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Colistin and polymyxin B are increasingly reintroduced in clinical practice due to the absence of effective antibi-
otics for the treatment of emerging infections caused by gram-negative bacteria. The synthesis of current evi-
dence on the characteristics of polymyxins, especially regarding nephrotoxicity, is necessary. This study aims
to conduct a systematic review and meta-analysis of cohort-type observational studies in order to identify the
prevalence of nephrotoxicity in patients treated with either colistin or polymyxin B. PubMed, Scopus, and
DOAJ electronic databaseswere searched, andmanual searcheswere done. Cohort studies evaluating renal dam-
age (nephrotoxicity) in adult patients caused by colistin or polymyxin B were included. Meta-analyses of the
prevalence of nephrotoxicity as well as cumulative meta-analysis and meta-regression were conducted. After
the systematic searches, 95 cohorts (n = 7911 patients) were included for analysis. The nephrotoxicity preva-
lence was 26.7% [confidence interval (CI) 95%: 22.8–30.9%] for colistin and 29.8% (CI 23.8–36.7%) for polymyxin
B (P=0.720). The publication year of the studies, the criteria used to classify renal damage, and the nephrotox-
icity as primary or secondary outcome showed a significant influence on the adverse event rates.
ches).
© 2018 Elsevier Inc. All rights reserved.
1. Introduction

Polymyxins were discovered in 1947 (Storm et al., 1977), but their
use was almost abandoned after many reports of acute renal injury in
critically ill patients (Awdishu, 2017). However, polymyxins are being
reintroduced in clinical practice due to the scarcity of effective antibi-
otics to treat emerging infections caused by gram-negative bacteria
(Falagas and Kasiakou, 2005; Pogue et al., 2016; Rabanal et al., 2017).
Among polymyxins, only colistin and polymyxin B are currently used
due to their lower toxicity when compared to other drugs of the class
(Falagas and Kasiakou, 2006; Kadar et al., 2013; Rabanal et al., 2017).
There is no consensus on prevalence rates of nephrotoxicity in critically
ill patients with studies ranging from 10% to 60% (Kassamali and
Danziger, 2015; Rabanal et al., 2017; Tran et al., 2016).

Initially, nephrotoxicity was assessed only by renal function bio-
marker tests (creatinine or urea). Studies defined the renal damage
with different measures of altered creatinine levels, such as a 50% in-
crease, a fixed increase in mg/dL relative to baseline creatinine, or dou-
bling initial serum creatinine (Berlana et al., 2005; Bosso and Harrison,
1991; Ouderkirk et al., 2003; Sobieszczyk et al., 2004). In 2004, Risk, In-
jury, Failure, Loss, End Stage Kidney Disease (RIFLE) (Bellomo et al.,
2004),which defined the acute renal failure and classified renal damage
based on 1.5 times the baseline creatinine value, was developed. In
2007, the Acute Kidney Injury Network (AKIN) criteria (Mehta et al.,
2007) were created, considering creatinine elevation ≥0.3 mg/dL
or ≥1.5 times baseline creatinine at 48-h intervals. In 2012, the Kidney
Disease Improving Global Outcomes (KDIGO) classification (Khwaja,
2012) appeared, defining the acute kidney injury as a serum creatinine
increase of ≥0.3mg/dL in 48 h or ≥1.5 times the baseline creatinine in an
interval of up to 7 days. These modifications in nephrotoxicity defini-
tions should be accompanied by an update of the evidence about the
studies reporting its prevalence.

Despite the importance of randomized controlled trials (RCTs) to es-
tablish evidence on a specific topic, observational studies present differ-
ent results because they are performed in real-life environment and
include patients with comorbidities that are usually excluded in RCTs.
Observational studies evaluate factors such as adherence to treatment
and long-term safety, better identifying the risks and benefits of the
use of treatments in the general population, and are the most appropri-
ate design to assess the prevalence of a particular condition (DiPietro,
2010; Verde and Ohmann, 2015).

Thus, the objective of this study was to conduct a systematic review
with meta-analysis of cohort-type observational studies to identify the
prevalence of nephrotoxicity in patients treated with either colistin or
polymyxin B.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.diagmicrobio.2018.11.008&domain=pdf
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2. Methods

We performed a systematic review conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
statement (Moher et al., 2009) and Cochrane Collaboration recommen-
dations (Higgins and Green, 2011). All steps were conducted by two in-
dependent reviewers, with a third reviewer for discrepancy resolution.

2.1. Literature selection

PubMed, Scopus, and DOAJ electronic databases were searched in
September 2016, without time or language limits (see supplementary
material for complete search strategy). Manual searches in the refer-
ences of included studies were also performed. The studies were in-
cluded if they considered the following eligibility criteria according to
the PICOS model (Higgins and Green, 2011):

- Patients: individuals of any age group and clinical condition using
polymyxins.

- Intervention: use of polymyxin (colistin, polymyxin B, or poly-
myxins—when there was no distinction between both drugs) at
any dose or parenteral scheme.

- Control: studies without control group (single arm) or compared
with other active treatments (antimicrobial).

- Outcomes: development of nephrotoxicity.
- Study design: analytical observational cohort studies.

Articles published in non-Roman characters, articles analyzing the
association of polymyxins with other classes of antimicrobials without
addressing the use of polymyxin monotherapy, studies that evaluated
renal function through other renal function biomarkers other than cre-
atinine or urea, and studies that presented results expressed in number
of treatments rather than in patients were excluded.

2.2. Data extraction and quality assessment

Data extracted from the included studies were study's metadata,
type of polymyxin administered, sample size, and number of patients
with nephrotoxicity.

The quality assessmentwas performed using the NewCastle Ottawa
Instrument (Wells et al., 2016). This instrument evaluates the study
under three main domains: selection of study groups, comparability of
groups and outcome of interest, assigning specific scores to the selected
items. The studies were classified according to Liu revision (Liu et al.,
2015) as unsatisfactory (0–3 points), satisfactory (4 points), good qual-
ity (5–6 points), and very good quality (7–9 points).

2.3. Data analysis

Meta-analyses were performed using the Comprehensive Meta-
Analysis v. 2.2, (Biostat, Englewood, NJ). For each meta-analysis, we
used the random effects model and the inverse of variance method to
interpolate the event rates with a 95% confidence interval (CI). The
between-trial heterogeneity was estimated using the inconsistency
relative index I2 which describes the percentage of variation among
studies explained by heterogeneity and not by chance. Values of I2

above 25%, 50%, and 75% were defined as low, moderate, and high het-
erogeneity, respectively (Higgins and Green, 2011).

To identify the reasons for the heterogeneity and the influence of
certain studies on the pooled effect size, sensitivity analyses were per-
formed. First, hypothetical removals from individually studies were in-
cluded to confirm a possible influence on the overall outcome of the
meta-analyses. A meta-regression was also performed to explore a po-
tential relationship between thepublication year andnephrotoxicity. Fi-
nally, subgroupmeta-analyses were performed according to the type of
treatment (colistin, polymyxin B, and polymyxins in general), criteria
for classifying nephrotoxicity (creatinine or urea, RIFLE, AKIN, KDIGO,
or others), and study outcome (primary end-stage when the main ob-
jective of the study was to assess the renal damage or secondary end-
stage when the study was not primarily aimed at assessing nephrotox-
icity but performed this analysis during the course of the study). When
possible, further analyses considering patient's clinical conditions, ther-
apy dosages, and treatment duration were performed.

3. Results

A total of 361 studies were retrieved from databases after excluding
duplicates. After screening of titles and abstracts, 180 were selected for
full-text reading. Finally, 94 studieswere selected for qualitative synthe-
sis, and 1 additional studywas included aftermanual search, resulting in
95 cohort studies (Fig. 1) (Akajagbor et al., 2013; Alan et al., 2014; Al-
Busaidi et al., 2013; Averbuch et al., 2013; Balkan et al., 2014; Batirel
et al., 2014; Berlana et al., 2005; Betrosian et al., 2008; Binh et al.,
2015; Bosso and Harriso, 1991; Cagan et al., 2014; Ceylan et al., 2015;
Cheng et al., 2010; Chuang et al., 2014; Collins et al., 2013; Crusio
et al., 2014; Dalfino et al., 2012; Dalfino et al., 2015; de Oliveira et al.,
2015; DeRyke et al., 2010; Dewan and Shoukat, 2014; Doshi et al.,
2011; Dubrovskaya et al., 2013; Dubrovskaya et al., 2015; Elefritz
et al., 2016; Elias et al., 2010; Falagas et al., 2005; Falagas et al., 2006;
Falagas et al., 2010; Freire et al., 2014; Ganapathy et al., 2010;
Garnacho-Montero et al., 2013; Gibson et al., 2016; Gul et al., 2016;
Hartzell et al., 2009; Holloway et al., 2006; Hür et al., 2014; Jun et al.,
2013; Kalin et al., 2012; Kalin et al., 2014; Karabay et al., 2014; Karbuz
et al., 2014; Kasiakou et al., 2005; Kim et al., 2016; Koch-Weser et al.,
1970; Ko et al., 2010; Koksal et al., 2016; Kubin et al., 2012; Kumar
et al., 2015; Kvitko et al., 2011; Kwon et al., 2010; Kwon et al., 2014;
Kwon et al., 2015; Lee et al., 2015; Leonor et al., 2013; Lim et al., 2011;
Martínez et al., 2014; Mendes et al., 2009; Meza-Oviedo et al., 2015;
Montero et al., 2009; Mostardeiro et al., 2013; Nandha et al., 2013;
Nazer et al., 2015; Nelson et al., 2015; Oliveira et al., 2008; Oliveira et
al., 2009; Omrani et al., 2015; Ouderkirk et al., 2003; Paul et al., 2010;
Petrosillo et al., 2014; Phe et al., 2014; Pintado et al., 2008; Pogue
et al., 2011; Polat et al., 2015; Porwal et al., 2014; Rigatto et al., 2016;
Rios et al., 2007; Rocco et al., 2013; Rodriguez et al., 1970; Santamaría
et al., 2009; Sekhri et al., 2013; Siddiqui et al., 2014; Sobieszczyk et al.,
2004; Sorlí et al., 2013; Tanita et al., 2013; Temocin et al., 2015;
Thamlikitkul and Popum, 2016; Tigen et al., 2013; Tigen et al., 2016;
Trifi et al., 2015; Tuon et al., 2014; Vicari et al., 2013; Yilmaz et al.,
2013; Yilmaz et al., 2015; Zalts et al., 2016). The 95 studies were also in-
cluded in the quantitative analyses, but 5 studies performed a direct
comparison between colistin and polymyxin B, and subsequently, the
2 arms were included, resulting in 100 cohorts meta-analyzed. These
studies were published between 1970 and 2016, comprising a popula-
tion of 7911 patients. Most studies were conducted in the United
States (n = 21, 22.1%) followed by Turkey (n = 18, 18.9%) and Brazil
(n = 11, 11.6%). Colistin was reported in 76 studies and polymyxin B
in 19. Most cohorts are retrospective (81%) (Supplementary Material).

The methodological quality of the studies was generally considered
satisfactory (13.7% very good, 14.7%, good 54.7% satisfactory, and
16.8% unsatisfactory) (Supplementary Material). Most of the cohorts
were composed by specific groups of patients (94.7%), with only 1
arm (without an unexposed comparator group) (83.2%). The author
did not demonstrate that the outcome of interest was not present at
the beginning of the study in 89.5% of the articles, and the majority
(81%) used patients' medical records as source of information. The co-
hort follow-up was greater than 30 days in all the analyzed studies,
with around 98% of studies reporting complete follow-up information
for all patients.

Overall prevalence of nephrotoxicity was 27.5% (95% CI: 24.3–
30.9%), ranging from 0 to 76.1% with high heterogeneity (I2 = 88.903;
P b 0.001) (Fig. 2). Sensitivity analysis excluding 1 study at a time
could not identify any study as responsible of this high heterogeneity
(Supplementary Material). The subgroups analyses showed no



Fig. 1. Flow diagram of the article selection process
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differences (P = 0.720) between the prevalence of nephrotoxicity for
colistin [26.7% (CI of 22.8–30.9%, I2 = 89.603)], polymyxin B [29.8%
(CI 23.8–36.7%, I2 = 87.201)], and polymyxins in general [27.7% (IC
18.3–39.6%, I2= 74.659)] (Fig. 3). Similarly, no differences between co-
listin and polymyxin B were found when considering only studies that
classified nephrotoxicity using internationally recognized criteria
(RIFLE, AKIN, or KDIGO) [37.8% (CI of 33.5–42.3%, I2 = 84.473) and
38.5% (CI of 30.7–46.9%, I2 = 85.992) respectively (P = 0.880)] (see
Supplementary Material).

The cumulative meta-analysis (Supplementary Material) showed
that the prevalence of nephrotoxicity significantly increased over the
years. In the 1970s, the rates reported for this event were around 2%,
with a gradual increase, reaching 26% in 2015 and 27% in 2016. The
meta-regression confirmed that the publication yearwas directly corre-
lated to the prevalence rate of nephrotoxicity (slope 0.06471).With the
removal of the 11 studies published before 2007, the prevalence of
nephrotoxicity increased to 30.3% (CI 26.9–33.8%, P b 0.001) (Fig. 4).

Criteria used to define renal damage resulted in different prevalence
of nephrotoxicity (P b 0.001). The 42 studies using creatinine or urea
levels resulted in a prevalence of 14.3% (CI 10.6–19.0), the 46 studies
usingRIFLE resulted in 39.4% (CI 35.2–43.7), the 9 studies usingAKIN re-
sulted in 32.6% (CI 25.5–40.7), and the 2 studies usingKDIGO resulted in
a prevalence of 31.3% (CI 24.2–39.4). One article did not report how
renal damage was identified, with the prevalence of the event being
17.6% (CI 5.8–42.7) (Fig. 5). A difference (P=0.002) was also identified
between the studies that considered nephrotoxicity as the primary out-
come (event rate 30.9% [CI 27.2–34.9%]) and those considering it as sec-
ondary outcome (17.6% [CI 12.1–24.9]) (Fig. 6).

Further analyses considering patient's clinical conditions (critically
ill versus not critically ill patients), therapy dosages, and treatment du-
ration were hampered given the lack of studies properly reporting data
or due to data heterogeneity (e.g., therapy doses expressed in different
units: different times of exposure to the risk among patients expressed
as median or means).

4. Discussion

This study is the first to gather evidence from 95 cohort studies on
the prevalence of nephrotoxicity associated with the use of polymyxins
over the years. The methodological quality of these real-life studies was
considered satisfactory and sufficient to generate evidence of poly-
myxins use in critically ill patients. However, attention should be paid
to the high heterogeneity among studies, evidenced in some of our
meta-analyses. This heterogeneity was probably caused by a combina-
tion factors including lack of comparator group (unexposed) in the co-
horts, small sample size of some studies, variability among patients
(baseline characteristics and clinical conditions), and the variations in
the interventions being assessed, as well as in the measurement of



Study name Statistics for each study Event rate and 95% CI

Event Lower Upper 
rate limit limit Z-Value p-Value

Koch-Weser, 1970 0.021 0.009 0.046 -9.332 0.000
Rodriguez, 1970 0.035 0.009 0.130 -4.604 0.000
Bosso, 1991 0.053 0.007 0.294 -2.813 0.005
Ouderkirk, 2003 0.140 0.068 0.266 -4.454 0.000
Sobieszczyk, 2004 0.120 0.039 0.313 -3.237 0.001
Kasiakou, 2005 0.080 0.030 0.195 -4.685 0.000
Falagas, 2005 0.143 0.047 0.361 -2.873 0.004
Berlana, 2005 0.033 0.002 0.366 -2.341 0.019
Falagas, 2006 0.033 0.002 0.366 -2.341 0.019
Holloway, 2006 0.212 0.105 0.383 -3.082 0.002
Rios, 2007 0.016 0.001 0.206 -2.907 0.004
Oliveira, 2008 0.261 0.171 0.377 -3.799 0.000
Betrosian, 2008 0.333 0.146 0.594 -1.266 0.206
Pintado, 2008 0.109 0.050 0.222 -4.855 0.000
Montero, 2009 0.083 0.045 0.147 -7.290 0.000
Hartzell, 2009 0.455 0.339 0.575 -0.738 0.461
Santamaria, 2009 0.111 0.051 0.226 -4.802 0.000
Mendes, 2009 0.219 0.153 0.304 -5.610 0.000
Oliveira, 2009, 1 0.256 0.144 0.414 -2.903 0.004
Oliveira, 2009, 2 0.267 0.139 0.450 -2.450 0.014
Deryke, 2010 0.333 0.190 0.516 -1.790 0.074
Falagas, 2010 0.101 0.070 0.144 -10.583 0.000
Ko, 2010 0.546 0.456 0.633 1.007 0.314
Paul, 2010 0.102 0.060 0.167 -7.450 0.000
Elias, 2010 0.506 0.443 0.570 0.196 0.845
Kwon, 2010 0.535 0.419 0.647 0.593 0.553
Cheng, 2010 0.143 0.083 0.235 -5.746 0.000
Ganapathy, 2010 0.021 0.001 0.259 -2.694 0.007
Pogue, 2011 0.429 0.345 0.516 -1.598 0.110
Doshi, 2011 0.306 0.194 0.447 -2.640 0.008
Lim, 2011 0.500 0.294 0.706 0.000 1.000
Kvitko, 2011 0.356 0.231 0.504 -1.910 0.056
Dalfino, 2012 0.200 0.086 0.400 -2.773 0.006
Kubin, 2012 0.603 0.487 0.708 1.743 0.081
Kalin, 2012 0.200 0.066 0.470 -2.148 0.032
Vicari, 2013 0.355 0.256 0.468 -2.487 0.013
Yilmaz, 2013 0.125 0.041 0.324 -3.153 0.002
Garnacho-Montero, 2013 0.286 0.150 0.476 -2.190 0.028
Al-Busaidi, 2013 0.292 0.181 0.434 -2.794 0.005
Averbuch, 2013 0.138 0.053 0.315 -3.403 0.001
Jun, 2013 0.056 0.025 0.119 -6.719 0.000
Collins, 2013 0.483 0.409 0.557 -0.455 0.649
Akajagbor, 2013, 1 0.418 0.306 0.538 -1.338 0.181
Akajagbor, 2013, 2 0.604 0.508 0.692 2.121 0.034
Tigen, 2013 0.457 0.320 0.600 -0.589 0.556
Leonor, 2013 0.545 0.341 0.735 0.426 0.670
Mostardeiro, 2013 0.326 0.238 0.428 -3.264 0.001
Tanita, 2013 0.262 0.178 0.369 -4.065 0.000
Sekhri, 2013 0.267 0.139 0.450 -2.450 0.014
Rocco, 2013 0.344 0.254 0.448 -2.901 0.004
Dubrovskaya, 2013 0.100 0.038 0.238 -4.169 0.000
Nandha, 2013 0.188 0.087 0.359 -3.238 0.001
Sorli, 2013 0.490 0.395 0.586 -0.198 0.843
Martínez, 2014 0.471 0.377 0.567 -0.588 0.557
Porwal, 2014 0.120 0.055 0.242 -4.578 0.000
Petrosillo, 2014 0.131 0.067 0.241 -4.985 0.000
Hur, 2014 0.667 0.473 0.817 1.698 0.090
Balkan, 2014 0.389 0.324 0.459 -3.100 0.002
Kalin, 2014 0.268 0.184 0.374 -4.025 0.000
Batirel, 2014 0.250 0.136 0.415 -2.854 0.004
Chuang, 2014 0.101 0.058 0.169 -7.187 0.000
Alan, 2014 0.190 0.073 0.412 -2.604 0.009
Kwon, 2014 0.436 0.291 0.593 -0.798 0.425
Karabay, 2014 0.014 0.001 0.182 -3.013 0.003
Crusio, 2014 0.529 0.433 0.623 0.588 0.557
Dewan, 2014 0.161 0.069 0.334 -3.376 0.001
Phe, 2014, 1 0.339 0.260 0.428 -3.480 0.001
Phe, 2014, 2 0.231 0.160 0.321 -5.173 0.000
Ça?an, 2014 0.021 0.001 0.259 -2.694 0.007
Siddiqui, 2014 0.214 0.071 0.494 -1.995 0.046
Tuon, 2014, 1 0.389 0.246 0.554 -1.322 0.186
Tuon, 2014, 2 0.208 0.139 0.301 -5.312 0.000
Karbuz, 2014 0.034 0.005 0.208 -3.274 0.001
Lee, 2015 0.435 0.382 0.489 -2.364 0.018
Nelson, 2015 0.358 0.274 0.452 -2.927 0.003
Yilmaz, 2015 0.176 0.058 0.427 -2.421 0.015
Kwon, 2015 0.508 0.420 0.597 0.183 0.855
Dalfino, 2015 0.443 0.332 0.560 -0.954 0.340
Meza-Oviedo, 2015 0.458 0.275 0.654 -0.408 0.683
Binh, 2015 0.214 0.100 0.402 -2.821 0.005
Omrani, 2015 0.761 0.645 0.848 4.046 0.000
Nazer, 2015 0.393 0.298 0.498 -1.998 0.046
Temocin, 2015 0.481 0.396 0.567 -0.440 0.660
Freire, 2015 0.463 0.319 0.615 -0.468 0.640
Dubrovskaya, 2015 0.458 0.389 0.529 -1.153 0.249
Kumar, 2015 0.044 0.014 0.128 -5.209 0.000
de Oliveira, 2015 0.116 0.059 0.215 -5.402 0.000
Polat, 2015 0.031 0.004 0.191 -3.380 0.001
Ceylan, 2015 0.589 0.496 0.676 1.880 0.060
Kim, 2016 0.200 0.103 0.352 -3.507 0.000
Elefritz, 2016 0.531 0.392 0.665 0.428 0.668
Trifi, 2015 0.293 0.210 0.394 -3.837 0.000
Koksal, 2016 0.286 0.215 0.368 -4.774 0.000
Gibson, 2016 0.079 0.043 0.140 -7.465 0.000
Thamlikitkul, 2016 0.399 0.320 0.482 -2.367 0.018
Rigatto, 2016, 1 0.741 0.635 0.824 4.141 0.000
Rigatto, 2016, 2 0.461 0.413 0.509 -1.579 0.114
Gul, 2016 0.343 0.282 0.408 -4.546 0.000
Tigen, 2016 0.400 0.280 0.533 -1.473 0.141
Zalts, 2016 0.015 0.002 0.100 -4.143 0.000

0.275 0.243 0.309 -11.404 0.000
-1.00 -0.50 0.00 0.50 1.00

Fig. 2. General prevalence of nephrotoxicity in patients treated with polymyxins.
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Fig. 3.Meta-analysis according to subgroups of treatments.
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Fig. 4.Meta-regression of the year of publication in relation to nephrotoxicity.
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outcomes. Nonetheless, when compared to randomized clinical trials,
high heterogeneity values are much more common and acceptable for
observational studies (Higgins and Green, 2011; Higgins and Thomp-
son, 2002).

The overall meta-analysis of the nephrotoxicity prevalence pre-
sented rates close to 30% but with high variability and gradual increase
over the years. In addition to the differences in baseline and clinical
characteristics of patients, which are known to impact on the preva-
lence of adverse events (Kassamali and Danziger, 2015), our meta-
regression demonstrated that the year of publication of the studies
had a direct and significant influence on the results. Studies published
before 2007 have shown significantly lower rates. This is probably due
to the changes in the thresholds for renal function over the years. Stud-
ies published until 2008 used only serum creatinine dosages to assess
Fig. 5.Meta-analysis of subgroups according to
renal damage (Berlana et al., 2005; Betrosian et al., 2008; Bosso andHar-
rison, 1991; Falagas et al., 2005, 2006; Holloway et al., 2006; Kasiakou
et al., 2005; Koch-Weser et al., 1970; Oliveira et al., 2008; Ouderkirk
et al., 2003; Pintado et al., 2008; Rios et al., 2007; Rodriguez et al.,
1970; Sobieszczyk et al., 2004). The Hartzell study (Hartzell et al.,
2009) used for the first time, in 2009, the RIFLE criteria for the assess-
ment of nephrotoxicity associated with the use of polymyxins. Hereaf-
ter, other studies started to use RIFLE and other internationally
recognized criteria such AKIN and KDIGO. This significantly altered
the sensitivity of renal damage detection when compared to
studies reporting only serum creatinine, with an annual increase of ap-
proximately 6% in the nephrotoxicity rates. Among studies using stan-
dardized international criteria, the results for nephrotoxicity rates
were similar, probably because the parameters to detect renal damage
the criteria used to classify nephrotoxicity.



Fig. 6. Meta-analysis of subgroups according to the nephrotoxicity outcome of the study.
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resemble. RIFLE presented the highest value for prevalence of nephro-
toxicity, probably because more studies used this criteria (n = 46)
when compared to other (AKIN n = 9 and KDIGO n = 2).

Another factor that may have significantly influenced and
underestimated some results is how the outcome was reported in the
studies. We found that in studies where nephrotoxicity was considered
as secondary outcome, rates of renal damage were one third lower than
those where nephrotoxicity was the primary outcome. Secondary out-
comes are usually associated with significantly reduced severity during
their definition and report in the study, whichmay influence the detec-
tion rates when compared to the assessment of primary outcomes. This
inadequate reporting affects the quality of the study and can lead to bi-
ased outcomes and misinterpretations (Mantziari and Demartines,
2017; Matthews et al., 2016). Compliance with recommendations for
conduction and reporting of observational studies such as Strengthen-
ing the Reporting of Observational Studies in Epidemiology (von Elm
et al., 2007) should be followed by the authors and required by re-
viewers and editors before the publication of the studies.

The nephrotoxicity rates found in our study were similar for both
evaluated drugs (colistin and polymyxin B). These data confirm the re-
view by Kassamali and Danziger (2015), which concludes that both
drugs are appropriate for clinical use. However, in a meta-analysis of 5
head-to-head studies published by Vardakas and Falagas (2017), the
authors stated that patients treated with colistin are more likely to de-
velop treatment-related nephrotoxicity (Akajagbor et al., 2013; Oliveira
et al., 2009; Phe et al., 2014; Rigatto et al., 2016; Tuon et al., 2014). In our
systematic review and meta-analyses, besides these 5 head-to-head
studies, we included a higher number of cohorts (76 for colistin and
19 for polymyxin B), which significantly increase the statistical power
of the results and reduce possible biases.We finally found that no signif-
icant difference among therapies for nephrotoxicity exists.

Colistin has a bigger availability in the world market when com-
pared to polymyxin, which may favor the high number of studies with
this drug (Kassamali and Danziger, 2015; Nation et al., 2015). However,
due to the increased need for alternatives to treat emerging infections
and improve the existing therapies, studies discuss spreading the use
of polymyxin B (Zavascki and Nation, 2017), especially becausemortal-
ity associated with this drug demonstrated to be similar to colistin
(without significant differences) (Vardakas and Falagas, 2017).
Kassamali and Danziger (2015) question the replacement of colistin
with polymyxin B, while authors such as Rabanal et al. (2017) offer
prospects in the development of new polymyxins with the goal of im-
proving activity and minimizing nephrotoxicity. Considering drug's
dosage, subgroup analyses were not possible given the high heteroge-
neity of reported data of primary studies. Usually, the dose of polymyxin
B (intravenously) is calculated according to the patient's body weight,
which can vary from 15,000 to 25,000 U/kg/d and should not exceed
the maximum of 25,000 U/kg/d. For colistin, considering colistimethate
sodium (CMS) as the pharmaceutical product, the dose to treat infec-
tions caused by gram-negative bacteria is 2.5 to 5 mg/kg/d, usually di-
vided into 2 to 4 times per day (Greenwood Village, 2018). Both CMS
and polymyxin B are filtered in the glomerulus, but only CMS is signifi-
cantly eliminated by the kidney, suggesting that the doses of this drug
should be adjusted in patients with decreased renal function in order
to prevent overexposure to colistin. However, because colistin and poly-
myxin B are highly resorbed by the body, being eliminated by other
nonrenal pathway, no dose adjustments are usually necessary (Pogue
et al., 2017).

The reintroduction of polymyxin in clinical practice should consider
the overall therapeutic effect of both drugs tailored to each clinical and
economic scenario. In addition, there is a need for more detailed guide-
lines to conduct and report nephrotoxicity in clinical trials and observa-
tional studies in order to standardize and more accurately estimate the
occurrence of this adverse reaction. The use of international criteria
such as RIFLE, AKIN, and KDIGO for the evaluation of nephrotoxicity is
essential for studies in this area and should be requested by editors
and reviewers.

Our study has some limitations. Given the lack of standardized re-
port in primary studies, criteria for extracting kidney damage data
were necessary. We used the term “nephrotoxicity” because it is the
most comprehensive. Nephrotoxicity was evaluated as an outcome of
interest for this systematic review because it is the main adverse
event of polymyxins, but other events should be studied. We analyzed
only observational studies because they represent a sufficiently good
level of evidence for prevalence assessment considering real-world set-
tings. The low reporting quality of some studies (e.g., lack of raw data
such as precision estimates — standard error, confidence interval) and
variance between results hampered more analyses to be performed.

5. Conclusion

Both colistin and polymyxin B showed a similar profile for the occur-
rence of renal damage with about 27% in critically ill patients. Preva-
lence rates increased through the years in studies with nephrotoxicity
as a primary outcome and with the use of standardized international
renal damage criteria (i.e., RIFLE, AKIN, KDIGO). The use of these renal
damage criteria and reporting guidelines for observational studies (i.e.
Strengthening the Reporting of Observational Studies in Epidemiology)
should be enforced by editors and peer-reviewers.
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