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ABSTRACT

Introduction: Colistin is used to treat severe
antibiotic-resistant Gram-negative infections
(GNIs). With the rise of antibiotic resistance,
colistin has been used increasingly as a ‘last-
line’ therapy for multidrug-resistant GNIs. We
evaluated the incidence of acute kidney injury
(AKI) and mortality among patients receiving
colistin or one of the new b-lactam/b-lactamase
inhibitors (bL ? bLI) (ceftazidime/avibactam,
ceftolozane/tazobactam, or meropenem/
vaborbactam).
Methods: This retrospective cohort study used
data from the Premier Healthcare Database. The
cohort included propensity score-matched
adults with an inpatient stay between January
2016 and December 2018. Patients given both
colistin and BL ? BLI as treatment for C 72 h
were excluded. AKI was defined as acute renal
failure or dialysis during hospitalization with
antibiotic administration. Propensity score

matching was used to control for selection bias
and confounding. Logistic regression evaluated
associations between treatment, AKI, and in-
hospital mortality.
Results: The total number of patients in the
matched cohorts were 256 in each. Overall,
23.8% and 13.3% of patients receiving colistin
or new bL ? bLI agents, respectively, experi-
enced AKI during hospitalization (p = 0.002);
odds of AKI for colistin were 3.0 (95% CI 1.71,
5.21). Following propensity score-matching,
patients without baseline renal disease experi-
enced AKI during hospitalization to a higher
degree in the colistin group compared to the
bL ? bLI group (17.1% vs. 6.8%); colistin use
was associated with 3.7 times higher odds (95%
CI 1.84, 7.42) of AKI compared to bL ? bLI
agents. The odds of mortality in patients on
colistin developing AKI were more than three
times that of patients receiving a BL ? BLI agent
who developed AKI. Among patients receiving
colistin, incident AKI was associated with 6.1
times higher odds (95% CI 2.53, 14.71) of
mortality.
Conclusions: Patients receiving colistin for
GNIs had significantly higher odds of AKI and
mortality than those receiving bL ? bLI.
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Key Summary Points

Why carry out this study?

Historically, colistin has been infrequently
prescribed due to associated
nephrotoxicity, but has recently been
used more frequently for resistant
pathogens, as it is the only generic
antibiotic demonstrating reliable in vitro
activity against some pathogens, such as
A. baumannii.

Limited clinical experience of newer
antibiotics to treat carbapenem-resistant
Gram-negative infection (GNI) suggests a
lower incidence of acute kidney injury
(AKI).

The objectives of this study were to assess
acute kidney injury and in-hospital
mortality among patients receiving
colistin or a new b-lactam/b-lactamase
inhibitor to treat a severe Gram-negative
infection in a large population-based
dataset.

What was learned from the study?

A large retrospective cohort study of the
Premier Healthcare Database revealed that
patients receiving colistin to treat Gram-
negative infections had higher odds of
mortality and acute kidney injury than
those receiving a b-lactam/b-lactamase
inhibitor.

Utilizing newer, less toxic antibiotics to
treat severe antibiotic-resistant Gram-
negative infections could have significant
implications for healthcare costs,
morbidity, and mortality.

INTRODUCTION

Colistin is a polymyxin class antibiotic origi-
nally introduced into clinical practice in the
1950s as one of the first antibiotics with signif-
icant efficacy for treating Gram-negative bacte-
rial infections (GNIs) [1]. Due to reports of

nephrotoxicity and neurotoxicity, historically,
colistin was prescribed infrequently; thus, lim-
ited pharmacokinetic and pharmacodynamic
data exist, and optimum dosing is ill-defined
[2]. However, with the rise of antibiotic resis-
tance, in particular carbapenem resistance (CR),
colistin has been used increasingly as a ‘last-
line’ therapy for multidrug-resistant (MDR)
GNIs, including carbapenem-resistant Enter-
obacterales (CRE), Pseudomonas aeruginosa, and
Acinetobacter baumannii (CRAB) [3]. MDR P.
aeruginosa and CRAB, along with CRE, have,
respectively, been identified by the CDC as
serious and urgent threats [4].

The rise in colistin use renews concerns
regarding the well-known potential for
nephrotoxicity. Recent reports have described
higher incidence of acute kidney injury (AKI) in
patients treated with colistin, but most have
small sample sizes, are not population-based, or
study only one type of GNI [5, 6]. AKI occurs in
approximately 25–50% of patients treated with
colistin [7–10], but has been reported as high as
90% in certain patients [11]. Those with
comorbid conditions, including existing kidney
disease, have increased risk of AKI while
receiving colistin [7, 12]. AKI post-colistin use
often resolves [13], but increased risk of devel-
oping chronic kidney disease (CKD) after
occurrence of AKI due to colistin use has been
reported, with older age being a possible con-
tributing factor [14].

The objectives of this study were to assess
AKI and in-hospital mortality among patients
hospitalized for severe GNIs who were receiving
colistin or a new b-lactam/b-lactamase inhibitor
(bL ? bLI), stratified by the presence of baseline
renal disease. The population-attributable risk
of AKI due to colistin was used to estimate the
potential amount of AKI that could be pre-
vented by using a newer antibiotic in place of
colistin.

METHODS

Data Source

The Premier Healthcare Database (PHD) was
used for this analysis, with data from January
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2016 through December 2018. The PHD con-
tains data from standard hospital discharge
files, including patient demographics and dis-
ease states, insurance type, admission and dis-
charge diagnoses, admission source and type,
and discharge status. This database represents
approximately 25% of US discharges from geo-
graphically diverse hospitals.

This study was performed in accordance with
the Helsinki Declaration of 1964 and its later
amendments. Institutional Review Board
approval was not required based on the decision
tool from the US National Institution of Health
assessing a human subject study (https://grants.
nih.gov/policy/humansubjects/hs-decision.
htm).

Study Design and Population

This is a retrospective cohort study which eval-
uated the incidence of AKI and in-hospital
mortality among patients with GNIs treated
with colistin compared to propensity score-
matched patients treated with bL ? bLI antibi-
otic agents.

Patients were included if they met all of the
following criteria: (1) aged 18 ? years with an
inpatient stay between January 2016 and
December 2018 (the ‘index’ period); (2) positive
for a GNI; and (3) received at least 3 days of
treatment with colistin (intravenous) or a
bL ? bLI antibiotic agent. The bL ? bLI antibi-
otic agents included ceftazidime/avibactam,
ceftolozane/tazobactam, or meropenem/vabor-
bactam. Imipenem/relabactam was not yet
commercially available.

Patients were excluded for any of the fol-
lowing reasons: (1) evidence of cystic fibrosis or
acute renal failure (ARF) present on admission
by ICD-9/10 codes; (2) evidence of a dialysis
procedure, defined using billing codes prior to
the first dose of colistin or bL ? bLI; and (3)
received both colistin and a bL ? bLI antibiotic
during the inpatient stay for[72 h (Table S1).

Patient and Hospital Characteristics

Patient demographics included age, sex, race,
and payer type. The Charlson–Deyo

Comorbidity Index (CCI) [15, 16] was calcu-
lated using ICD-9/10 codes. Prior exposure to
other treatments that predispose to renal injury
before the first dose of colistin or bL ? bLI
agents was also examined (Table S2). An inten-
sive care unit (ICU) stay or ventilation during
hospitalization prior to the first dose of colistin
or bL ? bLI agent, as well as sepsis present on
admission or any inpatient hospitalization in
the prior 30 days, was assessed. Hospital char-
acteristics included geographic region, bed size,
teaching status (yes/no), and location (urban/
rural).

Identification of Gram-Negative
Infections, Pathogens and Treatments

All GNIs were confirmed by a positive culture
from laboratory pathogen data or identification
through pathogen susceptibility data. Informa-
tion regarding infection site (grouped as respi-
ratory, urinary, or bloodstream sources),
susceptibility to carbapenems, and the type of
pathogen [Enterobacterales, non-glucose fer-
menter, or other Gram-negative (GN) bacteria]
were noted. The index date was the date of the
first culture sample with a GN, CR pathogen. If
a patient did not have any CR cultures identi-
fied, then the first carbapenem-sensitive GN
culture became the reference culture and its
associated index date.

Patients were classified as receiving colistin
or one of the new bL ? bLI antibiotic agents
active against GNIs, including ceftazidime-av-
ibactam, ceftolozane-tazobactam, or mer-
openem-vaborbactam.

Acute Kidney Injury, Acute Renal Failure,
and In-Hospital Mortality Outcomes

The incidence of ARF during treatment with
colistin or bL ? bLI was defined using ICD-10
codes (Table S1). Incident AKI was defined as a
dialysis procedure or ARF with or without a
dialysis procedure (Table 1). In-hospital mor-
tality was assessed during the index
hospitalization.
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Statistical Analysis

Risk factors were identified a priori to assess
differences in demographic and clinical char-
acteristics between the colistin and bL ? bLI
treatment groups, and to identify potential
confounders and matching variables. A
propensity score-matching approach was used
to account for variables which may confound
the relationship between treatments (colistin
and bL ? bLI agents) and AKI.

Propensity scores were generated by logistic
regression with treatment (colistin vs. any of
the bL ? bLI agents) as the dependent variable.
The independent variables in the model are
shown in Table 2. The matching algorithm used
a caliper of 0.2 times the standard deviation of
the logit of the propensity score to produce a
1:1 match, and the absolute standardized dif-
ference was used to compare characteristics
between the colistin and bL ? bLI treatment
groups post-match. In-hospital mortality was
assessed during the index hospitalization and
defined as death occurring in the hospital any
time after initiating antibiotic therapy of inter-
est. SAS v.9.3 (Cary, NC, USA) was used for all
statistical analyses.

The rates of AKI and in-hospital mortality
post-initiation of treatment were compared
between patients receiving colistin or bL ? bLI
after matching. P-values were calculated for

differences in the rates of AKI overall and by
baseline renal disease status using the Chi-
square test. The rates of AKI and in-hospital
mortality post-treatment initiation were com-
pared between propensity score-matched treat-
ment groups using logistic regression models to
calculate adjusted odds ratios (ORs) while con-
trolling for covariates. These analyses were
additionally stratified by baseline renal disease,
defined by the individual component of the
CCI [15, 16]. Associations of AKI with in-hos-
pital mortality were also examined after strati-
fying by treatment (colistin vs. bL ? bLI agent).
Since interaction was observed between treat-
ment group and AKI, logistic regression models
included joint effects. The population
attributable risk percentage (PAR%) of ARF due
to colistin use was estimated using national
projected utilization data from the Premier
database and the risk difference of AKI inci-
dence. We used Levin’s formula to calculate the
PAR%.

RESULTS

Attrition and Pathogen Characteristics

After exclusion criteria were applied, 319 (4.7%)
patients were eligible for propensity score
matching in the colistin group, and a total of

Table 1 Cohort attrition stratified by treatment regimen

Colistina bL1 bLI agent
n 5 6811 n5 7952

Patients C 18 years of age 6505 (95.5%) 7891 (99.2%)

Inpatient hospitalization 6434 (94.5%) 7654 (96.3%)

Non-cystic fibrosis patients 4499 (66.1%) 7235 (91.0%)

Patients receiving C 3 days of treatment 3320 (48.7%) 5713 (71.8%)

Patients w/any microbiological results 734 (10.8%) 1520 (19.1%)

Patients w/confirmed Gram negative pathogen 649 (9.5%) 1267 (15.9%)

Patients w/no evidence of ARF POA or dialysis prior to 1st dose 319 (4.7%) 657 (8.3%)

Propensity score matched 1:1 256 (3.8%) 256 (3.2%)

ARF acute renal failure, POA present on admission
aStarting with patients receiving C 1 day of treatment
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Table 2 Patient, infection, and hospital characteristics pre- and post-propensity score matches

Unmatched sample 1:1 PSM sample SDa

Colistin bL1 bLI agent Colistin bL1 bLI agent
n5 319 n5 657 n 5 256 n5 256

Patient

Age, mean ± SD 58.7 ± 17.4 61.2 ± 15.6 59.7 ± 16.8 59.2 ± 15.2 3%

Sex

Female 136 (43%) 283 (43%) 102 (40%) 106 (41%) 3%

Male 183 (57%) 374 (57%) 154 (60%) 150 (59%) 3%

Race

White 254 (80%) 462 (70%) 198 (77%) 194 (76%) 4%

Non-White 65 (20%) 195 (30%) 58 (23%) 62 (24%) 4%

Payer type

Commercial 32 (10%) 92 (14%) 28 (11%) 20 (8%) 11%

Medicaid 55 (17%) 112 (17%) 45 (18%) 49 (19%) 4%

Medicare 222 (70%) 434 (66%) 174 (68%) 178 (70%) 3%

Other 10 (3%) 19 (3%) 9 (4%) 9 (4%) 0%

CCI, mean ± SD 2.68 ± 2.22 2.75 ± 2.29 2.63 ± 2.14 2.76 ± 2.08 6%

CCI categories

Renal disease (CCI) 56 (18%) 140 (21%) 45 (18%) 49 (19%) 4%

Diabetes w/complications (CCI) 86 (27%) 182 (28%) 68 (27%) 70 (27%) 2%

Diabetes w/o complications (CCI) 34 (11%) 106 (16%) 30 (12%) 32 (13%) 2%

Chronic pulmonary disease (CCI) 153 (48%) 215 (33%) 115 (45%) 118 (46%) 2%

Hospitalization in prior 30 days 97 (30%) 206 (31%) 75 (29%) 85 (33%) 8%

ICU prior to 1st dose 164 (51%) 283 (43%) 133 (52%) 139 (54%) 5%

Exposure ARF drugs prior to 1st dose 271 (85%) 564 (86%) 218 (85%) 224 (88%) 7%

ARF in Prior 3 months 42 (13%) 116 (18%) 36 (14%) 35 (14%) 1%

Ventilator prior to 1st dose 169 (53%) 222 (34%) 129 (50%) 132 (52%) 2%

Sepsis present on admission 172 (54%) 333 (51%) 140 (55%) 140 (55%) 0%

Index infection

Infection site

Blood 20 (6%) 59 (9%) 16 (6%) 15 (6%) 2%

IAI 1 (0.3%) 9 (1%) 0 (0%) 0 (0%) –

Other 18 (6%) 64 (10%) 17 (7%) 16 (6%) 2%

Respiratory 207 (65%) 195 (30%) 152 (59%) 152 (59%) 0%
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657 (8.3%) for bL ? bLI agents (Table 1). Patient
counts were consistently higher for the bL ? bLI
group following application of each restriction,
particularly after CF patients were excluded
(66.1% vs. 91.0%). No patients receiving

meropenem-vaborbactam were part of the
matched sample (Table 1).

In the propensity matched sample (n = 256
in each treatment group), for both the colistin-
and bL ? bLI treated groups, the distribution

Table 2 continued

Unmatched sample 1:1 PSM sample SDa

Colistin bL1 bLI agent Colistin bL1 bLI agent
n5 319 n5 657 n 5 256 n5 256

Skin 21 (7%) 120 (18%) 20 (8%) 17 (7%) 5%

Urine 52 (16%) 210 (32%) 51 (20%) 56 (22%) 5%

Pathogen

Enterbacterales 82 (26%) 257 (39%) 72 (28%) 80 (31%) 7%

Non-fermenter 236 (74%) 389 (59%) 183 (71%) 175 (68%) 7%

Other G-bacteria 1 (0.3%) 11 (2%) 1 (0.4%) 1 (0.4%) 0%

Carbapenem susceptibility

Not susceptible 225 (71%) 489 (74%) 184 (72%) 179 (70%) 4%

Not tested 18 (6%) 44 (7%) 14 (5%) 20 (8%) 9%

Susceptible 76 (24%) 124 (19%) 58 (23%) 57 (22%) 1%

Hospital

Bed size

\300 107 (34%) 171 (26%) 86 (34%) 86 (34%) 0%

300–499 97 (30%) 149 (23%) 73 (29%) 74 (29%) 1%

500? 115 (36%) 337 (51%) 97 (38%) 96 (38%) 1%

Teaching facility 156 (49%) 406 (62%) 128 (50%) 130 (51%) 2%

Region

Midwest 99 (31%) 245 (37%) 86 (34%) 93 (36%) 6%

Northeast 29 (9%) 45 (7%) 21 (8%) 25 (10%) 5%

South 174 (55%) 325 (49%) 133 (52%) 126 (49%) 5%

West 17 (5%) 42 (6%) 16 (6%) 12 (5%) 7%

Location

Rural 65 (20%) 48 (7%) 40 (16%) 37 (14%) 3%

Urban 254 (80%) 609 (93%) 216 (84%) 219 (86%) 3%

ARF acute renal failure, CCI Charlson Comorbidity Index, IAI intra-abdominal infection, ICU intensive care unit, SD
standard deviation
aAbsolute standardized difference for 1:1 propensity score-matched sample
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between CRE and non-fermenter pathogens was
similar, 28% vs. 31% and 71% vs. 68% respec-
tively (Table 2). The most frequently treated
pathogen was Pseudomonas aeruginosa (n = 96,
37.5% vs. n = 157, 61.3%). The actual distribu-
tion of specific pathogens is shown in Table S3.

Patient and Hospital Characteristics

Table 2 displays baseline characteristics for the
colistin and bL ? bLI treatment groups, and pre-
and post-propensity score matching. Overall,

Fig. 1 Rates of AKI by treatment group and baseline renal disease status among propensity score-matched sample

Fig. 2 Adjusted odds of AKI for colistin versus bL ? bLI agents, stratified by baseline renal disease, among propensity
score-matched sample
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the matched cohorts were similar for patient,
infection site and hospital characteristics.

The most common comorbid conditions
were chronic pulmonary disease (45% vs. 46%)
and diabetes with and without complications
(39% vs. 40%). Baseline renal disease was pre-
sent in 18% of the colistin and 19% of the
bL ? bLI group.

Associations of Treatments with AKI

Overall, AKI had developed in 23.8% of the
colistin and 13.3% of the bL ? bLI group
(Fig. 1). Following post-propensity score
matching, patients without baseline renal dis-
ease (n = 418) experienced AKI during hospi-
talization to a higher degree in the colistin
group compared to the bL ? bLI group (17.1%
vs. 6.8%). Among patients with baseline renal
disease, there was no statistically significant
difference between the groups.

After additional adjustment with logistic
regression, among the propensity score-mat-
ched sample, patients receiving colistin had
approximately threefold higher odds (OR = 3.0;
95% CI 1.71, 5.21) of AKI versus bL ? bLI agents
(Fig. 2). Baseline renal disease (OR = 5.1; 95% CI
2.70, 9.62) was also a significant independent
risk factor for AKI (data not shown). Stratified
analysis revealed that, among patients without
existing renal disease (n = 418), colistin use was

associated with 3.7 higher odds of AKI versus
bL ? bLI agents (95% CI 1.84, 7.42) (Fig. 2). In
contrast, among those with existing renal dis-
ease (n = 94), odds of AKI were not statistically
different between the colistin and bL ? bLI
agent treatment groups (OR = 2.0; 95% CI 0.77.
5.10).

Associations of Treatments with In-
hospital Mortality

In-hospital mortality was higher in the colistin
group compared to the bL ? bLI group (15.2%
vs. 10.5%). While adjusted odds of inpatient
mortality for colistin versus bL ? bLI treatment
was not statistically significant, occurrence of
AKI during the inpatient visit was associated
with almost four-fold higher odds of mortality
compared to those without AKI (OR = 3.8; 95%
CI 2.00, 7.27) (Table 3). The joint risk of mor-
tality among patients receiving colistin and
having AKI was more than 3 times that of
patients receiving new agents with AKI
(OR = 3.23, 95% CI 1.09, 9.52) (Table 4). Simi-
larly, adjusted odds of mortality for patients
with AKI treated with colistin was six times that
of colistin patients without AKI (OR = 6.13;
95% CI 2.53, 14.71). Conversely, among
patients on new agents, no association was
observed between AKI and mortality.

Table 3 Adjusted mortality risk for colistin versus new agents among propensity score-matched sample, without accounting
for joint effects of treatment and AKI

Final stepwise model: treatment and AKI forced into
modela

OR
estimate

Lower 95%
CI

Upper 95%
CI

p value

Ventilated at ANY point 13.80 5.02 37.88 \0.0001

Age 1.03 1.01 1.06 0.006

Mild liver disease 2.65 0.96 7.33 0.060

Malignancy 12.53 5.04 31.15 \0.0001

Treatment colistin vs. new agents 1.36 0.74 2.51 0.318

AKI yes vs. no 3.81 2.00 7.27 \0.0001

AKI acute kidney injury
aStepwise algorithm eliminating covariates with p value[0.15 except for treatment and AKI
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Population Attributable Risk of Colistin
in AKI

Based on the calculated PAR%, we estimated
that, at the end of 2018, 28.6% of AKI in the
population treated with either colistin or a
bL ? bLI agent for a GNI could have been avoi-
ded by not using colistin. We estimated the
proportion of use in 2018 of colistin to be 23%
of the total of both colistin and bL ? bLI agents
used for GNIs and used the OR of 3.0 of the risk
of AKI for colistin versus bL ? bLI agents as an
approximation of the relative risk. This assumes
that colistin and bL ? bLI agents were used only
to treat CR GNIs. If the bL ? bLI group was used
more empirically with some infections being
found to be Gram-positives or pathogens less
likely to be treated with colistin, then the true
proportion of colistin use would be greater. This
would make our estimate a lower bound
estimate.

DISCUSSION

The use of colistin has increased in recent years
along with the incidence of CR GNIs [2],
renewing concerns over colistin-associated
nephrotoxicity. In this retrospective cohort
study, 512 patients with GNIs were matched on
baseline characteristics. There was an increased
risk of AKI in patients treated with colistin
(23.8%) versus newer bL ? bLI antibiotics
(13.3%) that may have equal or better coverage
for CR GNIs. These findings corroborate prior
studies supporting a link between colistin use
and incident AKI [9, 13]. A recent meta-analysis
identified 5 randomized controlled trials com-
paring nephrotoxicity of colistin to minimally
nephrotoxic antibiotics. The authors estimated
a colistin-associated nephrotoxicity rate of 36%,
and 140% increased risk, compared to bL-based
regimens [17]. We estimated that the percent-
age of AKI attributable to colistin use in 2018
was 25–29%, suggesting that roughly 1 in 4
incident cases of AKI may be prevented by uti-
lizing newer, less toxic antibiotics. To our
knowledge, no previous studies have reported
the PAR% for AKI due to colistin. This finding

Table 4 Risk of mortality among propensity score-matched sample, colistin vs. new agents by AKI status

Final stepwise model—joint effect of AKI and treatment
typea

OR
estimate

Lower 95%
CI

Upper 95%
CI

p value

Ventilated at ANY point 15.87 5.69 44.23 \0.0001

Age 1.03 1.01 1.06 0.0056

Rheumatologic disease 4.81 0.67 34.78 0.1196

Mild liver disease 3.01 1.08 8.44 0.0358

Malignancy 12.95 5.16 32.49 \0.0001

New agent AKI vs. new agent no AKI 1.67 0.60 4.67 0.3312

Colistin no AKI vs. new agent no AKI 0.88 0.41 1.90 0.7415

Colistin AKI vs. new agent no AKI 5.37 2.31 12.49 \0.0001

Colistin AKI vs. new agent AKIb 3.23 1.09 9.52 0.0347

Colistin AKI vs. colistin no AKIb 6.13 2.53 14.71 \0.0001

AKI acute kidney injury
aStepwise algorithm eliminating covariates with p value[0.15 except for treatment and AKI
bNot a model coefficient
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may have significant implications for health-
care costs, and morbidity and mortality associ-
ated with colistin use.

Elevated risk of AKI was observed among
patients without pre-existing renal disease who
were treated with colistin compared to those
treated with bL ? bLI. Among patients with
renal disease at baseline, 56% of colistin- and
41% of bL ? bLI-treated patients had subse-
quent AKI, although this difference was not
significant, possibly due to the relatively small
sample size of patients with renal disease. Sev-
eral studies have documented significantly
higher risk of AKI among patients with existing
renal disease or chronic kidney disease [7, 18].
To our knowledge, colistin-associated AKI has
not been studied specifically among those
without existing renal disease. It is possible that
clinicians who prescribe colistin to patients who
have pre-existing renal disease may take addi-
tional precautions to prevent incident AKI.

The current study demonstrates that, among
those who develop AKI, patients treated with
colistin have threefold greater adjusted odds of
mortality compared to bL ? bLI. This aligns
with previous studies that reported colistin use
to treat GNIs was associated with an increased
risk of mortality. A meta-analysis estimated the
odds of 30-day mortality at 1.5 times higher for
patients receiving colistin versus bL ? bLI
antibiotics [13], a result not inconsistent with
the point estimate of 1.36 in this study, without
taking into consideration the joint effect of AKI
and treatment. Moreover, a prospective obser-
vational study of 99 patients receiving colistin
and 38 patients receiving ceftazidime-avibac-
tam found that patients receiving colistin had a
significantly higher rate of 30-day in-hospital
mortality (32% vs. 9%), although this was lim-
ited to treatment of CRE [19].

Timing of AKI in colistin-treated patients
may play a role in mortality risk, with early-
stage AKI (within 7 days of first colistin dose)
conferring more than fourfold higher odds of
mortality compared to later-stage AKI [20]. In
our study, patients receiving colistin who
developed AKI had approximately 6 times the
odds of mortality compared to those without
AKI, while odds of mortality among patients
treated with bL ? bLI were not significantly

higher for those with AKI versus no AKI. Prior
research has demonstrated that, among patients
on colistin with AKI, those whose AKI resolved
had better survival compared to those whose
AKI did not (88% vs. 53%, p = 0.001) [21]. The
current study is consistent with previous find-
ings, with higher mortality in the colistin
treatment group compared to the bL ? bLI
treatment group, and, among patients on col-
istin, greater odds of mortality associated with
incident AKI. Patients prescribed colistin in the
context of AKI may have more unidentified
adverse characteristics, leading their physicians
to use colistin despite their AKI. Additional
research is indicated to address this question.

Our study’s findings should be interpreted in
the context of its strengths and limitations.
Strengths include that these data are real-world
from a large US hospital discharge database.
Some prior studies were not population-based,
only included one or two GN pathogens, or did
not adjust for confounders. We controlled for
selection bias using propensity-score techniques
to match treatment groups on measured vari-
ables, as well as multiple logistic regression. The
current study was agnostic in terms of patho-
gen, although propensity score matching con-
trolled for Enterobacterales versus non-
fermenters. More patients with Acinetobacter
infection were treated with colistin than new
agents. As Acinetobacter spp. are known to be
associated with higher mortality than other GN
pathogens [22], this was included as an indica-
tor variable in our mortality regression model
and did not alter the results.

Limitations include that this analysis utilizes
an administrative dataset with an observational
retrospective approach with the possibility of
selection bias and misclassification. If a patient
was admitted with high risk for AKI not noted
in the index hospitalization, there may have
been a higher probability of being treated with a
bL ? bLI antibiotic. Similarly, not every
nephrotoxic agent used prior to treatment
would necessarily be identified, but any bias
would be in the direction of the bL ? bLI
antibiotics; clinicians normally refrain from
using additional nephrotoxic agents such as
colistin. This would result in a conservative bias
away from an association of colistin with AKI or
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mortality. We also could not time the diagnosis
of AKI during the hospitalization. Some inci-
dent AKI may have occurred prior to treatment
but after admission, resulting in misclassifica-
tion. This would also result in a bias away from
a colistin association with AKI. Severity could be
a potential confounder. We do not have an
index of severity in Premier data; rather, we
used a surrogate measure, the presence of
mechanical ventilation, that may not be as
granular as a severity score. Laboratory results, if
available, would have improved the classifica-
tion of a new AKI diagnosis. However, others
have shown the validity of using administrative
codes for classifying incident AKI in an obser-
vational setting [23, 24]. Higher doses of colistin
have been associated with increased risk of AKI
[25], but we were unable to evaluate dosing
differences.

CONCLUSIONS

Patients receiving colistin for GNIs had signifi-
cantly higher odds of developing AKI compared
to those on bL ? bLI antibiotics, including
patients without baseline renal disease. Among
patients on colistin, there were significantly
higher odds of mortality for those who devel-
oped AKI versus those who did not, which was
not observed among bL ? bLI-treated patients.
Further research is warranted on the nephro-
toxicity of colistin in real-world settings. Our
findings suggest that almost 1 in 4 incident
cases of AKI may be prevented by utilizing more
recently developed, less toxic antibiotics. The
implications for healthcare costs, morbidity,
and mortality also merit future investigations.
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