
Introduction: Colistin has been widely used in the treatment of infections caused by multidrug-resistant bacteria. This study aimed to determine 
the frequency and risk factors of colistin-related nephrotoxicity.
Materials and Methods: Patients who received colistin between October 2018 and August 2019 in a tertiary care hospital were analyzed 
retrospectively. Kidney Disease Improving Global Outcome criteria were used for the staging of nephrotoxicity.
Results: A total of 100 patients who were treated with colistin were included in this study. The median patient age was 64 years, and 43% were 
female. Nephrotoxicity was detected in 52% of patients at Week 1 of colistin therapy, and 59% of the patients on colistin therapy experienced 
nephrotoxicity at any time. Serum creatinine increased to ≥1.5 times the baseline in a median of four (1-11) days, and the estimated glomerular 
filtration rate decreased below 60 ml/min in a median of five (1-42) days. After Week 1 of colistin therapy, 48% of the patients preserved “normal” 
kidney functions. Of the patients who experienced nephrotoxicity in Week 1 of colistin therapy: 85% had stage 1, 56% had stage 2, and 35% had 
stage 3. The length of hospitalization [Odds ratio (OR): 1.009, 95% confidence interval (CI): 1.001-1.017], age (OR: 1.036, 95% CI: 1.005-1.068), 
duration of colistin therapy (OR: 1.115, 95% CI: 1.023-1.216), and use of vasopressors (OR: 3.012, 95% CI: 1.003-9.042) were significantly associated 
with nephrotoxicity at any time during colistin therapy.
Conclusion: This study showed a high rate of colistin-related nephrotoxicity. Regular monitoring of renal functions, appropriate dosing, and limiting 
the duration of colistin therapy as much as possible may be useful to avoid nephrotoxicity in older patients particularly when administered with 
vasopressors.
Keywords: Polymyxins, acute kidney injury, nephrotoxicity, risk factor, colistin dosage

Giriş: Kolistin, çok sayıda ilaca dirençli bakterilerin neden olduğu enfeksiyonların tedavisinde yaygın olarak kullanılmaktadır. Bu çalışmada, kolistin 
ilişkili nefrotoksisitenin sıklığı ve risk faktörlerinin belirlenmesi amaçlanmıştır.
Gereç ve Yöntem: Bu çalışmada Ekim 2018 ile Ağustos 2019 arasında, üçüncü basamak bir hastanede kolistin alan hastalar geriye dönük olarak 
incelenmiştir. Nefrotoksisitenin evrelenmesinde Kidney Disease: Improving Global Outcomes-Böbrek Hastalıkları: Küresel Sonuçların İyileştirilmesi 
kriterleri kullanılmıştır.
Bulgular: Çalışmaya kolistin ile tedavi edilen 100 hasta dahil edilmiştir. Hastaların ortanca yaşı 64 yıl ve %43’ü kadındır. Hastaların %52’sinde kolistin 
tedavisinin ilk haftasında nefrotoksisite saptanmıştır ve hastaların %59’unda kolistin tedavisinin herhangi bir anında nefrotoksisite saptanmıştır. 
Serum kreatinin ortanca dört (1-11) günde normal seviyenin ≥1,5 katına yükselmiştir ve ortanca beş (1-42) günde tahmini glomerüler filtrasyon hızı 
60 ml/dakikanın altına düşmüştür. Kolistin tedavisine başlandıktan sonraki ilk haftanın sonunda hastaların %48’i “normal” böbrek fonksiyonlarını 
korumuştur. Kolistin tedavisine başladıktan sonraki ilk hafta nefrotoksisite gözlenen hastaların %20’si “evre 1”, %17’si “evre 2”, %15’i “evre 3” olarak 
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Introduction

Treatment of infections caused by multi-drug resistant (MDR) 
infections is challenging. Carbapenems are the most effective 
option for the treatment of MDR Gram-negative bacilli 
infections. However, colistin (polymyxin E) has become the 
most common choice in the treatment of carbapenem-resistant 
Pseudomonas aeruginosa, Acinetobacter baumannii, and 
Klebsiella pneumoniae infections[1].

Colistin is a polymyxin antibiotic consisting of a cationic 
polypeptide structure. It was discovered in 1949 and 
introduced to clinical use in the 1960s, but it was replaced 
by other antibiotics because of its nephrotoxicity potential[2]. 

Colistin is eliminated primarily by the kidneys, and it is 
secreted through tubular cells[3]. Aminobutyric and fatty acid 
components of colistin damage the epithelial cells of the 
proximal tubule[4]. Colistin-induced nephrotoxicity develops 
as a result of acute tubular necrosis[5]. Colistin has two forms, 
namely, colistimethate sodium (CMS) and colistin sulfate. Of 
those, CMS is a prodrug, and it is preferred because of its low 
risk for nephrotoxicity[6].

The antibacterial effect and nephrotoxicity are dependent 
on the dose of colistin[2]. A pharmacokinetic trial showed the 
importance of a loading dose to overcome the slow conversion 
of CMS to its active form[7]. These approaches helped achieve 
the pharmacokinetic targets, but the effect on colistin-related 
adverse effects is largely unknown[8,9]. Increasing colistin doses 
can also increase the risk of acute kidney injury (AKI)[10]. The 
incidence of nephrotoxicity during colistin therapy has been 
reported various studies[11,12].

In the present study, we aimed to determine the rate of colistin-
induced nephrotoxicity by using the Kidney Disease Improving 
Global Outcome (KDIGO) criteria and to assess the risk factors 
for colistin-induced nephrotoxicity.

Materials and Methods

This study was conducted as a retrospective cross-sectional and 
observational study in a university hospital between October 

31, 2018, and August 01, 2019. The study protocol was approved 
by the Hacettepe University Local Ethics Committee (date: 
01.10.2019; GO 19/853). This study retrospectively evaluated 
data of patients aged ≥18 years who received intravenous 
(with or without inhaled/intrathecal) colistin. Demographic and 
laboratory features of the patients such as age, gender, body 
mass index, infection site, causative bacteria, daily creatinine 
values, comorbidities, indication for colistin therapy, colistin 
dose (milligrams), treatment duration (days), concomitant 
nephrotoxic agent(s) use, and need for vasopressors were 
recorded from the local hospital database. Patients with body 
mass index ≥30 kg/m2 were considered obese[13].

According to the Infectious Diseases Society of America 
guideline, in case of carbapenemase-producing Klebsiella 
pneumoniae suspicion in patients with neutropenic fever, 
CMS may be added to empiric antimicrobial treatment[14]. 
Colistimethate sodium which contains 150 mg of colistin base 
activity in each vial was the only form that used in the hospital 
during the study period. The recommendations of International 
Consensus Guidelines for the Optimal Use of the Polymyxins 
were followed for colistin dosing in the entire study period 
(Supplementary Table 1)[15].

Assessment of renal functions and grading of colistin-induced 
nephrotoxicity were determined by using the KDIGO criteria. 
Nephrotoxicity was defined as an increase in serum creatinine 
(SCr) by ≥0.3 mg/dl within 48 h or an increase in SCr to ≥1.5 
times the baseline within seven days after initiation of colistin 
according to the KDIGO criteria. The stage of nephrotoxicity was 
determined according to KDIGO guidelines. Stage 1 refers to an 
increase in SCr to 1.5-1.9 times the baseline or an increase in 
SCr of >0.3 mg/dl. Stage 2 refers to an increase in SCr to 2.0-
2.9 times the baseline. Stage 3 refers to an increase in SCr to 
≥3.0 times the baseline or to >4.0 mg/dl or initiation of renal 
replacement therapy[16].

Any increase in SCr that exceeds 1.5 times higher than the 
baseline SCr value was defined as nephrotoxicity regardless of 
the KDIGO classification. Nephrotoxicity that occurred at Week 
1 of colistin therapy (according to KDIGO) and at any time 
during colistin therapy were evaluated separately.

saptanmıştır. Hastanede kalış süresi [Odds oranı (OR): 1,009; %95 güven aralığı (GA): 1,001-1,017], yaş (OR: 1,036; %95 GA: 1,005-1,068), kolistin 
tedavisi süresi (OR: 1,115, %95 GA: 1,023-1,216) ve vazopressör kullanımı (OR: 3,012, %95 GA: 1,003-9,042) kolistin tedavisinin herhangi bir anında 
nefrotoksisite ile ilişkilidir.
Sonuç: Bu çalışma, kolistin ile ilişkili nefrotoksisite oranının yüksek olduğunu göstermiştir. Özellikle vazopressörlerle birlikte uygulandığında 
böbrek fonksiyonlarının düzenli monitörizasyonu, uygun dozlama ve kolistin tedavi süresini mümkün olduğunca sınırlandırmak, yaşlı hastalarda 
nefrotoksisiteden kaçınmak için faydalı olabilir.
Anahtar Kelimeler: Polimiksinler, akut böbrek hasarı, nefrotoksisite, risk faktörü, kolistin dozu

Öz
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Statistical Analysis

Statistical analysis was performed on IBM Statistical Package for 
the Social Sciences Statistics 23. The Shapiro-Wilk goodness-of-
fit test were used to test whether the distributions related to the 
numerical variables match the normal distribution. Descriptive 
statistics such as mean, standard deviation, minimum, and 
maximum were used for numerical variables that conform to 
normal distribution. Percentage values and frequency tables 
were given for categorical variables. Categorical variables 
were compared with the x2 tests. The Mann-Whitney U 
nonparametric test was used for comparing two independent 
groups. Logistic regression analysis was used for risk factor 
assessment. To investigate the risk factors associated with the 
causes of diagnosis, univariate and multivariate backward 
logistic regression were applied. In addition, the Odds ratio 
(OR) and confidence intervals (CI) of the ORs of each factor 
separately or in combination were calculated. All statistical tests 
were performed at the statistical significance level of 5%.

Results

A total of 110 patients who received colistin were included in 
this study. One patient was excluded because of missing data, 
and 9 were excluded because of the presence of chronic renal 
insufficiency when colistin was started. One hundred patients 
were evaluated in the final analysis. The median age of the 
patients was 64 (minimum-maximum: 18-93) years, and 43% 
were female. The leading comorbidity was malignancy (48%), 
and the patients had a median of 3 (0-8) different comorbidities. 
The mean weight was 71±16 kg, and obesity was detected 
in 22% of the patients. The 7-, 14- and 30-day fatality rates 
after initiation of colistin therapy were 13%, 16%, and 23%, 
respectively.

Colistin indications were bacteremia (32%), pneumonia 
(29%), intra-abdominal infections (13%), empirical treatment 
of patients with febrile neutropenia (11%), central nervous 
system infections (5%), urinary tract infection (4%), soft tissue 

infections (4%), and others (2%). The most frequent bacteria 
that triggered colistin therapy were carbapenem-resistant 
Acinetobacter baumannii (39%) and Klebsiella pneumoniae 
(34%). Empirical treatment was administered in 28% of the 
patients, and colistin-resistant bacteria was detected in 8% of 
the patients (Figure 1). The median duration of colistin therapy 
was 10 days (interquartile range, 6-14). The most commonly 
used antibiotic in combination with colistin was meropenem 
(Table 1). Colistin was used with a loading dose of 300 mg 
in 92% of the patients. Intrathecal or inhaled colistin was 
administered concomitantly with intravenous colistin in 2% and 
5% of patients, respectively.

Nephrotoxicity was detected in 52% of the patients at Week 
1 of colistin therapy, and 59% of the patients experienced 
nephrotoxicity at any time. Serum creatinine increased >1.5 
times in a median of 4 (1-11) days, and glomerular filtration rate 
(GFR) decreased below 60 ml/min in a median of 5 (1-42) days. 
After Week 1 of colistin therapy, 48% of the patients preserved 
“normal” kidney functions. Of the patients who experienced 

Figure 1. Indications of colistin therapy and susceptibility of 
relevant bacteria against colistin. aAny microorganism was not 
identified. bColistin susceptibility was not tested

Table 1. Comparison of the demographic characteristics of the patients according to occurrence of nephrotoxicity

Risk factors
Number of 
patients
(n=100)

Nephrotoxicity in Week 1 Nephrotoxicity at any time 

Yes (n=52) No (n=48) p value Yes (n=59) No (n=41) p value

Age (years), median 61 (18-93) 64 (19-93) 52 (18-85) 0.001 64 (18-93) 53 (18-85) 0.016

Length of hospitalization (days), median 88 (8-336) 103 (13-336) 86 (8-336) 0.070 99 (13-336) 74 (8-336) 0.027

Number of comorbidities, median 3 (0-8) 3 (0-8) 2 (0-7) 0.088 3 (0-8) 2 (0-7) 0.200

Number of medications, median 13 (5-29) 13 (5-26) 13 (5-29) 0.959 13 (5-26) 12 (5-29) 0.384

Duration of colistin therapy (days), median 10 (2-51) 10 (2-27) 10 (2-51) 0.487 11 (2-51) 8 (2-36) 0.013

Body mass index (kg/m2), median 25.71 
(5.67-37.46)

25.39 
(16.07-37.46)

25.98 
(5.67-35.26)

0.997 25.39 
(16.07-37.46)

25.73 
(5.67-35.26)

0.978

Number of other nephrotoxic agents, median 2 (1-9) 2 (1-9) 2 (1-5) 0.406 2 (1-9) 2 (1-5) 0.406

Discordance of colistin dose, n (%) 45 (45) 21 (40.4) 31 (64.6) <0.001 24 (40.7) 35 (85.4) <0.001
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nephrotoxicity in Week 1 after starting colistin therapy: 85% 
had stage 1, 56% had stage 2, and 35% had stage 3. Many 
patients have different stages of AKI during follow-up (Figure 
2) and have often experienced progressive deterioration in 
renal function. The risk of nephrotoxicity was not significantly 
different between female and male patients. Coadministration 
of intravenous colistin with intrathecal or inhaled colistin was 
not associated with the risk of nephrotoxicity according to the 
logistic regression analysis.

The clinical characteristics of the patients and anticipated risk 
factors of nephrotoxicity are shown in Tables 1 and 2. Patients 
who experienced nephrotoxicity in Week 1 of colistin therapy 
were older, and they had lower albumin levels and higher 
serum levels of conjugated bilirubin. Logistic regression analysis 
showed that not reducing colistin dosage in patients with 
impaired renal function significantly affected the development 
of nephrotoxicity in Week 1 (OR: 47.59, 95% CI: 5.55-407.6; 
p<0.001). Based on the results, the risk of nephrotoxicity was 
approximately 48 times higher in patients whose colistin dose 
was not adjusted according to renal function.

Nephrotoxicity at any time during colistin therapy were 
more common in older patients (p=0.016) and patients with 
hypoalbuminemia (p=0.014). Patients who experienced 
nephrotoxicity had a longer duration of hospital stay (p=0.027). 
The duration of colistin therapy was longer (p=0.013), and the 
rate of inappropriate colistin dosage was higher (p<0.001) in 
this group. According to logistic regression analysis, duration 
of hospitalization, age, duration of colistin therapy, and 
use of vasopressors were significantly associated with the 
development of nephrotoxicity at any time during colistin 
therapy (Table 3).

Discussion

This study assessed the incidence of colistin-related 
nephrotoxicity by using KDIGO definitions of AKI and identified 
certain risk factors. Colistin remains the last drug for infections 
caused by MDR microorganisms. However, its nephrotoxicity is 
still a concern. For this reason, investigation of the true incidence 
and confounding factors of colistin nephrotoxicity could lead to 
more proper management of antimicrobial therapy. A few studies 
have used the KDIGO criteria for assessing the nephrotoxicity 
of colistin[17,18]. Different classification criteria such as KDIGO 
and Risk, Injury, Failure, Loss and End Stage (RIFLE) classification 
can be preferred in determining the rate of AKI and the choice 
of classification criteria affect the AKI rate. In this study, the 
KDIGO criteria for determining the AKI were preferred because 
it was considered more sensitive than the RIFLE criteria[19].

In previous studies, the frequency of nephrotoxicity during 
colistin therapy ranged from 16.1% to 60.4%[9,20-22]. In this study, 
the incidence of nephrotoxicity was 52% and 59% at Week 1 and 
at any time during colistin therapy, respectively. In the present 
study, rates of nephrotoxicity were similar to those reported in 
the study using RIFLE criteria by Kwon et al.[23] (53.5%) and Ko 
et al.[24] (54.6%). Another recent retrospective study reported 
49.2% of renal toxicity with colistin according to the RIFLE 
criteria[25]. In a retrospective study, Shields et al.[17] reported 29% 
as the prevalence of colistin-related nephrotoxicity according 
to the KDIGO criteria at Week 1. The loading dose was not given 
in more than half of the patients, which can explain the lower 
rate of nephrotoxicity in this study than in the present study. 
In a study by Gunay et al.[19], frequency of nephrotoxicity was 
64.4% according to the KDIGO criteria, and a loading dose 
was administered in 77% of the patients. These variations in 
findings can arise from the differences in the definitions of AKI, 
nephrotoxicity, dosage of colistin, patient characteristics, and 
other confounding factors. In a prospective study, Sorlí et al.[26] 
reported 25% and 49% as the prevalence of colistin-related 
nephrotoxicity using the RIFLE criteria at day seven and at the 
end of colistin therapy, respectively. After the treatment, the 
rate of nephrotoxicity doubled. In contrast to this study, the 
rates of colistin nephrotoxicity at Week 1 and at any time are 
comparable in our study as most renal dysfunction is determined 
early in the therapy.

The length of hospitalization, advanced age, duration of colistin 
therapy, and concomitant administration of vasopressors were 
determined as independent predictors of nephrotoxicity at any 
time during colistin therapy. Other researchers have reported 
some triggers of colistin-related AKI, such as advanced age, 
comorbidities, preexisting renal impairment, concomitant use 
of nephrotoxic agents, daily dose of colistin, and duration of 
colistin therapy[22,23,26,27]. Some of them are concordant with our 

Figure 2. Staging of nephrotoxicity based on KDIGO classification. 
The intersection region of the clusters shows patients that are 
involved in multiple stages at Week 1 of colistin therapy
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Table 2. Clinical characteristics and baseline laboratory findings of the patients according to the occurrence of nephrotoxicity, n 
(%)

Factors Patients 
(n=100) Nephrotoxicity in Week 1 p value Nephrotoxicity at 

any time p value

Comorbidities

COPD
Yes 14 9 (64.3)

0.482
10 (71.4)

0.467
No 86 43 (50.0) 49 (57.0)

CHF
Yes 14 9 (64.3)

0.482
9 (64.3)

0.888
No 86 43 (50.0) 50 (58.1)

Diabetes mellitus
Yes 28 18 (64.3)

0.190
19 (67.9)

0.370
No 72 34 (47.2) 40 (55.6)

Hypertension
Yes 41 24 (58.5)

0.375
26 (63.4)

0.588
No 59 28 (47.5) 33 (55.9)

Obesity
Yes 22 13 (59.1)

0.609
14 (63.6)

0.799
No 78 39 (50.0) 45 (57.7)

Malignancy
Yes 48 24 (50.0)

0.854
26 (54.2)

0.459
No 52 28 (53.8) 33 (63.5)

Abdominal surgery
Yes 25 16 (64.0)

0.248
17 (68.0)

0.411
No 75 36 (48.0) 42 (56.0)

Hematopoietic stem cell 
transplantation

Yes 14 5 (35.7)
0.305

5 (35.7)
0.106

No 86 47 (54.7) 54 (62.8)

Concomitant nephrotoxic agents

Concurrent nephrotoxic medications
Yes 80 37 (46.3)

0.040
44 (55.0)

0.170
No 20 15 (75.0) 15 (75.0)

Contrast agents
Yes 28 17 (60.7)

0.387
20 (71.4)

0.177
No 72 35 (48.6) 39 (54.2)

Nephrotoxic chemotherapies
Yes 14 6 (42.9)

0.653
6 (42.9)

0.302
No 86 46 (53.5) 53 (61.6)

Combined antibiotic therapy
Yes 95 51 (53.7)

0.192
58 (61.1)

0.156
No 5 1 (20.0) 1 (20.0)

Glycopeptide antibiotics
Yes 46 22 (47.8)

0.568
27 (58.7)

1.000
No 54 30 (55.6) 32 (59.3)

Vasopressor agents
Yes 36 22 (61.1)

0.246
25 (69.4)

0.167
No 64 30 (46.9) 34 (53.1)

Carbapenems
Yes 67 35 (52.2)

1.000
41 (61.2)

0.675
No 33 17 (51.5) 18 (54.5)

Fluoroquinolones
Yes 15 6 (40.0)

0.466
7 (46.7)

0.442
No 85 46 (54.1) 52 (61.2)

Antivirals
Yes 18 6 (33.3)

0.136
7 (38.9)

0.099
No 82 46 (56.1) 52 (63.4)

Antifungals
Yes 23 9 (39.1)

0.242
11 (47.8)

0.317
No 77 43 (55.8) 48 (62.3)

Aminoglycoside
Yes 5 3 (60.0)

1.000
4 (80.0)

0.646
No 95 49 (51.6) 55 (57.9)

NSAIDs
Yes 28 17 (60.7)

0.387
19 (67.9)

0.370
No 72 35 (48.6) 40 (55.6)
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study, but vasopressor use is a novel finding for colistin-related 
AKI. Septic shock is a condition of systemic vasodilation and 
generally requires vasopressor therapy, which can cause AKI 
in patients with critical illness[28]. Although septic shock is an 
independent risk factor for AKI, there is controversy regarding 
the effect of norepinephrine use on AKI in septic shock. 

Norepinephrine was thought to induce vasoconstriction through 
α-adrenergic stimulation, and this may decrease renal blood 
flow. However, the findings of a study strongly suggested that 
vasopressor therapy is possibly beneficial for renal perfusion in 
patients with septic shock[29]. There are conflicting observations 
from previous studies. Although two studies did not show any 
difference in the rate of nephrotoxicity regarding vasopressor 
infusion, a high rate of nephrotoxicity was reported in patients 
who received vasopressors when compared with patients who 
did not receive vasopressors (40% vs 0%, p=0.008) according 
to the RIFLE criteria[11]. Teicoplanin was the mostly preferred 
glycopeptide in patients under colistin therapy in the study 
hospital. This approach is based on studies showing a lower risk 
of nephrotoxicity in teicoplanin therapy[30].

Patients with nephrotoxicity were older in our study. Advanced 
age was observed as a predictor of colistin-related nephrotoxicity 
similar to findings of some studies. Lee et al.[27] reported that age 
(OR: 1.02; 95% CI: 1.01-1.04) was an independent risk factor in 
patients with estimated GFR ≥60 ml/min/1.73 m2 according to 

Table 2. Continued

Factors Patients 
(n=100) Nephrotoxicity in Week 1 p value Nephrotoxicity at 

any time p value

Diuretic agents
Yes 34 18 (52.9)

1.000
22 (64.7)

0.537
No 66 34 (51.5) 37 (56.1)

PPI
Yes 79 40 (50.6)

0.776
47 (59.5)

1.000
No 21 12 (57.1) 12 (57.1)

Laboratory values

Serum albumin level <3.50 mg/dl
Yes 90 50 (55.6)

0.045
57 (63.3)

0.014
No 10 2 (20.0) 2 (20.0)

Serum albumin level <3.00 mg/dl
Yes 73 43 (58.9)

0.041
48 (65.8)

0.042
No 27 9 (33.3) 11 (40.7)

TB elevation 
Yes 27 18 (66.7)

0.119
19 (70.4)

0.239
No 73 34 (46.6) 40 (54.8)

CB elevation
Yes 53 33 (62.3)

0.048
36 (67.9)

0.053
No 47 19 (40.4) 23 (48.9)

Others

7-day fatality 
Yes 13 9 (69.2)

0.300
9 (69.2)

0.616
No 87 43 (49.4) 50 (57.5)

14-day fatality
Yes 16 10 (62.5)

0.519
10 (62.5)

0.973
No 84 42 (50.0) 49 (58.3)

30-day fatality
Yes 23 15 (65.2)

0.227
15 (65.2)

0.653
No 77 37 (48.1) 44 (57.1)

COPD: Chronic obstructive pulmonary disease, CHF: Congestive heart failure, BMT: Bone marrow transplantation, NSAIDs: Non-steroidal anti-inflammatory drugs, TB: Total bilirubin, CB: 
Conjugated bilirubin; nephrotoxic concurrent medications, liposomal amphotericin B, diuretic, NSAIDs, voriconazole, acyclovir, valacyclovir, tenofovir, trimethoprim-sulfamethoxazole, 
vancomycin, aminoglycosides, meropenem, cyclosporine, zoledronic acid, levofloxacin, ciprofloxacin, oseltamivir, ACE inhibitor, intravenous immunoglobulin; contrast agent, 
gadobutrol; carbapenem, meropenem; nephrotoxic chemotherapy, ifosfamide, carboplatin, oxaliplatin, cisplatin, gemcitabine, and methotrexate; glycopeptide, vancomycin and 
teicoplanin; fluoroquinolone, ciprofloxacin and levofloxacin; antiviral, acyclovir and valacyclovir; aminoglycosides, amikacin and gentamicin; diuretic agents, furosemide, acetazolamide, 
indapamide, hydrochlorothiazide, and spironolactone; PPI, proton pump inhibitors (pantoprazole); vasopressor agent: mostly norepinephrine

Table 3. Predictors for at any time nephrotoxicity according 
to the logistic regression analysis

Factors 

Nephrotoxicity at any 
time 

OR
95% CI

p value
Lower Upper

Age (years) 1.036 1.005 1.068 0.023

Length of hospitalization 
(days)

1.009 1.001 1.017 0.023

Duration of colistin therapy 
(days)

1.115 1.023 1.216 0.013

Vasopressor therapy 3.012 1.003 9.042 0.049

 OR: Odds ratio, CI: Confidence interval
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univariable and multivariable logistic regression analyses. Balkan 
et al.[22] described that nephrotoxicity occurs significantly more 
frequently in patients aged >60 years, and it is related to low 
initial GFR estimations and high comorbidity burden, which 
are determined by age. Another recent study showed that age 
>65 years was an important risk factor for AKI[19]. Contrary to 
these studies, some other studies did not report any relationship 
between older age and colistin nephrotoxicity[26,31].

AKI due to colistin correlated with the duration of therapy. 
Hartzell et al.[31] demonstrated a 4-fold higher risk of AKI 
for patients receiving colistin >14 days. We revealed similar 
results about the duration of colistin therapy as a predictor 
of nephrotoxicity (OR: 1.115; 95% CI: 1.023-1.216). Prolonged 
courses of colistin therapy should be considered an important 
risk factor for nephrotoxicity, renal functions should be followed 
closely, and timely cessation of therapy with an antimicrobial 
stewardship program appeared to be essential to avoid adverse 
outcomes.

Kwon et al.[23] reported hypoalbuminemia (serum albumin 
level <2.0 g/dl) as an independent predictor of AKI (HR=6.29, 
95% CI: 2.04-19.39). In this study, baseline serum albumin 
levels of patients who developed AKI were lower in patients 
on intravenous colistin therapy. There are assumptions about 
the relationship between hypoalbuminemia and AKI. A study 
suggested that AKI may be associated with higher unbound 
colistin concentrations because of lower protein binding[10].

Nephrotoxicity is a common adverse effect of colistin; however, 
this adverse effect is usually reversible[9,22,32]. In our study, renal 
functions recovered in 16 (27.1%) patients who experienced 
nephrotoxicity during the colistin therapy. In a prospective, 
observational study, the reversal of nephrotoxicity was reported 
in 75% (18 of 24) of patients after Week 1[32]. In another 
prospective, observational cohort study, renal recovery was 
observed in 64.5% (20 of 31) of patients, and recovery appeared 
a median (IQR) of 10.5 (8-13) days after the beginning of AKI[9].

In this study, the discordance of colistin dose according to 
renal function has been evaluated by using an international 
recommendation[15]. Discordance of dose with this guideline 
is an important factor for the development of nephrotoxicity. 
Although coadministration of intravenous colistin with 
intrathecal or inhaled colistin was not associated with the risk 
of nephrotoxicity, the rate of nephrotoxicity was higher in 
patients whose colistin dosage was not adjusted according to 
the international guideline.

The risk of nephrotoxicity increased significantly with the 
simultaneous use of aminoglycosides and colistin. However, in 
this study, no difference was found between patients treated 
with aminoglycosides or not[33].

This study has certain limitations. No standard laboratory 
monitoring schedule was established for renal functions 
because of the retrospective nature of the study, and 10 
patients were excluded from the study because of missing data. 
Another KDIGO criterion—urinary output—was not accessible 
from the electronic records of the patients. Serum colistin 
levels may influence the development of nephrotoxicity, but 
therapeutic drug monitoring for colistin is not available in our 
hospital.

Conclusion

The use of colistin has become widespread because of the 
worldwide increase in infections caused by MDR bacteria. 
By contrast, nephrotoxicity is an important complication to 
be considered for the safe use of colistin. Consequently, this 
study showed the relevance of colistin nephrotoxicity with 
independent factors, including length of hospitalization, 
advanced age, discordance of colistin dose, duration of colistin 
therapy, and concomitant administration of vasopressors. 
Information obtained from this study may be useful for clinicians 
to manage the possible risk factors for colistin nephrotoxicity. 
Regular monitoring of renal functions, adequate dosing, and 
limiting the duration of colistin therapy as much as possible 
may avoid nephrotoxicity in older patients, particularly those 
administered with vasopressors.
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Supplementary Table 1. ‘International Consensus Guidelines for the Optimal Use of the Polymyxins’ recommendations for colistin 
dosing according to creatinine clearance
Creatinine clearance, ml/minute mg CBA/day

0 130

5 to <10 145

10 to <20 160

20 to <30 175

30 to <40 195

40 to <50 220

50 to <60 245

60 to <70 275

70 to <80 300

80 to <90 340

≥90 360

CBA: Colistin base activity


