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ABSTRACT
Introduction: Nephrotoxicity is the most important adverse effect of colistin therapy. We investi-
gated the frequency of nephrotoxicity, risk factors related to nephrotoxicity, and its relationship
with mortality in patients who received intravenous colistin in intensive care units (ICUs).
Materials and methods: We retrospectively reviewed the data of patients who received intra-
venous colistin in ICUs between 2011 and 2017. Acute kidney injury (AKI) diagnosis and staging
were made based on the Kidney Disease Improving Global Outcome criteria.
Results: There were 149 patients included in the study with 61% being male. The mean age was
58.7 ±20.3 years. AKI was detected in 96 (64.4%) patients. There were 25 patients with AKI stage
1 (16.8%) and 71 patients with AKI stage 2 or 3 (47.7%). Advanced age (65.0 vs. 47.4 years;
p< .001), diabetes mellitus (p< .001), heart failure (p¼ .01), high APACHE II score (31.7 vs. 28.08,
p¼ .019), and inotrope usage (p¼ .01) were found as risk factors for AKI. The 14-day mortality
rate was higher in the AKI group (p¼ .027).
Discussion: Higher AKI and mortality rates are observed in patients with diabetes, heart failure,
advanced age and the hemodynamically impaired. However, it is a fact that there are no alterna-
tive therapies other than colistin in the treatment of multidrug-resistant Gram-negative bacterial
infections. Therefore, the development of AKI in this patient group should not be considered a
sufficient reason for discontinuing colistin treatment. Understanding the risk factors in this poten-
tial nephrotoxic treatment can provide a more careful patient follow-up.
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Introduction

In recent years, there is an increase in multidrug-resist-
ant (MDR) Gram-negative bacterial infections, particu-
larly in those admitted to intensive care units (ICUs).
The increasing prevalence of infections due to MDR
Gram-negative bacteria constitutes a serious threat to
public health. Current treatment options are limited
and the development of new antimicrobial agents is
very slow. Infections due to MDR strains are associated
with increased morbidity and mortality and prolonged
hospitalization [1]. It has become increasingly challeng-
ing to treat infections caused by Gram-negative micro-
organisms such as Pseudomonas aeruginosa,
Acinetobacter baumanii and Klebsiella pneumonia which
may gain resistance against cephalosporins, quinolones
and carbapenems. Polmyxins which are used in the
treatment of MDR Gram-negative bacterial infections

are classified into 5 groups (A–E). Polymyxin A, C and D
are not used due to severe toxicity issues in clinical
practice [2]. Polymyxin B is used in United Kingdom,
Brazil, Malaysia, Singapore and India. Colistin, also
known as polymyxin E, is preferred worldwide [3] and
was introduced into clinical practice in 1959. However,
cephalosporins, amikacin and other effective antibiotics
replaced colistin over time since nephrotoxic and
neurotoxic adverse effects were observed in the 1970s
[2,4,5]. The increase in Gram-negative bacterial infec-
tions has resulted in de novo colistin use, an antibacter-
ial agent which has been forgotten. Nephrotoxicity is
the most important adverse effect related to colistin
treatment, which has been reported as 20–60% in dif-
ferent studies [6–9]. Colistin-induced acute kidney
injury (AKI) appears to be due to an increase in tubular
epithelial cell membrane permeability resulting in cell
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swelling and cell lysis [10]. Studies on patients with
MDR Gram-negative bacterial infections and given
intravenous colistin are important. Generally, there is
no alternative treatment to colistin. Understanding the
risk factors well in this potential nephrotoxic treatment
can provide a more careful patient follow-up. In our
study, we investigated the frequency of nephrotoxicity,
risk factors related to nephrotoxicity and its relationship
with mortality in patients received intravenous colistin
in intensive care units.

Materials and methods

This retrospective study was performed among patients
admitted to tertiary ICUs and received intravenous
colistin for MDR Gram-negative infection between April
2011 and December 2017.

The study population included patients older than
18 years who received colistin over 48 h, had a daily
300mg dose of colistin and had an estimated glomeru-
lar filtrate rate (eGFR) value �60mL/min/1.73 m2 at the
initiation of colistin therapy. The exclusion criteria were
as follows: <18 years of age, colistin therapy shorter
than 48 h, the daily colistin dose was not 300mg, e-GFR
value <60mL/min/1.73 m2 and the presence of acute
kidney injury (AKI) at the time of initiation of colistin
therapy. The e-GFR value was calculated with the
Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) formula. AKI was defined according to Kidney
Disease Improving Global Outcome (KDIGO) guidelines
(Table 1) [11]. No urine criterion was used for AKI defin-
ition as we failed to obtain data about decreased urine
output. The primary endpoint was nephrotoxicity; the
secondary endpoint was mortality.

Data related to cause of hospitalization, demo-
graphic characteristics, comorbid diseases, other

nephrotoxic agents (non-steroid anti-inflammatory
drugs, contrast material, vancomycin, piperacillin-tazo-
bactam, aminoglycoside, amphotericine B) if given,
colistin dose and duration, APACHE II scores were
recorded in all patients. The KDIGO Clinical Practice
Guideline was used for AKI staging (Table 1) [11]. Urine
criterion was not used for staging. Only the first colistin
episode was included in the analysis of patients who
received more than one episode. The creatinine values
on days �2, 0 (first day of colistin therapy), 3, 6, 9, 12
and 15 were included in the analysis. Patients with an
increase in serum creatinine (�0.3mg/dl according to
the initial value), but whose serum creatinine value
declined to basal values while undergoing treatment,
were considered more easily curable causes, such as
pre-renal AKI, and not colistin-associated AKI; therefore,
AKI was not accepted. AKI was diagnosed based on
comparing the values between the last and first days of
treatment. All diagnoses of chronic diseases throughout
10 years before index hospitalization were screened on
the hospital computing system. Data regarding antibi-
otics with nephrotoxic potential, contrast material use,
and non-steroidal anti-inflammatory drugs (NSAIDs)
were obtained from patient files.

Data analysis was done using the SPSS 16.0 for
Windows software (SPSS Inc, Chicago, IL, USA).
Descriptive statistics were used for demographic data.
Frequency and percentages were used for categorical
variables. Kolmogorov–Smirnov test was performed to
determine the normal distribution of parameters such
as age, APACHE II score and basal creatinine. We
applied independent samples t-test as parametric tests
to those showing normal distribution and
Mann–Whitney U test as nonparametric tests to those
without normal distribution. Chi-square and Fisher’s
exact tests were used to compare the data of no AKI

Table 1. Definition and staging of acute kidney injury.
Definition of AKI
Increase in serum creatinine by �0.3mg/dL (�26.5 micromol/L) within 48 hours
OR
Increase in serum creatinine to �1.5 times baseline, which is known or presumed to have occurred within the prior seven days,
OR
Urine volume <0.5mL/kg/hour for six hours�
Staging of AKI
Stage SCr UO*

1 1.5–1.9 times baseline <0.5mL/kg/h for 6–12 hour
OR
�0.3mg/dl(�26.5 mmol/l)increase

2 2–2.9 times baseline <0.5mL/kg/h for � 12 hours)
3 3.0 times baseline <0.3mL/kg/h for �24 hours

OR OR
Increase in serum creatinine to Anuria for �12 hours
�4.0mg/dl(�353.6 mmol/l)
OR
Initiation of renal replacement therapy

�No urine criterion was used for AKI definition and staging as we failed to obtain data related to decreased urine output. UO: urine output; SCr:
serum creatinine.
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and AKI groups expressed by ratios. A p value <.05 was
considered statistically significant.

Results

We reviewed 223 patients who received intravenous
colistin. There were 20 patients with missing data, 17
patients with eGFR <60mL/min at the start of treat-
ment, 14 patients not taking 300mg of colistin daily, 12
patients with AKI at the beginning of the treatment, 9
patients with treatment duration less than 48 h, and 2
patients under 18 years of age; these patients were
excluded from the study. The final analysis included
149 patients (Figure 1). Of these patients, 61% were
male and the mean age was 58.7 ± 20.3 years
(18–98 years). The most common infections were pneu-
monia (49.3%) and sepsis (20.3%). A. baumanii, K. pneu-
monia and P. aeruginosa were the most isolated agents
for infection (68.5%, 17.4% and 10.1%, respectively).
Colistin treatment was initiated according to culture
test results in almost all patients and only one patient
received empirical therapy. Colistin was given at a daily
dose of 300mg/day divided into two doses per day.
Loading dose was used in 116 patients (77.8%).
Loading dose was 300mg for all patients. The loading
dose did not increase AKI risk (p¼ .116). Mean length of
stay was 80.2 ± 60.8 days (13–365 days) and mean dur-
ation of colistin use was 12.5 ± 5.4 days (3–36 days).

AKI was detected in 96 (64.4%) patients based on
the KDIGO criteria. Stage 1 AKI and severe AKI (stages

2–3) were observed in 25 patients (16.8%) and in 71
patients (47.7%), respectively. AKI occurred within the
first 3 days in 32.3%, within the first 6 days in 58.3%,
and within the first 9 days in 77.1% of patients. It was
found that factors such as sex, diagnosis at admission,
isolated microorganisms, mechanical ventilation, central
catheter, urinary catheter, parenteral/enteral nutrition,
trauma history and surgical history had no significant
effect on AKI development (Table 2). The AKI risk was
increased by advanced age, high APACHE II score, ino-
trope usage, heart failure and diabetes mellitus (DM).
AKI was observed in 32 of 35 patients with DM
(p< .001). Mean age was 65.0 and 47.4 years in AKI and
non-AKI groups, respectively (p< .001). Overall, 101
patients died (67.8%). We considered only deaths that
occurred within the first 14 days (59.4%; n¼ 60) after
the start of colistin treatment because deaths occurred
over a long period of time (3–168 days); many may not
be associated with colistin in such a prolonged period.
We found that the 14-day mortality rate was signifi-
cantly higher in the AKI group compared to the No-AKI
group (p¼ .027). Additionally, mortality was signifi-
cantly higher in patients who received inotropic agents
(p< .001). We compared severe AKI (stages 2–3) with
AKI stage 1 and no-AKI groups. The parameters of DM,

Figure 1. Evaluation process of the patients.

Table 2. Patient demographics and risk factors for acute kid-
ney injury.

NO-AKI AKI 1-3 p Value Test

Total number (n, %) 53 (35.6%) 96 (64.4%)
Age (year, ±SD) 47.4 (±20.6) 65.0 (±17.2) <.001 MVU
Female (n, %) 25 (47.2%) 33 (34.4%) .125 Chi-S
Comorbidities
Diabetes mellitus (n, %) 3 (5.7%) 32 (33.3%) <.001 Chi-S
Hypertension (n, %) 16 (30.2%) 39 (40.6%) .209 Chi-S
Heart failure (n, %) 3 (5.7%) 21 (21.9%) .01 Chi-S
Malignancy (n, %) 2 (3.8%) 5 (5.2%) 1.0 FET
Asthma/COPD (n, %) 7 (13.2%) 18 (18.8%) .386 Chi-S

Risk factors
Trauma (n, %) 9 (17%) 16 (16.8%) .961 Chi-S
Surgery (n, %) 18 (34%) 22 (22.9%) .145 Chi-S
MV (n, %) 38 (71.7%) 77 (80.2%) .236 Chi-S
Central catheter (n, %) 38 (71.7%) 75 (78.1%) .38 Chi-S
TPN (n, %) 18 (34%) 36 (37.5%) .667 Chi-S
Pip/tazo using (n, %) 3 (5.7%) 12 (12.5%) .184 Chi-S
AG using (n, %) 2 (3.8%) 4 (4.2%) 1.0 FET
CT (n, %) 8 (15.1%) 11 (11.5%) .524 Chi-S
Colistin loading (n, %) 37 (71.2%) 79 (82.3) .116 Chi-S

Microorganism
Acinetobacter spp (n, %) 38 (71.7%) 64 (66.7%) .527 Chi-S
Klebsiella spp (n, %) 9 (17%) 17 (17.7%) .911 Chi-S
Pseudomonas spp (n, %) 3 (5.7%) 12 (12.6%) .178 Chi-S
APACHE II score (±SD) 28.08 (±8.5) 31.7 (±9.7) .019 MVU
Inotrop using (n, %) 16 (30.2%) 50 (52.1%) .01 Chi-S
Baseline SCr (±SD) 0.49 (±0.23) 0.6 (±0.23) .008 ITT
14 days mortality (n, %) 15 (28.3%) 45 (46.9%) .027 Chi-S

COPD: Chronic obstructive pulmonary disease; MV: Mechanical ventilation;
TPN: Total parenteral nutrition; Pip/tazo: Piperacillin/tazobactam; AG:
Aminoglycoside; CT: Computed tomography with radiocontrast; APACHE
II: Acute Physiology And Chronic Health Evaluation II; SCr: Serum creatin-
ine; MVU: Mann–Whitney U Test; FET: Fisher’s exact test; Chi-S: Chi-square
test; ITT: Independent samples t-test.
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heart failure, inotropic use, APACHE II score, mean age,
and 14-day mortality were not different between the
AKI stage 1 and AKI stages 2–3 groups. However, all of
these factors were significantly different between the
No-AKI vs. AKI stages 2–3 comparison (Table 3).

We did not obtain any information about neurotoxic
side effects of colistin from the patient files.

Discussion

Currently, colistin has regained popularity due to an
increased rate of MDR Gram-negative microorganism
infections. Colistin-related nephrotoxicity rates have
been reported as 6–55% in different studies [12]. The
majority of these studies were performed using the
RIFLE (Risk, Injury, Failure, Lost, End-stage kidney dis-
ease) or AKIN (Acute Kidney Injury Network) criteria for
staging of AKI [13–15]. AKI was classified by using the
KDIGO criteria in current studies [16–18]. We preferred
to use KDIGO criteria which is more up to date.

In our study, we evaluated a relatively homogeneous
patient group. At the start of treatment, the e-GFR val-
ues of all patients were over 60mL/min/1.73 m2. The
daily dose of colistin was 300mg/day in all patients and
77.8% of the patients were given a loading dose. The
loading dose did not increase the risk of AKI (p¼ .116).
We found that AKI developed in 96 of 149 patients who
received colistin therapy (64.4%). This was markedly
higher than those reported in the literature. In a study
by Rashizal et al., colistin-related nephrotoxicity was
found to be 23% [15]. In a study on 70 critically ill
patients, Dalfino et al. [19] reported AKI incidence as
44%. Miano et al. [16] reported AKI incidence as 51%.
There are several other studies that report renal toxicity

ranges from 20–60% [5–9,20,21]. AKIN, RIFLE and
KDIGO criteria were all used in these studies investigat-
ing AKI. The preferred classification criterion partially
affects the determined AKI ratio. KDIGO AKI classifica-
tion is more sensitive in detecting AKI. In the RIFLE clas-
sification, patients with a 1.5-fold increase in serum
creatinine value compared to the baseline is classified
as the at-risk group. Whereas, KDIGO classification,
0.3mg/dl or 1.5–2-fold increase in basal creatinine is
defined as AKI stage 1. Since we utilized the KDIGO
classification, our results might reflect a higher AKI rate
than literature data. The higher AKI rate could also be
related to poorer patient profile; the rate of inotropic
agent use was 44.2% (n¼ 66) and mechanical ventila-
tion rate was 77.1% (n¼ 115). It should be noted that
AKI may also have occurred in patients with severe
pneumonia, sepsis, and septic shock due to non-colistin
reasons such as pre-renal AKI, acute tubular necrosis
secondary to hypotension. In addition, 25 patients
(16.7%) had stage 1 AKI. Stage 1 AKI may be associated
with colistin, but it can easily occur due to non-colistin
reasons in intensive-care conditions.

In a study on 30 patients, nephrotoxicity occurred
within the first 5 days in all patients. In the same study,
mean age was significantly higher in the AKI group
(57.5 vs. 43.3 years; p¼ .03) [22]. In a multicentre study
on 119 patients, Ko et al. [23] reported AKI in 65
patients (54%). AKI was observed in 46 patients within
the first 7 days and 19 patients following 7days.
Authors reported higher mortality rates in early AKI
groups. In a study by Miano et al. [16], AKI rate within
72 h was 20%. In our study, AKI was detected within
72 h in 32.2% of patients, in 58.3% within 6 days, and
77.1% within 9 days. Our findings suggest that colistin-
related AKI is less likely to occur after 9 days.

DM, heart failure, advanced age, high APACHE II score,
inotrope usage, higher baseline serum creatinine were
significant risk factors for AKI. Based on statistical signifi-
cance, our results suggest that being at older (�65 years
old) and diabetic are the strongest risk factors for AKI.
The nephrotoxic effect of colistin has been a well-known
fact for many years. Our data show that the develop-
ment of AKI is common after initiation of colistin treat-
ment in intensive care patients. However, this is not an
effect solely created by colistin alone and in all cases.
Conditions such as being in shock, needing inotropic
drugs, being �65years of age, diabetic, and diagnosed
with heart failure form the basis of colistin nephropathy
occurrence. A lower rate of colistin nephrotoxicity may
be observed in intensive care patients if they had better
haemodynamics, no need for inotropic agents, �65 years
of age, and without comorbid diseases.

Table 3. Comparison of severe AKI with no-AKI and stage
1 AKI.

No-AKI AKI 2-3 p Value

Total number (n, %) 53 (35.6%) 71 (47.6%)
Age (year, ±SD) 47.4 (±20.6) 65.3 (±17.5) <.001
APACHE II score (±SD) 28.08 (±8.5) 32.34 (±10.1) .012
Inotrope using (n, %) 16 (30.2%) 41 (57.7%) .002
Baseline SCr (±SD) 0.49 (±0.23) 0.60 (±0.23) .011
Diabetes mellitus (n, %) 3 (5.7%) 24 (33.8%) <.001
Heart failure (n, %) 3 (5.7%) 15 (21.1%) .016
14 days mortality (n, %) 15 (28.3%) 34 (47.9%) .027

AKI 1 AKI 2–3 p Value

Total number (n, %) 25 (16.7%) 71 (47.6%)
Age (year, ±SD) 64.1 (±16.7) 65.3 (±17.5) .509
APACHE II score (±SD) 29.88 (±8.5) 32.34 (±10.1) .23
Inotrope using (n, %) 9 (36%9) 41 (57.7%) .061
Baseline SCr (±SD) 0.60 (±0.26) 0.60 (±0.23) .977
Diabetes mellitus (n, %) 8 (32%) 24 (33.8%) .869
Heart failure (n, %) 6 (24%) 15 (21.1%) .765
14 days mortality (n, %) 11 (44%) 34 (47.9%) .738

APACHE II: Acute Physiology and Chronic Health Evaluation II; SCr:
Serum creatinine.
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In a multicentre study on 166 patients, Durante-
Mangoni et al. [24] classified AKI according to the AKIN
criteria. Authors defined severe AKI as AKIN stage 2 and
3. No significant differences were seen in mortality
between AKI at any stage or severe AKI and the non-
AKI group (p¼ .32 and p¼ .54, respectively). The
authors concluded that there was no need to discon-
tinue colistin therapy as they observed no significant
effect of AKI at any stage on mortality. In contrast to
the Durante-Mangoni study, our study was a retrospect-
ive cohort design and included only ICU patients. We
detected a significant increase in mortality between
No-AKI and AKI groups. When we compared advanced
stage AKI (stages 2 and 3) with the stage 1 AKI group,
we found that the risk factors for AKI development did
not differ between the two groups (Table 3). When the
risk factors were similar, advanced-stage AKI (stages
2–3) patients and early-stage AKI (stage 1) patients had
similar mortality. This suggested that the patients died
not due to kidney failure, but because of clinical antith-
esis such as septic shock, which developed because of
comorbid conditions. It can be claimed that colistin
nephrotoxicity may worsen the clinical course of the
patient, but it is difficult to argue that the progression
of renal failure is an independent consequence of colis-
tin nephrotoxicity on mortality, regardless of the under-
lying disease.

Our study represents a large cohort of patients
treated with intravenous same dose colistin in ICU
patients. Another important aspect of our study is that
it included patients with a baseline e-GFR value
�60mL/min/1.73 m2. Single-centred, retrospective
design and the absence of a control group were some
limitations of this study. New studies without these lim-
itations may be useful.

In conclusion, our data demonstrate that AKI is fre-
quently observed in ICU patients treated with colistin.
Higher AKI and mortality rates were observed in
patients with diabetes, heart failure, advanced age and
hemodynamically unstable patients. Unfortunately,
there is no alternative therapy to colistin in the treat-
ment of MDR Gram-negative bacterial infections.
Therefore, the development of AKI in this patient group
should not be considered a sufficient reason for discon-
tinuing colistin treatment. Understanding the risk fac-
tors in this potential nephrotoxic treatment can provide
a more careful patient follow-up.
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