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Purpose. Results of a study to determine whether obesity is associated
with acute kidney injury (AKI) among patients receiving combination ther-
apy with piperacillin-tazobactam and vancomycin are reported.

Methods. A retrospective, single-center cohort study of patients who re-
ceived combination therapy for at least 48 hours was conducted using
data from the University of Kentucky Center for Clinical and Translational
Science’s Enterprise Data Trust. Patients with chronic kidney disease,
baseline creatinine clearance of less than 30 mL/min, cystic fibrosis, or
missing height or weight information were excluded.

Results. A total of 8,125 patients were included in the cohort. Among
the variables evaluated, total body weight of 91 kg or more was the var-
iable most predictive of AKI. Patients with a weight of 91 kg or higher
were more likely than lower-weight patients to have diabetes (39% versus
21%, p < 0.00001), hypertension (64% versus 47%, p < 0.00001), and
heart failure (15% versus 13%, p = 0.007). The median daily vancomcyin
dose was lower in patients with a weight of less than 91 kg (2,000 mg ver-
sus 3,000 mg, p < 0.00001); however, weight-based doses were lower in
patients weighing 91 kg or more (25.5 mg/kg/day versus 27.9 mg/kg/day,
p < 0.00001). AKI was more common in patients weighing 91 kg or more
(24% versus 18%, p < 0.00001; adjusted odds ratio, 1.46 [95% confi-
dence interval, 1.28-1.66]).

Conclusion. Increased total body weight increased the rate of AKI among
patients concurrently treated with piperacillin-tazobactam and vancomy-
cin independent of clinically important confounders, with an important
breakpoint occurring at 91 kg.
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-l—he use of broad-spectrum anti-
microbial agents in U.S. hospitalized
patients has increased significantly in re-
cent years.! From 2006 to 2012, 3-lactam/
B-lactamase inhibitor use increased by
18.0 per 1,000 patient-days, with use of
glycopeptides increasing by 22.4 per
1,000 patient-days; among all classes of
antimicrobials, these 2 classes had the
largest absolute increases in levels of
use over that period. Both piperacillin-
tazobactam (a p-lactam/p-lactamase in-
hibitor) and vancomycin (a glycopeptide)
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were historically considered well tolerated,
with nephrotoxicity rates of 0 to 5% in
prospective randomized clinical trials.>*
However, the use of a standard definition
of acute kidney injury (AKI) has shown
that the combined use of piperacillin-
tazobactam and vancomycinis associated
with the development of AKI more so than
use of either medication as monotherapy
or use of other combination antimicrobial
regimens.>®

Increased body size (obesity) affects
40% of U.S. adults, which complicates
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many aspects of care, including med-
ication dosing and pharmacokinetics
and pharmacodynamics.” Previous
investigations have shown that a total
body weight of 100 kg or greater is as-
sociated with the development of
AKI in patients receiving vancomycin
monotherapy for methicillin-resistant
Staphylococcus aureus (MRSA) bac-
teremia.®!® Several studies in patients
with gram-negative infections have
also found an association between AKI
and increased body size, whether de-
fined as a continuous variable or as a
cut point (i.e., >80 kg).!*-13

It is whether obesity
influences the rate of AKI associated

unclear

with combined piperacillin-tazobactam
and vancomycin therapy. Therefore, the
study described here evaluated that re-
search question and determined the
weight most predictive of AKI.

Materials and methods

The retrospective, single-center
cohort study utilized clinical data col-
lected from the University of Kentucky
Center for Clinical and Translational
Science’s Enterprise Data Trust (EDT)
for the period September 2007 through
September 2015. The EDT contains
clinical data from the inpatient popula-
tion at University of Kentucky Medical
Center from 2006 to the present. Details
of the data stored in the EDT have been
described elsewhere."* The University
of Kentucky institutional review board
reviewed and approved the protocol for
this analysis.

The cohortincluded patients 18 years
of age or older who received the combi-
nation of piperacillin-tazobactam and
vancomycin for at least 48 hours. The
primary piperacillin-tazobactam reg-
imen used during the study period was
4.5 g administered every 6 hours over a
30-minute infusion period. Vancomycin
dosing, therapeutic drug monitoring,
and dosing adjustments were guided
by the institutional clinical pharmaco-
kinetics service and anticoagulation
guidelines.”” Reasons for exclusion of
patients from the cohort included preg-
nancy, cystic fibrosis, chronic kidney
disease, baseline creatinine clearance
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KEY POINTS

¢ A total body weight of 91 kg
or more was associated
with acute kidney injury in
patients receiving vanco-
mycin with concomitant
piperacillin—tazobactam.

e Several therapeutic
alternatives to both van-
comycin and piperacillin—
tazobactam have been shown
to be noninferior in prospec-
tive randomized controlled
trials.

e Prescribing of both vancomycin
and piperacillin—tazobactam to
patients with a weight of 91 kg
or more may unnecessarily risk
the development of acute kid-
ney injury.

of less than 30 mL/min, and missing
height or weight data.

Data extracted for analysisincluded
demographic data, length of hospitali-
zation, admitting and primary diag-
nosis codes, Charlson Comorbidity
Index (CCI) score,'® all serum creati-
nine concentrations during hospital-
ization, receipt of other nephrotoxic
agents (listed in Table 1), and any re-
ceipt of i.v. contrast agents. Any patient
who received at least 1 dose of a neph-
rotoxic drug within 24 hours of the pe-
riod from initiation to discontinuation
of piperacillin-tazobactam and vanco-
mycin was considered to have received
a nephrotoxic agent. The initial serum
creatinine concentration was used as
a patient’s baseline value. We used
an adjusted Cockcroft-Gault equation
that assumes a weight of 72 kg for all
patients and removes the number 72
from the denominator.'” This approach
results in a formula that considers
only age and serum creatinine con-
centration in calculating creatinine
clearance. Hypotension was defined
as a mean arterial pressure of less than
65 mm Hg, a systolic blood pressure of
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less than 90 mm Hg, or vasopressor ex-
posure during treatment.

Any patient receiving an imaging
procedure in which contrast agent use
was indicated via Healthcare Common
Procedure Coding System codes
was categorized as having received
an iv. contrast agent. Piperacillin-
tazobactam and vancomycin doses,
frequency, and duration were collected
for each patient in addition to serum
vancomycin concentrations. A day of
therapy was defined as receipt of at
least 1 dose of piperacillin-tazobactam
or vancomycin per day.

Weights between 70 and 120 kg
were analyzed via bivariable logistic
regression to determine what cutoff
was most predictive of AKI through
minimization of the Akaike informa-
tion criterion (AIC).'® The AIC was de-
fined by the model and the maximum
likelihood estimates of the parameters
that gave the minimum AIC, as follows:
AIC = (-2)log - (maximum likelihood)
+ 2(number of independently adjusted
parameters within the model). We
determined that the model with the
lowest AIC value provided the value
for total body weight most closely as-
sociated with AKI. In other words, we
divided the cohort into high- and low-
weight groups using the model with the
lowest AIC value. The difference in the
rates of AKI between the high- and low-
weight groups was the primary study
outcome. Development of AKI was
evaluated using the RIFLE (risk, injury,
failure, loss of kidney function, and
end-stage kidney disease) criteria.!
The study evaluated only AKI severity
classes based on glomerular filtration
rate due to the lack of data regarding
long-term outcomes.

Patient demographics were ana-
lyzed using a Student’s ¢ test or Wilcoxon
rank sum test for continuous variables;
nominal variables were analyzed using
a chi-square or Fisher’s exact test, as
appropriate. Multivariable logistic re-
gression including all variables with
significant associations with AKI in uni-
variate regressions was performed. All
statistical analyses were completed with
the RStudio (v0.98) program running R
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Table 1. Patient Demographics and Clinical Characteristics, Overall and by Weight Group?
Low Weight High Weight
Overall (<91 kg) (n = 5,673 (291 kg) (n = 2,452
Characteristic or Variable® (n = 8,125) [69.8%]) [30.2%]) P
Male 4,731 (58.2) 3,062 (54.0) 1,669 (68.1) <0.00001
Age range, yr <0.00001
18-44 2,543 (31.3) 1,745 (30.8) 798 (32.5)
45-64 3,657 (45.0) 2,425 (42.7) 1,232 (50.2)
65-79 1,565 (19.3) 1,183 (20.8) 382 (15.6)
>80 360 (4.4) 320 (5.6) 40 (1.6)
Caucasian 7,316 (90.0) 5,099 (89.9) 2,217 (90.4) 0.48537
Median (IQR) weight, kg 80.0 (67.0-95.5) 72.5 (62.1-81.6) 106.5 (97.5-120.0) <0.00001
Median (IQR) BMI, kg/m? 26.8 (22.9-31.9) 24.5(21.6-27.4) 34.6 (31.2-39.7) <0.00001
BMI classification <0.00001
Underweight 493 (6.1) 493 (8.7) 0
Normal 2,576 (31.7) 2,565 (45.2) 11(0.4)
Overweight 2,357 (29.0) 1,978 (34.9) 379 (15.5)
Obese | 1,451 (17.9) 554 (9.8) 897 (36.6)
Obese Il 643 (7.9) 67 (1.2) 576 (23.5)
Obese llI 605 (7.4) 16 (0.3) 589 (24.0)
Baseline CL ,, mL/min 0.00003
30-59 1,326 (16.3) 910 (16.0) 416 (17.0)
60-89 2,308 (28.4) 1,537 (27.1) 771 (31.4)
>90 4,491 (55.3) 3,226 (56.9) 1,265 (51.6)
Median (IQR) CCl score 2 (0-3) 2 (0-3) 2 (1-3) 0.86332
Hypertension 4,209 (51.8) 2,652 (46.7) 1,657 (63.5) <0.00001
Diabetes mellitus 2,137 (26.3) 1,183 (20.8) 954 (38.9) <0.00001
Heart failure 1,073 (13.2) 711 (12.5) 362 (14.8) 0.00714
Hypotension 4,810 (59.2) 3,391 (59.8) 1,419 (57.9) 0.11462
Nephrotoxin exposures
ACE inhibitor 1,670 (19.3) 944 (16.6) 626 (25.5) <0.00001
Aminoglycoside 1,156 (14.2) 816 (14.4) 340 (13.9) 0.56287
Amphotericin B 116 (1.4) 96 (1.7) 20 (0.8) 0.00312
ARB 237 (2.9) 131 (2.3) 106 (4.3) <0.00001
Calcineurin inhibitor 272 (3.3) 196 (3.4) 76 (3.1) 0.45298
1.V. radiocontrast dye 477 (5.9) 330 (5.8) 147 (6.0) 0.79329
Loop diuretic 2,679 (33.0) 1,811 (31.9) 868 (35.4) 0.00241
NSAID 1,337 (16.4) 945 (16.7) 392 (16.0)) 0.47393
Vasopressor 821 (10.1) 562 (9.9) 259 (10.6) 0.389334
Median (IQR) vancomycin and/or piperacillin— 5 (4-8) 5 (4-9) 5 (4-8) 0.08061
tazobactam DOT, days
Median (IQR) combination therapy DOT, days 3 (3-5) 3 (3-5) 3 (2-5) 0.00173
Median (IQR) vancomycin dose, mg/day 2,000 (1,500-3,000) 2,000 (1,250-2,500) 3,000 (2,000-3,500) <0.00001
Median (IQR) vancomycin dose, mg/kg/day 27.4 (18.2-33.2) 27.9 (18.7-34.2) 25.5(16.3-31.5) <0.00001
?IQR = interquartile range, BMI = body mass index, CL = creatinine clearance (calculated via adjusted Cockceroft-Gault equation), CCI = Charlson Comorbidity Index,
ACE = angiotensin-converting enzyme, ARB = angiotensin Il receptor blocker, NSAID = nonsteroidal antiinflammatory drug, DOT = duration of therapy.
All values are no. (%) unless otherwise noted.
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(v3.1.2) software (R Foundation for Sta-
tistical Computing, Vienna, Austria).?*?!
The model fit was assessed by using the
standardized Hosmer-Lemeshow test
and the C statistic, with an a priori level
of significance of 0.05.

Results

In total, 8,125 patients were included
in the cohort after application of the
inclusion and exclusion criteria. The
bivariable logistic regression determined
that a weight cutoff of 91 kg was the most
predictive of AKI (Figure 1); that value
was used to categorize the groups for
the subsequent analyses. A total of 2,452
patients (30.2%) weighed 91 kg or more
(Table 1). In comparison to patients with
weights at or above the cutoff, those
weighing less than 91 kg were less likely
to receive concomitant nephrotoxins
and had a higher median baseline creat-
inine clearance value (97.3 [interquartile
range, 70.1-128.1] mL/min versus 91.8
[interquartile range, 68.1-116.5] mL/
min, p < 0.00001). Baseline severity of ill-
ness was similar between the high- and
low-weight groups; however, patients
weighing 91 kg or more had higher
rates of diabetes (38.9% versus 20.8%,
p <0.00001), hypertension (63.5% versus
46.7%, p < 0.00001), and heart failure
(14.8% versus 12.5%, p = 0.007). The me-
dian daily vancomycin dose was lower
among sub—91 kg patients (2,000 [in-
terquartile range, 1,250-2,500] mg versus
3,000 [interquartile range, 2,000-3,500]

Figure 1. Determination of the op-
timal total body weight cut point by
analysis of Akaike information criterion
(AIC) values. The lowest point on the
graph occurs at 91 kg, representing
the total body weight cut point (as
measured by AIC value) that was the
best predictor of acute kidney injury
within the cohort.
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mg, p < 0.00001); however, the median
weight-based dose was lower in the
group weighing 91 kg or more (25.5 [in-
terquartile range, 16.3-31.5] mg/kg/day
versus 27.9 [interquartile range, 18.7-
34.2] mg/kg/day, p < 0.00001). AKI was
more common in the patients weighing
91 kg or more than in those with weights
below the cutoff (frequency, 23.8%
versus 17.8%, p < 0.00001; adjusted odds
ratio, 1.46 [95% confidence interval,
1.28-1.66]) (Table 2).

Discussion

Patients weighing 91 kg or more had
significantly higher odds of AKI associ-
ated with combined use of piperacillin-
tazobactam and vancomycin than those
weighing less than 91 kg after control-
ling for multiple confounders, including
vancomycin dose and other nephro-
toxin exposures.

Our results are in agreement with
those of previous studies showing an
association between increased body
size and AKL®*" The vast majority of
these studies have evaluated total body
weight as the body size descriptor.
These studies have found different
weight breakpoints for increased risk
depending on the patient population
studied and the weight distribution of
patients. Studies focused on AKI as-
sociated with vancomycin use have
identified a cut point of 100 kg as being
associated with increased risk rela-
tive to an 80-kg cut point for patients
treated with various antimicrobials for
gram-negative bacteremia. However,
very few patients in the gram-nega-
tive bacteremia cohorts had a weight
greater than 110 kg, and this limited
the generalizability of the findings to
obese patients. Our cohort of patients
receiving piperacillin-tazobactam and
vancomycin was a more generalizable
population than those assessed in pre-
vious studies. One study evaluated the
association of body mass index and
AKI in patients receiving colistin.'? The
study found that a body mass index
of 30 kg/m? or higher was associated
with AKI.

The 1,594 cases of AKI in our cohort
dwarfed the case counts discussed in
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previous publications on the impact
of total body weight on AKI in patients
receiving vancomycin.*** Lodise and
colleagues’ evaluated a random sample
of patients from Albany Medical Center
Hospital who received vancomycin
(n = 246) or linezolid (n = 45) from
January 2005 to December 2006. A total
of 36 patients developed AKI. A fol-
low-up study by Lodise et al. of patients
with an initial serum vancomycin
trough concentration within the first 96
hours of therapy (n = 166) included 21
cases of AKI." In our previous study in
patients with MRSA bacteremia, there
were 78 cases of AKI. These previous
studies may have suffered from model
underfitting given the low number of
events.® The study described here was
able to accommodate more variables
into the multivariable logistic regres-
sion model without risking overfitting.
The study also provided a more de-
tailed analysis of the impact of indi-
vidual nephrotoxic agents than was
achieved in previous evaluations. Other
studies evaluating the impact of total
body weight on AKI risk have used the
consensus definition of vancomycin-
associated AKI, but that approach has
not provided information regarding the
extent of AKI experienced.®"?

On the other hand, the 20% rate
of AKI in our cohort was lower than
the rate of 30% found in previous
studies evaluating concomitant van-
comycin and piperacillin-tazobactam
use.?** This difference can be partially
explained by the fact that approxi-
mately 15% of patients in our study were
in the intensive care unit, as compared
with 35% to 100% of those in other
studies.*** An evaluation of the medi-
cation combination discussed here by
Moenster et al.*® involved patients with
osteomyelitis. In that study the average
duration of therapy was over 2 weeks,
as compared with a median of 5 days in
our cohort. Each of the previous studies
also used a definition of AKI different
from the one we used, which could
have had an impact on the AKI rates
reported.

Our findings are clinically rele-
vant because they identify a group
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Table 2. Results of Logistic Regression Analyses of Association of Variables With Acute Kidney Injury During

Concomitant Use of Vancomycin and Piperacillin-Tazobactam?

Bivariable Models

Multivariable Model

Variable OR® 95% ClI P Adjusted OR® 95% CI P
Weight >91 kg 1.44 1.28-1.62 <0.001 1.46 1.28-1.67 <0.001
Hypertension 1.17 1.05-1.31 0.004 1.03 0.90-1.17 0.72
Diabetes mellitus 1.32 1.17-1.49 <0.001 1.24 1.07-1.43 0.003
Heart failure 1.85 1.60-2.14 <0.001 1.08 0.90-1.29 0.393
CCl score 1.15 1.12-1.17 <0.001 1.1 1.07-1.13 <0.001
Combination therapy DOT 1.10 1.09-1.12 <0.001 1.06 1.04-1.08 <0.001
Caucasian 0.87 0.73-1.04 0.124 0.82 0.68-0.99 0.04
Male sex 1.50 1.33-1.68 <0.001 1.58 1.39-1.79 <0.001
Age group, yr

18-44 (reference) .c

45-64 1.14 1.00-1.29 0.050 1.02 0.87-1.19 0.828

65-79 1.08 0.92-1.26 0.357 1.17 0.95-1.44 0.142

>80 0.92 0.68-1.22 0.551 1.51 1.06-2.13 0.022
Baseline CL ,, mL/min

30-59 (reference)

60-89 1.15 0.95-1.38 0.147 1.63 1.33-2.02 <0.001

>90 1.65 1.40-1.95 <0.001 3.95 3.20-4.90 <0.001
Nephrotoxin exposures

Aminoglycoside 1.92 1.67-2.21 <0.001 1.47 1.26-1.72 <0.001

Amphotericin B 3.54 2.44-5.11 <0.001 2.03 1.34-3.07 <0.001

NSAID 1.20 1.04-1.38 0.013 1.28 1.09-1.49 0.003

Calcineurin inhibitor 1.59 1.21-2.08 <0.001 1.42 1.04-1.92 0.024

Loop diuretic 2.70 2.41-3.02 <0.001 2.08 1.82-2.39 <0.001

Vasopressor 3.69 3.17-4.29 <0.001 2.42 2.01-2.90 <0.001

lonotropic 4.11 2.75-6.15 <0.001 214 1.37-3.35 <0.001

ACE inhibitor 1.14 1.00-1.31 0.053 0.93 0.80-1.10 0.408
Hypotension 1.93 1.72-2.18 <0.001 1.30 1.13-1.48 <0.001
Vancomycin dose, mg/kg/day

<18.2 (reference)

18.2-27.3 0.73 0.63-0.85 <0.001 0.70 0.59-0.82 <0.001

27.4-33.1 0.68 0.58-0.79 <0.001 0.59 0.50-0.70 <0.001

>33.2 0.64 0.55-0.74 <0.001 0.64 0.54-0.77 <0.001

20R = odds ratio, Cl = confidence interval, CCl = Charlson Comorbidity Index, DOT = duration of therapy, CL = creatinine clearance (calculated

via adjusted Cockcroft-Gault equation), NSAID = nonsteroidal antiinflammatory drug, ACE = angiotensin-converting enzyme.
As applicable, OR is for comparison with reference value.

°Not applicable.

AKI.

of patients at

increased risk for
Potentially nephrotoxic agents
should be avoided in these patients

unless the benefit clearly outweighs
the risk. There are several therapeutic
alternatives to both vancomycin and
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piperacillin-tazobactam

that have

been shown to be noninferior in pro-
spective randomized controlled trials.
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Prescribing of both piperacillin-

tazobactam and vancomycin to
patients weighing 91 kg or more may
unnecessarily risk the development
of AKI. However, data on AKI risk as-
sociated with other antimicrobial
combinations are needed in order to
determine whether the increased risk is
unique to the concomitant use of van-
comycin and piperacillin-tazobactam.

Our studyhad several limitations, in-
cluding its retrospective design and the
inclusion of data from a single center.
Our results are not generalizable to all
patients receiving other combinations
of antimicrobials. However, our co-
hort was much larger than those in any
previous evaluation seeking to define
the impact of body size on AKI risk. In
addition, our study evaluated a more
generalizable patient population than
those evaluated in previous studies. The
weight cut point derived from our co-
hort has not been externally validated.
Validation of this cut point is an im-
portant step before applying it broadly
in clinical practice. Our analysis did
not specifically evaluate the impact
of infusion type (e.g., short versus ex-
tended). However, we have previously
shown that for standalone piperacillin-
tazobactam therapy, infusion type is
not associated with AKI risk.*” As in
many other evaluations of AKI risk, we
did not analyze the cohort via a time-
to-event analysis and did not account
for the duration of therapy with other
nephrotoxic agents.

Conclusion

Increased total body weight incre-
ased the rate of AKI among patients
concurrently treated with piperacillin-
tazobactam and vancomycin in a
manner independent of clinically im-
portant confounders, with an important
breakpoint occurring at 91 kg.
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