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Background. Nephrotoxicity is a known adverse effect of polymyxin antibiotics, including colistin. Although previous meta-analyses 
have aimed to characterize colistin-associated nephrotoxicity risk relative to other antibiotics, included studies were observational in na-
ture with high risk of confounding and heterogeneity. We conducted this systematic review and meta-analysis of exclusively randomized 
controlled trials (RCTs) to evaluate the incidence of nephrotoxicity associated with colistin versus minimally nephrotoxic antibiotics.

Methods. We searched PubMed, EMBASE, Cochrane Library, and 3 trial registries for RCTs comparing the nephrotoxicity of 
colistin to nonpolymyxin antibiotics. Randomized controlled trials that used aminoglycosides were excluded. Risk ratios (RRs) and 
95% confidence intervals (CIs) were calculated using random-effects models. The study outcome was the rate of nephrotoxicity.

Results. Five RCTs with a total of 377 patients were included. Most patients received colistin for pneumonia in the intensive care unit, 
and the comparators were β-lactam-based regimens. Colistimethate sodium was dosed at 9 million units/day (300 mg/day of colistin base 
activity), with administration of a loading dose in 4 studies. The nephrotoxicity incidence in patients who received colistin was 36.2% (95% 
CI, 23.3% to 51.3%). The nephrotoxicity rate was significantly higher in the colistin arm than comparators (RR, 2.40; 95% CI, 1.47 to 3.91; 
P ≤ .001; I2 = 0%), and the number needed to harm was 5. Findings persisted upon one-study-removed-analysis.

Conclusions. This meta-analysis of RCTs found a colistin-associated nephrotoxicity rate of 36.2% and an increase in this risk 
compared with β-lactam-based regimens by 140%. Colistin should be regarded as a last-line agent and safer alternatives should be 
considered when possible.

Keywords.  colistimethate; colistin; kidney; nephrotoxicity; polymyxin.

Although used sparingly compared with an array of other 
antibiotics, polymyxins remain relevant in the current era 
of antibiotic-resistant infections [1]. The polymyxins (poly-
myxin B, and polymyxin E, or colistin) have a unique mech-
anism of disrupting outer cell membrane integrity, leading to 
their retained activity against multiresistant or extensively 
drug-resistant Gram-negative pathogens. Despite potentially 
favorable in vitro activity, widespread use of polymyxins is 
largely limited by dosing controversies pertaining to pharmaco-
kinetic/pharmacodynamic (PK/PD) optimization as well as ad-
verse effects, particularly nephrotoxicity. Nephrotoxicity rates 
for both polymyxins are variable and are reported to be 20%–
50%. Consensus guidelines for the optimal use of polymyxins 

were recently published in 2019 to provide clinical guidance on 
the use of these agents [1]. Colistin is recommended as the pre-
ferred agent for urinary tract infections, whereas the guidelines 
generally favor use of polymyxin B over colistin for serious sys-
temic infections due to its more predictable PK properties and 
potentially less nephrotoxicity. Despite guideline recommenda-
tions, some institutions may still favor colistin over polymyxin 
B for systemic infections, possibly due to availability, famil-
iarity of use, and/or its more favorable compounding proper-
ties. Prescribing information for polymyxin B, unlike colistin, 
recommends preparation in several hundred milliliters of dex-
trose, which may not be optimal for certain populations (eg, 
critically ill or volume-restricted patients) [2].

Given that there are niche roles for both polymyxins, it is 
of clinical importance to have an appreciable sense of the true 
nephrotoxicity risk, particularly in the setting of guideline-
recommended dosing. For colistin, there is variability in re-
ported nephrotoxicity rates that may be due to several factors, 
including lack of treatment randomization in most studies, 
the presence of confounders (eg, concomitant receipt of other 
nephrotoxic medications), and dosing inconsistencies. This 
heterogeneity was seen in a recent meta-analysis of observa-
tional cohorts [3]. Recent publication of several randomized 
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controlled trials (RCTs) permits pooling of robust data and a 
less biased evaluation of nephrotoxicity outcomes with colistin 
use. This meta-analysis was conducted to identify the incidence 
of colistin-associated nephrotoxicity from RCTs, particularly in 
relation to minimally nephrotoxic comparators.

METHODS

This systematic review and meta-analysis followed the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.

Search Strategy and Selection Criteria

Articles were identified via MEDLINE (via PubMed), EMBASE, 
and Cochrane Library bibliographic databases using the search 
terms “colistin” or “colistimethate” and were restricted to RCTs 
(Supplementary Material). No restrictions were performed 
on language or publication date. In addition, the references of 
included studies and unpublished studies on the EU Clinical 
Trials registry, ClinicalTrails.gov, and WHO International 
Clinical Trials Registry Platform were searched. The searches 
and data extractions were completed independently by 2 au-
thors until June 1, 2020. Any disagreement in the literature 
screening or data extraction was resolved through discussion. 
We only included comparative RCTs evaluating nephrotoxicity 
in adults treated with colistin-based therapy and excluded any 
RCT that used aminoglycosides in any arm to minimize con-
founding given their relatively high potential to cause or con-
tribute to nephrotoxicity.

Outcomes, Data Analysis, and Risk of Bias

The primary outcome was nephrotoxicity. The incidence of 
nephrotoxicity in the colistin arm was estimated and evalu-
ated relative to a comparator antibiotic arm. Mantel-Haenszel 
risk ratios (RRs) with 95% confidence intervals (CIs) were as-
sessed using random-effects models, and heterogeneity (I2) was 
evaluated using Cochran’s Q test. The robustness of the meta-
analysis finding was evaluated in a one-study-removed analysis. 
The number needed to treat for an additional harmful outcome 
(number needed to harm [NNH]) was estimated. We assessed 
study quality using the Cochrane risk of bias tool for RCTs (low, 
unclear, or high). To enhance clarity, we expressed doses in both 
Million International Units (MU)/day of colistimethate sodium 
(CMS) and mg/day of colistin base activity (CBA) [4]. We per-
formed all analyses using the Comprehensive Meta-Analysis 
Version 3 software (Biostat, Englewood, NJ).

RESULTS

Search Results and Study Characteristics

The search process identified 878 articles, and a total of 5 RCTs 
[5–9] were included after screening by title and/or abstract 
followed by full text (Figure 1). A  total of 377 patients were 

included in the meta-analysis. The characteristics of included 
studies are summarized in Table 1. Three RCTs were open-label 
[5–7], 1 was single-blind [8], and 1 was double-blind [9]. Studies 
were conducted in 4 continents. Mean or median patient age 
ranged from 54 to 72 years. One study did not mention the per-
centage of patients with chronic kidney disease [5], whereas 4 
studies either excluded those patients or the cohort percentage 
did not exceed 4% [5–9]. Four studies included patients who 
were in the intensive care unit and had ventilator-associated 
pneumonia [5–8], and 1 study included any hospitalized patient 
with ventilator-associated or hospital-acquired pneumonia, 
complicated urinary tract, or intra-abdominal infections [9]. 
The duration of antibiotic therapy ranged from 8 to 14  days. 
The colistin dose used was 9 MU/day of CMS (300 mg/day of 
CBA), and 4 studies mentioned use of a loading dose [6–9]. The 
comparator was (1) ampicillin/sulbactam in 3 RCTs [5, 7, 8] 
and (2) meropenem [6] and imipenem-relebactam [9] in the 
remaining RCTs. Colistin or comparator was combined with 
another agent (meropenem, imipenem, and levofloxacin) in 3 
studies [6–8] and was used as monotherapy in the remaining 
studies [5, 6]. Vancomycin was used in 2 studies in 16%–36% 
of patients but was balanced between the study groups (15.8% 
vs 17% [P = .816] in the Cisneros et al [6] study and 41.7% vs 
30.4% [P = .55] in the Khalili et al [7] study in the colistin arm 
vs the comparator arm, respectively). The definitions of neph-
rotoxicity in each study are summarized in Table 2 and the 
quality assessment of these studies is provided in Table 3.

Study Outcomes

The pooled incidence of nephrotoxicity in patients who re-
ceived colistin was 36.2% (95% CI, 23.3% to 51.3%). The rate of 
nephrotoxicity was significantly higher with colistin than with 
comparators (RR, 2.40; 95% CI, 1.47 to 3.91; P ≤ .001; I2 = 0%) 
(Figure 2). The absolute risk difference was 19.1% (33.9% in the 
colistin arm vs 14.8% in the comparator arm) and the NNH was 
5. The differences remained statistically significant in the one-
study-removed analysis.

DISCUSSION

Our meta-analysis of RCTs confirms a high rate of nephrotox-
icity, occurring in approximately one third of treated patients, 
with colistin-based regimens relative to β-lactam-based com-
parators. The 2019 polymyxin use guidelines estimate nephro-
toxicity rates of 20%–50% [1]. However, individual studies have 
described incidences ranging from 0% to 60%. This variability 
is due to heterogeneous patient populations, variable definitions 
of nephrotoxicity, ranges of doses used, severity of illness differ-
ences, and presence of potential confounders such as concom-
itant use of other nephrotoxic agents. A  recent meta-analysis 
by Oliota et al [10] found that the colistin-associated nephro-
toxicity rate was 26.7% (95% CI, 22.8%–30.9%). Although this 
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was a large observational analysis of 7911 patients, the included 
studies demonstrated high heterogeneity, possibly due to a lack 
of comparator groups and the clinical variability among the co-
horts. In contrast, our analysis mainly identified studies of crit-
ically ill populations, and it has low heterogeneity. In addition, 
we analyzed studies that were prospective and randomized.

There are several risk factors for polymyxin-associated neph-
rotoxicity that are described in the literature. Those that are 
consistently reported include advanced age, extremes of weight, 
presence of chronic comorbid conditions, hypoalbuminemia, 
renal impairment, and receipt of other nephrotoxic agents [1]. In 
our analysis, the mean/median age of patients in most included 
studies was above 60 years of age and the overall percentage of 
baseline renal insufficiency was low. Other patient-specific data 
was not uniformly reported across the included studies. Risk 
may also be associated with duration of polymyxin therapy. One 
study indicated the rate of colistin-associated acute kidney in-
jury to be 12% at 48 hours of treatment and 29% at day 7 [11]. 
In our analysis, patients received treatment for 8–14 days. Our 
finding of a 36% nephrotoxicity risk appears consistent with 
those studies that have characterized colistin nephrotoxicity on 
more of a continuum rather than at a single point in time [11].

There are several strengths to our analysis. We only included 
studies that were prospective and randomized, and we specifi-
cally excluded those that permitted receipt of other potentially 
nephrotoxic Gram-negative agents such as the aminoglycosides. 
In addition, colistin dosing in the 5 included studies (9 MU/
day; 300 mg of CBA) is consistent with that recommended in 
the 2019 polymyxin guidelines (9–10.9 MU/day, or 300–360 mg 
of CBA). Guidelines also recommend an initial loading dose, 
which was administered in 4 of the 5 studies. This dosing is ex-
pected to produce concentrations associated with the maximal 
tolerability threshold, which suggests that our finding of a 36% 
nephrotoxicity incidence is representative of the risk associated 
with optimal dosing. The majority of RCTs were not funded 
by industry, and the population was representative of patients 
from 4 continents, increasing the external validity of this meta-
analysis. Finally, given that colistin recipients frequently are 
complicated patients with severe illness, the critically ill pop-
ulation in this analysis could be expected to be representative 
of other likely candidates for colistin therapy in a real-world 
setting.

Several limitations related to this analysis are worthy of con-
sideration. The studies in this analysis used variable definitions 

Additional records identified
through other sources

(n = 2)

Records identified through
database searching

(n = 878)
-PubMed (n = 136)
-Embase (n = 274)
-Cochrane (n = 468)

Duplicate records
removed (n = 84)

Records excluded
based on title/abstract

(n = 789)

Full-text articles excluded (n = 2)

-Duplicate (n = 1)
-Combined with
  aminoglycosides (n = 1)

Records screened
(n = 796)

Full-text articles assessed
for eligibility

(n = 7)

Studies included in qualitative
and quantitative synthesis (n = 5)

Figure 1. Flow diagram of the study selection process.
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of nephrotoxicity, which can make clinical application chal-
lenging. However, all definitions incorporated an element of el-
evated serum creatinine, which is generally consistent with how 
nephrotoxicity is identified and characterized in clinical settings. 
In addition, this definition variability is typical in meta-analyses 
assessing nephrotoxicity. Moreover, removing one study from 
the analysis showed no difference in the meta-analysis conclu-
sion. This was true even when data from the Cisneros et al [6] 
study was removed, which comprised approximately two thirds 
of patients in our analysis. Although we aimed to control for 
confounders related to nephrotoxicity by limiting included 
studies to RCTs, several factors may have impacted our findings. 
There is a possibility that colistin-associated nephrotoxicity in-
cidence was inflated due to patients’ critical illness, because all 
were treated in the intensive care unit; however, few had a history 
of chronic kidney disease. In addition, although we did exclude 
studies that included patients who received other nephrotoxic 
Gram-negative agents, in 2 studies [6, 7], some patients received 
concurrent vancomycin. Concurrent use of vancomycin and 
polymyxins has shown to increase risk of kidney injury in other 
studies [1, 11]; therefore, the impact of this combination on our 
findings cannot be excluded, although the overall numbers in 
our analysis were relatively small, and no significant differences 
were found between the 2 groups in the percentage of patients 
who received vancomycin. No information was provided on the 

use of other nephrotoxic agents. We also did not correlate neph-
rotoxicity with a particular PK/PD or concentration threshold, 
which would be of interest given guideline recommendations 
to target an area under the curve (24-hour steady state) and av-
erage steady-state concentration of 50 mg.hour/L and 2 mg/L, 
respectively. Exposures above these thresholds have been asso-
ciated with increased nephrotoxicity [1]. In addition, we could 
not evaluate the role of a colistin loading dose on nephrotoxicity 
rates, although PK/PD principles still support administration 
of a loading dose, as was given to most patients in our analysis. 
Finally, there was insufficient detail to examine the progression 
and resolution of nephrotoxicity along a continuum among the 
individual studies. It is also unclear whether different colistin 
brands and lots may have different rates of nephrotoxicity due 
to differences in conversion rate from CMS to colistin [1].

CONCLUSIONS

Colistin remains a clinically relevant polymyxin agent. In a 
meta-analysis of RCTs, the incidence of colistin-associated 
nephrotoxicity was approximately 36% and the relative risk 
compared with β-lactams increased by 140%. This analysis had 
low heterogeneity and characterized risk associated with con-
temporary colistin dosing recommendations. Clinicians should 
weigh the risks versus benefits of using colistin therapy given its 
toxicity potential in critically ill patients.

Table 3. Quality Assessment of Included Studiesa

Selection Bias Performance Bias Detection Bias Attrition Bias Reporting Bias
Other 
Bias

Study
Random Sequence 

Generation
Allocation 

Concealment
Blinding of Partici-

pants and Personnel
Blinding of Out-

come Assessment
Incomplete 

Outcome Data Selective Reporting
Other 
Bias

Betrosian et al [5] + ? - - + + +

Cisneros et al [6] + + - - + + +

Khalili et al [7] + ? - - + + +

Mosaed et al [8] + ? - - ? + +

Motsch et al [9] + + + + + + ?

a+, low risk of bias; “?” Unclear risk of bias; “-” high risk of bias.

Colistin

Betrosian 2008
Cisneros 2019
Khalili 2018
Mosaed 2018
Motsch 2019
Overall

5/15
40/120
3/24
6/111
9/16

63/186

2/13
21/112
1/23
1/12
3/29

28/189

10.38
62.87
4.82
6.01
15.92

2.17
1.78
2.88
6.55
5.44
2.40

0.50
1.12
0.32
0.93
1.71
1.47

9.35
2.82
25.68
46.12
17.26
3.91

0.30
0.01
0.34
0.06
0.00
0.00

Comparators
Relative
weight

MH risk
ratio

Lower
limit

Upper
limit

0.01 0.1 1 10 100

Favors colistin Favors comparators

P-value

Statistics for each studyNephrotoxicity/total MH risk ratio and 95% CI

Figure 2. Forest plot showing the risk ratios of nephrotoxicity using random-effects models in patients receiving colistin versus comparators. Vertical line, “no difference” 
point between the 2 groups; horizontal line, 95% confidence interval; squares, risk ratios; diamonds, pooled risk ratios. CI, confidence interval; MH, Mantel-Haenszel.
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