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Rationale & Objective: Cilastatin is an inhibitor of
drug metabolism in the proximal tubule that dem-
onstrates nephroprotective effects in animals. It
has been used in humans in combination with the
antibiotic imipenem to block imipenem’s renal
metabolism. This systematic review and meta-
analysis evaluated the nephroprotective effects of
cilastatin in humans.

Study Design: Systematic review and meta-analysis
of observational (comparative effectiveness) studies
or randomized clinical trials (RCTs).

Setting & Study Populations: People of any age
at risk of acute kidney injury (AKI).

Selection Criteria for Studies: We systematically
searched MEDLINE, Embase, Web of Science,
and the Cochrane Controlled Trials registry from
database inception to November 2023 for obser-
vational studies or RCTs that compared kidney
outcomes among groups treated with cilastatin,
either alone or as combination imipenem-cilastatin,
versus an inactive or active control group not
treated with cilastatin.

Data Extraction: Two reviewers independently
evaluated studies for inclusion and risk of bias.

Analytical Approach: Treatment effects were
estimated using random-effects models, and
heterogeneity was quantified using the I 2 statistic.

Results: We identified 10 studies (5 RCTs,
n = 531 patients; 5 observational studies, n = 6,321
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participants) that met the inclusion criteria, including
4 studies with comparisons to inactive controls
and 6 studies with comparisons to alternate anti-
biotics. Based on pooled results from 7 studies,
the risk of AKI was lower with imipenem-cilastatin
(risk ratio [RR], 0.52; 95% confidence intervals
[CI], 0.40-0.67; I 2 = 26.5%), with consistent results
observed in RCTs (3 RCTs, RR, 0.26; 95% CI,
0.09-0.77; I 2 = 44.4%) and observational studies
(4 studies, RR, 0.54; 95% CI, 0.41-0.72;
I 2 = 44.4%). Based on results from 6 studies,
serum creatinine concentration was lower
following treatment with imipenem-cilastatin than
comparators (weighted mean difference in serum
creatinine −0.14 mg/dL (95% CI, −0.21 to −0.07;
I 2 = 0%). The overall certainty of the evidence was
low due to heterogeneity of the results, high risk
of bias, and indirectness among the identified
studies.

Limitations: Clinical and statistical heterogeneity
could not be fully explained due to a limited number
of studies.

Conclusions: Patients treated with imipenem-
cilastatin developed AKI less frequently and had
lower serum creatinine concentration following
treatment than control groups or those who had
received comparator antibiotics. Larger clinical
trials with less risk of detection bias due to lack
of allocation concealment and blinding are
needed to establish the efficacy of cilastatin for
AKI prevention.
Acute kidney injury (AKI) refers to a reduction in kid-
ney function based on serum creatinine changes

observed within 48 hours to 7 days or reduced urine
output for ≥6 hours.1 AKI is associated with increased
mortality and the development of chronic conditions such
as hypertension, cardiovascular disease, and chronic kid-
ney disease (CKD). Complications from AKI result in
higher health care costs and can also lead to reduced
quality of life for affected individuals.2-6

Several types of medications have the potential to
induce kidney tubular injury, thereby increasing the risks
of acute and CKD.7,8 Nephrotoxic AKI is most often caused
by chemotherapeutic agents, antibiotics, calcineurin in-
hibitors, and radiocontrast dyes.7,9,10 Hospitalized patients
often receive these medications in the setting of acute
illness, such as infection or at the time of procedures such
as surgery or vascular procedures.11,12 This places them at
further risk of AKI, occurring in up to 25% of exposed
patients, particularly among those with other health con-
ditions. Effective strategies for preventing AKI are needed
to improve patient outcomes, reduce health care costs, and
enhance quality of life.

Cilastatin was initially developed in the 1980s to reduce
the renal metabolism of imipenem, a broad-spectrum
antibiotic prescribed for severe systemic infections.13-15

Many animal studies have demonstrated the neph-
roprotective effects of cilastatin, particularly following
exposure to nephrotoxic drugs.16-18 Specifically, cilastatin
has been shown to reduce the risk of kidney injury in rats
following treatment with cyclosporin, imipenem,
cisplatin, vancomycin, gentamycin, and radiocontrast
dye.18-21 Studies have also shown that cilastatin lowers the
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PLAIN-LANGUAGE SUMMARY
Cilastatin, used with the antibiotic imipenem, has
shown kidney-protective effects in animals and pre-
clinical studies of acute kidney injury (AKI). This sys-
tematic review and meta-analysis identified 10 studies
(5 randomized controlled trials and 5 observational
studies) of imipenem-cilastatin involving people at risk
of AKI. Pooled estimates of treatment effects indicated
that patients who received imipenem-cilastatin had a
lower incidence of AKI and lower serum creatinine
concentrations following treatment compared to
comparator groups. Despite these promising findings,
the overall certainty of the evidence was low due to
heterogeneity among studies, high risk of bias, and
indirectness of the data. Although cilastatin appears to
be a promising medication for preventing AKI, larger,
well-designed trials are needed to establish its
effectiveness.

Acharya et al
risk of kidney injury in rats undergoing kidney trans-
plantation and in those receiving chemotherapeutic agents,
without reducing the potency of the anticancer effect of
these drugs.18,19,21

The approval of imipenem-cilastatin for clinical use has
enabled several human studies that suggest cilastatin may
protect against drug-induced nephrotoxicity. Studies of
imipenem-cilastatin have been completed in various patient
groups, including those undergoing solid organ trans-
plantation,22-24 bone marrow transplantation,25 cancer
therapy,26 treatment of nosocomial pneumonia,27,28 and
childhood bacterial infections.29 A previous meta-analysis of
studies testing imipenem-cilastatin among organ transplant
recipients receiving cyclosporin reported better kidney
function and lower incidence of acute kidney injury among
patients who received imipenem-cilastatin when compared
with a control group.30 However, in the 16 years since that
review, additional trials and comparative effectiveness
studies have been published, suggesting that an updated
systematic review and meta-analysis is needed to synthesize
the current evidence base.31 In this systematic review and
meta-analysis, we examined the effects of cilastatin on AKI,
kidney function, and subsequent clinical outcomes among
people at risk of kidney injury.

METHODS

We followed a prespecified study protocol that was regis-
tered in the International Prospective Register of Systematic
Reviews (PROSPERO) database (ID: CRD42023488809)32

and adhered to the Preferred Reporting for Systematic Re-
view and Meta-analysis (PRISMA) guidelines.33

Search Strategy

We conducted a comprehensive search using 4 electronic
bibliographic databases: MEDLINE via OVID (from January
2

1946 to November 21, 2023, and updated on May 28,
2024), Embase via OVID (from January 1974 to
November 2023, and updated on May 28, 2024), Web of
Science (from January 1976 to November 22, 2023, and
updated on May 28, 2024), and the Cochrane Controlled
Trials Registry (from January 1996 to November 21,
2023, and updated on May 28, 2024) (Table S1).

We developed the search strategy with the guidance of a
health sciences librarian proficient in systematic search
methodology. We used the following search terms as
Medical Subject Heading terms and keywords combined
with Boolean operators for the bibliographic database
search; Medical Subject Heading terms “Acute kidney
injury,” OR “chronic kidney failure,”; Key heading word/
Text word: “Acute kidney injury” OR “kidney injury” OR
“renal injury” OR “renal insufficiency” OR “ kidney
insufficiency” OR “chronic kidney injury” OR “end-stage
kidney disease” OR “end-stage renal disease” OR “renal
failure” or “kidney failure” OR “end-stage kidney failure”
OR “end-stage renal failure” OR “kidney dysfunction” OR
“nephroprotection” OR “nephrotoxicity” OR “all-cause
mortality” OR “kidney function” OR “Creatinine” or
“Cystatin C” or “glomerular filtration rate,” “urine
output,” “allograft function” OR “proteinuria” or “albu-
minuria” or “kidney biomarkers” AND “Cilastatin” OR
“cilastatin, imipenem drug combination.” We limited the
search to studies in humans and included randomized
controlled trials (RCTs) as well as comparative effective-
ness observational study designs. There were no re-
strictions imposed on age or language of publications. We
excluded publications that were not primary research
studies (eg, editorials, narrative reviews, opinion pieces,
letters, and research protocols, etc). Citations and reference
lists from the included studies were also searched to
identify other potentially relevant studies. The detailed
literature search strategy for each electronic database is
provided in the supplement (Table S1).

Study Selection

Studies were eligible for inclusion if the population
included human participants of any age at risk of AKI,
acute kidney disease, or CKD arising from acute illness (eg,
infection, malignancy), medical or surgical procedures
(eg, transplant), or nephrotoxic exposures. Eligible studies
were those including treatment with cilastatin either alone
or in combination with imipenem and included a
comparator group not treated with cilastatin; this could be
an inactive control group with or without a placebo or ≥1
active comparator groups not receiving cilastatin. Studies
were included if they reported ≥1 outcomes of interest
related to nephrotoxicity including a measure of kidney
function (eg, urine output, serum creatinine, cystatin C,
measured or estimated glomerular filtration rate using any
technique), kidney structure (eg, albuminuria/protein-
uria, abnormal urine sediment, kidney injury biomarkers
including markers of tubular damage such as neutrophil
gelatinase-associated lipocalin, kidney injury molecule-1,
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interleukin-18, kidney imaging, or kidney biopsy fea-
tures), or AKI based on serum creatinine changes or urine
output criteria aligned with the Kidney Disease: Improving
Global Outcomes (KDIGO), Acute Kidney Injury Network
(AKIN), or risk, injury, failure, loss, end-stage kidney
disease (RIFLE) criteria,34 or as defined by the study au-
thors. Additional outcomes of interest included down-
stream clinical outcomes of AKI, including all-cause
mortality, development or progression of CKD, kidney
failure, and cardiovascular events.

Screening

We conducted a 2-staged screening process to assess each
article’s suitability for inclusion in our review. During the
first stage of screening, each article’s title and abstract
were independently reviewed by 2 authors (DA and FG).
If there was uncertainty regarding inclusion based on the
title and abstract alone by either reviewer, the article was
retained for full-text review. Subsequently, a full-text
review of all articles identified from the first stage was
undertaken independently by the same 2 authors. In case
of any disagreements arising among the reviewers at each
screening stage, consensus was sought, and remaining
disagreements were resolved by a third reviewer (MJ). To
effectively organize the identified literature, we used
Endnote 21 reference management software (Clarivate
Analytics).35

Data Extraction

A data extraction template was developed to systematically
compile information from each eligible study. The data
extraction process was distinct based on study design:
RCTs and comparative observational studies. Two authors
(DA and FG) completed the data extraction from all
studies. The specific data elements acquired included the
primary author names, year of publication, geographical
origin, study design, sample size, nature of the study
population, participant age, sex distribution, and the
documented study outcomes and their definitions. We
sought to preferentially use definitions of AKI that aligned
with the KDIGO, AKIN, and RIFLE criteria34 whenever
possible, but used the definition provided by the study
authors if the former were not reported. For studies in
which measures of kidney function were taken at multiple
time points, we used the results from the last time point
reported up to 90 days to define short-term changes and
measurements after 90 days to identify long-term kidney
function from each study.

Risk of Bias Assessment

We assessed the risk of bias of each study using the
Cochrane risk of bias tool for randomized trials (RoB tool
version 2)36 and the JBI critical appraisal tool for obser-
vational studies.37 Each study underwent evaluation and
was categorized into 1 of 3 levels of risk of bias: low,
unclear, or high.
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Statistical Analyses

We quantified the agreement on article eligibility between
reviewers in the first and second stages of article selection
using the kappa (κ) statistic. The decision to perform
meta-analysis was contingent on the availability of ≥2
studies that met our predefined study inclusion criteria for
each outcome and that were considered clinically similar
enough to justify pooling results.

Given expected clinical and statistical heterogeneity
between studies, we estimated pooled dichotomous out-
comes using random-effects models according to the
DerSimonian and Laird method,38 with treatment effects
estimated as risk ratios (RRs) with 95% confidence in-
tervals (CIs). Continuous outcomes were also pooled using
random-effects models incorporating restricted maximum
likelihood weighting to estimate weighted mean differ-
ences with 95% CIs.39 Between-study heterogeneity was
assessed using the I2 statistic. We conducted prespecified
subgroup analyses and meta-regression for each outcome
according to study design (RCT or observational study).
We also performed a subgroup analysis and meta-
regression according to whether studies used an active
comparator antibiotic or used comparison to a control or
placebo group. Publication bias was investigated using
funnel plots and Egger’s test.40,41 The statistical signifi-
cance threshold for all tests was set at P < 0.05. Analyses
were conducted using Stata statistical software, version 17
(Stata Corporation), using the ‘metan’ package.42

Assessment of Certainty of the Evidence

The certainty of evidence was evaluated by 2 authors (DA
and MJ) using the Grading of Recommendations, Assess-
ment, Development and Evaluations (GRADE) approach to
determine whether the overall certainty of the evidence for
the nephroprotective effects of cilastatin in humans was
very low, low, moderate, or high.43
RESULTS

Selection of Studies

The electronic database search yielded 1,065 citations
(1,015 citations retrieved in November 2023 and 50
additional citations retrieved on May 28, 2024). Among
these, 190 citations were identified as duplicates and
removed. In the first stage of screening, 782 articles were
excluded based on their titles and abstracts, resulting in
93 articles selected for full-text review. Of these, 10
studies met the inclusion criteria. There was a high level
of agreement between reviewers in the selection of arti-
cles for inclusion (κ = 0.61). The study selection process
is represented in further detail in the PRISMA flowchart
(Fig 1).44

Study Characteristics

The characteristics of the included studies are reported in
Table 1.22-29,45,46 Of the 10 included studies, 5 were
3



Figure 1. PRISMA flow diagram. KD, kidney disease.
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RCTs23,24,27,28,45 (n = 531 patients), and 5 were observa-
tional comparative effectiveness studies22,25,26,29,46

(n = 6,321 participants). Publication dates ranged from
1994 to 2021, and the number of participants per study
varied from 20 to 5,566. Study populations included
kidney transplant recipients (2 studies),23,24 heart and
lung transplant recipients (1 study),22 bone marrow
transplant recipients (1 study),25 patients treated for
nosocomial infections (2 studies),27,28 heart transplant
recipients (1 study),45 infants with severe bacterial infec-
tion (1 study),29 and patients receiving cisplatin chemo-
therapy for peritoneal carcinomatosis (1 study).26 All
studies tested imipenem-cilastatin as the intervention. The
comparison groups varied across studies, with an inactive
control used in 4 studies (with 1 describing use of a pla-
cebo control)22-26,45 and an active comparator used in the
other 6 studies, including ceftazidime in 2 studies,23,24

meropenem in 2 studies,29,46 piperacillin/tazobactam in
1 study,27 and cefepime in 1 study.28 The volume of
intravenous fluids administered in each treatment arm was
not reported by any of the studies.
4

Outcomes of interest included AKI reported in 7 studies
using varying definitions,24-26,28,29,45,46 short-term
changes in serum creatinine concentration reported in 6
studies with the last time point of measurement ranging
from 5-30 days of follow-up,22,23,25,26,45,46 and all-cause
mortality reported in 5 studies.23,26-29,46 We identified no
studies examining the outcomes of development or pro-
gression of CKD, long-term kidney function, kidney fail-
ure, or cardiovascular events.

Effect of Imipenem-Cilastatin on AKI

Based on results from 7 studies24-26,28,29,45,46 including a
total of 6,301 participants, patients treated with
imipenem-cilastatin had a lower risk of AKI than patients
treated with comparators (pooled RR, 0.52; 95% CI, 0.40-
0.67), with moderate heterogeneity observed between
studies (I2 = 26.5%). Treatment effects of imipenem-
cilastatin on AKI were consistent by study design (meta-
regression P = 0.24); among 3 RCTs the pooled RR was
0.26 (95% CI, 0.09-0.77), I2 = 44.4%, while among 4
observational studies the pooled RR was 0.54 (95% CI,
Kidney Med Vol 6 | Iss 12 | December 2024 | 100913



Table 1. Characteristics of the Included Studies

First Author
(Year), Country Study Design Comparison

Daily Drug Doses (IC
Group)/(Comparator
Group) Study Population

Total No. of
Participants
(IC Group/
Comparator
Group)

Sex M:F, (IC
Group)/
(Comparator
Group)

ge, IC Group/
omparator
roup, Mean
D), y

Follow-up
Duration, d

Outcomes
Reported

Randomized controlled trials
Carmellini
et al23 (1997),
Italy

RCT IC vs
ceftazidime

(500 mg/500 mg
every 8 h)/(1 g every
12 h) before surgery,
for 2 d

Kidney transplant
recipients receiving
cyclosporin

69 (33/36) (15:18)/(15:11) 4.2 (9.7)/43.1
.8)

30 Scra and
mortality

Carmellini
et al24 (1998),
Italy

RCT IC vs
ceftazidime

(500 mg/500 mg
every 8 h)/(2 g/d)
following 2
postoperative days

Kidney transplant
recipients receiving
cyclosporin

16 (8/8) Not specified 5 (5)/42 (4) 14 AKIb

Markewitz
et al45 (1994),
Germany

RCT IC vs
placebo
control

(500 mg/500 mg
every 12 h)
preoperatively
followed by 7
d postoperatively

Heart transplant
patients receiving
cyclosporin

20 (10/10) Not specified 1 (9.3)/5 (9.3) 10 Scrc and AKId

Schmitt et al27
(2006),
Multicountry

RCT IC vs
piperacillin/
tazobactam

(1 g/1 g)/(4 g/
500 mg) every 8 h for
5-21 d

Hospitalized patients
with nosocomial
infection

217 (110/107) (64:47)/(77:33) 5.7 (13.8)/68.4
3.7)

21 Mortality

Zanetti et al28
(2003),
Multicountry

RCT IC vs
cefepime

(2 g/2 g every 8 h)/
(500 mg every 6 h)

Hospitalized patients
with nosocomial
pneumonia

209 (101/108) (67:34)/(72:36) 3 (18)/55 (18) 14 AKIe, mortality

Observational studies
Baghai et al22
(1995), United
States

Observational IC vs control (500 mg/500 mg
every 6 h) for 5 d

Heart and lung
transplant recipients
receiving cyclosporin

20 (10/10) Not specified ot specified 14 Scrf

Gruss et al25
(1996), Spain

Observational IC vs control Dose not reported Bone marrow
transplant recipients
receiving cyclosporin

104 (64/40) Not specified ot specified 30 Scrg and AKIh

Hakeam et al46
(2019), Saudi
Arabia

Observational IC vs
meropenem

0.5 g every 6 h in 109
patients and 1 g every
8 h in 12 patients/1 g
every 8 h in 98
patients and 0.5 every
8 h in 8 patients

Hospitalized patients
being treated for
various infections with
vancomycin

227 (106/121) (62:59)/(63:43) 0.7 (17.4)/50.7
7.4)

7 Scri, AKIj, and
mortality

Hornik et al29
(2014), United
States

Observational IC vs
meropenem

Dose not specified Hospitalized infants
treated with
carbapenem
antibiotics

5566 (2087
/3256)k

Not specified irst 120 d of life 120 AKIl and
mortality

(Continued)
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Table 1 (Cont'd). Characteristics of the Included Studies

First Author
(Year), Country Study Design Comparison

Daily Drug Doses (IC
Group)/(Comparator
Group) Study Population

Total No. of
Participants
(IC Group/
Comparator
Group)

Sex M:F, (IC
Group)/
(Comparator
Group)

ge, IC Group/
omparator
roup, Mean
D), y

Follow-up
Duration, d

Outcomes
Reported

Zaballos et al26
(2021), Spain

Observational IC vs control (500 mg/500 mg
every 8 h)

Patients with
peritoneal
carcinomatosis
receiving surgery and
intraperitoneal
cisplatin; 9.4% in the
IC group versus
53.5% in the control
group received
cotreatment with
doxorubicin

181 (83/98) (5:80)/(7:91) 6.79 (11.42)/
3.22 (10.94)

7 Scrm, AKIn,
and mortality

Notes: All studies included imipenem/cilastatin (IC) in the intervention group.
Abbreviations: IC, imipenem/cilastatin; M:F, male:female; RCT, randomized clinical trial; RIFLE, Risk, Injury, Failure Loss, End-stage renal disease; Scr, serum creat ; SD, standard deviation.
oDefined by Scr measurement >1.7 mg/dL.
aMeasured on postoperative day 30.
bDefined by Scr and urinary output changes over 14 d of follow-up.
cMeasured on postoperative days 1-10 consecutively.
dDefined by receipt of kidney replacement therapy in the postoperative period.
eDefined as Scr >200 μmol/L, with measurements taken at baseline, then twice weekly, and within 48 h after the completion of drug therapy and/or patient identi as a possible case of interstitial nephritis.
fMeasured on postoperative days 1-5 consecutively.
gMeasured posttransplant, days not specified.
hDefinition not specified.
iMeasured day 1 and day 4 following initiation of antibiotics.
jDefined according to the RIFLE criteria based on changes in Scr and urinary output.
k223 infants received both carbapenems at different times in the study.
lDefined according to the RIFLE criteria criteria based on changes in Scr and urinary output.
mMeasured at baseline and post-intervention day 1 to day 7 consecutively.
nDefined according to the RIFLE criteria.
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0.41-0.72), I2 = 44.4% (Fig 2). Findings were also
consistent between studies that compared participants
treated with imipenem-cilastatin to a control group (3
studies, pooled RR, 0.55; 95% CI, 0.25-1.18) and those
comparing imipenem-cilastatin treatment to an active
comparator antibiotic (4 studies, pooled RR, 0.48; 95% CI,
0.43-0.54) (meta-regression P = 0.25) (Fig S1).

Effect of Imipenem-Cilastatin on Serum Creatinine

Concentration

Results from 6 studies showed that patients treated
with imipenem-cilastatin had lower subsequent serum
creatinine concentrations than those treated with
comparators22,23,25,26,45,46; the weighted mean difference
in serum creatinine was −0.14 mg/dL (95% CI, −0.21
to −0.07) with no evidence of statistical heterogeneity
observed between studies (I2 = 0%). Results remained
consistent between RCTs and observational studies (meta-
regression P = 0.46) (Fig 3).

Effect of Imipenem-Cilastatin on All-Cause

Mortality

Six studies reported on all-cause mortality.23,26-29,46 Pa-
tients treated with imipenem-cilastatin experienced no
statistically significant difference in all-cause mortality than
Figure 2. Forest plot demonstrating pooled effect of imipenem-cila
risk ratio, with a 95% confidence interval, stratified by study design
included 223 infants who received imipenem-cilastatin and the com
CI, confidence interval; DL, DerSimonian and Laird; n, number of a
RCT, randomized controlled trial.

Kidney Med Vol 6 | Iss 12 | December 2024 | 100913
patients treated with comparators (pooled RR, 0.82; 95%
CI, 0.44-1.54), with a high degree of heterogeneity across
studies (I2 = 74.2%) (Fig 4). Pooled estimates were
consistent between RCTs and observational studies (meta-
regression P = 0.916).

Risk of Bias

The risk of bias of RCTs according to the RoB 2.0 tool
is shown in Figure 5.23,24,27,28,45 Four of the 5 trials
had unclear or high risk of bias due to lack of or
unclear allocation concealment. All trials were at high
or unclear risk of detection bias due to lack of or un-
clear blinding, and 3 were at unclear risk of attrition
bias due to lack of reporting of losses to follow-up. The
risk of bias of observational studies according to the JBI
critical appraisal tool for observational studies is shown
in Figure 6.22,25,26,29,46 Three of the 5 observational
studies were at unclear or high risk of bias due to
unclear or inadequate strategies to address confounding.

Publication Bias

Funnel plots for AKI, serum creatinine, and mortality
showed asymmetry, consistent with small study effects
suggestive of publication bias (Fig S2). However, there
was no statistical evidence of small study effects based on
statin on acute kidney injury. The subgroup refers to the pooled
: RCT and observational study. Note: The study by Hornik et al29

parator carbapenem antibiotics at different times. Abbreviations:
cute kidney injury events; N, total number of study participants;

7



Figure 3. Forest plot demonstrating pooled effect of imipenem-cilastatin on serum creatinine concentrations. The subgroup refers to
the pooled WMD with a 95% CI stratified by study design: RCT and observational study. Abbreviations: CI, confidence interval; N,
total number of study participants in imipenem-cilastatin or comparator group for individual study; RCT, randomized controlled trial;
REML, restricted maximum likelihood; SD, standard deviation; WMD, weighted mean difference.
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Egger’s test for the outcomes of AKI (P = 0.601), serum
creatinine (P = 0.079), or all-cause mortality (P = 0.093),
although the number of studies limited the power of these
tests.

Certainty of the Evidence

The overall certainty of the evidence was graded as low
due to moderate and high statistical heterogeneity for the
outcomes of AKI and mortality, high risk of bias for most
of the individual studies, and indirectness (use of surrogate
outcomes).
DISCUSSION

In this systematic review and meta-analysis, we found that
the risk of developing AKI was 48% lower with imipenem-
cilastatin treatment, although there was heterogeneity in
the effect size between studies. We also found that serum
creatinine measured after short-term follow-up ranging
from 5-30 days was lower among participants who
received imipenem-cilastatin than those who received
comparators. There was no statistically significant differ-
ence in all-cause mortality among participants who
received imipenem-cilastatin that in those who received
comparators. Results were similar among RCTs and
observational studies and studies that made comparisons to
alternative antibiotics and those that used a nonactive
control group. It is important to note that many of the
studies were at high risk of bias, and funnel plots sug-
gested that publication bias may exist. Given the
8

uncertainty of these results, our findings indicate that
further high-quality trials are required to establish the
effectiveness of cilastatin for AKI prevention.

The nephroprotective effects of cilastatin have been
demonstrated in several preclinical studies,16-19,21 and
mechanistic effects have been further examined in several
human studies.22-25 Cilastatin inhibits dehydropeptidase 1
within the brush border of the renal proximal tubule
thereby inhibiting dehydropeptidase 1-mediated hydroly-
sis of drugs before they are taken up into tubular epithelial
cells via megalin where they can cause cell necrosis
through several mechanisms, including via reactive oxy-
gen species, inflammation, and apoptosis.16,47,48 Cil-
astatin can also block megalin-mediated uptake of
endogenous nephrotoxic substances, as observed in ani-
mal models of pigment nephropathy.49,50 Cilastatin also
appears to have nephroprotective effects distinct from
effects on tubular uptake of nephrotoxic agents.51 Cil-
astatin blocks dehydropeptidase 1-mediated leukocyte
recruitment in the tubulointerstitial space, thereby reducing
renal inflammation in response to injury.16,31,52,53 Animal
studies have demonstrated that cilastatin exerts neph-
roprotective effects in animal models of ischemia-
reperfusion injury.54 The reported nephroprotective effects
of cilastatin from preclinical studies have generated interest
in its use as an agent for prevention of AKI caused by
nephrotoxic medication exposures, and the availability of
the imipenem-cilastatin formulation has enabled compara-
tive studies that have evaluated kidney outcomes in several
clinical settings.31
Kidney Med Vol 6 | Iss 12 | December 2024 | 100913



Figure 4. Forest plot demonstrating pooled effect of imipenem-cilastatin on all-cause mortality. The subgroup refers to the pooled
risk ratio, with a 95% CI, stratified by study design: randomized controlled trial (RCT) and observational study. Note: The study by
Hornik et al29 included 223 infants who received imipenem-cilastatin and the comparator carbapenem antibiotics at different times.
Abbreviations: CI, confidence interval; DL, DerSimonian and Laird; n, number of acute kidney injury events; N, total number of study
participants; RCT, randomized controlled trial.
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Our study findings align with those from a previous
meta-analysis conducted by Tejedor et al30 in 2007, which
included 5 studies comparing patients with organ
Figure 5. Risk of bias of randomized trials of imipenem-cilastatin. Ad

Kidney Med Vol 6 | Iss 12 | December 2024 | 100913
transplantation receiving imipenem-cilastatin to those
receiving cyclosporine. They also reported lower serum
creatinine concentrations for patients treated with
apted from the Cochrane Risk of Bias Tool (RoB Tool Version 2).
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Figure 6. Risk of bias assessment of observational studies of imipenem-cilastatin. Adapted from the Joanna Briggs Institute Critical
Appraisal Checklist.
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imipenem-cilastatin and a 76% reduction in the odds of
developing acute kidney injury. Our updated review
identified 5 additional studies published since their review
and provides an updated and consolidated evidence base
including additional studies with comparisons to alterna-
tive antibiotics demonstrating the nephroprotective effects
of imipenem-cilastatin. In this review, the study partici-
pants were from diverse clinical settings in which they
were exposed to pharmacological agents or procedures
that confer risk of AKI. These interventions involved
antibiotic therapy for bacterial infections, cancer chemo-
therapy, as well as the administration of calcineurin in-
hibitors in patients undergoing solid organ transplantation,
suggesting cilastatin might be an AKI prevention approach
that could be applied in several clinical settings.

This review has several limitations that are important to
acknowledge. First, the studies included had a large degree
of clinical heterogeneity, not only in the clinical pop-
ulations and settings, but also in the way outcomes were
measured, including the definition used for AKI and the
timing and methodology of serum creatinine measure-
ment. Studies did not consistently define AKI using the
KDIGO definition, requiring the use of a variety of defi-
nitions as reported by the authors that differed in their
incorporation of serum creatinine thresholds, incorpora-
tion of urine output, and identification of treatment with
dialysis across the studies. Furthermore, measurements of
serum creatinine were made at different time points after
treatment in these studies, and all were within short-term
periods of follow-up. We were able to address this in our
meta-analysis by selecting the last available serum creati-
nine measurement reported by each study; however, this
10
makes interpretation of the pooled difference challenging
because changes in serum creatinine may vary (with both
worsening and improvement) with time following AKI.
Furthermore, serum creatinine has limitations for assessing
kidney function, as it may be influenced by dietary fac-
tors,55 medications,56 body composition,57 and hemodi-
lution.58 Second, the number of studies identified was
small, and the existing RCTs that were identified had small
sample sizes and were at high risk of bias. The small
number of studies limited our ability to explore reasons for
statistical heterogeneity and detect publication bias. Third,
the comparator groups varied across studies, with a
number including an active comparator including an
alternative broad-spectrum antibiotic. It is thus possible
that these comparisons are confounded by differences in
the risk of AKI with imipenem versus meropenem or
β-lactam antibiotics, rather than being attributable to an
independent effect of cilastatin itself. Other studies have
suggested that piperacillin-tazobactam carries a higher risk
of AKI than meropenem, particularly when used in
conjunction with vancomycin, which may contribute to
overestimation of the nephroprotective effects of cilastatin
obtained from studies comparing imipenem-cilastatin to
piperacillin-tacobactum.59,60 We did not identify pub-
lished results from trials of cilastatin alone, which may
have a more favorable safety and efficacy profile than
imipenem-cilastatin when used for AKI prevention alone.
New trials testing formulations of cilastatin for AKI in the
absence of confounding effects from comparator antibi-
otics are needed to test this hypothesis. Finally, the studies
identified largely relied on surrogate endpoints such as AKI
and serum creatinine differences, rather than patient-
Kidney Med Vol 6 | Iss 12 | December 2024 | 100913
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centered clinical outcomes such as major adverse kidney
outcomes.

In conclusion, this systematic review and meta-analysis
suggests that cilastatin may reduce the risk of AKI; how-
ever, the existing evidence base is derived from studies of
imipenem-cilastatin with a high risk of bias, and efficacy is
uncertain due to the statistical heterogeneity of findings,
indirectness of the evidence base, and potential detection
of publication biases. Further large-scale randomized
placebo-controlled trials of cilastatin with appropriate
allocation concealment and blinding and focused on clin-
ically important outcomes are needed to determine the
efficacy and safety of cilastatin used for AKI prevention
among patients receiving contemporary nephrotoxic
exposures.
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