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Abstract: Carbapenem-resistant Acinetobacter baumannii (CRAB) is one of the most common causes
of nosocomial infections in critically ill patients. Colistin methanesulfonate (CMS), an inactive
prodrug, has been considered as a last-resort treatment for CRAB infection in critically ill patients.
The objective of this study was to assess 30-day survival and nephrotoxicity in critically ill patients
who received non-loading dose (LD) versus LD of CMS for CRAB infection treatment. Between
2012 and 2017, this retrospective cohort analysis was performed at Chiang Mai University Hospital
(CMUH), focusing on critically ill patients with CRAB infection who received either non-LD or LD of
CMS. A total of 383 patients met the criteria for inclusion. At the 30th day of treatment, the survival
rate of patients in the LD CMS group was 1.70 times (adjusted HR) of those in the non-LD group
(95% CI = 1.17–2.50, p = 0.006). Clinical response was significantly higher in the LD CMS group than
non-LD CMS group (aHR, 1.35, 95% CI, 1.01–1.82, p = 0.046). In addition, a microbiological response—
eradication of pre-treatment isolated pathogens in post-treatment cultures—in patients with LD CMS
was 1.57 times that of patients with non-LD CMS (95% CI, 1.15–2.15, p = 0.004). Additionally, there
was a significant difference in nephrotoxicity between LD CMS and non-LD CMS (aHR, 1.57, 95% CI,
1.14–2.17, p = 0.006). Based on these results, LD CMS should be used to increase the opportunity of
patients to achieve favourable outcomes. However, LD CMS was found associated with an increase
in nephrotoxicity, so renal function should be closely monitored when LD colistin was administered.

Keywords: loading dose; colistin; critically ill patients; CRAB; efficacy; safety

1. Introduction

In critically ill patients, carbapenem-resistant Acinetobacter baumannii (CRAB) has
been established as the main treatment for difficult-to-treat nosocomial infection [1]. The
prevalence of CRAB has increased globally over several decades [2]. Outbreaks of CRAB
have been observed in a number of hospitals, especially in intensive care units (ICU) [3–6].
Although Acinetobacter baumannii was originally considered a low virulent pathogen [7,8],
it has recently been well documented that patients infected with CRAB are at a high risk of
mortality [9,10].

Colistin is an antibacterial agent that is made out of polymyxins, specifically polymyxin
E. It has good efficacy against Gram-negative bacteria, including Pseudomonas aeruginosa
and Acinetobacter baumannii, as well as CRAB [11]. Previously, this drug was used very
little due to its nephrotoxicity side effect, but recently it has subsequently returned in
favour as a last-line of defence against carbapenem-resistant Gram-negative bacteria [11].
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The recommended route of administration for colistin is intermittently intravenous (IV)
infusion. Colistin methanesulfonate (CMS) is an inactive prodrug of colistin that has
shown gradual CMS conversion and then caused slow rising of colistin concentrations in
plasma. Therefore, when CMS is given to patients, particularly those who are critically
ill, the loading dose (LD) of CMS is highly recommended to rapidly increase the serum
concentration of the drug [11].

Based on the estimation of unbound colistin concentrations and the previously con-
structed semi-mechanistic pharmacokinetic and pharmacodynamics (PK/PD) model ex-
plaining bacterial elimination, loading dosages of colistin base activity (CBA) higher than
66.66 to 100 mg (1 to 3 million units [MU]) demonstrated a remarkable increase in initial
bacterial killing. Moreover, pharmacokinetic studies recommended a loading dose of 200 to
300 mg CBA (6 to 9 MU) in critically ill patients; such administration significantly provided
faster bacterial eradication and higher clinical cure rate [12]. Plasma concentrations of
produced colistin were reported to increase slowly over several hours or even days after
the start of CMS therapy in critically ill patients [13]. Based on many PK/PD studies, the
2019 international consensus guidelines on the optimal use of polymyxins recommend
starting IV therapy with a 300 mg CBA (9 MU) of CMS loading dose administered over
0.5–1 h, followed by the first maintenance dose within 12–24 h [13]. This guideline also
recommends some possible requirements for future research, such as safety and efficacy
of loading doses [13]. Regarding the recommended issue, the clinical studies relating to
efficacy and safety outcomes of LD CMS in critically ill patients are still limited. As a result,
the objective of this study was to assess the efficacy and safety of high LD of CMS compared
with non-LD of CMS in treatment of CRAB infection in critically ill patients.

2. Materials and Methods

This was a retrospective cohort study that was conducted at Chiang Mai University
Hospital (CMUH). This tertiary teaching hospital consists of 1400 beds that annually
receives approximately 1,300,000 outpatients and 48,000 inpatients. The study was per-
formed between January 2012 and August 2017. The ethical committee for human research
at Chiang Mai University’s Faculty of Medicine approved a waiver of informed consent
for this study which retrospectively collected and anonymously presented the data. All
procedures were carried out in conformity with the applicable rules and regulations.
Patients with monomicrobial infection of carbapenem-resistant and colistin-sensitive A.
baumannii were included. The microbiological database and patient medication records
were reviewed in order to identify patients with CRAB infections. The US Centres for
Disease Control and Prevention (CDC) [14] and infectious disease physicians’ evaluations
were utilized to identify and classify the infections. Patients were included if they were
assessed to be critically ill by physicians, older than or equal to 18 years, admitted to the
intensive care unit (ICU), and had received CMS for more than 2 days to treat a confirmed
CRAB infection. Only patients who had never received any other treatment with CRAB
eradication activities were included in the study. Patients with colonisers or contaminants
in the CRAB cultures, as well as those with incomplete records, were excluded. The patients
were separated into two groups: those who received a high LD and those who did not
receive a LD. Patients in the LD CMS group were administered a LD of 300 mg CBA,
followed by a maintenance dose of 150 mg CBA every 12 h, whilst the other group were
administered only 150 mg of CBA every 12 h.

2.1. Outcome Measurement

The 30-day survival rate, clinical response, and bacteriological response to the treat-
ment were stated to determine efficacy. The primary outcome of this study was a 30-day
survival rate, which was defined as patient survival at the 30th day after starting medica-
tion. The secondary outcomes of interest included clinical response and microbiological
response. Clinical response to treatment was measured by resolution or partial resolution
of presenting symptoms and signs of CRAB infection at the completion of CMS treatment.



Pharmaceutics 2022, 14, 31 3 of 10

Failure to fulfil all criteria for clinical response during CMS treatment was defined as
clinical failure. Microbiological response at the end of therapy was defined as the absence
of CRAB in two consecutive cultures of patient samples that were obtained from the site
of infection after the initial positive culture, whereas microbiological failure was defined
as the presence of CRAB in subsequent specimen cultures. Clinical symptoms as well
as laboratory findings were used to assess safety of the patients. The RIFLE criteria [15]
together with the judgment of physicians were used to define colistin-induced nephrotoxic-
ity. If patients presented any grade of renal dysfunction based on the RIFLE criteria [15],
nephrotoxicity was counted.

2.2. Antimicrobial Susceptibility Testing

All causal bacteria were identified using standard microbiological techniques. The
standard disc diffusion method and an automated bacterial identification and susceptibility
testing system (VITEK 2 system, bioMérieux, Marcy I ‘Etoile, France) were used to test
susceptibility of the organisms. The Clinical and Laboratory Standards Institute (CLSI)
method [16] was used to assess antimicrobial susceptibility. The VITEK 2 system was
used to test A. baumannii antibiotic susceptibility, and broth microdilution was used to test
susceptibility to colistin, with resistance defined as a colistin minimum inhibitory concen-
tration (MIC) breakpoint more than 2 µg/mL. The VITEK 2 system is a fully automated
system that uses fluorogenic technology to identify organisms and a turbidimetric method
to measure susceptibility [17]. A. baumannii was classified as CRAB if it was resistant to any
carbapenem but susceptible to colistin.

2.3. Statistical Analysis

To compare the differences in the main results, descriptive statistics were used to anal-
yse categorical data including percentage, frequency, average, and standard deviation in
order to explain the general features and fundamental information of the patients. Fisher’s
exact test was used to compare baseline categorical data. Other statistical approaches
included independent T-test for normally distributed data and Mann–Whitney U test for
non-normally distributed data. The significance threshold of all analyses was 0.05.

Propensity score inverse probability weighted (IPW) regression was used to adjust
potential biases due to imbalanced baseline characteristics of the treatment and control
groups. Using multivariable logistic regression, the propensity score of covariates including
hypertension, cardiovascular disease, diabetes mellitus, chronic kidney disease, chronic
obstructive pulmonary disease, septic shock, mechanical ventilation during infection,
Charlson score, APACHE II score, baseline serum creatinine, baseline glomerular filtration
rate (GFR), total CMS dose, vasopressor, diuretic drug, pneumonia, and urinary tract
infection were obtained and used adjustment with an inclusion criterion of p < 0.25.

The weights were then used to evaluate outcomes for two groups using cause-specific
Cox proportional hazards regression models to account for the time to event. The primary
and secondary outcomes were investigated using a univariate Cox regression analysis.
A Cox proportional hazards regression model was used to estimate the adjusted hazard
ratios (HR) and 95 percent confidence intervals (CI) of relevant components (IPW using the
propensity score for baseline covariate adjustment). For all analyses, a 2-sided p-value of
0.05 was considered statistically significant.

Covariates with p-value ≤ 0.25 in the univariate nephrotoxicity analysis and other
variables (i.e., age, gender, hypertension, cardiovascular disease, diabetes mellitus, chronic
kidney disease, chronic obstructive pulmonary disease, malignancy, mechanical ventilation,
Charlson score, APACHE II score, baseline SCr, baseline GFR, total CMS dose, aminogly-
cosides, diuretics, amphotericin B, vasopressor and vancomycin) that showed the trend
toward association with nephrotoxicity were entered into the Cox regression multivariable
model in a backward stepwise elimination to identify independent predictors of nephrotox-
icity in all critically ill patients. Finally, the complete model eliminated one factor at a time
until all factors remained statistically significant at a 5% significance level, regardless of
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their p-values. The adjusted Hazards ratio (aHR) and 95 percent confidence interval were
used to express the results of the Cox regression (CI). Stata software, version 14 was used
to analyse the data (Stata Corp, College Station, TX, USA).

3. Results

There were 383 critically ill patients with CRAB infections who met the inclusion
criteria and recruited for analysis. Of them, 239 cases (62.40%) were female, and the
average age of all patients was 66.15 ± 16.08 years. Hypertension and coronary artery
disease were the most common underlying diseases (Table 1). Two hundred and fifty-nine
patients (67.62%) were in the LD CMS group and 124 patients (32.38%) were in the non-LD
group. The comparisons of patient characteristics between LD and non-LD groups are
shown in Table 1.

Table 1. Demographic and clinical characteristics of patients received LD CMS compared to non-LD
CMS therapy.

Characteristic Non-LD CMS
(n = 124)

LD CMS
(n = 259) p-Value

Sex, n (%)
Male 50 (40.32) 94 (36.29) 0.499

Female 74 (59.68) 165 (63.71)
Age, mean ± SD (year) 65.71 ± 16.19 66.35 ± 16.06 0.717

Duration of treatment ± SD (days) 9.95 ± 6.22 8.91 ± 7.00 0.161
Comorbidities * n (%) 109 (87.90) 234(90.35) 0.478

Hypertension 66 (53.23) 108(41.70) 0.038
Cardiovascular disease 51 (41.13) 76(29.46) 0.028

Diabetes mellitus 37 (29.84) 38 (14.67) 0.001
Chronic kidney disease 56 (45.16) 36(13.95) 0.001

Chronic obstructive
pulmonary disease 16(12.90) 50(19.31) 0.148

Malignancy 26 (20.97) 70 (27.03) 0.211
Chronic liver disease 8(6.45) 17(6.59) 1.000
Septic shock, n (%) 120 (96.77) 242 (93.44) 0.233

Mechanical ventilation, n (%) 115 (92.74) 223 (86.10) 0.063
Charlson Score, mean ± SD 4.88 ± 2.41 4.42 ± 2.20 0.066

APACHE II score, mean ± SD 13.57± 4.03 12.69 ± 4.22 0.054
Baseline SCr, mg/dl, median (IQR) 1.6 (0.9–2.7) 1.0(0.5–1.9) 0.003

Baseline GFR, ml/min, median (IQR) 38.75 (16.5–65.09) 65.45 (29.08–100.47) 0.001
Total CMS dose, mean ± SD (g) 1.61 ± 1.38 2.19 ± 1.49 0.001

Type of nephrotoxic
medications #, n (%)

Aminoglycosides 4 (3.23) 6 (2.32) 0.733
Diuretics 91 (73.39) 224 (86.49) 0.003

Amphotericin B 14 (11.29) 24 (9.27) 0.585
Vasopressor 120 (96.77) 242 (93.44) 0.233
Vancomycin 88 (70.97) 167 (64.48) 0.247

Length of hospital stay,
mean ± SD (day) 39.33 ± 26.69 37.66 ± 28.51 0.582

Site of CRAB infection
Pneumonia 108 (87.10) 210 (81.08) 0.149
Bacteremia 4 (3.23) 14 (5.41) 0.444

UTI 11 (8.87) 36 (13.90) 0.185
Other 5 (4.03) 15 (5.79) 0.625

Colistin MICs, µg/mL, median
(min-max) 0.25 (0.084–1.5) 0.25 (0.064–1.5) 0.868

SCr, serum creatinine; SD, standard deviation; UTI, urinary tract infection; Other, inter costal drainage and surgical
site infection; IQR, interquartile range; MIC, minimum inhibitory concentration; * Each patient could have more
than 1 diseases; # Each patient could have more than 1 drugs.
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The median minimum inhibitory concentrations (MICs) of colistin against CRAB in
the LD CMS group and non-LD CMS group were 0.25 µg/mL. All CRAB isolates in this
study were susceptible to colistin.

The results of the univariate analysis of 30 days survival rate was calculated (156/383,
40.73%), with 30-day survival rates of 42.08% and 37.90% of the patients in the LD and non-
LD CMS groups (Crude HR: 1.35, 95% CI: 0.96 to 1.91; p = 0.082), respectively. The total rate
of clinical response was 54.83% (210/383), divided into 54.83% in the LD CMS and 54.84%
in the non-LD CMS groups (Crude HR: 1.21, 95% CI: 0.91 to 1.62; p = 0.189). The average
rate of microbiological response was 56.65% (217/383), with microbiological response rates
of 57.91% and 54.03% in patients with and without LD CMS therapy (Crude HR: 1.30, 95%
CI: 0.97 to 1.73; p = 0.073), respectively. Additionally, the rate of nephrotoxicity at any stage
of RIFLE criteria (risk, injury, failure, loss of kidney function, and end-stage kidney disease)
was 56.76% and 32.26% in the LD and non-LD CMS groups (Crude HR: 2.01, 95% CI: 1.47
to 2.85; p = 0.001), respectively. All analyses of crude outcomes after univariate analysis are
shown in Table 2.

Table 2. Cox regression analysis of outcomes for critically ill patients receiving LD CMS and non-LD
CMS therapy (n = 383).

Variable Non-LD CMS
(n = 124)

LD CMS
(n = 259)

Crude HR
(95% CI) p-Value Adjusted HR *

(95% CI) p-Value

Efficacy
Primary outcome
30 days survival 47 (37.90) 109 (42.08) 1.35 (0.96–1.91) 0.082 1.70 (1.17–2.50) 0.006

Secondary
outcomes

Clinical response 68 (54.84) 143 (54.83) 1.21 (0.91–1.62) 0.189 1.35 (1.01–1.82) 0.046
Microbiological response 67 (54.03) 150 (57.91) 1.30 (0.97–1.73) 0.073 1.57(1.15–2.15) 0.004

Safety
Nephrotoxicity
(RIFLE criteria) 40 (32.26) 147 (56.76) 2.01 (1.47–2.85) 0.001 1.57 (1.14–2.17) 0.006

- Risk 19 (15.32) 44 (16.98)
- Injury 9 (7.25) 46 (17.76)
- Failure 10 (8.06) 56 (21.62)
- Loss 1 (0.80) 1 (0.38)
- ESRD 1(0.80) 0 (0.00)

CI, confidence interval; * Inverse probability weighting using the propensity score for baseline covariate adjust-
ment; HR, hazard ratio.

The multivariate Cox regression analysis (IPW using the propensity score for baseline
covariate adjustment) showed that LD CMS was associated with a significant increase in
30-day survival rate (aHR: 1.70, 95% CI: 1.17–2.50; p = 0.006), clinical response (aHR: 1.35,
95% CI: 1.01–1.82; p = 0.046) and microbiological response (aHR: 1.57, 95% CI: 1.15–2.15;
p = 0.004) as compared to non-LD CMS. However, a LD CMS substantially increased the
risk of nephrotoxicity (aHR: 1.57, 95% CI: 1.14–2.17; p = 0.006), compared to non-LD CMS
(Table 2). All outcomes for critically ill patients receiving LD CMS and non-LD CMS therapy
are shown in Figure 1.

Risk Factors Associated with Nephrotoxicity

We found that the significant risk factors for nephrotoxicity were elderly (age ≥ 60
years; aHR: 2.06, 95% CI: 1.96 to 2.17; p = 0.001), received vasopressors (aHR: 1.22, 95% CI:
1.11 to 1.34; p = 0.001), received LD CMS (aHR: 1.70, 95% CI: 1.07 to 2.70; p = 0.026), male
(aHR: 1.45, 95% CI: 1.29 to 1.63; p = 0.001), received amphotericin B (aHR: 1.08, 95% CI: 1.02
to 1.16; p = 0.016), and high APACHE II score (aHR: 1.03, 95% CI: 1.01 to 1.04; p = 0.001)
(Table 3).



Pharmaceutics 2022, 14, 31 6 of 10

Pharmaceutics 2022, 13, x FOR PEER REVIEW 6 of 11 
 

 

2.15; p = 0.004) as compared to non-LD CMS. However, a LD CMS substantially increased 
the risk of nephrotoxicity (aHR: 1.57, 95% CI: 1.14–2.17; p = 0.006), compared to non-LD 
CMS (Table 2). All outcomes for critically ill patients receiving LD CMS and non-LD CMS 
therapy are shown in Figure 1. 

 
Figure 1. Forest plot of hazard ratios and 95 % confidence intervals of outcomes for critically ill 
patients receiving LD CMS and non-LD CMS therapy. 

Risk Factors Associated with Nephrotoxicity 
We found that the significant risk factors for nephrotoxicity were elderly (age ≥ 60 

years; aHR: 2.06, 95% CI: 1.96 to 2.17; p = 0.001), received vasopressors (aHR: 1.22, 95% CI: 
1.11 to 1.34; p = 0.001), received LD CMS (aHR: 1.70, 95% CI: 1.07 to 2.70; p = 0.026), male 
(aHR: 1.45, 95% CI: 1.29 to 1.63; p = 0.001), received amphotericin B (aHR: 1.08, 95% CI: 
1.02 to 1.16; p = 0.016), and high APACHE II score (aHR: 1.03, 95% CI: 1.01 to 1.04; p = 
0.001) (Table 3). 

Table 3. Multivariable Cox regression model for significant predictors of risk factors for nephrotox-
icity among all critically ill patients. 

Variable a Non-Nephrotoxicity  
(n = 188) 

Nephrotoxicity  
(n = 187) 

aHR (95% CI)  p Value 

LD CMS 112 (59.57) 147 (78.61) 1.70 (1.07–2.70) 0.026 
Age ≥ 60 118 (62.77) 141 (75.40) 2.06 (1.96–2.17) 0.001 

Male 63 (33.51) 77 (41.18) 1.45 (1.29–1.63) 0.001 
Vasopressor 173 (92.02) 181 (96.79) 1.22 (1.11–1.34) 0.001 

Amphotericin B 16 (8.51) 21 (11.23) 1.08 (1.02–1.16) 0.016 
APACHE II score 14 (13–19) 19 (15–22) 1.03 (1.01–1.04) 0.001 

Baseline GFR 52.14 ± 25.66 46.20 ± 26.06 1.00 (1.00–1.01) 0.144 
a Factors that were evaluated but did not remain in the stepwise backward regression model in-
cluded baseline serum creatinine, hypertension, cardiovascular disease, diabetes mellitus, chronic 
kidney disease, chronic obstructive pulmonary disease, malignancy, mechanical ventilation, 
Charlson score, total CMS dose, aminoglycosides, diuretics and vancomycin. 

4. Discussion 
The efficacy of LD CMS versus non-LD CMS in the treatment of critically ill patients 

with CRAB infections was investigated in this study. Our findings showed that patients 
treated with LD CMS had greater 30-day survival rate, higher clinical response and higher 
microbiological responses than patients treated with non-LD CMS. However, the inci-
dence of nephrotoxicity was also higher in patients with LD CMS than non-LD CMS. 
Based on these findings, to achieve favourable outcomes, LD CMS is suggested together 
with close monitoring of renal function. 

The labelling dose instructions on the package of CMS might not always result in 
optimal therapeutic serum concentrations. Several pharmacokinetic studies have shown 
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Table 3. Multivariable Cox regression model for significant predictors of risk factors for nephrotoxicity
among all critically ill patients.

Variable a Non-Nephrotoxicity
(n = 188)

Nephrotoxicity
(n = 187) aHR (95% CI) p Value

LD CMS 112 (59.57) 147 (78.61) 1.70 (1.07–2.70) 0.026
Age ≥ 60 118 (62.77) 141 (75.40) 2.06 (1.96–2.17) 0.001

Male 63 (33.51) 77 (41.18) 1.45 (1.29–1.63) 0.001
Vasopressor 173 (92.02) 181 (96.79) 1.22 (1.11–1.34) 0.001

Amphotericin B 16 (8.51) 21 (11.23) 1.08 (1.02–1.16) 0.016
APACHE II score 14 (13–19) 19 (15–22) 1.03 (1.01–1.04) 0.001

Baseline GFR 52.14 ± 25.66 46.20 ± 26.06 1.00 (1.00–1.01) 0.144
a Factors that were evaluated but did not remain in the stepwise backward regression model included baseline
serum creatinine, hypertension, cardiovascular disease, diabetes mellitus, chronic kidney disease, chronic obstruc-
tive pulmonary disease, malignancy, mechanical ventilation, Charlson score, total CMS dose, aminoglycosides,
diuretics and vancomycin.

4. Discussion

The efficacy of LD CMS versus non-LD CMS in the treatment of critically ill patients
with CRAB infections was investigated in this study. Our findings showed that patients
treated with LD CMS had greater 30-day survival rate, higher clinical response and higher
microbiological responses than patients treated with non-LD CMS. However, the incidence
of nephrotoxicity was also higher in patients with LD CMS than non-LD CMS. Based on
these findings, to achieve favourable outcomes, LD CMS is suggested together with close
monitoring of renal function.

The labelling dose instructions on the package of CMS might not always result in
optimal therapeutic serum concentrations. Several pharmacokinetic studies have shown
that a CMS dose higher than currently indicated on package labels might provide significant
clinical benefits. Many recent studies have also shed light on the pharmacodynamic (PD)
and pharmacokinetic (PK) aspects of colistin. The colistin’s PD profile is summarized as
concentration dependent [18–20], so the ratio of area under the curve to the MIC (AUC/MIC
ratio) is the best PK-PD parameter to reflect the effectiveness profile of colistin, particularly
if the therapeutic goal is 50 to 65 mg h/L [18,21,22].

The difference in chemical composition (degree of methanesulfonation) of the CMS
among a different brand or batch of available CMS products in the market is suspected
relating to the concentration of colistin in patient serum [13]. For a brand or batch that
slowly converts to colistin, the justification for a loading dose would be more persuasive.
Unfortunately, there is currently no method to predict the rate of in vivo conversion for a
specific batch. Additionally, the mechanism of loading dose colistin that affects the risk
of developing kidney injury is still unclear [13]. However, in case patients need urgent
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antibiotic delivery, the therapeutic benefits of a loading dose may outweigh the risk of
nephrotoxicity [13]. Although the guidelines recommend the initiation IV CMS therapy
with a loading dose of 300 mg CBA (9 MU), this recommendation is based on many studied
PK/PD data. Therefore, there is still a need for more information on the safety and efficacy
of the loading dose colistin [13].

Dosing recommendations based on novel pharmacokinetic data, i.e., loading dose,
were presented by Garonziket al. [21] and are now being used in clinical practice. As
a result, some studies have tried to investigate the advantage of this LD regimen. For
instance, Dalfino et al. [23] revealed favourable results in their cohort of 28 patients with
bloodstream infections and ventilator-associated pneumonias. The patients receiving high-
dose, extended-interval CMS were reported to achieve an 82.1% clinical cure rate [23].
However, there was no control group to compare the results in the mentioned study. Addi-
tionally, only small numbers of patient were studied. Another prospective observational
study [24] was conducted to investigate the pharmacokinetics of CMS and colistin in
critically ill patients, as well as potential relationship to clinical effectiveness and renal
function. Twenty critically ill adult patients with colistin-susceptible multidrug-resistant
(MDR) infections and normal renal function were treated with 9 MU LD of CMS, followed
by a maintenance dose of 3 MU three times a day for 24 h. Klebsiella pneumoniae and
Acinetobacter spp. were two major pathogens of infection in those patients. The results
indicated that their clinical cure rate was 50% (10/20). Average of peak concentrations
of colistin post-loading dose in the “cure” and “failure” groups were 3.0 ± 1.1 mg/L
(1.75–5.14) and 2.37 ± 1.2 mg/L (1.52–5.54), respectively (p = 0.13). On the seventh day of
treatment, the rate of nephrotoxicity was 5% [24].

This recent study, with more recruited patients, observed a significantly higher 30-day
survival rate, higher clinical response and higher microbiological response in patients
utilising LD CMS group as compared to non-LD CMS group. These findings were consistent
with many prior studies [25–27]. For example, Trifi et al. [25] compared high-dose CMS to
regular dosage CMS in 92 patients with multidrug-resistant, Gram-negative bacilli infection.
The results showed that patients with high-dose CMS had a greater clinical cure rate than
those with regular doses (63% versus 41.3 %, p = 0.04) [25]. However, this study did not
include critically ill patients to be analysed.

Another retrospective, single-centre, cohort study [26] was performed with 127 patients;
45 (35%) patients received a high-dose of CMS (9 MU per day, 300 mg CBA), whereas 82
(65%) patients received a low-dose of the drug. Using bivariate and multivariate analyses,
a high dose CMS was found to be correlated with 7-day global cure (40% versus 19.5%;
p = 0.013) with an odds ratio (OR) of 3.40; 95%CI, 1.37 to 8.45; p = 0.008). Nonetheless, this
study did not report the incidence of acute renal injury due to the drug [26].

Similarly, a retrospective study [27] evaluated the target average steady-state total
plasma concentrations (Css,avg) of colistin that affected the efficacy and safety of IV CMS
therapy in critically ill patients. A total of 153 critically ill patients (71% were men) who
received IV CMS were included for analysis. The desired goal of Css,avg of CMS was
calculated using each patient’s daily CMS dose and creatinine clearance. There was no
significant indicator of clinical cure found in this study. However, based on multiple logistic
regression analysis, the use of IV CMS loading dose was significantly associated with
microbiological eradication (OR: 2.783, 95% CI: 1.126–6.880; p = 0.027). Colistin-induced
nephrotoxicity also significantly less appeared in individuals who received inhaled colistin
compared to systemic CMS therapy (OR: 0.331, 95% CI: 0.119–0.925; p = 0.035) [27].

There is a meta-analysis [28] that aimed to evaluate the effect of LD together with
high-dose maintenance regimens of CMS on the rate of treatment success and risk of
nephrotoxicity. A total of 1115 patients from eight studies (three prospective and five
retrospective studies) were analysed. The results indicated that LD CMS associated with
higher microbiological success [risk ratio (RR) = 1.23, 95% CI = 1.10–1.39] but not clinical
success (RR = 1.04, 95%CI = 0.87–1.24). Additionally, no significant relationships were
observed for nephrotoxicity (RR = 1.31, 95% CI = 0.90–1.91) and mortality (RR = 1.03, 95%
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CI = 0.82–1.29). In addition, this meta-analysis suggested that future studies are needed to
determine the dose schedule that will present the best balance between therapeutic efficacy
and safety [28].

Although previous studies [25–27] reported positive outcomes among patients receiv-
ing high doses of CMS for the treatment of various infections caused by Gram-negative
bacteria, they did not aim to compare LD-CMS and non-LD CMS treatment in critically ill
patients [25–27].

Nephrotoxicity is one of the most frequent and serious side effects in patients treated
with colistin. Several previously published studies discovered and reported that nephro-
toxicity—evaluated by the RIFLE criteria—ranged from 20% to 69% with a dose-dependent
effect [29–31]. In the present study, nephrotoxicity was observed in 56.76% of the patients in
LD CMS group and 32.26% of the patients in non-LD dose group. This rate was consistent
with several earlier studies as well as our previous studies [29–33]. Additionally, those stud-
ies indicated that colistin-induced nephrotoxicity appeared to be dose dependent [29–33].
Likewise, the results in this recent study showed that LD CMS was independently associ-
ated with nephrotoxicity (HR: 1.57, 95% CI: 1.14–2.17; p = 0.006). Moreover, multivariate
Cox regression analysis was used to identify variables that were independently associated
with nephrotoxicity in patients. It was found that vasopressor use, amphotericin B use, LD
CMS administration, male gender, high APACHE II score, and older than 60 years of age
were associated with an increased risk of nephrotoxicity. Therefore, close monitoring of the
renal function is needed in critically ill patients with at least one of these risk factors.

Regarding the fact that a 9 MU LD of CMS is not always administered in real clinical
practice, there is a possibility that many patients usually receive lack of LD or inadequate
LD CMS (less than 9 MU). According to the study of Giacobbe et al. [34] that assessed
CMS use in an area with common multidrug-resistant Gram-negative bacteria, the results
showed that 79% of patients (221 adult patients) received a LD of 9 MU of CMS and 85% of
them received sufficient maintenance doses [34]. Focusing Chiang Mai hospital, there are
some clinicians who do not follow the international guideline recommendation of 9 MU LD
of CMS. However, one of the inclusion criteria of this study was only patients who received
300 mg CBA (equivalent to 9 MU) were categorised as LD CMS. It was therefore assured
that all patients of the LD group in this study received an adequate loading dose of CMS.
Additionally, the observed results in this study should be applied to only patients receiving
9 MU LD of CMS and should not be extrapolated to other doses of loading dose colistin.

There were several limitations in the present study. Firstly, significant variation in
patient characteristics between the therapy groups was still observed, despite the fact that
the authors tried to adjust them with various methods. In fact, the detected differences
were also found in other retrospective investigations and were arduous to eliminate. A
propensity score IPW method was applied to manage the known baseline characteristics.
Furthermore, Cox proportional hazards regression was applied to adjust variables that
were different between the LD CMS and non-LD CMS groups. Secondly, because this
was a single-centre study, the distribution of MIC might have varied depending on local
epidemiology, and potentially affected the impact of outcomes. Thirdly, the current study
was limited to a certain age group. The average age of patients in this study was 65.71 years
and 66.35 years in the LD and non-LD CMS groups, respectively. This highlighted that most
patients were old and therefore more susceptible to develop drug resistance than a younger
population, due to a weak immune system and other clinical history. The application of
findings in this study should focus on elderly rather than critically ill patients at all ages.

Generally, the present study is a part of the vast literature related to the use of CMS,
and demonstrably considers the serious issues of LD CMS in severe patients suffering from
CRAB infections. This study also reiterates the well-known nephrotoxic effects associated
with the LD CMS, which have always led to an absolutely cautious use of the CMS. In
addition, the data obtained by the present study also confirm the need to monitor LD CMS
therapy. The present study should therefore be considered as a further confirmation of
what is already known on the clinical use of colistin, particularly in Thai hospitals.
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5. Conclusions

When comparing non-LD to LD CMS, this study found a strong correlation between
LD CMS and several outcomes in critically ill patients with CRAB infections, including
30-day survival, and clinical and microbiological rates. However, LD CMS was also
significantly correlated with the incidence of nephrotoxicity. Therefore, based on the results,
LD CMS should be used in critically ill patients with CRAB infection, but rigorous and
close monitoring of the renal function is also needed. In addition, nephrotoxicity should be
more extensively monitored and appropriately managed if patients are older than 60 years,
are male, use vasopressors, use amphotericin B, or have high APACHE II scores.
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