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Abstract
Background and Aim: Polymyxin group antibiotics constitute a part of our limited arsenal in the treatment
of multidrug-resistant gram-negative bacteria. However, their use is limited especially due to nephrotoxicity
and other side effects. In this study, we primarily aimed to determine the effect of polymyxin B on the rate
of nephrotoxicity in critically ill patients, and secondly to identify the factors that facilitate nephrotoxicity
caused by polymyxin B.

Materials and Methods: The study was designed as a retrospective cohort study and conducted by scanning
patients aged 18 years or older who had been admitted to our intensive care unit (ICU) in 2022 and treated
with polymyxin B for at least 72 hours. Patients without chronic renal failure and acute kidney injury (AKI)
before starting polymyxin B therapy were included and AKI was examined after the use of polymyxin B. The
patients were then divided into two groups, those with AKI and those without AKI. We tried to find factors
that may facilitate AKI by comparing the two groups.

Results: Of the patients, 26 were female and 34 were male. In 21 of the patients (35%), renal damage of
varying degrees developed; these patients belonged to the nephrotoxicity (NT) group, while the rest
belonged to the non-nephrotoxicity (non-NT) group. We found that advanced age (p=0.008), low baseline
GFR (p=0.01), baseline creatinine (p=0.006), BMI (p=0.011), concomitant diseases (p<0.001), and days of use
of polymyxin B (p=0.006) were statistically different between the two groups. In multivariate analysis of
univariate analysis, we found that duration of polymyxin B use, BMI, and advanced age were independent
risk factors for AKI development.

Conclusion: We found that 21 (35%) of 60 intensive care unit patients who had no previous history of kidney
injury developed kidney injury after being treated with polymyxin B. We identified advanced age, high BMI,
and duration of polymyxin B use as independent risk factors. Therefore, we recommend close monitoring of
renal function and prompt intervention, particularly in patients with risk factors, during polymyxin B use.

Categories: Anesthesiology, Internal Medicine, Infectious Disease
Keywords: carbapenem resistant gram negative infection, sepsis, nephrotoxicity, i ̇ntensive care unit, acute kidney
injury, polymyxin-b

Introduction
The polymyxin group of antibiotics was synthesized in the 1950s and used to treat gram-negative bacteria.
However, due to many side effects and the introduction of new antibiotics, their use gradually declined [1,2].
In the past two to three decades, however, older, out-of-use antibiotics have regained importance due to the
increasing prevalence of multidrug-resistant gram-negative bacteria and unsuccessful attempts at the
synthesis of new antibiotics to combat these bacteria. The polymyxin group constitutes a small part of our
limited arsenal against multidrug-resistant bacteria. However, the risk of nephrotoxicity and neurotoxicity
severely constrain the use of these drugs. Kidney damage is especially significant in critically ill patients, as
such damage places an additional burden on the patient already suffering from existing diseases and the
drugs used to treat them in intensive care, which can facilitate the development of renal damage.

Various studies [3,4] indicate the incidence of colistin nephrotoxicity to be between 14% and 76%.
Nephrotoxicity caused by polymyxin B is less common than colistin nephrotoxicity, but the range is
nonetheless broad (4%-60%) [5,6]. Studies suggest that the main factors increasing nephrotoxicity are the
loading dose and the use of additional nephrotoxic agents.
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Intravenous use of polymyxin B is relatively new in our country. The drug was licensed in 2018 and deployed
in 2020. Naturally, numerous clinical studies can be found on colistin, while the number of clinical studies
on polymyxin B is much fewer.

Materials And Methods
Our study was planned as a single-center retrospective cohort study and conducted in the second- and third-
level intensive care units (ICUs) of the University of Health Sciences Izmir Bozyaka Training and Research
Hospital. Patients who received polymyxin B for at least 72 hours in 2022 were included in our study. The
ethical committee of our hospital reviewed the study and approved it on December 12, 2022, with the
approval number 363.

The primary objective of this study is to determine the effect of polymyxin B on the rate of nephrotoxicity in
critically ill patients, and our secondary objective is to identify the factors that facilitate nephrotoxicity
caused by polymyxin B.

Patients without a previous history of chronic renal failure or acute kidney injury (AKI), aged 18 years or
over who had a hospital-acquired multidrug-resistant gram-negative infection (e.g., Acinetobacter
baumannii, Klebsiella pneumonia, Pseudomonas aeruginosa, or other enterobacteriaceae) and who were started
on intravenous polymyxin B therapy by an infectious disease specialist were included in our study. Patients
who received polymyxin B for less than 72 hours, had chronic kidney failure, underwent active hemodialysis,
had a cancer diagnosis, had severe heart failure (EF<20%), received intravenous colistin up to 15 days before
the start of polymyxin therapy, or were pregnant were excluded from the study (Figure 1). All patients
received 1.5 mg/kg of polymyxin B (Polix 500,000 IU, Koçak Farma), divided into two doses per day,
following a loading dose of 2.5 mg/kg.

FIGURE 1: Flow chart
NT: nephrotoxicity

Data for our study were obtained through the electronic patient record system of the hospital between
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January 1 and December 31, 2022. Patients’ age, gender, baseline creatinine, baseline glomerular filtration
rate (GFR) (calculated according to the short Modification of Diet in Renal Disease “MDRD” formula), Acute
Physiology and Chronic Health Evaluation-2 (APACHE-2) score, serum albumin value before polymyxin B
therapy, hemoglobin, lactate value, type and location of infection that led to polymyxin B use, the use of
other nephrotoxic agents (e.g., angiotensin-converting-enzyme inhibitors, nonsteroidal anti-inflammatory
drugs, or other nephrotoxic antibiotics), and vasopressor agent use were recorded. The urea and creatinine
levels and GFR values of the patients were followed from the start of polymyxin B use to seven days after its
end, and the highest value was evaluated. Renal damage was classified according to the Kidney Disease
Improving Global Outcomes (KDIGO) [7] guidelines (Table 1) between stages 1 and 3. Urine output, in
accordance with the KDIGO guidelines, was not evaluated due to difficulty in reaching the patients’ exact
urine output and data security.

Stage Serum creatinine Urine output

Stage

1
1.5-1.9 times baseline OR ≥0.3 mg/dl (≥26.5 mmol/l) increase <0.5 ml/kg/h for 6-12 hours

Stage

2
2.0-2.9 times baseline <0.5 ml/kg/h for ≥12 hours

Stage

3

3.0 times baseline OR increase in serum creatinine to ≥4.0 mg/dl (≥353.6 mmol/l) OR initiation of renal replacement therapy OR in patients <18 years, decrease in eGFR to ≤35

ml/min per 1.73 m2

<0.3 ml/kg/h for ≥24 hours OR anuria for ≥12

hours

TABLE 1: KDIGO definition of acute kidney injury [7]
eGFR: estimated glomerular filtration rate, KDIGO: Kidney Disease Improving Global Outcomes

Statistical analysis
IBM SPSS version 22.0 (IBM Corp, Armonk, NY, USA) was used for statistical analysis. Normality was
assessed using the Kolmogorov-Smirnov test. Continuous normally distributed data, expressed as mean ± SD,
were compared using an independent sample t-test. Non-normally distributed data, expressed as the median
and interquartile range (IQR), were compared using the Mann-Whitney U test. Categorical data are expressed
as a number (n) and percentage (%) of events and compared by Pearson’s chi-squared or Fisher’s exact test.
The data were analyzed at a 95% confidence level. A p-value of less than 0.05 was considered statistically
significant.

The receiver operating characteristic (ROC) curve was used to evaluate the cut-off values of independent
numerical variables with a p-value less than 0.05. The Youden’s indices were calculated, and the maximum
Youden’s index was used as the cut-off value in the ROC curve. Cut-off values for nephrotoxicity and
mortality were separately analyzed. Area under the curve (AUC) values of 0.9-0.99, 0.8-0.

Results
It was observed that polymyxin B was used in a total of 72 patients between January 1 and December 31,
2022. Twelve of these patients were excluded from the study due to various reasons. Sixty patients in total
were evaluated (Figure 1). Of the patients, 26 were female and 34 were male. The demographic and clinical
information of the patients is presented in Table 2.
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 NT group Non-NT group p-value

Genderc  0.548

Femaleb 8 (38.1%) 18 (46.2%)  

Maleb 13 (61.9%) 21 (53.8%)  

Height*,d 165 (11.5) 165 (10) 0.241

Weight*,d 75 (10) 65 (11) <0.001

BMI*,d (kg/m2) 25.5 (4) 23.14 (3) <0.001

APACHE*,d 14 (17) 21 (16) 0.055

Age*,f 72 (17) 52 (46) 0.008

Urea*,d (mg/dl) 109 (68) 58 (72) 0.024

Creatinine*,a,d (mg/dl) 1.3 (0.8) 0.6 (0.9) 0.006

GFR*,a,d 57.23 (39.82) 139.23 (168.62) 0.01

Procalsitonin*,a,d (mg/dl) 1.3 (8.15) 2.5 (3.5) 0.914

AST*,a,d (U/L) 24 (28) 30 (41) 0.510

ALT*,a,d (U/L) 21 (21.5) 29 (65) 0.750

Albumin*,a,d (g/L) 2.2 (0.45) 2.4 (0.9) 0.944

Hemoglobin*,a,d (g/dl) 8.8 (2.8) 8.7 (2.3) 0.954

Lactate*,a,d (mmol/L) 2.2 (1.35) 1.8 (1.2) 0.184

TABLE 2: Demographic data and first-day laboratory data
a: first day, b: number and %, * median (interquartile range), c: chi-squared test, d: Mann-Whitney U test, f: Student’s t-test, NT: nephrotoxicity,
APACHE: Acute Physiology and Chronic Health Evaluation, AST: aspartate aminotransferase, ALT: alanine aminotransferase, GFR: glomerular filtration
rate

Renal damage developed to varying degrees in 21 of the patients, defined as the nephrotoxicity (NT) group,
while 39 patients showed no signs of renal damage, defined as the non-nephrotoxicity (non-NT) group. The
median age of the NT group was 72 years (17), while that of the non-NT group was 52 years (46) (p=0.008).
The median APACHE-2 score of the NT group was 14 (17), while that of the non-NT group was 21 (16); they
were statistically similar (p=0.055). Acinetobacter baumannii was the most commonly isolated microorganism
in the NT group (57.1%), and Klebsiella pneumonia was the second most commonly isolated microorganism
(28.6%). In the non-NT group, the same microorganisms were detected at rates of 46% and 30%, respectively
(p=0.644). The most commonly isolated site of microorganisms was the lungs in both the NT and non-NT
groups, with rates of 85.7% and 69.2%, respectively.

The median basal GFR values of the patients were found to be 57.23 (39.82) in the NT group and 139.23
(168.62) in the non-NT group (p=0.01). In terms of mortality rates, both groups were similar. The mortality
rates of the NT and non-NT groups were 14/21 (66.7%) and 20/39 (51.3%), respectively (p=0.251). There was
no statistically significant difference between the infection marker (procalcitonin) and albumin values of
the two groups (Table 3). None of our patients required renal replacement therapy, and none developed end-
stage renal failure. We found that the duration of polymyxin B use, BMI, and advanced age were independent
risk factors for this rate (Table 4).
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 NT group Non-NT group p-value

KDIGOa,c 21 (35%) 39 (65%)  

Stage 1 12 (57,1%) -  

Stage 2 6 (28,6%) -  

Stage 3 3 (14,3%) -  

Source of infectiona,c  0,3489

Pulmonary 18 (85,7%) 27 (69,2%)  

Cerebrovascular - 2 (5,1%)  

Genitourinary - 3 (7,7%)  

Intra-abdominal 3 (14,3%) 7 (17,9%)  

Reason for hospitalizationa,c  0,578

Neurological disease - 1 (2,6%)  

Pneumonia 17 (81%) 27 (69,2%)  

Sepsis 4 (19%) 9 (23,1%)  

Cardiovascular disease - 2 (5,1%)  

Concomitant nefrotoxins a,c,d  0,920

Carbapenem 12 (57,1%) 26 (66,7%)  

Aminoglicoside 5 (23,8%) 5 (12,8%)  

Amphotericin b 1 (4,8%) -  

Vancomycin 1 (4,8%) 3 (7,7%)  

Tigecycline 3 (14,2%) 9 (23,1%)  

NSAIDs 1 (4,8%) 1 (2,6%)  

ACEI 2 (9,5%) 4 (10,3%)  

Norepinephrine 7 (33,3%) 19 (48,7%) 0,251

Concomitant nefrotoxinsa,c  0,935

One nephrotoxic drug 11 (61,9%) 20 (43,6%)  

Receipt of ≥2 nephrotoxic drugs 10 (28,6%) 19 (52,8%)  

Concomitant diseasea,c   <0,011

One concomitant disease 8 (38,1%) 24 (61,5%)  

Receipt of ≥2 concomitant disease 12 (57,1%) 9 (23,1%)  

Intensive care stay* ,b,c 15 (17) 18 (8) 0,294

Polymyxin B day of use* ,b,c 14 (13) 8 (7) 0,006

Exitusa,c 14 (66,7%) 20 (51,3%) 0,251

TABLE 3: Nephrotoxicity predictors
a: number and %, * median (interquartile range), c: chi-squared test, d: patients had use of multiple nephrotoxic agents, KDIGO: Kidney Disease
Improving Global Outcomes, NT: nephrotoxicity, NSAIDs: non-steroidal anti-inflammatory drugs, ACEI: angiotensin-converting-enzyme inhibitors
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 Beta Wald p Odds ratio Odds ratio 95% safety margin

BMI -0.254 3.955 0.047 0.776 0.604-0.996

Age -0.054 3.955 0.047 0.947 0.898-0.999

Concomitant disease  2.993 0.224   

Concomitant disease (only one) 0.533 0.131 0.717 1.704 0.095-30.565

Concomitant disease (two and more) 1.476 2.959 0.085 4.375 0.814-23.507

Creatinine 0.155 0.089 0.766 1.167 0.421-3.236

GFR 0.012 1.604 0.205 1.012 0.994-1.031

Polymyxin B treatment duration -0.169 4.934 0.026 0.845 0.728-0.980

TABLE 4: Multivariable logistic regression analysis
GFR: glomerular filtration rate

Discussion
In patients treated with polymyxin B, the rate of renal injury was 35%. We found that the duration of
polymyxin B use, BMI, and advanced age were independent risk factors for this rate. None of the patients in
our study needed renal replacement therapy, and none progressed to end-stage renal failure. With the
cessation of treatment, renal damage regressed in all patients who developed AKI.

Nephrotoxicity caused by polymyxin B use has been found in different studies [5,6] within a wide range,
specifically 4% to 60%. Such a wide range is understandable because these studies were conducted in
different patient populations and ethnic groups and with different nephrotoxicity criteria. Our result of 35%
nephrotoxicity is not surprising in this regard. The usual suspects for the predictors of nephrotoxicity are the
total high dose of polymyxin B, use of a loading dose, hypoalbuminemia, advanced age, high baseline
creatinine, and use of additional nephrotoxic agents. 

Chang et al. [8] conducted a multicenter study in China examining polymyxin B nephrotoxicity and its
predictors and found that the use of two or more nephrotoxic agents was an independent risk factor for
polymyxin B nephrotoxicity. In a study by Peagau et al. [9] in 2011, the use of three or more nephrotoxic
agents increased polymyxin nephrotoxicity. This finding is hardly surprising considering that the
combination of drugs with a harmful effect on nephrons can increase nephrotoxicity due to the increasing
burden on them. Therefore, in patients treated with polymyxin group antibiotics, we advise caution when
using additional nephrotoxic agents and to monitor closely for possible nephrological damage. In addition,
in previous studies [10-13] with polymyxins, various comorbidities have been found to be effective on renal
damage. Although we did not find any difference caused by single comorbidity on nephrotoxicity, we
observed in the univariate analysis that there was significantly more nephrotoxicity in patients with two or
more comorbidities; however, we could not confirm this data in the multivariate analysis (Table 4).
Regarding additional nephrotoxic agents, we could not show any statistical significance, but we believe that
this is due to the study’s insufficient sample size.

Findings on the loading and total daily dose of polymyxin B are rather controversial. It has been shown that
a stable serum concentration can be achieved swiftly with a loading dose of 2-2.5 mg/kg. Some studies
suggest that the loading dose is one of the main factors for renal damage [8], and, in a similar study [14] that
subjected colistin, the loading dose was reported to be a cause of the significant difference in renal damage,
with 77.3% compared to 23.7%. However, in a study by Nelson et al. [15], no significant difference in AKI was
found between patients treated with polymyxin B with or without a loading dose (p=0.3), and it was
concluded that the risk of AKI is not associated with the use of loading dose. Since our treatment protocol
included a loading dose of polymyxin B for every patient in our care, it is impossible to differentiate the
effect of the loading dose. However, with our findings, we can argue that the dose and duration of the drug
has an effect on the nephrotoxicity of polymyxin B because both were higher in patients who developed
nephrotoxicity.

The univariate analysis showed significantly lower baseline GFR and higher creatinine values in the NT
group, while the multivariate analysis did not show a similar result. In a study by Mendes et al. [16], a higher
incidence of nephrotoxicity was observed in patients with high baseline creatinine levels, and, similarly, in a
case series by Pastewski et al. [17], the effect of the baseline creatinine value was found to be related to AKI.
In a study by Han et al. [18], a close relationship was found between the baseline serum creatinine level and
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polymyxin B toxicity in 54 patients. However, there are also many studies in which the effect of baseline
creatinine values is found to be insignificant [19,20]. We believe that low GFR values may be associated with
nephrotoxicity caused by not only polymyxins but all nephrotoxic agents, and we interpret this as the greater
exposure of the already decreased renal reserve to toxic agents. However, we could not demonstrate this in
our study.

In our study, no significant difference was found in terms of mortality between the NT and non-NT groups,
which is inconsistent with previous studies [21-23], which show higher mortality in patients with developed
nephrotoxicity. We believe that this contradicting result may be due to the small number of patients in our
study.

In a study conducted by Kubin et al. [5], it was found that a BMI higher than 25 kg/m2 is a risk factor for
polymyxin B-associated AKI. Similarly, in our study, a significant relationship between high BMI and AKI
was detected. This result may be due to the tendency of clinicians to use higher doses based on the patient’s
actual body weight, rather than the ideal body weight recommended for the drug (which could be the result
of concerns about multidrug-resistant gram-negative bacteria and clinical/institutional strategies). In
addition, confusion still persists about how to dose obese and non-obese people and those with and without
renal failure with these drugs.

Advanced age was found to be an independent risk factor for polymyxin B nephrotoxicity. Previous studies
[10,12,22,24-27] on polymyxins and their nephrotoxic effects have shown a relationship between advanced
age and polymyxin nephrotoxicity. We attribute this relationship to the age-related decrease in renal
reserves, which results in increased sensitivity to nephrotoxic agents. However, it is unknown whether there
is a linear relationship between age and nephrotoxicity caused by polymyxins [28].

Our study has several limitations. First, it is a retrospective study. In addition, most of our patients were
septic and in second- and third-level ICUs, which is a condition in itself known to have serious effects on
renal function. Polymyxin B was often combined with other antibiotics in our patients and, in our study
group, was most commonly combined with carbapenems, making it difficult to create a control group to
observe nephrotoxicity following polymyxin B use. Our study is also a single-center study with a single
dosage regimen, which ensures a homogenous distribution of the groups; however, unfortunately, this
situation does not allow for comparison with other dosing strategies. Finally, since our study is
retrospective, many factors such as the rate of drug administration, fluid balance at the time of
administration, and the timing of administration of other nephrotoxic agents could not be evaluated.

Conclusions
It is evident that polymyxin B causes renal damage in ICU patients but to a lesser degree than colistin. We
found that advanced age, higher BMI, and longer duration of polymyxin B use increase the risk of
nephrotoxicity. Therefore, we recommend close monitoring of renal function and prompt intervention,
particularly in patients with risk factors, during polymyxin B use. In addition, we believe that randomized
controlled studies need to be conducted to gain more knowledge about the nephrotoxicity of polymyxin B. In
order to avoid long-term use in patients using polymyxin b, we would like to emphasize the importance of
frequent control of indications and necessity, and the importance of dose adjustment in elderly and patients
with high bmi.
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