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on kidney outcomes in cardiac patients
receiving critical care: a systematic review
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Abstract

Background Cardiac surgery is a major contributor to acute kidney injury (AKI); approximately 22% of patients who
undergo cardiac surgery develop AKI, and among them, 2% will require renal replacement therapy (RRT). AKl is also
associated with heightened risks of mortality and morbidity, longer intensive care stays, and increased treatment
costs. Due to the challenges of treating AKI, prevention through the use of care bundles is suggested as an effective
approach. This review aimed to assess the impact of care bundles on kidney outcomes, mortality, and hospital stay for
cardiac patients in critical care.

Methods PubMed, Scopus, Web of Science, and EMBASE were searched up to November 2024. Inclusion

criteria were studies on individuals with cardiac diseases receiving critical care, that used AKI care bundle as the
intervention, and reported outcomes related to AKI, mortality, and other kidney-related events. We used the Cochrane
Collaboration’s risk of bias tool 2 and the Newcastle-Ottawa scale for quality assessment. Pooled odds ratios (ORs) or
risk ratios (RRs) with 95% confidence intervals (Cls) were calculated.

Results Seven studies on total 5045 subjects, including five observational and two randomized controlled trials
(RCTs) were included. The implementation of care bundles significantly reduced the incidence of all-stage AKI (OR:
0.78; 95%Cl: 0.61-0.99) and moderate-severe AKI (OR: 0.56; 95%Cl: 0.43-0.72). Also, the implementation of care bundle
increased the incidence of persistent renal dysfunction after 30 days by 2.39 times. However, there were no significant
changes in RRT, major adverse kidney events, or mortality between the groups. The mean quality assessment score for
observational studies was 7.2 out of ten, while there were noted concerns in the risk of bias assessment of the RCTs.
Conclusions The application of care bundles in patients, including those undergoing cardiac surgeries as well

as non-cardiac critical illness, appears to be effective in reducing AKJ, particularly in moderate and severe stages.
However, given the inclusion of non-cardiac patients in some studies, the observed effect may not be solely
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attributable to cardiac surgery cases. Future large-scale RCTs focusing specifically on cardiac surgery patients are
recommended to clarify the impact of care bundles within this subgroup.

Registration ID in PROSPERO (CRD42024498972.

Keywords Care Bundle, Acute renal failure, Critical care, Intensive care unit, Cardiac Disease, Systematics Review,

Meta-analysis

Introduction
Cardiac surgery is a major correlate of acute kidney
injury (AKI) development. However, AKI can also
develop in cardiac patients who do not undergo surgical
intervention, and this population warrants specific focus.
In this regard, the global incidence rate of AKI among
those undergoing cardiac surgeries is 22.3%, and 2.3%
of patients require renal replacement therapy (RRT) [1].
Moreover, AKI in cardiac patients is linked to increased
risks of mortality and morbidity. Specifically, post-car-
diac surgery patients who develop AKI have a 68% higher
risk of long-term mortality [2]. In addition, AKI in these
patients is associated with longer intensive care unit
(ICU) stays and a higher incidence of atrial fibrillation
[3]. The overall costs of AKI per patient vary widely, rang-
ing from $29,700 for those undergoing cardiac surgery to
$89,400 for patients experiencing cardiogenic shock [4].
Several risk factors for the development of AKI among
individuals hospitalized in ICUs have been suggested,
including advanced age, comorbidities like diabetes,
heart failure, and hypertension, elevated baseline creati-
nine levels, nephrotoxic drug use, vasopressor/inotrope
use, high-risk surgeries, and extended periods on the car-
diopulmonary bypass pump [5]. Because of the difficulty
of AKI treatment, preventive measures such as adequate
renal blood flow and preventing exposure to adverse
renal substances, including nephrotoxic drugs and insults
related to blood transfusions are recommended [6]. To
address this, a structured method involving a combi-
nation of several measurements and evidence-based
practices to improve patient outcomes is implemented
through care bundles such as the Enhanced Recovery
After Cardiac Surgery (ERACS) protocol and the Kidney
Disease Improving Global Outcomes (KDIGO) guide-
lines [7]. The ERACS protocol encompasses a coordi-
nated series of perioperative strategies aimed at reducing
the physiological stress of surgery and supporting faster
recovery to preoperative function. Implementing these
bundles, especially ERACS, requires significant interdis-
ciplinary coordination, patient engagement, and team
training to ensure each step is carried out effectively [8].
The KDIGO care bundle is one of the examples that rec-
ommends preventing the use of nephrotoxic substances,
temporarily holding angiotensin-converting enzyme
inhibitors and angiotensin II receptor blockers within
the initial 48 h post-surgery, closely tracking serum

creatinine levels and urine output, avoiding high blood
sugar levels during the initial 72 h post-surgery, exploring
alternatives to radiocontrast agents, and employing close
hemodynamic monitoring [9]. Effective outcomes with
care bundles necessitate comprehensive training and
education of the nursing teams. Moreover, health poli-
cymakers should understand the personal and economic
impact arising from AKI to provide support for commis-
sioning, improvement methodologies, and registry ini-
tiatives, along with research investments for sustaining
advancements and the overall management [10].

While previous meta-analyses have evaluated AKI care
bundles, they have largely focused on general populations
or non-cardiac surgery patients, overlooking this key
subset of patients. A prior systematic review and meta-
analysis evaluated the effects of compliance with the AKI
care bundle and outcomes of hospitalized patients [11].
However, it did not focus on patients with cardiac dis-
ease and those hospitalized in ICUs. Furthermore, it only
searched three databases, and the search date was up to
June 2021. Also, it did not provide baseline characteris-
tics of the included studies [11]. Accordingly, another
systematic review evaluated the efficacy of the AKI care
bundle with or without the use of biomarkers on kidney
outcomes [12]. Similarly, it did not specifically include
patients with cardiac disease receiving critical care.
Given that both cardiac surgery and critical cardiac con-
ditions are major factors for AKI development, and with
the publication of several primary studies in recent years,
there is a need to evaluate the roles of AKI care bundle
in prevention and outcomes for those undergoing cardiac
surgeries or with cardiac diseases. Herein, our objective
was to investigate the effects of care bundles on outcomes
of AKI, mortality, and length of hospital or ICU stay in
cardiac patients receiving critical care compared to those
who did not receive care bundle measures.

Methods

The study was conducted and reported in adherence to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 guidelines [13]. We
submitted the protocol of the systematic review in the
International Prospective Register of Systematic Reviews
(PROSPERO) (Registration ID: CRD42024498972).
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Database searching
Databases including PubMed, Scopus, Web of Science,
and EMBASE were systematically searched from incep-
tion to December 27, 2023. The search was updated on
November 9, 2024. A combination of terms related to
three concepts which were “Cardiovascular disease’,
“patient care bundle’, and “acute kidney injury” were
used. Some of the terms were (“Cardiovascular Diseases”
OR “Heart Diseases” OR “Myocardial Ischemia” OR
“Myocardial Infarction” OR “cardiac event” OR “Ischemic
Heart Disease” OR “coronary disease”) AND (“Patient
Care Bundles” OR “Evidence-Based Practice” OR “Clini-
cal bundle” OR “Protocol bundle” OR “Intervention
bundle” OR “Evidence-based care” OR “Evidence Based
Practice”) AND (“Acute Kidney Injury” OR “Renal Dialy-
sis” OR “Renal Replacement Therapy” OR “Acute Renal
Insufficiency” OR “Acute Renal Failure”) (Table S1).
There were no limitations on search fields, such as lan-
guage, date, or study types. We used both backward (i.e.,
reviewing the citations or references of an article) and
forward citation searches (i.e., a search aimed at identify-
ing all articles that reference a particular article). As the
grey literature search, the initial 300 records retrieved
from the Google Scholar search engine were evaluated
[14]. Moreover, we searched the clinicaltrials.gov website
for any other potential eligible clinical trials (Table S1).

Study selection

In this review, the inclusion criteria required studies to
involve individuals with various cardiac diseases, such
as myocardial infarction, who were receiving critical
care. The intervention group must have received an AKI
care bundle, as defined by relevant national or interna-
tional guidelines. If a comparison group was present, it
must have received routine, standard, or alternative care,
excluding the defined AKI care bundle. Studies had to
report outcomes related to AKI, including the occur-
rence of AKI, in-hospital mortality, length of hospital
or ICU stay, kidney replacement therapy, hemodialysis,
persistent renal dysfunction (PRD) defined as a sustained
increase in serum creatinine levels>0.5 mg/dl compared
to baseline, or major adverse kidney events (MAKE).
Additionally, studies had to provide either effect sizes
or raw data for outcomes, allowing for the calculation of
effect sizes. We included studies conducted in any coun-
try and published in any language, as long as they met
these criteria. Eligible study designs included clinical tri-
als, cohort studies, case-control studies, and cross-sec-
tional studies.

The exclusion criteria applied to studies that involved
participants without cardiac diseases or those who were
not admitted to the ICU or did not receive critical care.
Studies involving participants who had AKI at baseline or
those that did not receive an AKI care bundle were also
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excluded. Additionally, we excluded case reports, review
articles, editorials, meta-analyses, letters, conference
proceedings, protocols, and in-vitro or animal studies.
Studies without a proper comparison group, or where the
comparison group did not fit the criteria outlined in this
review, were also excluded.

The primary endpoint of this review was the occur-
rence and severity of AKI, including whether patients
required kidney replacement therapy or hemodialysis.
Secondary endpoints included the in-hospital mortality
rate, the length of hospital or ICU stay, PRD as defined by
a sustained increase in serum creatinine > 0.5 mg/dl com-
pared to baseline, and MAKE.

Management and deduplication of references were con-
ducted in EndNote software. First, the title and abstract
of articles were screened. Then, the full-texts of the
included articles were assessed according to the eligibil-
ity criteria. They were conducted by one of the reviewers
(SAN) under the supervision of the principal investigator
(FRA). We contacted the corresponding authors of stud-
ies that we could not find their full-texts three times with
a one week interval.

Data extraction

We extracted the following data: (1) Baseline charac-
teristics (first author name, country, study design, year,
study population, and sample size); (2) Characteristics of
participants (age, sex, race/ethnicity, follow-up, comor-
bidities, and type of surgery); (3) Intervention and con-
trol characteristics (type of care bundle and control);
(4) relevant data for outcomes of interest for qualitative
or quantitative synthesis; and (5) other information like
compliance to care bundle or definition of outcomes. The
data extraction was done in a spreadsheet in Microsoft
Office Excel. We consulted the principal investigator
(FRA) in case of any discrepancy.

Quality assessment

We used the Cochrane Collaboration’s risk of bias tool
2 (RoB 2) for randomized controlled trials (RCTs) [15]
and the Newcastle-Ottawa scale for observational stud-
ies [16]. The quality assessment was performed by one
reviewer (SAN) and the principal investigator (FRA) was
contacted in case of any uncertainty.

Statistical analysis

We used Stata 17.0 (Stata Corp, LLC, TX) for quality
assessment. We reported the pooled odds ratio (OR) or
risk ratios (RRs) with 95% confidence intervals (ClIs) for
dichotomous data using either random or fixed-effects
models. The decision to use the random-effects model
was influenced by the perceived methodological hetero-
geneity of the actual effect sizes. For this, Cochran’s Q and
the I-square statistic were used to assess between-study
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heterogeneity. The I” statistic represents the percent-
age of total variation across studies due to heterogene-
ity rather than chance. An I-square value greater than
50% was considered as substantial heterogeneity and the
random-effect model was used [17]. The heterogeneity
measure 1> was calculated using a random-effects model,
with its 95% confidence intervals estimated using the
method described by DerSimonian and Laird. For con-
tinuous outcomes (i.e., length of hospital and ICU stay),
we reported pooled mean difference with 95% Cls. The
median and interquartile range (IQR) were converted to
mean and standard deviation, according to the article by
Abbas et al. [18]. Assessment of publication bias was con-
ducted through the Egger’s test, where a significance level
of p<0.05 was considered as an indication of statistically
significant publication bias [19]. Given that the Egger’s
test may lack reliability with fewer than ten studies, we
also inspected the forest plot visually for asymmetry as a
supplementary assessment of publication bias. Although
funnel plot asymmetry is typically recommended for this
purpose, it is considered less reliable with small samples;
thus, a forest plot inspection was used to observe poten-
tial patterns in effect sizes that could suggest bias. Given
the limited number of included studies, we conducted a
sensitivity analysis using the Hartung-Knapp-Sidik-Jonk-
man (HKSJ) method. This approach is particularly useful
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for small meta-analyses as it adjusts for the potential bias
in variance estimation in random-effects models, provid-
ing more reliable results when the number of studies is
small. We performed this analysis for the main outcomes
to ensure the robustness of the findings [20]. For studies
without a comparison group, we used a narrative synthe-
sis to report the findings.

Results

In the updated search, we found a total of 2707 records
from the database searching. Following the duplicate
removal, there were 2057 for the title/abstract screening.
In this step, 2048 records were excluded. Then, we should
retrieve the full-texts of nine studies. We could not find
the full-text of one study [21]. Out of eight studies in the
full-text reviewing, we excluded four studies in which
two did not involve patients with cardiac diseases [22,
23], one did not report the outcomes of interest [24], and
in one study the participants did not receive critical care
[25]. Four studies were included in this step [26—29]. We
also found two other eligible studies in citation searching
[30, 31] and one in searching Google Scholar [32]. Finally,
seven studies were included [26-32] (Fig. 1).
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Study characteristics

Out of seven studies, five were observational studies
[28-32] and two were open-label parallel-group RCTs
[26, 27]. Two studies were multicentral from Europe
[26, 27], and one study conducted in each countries of
United Kingdom [32], Germany [26], United States [30],
Belgium [31], and Israel [28]. All of the studies involved
adult participants undergoing cardiac surgery. Two stud-
ies followed the patients up to 30 days [29, 31], two stud-
ies up to 90 days [26, 27], and one study had a follow-up
duration of 48 months [28]. Five studies used the KDIGO
criteria for the definition of AKI and AKI severity [26—
30], one study defined AKI as a raised creatinine level of
more than 30% from the preoperative level [32], and one
defined AKI severity based on the AKI network defini-
tion [31]. Four studies used KDIGO bundle as the inter-
vention [26, 27, 29, 30], two used Enhanced Recovery
After Cardiac Surgery (ERACS) [31, 32], and one used
AKT care bundle [28]. Table S2 describes the elements of
each care bundle guideline. As the comparison, five stud-
ies used routine or standard care before the implementa-
tion of the care bundle [26-28, 30, 32] and two studies
did not have a control group [29, 31] (Table 1).

The total number of participants was 5045, with indi-
vidual study sample sizes ranging from 105 to 2646.
Overall, most participants were males (1 =3864; 76.59%)
and the mean age across studies ranged from 62.0 to 68.6
years. Only two studies reported race/ethnicity, with
Caucasian participants constituted the majority [30, 32].
Coronary artery bypass graft (CABG), valve surgeries, or
a combination of both were the most commonly reported
procedures [26, 27, 29-32], while one study focused on
participants undergoing percutaneous coronary inter-
vention [28]. A range of comorbidities, including cardio-
vascular, respiratory, mental, and endocrine disorders
was also reported (Table 1).

Qualitative synthesis

Two studies did not have control groups or the control
group was not those who did not receive care bundle [29,
31]. AKI was occurred in 27.19% of participants in the
article by Hoogma et al. [31]. In the same study, the fre-
quencies of 30-day mortality and readmission were 0.8%
and 9.0%, respectively [31]. The frequencies of moder-
ate-severe AKI were 3.37% and 8.38% in the articles by
Hoogma et al. and Massoth et al. studies, respectively
[29, 31]. In the article by Massoth and colleagues, PRD,
RRT, 30-day MAKE occurred in 14.3%, 1.1%, and 5.0% of
participants, respectively [29].

The length of hospital stay was reported in all studies.
The median duration of hospital stay ranged from 6 days
[31, 32] to 13 days in the intervention group or cases [29].
The median duration of hospital stay in controls ranged
from 6 days [32] to 11 days [26, 27]. The mean duration of

Page 5 of 13

hospital stay was 5.2 and 11.2 days among cases and 5.9
and 10.7 days among controls [28, 30].

The study by Massoth et al. did not have a control
group. In this study, the median lengths of hospital and
ICU stay were 13 (IQR: 10-18) and 2 (IQR: 1-3) days,
respectively [29].

Three studies reported the compliance to care bundle
[27, 29, 31]. It was 64% in the study by Hoogma et al. [31].
In another one, the compliance to all measures, three,
and four/five components were 0.4%, 34.6%, and 16.8%,
respectively [29]. In Zarbock et al, it was significantly
higher in the intervention group than controls (65.4% vs.
4.2%) [27].

Quantitative synthesis

All-stage AKI and stage 2-3 AKI

Five and four studies reported the occurrence of all-stage
AKI and stage 2-3 AKI, respectively. The use of care
bundle significantly reduced the incidence of all stage
AKI (OR: 0.78; 95% CI: 0.61, 0.99) (Fig. 2A) and stage 2—3
AKI (OR: 0.56; 95% CI: 0.43, 0.72) (Fig. 2B). There was a
significant publication bias according to Egger’s test for
stage 2—3 AKI (p=0.03), however, no significant publica-
tion bias was found for all-stage AKI (p=0.77).

RRT

Two RCTs reported the incidence of RRT. The use of care
bundle did not change the need for RRT during hospital
stay (RR: 1.13; 95% CI: 0.61, 2.09) (Figure S1A), follow-
ing 30 days (RR: 1.78; 95% CI: 0.53, 6.01) (Figure S1B), 60
days (RR: 3.57; 95% CI: 0.75, 16.95) (Figure S1C), and 90
days (RR: 1.54; 95% CI: 0.06, 40.57) of hospital discharge
(Figure S1D).

MAKE

Two studies reported the occurrence of MAKE. The
application of care bundle did not significantly change
the incidence of MAKE after 30 days (RR: 1.71; 95% CI:
0.94, 3.11) (Figure S2A), 60 days (RR: 1.57; 95% CI: 0.82,
3.03) (Figure S2B), and 90 days (RR: 1.19; 95% CI: 0.68,
2.10) (Figure S2C).

Mortality

Compared with standard care, the use of care bundle did
not significantly change mortalities at hospital discharge
(OR: 0.62; 95% CI: 0.15, 2.56) (Figure S3A), and after 30
days (OR: 0.82; 95% CI: 0.39, 1.73) (Figure S3B), and 60
days (RR: 1.22; 95% CI: 0.54, 2.77) (Figure S3C).

PRD

The use of care bundle significantly increased the risk of
PRD compared with the controls after 30 days (RR: 2.39;
95% CI: 1.02; 5.58) (Figure S4).
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Fig. 2 Forest plot of the association between receiving care bundle compared to standard care and the outcomes of acute kidney injury (AKI) (A) and
stage 2 and 3 AKI (B) in participants with cardiac diseases. OR: odds ratio; Cl: confidence interval

specifically on adult cardiac patients in ICUs. Neverthe-
less, the 95% CI for AKI occurrence in our study was
close to the null value of one (95% CI: 0.61, 0.99). So, per-
haps a future updated meta-analysis with higher number
of primary studies can more clearly elucidate the associa-
tion. Consistent with our findings, the systematic review
by See and colleagues, which included diverse medical
and surgical patients, demonstrated that the AKI care
bundle significantly reduced moderate-to-severe AKI
with an OR of 0.65 (95% CI: 0.51, 0.82). This association
remained significant when the analysis was limited to
RCTs only (OR: 0.55; 95% CI: 0.39, 0.79) [12].

In terms of PRD, not only did care bundle not reduce
its occurrence, but also it increased the risk of PRD by
2.39 times. However, there were not significant differ-
ences between care bundle and standard care in terms
of MAKE. The previous similar systematic reviews did
not assess PRD as an outcome to compare our results
[11, 12]. Maybe one of the reasons is that PRD is a rare
condition following cardiac surgery, as the incidence of
PRD after 60 and 90 days was zero in one of the included
studies [27]. The definition of PRD or MAKE might
also differ between studies which can explain the differ-
ences that despite a significant increase for PRD, MAKE
did not show variations. Moreover, we only performed
the meta-analysis on only two RCTs, which is not a sat-
isfactory number of original studies to draw a conclu-
sion. The compliance with care bundle was associated
with improved outcomes for some other diseases. For
instance, the number of ventilator-associated pneumo-
nia was significantly decreased in those receiving ventila-
tor care bundles compared with controls (OR: 0.42; 95%
CI: 0.33, 0.54) [33]. Also, the application of care bundle
decreased the incidence of central line-associated blood-
stream infections by 60% (95% CI: 0.31, 0.51) [34]. How-
ever, it should be noted that the effects of care bundle on

patient outcomes are still contradictory. Accordingly, a
systematic review and meta-analysis showed no signifi-
cant differences between care bundle and control mea-
sures in different types of negative patient outcomes (RR:
0.97;95% CI: 0.71, 1.34) [35].

We did not find any significant association between the
use of an AKI care bundle and the need for RRT, MAKE,
and mortality at hospital discharge or in follow-ups. In
this regard, Schaubroeck et al. revealed a non-significant
decrease in the use of RRT among all patients (RR: 0.67;
95% CI: 0.38, 1.19) and patients hospitalized in ICUs (RR:
0.72; 95% CI: 0.41, 1.26) [11]. Furthermore, they did not
find any significant association between the use of an AKI
care bundle and in-hospital mortality (RR: 1.03; 95% CI:
0.73, 1.46) or mortality after 30 days (RR: 1.00; 95% CI:
0.42, 2.39) [11]. The other meta-analysis, which assessed
the application of an AKI care bundle with or without
using biomarkers, showed a non-significant reduction of
all-cause mortality among those who used an AKI care
bundle when it pooled the results of both RCTs and non-
RCTs (OR: 0.88; 95% CI: 0.75, 1.02) or limited the find-
ings to only RCTs (OR: 0.81; 95% CI: 0.44, 1.51) [12]. On
the other hand, the occurrence of MAKEs significantly
decreased by 27% (OR: 0.73; 95% CI: 0.66, 0.81) for all
included studies and decreased by 45% (OR: 0.55; 95% CI:
0.41, 0.74) for only RCTs [12]. Variations in the inclusion
criteria between the systematic reviews, in particular
regarding the eligible population, might explain the rea-
sons for the differences.

The length of hospital and ICU stays ranged did not
show any significant differences between those who
received care bundle and standard care. In this regard,
the meta-analysis of three before-after studies showed
no differences in the duration of hospital stay in those
who used the AKI care bundle (MD: -0.65; 95% CI: -1.40,
0.09) [11]. Regarding the use of ventilatory bundle, a
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meta-analysis on seriously ill adult populations showed
a significantly reduced duration of ICU stay by 2.57 days
(p=0.03) [36]. Similarly, results of an observational study
on 22 patients with chronic obstructive pulmonary dis-
ease who received care bundle and 22 controls showed a
reduced duration of hospital stay among cases than con-
trols (51.2 vs. 101.1 h; p=0.001) [37]. In contrast, there
were no significant changes in the duration of hospital
stay (MD: -0.37; 95% CI: -1.47, 0.74) and ICU stay (MD:
0.07; 95% CI: -0.40, 0.54) among those undergoing the
ventilator care bundle in comparison with the standard
care [33]. Generally, the contrasting results between the
studies make it hard to draw an overall conclusion about
the roles of care bundle, especially AKI care bundle, on
the length of hospital and ICU stay. This highlights the
importance of conducting future studies on this topic.

The compliance with the care bundle was only reported
in three included studies which was between about 35%
(for at least three components) and 65%. Another sys-
tematic review on 23 studies revealed a high range for
compliance to care bundle from 8 to 100% [11]. Results
of a scoping review showed higher number of compo-
nents of bundle intervention and intricacy of each com-
ponent were correlated with reduced compliance [38].
They suggested the adoption of evaluative and iterative
methods, the establishment of stakeholder relationships,
and the implementation of training approaches as mea-
sures to increase the compliance with the care bundle
[38]. Among nursing teams, fatigue due to the implemen-
tation of care bundles led to the introduction of “bundle
fatigue” which can be also another obstacle in the proper
application of care bundles among nursing teams [39].
Comprehensive strategies, involving both organizational
(e.g., multidisciplinary teams and enhancement of health
recording systems) and system intervention (e.g., incen-
tives and recognition) can be more effective in increas-
ing the adherence to care bundles [40]. In ICU settings,
training, reminders, and performance assessment and
feedback were the most common applied approaches to
improve the adherence to care bundle [41]. For the sep-
sis bundle, implementations of programs to improve
performance increased care bundle compliance by more
than 2-4 times [42]. As a result, these strategies might
also be effective in AKI care bundles, warranting future
investigations.

While the care bundle intervention appeared effective
in reducing AKI incidence, publication bias may influ-
ence the observed impact on stage 2-3 AKI outcomes.
Egger’s test revealed significant publication bias for stage
2-3 AKI (p=0.03), suggesting that studies with favorable
or statistically significant results may be disproportion-
ately represented. This bias could result in an overesti-
mation of the intervention’s effectiveness for more severe
AKI stages, as studies with null or less significant findings
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may have been underreported or unpublished. In con-
trast, no publication bias was detected for all-stage AKI
(p=0.77), indicating more balanced reporting across
studies regardless of outcome significance for overall AKI
incidence. Acknowledging this potential bias is impor-
tant, as it affects the reliability of conclusions specifically
for stage 2—3 AKI. Future meta-analyses would benefit
from a broader inclusion of studies across all outcome
types, including those with non-significant findings, to
better assess the true impact of care bundle interventions
on more severe AKI stages.

The quality assessment indicated that biases within
individual studies could have meaningful implications for
the overall findings and recommendations of this review.
The observational studies, which received a mean quality
score of 7.2, displayed considerable variability in meth-
odological rigor. Two studies scored only six out of ten,
primarily due to high risk of bias in the sample size and
the handling of non-respondent data. These limitations
are significant because small sample sizes can reduce sta-
tistical power, potentially leading to less precise or even
skewed effect estimates that may not accurately reflect
true relationships. Additionally, inadequate reporting
on non-respondents has a risk of selection bias if those
who did not participate or complete the study differ in
key characteristics (such as disease severity or interven-
tion response) from those who did. Such biases could
result in an over- or underestimation of observed effects,
ultimately affecting the reliability of conclusions drawn
from these studies. In contrast, both RCTs demonstrated
a low risk of bias across most domains, but there was
some concern related to deviations from intended inter-
ventions. This specific type of bias could dilute the effect
sizes reported, as unintended variations in intervention
delivery might reduce the observed impact of the treat-
ments. In cases where deviations occurred, they could
potentially lead to discrepancies between the intended
intervention outcomes and the actual study results, com-
plicating direct comparisons across studies. This concern
is critical, as even minor deviations may impact the valid-
ity of outcome measures, influencing the pooled effect
in meta-analyses or systematic reviews. Overall, these
biases collectively reduce the strength of the recommen-
dations that can be made from the findings. While the
RCTs add robust support for certain interventions, the
moderate-to-high risk of bias in several observational
studies suggests that results should be interpreted with
caution. For future studies, addressing sample size calcu-
lation, improving transparency around non-respondent
data, and ensuring consistent intervention protocols will
be crucial for enhancing the reliability of evidence and
enabling more definitive clinical recommendations.

Overall, the findings indicate that there is scant, lim-
ited, and heterogeneous data on the application of AKI
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care bundle on kidney outcomes. Other interventions
for AKI prevention, such as AKI nurses and AKI teams,
electronic alerts, education, smart phone applications for
AKI, and sick day rules have been suggested as interven-
tions for the prevention from AKI [43]. Combinations of
the interventions, especially electronic alerts and AKI
bundles, complemented by educational support are rec-
ommended as one of the most effective approaches for
AKI prevention [43]. Among the individual bundle com-
ponents, sufficient systemic blood pressure and cardiac
output are more important than other components like
nephrotoxic drugs, as hypotension and cardiac index less
than three significantly increase the risk of AKI by 2.37
and 1.97 times, respectively [44].

Cardiac surgery-associated AKI remains a signifi-
cant complication, and various strategies have been
explored to reduce its incidence and improve outcomes.
Non-pharmacological approaches, such as remote isch-
emic preconditioning, are particularly promising. This
approach involves brief, controlled episodes of ischemia
that can increase the kidney’s resilience to stress, and
recent meta-analyses indicated that it effectively reduced
cardiac surgery-associated AKI incidence and ICU stays
while lowering the rates of post-surgical dialysis require-
ments, though further studies are needed to confirm its
long-term benefits [45]. Technologies like electronic alert
systems have also proven valuable by improving clini-
cal responses to AKI. For example, electronic alerts are
associated with a 45% increase in nephrology consulta-
tions (RR, 1.45; 95% CI, 1.04-2.02) and a 25% reduction
in post-AKI non-steroidal anti-inflammatory drug use
(RR, 0.75; 95% CI, 0.59-0.95), thereby enhancing proac-
tive management of AKI risk factors [46]. Although elec-
tronic alerts have not been associated with a significant
reduction in mortality (RR, 0.96; 95% CI, 0.89-1.03),
they still play a role in mitigating AKI progression, as
demonstrated by a modest 9% reduction in AKI stage
progression (RR, 0.91; 95% CI, 0.84—0.99) [46]. Pharma-
cologically, sodium-glucose cotransporter 2 (SGLT2)
inhibitors, particularly empagliflozin, have shown poten-
tial for renal protection by targeting inflammation, mito-
chondrial dysfunction, and oxidative stress—key factors
in cardiac surgery-associated AKI. A trial is currently
investigating empagliflozin’s specific efficacy in reduc-
ing adverse kidney outcomes after cardiac surgery, which
could mark a new avenue for AKI prevention if confirmed
effective [47]. A network meta-analysis determined sev-
eral strategies have been found effective in preventing
post-cardiac surgery AKI. Natriuretic peptides were the
most effective pharmacological treatment, reducing AKI
incidence by 70% and lowering mortality by 50%. Other
pharmacological treatments like fenoldopam, erythro-
poietin, and levosimendan also reduced AKI risk and
the need for dialysis. Among non-pharmacological
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interventions, remote ischemic preconditioning lowered
AKI incidence by 24% [48]. Together, these diverse meth-
ods highlight the potential of a multi-modal strategy for
cardiac surgery-associated AKI prevention, combining
non-pharmacological, technological, and pharmacologi-
cal interventions.

To our best of knowledge, this study appears to be the
first systematic review and meta-analysis which focused
on patients with cardiac diseases in order to evaluate
effects of care bundle on kidney-related outcomes. We
used a comprehensive search strategy across multiple
databases, including grey literature, which strength-
ens the robustness of the literature review. Further-
more, adherence to PRISMA guidelines for systematic
reviews ensures the transparency and reproducibility of
the methodology. The findings can be helpful for health
policymakers and nursing teams to provide evidence-
based and high quality cares in ICUs. Nevertheless, we
acknowledge that the study has several limitations that
should be taken into account in the interpretation of the
study findings. First, there were a limited number of stud-
ies with small sample sizes. We only included five stud-
ies in meta-analysis. For MAKE, PRD, RRT, and mortality
outcomes, there were only two eligible studies. Given the
limited number of studies and small sample sizes in the
meta-analysis, the findings should be interpreted with
caution, as the lack of a sufficient number of events and
participants may undermine the robustness and general-
izability of the conclusions. This might limit the statistical
power and the robustness of conclusions drawn. More-
over, the evaluation of publication bias for those out-
comes was not applicable. The limited number of studies
also prevented us from performing subgroup analysis. A
limitation of this meta-analysis is the potential for type I
error due to heterogeneity among included studies. Sec-
ond, we could not gain access to the full text of one study,
despite contacting the corresponding author. Third, most
of the studies were carried out in Europe, and it should
be considered in the generalizability of the findings to
other continents. Next observational or clinical trials in
other countries in Asia or America are suggested. Fourth,
the included studies exhibited significant heterogeneity
in terms of design (e.g., RCTs vs. observational studies),
care bundle definitions, and outcomes measured. This
variation complicated the synthesis of results and limits
the generalizability of our findings across different clini-
cal settings. Future research should aim to standardize
care bundle definitions and outcome measures to reduce
heterogeneity and improve the reliability of results in
similar populations. Fifth, another limitation is the lack
of consistent reporting on compliance with care bundles
across the included studies. Only a few studies reported
adherence to care bundle protocols, raising concerns
about the reliability of the interventions being evaluated.
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Future updated systematic reviews are suggested to con-
sider the point. Sixth, another limitation was the variabil-
ity in how AKI was defined across the included studies,
with most of them using the KDIGO criteria and only
two applied others other definitions. This inconsistency
in AKI definitions may have introduced variability in how
outcomes were reported and may affect the compara-
bility of results across studies. It is important for future
research to standardize the definition of AKI in order
to improve the comparability of results and enhance the
generalizability of findings. Moreover, there could be the
lack of standardized outcome reporting related to AKI.
Uniformity in outcome definitions and reporting would
facilitate improved comparisons and enable more robust
meta-analyses, which are essential for synthesizing evi-
dence across studies. This point should be considered in
designing future primary studies. Seventh, our analysis
provides limited exploration of the mechanisms through
which care bundles might influence outcomes. Future
research would benefit from exploring these mechanisms
in more detail, which could help clarify the pathways
through which care bundles impact patient outcomes.
Eighth, most of the included studies focused on short-
term outcomes (e.g., 30 to 90 days), and long-term fol-
low-up data on AKI and the effects of care bundles are
lacking. Future studies with long-term follow-up are
needed to fully understand the lasting implications of
care bundles on kidney-related outcomes. In addition,
another limitation of this study is the combination of dis-
tinct care bundles—KDIGO and ERACS—under a single
AKI care bundle category, despite their differing focuses;
this may introduce variability, as each protocol targets
unique aspects of postoperative management and kidney
protection. Furthermore, one of the included studies (i.e.,
the study by Khoury et al. [28]) examined PCI patients,
who may have a different risk profile compared to those
undergoing cardiac surgery. While both groups share
common risk factors for AKI, such as nephrotoxic expo-
sure and hemodynamic challenges, their procedural dif-
ferences could introduce heterogeneity into the findings.
This inclusion was intended to enhance the generalizabil-
ity of our findings across various high-risk cardiac popu-
lations, but it should be considered when interpreting the
results.

Conclusions

Among critically ill patients, including those undergoing
cardiac surgeries, the application of care bundles appears
to be effective in reducing the incidence of AKI, particu-
larly in moderate to severe cases. However, as some stud-
ies included non-cardiac critical illness populations, the
observed benefit may not be exclusively due to effects
within cardiac surgery patients. Given the limited num-
ber of studies and small sample sizes, caution is advised
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in generalizing these findings broadly to clinical practice.
An in-depth analysis of compliance with care bundles
should be considered in future studies. Additionally,
qualitative studies that explore the experiences of health-
care providers and patients with AKI care bundles could
provide valuable insights into barriers and facilitators of
implementation, which can be considered in next studies
to inform future strategies for broader adoption. Future
large-scale RCTs focusing specifically on cardiac surgery
patients are needed, along with updated meta-analyses,
to more precisely evaluate the impact of care bundles on
AKI in this population.
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