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Abstract
Background The study aimed to compare polymyxin B with colistimethate sodium (CMS) regarding neurotoxicity, 
nephrotoxicity and 30-day mortality in patients with MDR Gram-negatives.

Methods All adult patients who received polymyxin B or CMS for at least 24 h for the treatment of MDR 
microorganisms were evaluated retrospectively.

Results Among 413 initially screened patients, 147 patients who were conscious and able to express their symptoms 
were included in the neurotoxicity analysis. 13 of 77 patients with polymyxin B and 1 of 70 with CMS had neurotoxic 
adverse events, mainly paresthesias. All events were reversible after drug discontinuation. Among 290 patients 
included in nephrotoxicity analysis, the incidence of acute kidney injury (AKI) was 44.7% and 40.0% for polymyxin 
B and CMS, respectively (p = 0.425). AKI occurred two days earlier with colistin than polymyxin B without statistical 
significance (median (IQR): 5 (3–11) vs. 7 (3–12), respectively, p = 0.701). Polymyxin therapy was withdrawn in 41.1% of 
patients after AKI occurred and CMS was more frequently withdrawn than polymyxin B (p = 0.025). AKI was reversible 
in 91.6% of patients with CMS and 79% with polymyxin B after the drug withdrawal. Older age, higher baseline serum 
creatinine and the use of at least two nephrotoxic drugs were independent factors associated with AKI (OR 1.05, 
p < 0.001; OR 2.99, p = 0.022 and OR 2.45, p = 0.006, respectively). Septic shock, mechanical ventilation, presence of a 
central venous catheter and Charlson comorbidity index (OR 2.13, p = 0.004; OR 3.37, p < 0.001; OR 2.47, p = 0.004 and 
OR 1.21, p p < 0.001, respectively) were the independent predictors of mortality. The type of polymyxin was not related 
to mortality.

Conclusions Neurotoxicity is a relatively common adverse event that leads to drug withdrawal during polymyxins, 
particularly polymyxin B. Nephrotoxicity is very common during polymyxin therapy and the two polymyxins display 
similar nephrotoxic events with high reversibility rates after drug withdrawal. Close monitoring of AKI is crucial during 
polymyxin therapy, particularly, for elderly patients, patients who have high baseline creatinine, and using other 
nephrotoxic drugs.
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Introduction
Polymyxins are polypeptide antibiotics that were first 
recognized in the 1940s. Despite having broad activity 
against Gram-negative bacteria, their use was abandoned 
due to their toxicity for many years [1]. Polymyxins were 
re-considered in recent years with the unavoidable rise 
of carbapenem-resistant Gram-negative bacteria. Five 
different polymyxins were initially recovered but only 
polymyxin B and colistin are currently available for clini-
cal use. Polymyxin B and colistin demonstrate different 
pharmacokinetic (PK) properties despite having similar 
structures and antibacterial activities. Colistin (poly-
myxin E) is administered as its inactive prodrug, colisti-
methate sodium (CMS) converted into colistin in vivo. 
Polymyxin B is administered as its active form, and there-
fore it achieves plasma concentrations more rapidly than 
colistin [2]. There is relatively more significant interindi-
vidual variability in the PKs of CMS/colistin compared 
to polymyxin B. Although colistin was widely used pre-
viously, polymyxin B has become more favorable for cli-
nicians in recent years because of these PK advantages. 
However, it is still unclear in the literature whether the 
PK advantage of polymyxin B is translated into clinical 
practice.

The most significant adverse events that limit the use of 
polymyxins are neurotoxicity and nephrotoxicity. Studies 
in the 1960s and 1970s showed high rates of neurologi-
cal side effects ranging from 7 to 27%. Fewer studies have 
reported neurotoxicity after the 2000s and the incidence 
is lower than in previous ones [3]. Nephrotoxicity is the 
other significant and common adverse event leading to 
dose modifications and drug withdrawal. It is associated 
with longer hospital stays, increased costs and higher 
mortality risk in hospitalized patients [4, 5].

In our country, CMS has been used for many years 
and polymyxin B is now available since 2018. Both poly-
myxins are heavily used in clinical practice due to the 
high rates of carbapenem-resistant Gram-negative bac-
teria. Therefore, it is essential to elucidate whether there 
is a difference between the two polymyxins regarding 
safety and mortality to use polymyxins more efficiently. 
In this study, we aimed to compare polymyxin B with 
CMS regarding neurotoxicity, nephrotoxicity and 30-day 
mortality in patients infected with multi-drug resistant 
(MDR) Gram-negative bacteria.

Methods
Patient groups and study design
This retrospective cohort study was conducted between 
January 2018 and March 2023, in Gazi University Hospi-
tal, a 1007-bed teaching hospital. The study was approved 
by Gazi University Ethics Committee with decision num-
ber 11, on June 6, 2023.

All adult patients (> 18 years) receiving polymyxin 
therapy, either as polymyxin B (Polix, Kocak Farma, 
Istanbul, Türkiye) or CMS (Colimycin, Kocak Farma, 
Istanbul, Türkiye) for at least 24 h for any type of infec-
tion were included in the study. Data were retrieved 
from the electronic records of patients. Data collection 
included demographics, comorbidities, laboratory find-
ings (serum creatinine, albumin and glomerular filtration 
rates at baseline and during polymyxin therapy), symp-
toms potentially related to neurotoxicity, ICU admission, 
duration of polymyxins, concomitant use nephrotoxic 
drugs (aminoglycosides, loop diuretics, vasopressors, 
vancomycin, amphotericin B, angiotensin-converting 
enzyme inhibitors, and angiotensin receptor blockers, 
contrast agents), type of infection and causative microor-
ganisms. Only the first episodes of patients treated with 
polymyxins were included in the study if they had more 
than one treatment episode. CMS and polymyxin B were 
administered with daily doses of 300 mg and 2.5 mg/kg 
divided into 2 doses following loading doses of 300  mg 
and 2.5  mg/kg, respectively. Dose adjustments were 
made according to the glomerular filtration rate for CMS 
for patients with AKI occurrence. No dose adjustments 
were made for polymyxin B.

Outcome measurements and definitions
The primary outcome of this study was to compare the 
neurotoxicity and nephrotoxicity of polymyxin B with 
CMS. Secondary outcomes were to assess the indepen-
dent risk factors for nephrotoxicity and 30-day mortal-
ity. Neurotoxicity was assessed in all patients who were 
conscious and could express their symptoms by con-
sultant infectious diseases doctors. Neurotoxicity was 
defined as the presence of paresthesia, numbness, sei-
zure, muscle weakness, ataxia and altered mental status 
after polymyxin therapy [6]. Nephrotoxicity was assessed 
and staged according to “KDIGO- Acute Kidney Injury 
(AKI)” criteria [7]. While staging AKI, the highest serum 
creatinine value during the polymyxin therapy, was con-
sidered. Patients with chronic kidney diseases including 
end-stage kidney disease, and patients with acute kidney 
failure at the beginning of the study were excluded from 
nephrotoxicity analysis. Chronic kidney disease (CKD) 
was defined as the decrease of glomerular filtration rate 
below 60  ml/min/1.73 m2 for > 3 months [8]. Baseline 
renal function was defined as the serum creatinine on the 
day of polymyxin initiation. Patients were followed until 
discharge from/death in hospital.

Statistical analysis
Statistical analyses were performed using the SPSS 
software version 22 (IBM Corp., Armonk, N.Y., USA). 
The variables were investigated using visual (his-
tograms, probability plots) and analytical methods 
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(Kolmogorov- Simirnov/Shapiro-Wilk’s test) to deter-
mine whether they are normally distributed. The cat-
egorical variables were expressed as a number and a 
percentage, continued values were presented as a mean 
and standard deviation (SD) or median values and an 
interquartile range (IQR) of 25–75%. The categorical 
variables were analyzed with a Chi-square test or Fisher 
exact test. The non-parametric variables were analyzed 
using the Mann–Whitney U, and the parametric ones 
with a Student t-test. In the univariate analysis, vari-
ables with a p-value of less than 0.20 and not correlated 
with each other were included in the logistic regres-
sion model using backward LR selection. The variables 
included in the multivariate model were age, baseline 
creatinine, baseline albumin, the use of at least two neph-
rotoxic drugs, diuretics, vasoactive agents, amphotericin 
B, hypertension, chronic heart diseases and Charlson 
comorbidity index for nephrotoxicity analysis and age, 
ICU admission, septic shock, mechanical ventilation, 
central venous catheter, baseline albumin and creatinine, 
type of polymyxin, Charlson comorbidity index, blood-
stream infection, skin-soft tissue infection and urinary 
tract infection for mortality analysis. Values with a type-
I error level of below 5% were considered statistically 
significant.

Results
413 patients who received either polymyxin B or CMS 
for the treatment of infections caused by gram-negative 
bacteria were screened and included in the study (Fig. 1). 
Polymyxins were used in combination with beta-lactams 
in 342 patients, tigecycline in 167, fosfomycin in 72 and 
aminoglycosides in 7 patients.

Neurotoxicity was assessed in 147 of 413 patients who 
were conscious and could express their symptoms, so 
neurotoxic effects were observed. The crude incidence 
of neurotoxicity was 9.5% during polymyxin therapy. 
The incidence was 18.3% (13/77) and 1.4% (1/70) among 
patients who received polymyxin B and CMS, respec-
tively. Numbness and paresthesia in the face, tongue 
and/or extremities were reported in 11 patients, seizure 
in one patient and ataxia in one patient among patients 
who received polymyxin B whereas altered mental sta-
tus was reported in one patient who received colistin. 9 
of 14 patients experienced symptoms within the first 72 h 
of the drug and the median duration was 2 (IQR: 1-6.25) 
days. Characteristics of patients with and without neuro-
toxicity are presented in Table 1. Patients with neurotox-
icity were younger than patients without neurotoxicity. 
Charlson comorbidity index was lower in the neurotoxic-
ity group without statistical difference. Polymyxins were 
stopped in all patients with neurotoxicity and symptoms 
resolved in all patients after withdrawal of the drugs. 

Fig. 1 Flowchart of the study
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Symptoms also did not recur in four patients whose poly-
myxin B therapy was switched to CMS.

Among 413 screened patients, 65 with chronic kidney 
diseases and 58 with acute kidney failure were excluded, 
and a total of 290 patients (170 receiving polymyxin B 
and 120  cm) were then included in the nephrotoxicity 
analysis. The characteristics of patients are presented in 
Table 2.

The overall AKI rate for polymyxin B and CMS was 
similar (44.7% and 40.0%, p = 0.425, Fig. 2). Although AKI 
occurred two days earlier with colistin than polymyxin 
B, this did not show statistical significance (median 
(IQR): 5 (3–11) vs. 7 (3–12) days, respectively, p = 0.701). 
There is also no difference between polymyxin B and 
CMS in terms of the distribution of time until nephro-
toxicity (Fig. 3). 24.2% of AKI cases were stage 1, 35.5% 
were stage 2 and 40.3% were stage 3. AKI stages were 
similar for polymyxin B and CMS (Fig.  4). Polymyxin 
therapy was withdrawn in 41.1% of patients after AKI 
occurred and CMS was more frequently withdrawn than 
polymyxin B (p = 0.025) (Fig.  4). CMS was switched to 
polymyxin B in 14 patients after the occurrence of neph-
rotoxicity. The rate of reversal of nephrotoxicity for CMS 
and for polymyxin B was 91.6% and 79% for patients with 
drug withdrawal, 66.6% and 42.8% for patients with drug 

continuation, and 75% for patients whose CMS therapy 
switched to polymyxin B (Fig. 4).

Factors associated with nephrotoxicity were evaluated 
by univariate and multivariate analysis (Table  3). Multi-
variate analysis revealed that the independent risk fac-
tors for the onset of nephrotoxicity were older age, higher 
baseline creatinine and the use of at least two nephro-
toxic agents.

Factors associated with mortality are shown in Table 4. 
All 413 patients were included in the analysis. Sep-
tic shock, mechanical ventilation, presence of a central 
venous catheter and Charlson comorbidity index were 
the independent predictors of mortality. Although mor-
tality was higher in patients who received polymyxin B 
than CMS in the univariate analysis, multivariate analysis 
did not show any difference.

Discussion
Our study presents detailed data on polymyxin-associ-
ated neurotoxicity which is scarce in the literature, and a 
comparison of nephrotoxicity between the two polymyx-
ins. Our findings show that neurotoxicity is not rare dur-
ing polymyxin therapy and it is mainly associated with 
polymyxin B. Facial and peripheral paresthesias were the 
most frequently observed manifestations. AKI during 

Table 1 Characteristics of patients with and without neurotoxicity
Patients with neurotoxicity (n = 14) Patients without neurotoxicity

(n = 127)
p

Age, median (IQR) 50 (28-63.5) 66 (53–74) 0.005
Gender, male 7 (50.0) 41 (32.3) 0.195
Baseline serum albumin, g/dL, median (IQR) 2.9 (2.4–3.5) 2.6 (2.3–2.9) 0.091
Baseline serum creatinine, mg/dL, median (IQR) 0.5 (0.3–1.4) 0.7 (0.5-1.0) 0.181
Type of polymyxin
 Polymyxin B
 Colistin

13 (92.9)
1 (7.1)

58 (45.7)
69 (54.3)

0.001

Nephrotoxicity during polymyxin therapy* (n = 127) 1 (7.1) 48 (42.5) 0.010
Concurrent drugs
Diuretics 3 (21.4) 58 (45.7) 0.082
NSAIDs** 1 (7.1) 8 (6.3) 1.000
Vasoactive agents 1 (7.1) 22 (17.3) 0.467
Aminoglycosides 0 (0) 3 (2.4) 1.000
Voriconazole 0 (0) 2 (1.6) 1.000
Tacrolimus/sirolimus 0 (0) 1 (0.8) 1.000
Comorbid diseases and conditions
Malignancy 4 (28.6) 56 (44.1) 0.265
Hypertension 3 (21.4) 54 (42.5) 0.127
Cardiovascular diseases 4 (28.6) 45 (35.4) 0.609
Chronic neurological disease 2 (14.3) 32 (25.2) 0.365
Diabetes mellitus 4 (28.6) 40 (31.5) 1.000
Chronic obstructive pulmonary disease 2 (14.3) 20 (15.7) 1.000
Chronic kidney disease 2 (14.3) 35 (27.6) 0.356
Charlson comorbidity score, median (IQR) 2.5 (0–6) 5 (3–7) 0.069
* Patients with acute kidney failure and chronic kidney disease were excluded

** NSAID: Non-steroid anti-inflammatory drug
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polymyxin therapy was very common, however, there is 
no difference between polymyxin B and CMS regarding 
nephrotoxicity. Older age, higher baseline serum cre-
atinine and the use of at least two nephrotoxic agents 
are the factors associated with nephrotoxicity during 
polymyxin therapy. 40% of nephrotoxicity events were 
severe (Stage 3), 41.1% of patients needed withdrawal of 
the drug and 16% needed hemodialysis after polymyxin 
therapy. The reversal of nephrotoxicity was high after 

the discontinuation of polymyxin therapy. Septic shock, 
mechanical ventilation, presence of a central venous 
catheter and Charlson comorbidity index were the inde-
pendent predictors of mortality. The type of polymyxin 
was not related to mortality.

Neurotoxicity is a significant adverse effect of poly-
myxins. Paresthesia is the most frequently experienced 
adverse event and older studies reported incident rates 
between 7.3% and 27% [6, 9]. Nevertheless, neurotoxicity 

Table 2 Characteristics of patients included in the nephrotoxicity analysis
Polymyxin B
n = 170 (%)

CMS
n = 120 (%)

p

Age, median (IQR) 66 (55–75) 64.5 (52.2–71.7) 0.178
Gender, male 105 (61.8) 79 (65.8) 0.479
Intensive care unit admission 131 (77.1) 80 (66.7) 0.050
Septic shock 50 (29.4) 30 (25.0) 0.408
Duration of hospitalization 42 (26.7–76.0) 46.5 (28–77) 0.417
Duration of polymyxins (days), median (IQR) 12 87 − 16) 12 (7–16) 0.645
Baseline serum albumin, g/dL, median (IQR) 2.5 (2.2–2.8) 0.062
Baseline serum creatinine, mg/dL, median (IQR) 0.6 (0.4–0.88) 0.6 (0.45–0.8) 0.920
Concurrent drugs
At least one nephrotoxic drug 117 (68.8) 76 (63.3) 0.329
At least two nephrotoxic drug 39 (22.9) 25 (20.8) 0.670
Diuretics 90 (52.9) 58 (48.3) 0.439
Contrast agents 28 (16.5) 16 (13.3) 0.463
ACEI/ARBs* 10 (5.9) 3 (2.5) 0.170
NSAIDs* 12 (7.1) 5 (4.2) 0.302
Vasoactive agents 66 (38.8) 35 (29.2) 0.089
Vancomycin 1 (0.6) 1 (0.8) 0.804
Aminoglycosides 2 (1.2) 2 (1.7) 1.000
Voriconazole 4 (2.4) 9 (7.5) 0.037
Amphotericin B 11 (6.5) 5 (4.2) 0.397
Tacrolimus/sirolimus 2 (1.2) 1 (0.8) 1.000
Comorbid diseases and conditions
Malignancy 74 (43.5) 54 (45.0) 0.804
Hypertension 74 (43.5) 42 (35.0) 0.144
Cardiovascular diseases 56 (32.9) 36 (30.0) 0.596
Chronic neurological disease 51 (30.0) 29 (24.2) 0.274
Diabetes mellitus 42 (24.7) 30 (25.0) 0.954
Chronic obstructive pulmonary disease 26 (15.3) 19 (15.8) 0.091
Charlson comorbidity score, median (IQR) 5 (3–7) 4.5 (3–6) 0.149
Source of infection
Pneumonia 72 (42.4) 51 (42.5) 0.980
Bloodstream 30 (17.6) 24 (20.0) 0.612
Urinary tract 2 (1.2) 15 (12.5) < 0.001
Intraabdominal 6 (3.5) 2 (1.7) 0.340
Soft tissue infection 17 (10.0) 9 (7.5) 0.463
Sepsis of unknown origin 43 (25.3) 19 (15.8) 0.053
Causative microorganism
Acinetobacter baumanni 65 (38.2) 54 (45.0) 0.249
Klebsiella pneumoniae 30 (17.6) 21 (17.6) 0.974
Pseudomonas spp. 18 (10.6) 19 (15.8) 0.187
Empirically 51 (30) 21 (17.5) 0.015
* ACEI: Angiotensin-converting enzyme inhibitor, ARB: Angiotensin II receptor blocker, NSAID: Non-steroid anti-inflammatory drug
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is less reported in the recent literature and there is not 
enough data to truly evaluate the incidence [10]. Cur-
rent studies mainly include critical patients who are 
sedated or unresponsive, therefore, the neurotoxic effects 
might be unreported. Furthermore, symptoms associ-
ated with neurotoxicity might be missed due to the lack 

of objective criteria. Recently, Liu et al. investigated the 
adverse effects of polymyxin B in healthy Chinese sub-
jects and revealed that 7 of 10 subjects who received 
polymyxin B at 0.75 mg/kg dose and all 10 subjects who 
received 1.5  mg/kg dose had various neurotoxic events 
[11]. In our study, we just considered conscious patients 

Fig. 3 Comparison of the onset of nephrotoxicity (Log-rank test, p = 0.323)

 

Fig. 2 Parameters related to nephrotoxicity
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who can express their neurological findings during poly-
myxin therapy and found that 9.5% of patients receiving 
polymyxins had neurological symptoms. Nearly all neu-
rotoxic events in our study were associated with poly-
myxin B and paresthesia was the main symptom. Most 

events occurred within the first 72  h of drug initiation. 
Neurotoxicity seems to be unrelated to nephrotoxicity, 
only a patient in our cohort experienced nephrotoxic-
ity and neurotoxicity at the same time. Furthermore, all 
adverse events were reversible after the drug withdrawal. 

Table 3 Univariate and multivariate analyses of factors associated with AKI
All patients
(n)

Univariate analysis Multivariate analysis
AKI (+)
n = 124 (%)

AKI (-)
n = 166 (%)

P value Adjusted OR (95%CI) P value

Age, median (IQR) 69 (61–78) 61.5 (49.7–70.0) < 0.001 1.05 (1.02–1.07) < 0.001
Gender, male 77 (62.1) 107 (64.5) 0.680
ICU 90 (72.6) 121 (72.9) 0.953
Septic shock 35 (28.2) 45 (27.1) 0.833
Duration of therapy (days), median (IQR) 12 (8–18) 12 (7–16) 0.318
Polymyxin B 76 (61.3) 94 (56.6) 0.425
CMS 48 (38.7) 72 (43.3)
Applied loading dose 118 (95.2) 157 (94.6) 0.824
Baseline serum albumin, g/dL, median (IQR) 2.5 (2.2–2.8) 2.6 (2.3–2.9) 0.076
Baseline serum creatinine, mg/dL, median (IQR) 0.7 (0.6–0.9) 0.5 (0.4-07) < 0.001 2.99 (1.17–7.64) 0.022
Concurrent drugs
At least one nephrotoxic drug (except polymyxins) 87 (70.2) 106 (63.9) 0.260
At least two nephrotoxic drugs (except polymyxins) 36 (29.0) 28 (16.9) 0.013 2.45 (1.29–4.65) 0.006
Diuretics 75 (60.5) 73 (44.0) 0.005
Contrast agents 17 (13.1) 27 (16.3) 0.548
ACEI/ARBs* 4 (3.2) 9 (5.4) 0.371
NSAIDs* 6 (4.8) 11 (6.6) 0.521
Vasoactive agents 53 (42.7) 48 (28.9) 0.014
Voriconazole 5 (4.0) 8 (4.8) 0.749
Amphotericin B 11 (8.9) 5 (3.0) 0.031 2.91 (0.85–9.97) 0.087
Comorbid diseases
Malignancy 55 (44.4) 73 (44.0) 0.949
Hypertension 57 (46.0) 59 (35.5) 0.073
Cardiovascular disease 51 (41.1) 41 (24.7) 0.003
Diabetes mellitus 30 (24.2) 43 (25.3) 0.829
Charlson comorbidity score, median (IQR) 5 (4–6) 4 (2–7) 0.055 0.91 (0.82–1.01) 0.096
*ACEI: Angiotensin-converting enzyme inhibitor, ARB: Angiotensin II receptor blocker, NSAID: Non-steroid anti-inflammatory drug

Fig. 4 The details of patients with nephrotoxicity reversal
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Patients with neurotoxicity were younger than the whole 
population and there wasn’t a gender preference. John 
et al. investigated infusion-related adverse events in 
patients receiving polymyxin B at doses exceeding 3 mg/
kg or 250 mg/day and reported a 3.9% neurotoxicity inci-
dence in patients not receiving sedatives [12]. They also 
reported that patients with neurotoxicity were relatively 
young, had low Charlson comorbidity scores and better 
renal functions than patients without neurotoxicity. Sim-
ilar to John et al.’s study, 11 of 14 patients in our study had 
good renal functions and the median Charlson comor-
bidity score was lower than the entire cohort. In contrast 
to their study, none of our patients were administered 
doses higher than 2.5  mg/kg/day and total daily doses 
were ≤ 200 mg in all patients.

The prevalence of nephrotoxicity associated with poly-
myxins has an increasing trend through the years and 
reaches up to 74% in colistin-treated patients and 46% 
in polymyxin B-treated patients in the literature [13]. 

The cumulative prevalence of nephrotoxicity induced by 
polymyxins is 30.3–45% in current meta-analyses [14–
16]. The cumulative rate of nephrotoxicity in our study 
was 42.8% (44.7% for polymyxin B and 40.0% for CMS) 
and nephrotoxicity occurred median 6th days of therapy. 
A majority of patients in our cohort were critical care 
patients and one-third had septic shock, therefore, these 
high nephrotoxicity rates are not surprising. In the lit-
erature, newer studies have reported higher nephrotoxic-
ity rates than older studies. Oliota et al. mentioned that 
assessing nephrotoxicity by standardized criteria such as 
RIFLE, AKIN and KDIGO has increased the sensitivity 
of nephrotoxicity associated with polymyxins and led to 
an increase in these rates annually after 2009 [14]. In this 
study, we used internationally recognized KDIGO cri-
teria to both diagnose and classify AKI, which also may 
lead to a high nephrotoxicity rate.

In the literature, there is an ongoing debate on 
whether colistin or polymyxin B therapy induces more 

Table 4 Univariate and multivariate analyses of factors associated with mortality
Univariate analysis Multivariate analysis
30-day mortality (+)
n = 231 (%)

30-day mortality (-)
n = 182 (%)

p Adjusted OR (95%CI) P value

Age, median (IQR) 69 (60–80) 64.5 (52.7–73.2) < 0.001
Gender, male 142 (54.8) 117 (45.2) 0.509
Intensive care unit admission 205 (64.1) 115 (35.9) < 0.001
Septic shock 120 (77.4) 35 (22.6) < 0.001 2.20 (1.30–3.71) 0.003
Mechanical ventilation 199 (70.1) 85 (29.9) < 0.001 3.38 (1.87–6.11) < 0.001
Presence of a central venous catheter 204 (68.0) 96 (32.0) < 0.001 2.36 (1.26–4.41) 0.007
Baseline serum albumin, g/dL, median (IQR) 2.4 (2.2–2.6) 2.6 (2.4–2.9) < 0.001
Baseline serum creatinine, mg/dL, median (IQR) 1.1 (0.6–1.9) 0.7 (0.4–1.1) < 0.001
Type of polymyxin
 Polymyxin B
 Colistin

158 (60.3)
73 (48.3)

104 (39.7)
78 (51.7)

0.018

Comorbid diseases and conditions
Malignancy 112 (65.9) 58 (34.1) 0.001
Chronic kidney disease 49 (75.4) 16 (24.6) 0.001
Hypertension 117 (58.8) 82 (41.2) 0.281
Cardiovascular diseases 98 (63.6) 56 (36.4) 0.017
Chronic neurological disease 60 (52.6) 54 (47.4) 0.473
Diabetes mellitus 72 (60.5) 47 (39.5) 0.281
Chronic obstructive pulmonary disease 35 (56.5) 27 (43.5) 0.527
Charlson comorbidity score, median (IQR) 6 (4–8) 4 (2–6) < 0.001 1.21 (1.11–1.32) < 0.001
Source of infection
Pneumonia 94 (59.9) 63 (40.1) 0.222
Bloodstream 56 (65.1) 30 (34.9) 0.057
Urinary tract 6 (26.1) 17 (73.9) 0.003
Intraabdominal 7 (53.8) 6 (46.2) 0.870
Soft tissue infection 13 (40.6) 19 (59.4) 0.067
Sepsis of unknown origin 55 (54.5) 46 (35.5) 0.731
Causative microorganism
Acinetobacter baumanni 93 (57.4) 69 (42.6) 0.659
Klebsiella pneumoniae 42 (56.8) 32 (43.2) 0.895
Pseudomonas spp. 22 (50.0) 22 (50.0) 0.391
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nephrotoxicity. Colistin is generally thought to have an 
increased potential to cause nephrotoxicity than poly-
myxin B [17]. The toxic effect of polymyxins on renal 
tubular cells is a well-known phenomenon. It is sug-
gested that the differences in pharmacokinetics and renal 
handling mechanisms between polymyxins may lead to 
higher colistin toxicity in humans [4]. However, many 
observational studies have shown variable rates of neph-
rotoxicity due to polymyxins. Meta-analyses either have 
conflicting data. In Sisay et al.’s meta-analysis, including 
48 studies conducted using RIFLE criteria for AKI, colis-
tin had a 37% increased risk of developing nephrotoxicity 
compared to polymyxin B [16]. In contrast to this study, 
another larger meta-analysis showed that the pooled 
prevalence of colistin-induced nephrotoxicity was not 
higher than that of polymyxin B-induced nephrotoxicity 
[14]. Wagenlehner et al. demonstrated that no significant 
difference in rates of nephrotoxicity assessed by interna-
tionally recognized criteria between patients treated with 
systemic colistin and polymyxin B in the subgroup analy-
sis of their meta-analysis although a pairwise analysis of 
comparative studies showed a lower rate of nephrotoxic-
ity with polymyxin B [18]. In our study, we couldn’t find 
any difference in AKI rates of polymyxins. Besides, the 
nephrotoxicity rate, the stages of AKI and hemodialysis 
required after polymyxin therapy were similar between 
groups. Although not statistically significant, AKI seems 
to occur earlier with CMS than with polymyxin B. When 
AKI occurred, polymyxin therapy was discontinued in 
only less than half of the patients, probably due to the 
lack of alternative antibiotic therapy for carbapenem-
resistant microorganisms which are very prevalent in 
our setting. Our data show that clinicians were more 
likely to discontinue CMS than polymyxin. Besides some 
clinicians preferred to switch the CMS to polymyxin B. 
The reasons for that can be the belief that polymyxin B 
is less nephrotoxic than CMS, and also there is no renal 
dose adjustment for polymyxin B which provides ease of 
use. Nephrotoxicity reversed in the majority of patients 
after drug withdrawal. Nephrotoxicity was reversible for 
many patients even if the polymyxin therapy was not dis-
continued. Hydration, dose modifications for CMS, and 
discontinuation of the other nephrotoxic drugs may be 
responsible for the reversal of AKI for these patients.

Predictors of polymyxin-induced nephrotoxic-
ity were widely investigated in the literature. Older 
age, the concomitant use of other nephrotoxic drugs 
such as vasopressors and diuretics, underlying diabe-
tes mellitus, higher polymyxin doses, longer duration of 
therapy, baseline serum creatinine, presence of sepsis/
septic shock were the main factors independently asso-
ciated with nephrotoxicity in several studies [13, 15, 16]. 
Patients with high serum albumin and high glomerular 
filtration rate at baseline were less likely to experience 

nephrotoxicity [15, 16]. Concerning the mechanism of 
hypoalbuminemia, it is hypothesized that patients with 
low albumin levels may have higher serum levels of free 
colistin because the medication is 50% protein bound 
and preferentially binds to albumin. This might result 
in the accumulation of more drug in kidney tubular 
cells, enhancing the risk of nephrotoxicity. Moreover, 
hypoalbuminemia per se may also reflect the severity 
of the underlying illness. Our data show that older age, 
higher baseline serum creatinine and the use of at least 
two nephrotoxic agents were independent predictors of 
polymyxin-induced nephrotoxicity, compatible with the 
literature.

There are several clinical PK differences between colis-
tin and polymyxin B beyond their similar antimicrobial 
spectrum of activity. Although polymyxin B is known to 
have several PK advantages over colistin, better clinical 
efficacy or less mortality was not observed with it in many 
studies. In a prospective multicenter study, the 30-day 
mortality was 30.9% in colistin and 43.4% in polymyxin 
B groups and the difference was not statistically different 
[19]. In a recent retrospective cohort study, polymyxin B 
or colistin treatment did not impact 30-day mortality in 
patients with carbapenem-resistant A. baumannii or P. 
aeruginosa bloodstream infections [20]. Vardakas et al. 
also demonstrated similar 30-day mortality rates in their 
meta-analysis [13]. Our multivariate analysis also showed 
that the type of polymyxin was not related to mortality. 
Septic shock, mechanical ventilation, presence of a cen-
tral venous catheter and Charlson comorbidity index 
were the independent predictors of mortality.

Our study has some limitations. Symptoms associ-
ated with neurotoxicity were mainly evaluated by con-
sultant infectious diseases doctors in most patients and 
neurology consultation was not available. Neurotoxicity 
assessment was subjective and did not depend on any 
standardized criteria so less severe symptoms may have 
been ignored and not recorded. Considering these fac-
tors and the retrospective nature of this study, we may 
have underreported neurological adverse events. Litera-
ture supports that polymyxin-induced nephrotoxicity is 
dose-dependent and AKI risk increases if they are admin-
istered in higher doses. In our study, we administered 
similar loading and maintenance doses in all patients for 
both polymyxins as suggested in “International Consen-
sus Guidelines for the Optimal Use of the Polymyxins. 
Therefore, we could not assess the effect of dosing regi-
mens on the risk of polymyxin nephrotoxicity.

Conclusion
Our study presents data on polymyxin-associated neu-
rotoxicity which is scarce in the literature, and a detailed 
comparison of nephrotoxicity. Neurotoxicity is a revers-
ible but relatively common adverse event that leads to 
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drug withdrawal during the use of polymyxins, par-
ticularly polymyxin B. Nephrotoxicity is very common 
during polymyxin therapy and its frequency is similar 
between the two polymyxins. It leads to drug discontinu-
ation in many patients, however, it is mostly reversible 
after the discontinuation of the polymyxin therapy. Older 
age, higher baseline creatinine and the use of at least two 
nephrotoxic agents, but not the type of polymyxin, are 
associated with AKI in patients on polymyxin therapy. 
The type of polymyxin was not associated with mortal-
ity for infections caused by MDR Gram-negative bacte-
ria. Both polymyxins can be preferred in clinical practice 
with close monitoring for AKI.

Acknowledgements
Not applicable.

Author contributions
We declare that all authors meet the ICMJE authorship criteria.PAY, ÖÖT 
and MD were responsible for the design of the study. AFŞ, ÖÖT, SK were 
responsible for data acquisition. PAY and HSÖ were responsible for data 
analysis, interpretation and statistical analyses. PAY, ÖÖT, AFŞ and SK were 
responsible for writing the draft. HSÖ and MD reviewed the draft. All authors 
contributed to the writing of the final manuscript. All authors approved the 
final version of the manuscript.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Data availability
Our dataset is not available online. However, the dataset used and analysed 
during the current study is available from the corresponding author on 
request.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval and consent to participate
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. The study was approved by 
Gazi University Ethics Committee with decision number 11, on June 6, 2023.

Informed consent
Informed consent to participate was waived by Gazi University Ethics 
Committee due to the retrospective nature of the study.

Received: 24 June 2024 / Accepted: 14 August 2024

References
1. Zhou Y, Li Y, Xie X, Song L, Lan G, Sun B, et al. Higher incidence of neurotoxic-

ity and skin hyperpigmentation in renal transplant patients treated with poly-
myxin B. Br J Clin Pharmacol. 2022;88(11):4742–50. https://doi.org/10.1111/
bcp.15384.

2. Nation RL, Rigatto MHP, Falci DR, Zavascki AP. Polymyxin Acute kidney Injury: 
Dosing and other strategies to reduce toxicity. Antibiot (Basel). 2019;8(1):24. 
https://doi.org/10.3390/antibiotics8010024.

3. Landman D, Georgescu C, Martin DA, Quale J. Polymyxins revisited. Clin 
Microbiol Rev. 2008;21(3):449–65. https://doi.org/10.1128/CMR.00006-08.

4. Zavascki AP, Nation RL. Nephrotoxicity of polymyxins: is there any difference 
between Colistimethate and Polymyxin B? Antimicrob Agents Chemother. 
2017;61(3):e02319–16. https://doi.org/10.1128/AAC.02319-16.

5. Karimzadeh I, Strader M, Kane-Gill SL, Murray PT. Prevention and manage-
ment of antibiotic associated acute kidney injury in critically ill patients: new 
insights. Curr Opin Crit Care. 2023;29(6):595–606. https://doi.org/10.1097/
MCC.0000000000001099.

6. Falagas ME, Kasiakou SK. Toxicity of polymyxins: a systematic review of the 
evidence from old and recent studies. Crit Care. 2006;10(1):R27. https://doi.
org/10.1186/cc3995.

7. Khwaja A. KDIGO clinical practice guidelines for acute kidney injury. Nephron 
Clin Pract. 2012;120(4):c179–84. https://doi.org/10.1159/000339789.

8. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. 
KDIGO 2012 Clinical Practice Guideline for the evaluation and manage-
ment of chronic kidney disease. Kidney Int Suppl. 2013;3:1–150. https://doi.
org/10.1038/kisup.2012.73.

9. Koch-Weser J, Sidel VW, Federman EB, Kanarek P, Finer DC, Eaton AE. Adverse 
effects of sodium colistimethate. Manifestations and specific reaction rates 
during 317 courses of therapy. Ann Intern Med. 1970;72(6):857–68. https://
doi.org/10.7326/0003-4819-72-6-857.

10. Kelesidis T, Falagas ME. The safety of polymyxin antibiotics. Expert Opin Drug 
Saf. 2015;14(11):1687–701. https://doi.org/10.1517/14740338.2015.1088520.

11. Liu X, Chen Y, Yang H, Li J, Yu J, Yu Z, et al. Acute toxicity is a dose-limiting 
factor for intravenous polymyxin B: a safety and pharmacokinetic study 
in healthy Chinese subjects. J Infect. 2021;82(2):207–15. https://doi.
org/10.1016/j.jinf.2021.01.006.

12. John JF, Falci DR, Rigatto MH, Oliveira RD, Kremer TG, Zavascki AP. Severe infu-
sion-related adverse events and renal failure in patients receiving high-dose 
intravenous polymyxin B. Antimicrob Agents Chemother. 2017;62(1):e01617–
17. https://doi.org/10.1128/AAC.01617-17.

13. Vardakas KZ, Falagas ME. Colistin versus polymyxin B for the treatment of 
patients with multidrug-resistant Gram-negative infections: a systematic 
review and meta-analysis. Int J Antimicrob Agents. 2017;49(2):233–8. https://
doi.org/10.1016/j.ijantimicag.2016.07.023.

14. Oliota AF, Penteado ST, Tonin FS, Fernandez-Llimos F, Sanches AC. Nephro-
toxicity prevalence in patients treated with polymyxins: a systematic review 
with meta-analysis of observational studies. Diagn Microbiol Infect Dis. 
2019;94(1):41–9. https://doi.org/10.1016/j.diagmicrobio.2018.11.008.

15. Wang JL, Xiang BX, Song XL, Que RM, Zuo XC, Xie YL. Prevalence of 
polymyxin-induced nephrotoxicity and its predictors in critically ill adult 
patients: a meta-analysis. World J Clin Cases. 2022;10(31):11466–85. https://
doi.org/10.12998/wjcc.v10.i31.11466.

16. Sisay M, Hagos B, Edessa D, Tadiwos Y, Mekuria AN. Polymyxin-induced 
nephrotoxicity and its predictors: a systematic review and meta-analysis of 
studies conducted using RIFLE criteria of acute kidney injury. Pharmacol Res. 
2021;163:105328. https://doi.org/10.1016/j.phrs.2020.105328.

17. Tsuji BT, Pogue JM, Zavascki AP, Paul M, Daikos GL, Forrest A, et al. Interna-
tional Consensus guidelines for the optimal use of the polymyxins: endorsed 
by the American College of Clinical Pharmacy (ACCP), European Society of 
Clinical Microbiology and Infectious diseases (ESCMID), Infectious Diseases 
Society of America (IDSA), International Society for anti-infective pharmacol-
ogy (ISAP), society of critical Care Medicine (SCCM), and Society of Infectious 
diseases pharmacists (SIDP). Pharmacotherapy. 2019;39(1):10–39. https://doi.
org/10.1002/phar.2209.

18. Wagenlehner F, Lucenteforte E, Pea F, Soriano A, Tavoschi L, Steele VR, Henrik-
sen AS, Longshaw C, Manissero D, Pecini R, Pogue JM. Systematic review on 
estimated rates of nephrotoxicity and neurotoxicity in patients treated with 
polymyxins. Clin Microbiol Infect. 2021: S1198-743X(20)30764-3. https://doi.
org/10.1016/j.cmi.2020.12.009

19. Rigatto MH, Oliveira MS, Perdigão-Neto LV, Levin AS, Carrilho CM, Tanita 
MT, et al. Multicenter prospective cohort study of renal failure in patients 
treated with Colistin versus Polymyxin B. Antimicrob Agents Chemother. 
2016;60(4):2443–9. https://doi.org/10.1128/aac.02634-15.

https://doi.org/10.1111/bcp.15384
https://doi.org/10.1111/bcp.15384
https://doi.org/10.3390/antibiotics8010024
https://doi.org/10.1128/CMR.00006-08
https://doi.org/10.1128/AAC.02319-16
https://doi.org/10.1097/MCC.0000000000001099
https://doi.org/10.1097/MCC.0000000000001099
https://doi.org/10.1186/cc3995
https://doi.org/10.1186/cc3995
https://doi.org/10.1159/000339789
https://doi.org/10.1038/kisup.2012.73
https://doi.org/10.1038/kisup.2012.73
https://doi.org/10.7326/0003-4819-72-6-857
https://doi.org/10.7326/0003-4819-72-6-857
https://doi.org/10.1517/14740338.2015.1088520
https://doi.org/10.1016/j.jinf.2021.01.006
https://doi.org/10.1016/j.jinf.2021.01.006
https://doi.org/10.1128/AAC.01617-17
https://doi.org/10.1016/j.ijantimicag.2016.07.023
https://doi.org/10.1016/j.ijantimicag.2016.07.023
https://doi.org/10.1016/j.diagmicrobio.2018.11.008
https://doi.org/10.12998/wjcc.v10.i31.11466
https://doi.org/10.12998/wjcc.v10.i31.11466
https://doi.org/10.1016/j.phrs.2020.105328
https://doi.org/10.1002/phar.2209
https://doi.org/10.1002/phar.2209
https://doi.org/10.1016/j.cmi.2020.12.009
https://doi.org/10.1016/j.cmi.2020.12.009
https://doi.org/10.1128/aac.02634-15


Page 11 of 11AYSERT-YILDIZ et al. BMC Infectious Diseases          (2024) 24:862 

20. Garcia RCL, Rodrigues RD, Garcia ECL, Rigatto MH. Comparison between 
Colistin and Polymyxin B in the treatment of Bloodstream infections caused 
by Carbapenem-Resistant Pseudomonas aeruginosa and Acinetobacter 
baumannii-Calcoaceticus Complex. Antibiot (Basel). 2023;12(8):1317. https://
doi.org/10.3390/antibiotics12081317.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.3390/antibiotics12081317
https://doi.org/10.3390/antibiotics12081317

	Polymyxin B vs. colistin: the comparison of neurotoxic and nephrotoxic effects of the two polymyxins
	Abstract
	Introduction
	Methods
	Patient groups and study design
	Outcome measurements and definitions
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


