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Acute kidney injury associated with concomitant use of vancomycin
with piperacillin-tazobactam: a focused review and meta-analysis
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ABSTRACT

Acute kidney injury (AKI) occurs frequently during the administration of certain med-
ications in hospitalized patients and increases morbidity and mortality. The vancomycin
and piperacillin/tazobactam combination is one of the most commonly used empiric an-
tibiotic regimens in hospitalized patients to provide adequate coverage of drug-resistant
pathogens. Recent studies suggest that this combination may be associated with more AKI
than vancomycin monotherapy or vancomycin in combination with other antibiotics. We per-
formed a literature review with a meta-analysis of published studies to evaluate the possible
association between combination therapy with vancomycin and piperacillin/tazobactam and
higher rates of AKI. Although the studies were heterogeneous, the meta-analysis suggests
a higher rate of AKI with the concurrent use of piperacillin/tazobactam and vancomycin
compared to vancomycin monotherapy or vancomycin combination with cefepime or mero-
penem. Prospective, randomized studies with larger sample sizes across multiple centers,
controlling for potential confounding factors, are needed to validate this association.
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INTRODUCTION

Combinations of vancomycin and anti-pseudo-
monal B-lactam antibiotics, such as piperacillin-tazo-
bactam, are commonly prescribed empiric antibiotics
in patients with sepsis due to a variety of infectious
sources to cover drug-resistant pathogens. The com-
bination of vancomycin and piperacillin-tazobactam is
the most frequently used empiric antibiotic regimen in
many institutions in the United States’ 2, and there is
increasing concern about its potential nephrotoxicity.
In this focused review, the results and limitations of
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the published studies investigating the possible as-
sociation between the concurrent use of vancomycin
and piperacillin-tazobactam and higher rates of acute
kidney injury (AKI) are summarized. We also per-
formed a meta-analysis of published studies to evalu-
ate the nephrotoxicity risk of this combination therapy.

VANCOMYCIN AND VANCOMYCIN-INDUCED
NEPHROTOXICITY

Vancomycin is a cornerstone antibiotic in the
management of severe Gram-positive infections in-
volving methicillin-resistant Staphylococcus aureus
(MRSA). Despite the recent availability of alternative
agents, vancomycin remains the first-line treatment
for infections due to MRSA, and its usage has dra-
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matically increased given the explosion of MRSA in-

fections in both community and health care settings.
3-5

Vancomycin-induced nephrotoxicity is well docu-
mented in the literature, and its incidence ranges from
5% to 35%, depending on the presence or absence
of other risk factors, the population studied, and the
definition of nephrotoxicity.>* Risk factors for vanco-
mycin-induced nephrotoxicity include high trough
vancomycin levels (15 mg/L or higher, in particular
20 mg/L or higher), a daily vancomycin dose greater
than 4 g, prolonged duration of therapy (particularly
more than 7 days), a history of kidney disease, great-
er underlying severity of illness (e.g.,sepsis, major
surgery, burns),and concomitant use of other neph-
rotoxic medications.®>5 Although vancomycin-induced
nephrotoxicity is generally reversible in most cases
after discontinuation of vancomycin, nephrotoxicity is
associated with longer hospital stays and poorer out-
comes. 34

As the relationship between serum vancomycin
concentration and treatment success or failure in S.
aureus infection is well known, more intensive vanco-
mycin dosing to maintain troughs between 15 mgl/liter
and 20 mg/liter for serious MRSA infections has been
recommended by recent expert guidelines.® Howev-
er, only limited data suggest that the maintenance of
vancomycin trough values between 15 and 20 mg/
liter improves outcomes.® & 7 Furthermore, there is
a growing concern about higher rates of vancomy-
cin-induced nephrotoxicity with the wide-spread use
of these more-intensive vancomycin regimens.® In a
recent meta-analysis of the fifteen studies evaluating
vancomycin nephrotoxicity, higher troughs (>15 mg/
liter) compared with lower trough levels (< 15 mg/liter)
were associated with an increased odds of nephro-
toxicity (odds ratio [OR], 2.67; 95% confidence inter-
val [CI], 1.95 to 3.65).3

PIPERACILLIN-TAZOBACTAM

Piperacillin-tazobactam is a beta-lactam antibiot-
ic frequently used as empiric or targeted therapy for
hospitalized patients who have risk factors for Pseu-

domonas aeruginosa or other multi-drug resistant
Gram-negative organisms. In contrast to vancomy-
cin, beta-lactam antibiotics are not usually associated
with nephrotoxicity.® ® Case reports and case-control
studies in the literature have reported acute interstitial
nephritis (AIN) with beta-lactam antibiotics, including
piperacillin-tazobactam.® ® Overall, it is associated
with an incidence of AKI of less than 1% according
to the piperacillin-tazobactam package insert lists.
However, higher rates of AKI have been recently re-
ported when it is used in combination with vancomy-
Cin_11—14

AKI ASSOCIATED WITH CONCOMITANT USE OF
VANCOMYCIN WITH PIPERACILLIN=-TAZOBACTAM

To review the available data, a PubMed search
was conducted using the following MeSH terms:
vancomycin, piperacillin/tazobactam, acute kidney
injury, nephrotoxicity. The reference lists from rele-
vant articles were also reviewed to identify articles
not indexed in PubMed. Only full, peer-reviewed ar-
ticles were included since abstracts did not provide
adequate details on methods and results. Using this
search strategy, seven studies were found which in-
vestigated the association between combination ther-
apy with vancomycin and piperacillin/tazobactam and
the rates of acute kidney injury (Table).

Among the seven studies, five were retrospective,
single-center cohort studies investigating the possi-
ble association mostly in non-critically ill hospitalized
patients.™ "% In four of these studies, a higher propor-
tion of patients who received concomitant vancomy-
cin and piperacillin-tazobactam developed AKI than
those who received vancomycin alone or in combina-
tion with cefepime.”'*In the other study, 139 diabetic
patients with osteomyelitis were included; the rate of
nephrotoxicity was not significantly higher in patients
receiving vancomycin-piperacillin/tazobactam than in
those receiving vancomycin-cefepime.® In this study,
the only significant predictors of AKI in a multiple lo-
gistic regression analysis were patient weight and
average vancomycin trough levels. All these studies
included patients who received antibiotic therapies for
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Table Details of studies investigating the occurrence of AKI associated with concurrent use of vancomycin
and piperacillin/tazobactam

Study Number | Design AKI incidence (n, %) AKI risk AKI
of Patient groups (n) unadjusted OR | adjusted OR
patients (95% CI) 95% C)
Burgess'! 191 Retrospective, one center Vancomycin/ piperacillin-tazo- | 2.22 (0.89-5.51) |2.48 (> 1.11)
bactam (15 out of 92, 16.3%) vs
vancomycin/piperacillin-ta- vancomycin (8 out of 99, 8.1%)
zobactam (92) vs vancomycin | (p=0.041)
99)
Gomes 224 Retrospective, one center Vancomycin/ piperacillin-tazo- | 3.74 (1.89-7.39) | 5.67 (1.66—-19.33)
bactam (39 out of 112, 34.8%)
vancomycin /piperacillin-tazo- | vs vancomycin /cefepime (14
bactam (112) vs vancomycin/ | out of 112, 12.5%) (p<0.0001)
cefepime (112)
Meaney" 125 Retrospective, one center Vancomycin /piperacillin-tazo- | 4.55 (1.39-14.9) | 5.36 (1.41-20.5)
bactam (13 out of 58, 22%) vs
vancomycin /piperacillin-ta- vancomycin (4 out of 67, 6%)
zobactam (58) vs vancomycin
(67)
Kim!" 228 Retrospective, one center Vancomycin/ piperacillin-tazo- | 5.62 (1.84-17.2) | 7.14(1.92-25)
bactam (19 out of 101, 18.8%)
vancomycin /piperacillin-tazo- | vs vancomycin (4 out of 101, 4
bactam (101) vs vancomycin %)
(101) vs
piperacillin-tazobactam (26)
Moenster's | 139 Retrospective, one center Vancomycin/piperacillin-tazo- 2.70 (0.87-8.37) |3.45(0.96-12.40)
bactam (32 out of 109, 29%) vs
vancomycin/piperacillin-tazo- | vancomycin /cefepime (4 out of
bactam (109) vs 30, 13%) (p=0.099)
vancomycin /cefepime (30)
Hammond' | 122 Retrospective, one center, in Vancomycin/piperacillin-tazo- 1.20 (0.55-2.63) | NA
critically ill patients bactam(16 out of 49, %32) vs
vancomycin /cefepime (21 out
vancomycin/piperacillin-tazo- | of 73, %28)
bactam(49)vs vancomycin /
cefepime (73)
Peyko"’ 85 Prospective, one center Vancomycin/piperacillin-tazo- | 7.14 (1.54-33.15) | NA
bactam (22 out of 59, %37) s
vancomycin/piperacillin-ta- vancomycin/ cefepime or mero-
zobactam(59 vs vancomycin/ | penem (2 out of 26, 7.7%)
cefepime or meropenem (26)

AKI- acute kidney injury, vanco- vancomycin, OR- odds ratio, Cl- confidence interval, NA- not available
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at least 48 or 72 hours, and most of the cases were
non-critically ill hospitalized patients. The presence of
renal impairment was an exclusion criterion in most
of the studies, but the exact criteria differed with each
study.”"3'® The definition of nephrotoxicity was sim-
ilar among the studies, which was an increase in se-
rum creatinine by 0.5 mg/dL or = 1.5 times baseline.

The possible association between the combina-
tion therapy and AKI was also evaluated in critically
ill patients in a retrospective, single center study. 6 A
total of 122 critically ill patients without baseline renal
dysfunction who received at least 48 hours of com-
bination therapy with vancomycin and piperacillin-ta-
zobactam (49 patients) or vancomycin and cefepime
(73 patients) were included in this study. There was
no statistically significant difference in the incidence
of AKI between patients given vancomycin in combi-
nation with piperacillin-tazobactam and those given
vancomycin with cefepime.’® Secondary outcomes,
including the length of stay in the intensive care unit,
the length of hospital stay, AKI duration, and the need
for renal replacement therapy, did not differ according
the choice of B-lactam antibiotic combined with van-
comycin.'® Patients who were receiving renal replace-
ment therapy at the initiation of the antibiotic therapy,

Figure Meta-analysis of the published studies

who had an estimated creatinine clearance of less
than 60 ml/minute according to the Cockcroft- Gault
equation at hospital admission or at the initiation of
antibiotics, and who had structural kidney disease
were excluded from the study. Therefore, the poten-
tial nephrotoxicity of these combinations remains to
be evaluated in critically ill patients with all degrees of
stable renal function in prospective studies.

There is only one prospective study evaluating
the risk of AKI in adult patients receiving the combina-
tion of piperacillin-tazobactam and vancomycin ver-
sus the combination of cefepime or meropenem and
vancomycin for greater than 72 hours." Eighty-five
patients in a single center receiving either antimicrobi-
al combination were evaluated for AKI. The incidence
of AKI was significantly higher in the piperacillin-ta-
zobactam and vancomycin group (37.3%) compared
with the cefepime or meropenem and vancomycin
group (7.7%; x? = 7.80, P = 0.005).""

REASULT OF META-ANALYSIS

The seven studies discussed above investigat-
ing the possible association between the combination
therapy with vancomycin and piperacillin-tazobactam
and higher rates of AKI were included in a meta-anal-
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Abx- antibiotic, AKI- acute kidney injury, Cl- confidence interval, PTZ- piperacillin-tazobactam
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ysis; the primary outcome was incidence of AKI (Fig-
ure). Although the studies were heterogeneous, the
odds ratio for developing AKI with combination thera-
py with vancomycin and piperacillin-tazobactam was
3.00 (95% CI 1.89 to 4.79, 1% 35.72%, with 95% CI
0.0-85.79%) in the meta-analysis.

MECHANISMS FOR NEPHROTOXICITY ASSOCI-
ATED WITH VANCOMYCIN AND PIPERACILLIN=TA=
ZOBACTAM COMBINATION

The underlying mechanisms for increased
AKI rates with the concurrent use of vancomycin and
piperacillin-tazobactam are unclear. Vancomycin’s
nephrotoxic potential may be increased when it is
combined with piperacillin- tazobactam similar to the
addition of aminoglycosides to vancomycin. It has
been previously shown that vancomycin combined
with an aminoglycoside could be four times as neph-
rotoxic as vancomycin alone. '® Animal and human
studies suggest that vancomycin-induced nephro-
toxicity occurs through destruction of glomeruli and
accumulation of the drug in the proximal renal tubule
leading to cellular necrosis via different mechanisms,
including increased production of reactive oxygen
species causing oxidative stress and complement
mediated inflammation.3 1920 Semi-synthetic penicil-
lins, including piperacillin/tazobactam, may cause AKI
through AIN mediated mechanism. The nephrotoxic-
ity mechanisms for these antibiotics, i.e., interstitial
nephritis and direct cellular necrosis, may accelerate
or potentiate one another, but more studies are need-
ed to evaluate this possible interaction. 121

CONCLUSIONS

Several studies suggest an increased risk of
AKI with concurrent use of vancomycin and pipera-
cillin/tazobactam. The research studies investigating
this association have significant limitations. New pro-
spective, randomized studies with larger sample sizes
across multiple centers, controlling for potential con-
founding factors, are needed to validate this associa-

tion. Until clear evidence becomes available, health-
care professionals should use caution before starting
vancomycin- piperacillin/tazobactam combination as
an empiric antibiotic therapy. All patients should be
evaluated individually for the potential source of in-
fection, comorbidities associated with a higher risk
of AKI development, including the presence of DM,
sepsis or preexisting renal disease, older age, being
in a non-critical care or critical care unit, and concom-
itant use of nephrotoxic drugs. Early signs of renal
impairment like oliguria, renal function, and vanco-
mycin trough levels should be monitored in patients
receiving this combination. The use of concomitant
nephrotoxic agents should also be avoided if possible
to reduce additive toxicities.
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