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Despite their common use as an empirical combination therapy for the better part of a decade, there has been a recent associa-
tion between combination therapy with vancomycin and piperacillin-tazobactam and high rates of acute kidney injury (AKI).
The reasons for this increased association are unclear, and this analysis was designed to investigate the association. Retrospective
cohort and case-control studies were performed. The primary objective was to assess if there is an association between extended-
infusion piperacillin-tazobactam in combination with vancomycin and development of AKI. The secondary objectives were to
identify risk factors for AKI in patients on the combination, regardless of infusion strategy, and to evaluate the impact of AKI on
clinical outcomes. AKI occurred in 105/320 (33%) patients from the cohort receiving combination therapy with vancomycin and
piperacillin-tazobactam, with similar rates seen in those receiving intermittent (53/160 [33.1%]) and extended infusions (52/160
[32.5%]) of piperacillin-tazobactam. Independent risk factors for AKI in the cohort included having a documented Gram-posi-
tive infection, the presence of sepsis, receipt of a vancomycin loading dose (odds ratio [OR], 2.22; 95% confidence interval [CI],

1.05 to 4.71), and receipt of any concomitant nephrotoxin (OR, 2.44; 95% CI, 1.41 to 4.22). For at-risk patients remaining on
combination therapy, the highest rates of AKI occurred on days 4 (10.7%) and 5 (19.3%). The incidence of AKI in patients on
combination therapy with vancomycin and piperacillin-tazobactam is high, occurring in 33% of patients. Receipt of piperacillin-
tazobactam as an extended infusion did not increase this risk. Modifiable risk factors for AKI include receipt of a vancomycin
loading dose, concomitant nephrotoxins, and longer durations of therapy.

he combination of vancomycin and piperacillin-tazobactam is

a commonly prescribed empirical therapy for patients with
health care-associated infections, as it provides coverage against
both methicillin-resistant Staphylococcus aureus (MRSA) and
Pseudomonas aeruginosa (1). There have been recent reports of
relatively high rates of acute kidney injury (AKI), in the range of 15
to 35%, for patients receiving a combination of vancomycin and
piperacillin-tazobactam (2-5), which are higher than those re-
ported for patients receiving vancomycin alone (2, 5) and for pa-
tients receiving vancomycin and cefepime concomitantly (3). Al-
though vancomycin has long been recognized as a nephrotoxic
agent, and piperacillin-tazobactam has been associated with inter-
stitial nephritis, the combination of these agents has been rou-
tinely used for many years; however, reports of increased AKI risk
have only recently emerged (2-5).

The reason for the high rates of AKI in patients receiving van-
comycin and piperacillin-tazobactam is unclear, as is the reason
for the recent increase in the frequency of reports regarding an
association between patients receiving this combination and AKI.
Some have hypothesized that the recently reported increased risk
is related to more-aggressive vancomycin dosing based on the
recently published vancomycin consensus guidelines (6).

In addition to the changes in vancomycin dosing, there has also
been increased interest in implementing extended-duration infu-
sions of piperacillin-tazobactam in an attempt to optimize the
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time that free concentrations of the drug are above the MIC of
target pathogens, as this is the pharmacokinetic/pharmacody-
namic predictor of efficacy. Evidence has been mounting that ex-
tended infusion of piperacillin-tazobactam can improve out-
comes in patients with invasive infections (7).

In 2013, there was an anecdotal increase in cases of AKI among
patients receiving vancomycin at the Detroit Medical Center
(DMC), Detroit, MI. This perceived increase coincided tempo-
rally with a switch of the preferred antipseudomonal agent from
cefepime to piperacillin-tazobactam, as well as the implementa-
tion of extended-infusion (3-h) administration of all antipseudo-
monal B-lactams (previously administered via standard intermit-
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tent 30-min infusions). Prior to 2013, extended infusions were
considered on a case-by-case basis for the treatment of organisms
with elevated MICs; however, this practice was infrequent. Fur-
thermore, at the time of switch from standard to extended infu-
sions, a transition to a more consistent and higher dose of pipera-
cillin-tazobactam was also made. Prior to the intervention, most
patients received a base dose of piperacillin-tazobactam of 3.375 g
every 6 h, whereas after the intervention, all patients received a
higher dose of 4.5 g every 6 h as an extended infusion, with appro-
priate renal dose adjustments.

Given the perceived increase in vancomycin-associated neph-
rotoxicity at the DMC that coincided with these changes in the
utilization of piperacillin-tazobactam, as well as the increasing
reports in the literature of associations between administration of
vancomycin in combination with piperacillin-tazobactam, this
retrospective cohort analysis of patients who received combina-
tion therapy with vancomycin and piperacillin-tazobactam was
designed. The first objective of this study was to evaluate whether
there was an association between administration of piperacillin-
tazobactam via an extended infusion in combination with vanco-
mycin and development of AKI. The second objective was to iden-
tify risk factors for AKI among patients who received the
combination, regardless of the infusion strategy used.

MATERIALS AND METHODS

Study design and setting. This study consisted of retrospective cohort
and nested case-control analyses of patients who received combination
therapy with vancomycin and piperacillin-tazobactam at the DMC. The
DMC is a tertiary-care health system in metropolitan Detroit, MI, and
consists of 5 acute-care hospitals with >2,000 inpatient beds. This study
was approved by the institutional review boards of the Detroit Medical
Center and Wayne State University.

Study population. All patients who were admitted to the DMC from 1
December 2011 to 31 December 2013 and who received both vancomycin
and piperacillin-tazobactam were screened for inclusion by a review of
medical records. Eligible subjects were those who were =18 years of age at
the time of admission, were admitted to one of the study hospitals, and
received combination therapy with vancomycin and piperacillin-tazobac-
tam. Combination therapy was defined as the initiation of both vancomy-
cin and piperacillin-tazobactam within 24 h of one another and coadmin-
istration of these agents for =48 h. Patients were excluded if they had a
baseline serum creatinine level of =1.2 mg/dl or if they were receiving
renal replacement therapy at the time of the initiation of therapy.

Definition of acute kidney injury. AKI was assessed by three different
definitions in this study: the risk, injury, failure, loss, and end-stage kidney
disease (RIFLE) criteria (8), the Acute Kidney Injury Network (AKIN)
criteria (9), and the vancomycin consensus guideline definition (6). AKI
according to the RIFLE criteria was categorized using the following crite-
ria: risk, defined as a 1.5-fold increase in the serum creatinine level or
glomerular filtration rate (GFR) decrease by 25%; injury, defined as a
2-fold increase in the serum creatinine level or GFR decrease by 50%; and
failure, defined as a 3-fold increase in the serum creatinine level or GFR
decrease by 75%. AKI according to the AKIN criteria was categorized
using the following criteria: stage 1 was defined as an increase in the serum
creatinine level of 0.3 mg/dl or >50%, stage 2 was defined as an increase in
the serum creatinine level of >100%, and stage 3 was defined as an in-
crease in the serum creatinine level of >200%. The definition of AKI
according to the vancomycin consensus guidelines was defined as an in-
crease in the serum creatinine level of =0.5 mg/dl or >50% increase from
baseline, whichever was greater in at least 2 consecutive measurements
during the period from the initiation of vancomycin therapy to 72 h after
the completion of therapy (6). For the second objective of identifying
independent predictors for acute kidney injury, all analyses were com-
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pleted using the RIFLE criteria as the definition of AKI, with cases meeting
at least the risk category and controls not developing AKI.

Variables collected. Covariates obtained through a review of medical
records included admission source; demographics; body mass index
(BMI); the presence of comorbidities, including the Charlson comorbid-
ity index (10); severity of sepsis (11); intensive care unit (ICU) stay; me-
chanical ventilation; relevant laboratory parameters; physician diagnosis
of infection; microbiology data; concomitant nephrotoxic agents; admin-
istration of a vancomycin loading dose (defined as an initial vancomycin
dosage that was greater than the subsequent maintenance dose); and van-
comycin trough concentrations. The dose and duration of vancomycin
and piperacillin-tazobactam treatments were also captured. Severity of
sepsis, ICU stay, and mechanical ventilation were assessed during the
period of 2 days before to 2 days after the initiation of combination ther-
apy. Concomitant nephrotoxic agents evaluated included vasopressors,
aminoglycosides, colistin, angiotensin-converting enzyme inhibitors, an-
giotensin II receptor blockers, diuretics, and intravenous contrast.

Statistics. All statistics were calculated using SAS version 9.3 (Cary,
NC). Bivariate analyses were conducted using Fisher’s exact test and/or
chi-square tests for unmatched dichotomous variables, and the Student ¢
test and Wilcoxon rank sum test were used for analysis of continuous
variables. Matched analyses of bivariate variables were conducted using
conditional logistic regression modeling.

For the first objective, eligible patients were classified into two cohorts
based on the administration time of piperacillin-tazobactam. The first was
the standard infusion group, in which subjects were administered pipera-
cillin-tazobactam via a 30-min infusion (SI), and the second was the ex-
tended-infusion group, in which subjects were administered piperacillin-
tazobactam via a 3-h infusion (EI). Patients who received vancomycin in
combination with piperacillin-tazobactam via EI were matched at a 1:1
ratio to patients who received vancomycin in combination with pipera-
cillin-tazobactam via SI on the following risk factors for AKI: severity of
sepsis at the time of initiation of combination therapy (dichotomized as
the presence or absence of either severe sepsis or septic shock [11]), ICU
stay at the onset of combination therapy, duration of combination ther-
apy, daily vancomycin dosage, and number of concomitant nephrotoxic
agents received. For this objective, patients receiving EI and SI were com-
pared using matched analyses. Variables associated with EI in bivariate
analyses (P < 0.10) were included in a multivariable logistic regression
model to predict the independent effect of EI on AKI.

For the second objective (to identify risk factors for AKI in the entire
patient population, including patients who received piperacillin-tazobac-
tam as either EI or SI), a nested case-control study was performed. For this
analysis, cases were defined as those who developed AKI, and controls
were defined as those who did not develop AKI. Case and control groups
were compared to identify the risk factors associated with acute kidney
injury. In order to identify independent overall predictors of acute kidney
injury, cases and controls were compared using unmatched bivariate anal-
yses of patient covariates and AKI. Variables with a P value of <0.1 in
bivariate analysis were considered for inclusion in the multivariate mod-
els. Two types of multivariate models were evaluated for dichotomous
outcomes, with the first using logistic regression, and the second using
Cox proportional hazards methodology. For all multivariate models, vari-
ables with a P value of <0.05 in the final multivariable model were con-
sidered significant. The final model was evaluated for confounding by
determining if the removal of any covariates with a P value of >0.05
changed the B-coefficient of variables left in the model by >10%. If con-
founding variables were identified, they were placed in the final model. In
order to assess the impact of AKI development on the length of stay, linear
regression was also used to identify predictors of length of stay, following
log transformation of this variable. The inverse natural log of the regres-
sion coefficient for independent predictors of log length of stay was cal-
culated and reported as the fold increase in the length of stay. Attributable
length of stay associated with AKI was calculated as follows: fold increase
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TABLE 1 Baseline characteristics of the cohort

Characteristic® Standard infusion (n = 160) Extended infusion (n = 160) P value
Age (mean * SD) (yr) 53.8 +17.4 55.8 + 16.5 0.30
Women 73 (46) 77 (48) 0.66
African-American 97 (61) 107 (67) 0.11
Admission source <0.01
Home 149 (93) 130 (81)
Nursing home 7 (4) 27 (17)
Other hospital 4(3) 3(2)
Ht (mean = SD) (cm) 170 = 11 171 = 11 0.38
Wt (median [IQR]) (kg) 79.3 (63.6-97.6) 78.4 (69.0-95.0) 0.87
BMI (median [IQR]) (kg/mz) 26.7 (22.3-33.0) 26.8 (22.8-31.6) 0.88
Comorbid conditions
Peripheral vascular disease 24 (15) 8 (5) <0.01
Chronic pulmonary disease 45 (28) 52 (33) 0.40
Diabetes mellitus 50 (31) 30 (19) 0.01
Charlson comorbidity index (median [IQR]) 1(0-3) 1(0-2.5) 0.59

Hospital and infection-related variables

No sepsis 29 (18) 27 (17) 0.95

Sepsis 88 (55) 90 (56)

Severe sepsis 31(19) 33 (21)

Septic shock 12 (8) 10 (6)

ICU stay 34 (21) 33 (21) 0.89

Mechanical ventilation 24 (15) 25 (16) 0.88

WBC count at start day of combination therapy (median [IQR]) 10.6 (7.2-14.4) 11.6 (8.0-15.5) 0.14

Baseline creatinine (mean = SD) (mg/dl) 0.88 = 0.21 0.84 + 0.23

Length of stay before combination therapy (median [IQR]) (days) 1.0 (1.0-3.5) 1.0 (1.0-3.0) 0.14

Infection type and diagnosis

Physician diagnosis with positive culture 57 (36) 49 (31) 0.34
Pneumonia 4(3) 11 (7) 0.07
Endocarditis 4(3) 1(1) 0.21
Intra-abdominal infection 5(3) 4(3) 0.73
Skin/soft tissue infection 25 (16) 15 (9) 0.10
Bone/joint infection 15 (9) 7 (4) 0.09
Urinary tract infection 1(1) 7 (4) 0.06
Catheter-associated infection 1(1) 2(1) 0.57
Other/unknown 2 (1) 2(1) 1.00

Bacteremia 18 (11) 12 (8) 0.25

Polymicrobial infection 27 (17) 19 (12) 0.27

Pathogens

Gram-positive bacteria 45 (28) 30 (19) 0.04

Gram-negative bacteria 21 (13) 26 (16) 0.43

MRSA 8 (5) 12 (8) 0.35

MSSA 14 (9) 4(3) 0.02

Nephrotoxic agent
No. of nephrotoxins (mean * SD) 0.96 * 0.96 0.94 + 0.90 0.81
No. (%) of nephrotoxins

0 64 (40) 61 (38) 0.91

1 49 (31) 56 (35)

2 38 (24) 36 (23)

3 7 (4) 6 (4)

4 2(1) 1(1)
Vasopressors 10 (6) 10 (6) 1.00
Aminoglycoside 12 (8) 6 (4) 0.15
Colistin 3(2) 1(1) 0.33

(Continued on following page)
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TABLE 1 (Continued)

Characteristic® Standard infusion (n = 160) Extended infusion (n = 160) P value
ACEI/ARB 42 (26) 40 (25) 0.79
Diuretics 42 (26) 48 (30) 0.45
Contrast 45 (28) 45 (28) 1.00
Any nephrotoxins 96 (60) 99 (62) 0.73

Vancomycin administration
Loading doses given (n [%]) 135 (84) 134 (84) 0.87
Loading dose (mg/day) (mean * SD) 1,968 = 498 1,896 = 431 0.20
First maintenance dose (mg/day)(mean = SD) 3,092 * 1,409 2,945 * 1,267 0.25
Median trough concn (mg/liter [IQR]) (1) 18.1 (14.1-22.9) (138) 17.5 (13.1-21.9) (135) 0.36

Duration of combination therapy (median [IQR]) (days) 4.0 (3.0-6.0) 4.0 (3.0-6.0) 0.89

“IQR, interquartile range; BMI, body mass index; ICU, intensive care unit; WBC, white blood cell; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-
susceptible S. aureus; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker. Unless otherwise indicated, data are presented as no. (%).

in length of stay with AKI X median length of stay for controls — median
length of stay for controls.

A power calculation was performed prior to study initiation. Assum-
ing an AKI rate of 10% in the SI group, a 2-fold increase in AKI rates
associated with EI, and an o value of 0.05, it was determined that 157
patients in each group would be required to obtain a statistical power of
80%.

RESULTS

A total of 320 patients who received combination therapy with
vancomycin and piperacillin-tazobactam were included in the
study. One-hundred sixty patients who received piperacillin-tazo-
bactam via SI were matched to 160 patients who received pipera-
cillin-tazobactam as a 3-h EI. One hundred seventy (53%) pa-
tients in the cohort were male, and 116 (32%) patients were white.
The mean * standard deviation age of the cohort was 54.8 = 16.9
years. In all cases, vancomycin and piperacillin-tazobactam were
started as empirical therapy. Thirty-three percent (n = 106) of
patients had a physician diagnosis of infection in combination
with positive bacterial culture results. Among patients with a di-
agnosis of infection, the most common diagnosis was skin or soft
tissue infection in 40 cases (38%), followed by bone or joint infec-
tion in 22 cases (21%) and pneumonia in 15 cases (14%).

Impact of infusion strategy on toxicity. The baseline charac-
teristics of the SI and EI groups were similar (Table 1). Subjects
who received SI were more likely to have been admitted from
home (P < 0.01), to have peripheral vascular disease (P < 0.01)
and diabetes mellitus (P = 0.01), and have a Gram-positive patho-
gen isolated (P = 0.04). Rates of AKI, according to the vancomy-
cin consensus guideline, RIFLE criteria, and AKIN, were similar
between groups: 28.1% versus 26.9% (P = 0.90), 33.1% versus
32.5% (P = 1.0), and 35.6% versus 35.0% (P = 1.0) for ST and EI,
respectively. When controlling for the residual differences be-
tween the two groups (presence of diabetes, peripheral vascular
disease, admission from home, and a documented Gram-positive
infection) in multivariable analysis, there was no association be-
tween receipt of piperacillin-tazobactam via extended infusion
and RIFLE-defined AKI (odds ratio, 1.00; 95% confidence inter-
val, 0.80 to 1.26).

Predictors of AKI in patients receiving concomitant vanco-
mycin and piperacillin-tazobactam. In the entire cohort, AKI
occurred in 105 subjects (32.8%) (Table 2). In bivariate analysis,
patients in the AKI group, compared to those without AKI, were
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younger (P = 0.02) and more likely to have a physician diagnosis
of infection in combination with positive culture (P = 0.04), have
an invasive infection (i.e., pneumonia, endocarditis, or bone/joint
infection) (P = 0.01), have a documented Gram-positive patho-
gen (P = 0.01), and have received any concomitant nephrotoxic
agent (P = 0.007). No association between median vancomycin
trough concentration or daily dose of vancomycin and AKI was
identified. In a multivariate logistic regression model (Table 3),
when controlling for age, race, median vancomycin trough con-
centration, and the presence of comorbidities, independent pre-
dictors for AKI were receipt of a vancomycin loading dose (odds
ratio [OR], 2.30; 95% confidence interval [CI], 1.08 to 4.90), re-
ceipt of any concomitant nephrotoxin (OR, 2.33; 95% CI, 1.34 to
4.04), and treatment of a documented Gram-positive infection
(OR, 2.13;95% CI, 1.19 to 3.81). When multivariate Cox propor-
tional hazards modeling was completed, the results were similar
(data not shown).

Figure 1 displays the impact of duration of combination ther-
apy on the risk of developing AKI. An increase in AKI rate was seen
on days 4 and 5 of combination therapy, with 10.7% and 19.3% of
at-risk patients developing AKI on days 4 and 5 of combination
therapy, respectively.

Impact of AKI on outcomes. There was an association be-
tween the development of AKI and increased length of stay from
the onset of combination therapy (median, 7 days; interquartile
range, 4 to 11 days in patients who did not develop AKI, versus
median, 12 days; interquartile range, 8 to 16 days, in those who did
develop AKI) (P < 0.001). In adjusted analysis, after controlling
for other differences between patients who developed AKI and
those who did not (age, presence of an invasive infection, Charl-
son score, and concomitant nephrotoxins), the development of
AKI was associated with a 1.58-fold increase in length of stay (95%
confidence interval, 1.36-fold to 1.83-fold). However, there was
no association between the development of AKI and 30-day mor-
tality (4.2% and 7.6%, in patients without and with AKI, respec-
tively; P = 0.56).

DISCUSSION

To the best of our knowledge, this study represents the largest
analysis assessing the association between vancomycin and pip-
eracillin-tazobactam combination therapy and development of
AKI and is the first that identifies treatment-related factors asso-
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TABLE 2 Bivariate analysis of predictors for acute kidney injury in the total population who received vancomycin and piperacillin-tazobactam
combination therapy”

Variable® Non-AKI (n = 215) AKI (n = 105) Pvalue
Age (mean * SD) (yr) 56.4 + 16.6 51.6 £ 17.4 0.02
Women 97 (45.1) 53 (50.5) 0.40
Race
White 76 (35.4) 27 (25.7) 0.08
Black 133 (61.9) 71 (67.6)
Other 6(2.8) 7 (6.7)
Admission source
Home 185 (86.1) 94 (89.5) 0.68
Nursing home 25(11.6) 9 (8.6)
Other hospital 5(2.3) 2(1.9)
Ht (mean * SD) (cm) 171.3 £ 11.2 170.1 £ 11.5 0.36
Wt (median [IQR]) (kg) 79.4 (66.0-95.0) 79.0 (66.0-97.0) 0.62
BMI (median [IQR]) (kg/m?) 26.9 (22.4-32.4) 26.8 (23.0-32.9) 0.42

Comorbid conditions

AIDS 3(1.4) 0(0) 0.55
Myocardial infarction 13 (6.1) 2(1.9) 0.16
Congestive heart failure 28 (13.0) 9 (8.6) 0.27
Peripheral vascular disease 24 (11.2) 8 (7.6) 0.43
Dementia 18 (8.4) 7 (6.7) 0.66
Chronic pulmonary disease 66 (30.7) 31(29.5) 0.90
Connective tissue disease 8 (3.7) 4(3.8) 1.00
Peptic ulcer disease 3(1.4) 0(0) 0.55
Chronic kidney disease 5(2.3) 1(1.0) 0.67
Leukemia 2(0.9) 1(1.0) 1.00
Lymphoma 1(0.5) 0(0) 1.00
Malignant solid tumor 29 (13.5) 14 (13.3) 1.00
Cerebrovascular disease 20 (9.3) 11 (10.5) 0.84
Liver disease 11 (5.1) 6 (5.7) 0.80
Diabetes mellitus 57 (26.5) 23 (21.9) 0.41
Hypertension 125 (58.1) 44 (41.9) 0.01
Charlson comorbidity index (median [IQR]) 1.0 (0.0-3.0) 1.0 (0.0-2.0) 0.09
Score >0 155 (72.1) 64 (61.0) 0.055
Hospital and infection-related variables
No sepsis 43 (20.0) 13 (12.4) 0.15
Sepsis 117 (54.4) 61 (58.1)
Severe sepsis 38 (17.7) 26 (24.8)
Septic shock 17 (7.9) 5(4.8)
Any sepsis 172 (80.0) 92 (87.6) 0.12
Severe sepsis/septic shock 55 (25.6) 31(29.5) 0.50
ICU stay 47 (21.9) 20 (19.1) 0.66
Mechanical ventilation 34 (15.8) 15 (14.3) 0.87
Length of stay before combination therapy (median [IQR]) (days) 1.0 (1.0-3.0) 1.0 (1.0-4.0) 0.09
Infection type and diagnosis
Physician diagnosis in combination with positive culture 63 (29.3) 43 (41.0) 0.04
Pneumonia 8(3.7) 7 (6.7) 0.27
Endocarditis 2(0.9) 3(2.9) 0.34
Intra-abdominal infection 6(2.8) 3(2.9) 1.00
Skin/soft tissue infection 27 (12.6) 13 (12.4) 1.00
Bone/joint infection 11 (5.1) 11 (10.5) 0.10
Urinary tract infection 6(2.8) 2(1.9) 1.00
Catheter-associated infection 2(0.9) 1(1.0) 1.00
Other/unknown 1(0.5) 3(2.9) 0.11
Invasive infection® 21(9.8) 21 (20.0) 0.01
Bacteremia 17 (7.9) 13 (12.4) 0.22

(Continued on following page)
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TABLE 2 (Continued)

Variable” Non-AKI (n = 215) AKI (n = 105) P value

Polymicrobial infection 27 (12.6) 19 (18.1) 0.23
Gram-positive bacteria 41 (19.1) 34 (32.4) 0.01
MRSA 10 (4.7) 10 (9.5) 0.14
MSSA 10 (4.7) 8(7.6) 0.31
Gram-negative bacteria 31 (14.4) 16 (15.2) 0.87
Pseudomonas aeruginosa 11 (5.1) 3(2.9) 0.56
Enterobacteriaceae 18 (8.4) 8 (7.6) 1.00

Any nephrotoxins 120 (55.8) 75 (71.4) 0.007

Vasopressors 17 (7.9) 3(2.9) 0.09
Aminoglycoside 10 (4.7) 8(7.6) 0.31
Colistin 2(0.9) 2(1.9) 0.60
ACEI/ARB 57 (26.5) 25 (23.8) 0.68
Diuretics 54 (25.1) 36 (34.3) 0.11
Contrast 54 (25.1) 36 (34.3) 0.11
Vancomycin administration

Loading doses given (n [%]) 176 (81.9) 93 (88.6) 0.14
Loading dose (mg/day) (mean = SD) 1,932.2 £ 477.1 1,933.5 £ 449.3 0.98
Mean first maintenance dose (mg/day) (mean * SD) 2,992.6 * 1,285.0 3,071.4 * 1,451.0 0.64
Median trough concn? (mg/liter [IQR]) 17.1 (12.4-21.3) 17.9 (13.7-23.2) 0.07
No. (%) of patients with median trough concn (mg/liter) of:

0-10 24 (11.2) 5(4.8)

10-15 37 (17.2) 23 (21.9) 0.05

15-20 55 (25.6) 17 (16.2) 0.49

>20 58 (27.0) 16 (15.2) 0.62

@ All cases received vancomycin and piperacillin-tazobactam as empirical therapy. The criteria for AKI were those for RIFLE.
PIQR, interquartile range; BMI, body mass index; ICU, intensive care unit; MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-susceptible S. aureus; ACEI,
angiotensin-converting enzyme inhibitor, ARB, angiotensin II receptor blocker. Unless otherwise indicated, data are presented as no. (%).

¢ Combination of pneumonia, bone/joint infection, and/or endocarditis.

4 Vancomycin troughs were only considered if they were obtained prior to AKI development. Patients without vancomycin troughs obtained at all during treatment (1 = 47 [15%),
41 [19%] patients in the non-AKI group, and 6 [6%] patients in the AKI group) and those who had no troughs obtained prior to AKI (n = 38, all in AKI group [36% of patients in

AKI group]) were excluded from trough analyses.

ciated with AKI in this population. The first important finding in
this study is that the administration of piperacillin-tazobactam via
EI does not increase the AKI risk compared to that with adminis-
tration via SI. This is an encouraging finding, as EI administration
of piperacillin-tazobactam is an increasingly popular stewardship
strategy designed to optimize the pharmacodynamic exposures of
this agent to improve patient outcomes. This finding suggests that
the recently noted increase in AKI incidence among patients re-
ceiving combination therapy with vancomycin and piperacillin-
tazobactam is not explained by the more frequent use of EI pip-
eracillin-tazobactam. Given the large sample size in this study and
the stringent matching criteria between patients receiving EI and

TABLE 3 Multivariate model for independent predictors of AKI in
population who received vancomycin and piperacillin-tazobactam
combination therapy”

95% confidence

Variable Odds ratio interval

Receipt of any concomitant 2.33 1.19-3.81
nephrotoxin

Receipt of a vancomycin loading dose 2.30 1.08-4.90

Presence of =2 SIRS criteria” 1.84 0.86-3.92

Documented Gram-positive infection 2.13 1.19-3.81

“ Controlled for age, race, median vancomycin trough, and Charlson comorbidity
index.
b SIRS, systemic inflammatory response syndrome.
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SI based on known risk factors for AKI, the findings in this study
are particularly robust, and clinicians should feel confident that EI
does not increase AKI risk.

The second important finding was the identification of poten-
tially modifiable risk factors for AKI in patients receiving the com-
bination, which provides important opportunities for antimicro-
bial stewardship programs. In addition to the presence of sepsis
and isolation of a Gram-positive pathogen, the two strongest pre-
dictors of toxicity in patients on the combination were receipt of a
vancomycin loading dose and the receipt of any concomitant
nephrotoxin. Both of these variables are potentially modifiable,
and careful attention should be given to whether or not concom-
itant nephrotoxin exposures can be avoided and whether or not a
vancomycin loading dose is needed. In our cohort, ~20% of pa-
tients presented with no signs of sepsis, and therefore, the need for
a loading dose in these patients is questionable. The vancomycin
consensus guidelines state that loading doses should be consid-
ered only when patients are “seriously ill” (6).

The third and particularly interesting finding in this study was
the association between the duration of combination therapy and
the development of AKI. Although 49 out of the total 105 AKI
events (47%) in this cohort occurred within the first 72 h, the daily
rates of AKI in at-risk patients were <10% on both days 2 and 3 of
therapy due to the large number of patients who received combi-
nation therapy for a minimum of 2 to 3 days. The daily rates of
AKI in at-risk patients increased to 10.7% on day 4 and then
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Rate of Acute Kidney Injury On Each Day That Patients Remain on
Combination Therapy
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FIG 1 Incidence of AKI as a function of duration of combination therapy. “Patients at risk” consisted of patients receiving combination therapy who had not yet

developed AKI.

sharply increased to 19.3% on day 5. Almost 40% of AKI cases
occurred on days 4 and 5 of therapy. This finding presents a strik-
ing opportunity for stewardship programs to limit the occurrence
of AKI. As all patients in this cohort were started empirically on
the combination, appropriately obtained cultures and deescala-
tion of antimicrobial therapy by 72 h (i.e., stopping vancomycin
and/or piperacillin-tazobactam) could have potentially prevented
a large percentage of AKI events. Thus, in addition to limiting
exposures that might drive antimicrobial resistance or the devel-
opment of superinfections, such as Clostridium difficile, appropri-
ate deescalation in the first 72 h could significantly decrease the
incidence of AKI. This is critically important, as in adjusted anal-
yses, the development of AKI was associated with a 58% increase
in length of stay, which equates to an ~4-day increase in the me-
dian length of stay.

Despite the robust methodology, there are limitations to this
study. The population in this study was not particularly ill. There-
fore, the generalizability of these data to a more critically ill pop-
ulation is limited. Additionally, the decision was made a priori to
limit the study to patients with normal baseline renal function,
and thus, our study excludes patients with baseline renal insuffi-
ciency. This decision was made purposefully, as the increased in-
cidence in AKI at our institution was seen in patients who did not
have baseline renal insufficiency. Furthermore, it was felt that if
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infusion strategy was a risk for toxicity, any association would
have been less pronounced in those with baseline renal insuffi-
ciency, as the increased half-life of piperacillin-tazobactam in
these patients would make the concentration-time profiles more
similar between the SI and EI groups.

Another important consideration is that when the DMC
changed from standard to extended infusions of piperacillin-ta-
zobactam, this also led to a change in the daily dose given. The
most common dose utilized in the SI group was 3.375 g every 6 h
(received by 79% of patients), whereas in the EI group, the most
common dose was higher, at 4.5 g every 6 h (received by 80% of
patients). This higher dosing strategy for EI administration led to
a disparity in the daily dose of piperacillin-tazobactam between
the groups, with the EI group receiving a larger daily dose. How-
ever, the lack of association between EI and AKI suggests that this
did not impact results. It is also important to note that indepen-
dent predictors of AKI were evaluated using logistic regression.
The reason that this was done was so the impact of the duration of
therapy on AKI risk could be specifically analyzed (Fig. 1). In
addition, Cox proportion hazards modeling was also performed,
and the predictors of AKI were similar.

Despite the lack of association between EI and AKI, it is impor-
tant to note that in this analysis, the overall rate of AKI in patients
on the combination was higher than would have been expected in
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patients receiving vancomycin alone (2). AKI occurred in 105/320
(33%) patients who received combination therapy with vancomy-
cin and piperacillin-tazobactam, a rate that is similar to that in two
studies recently reported in the literature (3, 4). The high rate of
AKI reported in these analyses is concerning, particularly consid-
ering the frequency with which this combination is administered
and the fact that in our analysis, use occurred entirely in the em-
pirical setting. However, it is important to appreciate that it was
not the objective of this study to investigate whether combination
therapy with vancomycin and piperacillin-tazobactam was asso-
ciated with higher rates of toxicity than those with vancomycin
monotherapy or combination therapy with alternative Gram-
negative coverage. Further investigation comparing the effects of
the vancomycin and piperacillin-tazobactam combination with
either vancomycin monotherapy or vancomycin and cefepime
combination therapy is warranted.

The findings in this study present unique opportunities upon
which antimicrobial stewardship programs can act. Among pa-
tients receiving concomitant vancomycin and piperacillin-tazo-
bactam, modifiable risk factors, including receipt of a vancomycin
loading dose and concomitant nephrotoxins, and duration of em-
pirical therapy for >72 h should be targeted to prevent AKI and
improve patient outcomes.
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