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Abstract

Background There are conflicting findings regarding the risk of acute kidney injury (AKI) and mortality with
vancomycin/piperacillin-tazobactam combination (VPT) and vancomycin/meropenem (VM). The aim of this meta-
analysis was to compare the risk of AKl and mortality between VPT and VM.

Methods Observational studies reporting the incidence of AKI and mortality in patients receiving VPT or VM
between January 2017 and September 2024 were retrieved from PubMed, the Cochrane Library, and Web of Science.
The primary outcome of the analysis was the risk of AKI, and the secondary outcomes were the mortality rate, need
for renal replacement therapy (RRT), and hospital length of stay (LOS). This meta-analysis was conducted using a
random-effects model to estimate the odds ratios (OR) and 95% confidence intervals (Cl) for AKI, mortality, and RRT or
mean difference and 95% Cl for the LOS.

Results Seventeen studies involving a total of 80,595 patients were included in the analysis. The odds of developing
AKl were higher among patients who received the VPT versus those who received the VM combination (OR=2.02;
95%Cl 1.56-2.62). There were no differences between VPT and VM in the mortality and hospital length of stay;
however, the odds of requiring RRT were higher among VPT group versus VM group (OR=1.55; 95%Cl 1.23-1.96).

Conclusion The findings suggest that the use of VPT is associated with a higher risk of AKI compared to VM and
highlight the need for cautious antibiotic selection and monitoring of renal function in patients receiving these
combinations.
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Introduction

Acute kidney injury (AKI) is a medical condition that
is marked by an abrupt and pronounced decline in kid-
ney function. The incidence of AKI can reach up to 22%
in hospitalized patients, with a mortality rate of 11%
[1]. Many risk factors have been linked to AKI, includ-
ing age, race, elevated baseline serum creatinine (SCr)
level, and medications [2]. Vancomycin is an antimicro-
bial agent used in hospitalized patients to treat gram-
positive bacterial infections, such as methicillin-resistant
staphylococcus aureus (MRSA) [3]. Vancomycin-induced
AKI is a significant adverse effect that can be developed
in patients treated with vancomycin. Patients who are
receiving high doses of vancomycin, have high sever-
ity of illness, or are on concomitant nephrotoxic agents,
including antimicrobial agents are at high risk of devel-
oping vancomycin-induced AKI [3].

Broad-spectrum antimicrobial agents that target Pseu-
domonas aeruginosa are commonly combined with
vancomycin for empirical coverage in patients with sus-
pected sepsis or nosocomial infections. Several observa-
tional studies have reported that the use of vancomycin/
piperacillin-tazobactam combination (VPT) can increase
the risk of AKI compared to vancomycin alone or an
alternative beta-lactam agent, such as meropenem or
cefepime. This has caused many clinicians to become
hesitant to use VPT, and use an alternative agent instead
to minimize the risk of AKI [4, 5].

Despite the lack of randomized controlled trials com-
paring the risk of AKI between VPT and vancomycin
with meropenem (VM), recent observational studies
have reported conflicting findings regarding which com-
bination poses higher risk of developing AKI [6-22].
Therefore, the aim of this meta-analysis was to compare
the risk of AKI between VPT and VM.

Materials and methods

Data source and search strategy

Observational studies reporting the incidence of AKI in
patients receiving VPT or VM between January 2017 and
April 2024 were retrieved from PubMed, the Cochrane
Library, and Web of Science. The following terms were
used in our search strategy: vancomycin, piperacillin,
piperacillin/tazobactam, meropenem, beta-lactams, and
acute kidney injury. Additionally, we reviewed the refer-
ences of other systematic reviews and meta-analyses to
identify any pertinent studies. The comprehensive search
strategy used is available in Supplementary Material
(Table S2).

Study selection, data extraction, and risk of bias
assessment

Observational studies comparing the occurrence of AKI
in adult patients (>18 years) treated with VPT or VM for
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a minimum of 48 h were included. Studies unavailable
in full-text, including abstracts, were excluded. We also
excluded animal studies, pediatric studies, and studies
that did not compare VPT with VM or compared VPT to
vancomycin with meropenem or cefepime as one group.
All studies were reviewed for eligibility, and data extrac-
tion was performed by two authors (AMA and AA),
with confirmation by a third author (LA). The primary
outcome of the analysis was the risk of AKI, and the sec-
ondary outcomes were the mortality rate, need for renal
replacement therapy (RRT), and hospital length of stay
(LOS). In addition to these outcomes, the author’s name,
year of publication, country, study design, inpatient set-
ting, sample size, intervention, comparator, and AKI defi-
nition were extracted for each study. The methodological
quality of each study was assessed using the Newcastle-
Ottawa Scale (NOS) by two independent investigators
(AMA and AA) [23].

Statistical analysis

This meta-analysis was conducted using a random-effects
model using inverse variance method to estimate the
odds ratios (OR) and 95% confidence intervals (CI) for
the risk of AKI, mortality, and RRT between VPT and
VM. The model was also used to report the mean dif-
ference in hospital LOS between the two groups. The
model utilized restricted maximum-likelihood estimator
for heterogeneity between the trials which was reported
using the I? test with 95% confidence interval. I* values
of 25-50%, 50-75%, and >75% where used to indicate
low, moderate, and high heterogeneity, respectively [24,
25]. Also, we estimated the prediction interval to fur-
ther explore the heterogeneity [26]. Subgroup analyses
were performed based on clinical setting, mortality defi-
nitions, and AKI severity. Moderate AKI was defined
according to the following criteria: RIFLE Injury, KDIGO
Stage II, and AKIN Injury, while RIFLE Failure, KDIGO
Stage III, and AKIN Failure were classified as severe AKI
in the subgroup. All statistical analyses were performed
using the R language version 4.0.4. Publication bias was
assessed via visual inspection of the funnel plot, Egger’s
test (for 210 studies) (Figure S1), and the Duval and
Tweedie Trim-and-Fill method (Figure S2) [27]. This sys-
tematic review and meta-analysis was reported according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) reporting guideline [28].

Results

Study characteristics

The search yielded a total of 662 observational studies.
However, 645 studies were excluded because they did
not align with the inclusion criteria for this meta-analysis
based on the population, interventions of interest, and
measured outcomes (Fig. 1). Seventeen studies involving
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Records removed before screening due to
duplication = 436

Records excluded based on title and
abstracts = 130

Reasons for exclusion based on full article screening:

. Compared to cefepime alone (n=9)

Reviews (n=17)

Pediatric patients (n=34)

Non-human (n=6)

Different study design (case reports) (n=1)

Receiving either carbapenem and vancomycin or PT-
vancomycin for at least 2 weeks in outpatient setting
(n=1)

Compared to vancomycin alone (n=4)
Compared to vancomycin, meropenem, and cefepime

Fig. 1 Flow diagram for selection of studies for the meta-analysis

a total of 80,595 patients were included in the analysis
[6-22]. The sample size in each study ranged between
76 and 61,529 patients. The majority of the studies were
retrospective, with only one being prospective. Seven
studies were conducted including patients from both
critical (ICU) and non-critical care (non-ICU) settings,
four included patients from ICU settings only, and six
included patients from non-ICU settings only. To identify
AKI events in the sixteen studies, nine used the Kidney
Disease Improving Global Outcomes (KDIGO) guide-
lines [29], three used the Acute Kidney Injury Network
(AKIN) criteria [30], four used the RIFLE criteria devel-
oped by the Acute Dialysis Quality Initiative group [31],
and only two used study specific prespecified criteria (an
increase of serum creatinine (Scr) by at least 0.5 mg/dL
or 50% from baseline (Table 1). The quality assessment
NOS score for all included studies was 7-9 (Table S3).
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Outcomes from the comparison between VPT and VM
combinations

AKI

Overall analysis The pooled analysis of data from the 17
studies comparing the risk of AKI between VPT and VM
combinations indicated that the odds of developing AKI
were higher among patients who received the VPT ver-
sus those who received the VM combination (OR=2.02;
95%CI 1.56-2.62; 1=72% (95%CI 54.9%, 82.9%), predic-
tion interval (0.79, 5.16) (Fig. 2).

Subgroup analysis based on the clinical settings

When the data from the studies was analyzed in accor-
dance with the clinical settings, critical care patients who
received the VPT combination had higher odds of AKI
than those who received the VM combination (OR=1.62;
95%CI 1.12-2.35; I=79% (95%CI 44.4%, 92.2%), predic-
tion interval (0.31, 8.47). Moreover, patients in non-ICU
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Table 1 Summary of studies that were included in the systematic review and meta-analysis
First author Year Country Type AKI Setting Sample Incidence of AKI p-value
Definition Size VPT VM
Alyami 2017 USA Retrospective  KDIGO ICU & 183 8/108 4/75 0.400
Cohort Non-ICU (7.4%) (5.3%)
Balcl 2018 Turkey Retrospective  AKIN Non-ICU 132 26/63 7/69 <0.001
Cohort (41.3%) (10.1%)
Cannon 2018 USA Retrospective 0.5 mg/dL ICU & 366 74/292 8/74 0.008
Cohort increase in SCr  Non-ICU (25.3%) (9.5%)
or >50% from
baseline
Robertson 2018 USA Retrospective 0.5 mg/dL Non-ICU 169 14/85 3/84 0.009
Cohort increase in SCr (16.5%) (3.6%)
or >50% from
baseline
Mullins 2018 USA Prospective  AKIN Non-ICU 141 28/94 7/49 <0.001
Cohort (29.8%) (14.3%)
Blevins 2019 USA Retrospective  KDIGO ICU 758 144/366 92/392 <0.0001
Cohort (39.3%) (23.5%)
Ide 2019 Japan Retrospective  KDIGO Non-ICU 76 9/27 4/49 0.015
Cohort (33.3%) (8.2%)
Kang 2019 South Korea  Retrospective  KDIGO ICU 157 39/74 23/83 <0.0001
Cohort (52.7%) (27.7%)
Rutter 2019 USA Retrospective RIFLE Non-ICU 10,236 2713/9898 52/338 <0.001
Cohort (27.4%) (15.4%)
Schreier 2019 USA Retrospective  AKIN ICU 1926 601/1540 135/386 049
Cohort (39.0%) (34.9%)
Aslan 2021 Turkey Retrospective  RIFLE ICU & 100 20/50 13/50 0.028
Cohort Non-ICU (40.0%) (26.0%)
Lee 2021 USA Retrospective  KDIGO ICU& 61,529  6939/56,396 465/5133  <0.0001
Cohort Non-ICU (12.3%) (9.1%)
Liu 2021 China Retrospective  KDIGO ICU & 526 12/79 27/447 0.004
Cohort Non-ICU (15.2%) (6.0%)
Rungkitwattanakul 2021 USA Retrospective  KDIGO Non-ICU 141 16/74 5/67 0.002
Cohort (21.6%) (7.4%)
Tookhi 2021 Saudi Arabia  Retrospective  KDIGO ICU & 158 8/77 17/81 0.07
Cohort Non-ICU (10.3%) (20.9%)
Chen 2023 USA Retrospective  KDIGO ICU 3648 334/1824 274/1824 0.007
Cohort (18.3%) (15.0%)
Wu 2024 Retrospective  RIFLE ICU & 349 36/154 21/195 0.002
Cohort Non-ICU (23.4%) (10.8%)

Abbreviations: AKI: Acute Kidney Injury; KDIGO: Kidney Disease: Improving Global Outcomes; SCr: Serum Creatinine; RIFLE: Risk, Injury, Failure, Loss of kidney
function, and End-stage kidney disease; AKIN: Acute Kidney Injury Network; ICU: Intensive Care Unit; VPT: vancomycin and piperacillin/tazobactam; VM: vancomycin

and meropenem

settings who received the VPT combination had higher
odds of AKI compared to those who received the VM
combination (OR=3.33; 95%CI 1.95-5.69; I*=50%
(95%CI 0.0%, 81.7%), prediction interval (0.68, 16.35).
The combined results of 9 studies conducted in both ICU
and non-ICU settings revealed that the odds of develop-
ing AKI were also higher among patients who received
the VPT combination (OR=1.81; 95%CI 1.20-2.72;
12=64% (95%CI 21.9%, 83.0%), prediction interval (0.54,
6.03)) (Figures S3).

Subgroup analysis based on the AKI Severity
The pooled analysis of studies reporting moderate AKI
found no statistically significant association between

VPT combination and moderate AKI when compared to
VM combination (OR=1.46; 95%CI 0.96-2.24; *°=69%
(95%CI 37.8%, 84.5%), prediction interval (0.44, 4.86))
(Figure S4). However, there was a statistically significant
association between VPT combination and severe AKI
when compared to VM combination (OR=2.04; 95%CI
1.27-3.27; 1?°=39% (95%CI 0.0%, 72.1%), prediction inter-
val (0.44, 4.86) (Figure S4).

Mortality

Overall analysis

The pooled analysis of 8 studies that reported mortality
indicated no difference in the odds of mortality between
the VPT and VM combinations (OR=0.81; 95%CI
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Experimental Control
Study Events Total Events Total
Alyami 2017 8 108 4 75
Rutter 2019 2713 9898 52 338
Blevins 2019 144 366 92 392
Robertson 2018 14 85 3 84
Balci 2018 26 63 7 69
Mullins 2018 28 94 7 47
Kang 2019 39 74 23 83
Cannon 2018 74 292 8 74
Schreier 2019 601 1540 135 386
Ide 2019 9 27 4 49
Tookhi 2021 8 [ 17 81
Rungkitwattanakul, 2021 16 74 5 67
Chen 2023 334 1824 274 1824
Liu 2021 12 79 27 447
Lee 2021 6936 56396 465 5133
Aslan 2021 20 50 13 50
Wu 2024 36 154 21 195
Random effects model 71201 9394
Prediction interval
Heterogeneity: 1> = 72%, <° = 0.1756, p < 0.01

Page 5 of 10

Odds Ratio OR  95%-Cl Weight
—t—— 142 [0.41; 490] 3.0%
— 208 [154; 2.80] 8.8%
— 212 [155,290] 8.7%
——=—— 532 [147,1928] 29%
i —%— 622 [246;1575] 4.4%
—— 242 [097; 6.06] 4.4%
- 291 [150; 564] 6.0%
e 280 [1.28; 6.11] 52%
= 119 [0.94; 150] 9.2%
——=—— 562 [154,2061] 28%
—— 044 [0.18; 1.08] 4.5%
—=—— 342 [118,993] 3.7%
127 [1.06; 151 95%
—— 279 [1.35, 5771 56%
141 [1.28; 155] 9.8%
4o 190 [0.81; 443] 48%
- 253 [141; 455] 6.6%
<> 2.02 [1.56; 2.62] 100.0%
| p— [0.79; 5.16]
01 051 2 10
VM VPT

Fig. 2 Risk of acute kidney injury (AKI) in vancomycin/piperacillin-tazobactam combination (VPT) [Experimental group] versus vancomycin with merope-

nem (VM) [control group]. 1> =72.3% [CI 54.9%; 82.9%)

Experimental Control
Study Events Total Events Total
Rutter 2019 1144 9898 35 338
Blevins 2019 42 366 67 392
Robertson 2018 1 85 0 84
Kang 2019 9 74 9 83
Schreier 2019 34 604 13 117
Tookhi 2021 18 77 32 81
Chen 2023 270 1824 245 1824
Aslan 2021 3 50 4 50
Random effects model 12978 2969

Prediction interval
Heterogeneity: 12 = 57%, t° = 0.1019, p = 0.02
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Fig. 3 Risk of mortality in vancomycin/piperacillin-tazobactam combination (VPT) [Experimental group] versus vancomycin with meropenem (VM)

[control group]. I?=57.5% [Cl 6.6%; 80.6%)

0.59-1.12; *=57% (95%CI 6.6%, 80.6%), prediction inter-
val (0.34, 1.96)) (Fig. 3).

Subgroup analysis based on the clinical settings

In the analysis of data from the studies based on the
clinical settings, the results showed non-statistically sig-
nificant difference in the odds of mortality among ICU

patients (OR=0.80; 95% CI 0.52-1.22; 1?=72% (95%CI
21.6%, 90.2%), prediction interval (0.14, 4.58), or non-
ICU patients (OR=1.14; 95% CI 0.80-1.63; I°=0%) who
received the VPT compared to those who received VM
combinations (Figure S5). However, the results from two
studies including patients from ICU and non-ICU set-
tings indicated a 50% lower odd among patients who
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received VM than those who received VPT (OR=0.50;
95%CI 0.27-0.95; ’=0%) (Figure S5).

Subgroup analysis based on the mortality definition

The pooled analysis based on morality definitions
revealed no statistically significant difference in the odds
of mortality between the VPT and VM combinations,
with OR=0.86; 95% CI 0.59-1.26; I*=66% (95%CI 11.5%,
87.0%), prediction interval (0.25, 2.92) for inpatient mor-
tality, and OR=1.00; 95% CI 0.44—2.3; I*=0% for 30-days
mortality. Only one trial reported 90-days mortality,
which indicated a statistically significant reduction in the
risks of mortality in the VPT group over the VM group
(OR=0.48; 95% CI 0.24-0.93) (Figure S6).

RRT

Overall analysis

The pooled analysis of five studies that reported the need
for RRT indicated that the odds of requiring RRT were
higher among patients who received VPT versus those
who received VM (OR=1.55; 95%CI 1.23-1.96; I*=0.0%
(95%CI 0.0%, 79.2%), Prediction interval (1.07, 2.26)
(Fig. 4).

Subgroup analysis based on the clinical settings

The combined results of three studies conducted among
critical care patients indicated 48% higher odds of RRT
requirements among those who received VPT than those
who received VM (OR=1.48; 95%CI 1.07-2.04; I>=0%
(95%CI 0.0%, 89.6%), Prediction interval (0.11, 19.30). A
single study was conducted including patients from non-
ICU settings (OR=3.63; 95%CI 0.18-71.82), and another
one conducted including patients from both ICU and
non-ICU settings (OR=3.49; 95%CI 0.82-14.9) showed
non-significant difference between the VPT and VM
combinations (Figure S7).

Experimental Control
Study Events Total Events Total
Blevins 2019 4 366 6 392
Schreier 2019 7 604 1 117
Mullins 2018 3 94 0 47
Liu 2021 3 79 5 447
Chen 2023 180 1824 120 1824
Random effects model 2967 2827

Prediction interval
Heterogeneity: 12=0%, 1* =0, p =0.56
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Hospital length of stay (LOS)

The mean difference (MD) in the length of hospital stay
was not statistically different for patients who received
the VPT compared to those who received the VM com-
bination (MD = -0.06 days, 95%CI -0.72—0.60, I*=62.5%
(95%CI 19.3%, 82.6%), Prediction interval (-1.76, 1.64)
(Fig. 5).

Publication bias analysis

The presence of publication bias was evaluated using
Egger’s test, which indicated significant asymmetry in
the funnel plot for AKI studies (p-value=0.0086) (Figure
S1). This result suggests potential small study bias within
the included studies. To address publication bias, the
Duval and Tweedie Trim-and-Fill method was applied
(Figure S2). This method imputed six additional studies
to account for potential missing data due to publication
bias. After adjusting for these imputed studies, the cor-
rected OR for AKI among patients who received the VPT
versus those who received the VM combination was 1.54
(95% CI: 1.12-2.11), which is slightly lower than the ini-
tial estimate but remains statistically significant (Table
S4).

Discussion
In this systematic review and meta-analysis, we evalu-
ated the risk of AKI and mortality associated with the
concomitant use of vancomycin with either piperacil-
lin/tazobactam (VPT) or meropenem (VM) in a mixed
population of critically and non-critically ill patients. A
total of 17 studies met the inclusion criteria, providing a
total sample size of 80,663 patients. The majority of the
included studies were retrospective, with only one being
prospective.

Our findings regarding the association between the
VPT use and AKI has been previously explored in meta-
analysis, which found a greater risk of nephrotoxicity

Odds Ratio OR  95%-Cl Weight
—— 0.71 [0.20; 254] 3.3%
— 136 [0.17;11.16]  1.2%
: 363 [0.18;71.82] 0.6%
H—— 3.49 [0.82;14.90] 2.5%
155 [122; 198] 92.4%
& 1.55 [1.23; 1.96] 100.0%

. [1.07; 2.26]

[ | | |

01 0512 10
VM VPT

Fig. 4 Renal replacement therapy in vancomycin/piperacillin-tazobactam combination (VPT) [Experimental group] versus vancomycin with merope-

nem (VM) [control group]. 12=0.0% [Cl 0.0%; 79.2%)]
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Experimental Control
Study Total Mean SD Total Mean SD Mean Difference MD 95%-Cl Weight
Rutter 2019 9898 11.00 9.6380 338 10.00 6.7000 j 1.00 [ 0.26; 1.74] 222%
Blevins 2019 366 10.67 8.1868 392 11.25 8.7400 -0.58 [-1.79; 0.62] 15.2%
Kang 2019 74 20.50 345000 83 32.00 45.0000 —+—7 -11.50 [-23.97; 097] 0.3%
Tookhi 2021 77 2350 249260 81 27.50 26.0400 I -400 [-11.95; 395] 0.7%
Robertson 2018 85 6.15 37900 84 733 46500 = -1.18 [-246; 0.10] 14.3%
Liu 2021 79 13.00 3.0200 447 13.00 2.9700 y 0.00 [-0.72; 0.72]) 225%
Chen 2023 1824 11.10 9.2000 1824 11.10 9.2000 0.00 [-0.60; 0.60] 246%
Aslan 2021 50 26.00 42.7500 104 14.33 17.2900 T+ 1167 [-064;2398] 0.3%

Random effects model 12453
Prediction interval
Heterogeneity: 12 = 63%, 2 = 0.3702, p <001
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Fig. 5 Hospital length of stay in vancomycin/piperacillin-tazobactam combination (VPT) [Experimental group] versus vancomycin with meropenem

(VM) [control group]. I>=62.5% [19.3%; 82.6%)]

with VPT [32]. The overall incidence of AKI in patients
receiving VPT varied widely, ranging between 7.4% and
40% [6, 15], which could be attributed to differences
in the definitions of AKI across studies. Our analysis
revealed a 100% higher risk of developing AKI in patients
receiving VPT combination compared to those receiv-
ing VM combination, in both ICU and non-ICU settings.
This finding aligns with existing data showing increased
creatinine levels associated with VPT use.

It is important to note that while serum creatinine
was predominantly used as a surrogate marker for kid-
ney function and nephrotoxicity, this can be misleading
[33]. VPT has been shown to increase serum creatinine
concentration by competitively inhibiting tubular secre-
tion of creatinine without necessary affecting glomeru-
lar filtration rate (GFR) [34]. This phenomenon supports
the notion that some of the AKI reported in these stud-
ies might reflect pseudo-nephrotoxicity, rather than true
nephron damage.

The exact mechanism of nephrotoxicity associated with
the use of VPT remains poorly defined. Prospective clini-
cal studies and data from animal studies that looked at
other biomarkers such as cystatin-C found that piperacil-
lin-tazobactam had a nephroprotective effect [34—38].
In one study, a decline in eGFR was observed among
rats treated with vancomycin alone but not those who
received VPT [36].

Identifying risk factors for AKI is essential in clinical
practice. However, it remains challenging due to compet-
ing etiologies and the lack of accurate diagnostic tools
[39]. Studies have shown that older age, chronic kidney
disease, and the use of other nephrotoxic drugs such as
non-steroidal anti-inflammatory drugs, vancomycin and
piperacillin/tazobactam increased the susceptibility to
drug induced AKI [40]. In a large pharmacoepidemiologic
study investigating nephrotoxic drugs in ICU patients
highlighted that confounding due to the presence of

multiple nephrotoxic drugs, complicated the association
between specific drug groups and AKI. This emphasizes
the need for more comprehensive adjustment for con-
founding factors in AKI risk assessments in critically ill
populations [41]. Understanding these risk factors allows
for targeted preventative strategies, such as optimizing
fluid management and intravenous magnesium sulfate,
which can mitigate the risk of AKI high risk critically ill
patients [42].

Our analysis did not show a significant difference in
mortality between patients who received the VPT or
VM combinations. The pooled analysis of eight studies
reporting mortality outcomes demonstrated comparable
odds of mortality in both groups. This suggests that while
VPT may increase AKI incidence, it does not translate
to higher mortality risk. These findings are supported by
earlier studies showing that AKI associated with VPT is
not always linked to increased mortality in critically ill
patients [6, 32]. However, heterogenicity in the duration
for the mortality outcomes, such as in-patient, 30-day,
90-day mortality, may have influenced these findings.
Subgroup analysis based on clinical settings further indi-
cated no significant difference in mortality between VPT
and VM in both ICU and non-ICU populations. How-
ever, when combining ICU and non-ICU settings, we
observed 50% lower odds of mortality among patients
receiving VM compared to VPT, suggesting that VM may
confer a mortality benefit in broader clinical settings.
This outcome could be influenced by variations in patient
severity, comorbidities, or antibiotic pharmacodynamics,
which warrant further exploration in further studies.

The requirement for renal replacement therapy (RRT)
was significantly higher among patients receiving VPT
treatment. However, evidence from studies conducted
in non-ICU settings or both ICU and non-ICU settings
did not show a statistically significant difference in RRT
requirements between the VPT and VM combinations.
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Nevertheless, the need for RRT was only evaluated in five
studies in this meta-analysis. These results echo those of
a previous meta-analysis [32]. This challenges the notion
that piperacillin-tazobactam is a pseudo-nephrotoxin
that increases creatinine without affecting the glomerular
function filtration rate [20], indicating the possibility of
true nephrotoxicity in certain patient populations.

We also assessed the length of hospital stay as another
outcome measure, but our analysis did not find any dif-
ference in the length of hospital stay between VPT and
VM groups. This suggests that antibiotic choice may not
significantly impact the duration of hospitalization.

Our study has some limitations that need to be
addressed in future studies. The included studies were
predominantly retrospective, which may introduce
potential biases, including publication bias. While the
Duval and Tweedie Trim-and-Fill method was applied
mitigate the issue, it could not fully eliminate the influ-
ence of small study bias. The interplay between drug
exposure and underlying conditions such as chronic dis-
eases and hemodynamic instability, may serve as indi-
cations or contraindications to the drugs themselves,
creating potential confounding. It was not reported in
the included studies, but concurrent use of nephrotoxic
drugs such as non-steroidal anti-inflammatory drugs,
proton-pump-inhibitors, and diuretics could act as con-
founders, complicating the interpretation of our findings.
Additionally, the heterogeneity in study design, patient
populations, and outcome definitions across the studies,
which could influence the pooled results. The substantial
heterogeneity reported as I? in the overall AKI (72%) was
analyzed utilizing subgroup analysis in the clinical con-
text, which lowered I to 50% in non-ICU settings and
64% in both ICU and non-ICU settings. However, only
three studies in the ICU subgroup were included, with a
high heterogeneity level of 1’=79% and a broad predic-
tion interval for the point estimate, indicating that about
two-thirds of the studies may demonstrate a greater inci-
dence of AKI in the VPT group. Furthermore, subgroup
analysis based on the AKI severity reduced heterogeneity
to 12=69% with prediction interval (0.44—4.86), indicat-
ing a higher proportion of studies that estimate a higher
risk of moderate AKI in the VPT group. The heterogene-
ity was similarly reduced to 1*=39% for severe AKI sub-
group with prediction interval (0.66—6.30) demonstrating
a greater proportion of studies estimating a higher risk of
the severe AKI in VPT group. Nevertheless, the method-
ological quality of the included studies (NOS scores 7-9)
supports the overall validity of our conclusions.

Conclusions

In conclusion, our findings suggest that VPT use is asso-
ciated with a higher risk of AKI compared to VM. though
no significant difference was observed in mortality or
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length of hospital stay between the two regimens. These
results highlight the need for cautious antibiotic selection
and monitoring of renal function in critically ill patients
receiving these combinations. Further research, includ-
ing well-designed prospective studies, is warranted to
confirm these findings and clarify the underlying mecha-
nisms contributing to the observed associations.
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