UCLA
UCLA Previously Published Works

Title
The safety of polymyxin antibiotics

Permalink
https://escholarship.org/uc/item/8p7503h3

Journal
Expert Opinion on Drug Safety, 14(11)

ISSN
1474-0338

Authors

Kelesidis, Theodoros
Falagas, Matthew E

Publication Date
2015-11-02

DOI
10.1517/14740338.2015.1088520

Peer reviewed

eScholarship.org

Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8p7503h3
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Expert Opin Drug Saf. Author manuscript; available in PMC 2021 April 29.

-, HHS Public Access
«

Published in final edited form as:
Expert Opin Drug Saf. 2015 ; 14(11): 1687-1701. doi:10.1517/14740338.2015.1088520.

The safety of polymyxin antibiotics

Theodoros Kelesidis, MD PhD?, Matthew E Falagas, MD MSc DSc'+2:3

1University of California, David Geffen School of Medicine, Division of Infectious Diseases,
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Abstract

Introduction: The emergence of multidrug-resistant gram-negative bacteria has led to the
increasing use of polymyxins. Nephrotoxicity and, to a lesser degree, neurotoxicity occur often
during systemic polymyxin therapy. Scientific evidence regarding safety associated with
polymyxins remains limited.

Areas covered: Case reports/case series, observational studies and clinical trials assessing
safety and toxicity of polymyxins were critically reviewed.

Expert opinion: Polymyxins are drugs with a narrow therapeutic range. Nephrotoxicity is
associated with both host factors and polymyxin exposure, and recent studies suggest that the
relative risk of nephrotoxicity is similar for colistin and polymyxin B. Studies that have examined
the safety of polymyxins have several limitations. Considering the available evidence, toxicities
that may develop while on polymyxin therapy most often are mild to moderate in magnitude and
reversible in nature. Strategies to minimize toxicity associated with polymyxins have evolved and
include avoidance of toxic medications, careful dosing, use of critical care, therapeutic drug
monitoring and development of polymyxin derivatives. However, given that polymyxin use has re-
emerged in an era of increased antimicrobial resistance, the presence of other treatment modalities
may be limited. Therefore, clinicians must consider overall risk to benefit ratio of continuing
versus stopping polymyxin treatment and optimize minimization strategies to reduce polymyxin-
induced toxicities.

Keywords

antimicrobial resistance; colistin; nephrotoxicity; neurotoxicity; polymyxin B; polymyxins; safety;
toxicity

1. Introduction

The limited number of new antimicrobials with activity against multidrug-resistant gram-
negative bacteria (MDR-GNB) has led to increasing therapeutic use of polymyxins [1,2].
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Overall, data regarding the effectiveness and safety of polymyxins are scarce and
controversial. We have previously systematically reviewed the literature regarding
polymyxin-related adverse effects. Herein, we critically review the published scientific
evidence regarding polymyxin toxicity in patients without cystic fibrosis, focusing on the
incidence, mechanisms, risk factors for toxicity and strategies to minimize polymyxin-
associated toxicity.

2. Methods

We reviewed the literature regarding polymyxin-induced toxicity (from 1950 until May
2015) using a similar methodology as our previously published systematic review on this
topic [3].

3. Types of polymyxins

Polymyxins A-E are cyclic polypeptide antibiotics [4]. Only polymyxin B and E (colistin),
which have similar structure [5], have been used in the clinical setting. Colistin is available
as colistimethate sodium (CMS), which is less toxic but also less potent than colistin. There
is variability among different studies regarding the type of polymyxin derivative and dosing
(Tables 1,2,3,4,5). Less toxic polymyxin derivatives have been made but they had reduced
the antibacterial effect [6]. Novel polymyxin derivatives [7] have better a safety profile than
current polymyxins but their clinical use remains to be determined.

4. Pharmacokinetics

Pharmacodynamics (PD) and pharmacokinetic (PK) data on polymyxins are limited mostly
in patients with cystic fibrosis [8]. Polymyxins are primarily excreted through glomerular
filtration [8]. Colistin is usually given every 8 h and various dose regimens have been
suggested (Supplemental Table 1) [8-18]. Colistin exhibits a concentration-dependent
bactericidal activity, and its therapeutic efficacy strictly depends on the ratio of AUC to MIC
[3]. Use of higher daily doses with loading doses and longer intervals between doses have
been suggested to maximize efficacy [9,19,20] but these strategies need to be further
validated.

5. Safety of polymyxins

Polymyxins are considered toxic antibiotics and their use has been associated with numerous
adverse outcomes including mortality, nephrotoxicity, neurotoxicity, allergic and topical
reactions (Table 1). Although numerous retrospective cohorts, case controls and controlled
studies have shown that polymyxins are associated with numerous toxicities (Tables 2,3,4),
recent meta-analyses based on a large sample size do not support a differential toxic effect of
polymyxins compared to other antimicrobials. In a meta-analysis [21] of 6 controlled studies
(359 patients) and 14 single-arm studies (437 patients) of ventilator-associated pneumonia
(\VAP) caused by MDR GNB treated with intravenous and/or aerosolized colistin, there were
no differences in toxicity between colistin and other antimicrobials. In a meta-analysis that
included 14 controlled studies (including two randomized controlled trials [22,23]) of 1167
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patients with VAP caused by MDR GNB, colistin had similar efficacy and safety profile
compared to B-lactams for the treatment of MDR GNB VAP [24].

5.1 Mortality

Studies have shown conflicting results regarding the association of polymyxins with
mortality [25-29]. In two different meta-analyses of 1167 [24] and 796 [21] patients with a
single infection, VAP, there were no differences in the all-cause mortality for patients treated
with colistin versus other antibiotics. It is unclear if use of polymyxins may contribute to
overall mortality through their nephrotoxic effect [26,28,30,31]. However, we [32] and
others [26,33] have found a protective effect of dose on mortality regardless of the
development of AKI. These findings corroborate recent studies that have shown that higher
doses of polymyxins result in the higher AUC/MIC index that best predicts polymyxins
activity [34-36]. However, in most studies important variables that might affect 30-day
mortality were not evaluated. Thus, well-designed randomized controlled trials in specific
patient populations are needed to address the question whether polymyxins are associated
with all-cause mortality.

5.2 Nephrotoxicity

Renal toxicity is the most common adverse effect related to the use of polymyxins and varies
from proteinuria to AKI that requires cessation of therapy in up to 21% of cases [37,38] and
renal replacement therapy (RRT) up to 28% of cases (Table 1) [30,33,39-41]. Recent studies
use a standardized-based definition of drug-related nephrotoxicity to determine severity of
toxicity based on criteria that can detect AKI with high sensitivity and specificity and can be
used to compare the results of different studies (Table 1) [37,42-44]. AKI is usually dose-
dependent and reversible after stopping antimicrobial therapy with polymyxins [2].
Nephrotoxicity after exposure to polymyxins usually occurs within the first 5 — 7 days of
therapy (49 — 78% of cases) [44]. Polymyxin B was initially considered to be more
nephrotoxic when compared with CMS [3] but recent studies showed similar rates of
nephrotoxicity (Table 4) [2,26,39,45-50]. Thus prospective studies are needed to determine
the differential effect of polymyxins on nephrotoxicity.

5.2.1 The exact pathogenesis of nephrotoxicity associated with polymyxins
is unclear—Colistin and polymyxin B have similar chemical structures and mechanisms of
action. Reabsorption of polymyxin through renal cell receptors such as megalin in
combination with oxidative stress [51,52] may cause toxicity to the kidneys [53]. CMS may
induce membrane permeability [54] resulting in cell lysis [3,55]. Overall the mechanism of
action of polymyxins is similar to the action of detergents on the cell membrane of GNB [3].

5.2.2 Risk factors related to polymyxin renal toxicity—Numerous risk factors
related to the host and polymyxins are associated with polymyxin nephrotoxicity (Table 1)
[2,3,26,28,31,38,39,43,44,56-58]. However, associations from small retrospective studies
should be interpreted with caution since they may reflect comorbidities in patients rather
than true causality. Data regarding the association between the colistin dose and
nephrotoxicity are still conflicting [28,32,43,44,59]. Relationships between higher daily
dose [26,31,43,44], total cumulative dose [2,30,37,41,42,56], duration of treatment
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[2,3,38,56,57] and increased risk of nephrotoxicity have been described but other studies
failed to confirm these observations (Table 1) [28,30,40,43,44]. The trough colistin level was
independently associated with nephrotoxicity in a prospective study [60]. Clinical and
experimental studies support a dose threshold for nephrotoxicity of polymyxin B [29].
Variability in the steady-state polymyxin plasma concentrations and clearance among
different patients and drug—drug interactions may explain controversial findings among
studies. Overall, it is recommended that the renal function is monitored closely in patients
receiving prolonged treatment with polymyxins [3,61].

5.2.3 The incidence of reported renal toxicity related to polymyxins varies—
We have previously reviewed the scientific literature and found significant variability in
dosing practices of polymyxins and in clinical definitions of nephrotoxicity related to
polymyxins. Based on evidence from large studies the overall incidence of nephrotoxicity
ranged from 0 to 52.5% (Table 2) [1-3,26,28,30,31,37-44,47,56,57,60,62-82]. Many studies
(Table 2) did not confirm the original association of increased nephrotoxicity with colistin
[1,2]. However, despite the use of recent standardized criteria, reported rates of
nephrotoxicity related to polymyxins continue to be variable and rates ranged from 20 to
76% for colistin (Table 3) [27,28,30,31,37,40-43,47,48,60-64,83-86] and 14 — 60% for
polymyxin B (Table 4) [14,26,29,31,33,39,45,47-50,87-90]. In two meta-analyses of 1167
[24] and 796 [21] patients with VAP, colistin had similar nephrotoxicity compared to other
antimicrobials.

5.2.4 Itis difficult to accurately determine the incidence of nephrotoxicity
related to polymyxins—Except for the variable definitions of AKI used in the various
studies, there were also differences with regard to total daily dose, cumulative dose, duration
of treatment, use of loading dose versus no loading, frequency of dosing, formulation of
polymyxin used (Tables 2,3,4). Thus, universal consistent dosing terminology needs to be
used among different studies [3]. The patient populations varied among studies with regard
to baseline illness severity and renal function. Most studies (except for two small
randomized controlled clinical trials [22,23]) included in this review were retrospective and
observational in design and had several methodological limitations such as selection bias,
confounding, modest sample size and absence of appropriate controls between comparison
groups. These limitations have further complicated interpretation of reported rata regarding
polymyxin-related nephrotoxicity.

5.3 Neurotoxicity

Neurotoxicity is the second most common adverse effect reported with use of polymyxins
(Table 1) [2,3]. Paresthesias, dizziness, nausea and vomiting are the most common reactions
and are often benign [2]. Similar to nephrotoxicity, both host-related (such as neuromuscular
disease and renal dysfunction) and drug exposure-related risk factors (such as increased drug
exposure) are associated with neurotoxicity (Table 1) [1,3]. Neurotoxicity often develops
within 5 days of treatment with polymyxins [2] whereas immediate reactions during infusion
of polymyxins such as apnea have been reported.
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5.3.1 Neurotoxicity is considered to be caused by the direct interaction of
polymyxins with neurons—Polymyxins interact with neurons and cause dose-dependent
neurotoxicity although other studies did not find a dose-dependent relationship between
polymyxins and neurotoxicity [56]. Polymyxins may inhibit the action of acetylcholine in
the neuromuscular junction, extend depolarization, deplete calcium and induce release of
histamine [3,91] but the overall mechanism of polymyxin induced neurotoxicity is unclear.

5.3.2 Polymyxins-related neurotoxicity is less common compared to
nephrotoxicity—Multiple recent studies with polymyxins did not report any cases of
neurotoxicity [45,56], which has an overall incidence of < 7% (Table 1,2,3). However, older
studies with colistin and in patients with cystic fibrosis [3] have reported higher rates of
neurotoxicity. The overall incidence of paraesthesias, the most frequently observed
neurotoxic effect, ranged between 7.3 and 27% [3] and may even be higher in patients with
cystic fibrosis [56]. Rare serious neurologic adverse events, such as apnea, are reported in
the older literature [1,2] and very scarcely in the recent literature [92]. A total of 32 cases of
colistin/polymyxin-induced respiratory failure have been reported in the literature and only
three of them were reported after 1970s [92]. In two meta-analyses of 1167 [24] and 796
[21] patients with VAP, there was no neurotoxicity with colistin. Improved formulations,
monitoring and dosing might explain the discrepancies between recent and older studies.
However, the objective interpretation of neurological symptoms may be difficult and
clinicians may not identify and report neurotoxicity associated with polymyxins.

5.4 Other adverse reactions

The literature regarding other toxic side effects of polymyxins such as allergic reactions is
scarce (Table 1) [93,94] since most studies focus on nephrotoxicity and neurotoxicity. These
side effects have not been reported in recent studies. It is unclear if the low reported
incidence of other side effects due to a true low incidence, lack of importance of these side
effects or reporting biases in retrospective studies.

6. Strategies for minimizing polymyxin-induced toxicity

6.1 Supportive care is the mainstay of treatment of polymyxin-induced toxicity

Adequate hydration, close monitoring of fluid intake, urine output and electrolytes, during
administration of polymyxins is recommended. Avoiding use of concomitant nephrotoxins
or neurotoxins when possible is recommended although the data regarding their relationship
with polymyxin-induced toxicities are conflicting (Table 1). Mannitol, exchange
transfusions and RRT may reduce serum drug levels [3]. Rapid removal of colistin by
hemofiltration and, more specifically, by hemoadsorption has been reported in critically ill
patients with polymyxin-related nephrotoxicity and/or neurotoxicity [3]. However, RRT only
removes a small amount of drug from systemic circulation [3] and is used mainly for
treatment of AKI.

Mechanical ventilation is important for supportive care in the setting of neurotoxicity [3],
whereas treatment with cholinesterase inhibitors or calcium infusions has unclear benefit.
The use of antihistamines and heparin in polymyxin-induced respiratory failure has been
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suggested based on animal studies but has not been studied in human subjects [92]. Other
side effects such as bronchoconstriction usually require the administration of
bronchodilators [3].

6.2 Dose adjustments or drug discontinuation may reverse polymyxin-induced toxicity

Discontinuation of polymyxin with use of alternative available antimicrobials may be
advisable when feasible. Early and appropriate adjustment of the polymyxin dose based on
the estimated renal function is very important [3] especially in view of the data that support
dose-dependent polymyxin toxicity (Table 1). Ideal body weight (IBW) [9] and ABW
should be used for dosing of colistin and polymyxin B, respectively [34]. Dosage based on
ABW, rather than IBW, may increase colistin-induced AKI [43,44]. A high-dose, extended-
interval dosing strategy with CMS has been suggested to minimize nephrotoxicity [9]. Mild
neurological manifestations usually disappear after discontinuation of the drug [3]. In one
report prolongation of the infusion time reduced the incidence of adverse events such as
itching [95]. Clinicians should balance the reversible nature of polymyxin toxicities [3,33]
with risks of withholding antimicrobial therapy.

6.3 Minimization strategies have an emerging role in minimizing toxicity related to

polymyxins

Physicians should optimize minimization strategies [51,52,96-98], such as antioxidants
[51,52], use of megalin-receptor inhibitors that may prevent polymyxin-induced
nephrotoxicity [53], risk scoring systems, selection of less toxic polymyxins [7,34,47,48,99]
and therapeutic drug monitoring (Table 5) [98].

7. Conclusions

Polymyxins are increasingly being used as treatment for infections with MDR-GNB.
Nephrotoxicity and, to a lesser degree, neurotoxicity occur often during systemic polymyxin
therapy. Considering the available evidence, AKI that may develop while on polymyxin
therapy most often is mild to moderate in magnitude and reversible in nature. However,
given that polymyxin use has re-emerged in an era of increased antimicrobial resistance, the
presence of other treatment modalities may be limited. Therefore, clinicians must consider
overall risk to benefit ratio of continuing versus stopping polymyxin treatment and optimize
minimization strategies to reduce polymyxin-induced toxicities.

8. Expert opinion

Polymyxins are drugs with a narrow therapeutic range. Optimized dosing should be
balanced with the possibility of toxicity. Studies that have examined the safety of
polymyxins have several limitations including variability in the definition of polymyxin-
induced toxicities, small sample size, retrospective study design, confounding by indication,
absence of appropriate reference group for comparison to polymyxins, variability in dosing
of polymyxins and in baseline characteristics between groups.

Despite current dosing used strategies, high rates of polymyxin-induced nephrotoxicity are
still seen. However, the increasing antimicrobial resistance which often leaves polymyxins
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as the only therapeutic option, the magnitude of encountered kidney toxicity, which is often
reversible, the inconsistent relationship between other concomitant nephrotoxins and
polymyxin-induced kidney toxicity, the absence of reported polymyxin-induced
neurotoxicity in recent studies, support the use of polymyxins in certain clinical scenarios.

It is unclear whether colistin is more nephrotoxic compared to polymyxin B. Given the
complexities of polymyxin PKs, and recent findings of comparatively lower nephrotoxicity
rates with polymyxin B, large prospective studies using standardized diagnostic criteria for
toxicity need to investigate and compare relative safety and efficacy of older and novel
polymyxins in contemporary settings. These studies need to carefully control for baseline
characteristics in patients that may affect rates of toxicity such as age, sex, comorbidities
assessed using standardized criteria (such as the Acute Physiology and the Chronic Health
Evaluation [APACHE] Il score and Charlson Comorbidity Index), ICU care, use of
vasopressors, degree of sepsis, fluid status, baseline renal function, concomitant exposure to
other nephrotoxic (that also includes agents such as nonsteroidal anti-inflammatory drugs,
angiotensin-converting enzyme inhibitors, vancomycin) or neurotoxic drugs and time to
receipt of polymyxin. Appropriate reference or control groups (such as treatment groups
with antibiotics with activity against MDR GNR such as tigecycline and ceftazidime-
avibactam) matched by the above baseline characteristics for comparison of toxicities to
polymyxins need to be included in future studies. Ideally, the dosing averages and plasma
concentration of polymyxins for patients with or without toxicity in different categories of
creatinine clearance should be determined [43]. Only after controlling for these mitigating
factors that may be responsible for differences in renal dysfunction between different
studies, and may complicate the interpretation of available evidence, can we have
meaningful data regarding the toxicity and safety of different polymynxins.

It remains unclear whether use of higher doses of polymyxin while extending the dosing
interval may increase efficacy and minimize nephrotoxicity [33,100]. In view of the
increasing antimicrobial resistance and recent PK/PD data with polymyxins that suggest that
an MIC breakpoint for colistin of £1 mcg/ml, might be more appropriate than 2 mcg/ml in
terms of safety [9], it remains to be determined whether optimal dosing of colistin can be
achieved without toxicity. Further prospective studies are warranted to more accurately
describe the optimal polymyxin dosing regimen, PD, PKs, to optimize efficacy and
minimize toxicity. In an era of increased antimicrobial resistance where polymyxins are
often the only therapeutic option, strategies to further minimize toxicity of polymyxins are
essential.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Avrticle highlights.
Polymyxins are drugs with a narrow therapeutic range.
Optimized dosing should be balanced with the possibility of toxicity.
Studies that have examined the safety of polymyxins have several limitations.

Despite current dosing used strategies, high rates of polymyxin-induced
nephrotoxicity are still seen.

It is unclear whether colistin is more nephrotoxic compared to polymyxin B.

It remains unclear whether use of higher doses of polymyxin while extending
the dosing interval may increase efficacy and minimize nephrotoxicity.

Large prospective studies using standardized diagnostic criteria for toxicity
need to investigate and compare relative safety and efficacy of older and novel
polymyxins in contemporary settings.

In an era of increased antimicrobial resistance where polymyxins are often the
only therapeutic option, strategies to further minimize toxicity of polymyxins
such as therapeutic drug monitoring, are essential.
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