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ABSTRACT 

Polymyxins are a group of cationic polypeptide antibiotics effective against several Gram-negative bacteria. The emerging experience 
with Polymyxin B, indicated that up to half of the patients receiving this drug presented nephrotoxicity. More recent studies using 
standardized criteria for AKI, such as Kidney Disease: Improving Global Outcomes (KDIGO), Acute Kidney Injury Network (AKIN) and 
Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease (RIFLE), have been published, among which, a recent meta-
analysis showed that the occurrence of AKI remained undesirably high with mean rates of 31.3%, 32.6% and 39.4%, respectively. 
Polymyxins act primarily upon the external and cytoplasmic membranes, with similar action to that of simple cationic detergents. The 
mechanism of action is thought to be based on surfactant activity, which disrupts the bacterial outer and cytoplasmic membranes. 
Polymyxin B is used at the dose of 1.5 to 2.5 mg/kg/day (1.0 mg of polymyxin B = 10,000 IU) in patients with normal renal function. 
The development of renal injury, is the major limiting factor for the use of this class of antibiotics. Identifying ways to minimize 
nephrotoxicity associated with polymyxin B use is critical to advance clinical practice.  
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INTRODUCTION 

olymyxins are a group of cationic polypeptide 
antibiotics. Polymyxin B is a lipopeptide antibiotic 
isolated from bacillus polymyxa. It differs from 

colistin in having D-phenylalanine in place of D-leucine. 
Polymyxins belong to a group of active antibiotics against 
several Gram-negative bacteria. Synthesized by Bacillus 
polymyxa strains, they were independently described in 
1947 by U.S. and English researchers and the generic name 
of polymyxins was adopted for the antibiotics derived from 
this microorganism. They contain five closely related 
substances, called polymyxins A, B, C, D and E, the latter of 
which is known as colistin, produced by Bacillus colistinus. 
Only polymyxins B and E have clinical use, due to the high 
toxicity of the other polymyxins.1 

Polymyxin B is a mixture of four Polymyxin components 
(PB1, PB2, PB3, and PB4) with its major components 
consisting of Polymyxin B1 (PB1) and Polymyxin B2 (PB2). 
For clinical use, Polymyxin B is administered 
intravascularly, intrathecally, aerosolized, or topically as 
Polymyxin B sulfate. It is not used orally due to poor 
bioavailability.2 

Polymyxin B is available for parenteral use as sulphate salt. 
As reported, the emerging experience with Polymyxin B, 
indicated that up to half of the patients receiving this drug 
presented nephrotoxicity. However, it became clear that 
multiple definitions for nephrotoxicity impaired a more 
accurate estimate of the real incidence of acute kidney 
injury (AKI) in patients treated with Polymyxins.   

More recent studies using standardized criteria for AKI, 
such as Kidney Disease: Improving Global Outcomes 
(KDIGO), Acute Kidney Injury Network (AKIN) and Risk, 
Injury, Failure, Loss of kidney function, and End-stage 
kidney disease (RIFLE), have been published, among which, 
a recent meta-analysis showed that the occurrence of AKI 
remained undesirably high with mean rates of 31.3%, 
32.6% and 39.4%, respectively.  

Antimicrobial activity 

The antimicrobial spectrum includes only Gram-negative 
organisms. An epidemiological surveillance program 
(SENTRY - 2001 to 2004) found that polymyxin B was 
excellent against Pseudomonas aeruginosa (1.3% of 
resistance), Acinetobacter spp (2.1% of resistance), 
Citrobacter spp., Escherichia coli and Klebsiella spp (less 
than 2% of resistance). Polymyxins are not active against 
Gram-positive bacteria and fungi.  

Chemical structure of polymyxins 

Polymyxins are cyclic polycationic decapeptides that 
contain a heptapeptide ring and have a high rate of 2,4-
diaminobutyric (Dab) acid and a fatty acid bound to the 
peptide by an amide bond. The ring is formed by the α-
amine and carboxyl groups of the Dab residue in position 
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with an additional peptide chain attached through the g-
amino group of this residue.   

Mechanism of action 

Polymyxins are amphipathic antibiotics and act primarily 
upon the external and cytoplasmic membranes, with 
similar action to that of simple cationic detergents.3 

The mechanism of action of Polymyxins is thought to be 
based on surfactant activity, which disrupts the bacterial 
outer and cytoplasmic membranes.  

They bind to cell envelope components such as 
phospholipids and liposaccharides (LPS), displacing, in a 
competitive fashion, the Ca and Mg ions that act as 
membrane stabilizers, leading to membrane rupture and 
to the loss of cellular contents, thus killing the bacterium. 
This action seems to be inhibited in the presence of these 
bivalent cations.   

The binding and inactivation capacity of the liposaccharide 
(LPS), a molecule that is related to the development of 
sepsis and septic shock, has prompted research into its 
capacity in treating these syndromes, inhibiting or 
reducing the inflammatory stimulus induced by LPS. In this 
regard, devices for LPS removal and inflammatory 
mediators, such as dialysis filters impregnated with 
polymyxin B, have been used and achieved some success.  

The Polymyxins act initially by binding to lipid A, the 
membrane-anchoring component of lipopolysaccharide 
(LPS), which decorates the outer membrane of Gram-
negative bacteria. The anionic nature of LPS facilitates 
electrostatic interaction with the  pentacationic  
Polymyxins.  This initial interaction then leads to disruption 
of bacterial outer membrane permeability barrier through 
destabilization of the LPS layer and hydrophobic insertion 
of the fatty acyl chain of Polymyxin into the lipid domain of 
lipid A.  

Subsequently, cytoplasmic membrane disruption and 
potential additional intracellular interactions lead to cell 
death.  

Spectrum of activity 

Polymyxin B has no activity against Gram-positive bacteria 
and anaerobes, but is active against a variety of Gram-
negative bacilli, including most clinically relevant 
Enterobacteriaceae and non-fermentative species. Its 
spectrum of activity is nearly identical to colistin. 

P. aeruginosa and Acinetobacter spp. are intrinsically 
susceptible, including most of the isolates that are 
resistant to all the other classes of antibiotics. 
Stenotrophomonas maltophilia is usually susceptible 
although some strains are resistant. 

Burkholderia cepacia complex and Burkholderia 
pseudomallei are resistant to polymyxin B. Among 
Enterobacteriaceae, Escherichia coli, Enterobacter spp., 
Citrobacter spp., Salmonella spp., Shigella spp. and 
Klebsiella spp. are usually susceptible. Proteus spp., 

Providencia spp., Morganella morganii and Serratia 
marcescens are resistant.  

Polymyxin B is active against some species of Aeromonas, 
but Aeromonas jandaei is resistant and Aeromonas 
hydrophila has inducible resistance.  

The pathogenic Neisseria spp. (including meningococci and 
gonococci), Moraxella catarrhalis, Helicobacter pylori, 
Vibrio spp. and Brucella spp. are intrinsically resistant. 
Campylobacter spp. vary in their susceptibility to 
polymyxin B and the susceptibility of Bartonella spp. is 
borderline.  

Dosing 

Polymyxin B is used at the dose of 1.5 to 2.5 mg/kg/day 
(1.0 mg of polymyxin B sulfate = 10,000 IU) in patients with 
normal renal function (creatinine clearance > 80 mL/min). 
In patients with abnormal renal function, it is 
recommended that a dose of 2.5 mg/kg be given on the 
first day, adjusting the subsequent doses according to 
creatinine clearance (CrCl). Between 30 and 80 mL/min, 
1.0 to 1.5 mg/kg/d should be administered; with CrCl < 30 
mL/min, the dose ranges from 1.0 to 1.5 mg/kg every 2 or 
3 days; and in anuric patients, administration of 1.0 mg/kg 
must be made every 5 to 7 days.   

 Nephrotoxicity 

The development of renal injury, especially acute renal 
failure (ARF), is the major limiting factor for the use of this 
class of antibiotics. There is an increase in the levels of 
serum urea and creatinine and a decrease in CrCl, in 
addition to hematuria, proteinuria, cylindruria and 
oliguria. 

The mechanism of renal injury seems to be related to the 
contents of d-aminobutyric acid and fatty acid of the 
molecule, and resembles the effect of the antibiotic on the 
outer bacterial membrane. Membrane permeability 
increases, making the flow of cations, anions and water 
easier and causing edema and cell lysis. This action is 
seemingly dependent upon the concentration and length 
of exposure to the antibiotic. 

Identifying ways to minimize nephrotoxicity associated 
with polymyxin B use is critical to advance clinical practice. 
Previous studies have evaluated the prevalence rates of 
nephrotoxicity, described time to the development of 
acute kidney injury (AKI), examined the impact of different 
polymyxin B dosing frequencies on the nephrotoxicity and 
identified independent predictors of AKI.  

Over the last decade, Carbapenem-resistant Gram-
negative rods (CRGNRs) have emerged as important health 
care-associated pathogens that are associated with 
significant morbidity and mortality. Due to broad 
antimicrobial resistance among CRGNRs, clinicians have 
been increasingly forced to rely upon Polymyxins for the 
treatment of infections caused by these organisms.   
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The bactericidal activity of Polymyxin B is concentration 
dependent and appears to be best correlated with the area 
under the concentration-time curve over 24 h in steady 
state divided by the MIC (AUC/MIC).   

Polymyxin B sulfate (PMB), for which early use in the 1970s 
was discontinued because of its toxicity, especially 
nephrotoxicity, has reemerged in clinical practice over the 
last 10 years. The current reuse of PMB is the result of the 
growing number of infections caused by the highly 
mutational and adaptive resistance of Gram-negative 
bacteria.   

PMB induces nephrotoxicity characterized by acute 
tubular necrosis (ATN) and elevated serum creatinine 
concentration in 37% of patients.  

Polymyxin (PMB) remains the last-line treatment option 
for life-threatening infections caused by Carbapenem-
resistant Enterobacteriaceae (CRE), multidrug-resistant 
(MDR) Pseudomonas aeruginosa, and Acinetobacter 
baumannii. Nephrotoxicity is the most clinically concerning 
adverse effect associated with PMB.  

Its use has been advocated recently provided other 
nephrotoxic drugs are not used along with cautious use in 
geriatric patients.4 

Attempts to overcome resistance by escalating the dose 
are hindered by concerns of toxicity. Since the acquired 
resistance to Polymyxins is still relatively low, studies are 
urgently needed to delineate their nephrotoxicity 
potential to guide optimal clinical dosing.   

Several reports published in the 1960s and 1970s showed 
that parenteral administration of Polymyxin was 
associated with considerable nephrotoxicity. However, 
since their recent revival, published experiences of 
systemic Polymyxin use suggested that the incidence of 
nephrotoxicity was less common and less severe than 
those reported 40 years ago.   

As a consequence of the increasing rates of multidrug 
resistance in gram-negative bacteria, the Polymyxins have 
increasingly become the last viable therapeutic option for 
MDR pseudomonas infections, despite very limited 
pharmacokinetic and pharmacodynamics data. 

Independent risk factors for the onset of polymyxin B-
associated nephrotoxicity identified in few of the studies 
included daily dose by actual body weight, concurrent use 
of vancomycin and contrast media.5 High doses, age and 
increased weight were also contributors for the risk.6 

As we are faced with the possibility of returning to the pre 
antibiotic era, the Polymyxins are the agents of our last line 
of defense. It is therefore critical that they be used 
judiciously and optimally. If the pharmacodynamics of 
these agents are thoroughly understood, dosing regimens 
may be designed rationally to optimize patient outcomes 
and to minimize the emergence of resistance to these 
agents.  

Reported rates of nephrotoxicity associated with the 
systemic use of polymyxins have varied widely. The 
reported rates of nephrotoxicity with polymyxins range 
from 5 to 60% according to recent studies using 
standardized criteria to evaluate nephrotoxicity.  

There is a need for discovery and development for novel 
biomarkers which can detect renal damage earlier and aid 
in preventive measures. 

With polymyxin B being an essential antibiotic for MDR and 
XDR Gram-negative infections, polymyxin B antibiotic 
stewardship is strongly advised. Infection control and 
prevention measures should always supplement antibiotic 
use.  

Resistance 

Resistance to these agents, although uncommon, has been 
shown to occur by mutation or adaptation through a 
change in the bacterium’s outer membrane preventing the 
drug from reaching the inner cytoplasmic membrane.  

Recently, the rise in infections caused by multidrug-
resistant (MDR) Gram-negative bacteria, especially the 
resistance to carbapenems most importantly observed in 
Pseudomonas aeruginosa, Acinetobacter baumannii, 
Klebsiella pneumoniae, and Escherichia coli, has led to the 
resuscitation of polymyxins (polymyxin B and colistin) 
worldwide as a last-resort treatment option.7 

There has been a report suggesting various mechanisms of 
resistance to Polymyxin B which includes: PhoP-PhoQ 
system, species-specific resistance mechanisms and 
presence of OM proteins in bacteria.8 

There are also reports of increases in infections caused by 
naturally polymyxin-resistant bacteria, such as Proteus, 
Providencia, Morganella, and Serratia.  

Aim 

This study aimed to assess the incidence of nephropathy in 
patients associated with the use of polymyxin B.  

 Objectives 

● To assess the incidence of nephrotoxicity in patients 
associated with the use of polymyxin B.   

● To evaluate the effect of dosing frequency on 
polymyxin b associated nephrotoxicity.  

● To identify the risk factors for acute kidney injury in 
patients treated with polymyxin B.  

● To evaluate the relationship between polymyxin b 
use and clinical outcomes.  

METHODS 

Study selection 

The full text of all potentially eligible articles was obtained. 
We reviewed the full text articles for eligibility and the 
duplicate study was excluded. Any disagreements were 
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resolved through discussion or after consultation with the 
senior authors/reviewers, when necessary.  

 

 

 

Study sources 

The following data were searched: Medline (PubMed); 
Cochrane, PubMed, Antimicrobial agents and 
chemotherapy, Journal of pharmacy practice and WHO 
regional medical databases.  Language was restricted to 
English.  

 

Figure 1: Flow chart for selection of articles included in the study 

DISCUSSION 

With increasing variety of antibiotics resistance to gram- 
negative microorganisms and also some other new 
effective agents, there has been renewed use of old anti-
microbial such as Polymyxin B.  

Polymyxin B is an antibiotic which is effective against gram 
negative and also to some rate of extent it is effective 
against gram positive bacteria. Nephrotoxicity is a dose 
limiting adverse effect of Polymyxin. The higher the dose 
there will be more chances for nephrotoxicity, but currently 
there is limited data available on the onset of 
Nephrotoxicity.  

A major limitation in the interpretation of polymyxin-
induced nephrotoxicity and neurotoxicity is the intensive 
care unit setting.  

Dose of Polymyxin is based on body weight. The loading 
dose is 10 lakh units and the maintenance dose is 5 lakh 
units. The dose of Polymyxin B varies depending on patient 
condition and disease severity and also based on mortality 
and morbidity rate.   

Nephrotoxicity to Polymyxin B is related to dosage and 
duration of therapy. The results play a very important role 
for implications on possible intervention design to prevent 

the occurrence of Nephropathy associated with Polymyxin 
B.  

Kidney function needs to be monitored during Polymyxin 
therapy, especially serum creatinine level which is a major 
marker for kidney injury.  

Kidney damage results from the accumulation of polymyxin 
B in the organ owing to high reabsorption rates of this drug, 
notably by the proximal tubular cells in the renal cortex. 
Additionally, it has been shown that tubular reabsorption of 
Polymyxin B seems to be a saturable non-passive 
mechanism. A protective effect of dose on mortality 
regardless of the development of AKI has previously been 
found in retrospective study.  

We reviewed more than 15 studies from which only 8% 
study suggested the rate of Polymyxin B inducing 
nephrotoxicity and 17% article shows the effect of 
Polymyxin B on the kidney by using pharmacodynamics and 
monitoring creatinine clearance.  

While some studies suggested high doses as a risk factor for 
AKI, one study showed lower in-hospital mortality with a 
dose ≥200 mg per day.9 

Earlier onset and increased risk of nephrotoxicity was 
observed in patients with BMI ≥25 kg/m2 including 
overweight, obese and volume - overloaded patients. The 
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median duration of polymyxin B therapy was 11 days and 
the median time to the first sign of AKI was 4 days (range 1–
14 days).10 In comparison, Akajagbor et al., reported a mean 
time to peak serum creatinine of 7.3 days with a mean 
treatment duration of 12.5 days. 

Independent risk factors for the onset of polymyxin B-
associated nephrotoxicity identified in few of the studies 
included daily dose by actual body weight, concurrent use 
of vancomycin and contrast media.  Concomitant use of 
aminoglycosides also increased the risk for AKI.11 

The already reported experience regarding the toxicity of 
polymyxins in the old literature has led to more correct use 
of these antibiotics by physicians nowadays. A retrospective 
study about the efficacy and nephrotoxicity rates has 
shown that treating multi-resistant gram negative 
infections with Polymyxin B had low nephrotoxicity rates.12 

In addition, the avoidance of co-administration of potential 
nephrotoxic and/or neurotoxic agents with polymyxins, as 
well as the development of critical care supplies, may also 
explain the observed differences.  

Therapeutic drug monitoring (TDM) could be used as an aid 
to clinical research as well as practical application, 
especially in the cases where higher doses were adopted.  

CONCLUSION 

The incidence of nephrotoxicity associated with the use of 
Polymyxin B ranged between 5% to 55%.  

Four cellular mechanisms happen which cause 
nephrotoxicity, namely: oxidative stress, apoptosis, cell 
cycle arrest and autophagy.13 

The frequency of dosing showed reduced toxicity incidence 
with twice daily dosing compared to once daily dosing.   

A few measures can be taken to prevent drug induced 
nephrotoxicity: 

● Dosage adjustment based on Cockcroft-Gault 
formula (in adults) or Schwartz formula (in 
children). 

● Considering functioning level of kidney and 
performing baseline renal function 

● Avoiding nephrotoxic combinations 

● Rectifying the risk factors 

● Usage of non-nephrotoxic drugs at all possible 
times 

● Establishing adequate hydration14 

The risk factors for incidence were identified which 
includes:  

● Obesity  

● Volume overload  

● Concurrent use of vancomycin  

Clusterin, osteopontin, proteinuria, albumin, Cystatin C 
Retinol binding protein are some of the biomarkers that can 
be used to detect early damage to kidneys.15 

Further studies for fully understanding the 
pharmacokinetics and pharmacodynamics of Polymyxin B is 
therefore required to use it optimally for designing rational 
dosage regimens which in turn can lead to better patient 
outcomes and reduced resistance rates.16 

To prevent resistance, antimicrobial stewardship programs 
can be initiated and carried out on a larger scale. 
Therapeutic drug monitoring can also be conducted to 
know more about the drug characteristics.  
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