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Background. Nephrotoxins contribute to 20%–40% of acute kidney injury (AKI) cases in the intensive care unit (ICU). The com-
bination of piperacillin-tazobactam (PTZ) and vancomycin (VAN) has been identified as nephrotoxic, but existing studies focus on 
extended durations of therapy rather than the brief empiric courses often used in the ICU. The current study was performed to compare 
the risk of AKI with a short course of PTZ/VAN to with the risk associated with other antipseudomonal β-lactam/VAN combinations.

Methods. The study included a retrospective cohort of 3299 ICU patients who received ≥24 but ≤72 hours of an antipseudo-
monal β-lactam/VAN combination: PTZ/VAN, cefepime (CEF)/VAN, or meropenem (MER)/VAN. The risk of developing stage 2 
or 3 AKI was compared between antibiotic groups with multivariable logistic regression adjusted for relevant confounders. We also 
compared the risk of persistent kidney dysfunction, dialysis dependence, or death at 60 days between groups.

Results. The overall incidence of stage 2 or 3 AKI was 9%. Brief exposure to PTZ/VAN did not confer a greater risk of stage 2 
or 3 AKI after adjustment for relevant confounders (adjusted odds ratio [95% confidence interval] for PTZ/VAN vs CEF/VAN, 1.11 
[.85–1.45]; PTZ/VAN vs MER/VAN, 1.04 [.71–1.42]). No significant differences were noted between groups at 60-day follow-up in 
the outcomes of persistent kidney dysfunction (P = .08), new dialysis dependence (P = .15), or death (P = .09).

Conclusion. Short courses of PTZ/VAN were not associated with a greater risk of short- or 60-day adverse renal outcomes than 
other empiric broad-spectrum combinations.
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Acute kidney injury (AKI) is common in critically ill patients 
and confers a nearly 3.5-fold increased risk of death [1–3]. 
Nephrotoxin exposure contributes to approximately 20%–40% 
of AKI cases in critically ill patients and represents one of the 
few modifiable risk factors in this high-risk population [4–6]. 
Vancomycin (VAN) and piperacillin-tazobactam (PTZ) each 
heighten the risk for drug-associated AKI, and their combina-
tion has been suggested to be particularly nephrotoxic relative 
to alternative broad-spectrum combinations [7–11].

To date, studies have only provided limited descriptions of 
the temporal association between PTZ/VAN exposure and 
AKI. The majority of studies included patients receiving PTZ/
VAN for ≥48 hours and found that AKI onset coincided with 
3–5 days of PTZ/VAN exposure [10, 12]. Informed by modern 
diagnostics and antimicrobial stewardship practices, intensive 

care unit (ICU) patients exposed to empiric broad-spectrum 
antibiotics often undergo deescalation well before this threshold 
of sustained exposure occurs [13]. 

Findings suggest that the median VAN duration in patients 
treated empirically for pneumonia may be as short as 27 hours 
[14]. It is unknown whether these short exposures to combina-
tion PTZ/VAN in the ICU confer a similarly heightened risk of 
AKI as has been previously reported. In addition, the association 
between PTZ/VAN and AKI in critically ill patients has been 
modest if even present at all, compared with less critically ill hos-
pitalized patients [7, 15, 16]. In the critical care setting, there is 
a high baseline risk of AKI that may be unaffected by additional 
risk from this antibiotic combination. Prior studies in the crit-
ical care setting may have inadequately adjusted for confounders 
or used alternate AKI definitions. Therefore, the purpose of the 
current study was to determine whether short courses of PTZ/
VAN predicted an increased risk of AKI compared with other 
broad-spectrum antibiotic combinations in critically ill patients.

METHODS

Study Design and Setting

Eligible individuals were adults (aged ≥18  years) hospitalized 
in any of the ICUs at Mayo Clinic in Rochester, Minnesota, 
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between 1 January 2006 and 31 December 2016 with Minnesota 
Research Authorization [17]. For patients admitted on mul-
tiple occasions during the study time frame, the last admis-
sion was used. The protocol was approved by the Mayo Clinic 
Institutional Review Board with a waiver of informed consent.

Patient Selection

Patients were included if they received ≥24 and ≤72 hours of 
continuous concurrent therapy with VAN and either PTZ, 
cefepime (CEF), or meropenem (MER). In current clinical 
practice, patients are administered empiric combination ther-
apy and subsequently transitioned to directed therapy once cul-
ture data are returned. Clinical pharmacists are responsible for 
dosing and monitoring VAN and β-lactam dose adjustments 
for kidney dysfunction. Patients were excluded if they received 
>1 antipseudomonal β-lactam within 7 days, received concom-
itant antibiotics >24 hours before being admitted to the ICU, 
developed stage 2 or 3 AKI before or ≤24 hours after concom-
itant antibiotic therapy initiation, had end-stage renal disease 
defined as requiring renal replacement therapy, died within 
48 hours of combination antibiotic therapy initiation, or were 
pregnant.

Data Collection and Definitions

Data extracted from the electronic health record included 
demographic information, comorbid conditions, Acute 
Physiology and Chronic Health Evaluation (APACHE III) 
score, Sequential Organ Failure Assessment (SOFA) score, 
microbiological data, and antibiotic use. AKI was identi-
fied with an electronic alert (“AKI sniffer”) that continu-
ously applied the Acute Kidney Injury Network (AKIN) AKI 
criteria to hourly urine output measurements and all serum 
creatinine values [18]. This electronic surveillance tool was 
developed and validated against AKI confirmed by means of 
manual medical record review [19, 20]. Baseline serum creat-
inine was calculated as the median of all creatinine values in 
the 6 months preceding the index admission, or if unavailable, 
from back-calculation using Modification of Diet in Renal 
Disease equation with an estimated glomerular filtration rate 
of 60 mL/min per 1.73 m2 body surface area [21].

End Points

The primary end point was the incidence of AKI, defined as 
AKIN stage 2 or 3 AKI [18]. The occurrence of AKI was assessed 
beginning 24 hours after initiation of combination antibiotic 
treatment. Follow-up continued until 7  days after 1 or both 
antibiotics in the combination were discontinued. Secondary 
end points included incidence of maximum-stage AKI, defined 
as AKIN stage 1, 2, or 3 AKI, and major acute kidney events at 
60 days (MAKE60) [18], which included a persistent doubling 
of serum creatinine level from baseline, a new requirement of 
renal replacement therapy, or death [22].

Statistical Analysis

Continuous data were summarized as means with  standard 
deviation (SD) or medians with interquartile range (IQR), 
depending on the normality of the distribution. Percentages 
were used for categorical data. Continuous data were compared 
across groups using analysis of variance or Kruskal-Wallis tests, 
and categorical data using χ2 or Fisher exact tests. Logistic 
regression models were fit to compare the odds of AKI devel-
opment between PTZ/VAN and other antibiotic combinations. 

One model adjusted for baseline AKI risk using a validated 
prediction score for critically ill patients. This AKI risk score 
assigns points (minimum score, 0; maximum score, 21)  for 
chronic conditions (chronic kidney disease, chronic liver dis-
ease, congestive heart failure, hypertension, and atherosclerotic 
cardiovascular disease) and acute disease states and exposures 
(pH ≤7.3, nephrotoxin exposure, sepsis [defined according to 
Sepsis-3 criteria], mechanical ventilation requirement, and ane-
mia) [23, 24]. The second model was inclusive of all patient and 
treatment characteristics thought to affect AKI risk. The inci-
dence of MAKE60 was compared in the patients with available 
serum creatinine follow-up data in our electronic health record 
at 60 ± 30 days. A 2-sided alpha of 0.05 was considered statisti-
cally significant. All analyses were performed with JMP 13.0.0 
software (SAS Institute) and R software (version 3.4.2; R Core 
Team, R Foundation for Statistical Computing).

RESULTS

Of the 5791 patients screened for eligibility, 3299 were included 
(Figure 1). The primary reasons for exclusion were the use of 
>1 antipseudomonal β-lactam drug (n  =  1338) or the pres-
ence of stage 2 or 3 AKI before combination therapy initia-
tion (n  =  903). Antibiotic combination therapy began within 
a median (IQR) of 3.2 (−0.4 to 12) hours after ICU admission. 
The duration of concomitant antibiotic therapy decreased each 
successive year. In the final year of the study time frame (2016), 
which most closely approximates contemporary practice, the 
median (IQR) duration was 1.5 (0.9–2.6) days. 

At baseline, the PTZ/VAN, CEF/VAN, and MER/VAN groups 
compared well. Patients receiving MER/VAN had a greater acu-
ity of illness, as evidenced by higher APACHE III and SOFA 
scores; the mean (SD) APACHE III scores for the MER/VAN, 
PTZ/VAN, and CEF/VAN groups were 72  (25), 67  (22), and 
64 (23), respectively, and the mean SOFA scores were, 5.8 (3.3), 
5.2 (3.1), and 4.8 (3.1) (both P ≤ .001). The MER/VAN group 
also had a greater frequency of acidosis, anemia, sepsis, and 
need for mechanical ventilation. A  150%–200% increase in 
serum creatinine level from baseline or urine output <0.5 mL/
kg/h for >6 hours (stage 1 AKI) was present in one-third of 
patients when combination antibiotic therapy was started. The 
use of other nephrotoxic drugs at baseline was infrequent. No 
other clinically significant differences were observed between 
the groups (Table 1).
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Overall Incidence of AKI Between Treatment Groups

We found an 8.8% overall incidence of stage 2 or 3 AKI with a 
median (IQR) time to onset of 0.9 (0.4–1.9) days after initiation 
of combination therapy (Figure 2). In unadjusted analyses, no 
increased risk of stage 2 or 3 AKI was observed when PTZ/VAN 
was compared with CEF/VAN or to MER/VAN (Figure  3). 
Similar results were noted after adjustment for baseline AKI 
risk score. The risk of AKI development was not affected by the 
duration of combination therapy (Supplemental Appendix 1).

In patients who developed stage 2 or 3 AKI based on serum 
creatinine criteria, we analyzed AKI duration [25]. Recovery to 
<2-fold baseline levels by discharge occurred in 60% of patients 
receiving PTZ/VAN (28 of 46 patients) with a median (IQR) 
duration of stage 2 or 3 AKI of 2.1 (0.6–3.7) days. This com-
pared with 38% in the CEF/VAN group (12 of 26) and 80% (4 of 
5) in the MER/VAN group, with median (IQR) stage 2 or 3 AKI 
durations of 3.5 (1.1–5.7) and 2.5 (0.8–3.8) days, respectively.

In our multivariable model, which included all factors 
thought to contribute to an increased AKI risk, antibiotic 
group was not associated with AKI (Table 2). Stratified anal-
yses were conducted according to the presence of stage 1 
AKI at antibiotic initiation. In both the 880 patients with 
stage 1 AKI at combination antibiotic initiation, and in the 
2419 patients without any AKI at this point, the empiric 
antibiotic choice did not affect the risk for new or worsen-
ing AKI (Table 2).

Secondary End Points

In the 1217 (patients 37%) with a follow-up serum creatinine 
level available in the electronic health record within 60 ± 30 
days of the study antibiotic course, no significant difference 
was noted between groups in the incidence of a persistently 
elevated serum creatinine ≥2-fold the baseline level (P =  .08), 
new requirement for renal replacement therapy (P  =  .15), or 
death (P  =  .09). When MAKE60 was analyzed as a composite 
event, there was a significant difference across treatment groups 

(P  =  .02), driven by an increased mortality risk in patients 
exposed to MER/VAN (Table 3).

DISCUSSION

Empiric selection of antibiotics in critically ill patients is a deli-
cate balance between selecting the appropriate agents to treat the 
infection, limiting host toxicity, and optimizing antimicrobial 
stewardship. Current guidelines clearly prioritize broad-spec-
trum therapies for septic patients, which results in widespread 
use of intravenous antipseudomonal β-lactams and drugs to 
treat resistant gram-positive infections [26]. Notwithstanding 
slight differences in the spectrum of activity, choice of antipseu-
domonal β-lactam agent is often based on provider and institu-
tion preference. 

Recently, nephrotoxicity has been raised as a possibility with 
PTZ/VAN therapy, which has led to concern over using this 
combination in the empiric setting. In contrast to previous lit-
erature, in this large cohort study of critically ill patients, we 
found that brief exposure to the combination of PTZ/VAN con-
ferred no greater risk of moderate to severe AKI than similar 
such exposures to CEF/VAN or MER/VAN. In addition, PTZ/
VAN did not increase the risk of persistent kidney dysfunction, 
need for renal replacement therapy, or death at 60 days.

Previous studies that identified a heightened risk for AKI 
with PTZ/VAN have predominately included hospitalized floor 
patients. In this lower-risk population, a 2–3-fold higher risk 
of AKI with PTZ/VAN has been observed [8, 16, 27]. In ICU 
patients with an already high baseline risk of AKI, findings 
have been more inconsistent. In a retrospective cohort study of 
122 critically ill patients, PTZ/VAN was not associated with a 
higher incidence of AKI than CEF/VAN after adjustment for 
propensity to receive each treatment [7]. A  meta-analysis of 
a small subgroup of critically ill patients found an increased 
risk of AKI associated with PTZ/VAN compared with VAN 
alone [16]. Recently, another meta-analysis found variability in 

Antipseudomonal β-lactam/vancomycin combination therapy (24–72 h)
n = 5791

Exclusions:
- Received >1 antipseudomonal β-lactam (n = 1338)
- Stage ≥2 acute kidney injury before or within 24 h after initiation of combination therapy (n = 903)
- End-stage renal disease (n = 157)
- Death within 48 h after antibiotic initiation (n = 94)

Included 
n = 3299

Figure 1. Study design and patient inclusion.

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciy724#supplementary-data
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relative AKI risk depending on the comparator group selected. 
When PTZ/VAN was compared with VAN alone, the risk of 
AKI was increased (odds ratio, 9.62; 95% confidence interval, 
4.48–20.68). However, when PTZ/VAN was compared with 
CEF/VAN, carbapenem/VAN, or PTZ alone, no greater risk was 
observed [15].

Associations of PTZ/VAN and nephrotoxicity have occurred 
after 3–5  days of concurrent therapy, much longer than cus-
tomarily used in the empiric setting [10, 12]. Whereas previ-
ous studies focused their analysis on ≥48 hours of combination 
antibiotic exposure, we focused on a more clinically relevant 

question for critically ill patients. By 48 hours, microbiologi-
cal data are often available to guide deescalation, and treatment 
with extended-spectrum antibiotic combinations rarely contin-
ues for >72 hours [14]. This was supported in our study, where 
the median (IQR) duration of combination antibiotic therapy in 
patients from 2016 was 1.5 (0.9–2.6) days.

The outcomes evaluated also distinguish the current work 
from previous studies. Prior literature has historically included 
all stages of AKI, which assumes that all stages are equally del-
eterious. In the current analysis, we focused on moderate to 
severe AKI, which is most closely associated with heightened 

Table 1. Baseline Patient Demographic and Clinical Characteristics

Description
PTZ/VAN

(n = 1540)
CEF/VAN
(n = 1373)

MER/VAN
(n = 386) P Value

Age, mean (SD), y 64 (17) 63 (17) 64 (17) .18

Male sex, No. (%) 943 (61) 801 (58) 212 (55) .050

White race, No. (%) 1405 (91) 1240 (90) 351 (91) .69

Height, mean (SD), cm 170 (11) 170 (11) 169 (11) .02

Weight, mean (SD), kg 85 (26) 84 (24) 83 (27) .20

Body mass index, mean (SD), kg/m2 29 (8) 29 (7) 29 (8) .65

APACHE III score, mean (SD) 67 (22) 64 (23) 72 (25) <.001

SOFA score, mean (SD), 5.2 (3.1) 4.8 (3.1) 5.8 (3.3) <.001

Charlson Comorbidity Index, mean (SD) 5.9 (3.7) 5.8 (3.7) 6.1 (3.6) .26

Vasopressor use, No. (%) 664 (43) 540 (39) 172 (45) .057

Lactate, mean (SD), mmol/La 1.9 (1.6) 1.9 (1.4) 1.8 (1.2) .16

Baseline serum creatinine, median (IQR), mg/dL 1.0 (0.8– 1.3) 1.0 (0.8–1.3) 1.0 (0.7– 1.4) .61

Renal parameters at antibiotic initiation

 Serum creatinine, mean (SD), mg/dL 1.1 (0.5) 1.0 (0.5) 1.0 (0.5) <.001

 Creatinine clearance, mean (SD), mL/min 64.0 (39.4) 67.6 (37.6) 66.2 (39.1) .003

AKI stage 1 at antibiotic initiation, No. (%) 457 (30) 315 (23) 108 (28) <.001

AKI risk prediction score at antibiotic initiation, No. (%) of each component)b 6.0 (3.0) 5.8 (3.2) 6.5 (3.2) <.001

Chronic kidney disease 205 (13) 171 (13) 59 (13) .79

Chronic liver disease 32 (2) 20 (2) 9 (2) .35

Congestive heart failure 216 (14) 184 (13) 54 (14) .88

Hypertension 871 (57) 697 (51) 201 (52) .006

Atherosclerotic cardiovascular disease 433 (28) 373 (27) 118 (31) .42

pH ≤7.3 286 (19) 279 (20) 107 (28) <.001

Mechanical ventilation 830 (54) 726 (53) 217 (56) .50

Anemia (hemoglobin <9 g/dL) 681 (44) 588 (43) 194 (50) .03

Sepsis 1132 (74) 910 (66) 299 (78) <.001

Nephrotoxin exposure, No. (%)c

Amphotericin B 4 (0) 4 (0) 5 (1) .03

Aminoglycosides 8 (1) 13 (1) 5 (1) .21

Iodinated contrast 14 (1) 2 (0) 1 (0) .01

Chemotherapy (nephrotoxic) 3 (0) 3 (0) 1 (0) >.99

Antiretroviral medications 0 (0) 3 (0) 1 (0) .13

Culture-positive infection, No. (%) 468 (30) 351 (26) 127 (33) .002

VAN dosage, mean (SD)

Dosage, mg/d 2125 (797) 2181 (829) 2017 (801) .002

Dosage, mg/kg/d 25.4 (7.7) 26.2 (8.1) 24.8 (7.5) .001

Abbreviations: AKI, acute kidney injury; APACHE, Acute Physiology and Chronic Health Evaluation; CEF, cefepime; IQR, interquartile range; MER, meropenem; PTZ, piperacillin-tazobactam; 
SD, standard deviation; SOFA, Sequential Organ Failure Assessment; VAN, vancomycin.
aValue not obtained during intensive care unit stay for 32% of patients.
bThis score assigns points for increasing risk related to chronic conditions (chronic kidney disease, chronic liver disease, congestive heart failure, hypertension, atherosclerotic cardiovascular 
disease) and acute disease states and exposures (pH ≤7.3, nephrotoxin exposure, sepsis [defined according to Sepsis-3 criteria], mechanical ventilation requirement, and anemia) [23, 24]. 
Scores range from 0 to 21, with higher scores indicating increased risk.
cNephrotoxin exposure was evaluated from 7 days before hospital admission to 48 hours after intensive care unit admission.
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morbidity and mortality risks [2, 28]. We also defined AKI by 
both creatinine and urine output criteria, as recommended by 
the guidelines, a measure that has been inconsistently applied 
in previous investigations. In addition, critically ill patients have 
high baseline risk for AKI owing to their severity of illness and 
multiple comorbid conditions. Previous studies insufficiently 
adjusted for this risk, which may have affected findings. For 
example, the antimicrobial spectrums of PTZ and MER are 
slightly broader than that of CEF, which may result in prefer-
ential selection in patients with a greater severity of illness. We 

used multiple methods to determine the independent risk of the 
antibiotic combination group, including a validated AKI risk 
score as well as a robust multivariable model.

The mechanism through which PTZ/VAN could increase 
the risk for AKI remains unknown. We observed a numerically 
higher incidence of stage 1 AKI in the PTZ/VAN group, which 
was driven by a higher frequency of creatinine-based AKI 
diagnosis rather than by oliguria or anuria and did not corre-
spond to greater AKI severity stages or 60-day adverse renal 
outcomes. Based on these data, one could hypothesize that 
rather than direct tubular damage associated with PTZ/VAN, 
the change in serum creatinine observed could be a function of 
inhibition of the tubular secretion of creatinine by piperacillin 
[29]. Piperacillin has been previously shown to inhibit active 
secretion of multiple medications via active transporters in the 
proximal convoluted tubule [30–32]. Competition at this site 
could result in small increases in creatinine enough to signal 
AKI stage 1, without a corresponding increase in more severe 
AKI or 60-day renal dysfunction. 

Interestingly, it was recently found that when cell cycle arrest 
marker kinetics were assessed (tissue inhibitor metalloprotein-
ase 2 and insulin growth factor binding protein 7), biomarker 
levels were significantly elevated with the first dose of VAN or 
PTZ in those that went on to have stage 2 or 3 AKI. However, 
the investigators were unable to assess whether these elevations 
occurred before or after antibiotic administration owing to the 
lack of precise administration time data [33]. More mechanistic 
data are necessary to understand the impact of PTZ/VAN on 
the kidney.

This current study is not without limitations. Owing to the 
retrospective nature of this review, unmeasured factors that 
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Figure  2. Incidence of maximum acute kidney (AKI) injury stage achieved 
across 3 antibiotic combinations: piperacillin-tazobactam (PTZ)/vancomycin (VAN), 
cefepime (CEF)/VAN, and meropenem (MER)/VAN. The overall incidences of stage 
1, 2, and 3 AKI were 26%, 7%, and 1%, respectively. The incidences of stage 1 AKI 
development by serum creatinine in the PTZ/VAN, CEF/VAN, and MER/VAN groups 
were 62%, 51%, and 50%, respectively. 

Figure 3. Risk of stage 2 or 3 acute kidney injury (AKI) between piperacillin-tazobactam (PTZ)/vancomycin (VAN) and other antibiotic combinations. No differences were 
observed between groups in unadjusted analyses or analyses adjusted for baseline AKI risk score. Reference antibiotic groups for the models were cefepime (CEF)/VAN and 
meropenem (MER)/VAN, respectively. Abbreviations: CI, confidence interval; OR, odds ratio.
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affected antibiotic choice or AKI risk could have influenced 
study findings, although we think this is unlikely. The study 
time frame was cut off in 2016 to avoid a possible bias from 
recent publications suggesting heightened risk with PTZ/VAN. 
Moreover, we fit several multivariable models to adjust for fac-
tors that would differ between treatment groups. In some cases, 
nephrotoxic medications assessed in our AKI risk prediction 
score were obtained from preadmission medication data. There 
is potential that incomplete documentation or recall bias may 
have affected the accuracy of the preadmission medication his-
tory and this component of our baseline AKI risk assessment. 
We also used a validated AKI sniffer based on objective crite-
ria to determine the incidence of study end points. Our use of 
the AKIN criteria rather than the more recent Kidney Disease 
Improving Global Outcomes criteria in this tool may have 
impacted our detection of AKI [19]. However, these 2 sets of 
criteria similarly define stages 2 and 3 AKI, which limits the 
likelihood of any clinically meaningful difference in outcomes 
attributable to this distinction.

Death was the primary driver of the MAKE60 composite end 
point that suggested worse outcomes with MER/VAN. It is very 
unlikely that all deaths were due to adverse kidney outcomes, 
as supported by the similar incidences of persistent kidney dys-
function and new need for renal replacement therapy across 
groups. Instead this probably reflects more severe illness in the 
patients receiving MER/VAN. We were unable to incorporate 
antibiotic pharmacokinetics and pharmacodynamics into risk 
prediction models. Renally eliminated antibiotics are closely 

monitored at the study center by critical care clinical phar-
macists as part of the multidisciplinary care team. No changes 
to dosing protocols occurred during the study time frame. 
Although we cannot exclude the impact of these factors on the 
study findings, we have no reason to believe that the treatment 
approach would have differed between groups.

In conclusion, data from  this large cohort of critically ill 
patients suggests that short courses of PTZ/VAN were not asso-
ciated with a greater risk of short-term or 60-day adverse renal 
outcomes compared with other similar empiric broad-spectrum 
combinations. Further research is needed to understand the 
mechanism underlying previously noted associations between 
PTZ/VAN and AKI.
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Table 2. Multivariate Model of Risk Factors for Stage 2–3 Acute Kidney Injury in the Full Cohort as and Stratified According to Baseline Presence of Stage 
1 Acute Kidney Injury

Antibiotic Treatment Groupa

Full Cohort No AKI at Baseline Stage 1 AKI at Baseline

OR (95% CI)b P Value OR (95% CI) P Value OR (95% CI)b P Value

PTZ/VAN vs CEF/VAN 1.09 (.83–1.43) .57 1.41 (.95– 2.04) .085 0.75 (.50–1.12) .17

PTZ/VAN vs MER/VAN 1.50 (.78–1.72) .49 1.22 (.71– 2.08) .48 0.88 (.48–1.61) .69

Abbreviations: AKI, acute kidney injury; CEF, cefepime; CI, confidence interval; MER, meropenem; OR, odds ratio; PTZ, piperacillin-tazobactam; VAN, vancomycin.
aThe reference antibiotic groups for the 2 models are CEF/VAN and MER/VAN, respectively.
bModel adjusted for the following covariates: age, sex, body mass index, Acute Physiology and Chronic Health Evaluation III score, Charlson Comorbidity Index, creatinine level at antibiotic 
initiation, creatinine clearance based on the Cockroft-Gault equation at antibiotic initiation, pH ≤7.3, use of mechanical ventilation, hemoglobin level <9 g/dL, sepsis defined according to 
Sepsis-3 criteria [24], vasopressor use, and nephrotoxin exposure. Consistent with the methods of Malhotra et al [23], nephrotoxin exposure reflects exposure to amphotericin B, aminogly-
cosides, iodinated contrast medium, nephrotoxic chemotherapy, nonsteroidal anti-inflammatory drugs (excluding low-dose maintenance aspirin), and nephrotoxic antiretroviral therapy in the 
7 days before hospital admission through 48 hours after the index intensive care unit admission.

Table 3. Incidence of MAKE60 in the Patients With Available Follow-up Serum Creatinine Data in the Electronic Health Record at 60 Days

MAKE60 Variable

Patients, No. (%)

P ValuePTZ/VAN (n = 604) CEF/VAN (n = 496) MER/VAN (n = 117) Total (n = 1217)

SCr doubling at 60 ± 30 d 16 (3) 11 (2) 7 (6) 34 (3) .081

Death (within 90 d) 34 (6) 33 (7) 13 (11) 80 (7) .091

New RRT requirement 7 (1) 1 (0) 1 (1) 9 (1) .15

MAKE60 composite 51 (8) 43 (9) 19 (16) 113 (9) .024

Abbreviations: CEF, cefepime; MAKE60, major acute kidney events at 60 days; MER, meropenem; PTZ, piperacillin-tazobactam; RRT, renal replacement therapy; SCr, serum creatinine; VAN, 
vancomycin. 
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