.99-1.00)

0.38

Duration

1.00 (0.89-1.13)

0.93

1.20 (0.25-5.84)

0.82

0.60 (0.47-7.63)

0.69

PF ratio < 300
Septic shock
Colistin

Comorbidities
CV disease‡
§

Diabetes

Concomitant nephrotoxic drugs
Vancomycin
Aminoglycoside
Amphotericin B
||

Nephrotoxic drugs > 2

3.56 (0.65-19.41)

0.14

10.83 (1.03-114.15)

0.047

2.89 (0.23-36.86)

0.41

57.59 (3.30-1003.58)

0.005

AKI: acute kidney injury; MDR-GNB: multidrug-resistant Gram-negative bacteria; OR: odds ratio; CI: confidence interval; BMI: basal mass index.
*
Acute physiological and chronic health evaluation II score at VAP diagnosis.
†
PaO2/FiO2 ratio at VAP diagnosis.
‡
Cardiovascular disease.
§
Diabetes mellitus.
||
Numbers of concomitant nephrotoxic drugs.

medications at the same time. In our study, all patients

medical problems such as diabetes, cardiovascular and

in the AKI group were concomitantly administered

respiratory diseases, and cancers.[27] The impact of

more than one potentially nephrotoxic medication, and

obesity on outcome in critically ill patients has not been

receiving more than two nephrotoxic medications was

conclusive yet, the mortality in obese and very obese

predictive of renal toxicity. Thus, the concomitant use

patients with septic shock seems to be lower than nor-

of nephrotoxic medications seems to be more influential

mal weight patients.[28-30] This absurd phenomenon is

to the development of nephrotoxicity than monotherapy

called the “obesity paradox”.[30] In our study, only BMI

with aerosolized colistin. Therefore, renal function such

< 18 kg/m2 was a unique independent risk factor of mor-

as eGFR must be monitored regularly when colistin is

tality in multivariate analysis (OR = 21.95, 95% CI 1.59-

administered with other drugs that have nephrotoxic po-

302.23; p = 0.020).

tential.

The use of aerosolized antibiotics can be accompanied
2

Several factors such as BMI < 18 kg/m and concomi-

by other adverse effects, including chest symptoms (e.g.,

tant administration of aminoglycosides or amphotericin

cough, wheezing, and dyspnea) and pharyngolaryngitis.

B were correlated with significantly higher mortality

Because the aerosolized formulation of colistin has not

(Table 2). The obesity is closely associated with many

yet been developed, the intravenous vial formulation of
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colistin is converted for aerosol use in clinical practice.

search Institute Fund, Chonbuk National University Hos-

Therefore, these intravenous vials contain preservatives,

pital. The authors would like to thank Amanda Weiskoff,

and some patients with asthma or sensitive bronchi have

Ph.D. for providing medical writing services.

reported decreased forced expiratory volume and bronchospasm when this formulation was used for aerosol
treatment.[31] In this study, a bronchodilator, such as a β2

ORCID

adrenergic agonist and/or anticholinergic agent, was used

Seung Yong Park

http://orcid.org/0000-0002-3774-4375

20 minutes before treatment to prevent bronchospasm.

Chi Ryang Chung

http://orcid.org/0000-0003-1830-307X

Nevertheless, one patient showed severe bronchospasm,

Seoung Ju Park

http://orcid.org/0000-0003-0454-6118

followed by decreased blood pressure. This patient was

Heung Bum Lee

http://orcid.org/0000-0002-8267-8434

thereafter given intravenous colistin instead of aerosolized treatment. No other colistin-related toxicities, such
as neurotoxicity or muscular weakness, were observed.
Despite its merit and the plausible research question,
this paper is flawed by its retrospective design and the
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