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Abstract

Background: Data are controversial regarding nephrotoxicity risk with vancomycin plus
piperacillin-tazobactam (VPT) compared to vancomycin alone or in combination with other beta-
lactams (BLs) in acute care use. Furthermore, data are lacking on the incidence of acute kidney
injury (AKI) with long-term use of VPT including outpatient parenteral antimicrobial therapy (OPAT).
Methods: This retrospective study included 826 adult patients on an intravenous vancomycin
plus BL for =2weeks, including cefepime, piperacillin/tazobactam, ertapenem, or
meropenem, from August 2017 to January 2022. The primary outcome was incidence of AKI.
Univariate and multivariable Cox proportional hazard regression analyses were conducted to
adjust for confounding variables. A secondary analysis based on the propensity score (PS)-

matched cohort was performed.

Results: AKl occurred in 14.4% of patients in the VPT group (n=15/104) compared to 5.5%

in the other BL group (n=40/722) (p<0.001). Average time to AKI from start of combination
therapy was 9.4 (1.7-12.0) days in the VPT group and 10.9 (5-22.7) days in the other BL group
(p=0.20). The median duration of vancomycin and BL in the overall cohort was approximately
1Tmonth. Beyond BL selection, patient characteristics were not associated with AKI other
than the receipt of concomitant acyclovir [hazard ratio (HR) 2.48 (95% confidence interval (Cl):
1.33-4.65), p=0.004]. In the PS-matched cohort, AKI occurred in 14.4% of patients in the VPT
group (n=15/104) and 5.3% in the other BL group (n=11/208) (p=0.006). Receipt of VPT [HR:
2.55 (1.36-4.78), p=0.004] and acyclovir [HR: 2.38 (1.19-4.74]), p=0.014) remained significantly

associated with AKI in the multivariable model.

Conclusion: Clinicians should exercise caution when using VPT for >2weeks, including
in the OPAT setting, even when no renal dysfunction is observed during the initial week of

combination therapy.
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Introduction

Outpatient parenteral antimicrobial therapy
(OPAT) provides many benefits to patients includ-
ing shorter hospital length of stay, decreased cost,
and increased patient satisfaction.!> Routine labo-
ratory monitoring is recommended for OPAT
patients and has been shown to reduce the rate of
hospital readmission.* The use of nephrotoxic
agents such as vancomycin in the OPAT setting
poses additional safety concerns owing to variability

in hydration status and less frequent laboratory
monitoring compared to the inpatient setting.

Nephrotoxicity is a known adverse drug reaction
associated with vancomycin use.’> Risk factors
include total daily dose of vancomycin exceeding
4 g daily, duration of therapy greater than 7 days,
trough levels >15u/mL or area under the curve
(AUC) >600, concomitant administration with
other nephrotoxic agents, obesity, preexisting renal

Ther Adv Infect Dis
2023, Vol. 10: 1-11

DOI: 10.1177/
20499361231189589

© The Authorl(s), 2023.
Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Lauren M. Dolly
Department of Pharmacy,
U.S. Department of
Veterans Affairs, 2501 W
22nd Street, Sioux Falls,
SD 57105, US
lauren.dolly@jacks.
sdstate.edu

Kellie N. Arensman
Hannan

Department of Pharmacy,
Mayo Clinic Health System,
1025 Marsh Street,
Mankato, MN 56001, USA
hannan.kellie@mayo.edu

Christina G. Rivera

Diana J. Schreier
Department of Pharmacy,
Mayo Clinic, Rochester,
MN, USA

Kelsey L. Jensen
Department of Pharmacy,
Mayo Clinic Health System,
Austin, MN, USA

Kristin C. Mara
Department of Quantitative
Health Sciences, Mayo
Clinic, Rochester, MN, USA

Abinash Virk

Division of Public Health,
Infectious Diseases, and
Occupational Medicine,
Mayo Clinic, Rochester,
MN, USA

journals.sagepub.com/home/tai

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
provided the original work is attributed as specified on the Sage and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tai
mailto:lauren.dolly@jacks.sdstate.edu
mailto:lauren.dolly@jacks.sdstate.edu
mailto:hannan.kellie@mayo.edu

THERAPEUTIC ADVANCES in

Infectious Disease

Volume 10

dysfunction, diabetes, and hypertension. Patients
with multiple risk factors experience increased risk
of vancomycin nephrotoxicity, with the onset typi-
cally occurring between 5 and 7 days.>®

Concomitant use of piperacillin/tazobactam (PTZ)
has also been implicated as a risk factor for vanco-
mycin-induced nephrotoxicity.”!” Vancomycin
plus piperacillin/tazobactam (VPT) has been asso-
ciated with an increased risk of acute kidney injury
(AKI) compared to vancomycin plus an alternative
antipseudomonal beta-lactam (BL) such as
cefepime or meropenem.!2-20 AKI has been shown
to occur faster with VPT compared to vancomycin
alone or vancomycin plus cefepime or mero-
penem.!216:21 Tn contrast, other studies have not
found an increased rate of AKI with VPT com-
pared to vancomycin plus cefepime or meropenem
in critically ill populations after adjustment for rel-
evant confounders.?223

While most data focus on short-term use (i.e.
<7days), data are lacking on the AKI incidence
of vancomycin with BLs including PTZ in long-
term use (i.e. =2weeks) including OPAT.
Previous studies have evaluated the onset of AKI
with various combinations of vancomycin and
BLs, but it remains unclear whether patients can
tolerate these combinations longer term if no AKI
is observed in the first week of therapy, or if there
is a time-dependent cumulative renal risk.

Renal injury has been linked to increased morbid-
ity including chronic kidney disease (CKD), car-
diovascular events, and decrease in 5- to 10-year
survival.24¢ Therefore, it is important to evaluate
for incidence and risks for AKI in the setting of
long-term use of combination of vancomycin and
BLs. The purpose of this study is to determine
the relative renal risk of combination of BLs with
vancomycin in the setting of longer durations of
therapy, including patients receiving OPAT.

Methods

Study design and population

This was a retrospective cohort study evaluating
the safety of intravenous (IV) BL with IV vanco-
mycin combinations in long-term use across the
Mayo Clinic Enterprise including sites in Arizona,
Florida, Minnesota, and Wisconsin. Hospitals
ranged in size from critical access hospitals
(approximately 10-20 beds) with transitional care

units and generally no formal OPAT team to a
large academic medical center (>>1000 beds) with
multidisciplinary dedicated OPAT teams. The
institution-wide guidance for antimicrobial labora-
tory monitoring recommends once weekly serum
creatinine (SCr) monitoring for cephalosporins,
penicillin, and carbapenems. Vancomycin moni-
toring recommendation is SCr and vancomycin
trough once weekly with a target trough of 10-15w/
mL unless the treatment indication was methicil-
lin-resistant Staphylococcus aureus (MRSA) pneu-
monia, central nervous system infection (15-20w/
mL), or MRSA bloodstream infection (10-20
wmL). Twice weekly, SCr and vancomycin trough
monitoring is advised for select high-risk patients
(trough goal 15-20 wW/mL, >4 g/day of vancomycin,
unstable renal function, etc.). Ultimately, the labo-
ratory monitoring plan was at the discretion of the
treating clinician(s). Eligible patients were
=18years of age and received IV cefepime,
PTZ, ertapenem, or meropenem plus IV vanco-
mycin for =2 weeks from 25 August 2017 to 13
January 2022. Cefepime, ertapenem, and mero-
penem were chosen as the comparator BLs of
interest due to their similar spectrums of activity
to PTZ and frequency of use for long-term IV
antibiotic therapy at our institution. To be
assigned to a BL group, the patient needed to
receive >50% of their total treatment duration
with that BL. Patients who were incarcerated,
pregnant, or Minnesota residents who declined
Minnesota research authorization were excluded.
Additional exclusion criteria included AKI within
7 days of BL or vancomycin use, =6 BL switches
throughout the course of BL therapy, receipt of
renal replacement therapy, and chronic renal dys-
function (=Stage 3 CKD per past medical history
or any creatinine clearance <30 ml./min based on
Cockcroft—Gault). The Mayo Clinic Institutional
Review Board deemed this study to be exempt.

Outcomes and definitions

The primary outcome was incidence of AKI,
defined as an increase in SCr=2 times higher
than the baseline value, which was similarly
defined in a retrospective cohort study con-
ducted by Moenster er al.?> Baseline SCr was
calculated as the average of SCr in the 6 months
preceding the index date. Time to AKI was eval-
uated as a secondary outcome. Concomitant
nephrotoxins included any documented receipt
of oral or IV computed tomography (CT) con-
trast, nonsteroidal anti-inflammatory drugs
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(NSAIDs) (ibuprofen >600mg/24h, naproxen
>440mg/24h, =1 dose of ketorolac), acyclovir,
amphotericin B, IV aminoglycosides, and any
non-chronic diuretic use.

Statistical analysis

Comparisons of patient characteristics between
groups were made using z-tests or Wilcoxon rank-
sum tests for continuous variables and either chi-
square or Fisher’s exact test for categorial variables.
The primary outcome was compared between
groups with chi-square test. We additionally uti-
lized univariate and multivariable Cox propor-
tional hazard regression analyses to assess risk
factors for AKI including vancomycin dose
exceeding 4g daily, obesity, and concomitant
nephrotoxins. Among patients with observed AKI,
time to AKI was compared using a Wilcoxon rank-
sum test. For the time-dependent covariate analy-
sis, there is a lag of 48h, which assumes that the
effect of the BL starts at 48h after the first dose
and continues for 48 h after stopping.

To account for potential differences between treat-
ment groups, we also ran a secondary analysis based
on a propensity score (PS)-matched cohort. PS was
defined as the probability that a patient would
receive VPT and was estimated using a multivaria-
ble logistic regression model with the characteristics
inTable 1 as the covariates. Patients with VPT were
then matched 1:2 to those with another BL based
on the logit of the PS (0.2 standard deviation of
the logit of the PS). Covariate imbalance between
groups was evaluated using standardized differ-
ences, where a standardized difference <0.10 repre-
sents negligible imbalance between groups.

All tests were two-sided, and p values less than
or equal to 0.05 were considered statistically sig-
nificant. All analyses were performed using SAS
version 9.4 software (SAS Institute, Inc., Cary,
NC, USA).

Results

A total of 826 met inclusion criteria for analysis, of
whom 104 patients were categorized in the VPT
group and 722 patients were categorized in the
other BL group (Figure 1). The mean age of
patients was 60.9 years with a total of 471 patients
being male (57.0%) and total of 721 patients
being Caucasian (87.3%) (Table 1). Over half of
the patients received antimicrobials in the

outpatient setting for at least one dose, with a
minority receiving antimicrobials exclusively as
outpatients. Concomitant nephrotoxins were
common, including CT contrast (42.5%),
NSAIDs (44.8%), and receipt of at least one IV
aminoglycoside dose (21.8%).

Patients in the VPT group were younger on average
(57.5years wversus 61.4years, p=0.008) and had a
lower median weight (78.6 versus 84.8kg, p=0.028)
compared to the other BL group. Receipt of CT
contrast was more common in the VPT group
(57.7%) wversus the other BL group (40.3%)
(»p<<0.001). The median vancomycin duration was
29.9days in the total cohort (25.5days VPT versus
31.2days other BL, »p=0.098) and the median
duration of BLs was 31 days overall (23.1 days PTZ
versus 32.9days other BL, p=0.014). The total
daily dose of vancomycin on average was 1729 mg
(1722mg VPT wversus 1729 other BL, p=0.66). A
BL duration of 2 to <3 weeks was more common in
the VPT group (n=47/104, 45.2%) compared to
the other BL group (2=203/722, 28.1%).

AKI was observed in 6.7% of total patients
(n=55/826), occurring in 14.4% of patients in
the VPT group (n=15/104) as compared to 5.5%
in the other BL group (n=40/722) (p<0.001)
(Table 2). There was no significant association
seen between AKI and body mass index, Charlson
Comorbidity Index, baseline SCr, and nephro-
toxin exposure, with the exception of acyclovir. In
patients who received concomitant acyclovir,
14.5% developed AKI (n=10/69), while 5.9%
(n=45/757) of those without exposure to acyclo-
vir developed AKI [HR: 2.88 (95% confidence
interval (CI): 1.41-5.57), p=0.003]. Receipt of
VPT [HR: 2.55 (1.36-4.78), p=0.004] and acy-
clovir [HR 2.38 (1.19-4.74), p=0.014] remained
significantly associated with AKI in the multivari-
able model. Among those with AKI, the average
time to AKI was 9.4 (IQR 1.7-12.0) days in the
VPT group and 10.9 (IQR 5-22.7) days in the
other BL group (p=0.20) from the combination
therapy start. The majority of renal injury
(n=47/55) occurred while inpatient.

In the PS-matched cohort, there were 104
patients in the VPT arm matched to 208 in the
other BL arm. These groups were well balanced
in terms of baseline characteristics (Table 3).
AKI occurred in 14.4% of patients in the VPT
group (n=15/104) and 5.3% in the other BL
group (n=11/208) (p=0.006). When treating
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Table 1. Baseline characteristics.
Characteristic Piperacillin-tazobactam Other beta-lactam Total (N=826) p Value
(N=104) (N=722)

Age (years), mean (SD) 57.5(15.0) 61.4(15.2) 60.9 (15.2) 0.008
Sex at birth 0.88

Female 44 (42.3%) 306 (42.4%) 350 (42.4%)

Male 59 (56.7%]) 412 (57.1%) 471 (57.0%)

Unknown 1(1.0%) 4 (0.6%) 5 (0.6%)
Race 0.71

White 87 (83.7%) 634 (87.8%) 721 (87.3%)

American Indian/Alaskan Native 1(1.0%) 10 (1.4%) 11 (1.3%)

Asian 2(1.9%) 8(1.1%) 10 (1.2%)

Black or African American 10 (9.6%) 40 (5.5%) 50 (6.1%)

Native Hawaii/Pacific Islander 0(0.0%) 2(0.3%) 2(0.2%)

Other 3(2.9%) 18 (2.5%) 21 (2.5%)

Unknown 1(1.0%) 10 (1.4%) 11 (1.3%)
Ethnicity 0.90

Hispanic or Latino 7 (6.7%) 41 (5.7%) 48 (5.8%)

Not Hispanic or Latino 94 (90.4%) 662 (91.7%) 756 (91.5%)

Unknown 3(2.9%) 19 (2.6%) 22 (2.7%)
Weight (kg), median (I1QR) 78.6 (65.6, 96.6) 84.8(69.9, 105.6) 84.0 (69.5, 104.8) 0.028
Height (cm], mean (SD) 170.3 (11.6) 170.9 (11.8) 170.8 (11.7) 0.51
Body mass index, median (IQR) 26.6(22.0,33.7) 29.0 (24.4, 35.3) 28.8 (24.2,35.1) 0.023
Charlson Comorbidity Index, median (IQR) 4(2,7) 4(2,8) 4(2,8) 0.18
Beta-lactam allergy 17 (16.4%) 105 (14.5%) 122 (14.8%) 0.63
Vancomycin allergy 5 (4.8%) 22 (3.0%) 27 (3.3%) 0.35
Computed tomography contrast 60 (57.7%) 291 (40.3%) 351 (42.5%) <0.001
Nonsteroidal anti-inflammatory drugs 50 (48.1%]) 320 (44.3%) 370 (44.8%) 0.47
Acyclovir 9 (8.7%) 60 (8.3%) 69 (8.4%) 0.91
Amphotericin B 4 (3.8%) 25 (3.5%) 29 (3.5%) 0.84
Aminoglycoside 19 (18.3%) 161 (22.3%) 180 (21.8%) 0.35
Ec(;ts} vancomycin duration (days), median 25.5(18.0 ,42.4) 31.2 (20.0, 42.4) 29.9 (19.7, 42.4) 0.098

(Continued)
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Table 1. (Continued)

Characteristic Piperacillin-tazobactam Other beta-lactam Total (N=826) p Value
(N=104) (N=722)
Vancomycin maximum total daily dose 2125 (1500, 3000) 2500 (1500, 3000) 2500 (1500, 3000) 0.60
(mg), median (IQR)
Vancomycin minimum total daily dose 1138 (750, 1500) 1250 (900, 1750) 1250 (800, 1629) 0.18
(mg), median (IQR)
Vancomycin average total daily dose (mg), 1722 (1183, 2328) 1729 (1183, 2493) 1729 (1183, 2488)  0.66
median (IQR)
Administration type 0.094
Inpatient only 46 (44.2%) 230 (31.9%) 276 (33.4%)
Inpatient and outpatient 56 (53.8%] 472 (65.4%) 528 (63.9%])
Outpatient only 2 (1.9%) 20 (2.8%) 22 (2.7%)
Beta-lactam duration (days), median (IQR) 23.1(18.0, 41.7) 32.9 (20.0, 42.6) 31.0 (19.5, 42.5) 0.014
Beta-lactam duration 0.003
2 to <3weeks 47 (45.2%) 203 (28.1%) 250 (30.3%]
3 to <4weeks 17 (16.4%) 109 (15.1%) 126 (15.3%)
4 to <5weeks 6 (5.8%) 75 (10.4%) 81 (9.8%)
5 to <b6weeks 9 [8.70/0] 133 [1840/0] 142 [1820/0]
=bweeks 25 (24.0%) 202 (28.0%) 227 (27.5%)
Beta-lactam duration - inpatient (days)e, 25 (18, 42) 32 (20, 42) 30 (20, 43) 0.032
median (IQR)
Beta-lactam duration - outpatient (days]®, 7 (2, 29) 17 (5, 29) 16 (4, 29) 0.42
median (IQR)
Baseline SCr, median (IQR) 1.0 (0.7, 1.4) 1.0 (0.7, 1.3) 1.0 (0.7, 1.3) 0.46

@Available in 102 piperacillin-tazobactam patients and 702 other beta-lactam patients who received some treatment inpatient.
bAvailable in 58 piperacillin-tazobactam patients and 492 other beta-lactam patients who receive some treatment outpatient.
IQR, interquartile range; mg, milligrams; SCr, serum creatinine; SD, standard deviation.

PTZ as a time-dependent covariate where the
potential nephrotoxicity of VPT did not take
effect until 48h after PTZ start, and the effect
remained up to 48 h after stopping PTZ, we found
those receiving VPT were still more likely to have
AKI [HR: 3.17 (1.27-7.96), p=0.014] (Table 4).

Discussion

To our knowledge, this is the first study to assess the
safety of long-term use of vancomycin plus BLs,
including patients receiving antimicrobials in the
OPAT setting. We observed a statistically higher

rate of AKI occurrence with VPT compared to
other BLs used in combination with vancomycin for
>2weeks. Concomitant use of PTZ and acyclovir
with vancomycin was both significantly associated
with AKI. Our findings are consistent with previous
studies demonstrating higher rates of AKI with
VPT as compared to vancomycin alone or vanco-
mycin plus other BLs with short-term use.”2°

The mechanism by which VPT increases AKI
risk has not been clearly defined. Increased rates
of nephrotoxicity have been seen with anti-
staphylococcal penicillin compared to cefazolin
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N=933 patients
screened for
eligibility

N=87 patients
excluded

N=846 patients
assessed for
safety

N=104 N=722 other
piperacillin- beta-lactam
tazobactam group group

Figure 1. Total patients included for analysis in VPT
group and other-BL group.

when combined with vancomycin for MRSA
bacteremia.?® In addition, an increased rate of
AKI has been noted with VPT compared to
vancomycin plus ceftolozane/tazobactam.??
These findings implicate the piperacillin rather

than the tazobactam component. Piperacillin
has high affinity for organic anion transporter-3,
leading to intracellular accumulation in the
proximal renal tubule.?® This may further exac-
erbate oxidative stress caused by vancomycin in
renal tubular epithelial cells.?®

We defined AKI as an increase in SCr=2 times
higher than the baseline value. Increases in SCr
may be due to competitive inhibition of renal
tubular secretion of creatinine and transporter
suppression rather than representative of true
renal injury.?? A recent study by Miano et al.?°
found that VPT was associated with a higher inci-
dence creatinine-defined AKI as compared to
vancomycin plus cefepime but did not result in
significant changes in cystatin C, a biomarker
unaffected by tubular secretion. Pending emerg-
ing evidence continues to support these findings,
OPAT programs may consider cystatin C moni-
toring (either routinely or case by case at the time
of SCr increase) for VPT. Based on our findings,
cystatin C monitoring in OPAT does not seem
strongly indicated for other BLL combinations.

Our study has several additional limitations,
including its retrospective study design. We were
unable to evaluate urine output because many
subjects were partially managed in the outpatient

Table 2. Univariate associations between patient and clinical characteristics and AKI.

Characteristic AKI (N=55) No AKI (N=771)  Hazard ratio p Value
(95% Cl)

Body mass index, median (IQR) 29.1(24.8, 36.6) 28.8 (24.2, 34.9) 1.01 (0.98-1.04) 0.48

Charlson Comorbidity Index, median 4 (2, 7) 4 (2, 8) 0.99 (0.92-1.07) 0.82

(IQR)

Computed tomography contrast 21 (38.2%) 330 (42.8%) 0.87 (0.50-1.49)  0.61

Nonsteroidal anti-inflammatory 26 (47.3%) 344 (44.6%) 1.03(0.61-1.75)  0.91

drugs

Acyclovir 10 (18.2%) 59 (7.7%) 2.88 (1.41-5.57) 0.003

Amphotericin B 3 (5.5%) 26 (3.4%) 1.70 (0.53-5.45)  0.37

Aminoglycosides 9 (16.4%) 171 (22.2%) 0.68(0.33-1.39)  0.29

Baseline SCr, median (IQR) 0.8(0.6, 1.3) 1.0 (0.7, 1.3) 0.98 (0.95-1.01)2  0.24

aPer 0.1 units.

AKI, acute kidney injury; Cl, confidence interval; IQR, interquartile range; SCr, serum creatinine.
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Table 3. Propensity score-matched baseline characteristics.

Characteristic

Total (N=312)

Piperacillin/tazobactam

Other beta-lactam

Standardized

(N=104) (N=208) difference?

Age, mean (SD) 57.3(16.8) 57.5(15.0) 57.3(17.6) 0.011
Sex at birth 0.068

Female 125 (40.1%) 44 (42.3%) 81 (38.9%])

Male 185 (59.3%) 59 (56.7%]) 126 (60.6%)

Unknown 2(0.6%) 1(1.0%) 1(0.5%)
Race

White 259 (83.0%) 87 (83.7%) 172 (82.7%) 0.026

American Indian/Alaskan Native 4(1.3%) 1(1.0%) 3(1.4%) 0.044

Asian 5(1.6%) 2 (1.9%) 3 (1.4%) 0.039

Black or African American 29 (9.3%) 10 (9.6%) 19 (9.1%) 0.016

Other 10 (3.2%) 3(2.9%) 7 (3.4%) 0.028

Unknown 5(1.6%) 1(1.0%) 4(1.9%) 0.081
Ethnicity 0.032

Hispanic or Latino 21 (6.7%) 7 (6.7%) 14 (6.7%)

Not Hispanic or Latino 280 (89.7%) 94 (90.4%) 186 (89.4%)

Unknown 11 (3.5%) 3(2.9%) 8 (3.8%)
Weight (kg), median (I1QR) 80.1(65.5,96.9]  78.6 (65.6, 96.6] 80.7 (65.5, 97.3) 0.025
Height (cm), mean (SD) 170.9 (11.6) 170.3 (11.6) 171.2 (11.6) 0.078
Body mass index, median (IQR) 26.7(22.6,32.9)  26.6(22.0,33.7) 26.8(22.9,32.3) 0.057
Charlson Comorbidity Index, median (IQR) 4(2,7) 4(2,7) 4(2,7) 0.035
Beta-lactam allergy 47 (15.1%) 17 (16.4%) 30 (14.4%) 0.65
Vancomycin allergy 13 (4.2%) 5 (4.8%) 8 (3.8%) 0.047
Computed tomography contrast 181 (58.0%) 60 (57.7%) 121 (58.2%) 0.010
Nonsteroidal anti-inflammatory drugs 150 (48.1%) 50 (48.1%) 100 (48.1%) 0.000
Acyclovir 29 (9.3%) 9 (8.7%) 20 (9.6%) 0.033
Amphotericin B 13 (4.2%) 4 (3.8%) 9 (4.3%) 0.024
Aminoglycosides 56 (17.9%) 19 (18.3%) 37 (17.8%) 0.013
Ec&ts]l vancomycin duration (days), median 24.1(17.6,41.9) 25.5(18.0, 42.4) 23.1 (17.4, 41.6) 0.020
Beta-lactam duration, median (IQR) 22.3(17.6,41.2)  23.1(18.0, 41.7) 21.5(17.3, 40.9) 0.192
Baseline SCr, median (IQR) 1.0 (0.7, 1.4) 1.0 (0.7, 1.4) 1.0 (0.7, 1.3) 0.004

aA standardized difference <0.10 represents negligible imbalance between groups.

IQR, interquartile range; SD, standard deviation; SCr, serum creatinine.
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Table 4. Univariate associations between patient and clinical characteristics and AKl in the propensity score-matched cohort.

Characteristic AKI (N=26) No AKI (N=286) Hazard ratio (95% CI)  p Value
Age, mean (SD) 53.4 (15.4) 57.7 (16.9) 0.86 (0.68-1.07)2 0.18
Sex at birth

Female 9 (34.6%]) 116 (40.6%) Reference

Male 17 (65.4%) 168 (58.7%) 1.33(0.59-2.98) 0.49

Unknown 0 (0.0%) 2(0.7%)
Race

White 21 (80.8%] 238 (83.2%) 0.87(0.33-2.30) 0.78

Non-White 5 (19.2%) 48 (16.8%) Reference
Ethnicity

Hispanic or Latino 4 (15.4%) 17 (5.9%) Reference

Not Hispanic or Latino 20 (76.9%) 260 (90.9%) 0.38(0.13-1.10) 0.073

Unknown 2 (7.7%) 9 (3.1%) 0.87 (0.16-4.76) 0.87
Weight (kg), median (I1QR) 88 (76, 111) 80 (64, 97) 1.07 (0.96-1.20)= 0.23
Height (cm], mean (SD] 169.9 (15.8) 171.0 (11.2) 0.92 (0.66-1.28)2 0.62
Body mass index, median (IQR) 28.8 (25.6, 38.3) 26.6(22.3,32.2) 1.03 (1.00-1.06) 0.062
Charlson Comorbidity Index, median (IQR) 3(1, 6) 4(2,7) 0.93(0.82-1.05) 0.23
Beta-lactam allergy 6(23.1%) 41 (14.3%) 1.75 (0.70-4.35) 0.23
Vancomycin allergy 2 (7.7%) 11 (3.8%) 1.82 (0.43-7.71) 0.42
Computed tomography contrast 12 (46.2%) 169 (59.1%) 0.66 (0.30-1.42) 0.29
Nonsteroidal anti-inflammatory drugs 13 (50.0%) 137 (47.9%) 1.03 (0.48-2.22) 0.95
Acyclovir 5(19.2%]) 24 (8.4%) 2.63(0.99-6.99) 0.053
Amphotericin B 2 (7.7%) 11 (3.8%) 2.07 (0.49-8.74) 0.32
Aminoglycosides 3(11.5%) 53 (18.5%) 0.57(0.17-1.89) 0.36
Beta-lactam type

Inpatient only 13 (50.0%) 125 (43.7%) Reference

Inpatient and outpatient 13 (50.0%) 155 (54.2%) 0.68(0.31-1.49) 0.33

Outpatient only 0 (0.0%) 6 (2.1%) 0.71 (0.04-13.00) 0.82
Baseline SCr, median (IQR) 0.7 (0.6, 1.2) 1.0 (0.7, 1.4) 0.97 (0.93-1.02)° 0.23
Cefepime (yes versus no) (time dependent]c 0.37(0.12-1.11) 0.075
Ertapenem [yes versus no) (time dependent]c 0.36 (0.05-2.68) 0.32
Meropenem [yes versus no) (time dependent]e 0.68 (0.16-2.93) 0.60
Piperacillin/tazobactam (yes versus no) (time 3.17 (1.27-7.96) 0.014
dependent]c

aPer 10 units.

bPer 0.1 units.

For the time-dependent covariates, there is a lag of 48h, which assumes that the effect of the beta-lactam does not ‘'kick in" until 48 h after
starting, and continues for 48 h after stopping.

AKI, acute kidney injury; Cl, confidence interval; IQR, interquartile range; SCr, serum creatinine; SD, standard deviation.
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setting. Serum trough monitoring was used for
vancomycin dosing in our cohort with a target
trough of 10-15 for most indications; however,
this has not been shown to significantly impact
the risk of AKI compared to area under the con-
centration—time curve vancomycin dosing in the
setting of VPT therapy.3! We did not evaluate all
potential adverse effects associated with these
antimicrobial regimens, which may have led to
changing antimicrobial therapy independent of
AKI. Actual use of concomitant nephrotoxins
may have varied from what was documented in
the electronic medical record, particularly for
outpatients. Patient with observed AKI may have
been more likely to have concomitant nephro-
toxin use documented as a consequence of clini-
cal evaluation and management of their AKI. For
the time-dependent covariates analysis, we attrib-
uted AKI to a specific BL combination if it
occurred after 48h of the first dose of BL and
within 48 h of the last BLL dose, this window was
based on BL pharmacokinetics and expert opin-
ion. In addition, 87% of the patients in this cohort
are Caucasian; therefore, the external validity of
this study to other races is not clear.

Over half of the study cohort received BL and van-
comycin combination for part or the entire course
as an outpatient, with a majority crossing both set-
tings. This study findings are particularly salient
for OPAT practitioners given the potential impli-
cations of AKI for hospital readmissions and
resource-intensive changes in OPAT regimen, in
addition to general patient safety concerns.
Importantly, the majority of AKI occurred in the
inpatient setting; however, 14.5% of AKI occurred
during OPAT. Renal risk mitigation for OPAT
programs to these findings could take a number of
forms including the following: (1) Choice of a PTZ
alternative when vancomycin is also indicated,
where possible; (2) Use of daptomycin, linezolid,
or other broad gram-positive agent in place of van-
comycin when PTZ is also indicated, where possi-
ble; (3) Pre-emptive increased intensity of renal
monitoring for those receiving VPT (i.e. monitor-
ing SCr twice weekly instead of once weekly, mon-
itoring cystatin C when available, avoiding other
nephrotoxic medications); and (4) Limiting VPT
to 2weeks with a planned IV to oral switch therapy
to oral agents also termed TVOST’.32 We also
found it important that AKI appeared at an aver-
age of around 10days; thus, our evidence suggests
that renal risk with BL combinations is not

cumulative with time, as may be a common
misconception.

Other areas needing future exploration which
may have influence on renal outcomes include
the use of continuous infusions of vancomycin
and/or PTZ, vancomycin AUC monitoring in the
outpatient setting, and as previously mentioned,
routine cystatin C monitoring with long-term use
of combination vancomycin with PTZ.

Conclusion

Even when no renal dysfunction is observed dur-
ing the initial week of combination therapy, clini-
cians should proceed with caution and consider
increased laboratory monitoring frequency when
using longer courses of VPT.
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