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Introduction
Colistin is a bactericidal antibiotic that was first 
used in the 1950s but was withdrawn for several 
decades due to concerns about potential adverse 
effects, including nephrotoxicity and neurotoxic-
ity.1,2 Recently, colistin use has re-emerged in 
response to associated nosocomial infections asso-
ciated with carbapenem-resistant gram-negative 

bacteria (CRGNB).1,3 Despite the increasing use 
in clinical practice, no standardized method has 
been established for the optimal dosing and 
administration route of colistin.

Recent pharmacokinetics/pharmacodynamics 
studies have demonstrated that the dosing regi-
men recommended in the package insert is not 
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Abstract
Background: Despite the increasing use of colistin in clinical practice, the optimal dosing, and 
administration route have not been established. This study aimed to evaluate the clinical outcome 
and safety of intravenous (IV) colistin with a loading dose (LD) and adjunctive aerosolized (AS) 
colistin administration in critically ill patients with hospital-acquired pneumonia (HAP) or ventilator-
associated pneumonia (VAP) caused by carbapenem-resistant gram-negative bacteria (CRGNB).
Methods: We retrospectively reviewed 191 critically ill patients who received colistin for the 
treatment of HAP or VAP caused by CRGNB. Patients were divided into three groups: non-LD 
IV (patients received only IV colistin without LD), LD IV (patients received only IV colistin with 
LD), and AS–LD (patients received IV colistin with LD and adjunctive AS colistin).
Results: There was no difference in clinical response between the three groups. However, the 
rate of microbiological eradication was significantly higher in the AS–LD group (60%) than in 
the non-LD IV (31%), and LD IV (33%) groups (p = 0.010). Patients treated with adjunctive AS 
colistin in combination with LD IV had significantly lower 30-day mortality rates than patients 
treated with IV colistin alone (p = 0.027). After adjusting for potential confounding factors, 
adjunctive AS colistin was still significantly associated with lower mortality (adjusted OR 0.338, 
CI 95% 0.132–0.864, p = 0.024). However, nephrotoxicity did not change according to the use of 
LD regimen and AS colistin administration (p = 0.100).
Conclusions: Adjunctive AS colistin in combination with IV colistin with LD was related to an 
improved 30-day mortality and microbiological outcome without an increase in nephrotoxicity 
in critically ill patients with HAP and VAP caused by CRGNB.

The reviews of this paper are available via the supplemental material section.

Keywords:  carbapenem-resistant Enterobacteriaceae, colistin, critical illness, inhalation 
administration, ventilator-associated pneumonia

Received: 9 March 2019; revised manuscript accepted: 4 October 2019.

Correspondence to:	  
Kyeongman Jeon  
Department of Critical Care 
Medicine and Division of 
Pulmonary and Critical Care 
Medicine, Department of 
Medicine, Samsung Medical 
Center, Sungkyunkwan 
University School of 
Medicine, 81 Irwon-ro, 
Gangnam-gu, Seoul 06351, 
Republic of Korea 
kjeon@skku.edu

Junsu Choe  
Suk Hyeon Jeong  
Division of Pulmonary and 
Critical Care Medicine, 
Department of Medicine, 
Samsung Medical Center, 
Sungkyunkwan University 
School of Medicine, Seoul, 
Republic of Korea

You Min Sohn  
Hyo Jung Park  
Department of 
Pharmaceutical Services, 
Samsung Medical Center, 
Sungkyunkwan University 
School of Medicine, Seoul, 
Republic of Korea

Soo Jin Na  
Department of Critical 
Care Medicine, Samsung 
Medical Center, 
Sungkyunkwan University 
School of Medicine, Seoul, 
Republic of Korea

Kyungmin Huh  
Division of Infectious 
Diseases, Department 
of Medicine, Samsung 
Medical Center, 
Sungkyunkwan University 
School of Medicine, Seoul, 
Republic of Korea

Gee Young Suh  
Division of Pulmonary and 
Critical Care Medicine, 
Department of Medicine, 
Samsung Medical Center, 
Sungkyunkwan University 
School of Medicine, Seoul, 
Republic of Korea 

Department of Critical 
Care Medicine, Samsung 
Medical Center, 
Sungkyunkwan University 
School of Medicine, Seoul, 
Republic of Korea

*Choe J and Sohn YM 
contributed equally to this 
work.

885529 TAR0010.1177/1753466619885529Therapeutic Advances in Respiratory DiseaseJ Choe, YM Sohn
research-article20192019

Original Research

https://journals.sagepub.com/home/tar
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:kjeon@skku.edu


Therapeutic Advances in Respiratory Disease 13

2	 journals.sagepub.com/home/tar

an appropriate strategy because it results in a 
subtherapeutic concentration and a delayed 
time to steady-state, especially in critically ill 
patients.4,5 Therefore, intravenous (IV) colistin 
with a loading dose (LD) was proposed as a way 
to achieve therapeutic concentrations more 
quickly. The LD regimen was associated with 
improved outcomes in several clinical studies,6–8 
but the clinical efficacy and renal toxicity of 
such regimens have yet to be assessed.9–11

In particular, the optimal colistin treatment strat-
egy in patients with hospital-acquired pneumonia 
(HAP) or ventilator-associated pneumonia (VAP) 
is unclear because of the inadequate permeation of 
colistin into the lung parenchyma.12,13 To over-
come the limitation of IV colistin, aerosolized (AS) 
colistin was suggested as a promising approach for 
drug delivery in pulmonary infections.13,14 The 
guidelines from the American Thoracic Society/
Infectious Diseases Society of America suggest 
adjunctive AS colistin for patients with highly 
resistant organisms or for patients who are not 
responding to IV antibiotics alone.15 However, the 
European Society of Clinical Microbiology and 
Infectious Diseases guidelines recommend avoid-
ing the use of adjunctive AS antibiotics.16 In addi-
tion, three recent meta-analyses on the role of AS 
colistin have reported mixed results.17–19 Therefore, 
this study aimed to evaluate the clinical outcome 
and safety of IV colistin with LD and adjunctive AS 
colistin administration in critically ill patients with 
HAP or VAP caused by CRGNB.

Methods

Study design and population
We retrospectively reviewed adult patients diag-
nosed with HAP or VAP and treated with IV 
colistin at Samsung Medical Center, an university-
affiliated, tertiary referral hospital with 1989 beds 
including 112 adult intensive care unit (ICU) 
beds in Seoul, Korea. Patients were included if all 
of the following conditions were satisfied: admit-
ted to the ICU between 1 January 2008 and 31 
December 2016; CRGNB, which is resistant to all 
tested carbapenems and susceptible to colistin, 
was identified as a pathogen in microbiological 
tests; and received IV colistin for treatment of 
pneumonia for at least 72 h. For patients treated 
with colistin multiple times during the study 
period, only the first episode was included in this 
analysis. Patients with any of the following criteria 

were excluded: transferred to our hospital after 
initiation of treatment with colistin in other hospi-
tals (n = 13); transferred to other hospitals before 
discontinuation of colistin (n = 3); or received IV 
and adjunctive AS colistin, but without LD (n = 7). 
Finally, eligible patients were divided into three 
groups based on treatment regimen: non-LD IV 
(patients received only IV colistin without LD), 
LD IV (patients received only IV colistin with 
LD), and AS–LD (patients received IV colistin 
with LD and adjunctive AS colistin).

The Institutional Review Board at Samsung 
Medical Center approved the study and waived 
the requirement for informed consent because of 
the observational nature of the study.

Diagnosis of pneumonia and microbiological 
tests
Pneumonia was diagnosed when a new and pro-
gressive pulmonary infiltrate on chest radiography 
was accompanied by clinical evidence including 
fever, purulent sputum, leukocytosis, or a decrease 
in oxygenation.15 HAP was defined as pneumonia 
that developed more than 48 h after admission. 
VAP was defined as pneumonia that developed 
more than 48 h after endotracheal intubation.

If a patient was diagnosed with pneumonia, res-
piratory specimens for quantitative culture were 
obtained prior to initiation of new antibiotic ther-
apy. Respiratory specimens included sputum, 
transtracheal aspirate, bronchoalveolar lavage 
fluid, and pleural fluid. Clinical and Laboratory 
Standards Institute interpretive criteria were used 
to determine antimicrobial susceptibilities. 
Follow-up cultures were performed at least 72 h 
after initiation of colistin treatment to assess the 
microbiological response.

Treatment regimens
In our hospital, before the hospital guidelines 
were established, patients received IV colistin 
using a physician-selected colistin dosage regi-
men without a LD. Since the hospital guidelines 
for colistin dosing were developed in October 
2013 (Table 1), physicians have used a LD that 
targeted an average colistin steady-state plasma 
concentration of 2.5 mg/L. Our guideline recom-
mended a 5 mg/kg colistin base activity (CBA) 
LD [equivalent to 150,000 IU/kg colistimethate 
sodium (CMS)]20 followed by 150 mg CBA 
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(equivalent to 4.5 million IU CMS) every 12 h, 
adjusted for renal function. The LD never 
exceeded 300 mg (equivalent to 9 million IU 
CMS), even if the patient weighed over 60 kg.

In January 2014 adjunctive AS colistin regimen 
was incorporated in the hospital guidelines. AS 
colistin was administered 150 mg CBA every 8 h 
only in patients receiving mechanical ventilation. 
Colistin was mixed with 10 ml of normal saline or 
sterile water immediately before inhalation. 
Patients receiving mechanical ventilation used an 
ultrasonic nebulizer for administration of AS 
colistin, and AS colistin administration then con-
tinued using a jet nebulizer when the patients 
extubated. We routinely performed nebulized 
bronchodilator therapy with ipratropium 15 min 
before administration of AS colistin to prevent 
bronchoconstriction. The decision to use adjunc-
tive AS colistin and concomitant antibiotics was 
left to the individual physician’s discretion.

Data collection and clinical outcomes
The clinical, laboratory, and outcome data were 
collected using a retrospective review of electronic 
hospital records. Demographic data, including 
age, sex, body mass index, comorbidity, immune 
state, sequential organ failure assessment (SOFA) 
score, causative microorganism, and antibiotic 
susceptibility were recorded on the first day of 
administration of IV colistin. The SOFA score was 
calculated using the most extreme values within 

24 h of IV colistin use. Immunocompromised was 
defined as one of the following medical conditions: 
hematological malignancies, solid tumor with neu-
tropenia after chemotherapy, solid-organ trans-
plantation, high-dose or long-term corticosteroid 
and/or immunosuppressant use, and human 
immunodeficiency virus infection.21 Data about 
use of concomitant nephrotoxic agents and other 
antibiotics and initiation of renal replacement ther-
apy (RRT) during IV colistin therapy were also 
collected.

The primary outcome was 30-day all-cause mortal-
ity. The secondary outcomes included clinical 
responses, microbiological responses, rate of 
nephrotoxicity during colistin therapy, and initia-
tion rates of RRT, ICU length of stay, and 90-day 
all-cause mortality. Clinical responses were classi-
fied as clinical cure (improvement of all signs and 
symptoms associated with pneumonia), clinical fail-
ure (persistence or worsening of signs, symptoms, 
or both, associated with pneumonia, symptoms, 
signs of pneumonia, or both, occurring again within 
3 days after termination of treatment), and recur-
rence (occurrence of a new event of pneumonia 
after 72 h of antibiotic discontinuation). The clinical 
response of all patients was assessed by two authors 
who were not aware of which treatment was given to 
the patient. In the event of a discrepancy, two 
reviewers discussed the results and reached a con-
sensus. Microbiological responses were classified as 
microbiological eradication (absence of the baseline 
pathogen in the final culture of specimens during 

Table 1.  Colistin dosing guidelines.

(1) Loading dose: 5.0 × body weight (kg), to not exceed 300 mg*

(2) Maintenance dose (mg of colistin base activity)

Creatinine clearance ⩾50 150 mg every 12 h

20< Creatinine clearance <50 150 mg every 24 h

Creatinine clearance ⩽20 150 mg every 48 h

Intermittent hemodialysis 75 mg every 24 h (plus extra 37.5 mg after dialysis)

Continuous renal replacement therapy.

Effluent flow rate <2500 ml/h 150 mg every 12 h

Effluent flow rate ⩾2500 ml/h 150 mg every 8 h

*Conversion factor: 1 million IU colistimethate sodium (CMS) corresponds to approximately 33 mg colistin base activity 
(CBA).20
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hospitalization), colonization (persistence of the 
baseline pathogen but clinically cured), microbio-
logical failure (persistence of the baseline pathogen 
and not clinically cured), or microbiological recur-
rence (regrowth of the baseline pathogen irrespec-
tive of the clinical outcome). Nephrotoxicity was 
defined as a risk, injury, failure, loss of kidney func-
tion, and end-stage kidney disease (RIFLE) classifi-
cation of injury or more, with injury defined as a 
greater than two-fold increase in serum creatinine, a 
greater than 50% reduction in glomerular filtration 
rate compared with the value at the start of treat-
ment, or oliguria (⩽0.5 ml/kg/h) for ⩾12 h.22,23 
Patients on RRT at the time of IV colistin initiation 
were excluded from the nephrotoxicity analysis.

Statistical analysis
Data are presented as median and interquartile 
ranges for continuous variables and as numbers 
(percentages) for categorical variables. The base-
line characteristics and outcome measures of 
interest were then compared between the three 
groups: non-LD IV group, LD IV group, and 
AS–LD group. Data were compared using the 
Kruskal–Wallis test for continuous variables and 
the Chi-square or Fisher’s exact test for categori-
cal variables. Multiple comparisons were per-
formed to compare each group using the 
Wilcoxon signed-rank test, and the Bonferroni 
correction was used to determine whether multi-
ple comparisons were significant.

Logistic regression models were used to adjust for 
potential confounding factors in the association 
between AS–LD and 30-day all-cause mortality. 
Variables with a p < 0.2 on univariate analyses,24 
as well as a priori variables that were clinically rel-
evant were entered into the forward stepwise mul-
tiple logistic regression model. Three models were 
constructed: model 1 was adjusted for age and 
gender; model 2 was additionally adjusted for 
SOFA score, malignancy, and immunocompro-
mised; and in addition, model 3 included duration 
of intravenous colistin, intravenous LD, and com-
bination with carbapenem. Data are presented as 
odds ratios (ORs) with their 95% confidence inter-
vals (CIs). Additional logistic regression analysis 
was performed to identify the variables associated 
with nephrotoxicity. In addition, predictors of the 
cumulative incidence of nephrotoxicity were iden-
tified with the Fine and Gray model to consider 
death as a competing risk for nephrotoxicity.25 

Two-tailed testing with p < 0.05 was considered 
statistically significant. All analyses were per-
formed using the STATA 14.2 software program 
(Stata Corp LLC, College Station, TX, USA).

Results

Baseline clinical characteristics
Of the 191 patients who were eligible for analysis, 
156 received only IV colistin (70 without LD and 
86 with LD) and 35 received adjunctive AS colis-
tin added to IV colistin with LD (Figure 1). The 
baseline clinical characteristics of the patients are 
summarized in Table 2. Age and body mass index 
(BMI) were similar among the three groups, but 
the proportion of men was significantly higher in 
the AS–LD group (89%) than in the non-LD IV 
group (66%) (p = 0.013). Patients with chronic 
kidney disease were more common in the non-LD 
IV group (31%) than in the LD IV (12%) group 
(p = 0.003), but there was no difference between 
the groups in median glomerular filtration rate of 
the patients not receiving RRT (p = 0.100) or pro-
portion of patients receiving RRT on the first day 
of colistin treatment (p = 0.773). The proportions 
of patients who had a malignancy and who were 
immunocompromised among the three groups 
were not different.

Microorganism and treatment characteristics
About three-quarters of the patients were diag-
nosed with VAP (Table 2). Acinetobacter bauman-
nii was the dominant causative organism in 88% 
of the overall group, and the remaining cases were 
related to Pseudomonas aeruginosa except for one 
patient with Klebsiella pneumonia. The percentage 
of patients with each pathogen was similar among 
the three groups. The median duration of IV 
colistin treatment was 14 days in all three groups, 
and the daily median dose of IV colistin was sig-
nificantly higher in the LD IV group than in the 
other two groups (2.9 mg/kg/day versus 3.9 mg/kg/
day versus 3.1 mg/kg/day, p = 0.002). In the AS–
LD group, the median duration of AS colistin 
treatment was 12 (6–16) days. As a combination 
therapy for CRGNB, carbapenem (33.5%), peni-
cillin (11.0%), minocycline (5.2%), and tigecy-
cline (4.7%) were used together with colistin. 
Almost all patients required mechanical ventila-
tion during colistin treatment (93% versus 93% 
versus 100%, p = 0.297).
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Clinical outcomes
Clinical outcomes of patients who received colis-
tin therapy for pneumonia caused by CRGNB are 
shown in Table 3. There was no difference in 
clinical response between the three groups. 
However, the rate of microbiological eradication 
was significantly higher in the AS–LD group 
(60%) than in the non-LD IV (31%), and LD IV 
(33%) groups (p = 0.010) [Figure 2(a)]. In addi-
tion, 30-day mortality was lower in the AS–LD 
group (23%) than in the non-LD IV (46%), and 
LD IV (49%) groups (p = 0.027). After adjusting 
for potential confounding factors, the AS–LD 
group was still significantly associated with lower 
mortality (adjusted OR 0.338, CI 95% 0.132–
0.864, p = 0.024) [Table 4, Figure 2(b)].

Nephrotoxicity
The results of univariable and multivariable anal-
yses with the multiple logistic regression model 

for the probability of nephrotoxicity are pre-
sented in Table 5. After adjusting for potential 
confounding factors, older age (adjusted OR 
1.031, CI 95% 1.001–1.063, p = 0.044) and use 
of vancomycin (adjusted OR 2.623, CI 95% 
1.146–6.004, p = 0.022) were independently 
associated with nephrotoxicity in patients treated 
with IV colistin for CRGNB pneumonia. In addi-
tion, after accounting for the competing risk of 
death with the Fine and Gray competing risk 
regression models, the only predictor of increased 
cumulative incidence of nephrotoxicity was use 
of vancomycin (HR 1.686, CI 95% 1.053–2.700, 
p = 0.030).

Discussion
In this study, we investigated the association of 
each method of colistin treatment with clinical 
response, microbiological response, mortality, 
and nephrotoxicity in 191 critically ill patients 

Figure 1.  Study flow diagram.
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Table 2.  Baseline characteristics of 191 patients with HAP or VAP caused by CRGNB and who were treated with colistin in the ICU.

Variables Non-LD IV (n = 70) LD IV (n = 86) AS–LD (n = 35) p value

Age, years 68 (62–74) 63 (54–75) 67 (54–76) 0.214

Male 46 (66) 64 (74) 31 (89) 0.042‡

BMI, kg/m2 22.8 (19.1–24.8) 21.0 (17.9–24.3) 21.0 (18.7–23.7) 0.530

SOFA score 7 (5–10) 8 (4–11) 8 (4–12) 0.411

Estimated GFRa, ml/min/1.73 m2 86 (44–116) 94 (67–130) 76 (43–95) 0.100

Underlying disease

  Diabetes mellitus 23 (33) 16 (19) 13 (37) 0.048

  Malignancy 22 (31) 28 (33) 17 (49) 0.178

  Chronic kidney disease 22 (31) 10 (12) 4 (11) 0.003*

  Immunocompromised 18 (26) 19 (22) 15 (43) 0.063

  RRT at baseline 20 (29) 25 (29) 8 (23) 0.773

Microorganism

  Acinetobacter baumannii 59 (84) 76 (88) 34 (97) 0.151

  Pseudomonas eruginosa 17 (24) 19 (22) 2 (6) 0.063

  Klebsiella pneumoniae 0 (0) 1 (1) 0 (0) NA

Type of pneumonia 0.702

  VAP 49 (70) 64 (74) 27 (77)  

  HAP 21 (30) 22 (26) 8 (23)  

Combination therapy

  Carbapenem 17 (24) 37 (43) 10 (29) 0.038*

  Piperacillin/Tazobactam 6 (9) 12 (14) 3 (9) 0.497

  Minocycline 1 (1) 6 (7) 3 (9) 0.125

  Tigecycline 3 (4) 4 (5) 2 (6) >0.999

Number of nephrotoxins 1.0 (0.8–2.0) 1.0 (0.0–2.0) 1.0 (0.0–1.0) 0.121

  Vancomycin 29 (41) 22 (26) 10 (29) 0.096

  Aminoglycoside 10 (14) 2 (2) 0 (0) 0.003*

  Loop diuretics 31 (44) 28 (33) 11 (31) 0.248

  Amphotericin B 1 (1) 1 (1) 3 (9) 0.099

  Contrast 4 (6) 12 (14) 4 (11) 0.242

  Othersb 1 (1) 7 (8) 2 (6) 0.141

(Continued)
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Variables Non-LD IV (n = 70) LD IV (n = 86) AS–LD (n = 35) p value

Mechanical ventilation 65 (93) 80 (93) 35 (100) 0.297

Duration of IV colistin, days 14 (10–15) 14 (9–15) 14 (12–17) 0.171

Dose of IV colistin, mg/kg/day 2.9 (2.1–4.3) 3.9 (2.9–5.0) 3.1 (2.2–4.1) 0.002*$

AS, aerosolized; BMI, body mass index; CRGNB, carbapenem-resistant gram-negative bacteria; GFR, glomerular filtration rate; HAP, hospital-
acquired pneumonia; ICU, intensive care unit; IV, intravenous; IQR, interquartile range; LD, loading dose; RRT, renal replacement therapy; SOFA, 
sequential organ failure assessment; VAP, ventilator-associated pneumonia.
*, $, ‡indicate significant differences (p < 0.017) between the non-LD IV group and the LD IV group, LD IV group and AS–LD group, and the non-LD IV 
group and the AS–LD group, respectively.
aOnly those who did not need RRT at the time of IV colistin initiation were analyzed.
bIV voriconazole, tacrolimus, cyclosporine, angiotensin-converting-enzyme inhibitors, and nonsteroidal anti-inflammatory drugs were included.

Table 2.  (Continued)

Table 3.  Clinical outcomes of 191 patients with HAP or VAP caused by CRGNB, who were treated with colistin in the ICU.

Variables Non-LD IV (n = 70) LD IV (n = 86) AS–LD (n = 35) p value

Clinical response

  Clinical cure 32 (46) 36 (42) 17 (49) 0.764

  Recurrence 4 (6) 10 (12) 4 (11) 0.414

  Clinical failure 34 (49) 40 (47) 14 (40) 0.724

Microbiological response

  Eradication 21/67 (31) 27/81 (33) 21/35 (60) 0.010$‡

  Recurrence 9/67 (13) 12/81 (15) 7/35 (20) 0.663

  Colonization 20/67 (30) 22/81 (27) 3/35 (9) 0.047$

  Microbiological failure 17/67 (25) 20/81 (25) 4/35 (11) 0.222

Duration of ICU stay, days 13 (8–21) 12 (8–18) 20 (10–33) 0.013$

Mortality

  30-day mortality 32 (46) 42 (49) 8 (23) 0.027$

  90-day mortality 41 (59) 50 (58) 16 (46) 0.396

Nephrotoxicity 27/50 (54) 23/61 (38) 16/27 (59) 0.100

Initiation rates of RRT 8/50 (16) 5/61 (8) 6/27 (22) 0.151

AS, aerosolized; CRGNB, carbapenem-resistant gram-negative bacteria; HAP, hospital-acquired pneumonia; ICU, intensive care unit; IV, 
intravenous; LD, loading dose; RRT, renal replacement therapy; VAP, ventilator-associated pneumonia.
*, $, ‡indicate significant differences (p < 0.017) between the non-LD IV group and the LD IV group, LD IV group and AS–LD group, and the non-LD IV 
group and the AS–LD group, respectively.

with HAP or VAP caused by CRGNB. Our 
results demonstrated that patients treated with 
adjunctive AS colistin in combination with LD 
had significantly lower 30-day mortality than 
patients treated with IV colistin alone, and 

adjunctive AS colistin therapy was an independ-
ent prognostic factor of 30-day mortality in a 
multivariate logistic regression model. In addi-
tion, microbiological eradication was more fre-
quently achieved in patients using AS colistin as 
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an adjunctive therapy to the LD regimen. Clinical 
response and nephrotoxicity did not differ accord-
ing to the use of LD regimen and AS colistin 
administration.

In critically ill patients, optimal colistin dosing has 
not previously been clearly defined.26 Unfortunately, 
colistin has not gone through all of the modern 
drug development procedures and requirements.27 
Therefore, there are limited data to determine its 
optimal use. In addition, recent pharmacokinetic 
studies have highlighted the inadequacies of colistin 
dosing based on package insert recommenda-
tions.4,5 The need for a colistin LD was initially 

proposed after the evaluation of the pharmacoki-
netics of colistimethate sodium and colistin in criti-
cally ill patients,28 and four subsequent studies have 
assessed this suggestion.6–9 Colistin LD was associ-
ated with improved outcomes in several clinical 
studies.6–8 However, studies that have evaluated the 
administration of colistin LD were mostly small 
descriptive studies,6,7 which may limit the general-
izability of the findings. Only three studies were 
conducted to compare the clinical outcomes of 
colistin LD regimens and standard regimens with-
out LD.8–10 The use of colistin LD was associated 
with a higher cure rate in one study by Trifi and 
colleagues 8 no improvement in clinical outcomes 

Figure 2.  Kaplan–Meier curves of the probability of sputum culture positive (a) and survival (b) for three 
groups based on treatment regimen: patients received only intravenous (IV) colistin without loading (LD) (Non-
LD IV); patients received only intravenous colistin with LD (LD IV); and patients received IV colistin with LD and 
adjunctive aerosolized (AS) colistin (AS–LD).

Table 4.  Associations between administration of AS colistin and 30-day all-cause mortality after adjustments 
for potential confounding factors.

Administrations of 
AS colistin

Variables in the equation

Coefficient SE p value OR CI 95%

Crude state −1.114 0.433 0.010 0.328 0.140–0.768

Adjusted statea

  Model 1 −1.132 0.439 0.010 0.322 0.136–0.761

  Model 2 −1.121 0.448 0.012 0.326 0.135–0.785

  Model 3 −1.084 0.479 0.024 0.338 0.132–0.864

AS, aerosolized; CI, confidence interval; OR, odds ratio; SE, standard error; SOFA, sequential organ failure assessment.
aModel 1 was adjusted for age and gender. Model 2 was, in addition, adjusted for SOFA score, malignancy, and 
immunocompromised. Model 3, in addition, included intravenous colistin duration, intravenous loading dose, and 
combination with carbapenem.
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was reported in the other studies.9,10 Although the 
clinical cure rates of 66–67% with the use of a LD 
regimen reported by Elefritz and colleageus9 and 
Katip and colleagues10 are comparable to the 63% 
clinical cure rate reported by Trifi and colleagues8 a 
statistically significant difference in clinical out-
comes could not be achieved. Therefore, it is likely 
that the clinical responses from the comparative 
groups were higher than that of the study reporting 
a significant difference between the two regimens. 
However, in this study, which included a relatively 
large number of patients with VAP caused by 
CRGNB, a colistin LD regimen did not signifi-
cantly improve clinical cure or other clinical out-
comes. The reason for this is not clear, but it may 
be because most patients in our study population 
had VAP, unlike the previous studies. In addition, 
the potential benefit of the colistin LD regimen 
may have been concealed by the inherent complex-
ity of our patients and the severity of their underly-
ing illness.

Pharmacokinetic studies, in addition, showed 
that IV administration of colistin may result in 
undetectable, to more than sufficient concentra-
tions in lung tissue or epithelial lining fluid.12,13 In 
this context, AS administration of colistin is 
intended to maximize its transport to the target 
site and to limit the systemic adverse effects of 
antibiotics.13,14 Previous studies that demon-
strated a high concentration in lung parenchyma 
with a low systemic concentration following 
administration of AS colistin and favorable clini-
cal outcomes in cystic fibrosis appear to support 
the use of AS colistin.29,30 Since the early 2000s 
several clinical studies have evaluated AS colistin 

treatment for patients with pneumonia caused by 
CRGNB. However, individual studies did not 
find any mortality benefit when AS colistin was 
added to IV colistin in patients with HAP/
VAP.31,32 Similarly, meta-analyses of unadjusted 
data highlighted higher clinical success and 
microbiological eradication rates and lower mor-
tality with AS colistin in combination with IV 
colistin.17,18 In addition, a recent meta-analysis 
reported that a combination of AS and IV colistin 
could improve clinical effectiveness but not mor-
tality.19 However, translating clinical success to 
survival in critically ill patients with HAP/VAP 
may be difficult and requires adjusting for possi-
ble confounders contributing to death, which was 
not carried out in these analyses. Most of the pre-
vious studies failed to show an improvement in 
mortality with AS colistin.19 In this study, how-
ever, adjunctive AS colistin in combination with 
LD was found to be independently associated 
with lower mortality after adjusting for potential 
confounding factors. Although higher dose of AS 
colistin (150 mg CBA every 8 h) used in this study 
compared with previous studies (75 mg CBA 
every 12 h) might be associated with lower mor-
tality,33 therefore, our results support the benefit 
of the combination of AS and IV colistin in criti-
cally ill patients with HAP/VAP.

Nephrotoxicity is an important adverse effect of 
colistin that leads physicians to hesitate to prescribe 
colistin or to withhold it outright. Therefore, nephro-
toxicity is another concern when determining the 
optimal treatment regimen. Several previous studies 
demonstrated that high-dose IV colistin is associated 
with higher incidence of nephrotoxicity.34,35 

Table 5.  Univariable and multivariable analyses with logistic regression model for probability of nephrotoxicity.

Univariable Multivariable

  OR (CI 95%) p value Adjusted OR (CI 95%) p value

Age, per year 1.023 (0.995–1.051) 0.103 1.031 (1.001–1.063) 0.044

Sex, male 1.675 (0.760–3.691) 0.201  

Vancomycin 2.631 (1.241–5.576) 0.012 2.623 (1.146–6.004) 0.022

Aerosolized colistin 1.775 (0.756–4.168) 0.188  

IV colistin duration, per day 1.065 (1.004–1.129) 0.035  

IV colistin dose, per mg/kg/day 0.996 (0.992–1.001) 0.116  

CI, confidence interval; OR, odds ratio.
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However, these studies did not adjust for potential 
confounding factors affecting nephrotoxicity. In our 
study, there was no significant difference in inci-
dence of nephrotoxicity and need for RRT during 
colistin treatment between the non-LD IV group 
and the LD IV group. Although nephrotoxicity 
occurred in approximately half of the overall popula-
tion, which was a higher incidence than in previous 
studies, LD and longer duration of IV colistin treat-
ment were not associated with nephrotoxicity in the 
multivariable analysis. In addition, adjunctive AS 
colistin did not increase the risk of nephrotoxicity. 
These results are consistent with those of previous 
studies that showed no significant association 
between adjunctive AS colistin and nephrotoxic-
ity.31,36–40 However, death is a competing risk which 
precludes the possibility of experiencing the nephro-
toxicity. Therefore, we performed the Fine and Gray 
competing risk regression model. However, the only 
predictor of increased cumulative incidence of 
nephrotoxicity was use of vancomycin.

This study has several limitations. First, our study 
was conducted in a single center and was retro-
spective and observational in nature with a rela-
tively small sample size of patients treated with AS 
colistin. There was no standardization regarding 
the timing of microbiological sampling, therefore, 
there is a potential risk for measurement and selec-
tion bias even though we performed a multiple 
logistic regression analysis to control for potential 
confounding factors. Second, the patients in each 
group received colistin treatment for different time 
periods according to our treatment guidelines, and 
the difference’s potential influence among the 
three groups could not be excluded. Third, we 
only evaluated nephrotoxicity as an indicator of 
safety for colistin treatment. Because we routinely 
performed bronchodilation before administration 
of AS colistin and sedation during mechanical 
ventilation, it was difficult to accurately assess the 
incidence of bronchospasm neurotoxicity, which 
are both associated with colistin.

Conclusion
In critically ill patients with HAP and VAP caused 
by CRGNB, adjunctive AS colistin in combination 
with IV colistin with LD was related to improved 
microbiological outcome and 30-day mortality 
without an increase in nephrotoxicity. Our results 
indicate that adjunctive AS colistin should be con-
sidered as a treatment option in this population. 
However, further prospective, randomized studies 

are required to validate these results and to estab-
lish the safest and most efficient strategies for colis-
tin treatment in patients with HAP and VAP.
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