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Abstract

Background: A bundle of preventive measures can be taken to avoid acute kidney injury (AKI) or progression of AKI.
We performed a systematic review and meta-analysis to evaluate the compliance to AKI care bundles in hospitalized
patients and its impact on kidney and patient outcomes.

Methods: Randomized controlled trials, observational and interventional studies were included. Studied outcomes
were care bundle compliance, occurrence of AKI and moderate-severe AKI, use of kidney replacement therapy (KRT),
kidney recovery, mortality (ICU, in-hospital and 30-day) and length-of-stay (ICU, hospital). The search engines PubMed,
Embase and Google Scholar were used (January 1, 2012 - June 30, 2021). Meta-analysis was performed with the Man-
tel Haenszel test (risk ratio) and inverse variance (mean difference). Bias was assessed by the Cochrane risk of bias tool
(RCT) and the NIH study quality tool (non-RCT).

Results: We included 23 papers of which 13 were used for quantitative analysis (4 RCT and 9 non-randomized stud-
ies with 25,776 patients and 30,276 AKI episodes). Six were performed in ICU setting. The number of trials pooled per
outcome was low. There was a high variability in care bundle compliance (8 to 100%). Moderate-severe AKI was less
frequent after bundle implementation [RR 0.78, 95%Cl 0.62-0.97]. AKl occurrence and KRT use did not differ between
the groups [resp RR 0.90, 95%Cl 0.76-1.05; RR 0.67, 95%CI 0.38-1.19]. In-hospital and 30-day mortality was lower in AKI
patients exposed to a care bundle [resp RR 0.81, 95%Cl 0.73-0.90, RR 0.95 95%CI 0.90-0.99]; this could not be con-
firmed by randomized trials. Hospital length-of-stay was similar in both groups [MD -0.65, 95%Cl -1.40,0.09].

Conclusion: This systematic review and meta-analysis shows that implementation of AKI care bundles in hospitalized
patients reduces moderate-severe AKI. This result is mainly driven by studies performed in ICU setting. Lack of data
and heterogeneity in study design impede drawing firm conclusions about patient outcomes. Moreover, compliance
to AKI care bundles in hospitalized patients is highly variable. Additional research in targeted patient groups at risk for
moderate-severe AKI with correct and complete implementation of a feasible, well-tailored AKI care bundle is war-
ranted. (CRD42020207523).
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Introduction

Acute Kidney Injury (AKI) occurs in 7 to 18% of hospital

admissions and 57% of intensive care unit (ICU) admis-
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[1]. The excess hospital costs due to AKI consist of 3 to
14,000 $ per admission [3].

For the diagnosis of AKI the KDIGO working group
classified AKI according to changes in serum creatinine
level compared to baseline creatinine and/or urinary out-
put [4]. To identify patients at risk for AKI, specific AKI
biomarkers such as the cell cycle arrest biomarkers tissue
inhibitor of metalloproteinase-2 and insulin-like growth
factor-binding protein 7 (measured as TIMP-2*IGFBP7),
neutrophil gelatinase associated lipocalin (NGAL), or
chitinase 3-like protein 1 (CHI3L1) can be used [5-7].

There is no specific treatment targeting AKI. However,
a bundle of preventive measures can be taken to avoid
AKI or progression of AKI as described in the KDIGO
guidelines. These include the avoidance of nephrotoxic
agents and optimization of fluid status and hemodynam-
ics [4, 8].

A care bundle can be defined as “a structured method
of improving processes of care and patient outcomes; a
small, straight-forward set of evidence-based practices,
treatments and/or interventions for a defined patient seg-
ment or population and care setting that, when imple-
mented collectively, significantly improves the reliability
of care and patient outcomes beyond that expected when
implemented individually” [9]. Given large variation in
care for AKI patients and poor outcomes of AKI, the
interest in implementing care bundles for AKI is grow-
ing. This bundle can consist of an e-alert for AKI, fluid
balance and volume assessment, diagnostic tests with
urine dipstick and echography, medication adjustment,
avoidance of nephrotoxic agents, follow-up by a nephrol-
ogist and escalation of therapy or palliative care if neces-
sary [9].

We aim to study the compliance to AKI care bundles in
hospitalized patients and the impact of its application on
kidney and patient outcomes by performing a systematic
review and meta-analysis of existing literature.

Materials and methods

Study design

We conducted a systematic review and meta-analysis
according to the PRISMA guidelines (Supplementary
Table 1) [10, 11]. The protocol was registered in the
PROSPERO database (CRD42020207523).

Eligibility criteria

We included randomized controlled trials (RCT’s), ret-
rospective and prospective observational, propensity-
matched or intervention studies on the implementation
of a care bundle for AKIL The studied population were
adult and paediatric patients (ICU, emergency depart-
ment, medical and surgical wards) with AKI or at risk of
AKI during hospitalization.
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Only articles published in English, Dutch, Spanish and
French were included in this meta-analysis. Articles on
AKI in outpatient setting and primary care were excluded
as well as articles concerning care bundles on sepsis, liver
cirrhosis, resuscitation, or other bundles in which AKI
was not the main focus. Case reports, reviews, editori-
als, intervention studies evaluating a specific treatment,
duplicate publications and articles which did not report
on the outcome measures were excluded. The KDIGO
practice guideline for AKI recommended the concept of a
specific AKI bundle in 2012. Therefore, we included stud-
ies published since 2012 [4].

Outcomes and prioritization

The review was restricted to studies that report compli-
ance of care bundles, kidney outcomes such as occur-
rence of AKI and moderate to severe AKI (KDIGO stage
2 and 3), in-hospital use of kidney replacement therapy
(KRT) and kidney recovery and patient outcomes (ICU,
in-hospital and 30-day all-cause mortality and ICU and
hospital length-of-stay or LOS).

Search strategy

The first selection of the search was performed by one
investigator (D.V.), under supervision of the principal
investigator (E.A.J.H.), who is a content expert. A second
independent search was performed by a third investiga-
tor (H.S.). The scientific search engines PubMed, Embase
and Google Scholar were used. The search included
the period January 1, 2012 till June 30, 2021. The bibli-
ographies of relevant papers were consulted to retrieve
potentially relevant citations. First, D.V. consulted Pub-
med with following key words: “(acute kidney injury OR
acute tubule necrosis)AND(bundle OR care bundle OR
compliance). OR quality OR assessment quality OR AKI
bundle)” and MeSH Terms (“patient compliance AND
patient care bundles AND (acute kidney injury OR kid-
ney tubular necrosis)”). In Web of Science we used the
search terms (‘acute kidney failure’/exp. OR ‘acute kidney
failure’ OR ‘acute kidney tubule necrosis’/exp. OR ‘acute
kidney tubule necrosis’). In Google Scholar “acute kidney
injury care bundles” and “acute kidney injury care bun-
dle” were searched.

A second independent search was performed by H.S.
in PubMed using the high-performance search fil-
ters (sensitivity) for AKI as described by Hildebrand
et al. [12], combined with the following terms: (“patient
care bundles”’[MeSH Terms] OR (“patient”’[All Fields]
AND “care”[All Fields] AND “bundles”[All Fields]) OR
“patient care bundles”[All Fields] OR (“care”[All Fields])
AND “bundle”[All Fields]) OR “care bundle”’[All Fields].
To search Web of Science the following search terms
were combined: ‘acute kidney injury OR acute kidney
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failure OR acute renal failure OR acute tubule necrosis’
and ‘care bundle’ OR ‘bundle! In Google Scholar “acute
kidney injury” and care bundle was used. Last search
was performed 30th of June, 2021. The full-text articles
were screened by D.V. and H.S. for further eligibility.
The agreement between D.V. and H.S. was substantial
(Cohen’s K=0,75). In case of discussion (9 articles), E.H.
made the final decision.

Citations of included papers were collected using End-
note X9 (Clarivate®).

Data extraction and collection

The collected data were directly extracted to an Excel
database (Microsoft 2013®). Data extracted from each
study included first author, year of publication, study
period, country, study design, sex and age of study par-
ticipants, outcomes, elements of the care bundle, and ele-
ments for assessment of quality of included studies. Data
were extracted independently by two reviewers (D.V. and
H. S.) using a data extraction form.

Data synthesis and quality assessment

Papers containing raw data on a predetermined outcome
were included in the quantitative analysis and pooled by
outcome. Per outcome, studies were clustered by design
(RCT’s versus before-after intervention studies) and by
setting (all settings vs ICU setting only).

For statistical analysis the software program SPSS Sta-
tistics 26 (IBM Corporation and Others®) was used. The
meta-analysis was performed with the software package
Review Manager (RevMan) version 5.4.1 (Copenhagen:
The Nordic Cochrane Centre, The Cochrane Collabora-
tion, 2020), using the Mantel Haenszel test (risk ratio,
reported with 95% confidence interval) and inverse
variance (mean difference, 95% confidence interval)
for length-of-stay. A random effect model was used to
combine the data due to the expected diversity in meth-
odology and clinical approach used in the included stud-
ies. Heterogeneity was assessed using a forest plot and
the I? statistic [13]. As a sensitivity analysis we analysed
the randomized controlled trials separately. Bias was
assessed by the risk of bias tool that is available in Rev-
Man for the RCT’s and with the NIH study quality tool
for non-randomized studies. (https://www.nhlbi.nih.gov/
health-topics/study-quality-assessment-tools)  (Supple-
mentary Table 2). A funnel plot was constructed for the
assessment of publication bias.

Results

Study selection

Search results are presented in the PRISMA flow chart
(Fig. 1). Following identification and screening of the
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results, the systematic literature search yielded 97 poten-
tial studies. The final analysis included 23 papers (40,874
patients and 30,276 AKI episodes) containing data on
implementation of AKI care bundles of which 13 for
quantitative analysis [8, 14-35]. Design of the studies
used for quantitative analysis were RCT (4), retrospec-
tive before after study (5), propensity-matched before
after study (1), prospective before after interventional
study (2) and stepped wedge cluster randomized trial (1).
Three RCT’s and 3 before after studies included only ICU
patients.

Baseline characteristics and care bundle compliance

(Fig. 2)

Baseline characteristics of the included studies are
shown in Table 1. The content of the used AKI care
bundles varied largely; components of each bundle are
described in Table 2. The KDIGO bundle was most fre-
quently used [8, 20, 22, 26, 30, 32, 35], often in associa-
tion with biomarker-guided strategies. There was a high
variability in overall compliance to the care bundle,
ranging from 8 to 100%.

Outcomes
All studied outcomes are summarized in Table 3. The
number of trials pooled per outcome was generally low.

Occurrence of AKl in general, moderate-severe AKl and use

of kidney replacement therapy (KRT) (Fig. 3)

Overall, there is a reduction in moderate-severe AKI
when patients were treated with a care bundle; occur-
rence of AKI in general or use of KRT were not signifi-
cantly decreased by implementation of a care bundle. The
overall pooled risk ratio for occurrence of AKI is 0.90
[95%CI 0.76—1.05], for moderate-severe AKI 0.78 [95%CI
0.62-0.97] and for KRT 0.67 [95%CI 0.38—-1.19].

Pooled analysis of 4 RCT’s (775 patients) showed a
non-significant decrease in AKI occurrence [RR 0.85,
95%CI 0.68—-1.06] with moderate heterogeneity between
results, a significant decrease in moderate-severe AKI
when a care bundle was implemented [RR 0.68, 95%CI
0.50-0.92] with low heterogeneity and a non-significant
decrease in use of KRT [RR 0.60, 95%CI 0.34—1.07] with-
out significant heterogeneity.

The decrease in occurrence of AKI in general [RR 0.93,
95%CI 0.74—1.16], moderate-severe AKI [RR 0.88, 95%CI
0.65-1.19] or use of KRT [RR 0.77, 95%CI 0.30-2.02] in
patients treated with or without a care bundle was non-
significant when pooling the outcomes of the before after
studies. Heterogeneity between these studies was moder-
ate or high. Similar results were obtained when pooling
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2 Google scholar (n = 33800) Duplicate records removed
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g Pubmed (n = 95) Search #2:
= Web of Science (n = 142) Duplicate records removed
Google scholar (n = 12500) (n=66)
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Search #1 (n = 34822) —»| Search #1 (n = 34733)
Search #2 (n = 12671) Search #2 (n = 12582)
Reports sought for retrieval Duplicate records removed
> Search #1 (n = 89) —»| (n=78)
£ Search #2 (n = 86)
!
o
n
Reports assessed for eligibility
(n=97) —»| Reports excluded:
(n=74)(x=0.75)
Reasons for exclusion:
care bundle not specific for AKI (6)
outpatient setting (2)
editorials (2)
- reviews (6)
outcomes not studied (22)
no use of care bundle (18)
Studies included in qualitative meeting abstracts (18)
synthesis (n = 23)
Studies included in quantitative
synthesis (n = 13)
Fig. 1 PRISMA 2020 flow diagram of study selection

results from 2 studies that looked at AKI episodes instead
of patients. (Supplementary Fig. S1) [8, 15, 20, 22, 24, 27—
29, 32, 34-36].

When limiting the analysis to studies with ICU patients
only, these findings were confirmed. Occurrence of
moderate-severe AKI was markedly lower in the group
treated with a care bundle when pooling the RCT’s [RR
0.62, 95%CI 0.47-0.80] and reached also significance in
the overall analysis [RR 0.74, 95%CI 0.58-0.96] [8, 15, 20,
22, 27, 35]. (Supplementary Fig. S2).

All-cause ICU mortality, in-hospital mortality and 30-day
mortality (Fig. 4)

There was a wide range of reported all-cause in-hospital
mortality amongst the included studies, varying from 1.8

to 27% [22, 24, 25, 27-29, 32, 34]. Pooled data from stud-
ies examining in-hospital mortality in all patients, did not
show a significant difference between the two groups [RR
1.03, 95%CI 0.73-1.46], with low heterogeneity. The 2
RCT’s that studied in-hospital mortality showed a non-
significant decrease in patients exposed to a care bun-
dle [RR 0.60, 95%CI 0.24—1.50]. Pooling the before after
studies demonstrated a lower in-hospital mortality after
care bundle implementation in AKI patients [RR 0.81,
95%CI 0.73—0.90]. Heterogeneity was not significant.
ICU mortality in all patients was studied by Koeze and
Bourdeaux [15, 27]. There was no significant difference
between the control and the intervention group [RR 0.94,
95%CI 0.58—1.53]. Heterogeneity was moderate. Only 4
studies reported on 30-day all-cause mortality. Meersch
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Fig. 2 Compliance to AKl care bundles in all included studies; Before: a bundle of measures were reviewed without routine implementation of a
care bundle; After/Intervention: a care bundle was structurally implemented

et al. (RCT) and Engelman et al. (before after design)
found no significant difference in 30-day mortality
between all patients treated with or without care bundle
[RR 1.00, 95%CI 0.42-2.39] [8, 20]. Pooled data from two
before-after studies reached significance in decrease in
30-day mortality in patients with AKI and implementa-
tion of a care bundle [RR 0.95 95%CI 0.90-0.99] [29, 33].
(Supplementary Fig. S3).

Hospital and ICU length-of-stay (LOS) (supplementary fig. S4)
The hospital LOS was not significantly shorter when an
AKI care bundle was implemented in 3 pooled before
after studies [mean difference — 0.65, 95%CI -1.40,0.09]
[28, 29, 37]. Since 10 studies reported hospital LOS as
median with interquartile ranges (IQR) due to lack of
normal distribution, they could not be included in this
analysis [38]. Four studies provided data on ICU length-
of-stay (3 reported as median and IQR, 1 as mean with
standard deviation); only Gocze at al. found a signifi-
cant shorter ICU LOS after care bundle implementation
(median difference 1 (0,2) day; p=0.035) [8, 15, 22, 27].

Kidney recovery

Three studies evaluated kidney recovery. Connell et al.
only reported that the odds ratio for kidney recovery
(defined as return to creatinine level within 120% of

baseline prior to hospital discharge) was not differ-
ent between patients treated with versus without care
bundle [OR 1.03, 95% CI 0.56—1.87] [18]. Time to kid-
ney recovery was shorter in patients with intervention
compared to patients without intervention [OR 1.04,
95%CI 1.00-1.08]. Haase-Fielitz et al. performed a
small randomized controlled study of 52 patients and
found kidney recovery (defined as return to baseline
creatinine at discharge) in 50% of patients who had
intensified treatment with a care bundle versus 42%
without care bundle, however this was not significant
[OR 1.4, 95%CI 0.5-4,0] [23]. Zarbock and colleagues
found a non-significant increase in kidney recovery in
patients treated with a care bundle [OR 0.72; 95%CI
0.40-1.31] [35].

Risk of bias analysis

In the RCT’s, performance bias was present. There was
a low risk of detection, attrition and reporting bias. In
the non-randomized trials, bias due to deviations from
intended interventions was generally high and blind-
ing of interventions was not feasible. (Supplementary
Table 3) Funnel plots were constructed (Supplementary
Fig. 5). Due to the low numbers of studies per outcome,
publication bias could not be assessed.
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a: Occurrence of AKI

carebundle  no care bundle Risk Ratio Risk Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Rand 95% CI
RCT
Gocze 2018 19 60 29 61 7.4% 0.67[0.42,1.06] 7
Meersch 2017 76 138 99 138 14.4% 0.77 [0.64,0.92] -
Schanz 2018 23 54 23 46 8.0% 0.85[0.56, 1.30] -
Zarhock 2021 63 136 59 142 12.0% 1.11[0.85, 1.45] T
Subtotal (95% ™ 388 387 41.7% 0.85[0.68, 1.06] L
Total events 181 210

Heterogeneity: Tau®= 0.03; Chi*=6.33, df=3 (P=0.10); F=53%
Testfor overall effect Z=1.41 (P=0.16)

Before after studies
Bourdeaux 2020 732 2571 855 2523 16.9% 0.86 [0.79, 0.93] b
Engelman 2019 33 338 54 338 8.4% 0.61[0.41,0.92] -
Hodgson 2018 609 7881 568 6862 16.4% 0.93[0.84,1.04] -
Koeze 2020 564 1347 432 1295 16.6% 1.26[1.14,1.39] -
Subtotal (95% CI) 12087 11018  58.3% 0.93[0.74, 1.16] 4
Total events 1938 1909

Heterogeneity: Tau®= 0.04; Chi*= 40.23, df= 3 (P < 0.00001); F=93%
Testfor overall effect: Z= 0.65 (P = 0.52)

Total (95% CI) 12475 11405 100.0% 0.90 [0.76, 1.05] L
Total events 2119 2119

Heterogeneity: Tau?= 0.04; Chi*= 50.02, df = 7 (P < 0.00001); F= 86% 5o 0?1 T 00
Testfor overall effect: Z=1.32(P=0.19) Favours bundle Favours no bundle
Testfor subaroup differences: Chi*=0.29, df=1 (P = 0.59), F= 0%

b: Occurrence of moderate-severe AKI

care bundle  no care bundle Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
RCT
Gocze 2018 4 60 12 61 3.8% 0.34[0.12,0.99]
Meersch 2017 41 138 62 138 18.9% 0.66 [0.48, 0.91] -
Schanz 2018 21 54 18 46 12.3% 0.99 [0.61,1.62] e
Zarhock 2021 19 136 34 142 11.7% 0.58 [0.35, 0.97] -
Subtotal (95% ClI) 388 387 46.6% 0.68 [0.50, 0.92] L 2
Total events 85 126

Heterogeneity: Tau®= 0.03; Chi*= 4.36, df=3 (P=0.23); F=31%
Test for overall effect Z=2.51 (P=0.01)

Before after studies

Bourdeaux 2020 282 2571 347 2523 26.9% 0.81[0.70, 0.94] |

Engelman 2013 1 338 8 338 11% 0.13[0.02, 0.99]

Koeze 2020 210 1347 194 1295 25.4% 1.04[0.87,1.25] i

Subtotal (95% ClI) 4206 4156 53.4% 0.88 [0.65, 1.19] L 3

Total events 493 549

Heterogeneity: Tau*= 0.04; Chi*=7.82, df=2 (P=0.02); F=74%

Test for overall effect: Z= 0.83 (P = 0.41)

Total (95% CI) 4594 4543 100.0% 0.78 [0.62, 0.97] ¢

Total events 578 675

Heterogeneity: Tau®= 0.04; Chi*= 16.23, df= 6 (P = 0.01); F= 63% :D 07 041 150 1EID:

Test for overall effect: Z= 2.21 (P = 0.03)
Testfor subgroup differences: Chi*=1.45, df=1 (P =0.23), F=30.8%

Favours bundle Favours no bundle

c:Occurrence of KRT

care bundle no care bundle Risk Ratio Risk Ratio

Study or Subgroup _ Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
RCT

Gocze 2018 2 60 4 61 8.4% 0.51[0.10, 2.67] —
Meersch 2017 9 138 14 138 18.9% 0.64[0.29,1.44] 1
Schanz 2018 o 54 3 46 33% 012[0.01,230 1 —
Zarbock 2021 6 136 9 142 155% 0.70[0.25,1.90] 1
Subtotal (95% CI) 388 387 46.2% 0.60 [0.34, 1.07] R 4
Total events 17 30

Heterogeneity: Tau®= 0.00; Chi®=1.30,df= 3 (P=0.73),; F=0%

Testfor overall effect: Z=1.73 (P = 0.08)

Before after studies
Bourdeaux 2020 200 2521 163 2523 29.3% 1.23[1.01,1.50] il
Koeze 2020 22 1347 46 1295 24.5% 0.46 [0.28, 0.76] —
Subtotal (95% Cl) 3868 3818 53.8% 0.77 [0.30, 2.02] i
Total events 222 209

Heterogeneity: Tau®= 0.45; Chi®=12.73, df= 1 (P = 0.0004); F= 92%
Testfor overall effect: Z= 0.52 (P = 0.60)

Total (95% CI) 4256 4205 100.0% 0.67 [0.38, 1.19] gy
Total events 239 239

Heterageneity: Tau®= 0.28; Chi*= 17.56, df= 5 (P = 0.004); F= 72% =D.D1 0?1 150 100
Testfor overall efiect Z=1.37 (P = 0.17) Favours bundle Favours no bundle
Test for subgroup differences: Chi*=0.19, df=1 (P = 0.66), F=0%

Fig. 3 a Occurrence of AKl. b Occurrence of moderate-severe AKI. ¢ Occurrence of KRT
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a: In-hospital mortality with and without AKI care bundle (total patients)
care bundle no care bundle Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.4.1RCT
Gocze 2018 4 60 ] 61 7.2% 0.81[0.23, 2.89] —
Schanz 2018 3 54 4] 46 6.6% 0.43[0.11,1.61] —
Subtotal (95% CI) 114 107 13.8% 0.60 [0.24, 1.50] -
Total events 7 11
Heterogeneity: Tau®= 0.00; Chi*=0.48, df=1 {P=0.49); F=0%
Testfor overall effect Z=110 (P =0.27)
1.4.2 Before after studies
Koeze 2020 137 1347 117 1295 86.2% 1.13[0.89,1.42] ,
Subtotal (95% CI) 1347 1295 86.2% 1.13[0.89, 1.42]
Total events 137 117
Heterogeneity: Mot applicable
Test for overall effect Z=099 (P =0.32)
Total (95% CI) 1461 1402 100.0% 1.03 [0.73, 1.46] &
Total events 144 128
Heterogeneity: Tau®=0.02; Chi®= 2.20, df= 2 (P=0.33); F= 9% T 01 n o0

Test for overall effect: Z2=0.17 (P = 0.86)

Test for subaroup differences: Chi*=1.72, df=1 (P=0.19), F=41.8%

Favours bundle Favours no bundle

b: In-hospital mortality with and without AKI care bundle (patients with AKI; before after studies).

Testfor overall effect: Z=3.78 (P = 0.0002)

with AKI; before after studies)

care bundle no care bundle Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Hodgson 2018 132 609 156 568 28.5% 0.79[0.65, 0.97] -
Joslin 2015 g 92 12 100 1.7% 0.82[0.36,1.84] 1
Kolhe 2015 55 306 506 2194 18.4% 0.78[0.61,1.00] -
Kalhe 2016 180 939 443 1823 511% 0.83[0.72,0.87] |
Tsui 2014 3 a3 1 a5 0.2% 3.11[0.33, 28.00]
Total (95% CI) 1999 4740 100.0% 0.81[0.73, 0.90] ]
Total events 388 1118
Heterogeneity: Tau®= 0.00; Chi*=1.68, df=4 (P = 0.79); F= 0% =|J 0 051 150 1IJD=

Favours bundle Favours no bundle

Fig. 4 aIn-hospital mortality with and without AKI care bundle (total patients). b In-hospital mortality with and without AKI care bundle (patients

Discussion

In this systematic review and meta-analysis on AKI care
bundles in hospitalized patients a total of 23 studies were
included. Thirteen studies, consisting of 25,776 patients
(of which 775 patients in 4 RCT) and 30,276 AKI epi-
sodes, were used for quantitative analysis. The overall
compliance to all aspects of the AKI care bundle were
highly variable between studies and rather low. Com-
pliance to the bundle was higher in the RCT’s, ranging
from 65 to 100%. This meta-analysis demonstrates that
the occurrence of AKI was not significantly decreased
in patients exposed to an AKI care bundle compared to
standard of care. Importantly, occurrence of more severe
stages of AKI, which is known to be associated with mor-
tality [1, 2], was less frequent after implementation of a
bundle. The use of KRT did not differ between the inter-
vention and control group. In-hospital mortality and
30-day mortality was found to be lower in AKI patients

exposed to a care bundle; this is solely based on non-ran-
domized trials. A benefit on hospital and 30-day mortal-
ity could not be confirmed by RCT’s. Heterogeneity was
not important for these outcomes. Only a limited num-
ber of studies could be pooled for hospital length-of-stay
which did not show a difference between groups.

Care bundle compliance
The overall compliance to all aspects of the bundle were
highly variable and depended partially on study design
and the included patient population. The randomized
controlled trials had higher care bundle compliance
(which is inherent to the design of the study), as well as
the trials performed in ICU setting. In this setting, more
health care staff is available which allows more rigorous
follow-up compared to a regular hospital ward.

In 2012, the KDIGO working group made recommen-
dations to implement an AKI care bundle routinely to
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reduce postoperative AKI in high-risk patients [4]. Kil-
Imar and colleagues investigated the compliance with the
KDIGO recommendations in routine clinical practice
and found low compliance (5.3%) [30]. Compliance to the
bundle could be improved by using an interruptive alert
which demands to complete an electronic care bundle
[29, 39]. A prospective singe centre cohort study showed
that this strategy resulted in increased early interven-
tions in ICU patients [40]. However a meta-analysis on
interruptive e-alert implementation for detection of
AKI could not show benefit on outcomes [41]. A pos-
sible explanation is ‘bundle or alert fatigue, due to the
already high administrative burden and the high number
of items that needed to be checked [31]. Clinical decision
support systems may help to recognize AKI and imple-
ment care bundle measures in an early phase. A concise
and practical bundle is crucial for timely bundle comple-
tion. According to findings by Kolhe and colleagues, care
bundle completion within 24'h after identifying AKI was
associated with lower in-hospital mortality and less pro-
gression of AKI to higher stages [29].

Occurrence of AKI, moderate-severe AKI and use of KRT

Moderate and severe AKI was less frequent in patients
exposed to an AKI care bundle, in contrast with the
occurrence of AKI in general. There could be several
explanations for this finding. A higher detection rate
of AKI due to increased awareness for AKI might be
responsible for the absence of reduction of all stages of
AKIT after care bundle implementation [33]. Level of care
may play a role as well as the clinical context of AKI.
Three out of 4 RCT’s were performed in ICU setting
only which all showed reduction in moderate-severe AKI
[8, 22, 35]. Two retrospective before after studies found
similar results. Engelman et al. observed a decrease in
moderate-severe AKI in ICU patients post cardiac sur-
gery and Bourdeaux et al. observed a lower proportion
of increase from stage 1 to stage 2 or 3 after AKI care
bundle implementation in a mixed ICU (42% vs 33.5%,
p=0.002) [15, 20]. Koeze et al. could however not dem-
onstrate any benefit of care bundle implementation in
a mixed ICU population [15, 20, 27]. The latter did not
report on compliance to the used care bundle. Appropri-
ate patient selection could be the key to success of AKI
care bundle implementation. The BigpAK [22], PrevAKI
single centre [8], PrevAKI multicentre RCT [35] and one
interventional study by Engelman et al. [20] identified
patients at risk for AKI with urinary biomarkers. They all
showed a significant reduction in occurrence of moder-
ate-severe AKI after AKI care bundle implementation. In
contrast, they could not uniformly demonstrate an effect
on AKI occurrence in general or on long-term patient
outcomes. Moreover, 3 of these trials were performed
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in a cardiosurgical ICU only and applied the care bundle
proposed by the KDIGO working group [4]. This could
imply that using this care bundle is particularly beneficial
in patients at risk for AKI in a specific context (e.g. ICU
patients post major surgery).

ICU/in hospital/30-day mortality - hospital length-of-stay
(LOS)

In-hospital mortality was lower in AKI patients with
an AKI care bundle. A potential risk of bias might be
that better follow-up of patients exposed to a care bun-
dle leads to lower hospital mortality. Other studies, not
included in the quantitative analysis due to lack of raw
data, confirmed this reduction in hospital mortality after
implementation of an AKI care bundle [17, 19, 42]. This
reduction on patient outcomes could not be demon-
strated by randomized data which could be due to the
small patient numbers included in the RCT’s and the
variability in studied outcomes. The hospital length-of-
stay was not significantly reduced in patients exposed to
a care bundle, however this should be interpreted with
caution because of the low number of included studies.
We would expect a beneficial effect of a care bundle on
the prognosis of the patient when there is reduction in
AKI severity since AKI, and particularly moderate-severe
AKI, is associated with increased mortality [1, 2]. A large,
sufficiently powered RCT is warranted to investigate hard
patient outcomes such as 30 day mortality.

Limitations and strengths
First, the variability in components of the applied
care bundles and compliance to the care bundle in the
included studies was high, which makes it hard to draw
conclusions about the effects of implementation of AKI
care bundles in general. Secondly, we observed het-
erogeneity in study design, studied patient population
and bundle implementation. For example, some inves-
tigators studied patients with AKI at time of inclusion,
while other trials included patients without AKI. The
use of AKI episodes instead of number of patients with
AKI made comparison between studies difficult. High
between-study heterogeneity in comparing AKI occur-
rence made interpretation of the results unclear. Third,
several trials studied the implementation of AKI care
bundles without collection of data on hard kidney and
patient outcomes or did not report raw data and could
therefore not be included in the final analysis. Fourth, our
main results were driven by trials performed in an ICU
setting, so we should be careful to extrapolate these find-
ings to all hospitalized patients.

To our knowledge, this is the first systematic review
and meta-analysis that reports kidney and patient out-
comes related to AKI care bundle implementation. It
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was performed according to the PRISMA guidelines
and preregistered in the Prospero database. It is unclear
whether AKI care bundle implementation is in general
beneficial, however this analysis raises some questions
to address in future research, such as the best design of
an AKI care bundle in terms of compliance, feasibility
and prevention of ‘bundle fatigue’ as well as appropriate
selection of patient groups, for example ICU patients
in a specific context or screened for AKI risk by bio-
markers who might benefit most of AKI care bundle
implementation.

Conclusion

This systematic review and meta-analysis shows that
implementation of AKI care bundles does not influence
the occurrence of AKI in general. In contrast, the occur-
rence of moderate to severe AKI is reduced after care
bundle implementation. Lack of data and heterogeneity
in study design and results impede drawing firm conclu-
sions about patient outcomes. Compliance to AKI care
bundles in hospitalized patients is highly variable. Addi-
tional research in targeted patient groups at risk for AKI
with correct and complete implementation of a feasible
AKI care bundle, well-tailored and integrated in the pre-
existing clinical support system, could help to clarify
the impact of its implementation on kidney and patient
outcomes.

Abbreviations

AKI: acute kidney injury; ICU: intensive care unit; KDIGO: Kidney Disease:
Improving Global Outcomes; PRISMA: Preferred Reporting [tems for System-
atic Reviews and Meta-analyses; RCT: randomized controlled trial; KRT: kidney
replacement therapy; LOS: length of stay; Cl: confidence interval; RR: risk ratio;
OR: odds ratio.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512882-021-02534-4.

Additional file 1: Figure S1: Occurrence of moderate-severe AKl and KRT
(AKI episodes). Figure S2: Occurrence of AKI, moderate-severe AKl and
KRT in ICU patients only. Figure S3:1ICU and 30 day mortality. Figure S4:
Hospital length-of-stay (AKI episodes).

Additional file 2: Figure S5: Funnel plots of main outcomes.

Additional file 3: Table TS1: PRISMA 2020 Checklist for conducting a
systematic review and meta-analysis.

Additional file 4: Table TS2: Risk of bias tool for non-randomized trials.
Additional file 5: Table TS3: Risk of bias analysis.

Acknowledgements

I'would like to thank my supervisor E.H. for his guidance and enthusiastic
encouragement in performing this meta-analysis. | would like to thank D.V. for
the thorough and efficient way she participated in this project. | would like to
thank W.V. for his patience and useful critiques to this article.

Page 9 of 10

Authors’ contributions

All authors have been implicated and responsible for the drafting of the
article. EH. conceived and designed the project together with H.S., D.V. and
W.V. Data collection was done by D.V. and H.S. under supervision of E.H. Data
analysis was performed by H.S. together with W.V. H.S. wrote the manuscript.
All authors discussed the results and gave input to the final manuscript. All
authors have approved this version.

Funding
None.

Availability of data and materials
Additional data are available on request by contact with the corresponding
author (H.S.).

Declarations

Ethics approval and consent to participate
Not applicable. All patient data were previously published in compliance with
ethical standards.

Consent for publication
Not applicable.

Competing interests

Eric Hoste received Speakers fees for Alexion, Sopachem both paid to the
institution and a travel grant from AM Pharma. All other authors declare no
conflicts of interest.

Author details

'Intensive Care Unit, Ghent University Hospital, Ghent University, C. Heyman-
slaan 10, 9000 Ghent, Belgium. 2Department of Nephrology, Saint Ignacio
University Hospital, Bogota, Colombia. *Research Foundation-Flanders (FWOQ),
Brussels, Belgium.

Received: 20 April 2021 Accepted: 15 September 2021
Published online: 08 October 2021

References

1. Hoste EA, Bagshaw SM, Bellomo R, Cely CM, Colman R, Cruz DN, et al. Epi-
demiology of acute kidney injury in critically ill patients: the multinational
AKI-EPI study. Intensive Care Med. 2015;41(8):1411-23.

2. Hoste EAJ, Kellum JA, Selby NM, Zarbock A, Palevsky PM, Bagshaw SM,
et al. Global epidemiology and outcomes of acute kidney injury. Nat Rev
Nephrol. 2018;14(10):607-25.

3. Lewington A, Hall P. The cost of ignoring acute kidney injury. Nephrol Dial
Transpl. 2014;29(7):1270-2.

4. KDIGO working group. KDIGO clinical practice guideline for acute kidney
injury. Kidney Int Suppl. 2012,2:1-138.

5. De Loor J, Decruyenaere J, Demeyere K, Nuytinck L, Hoste EA, Meyer
E. Urinary chitinase 3-like protein 1 for early diagnosis of acute kidney
injury: a prospective cohort study in adult critically ill patients. Crit Care
(London, England). 2016,20:38.

6. De Loor J, Herck |, Francois K, Van Wesemael A, Nuytinck L, Meyer E, et al.
Diagnosis of cardiac surgery-associated acute kidney injury: differential
roles of creatinine, chitinase 3-like protein 1 and neutrophil gelatinase-
associated lipocalin: a prospective cohort study. Ann Intensive Care.
2017;7(1):24.

7. Hoste EA, Vaara ST, De Loor J, Haapio M, Nuytinck L, Demeyere K,
et al. Urinary cell cycle arrest biomarkers and chitinase 3-like protein
1 (CHI3L1) to detect acute kidney injury in the critically ill: a post hoc
laboratory analysis on the FINNAKI cohort. Crit Care (London, England).
2020;24(1):144.

8. Meersch M, Schmidt C, Hoffmeier A, Van Aken H, Wempe C, Gerss J, et al.
Prevention of cardiac surgery-associated AKI by implementing the KDIGO
guidelines in high risk patients identified by biomarkers: the PrevAKI
randomized controlled trial. Intensive Care Med. 2017;43(11):1551-61.


https://doi.org/10.1186/s12882-021-02534-4
https://doi.org/10.1186/s12882-021-02534-4

Schaubroeck et al. BMC Nephrol

20.

21.

22.

23.

24.

25.

26.

(2021) 22:335

Bagshaw SM. Acute kidney injury care bundles. Nephron.
2015;131(4):247-51.

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. J
Clin Epidemiol. 2009;62(10):1006-12.

. Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,

et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ (Clinical research ed). 2021;372:n71.

Hildebrand AM, lansavichus AV, Haynes RB, Wilczynski NL, Mehta RL,
Parikh CR, et al. High-performance information search filters for acute
kidney injury content in PubMed, Ovid Medline and Embase. Nephrol
Dial Transpl. 2014,29(4):823-32.

Higgins JB, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency
in meta-analyses. BMJ (Clinical research ed). 2003;327(7414):557-60.
Bhagwanani A, Carpenter R, Yusuf A. Improving the management of
acute kidney injury in a district general hospital: introduction of the
DONUT bundle. BMJ Qual Improv Rep. 2014;2(2):u202650.w1235. Pub-
lished online 2014 Feb 4. https://doi.org/10.1136/bmjquality.u202650.
w1235,

Bourdeaux C, Ghosh E, Atallah L, Palanisamy K, Patel P, Thomas M, et al.
Impact of a computerized decision support tool deployed in two inten-
sive care units on acute kidney injury progression and guideline compli-
ance: a prospective observational study. Crit Care (London, England).
2020;24(1):656.

Brady P, Gorham J, Kosti A, Seligman W, Courtney A, Mazan K, et al.
"SHOUT" to improve the quality of care delivered to patients with

acute kidney injury at great Western hospital. BMJ Qual Improve Rep.
2015;4(1):u207938.w3198. Published online 2015 Nov 17. https://doi.org/
10.1136/bmjquality.u207938.w3198.

Chandrasekar T, Sharma A, Tennent L, Wong C, Chamberlain P, Abraham
KA. A whole system approach to improving mortality associated with
acute kidney injury. QJM. 2017;110(10):657-66.

Connell A, Raine R, Martin P, Barbosa EC, Morris S, Nightingale C, et al.
Implementation of a digitally enabled care pathway (part 1):impact on
clinical outcomes and associated health care costs. J Med Internet Res.
2019;21(7):N.PAG.

Ebah L, Hanumapura P, Waring D, Challiner R, Hayden K, Alexander J,

et al. A multifaceted quality improvement Programme to improve acute
kidney injury care and outcomes in a large teaching hospital. BMJ Qual
Improv Rep. 2017;6(1):u219176.w7476. Published online 2017 May 25.
https://doi.org/10.1136/bmjquality.u219176.w7476.

Engelman DT, Crisafi C, Germain M, Greco B, Nathanson BH, Engelman
RM, et al. Using urinary biomarkers to reduce acute kidney injury follow-
ing cardiac surgery. J Thorac Cardiovasc Surg. 2020;160(5):1235-46 e2.
Forde C, McCaughan J, Leonard N. Acute kidney injury: It's as easy as
ABCDE. BMJ Qual Improv Rep. 2012;1(1):u200370.w326. Published online
2012 Dec 18. https://doi.org/10.1136/bmjquality.u200370.w326.

Gocze |, Jauch D, Gotz M, Kennedy P, Jung B, Zeman F, et al. Bio-
marker-guided intervention to prevent acute kidney injury after

major surgery: the prospective randomized BigpAK study. Ann Surg.
2018;267(6):1013-20.

Haase-Fielitz A, Elitok S, Schostak M, Ernst M, Isermann B, Albert C, et al.
The effects of intensive versus routine treatment in patients with acute
kidney injury. Deutsches Arzteblatt international. 2020;117(17):289-96.
Hodgson LE, Roderick PJ, Venn RM, Yao GL, Dimitrov BD, Forni LG. The
ICE-AKI study: impact analysis of a clinical prediction rule and electronic
AKl alert in general medical patients. PLoS One. 2018;13(8):0200584.
Joslin J, Wilson H, Zubli D, Gauge N, Kinirons M, Hopper A, et al. Recogni-
tion and management of acute kidney injury in hospitalized patients can
be partially improved with the use of a care bundle. Clin Med (London,
England). 2015;15(5):431-6.

Kane-Gill SL, Peerapornratana S, Wong A, Murugan R, Groetzinger LM,
Kim C, et al. Use of tissue inhibitor of metalloproteinase 2 and insulin-
like growth factor binding protein 7 [TIMP2]*[IGFBP7] as an AKl risk
screening tool to manage patients in the real-world setting. J Crit Care.
2020;57:97-101.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 10 of 10

Koeze J, van der Horst ICC, Wiersema R, Keus F, Dieperink W, Cox EGM,

et al. Bundled care in acute kidney injury in critically ill patients, a before-
after educational intervention study. BMC Nephrol. 2020;21(1):381.

Kolhe NV, Reilly T, Leung J, Fluck RJ, Swinscoe KE, Selby NM, et al. A simple
care bundle for use in acute kidney injury: a propensity score-matched
cohort study. Nephrol Dial Transpl. 2016;31(11):1846-54.

Kolhe NV, Staples D, Reilly T, Merrison D, McIntyre CW, Fluck RJ,

et al. Impact of compliance with a care bundle on acute kidney

injury outcomes: a prospective observational study. PLoS One.
2015;10(7):e0132279.

Kullmar M, Massoth C, Ostermann M, Campos S, Grau Novellas N, Thom-
son G, et al. Biomarker-guided implementation of the KDIGO guidelines
to reduce the occurrence of acute kidney injury in patients after cardiac
surgery (PrevAKI-multicentre): protocol for a multicentre, observational
study followed by randomised controlled feasibility trial. BMJ Open.
2020;10(4):e034201.

Logan R, Davey P, Davie A, Grant S, Tully V, Valluri A, et al. Care bundles for
acute kidney injury: a balanced accounting of the impact of implementa-
tion in an acute medical unit. BMJ Open Qual. 2018;7(4):e000392.
Schanz M, Wasser C, Allgaeuer S, Schricker S, Dippon J, Alscher MD, et al.
Urinary [TIMP-2].[IGFBP7]-guided randomized controlled intervention
trial to prevent acute kidney injury in the emergency department. Neph-
rol Dial Transpl. 2019;34(11):1902-9.

Selby NM, Casula A, Lamming L, Stoves J, Samarasinghe Y, Lewington

AJ, et al. An organizational-level program of intervention for AKI: a
pragmatic stepped wedge cluster randomized trial. J Am Soc Nephrol.
2019;30(3):505-15.

Tsui A, Rajani C, Doshi R, De Wolff J, Tennant R, Duncan N, et al. Improv-
ing recognition and management of acute kidney injury. Acute Med.
2014;13(3):108-12.

Zarbock A, Kullmar M, Ostermann M, Lucchese G, Baig K, Cennamo A,

et al. Prevention of cardiac surgery-associated acute kidney injury by
implementing the KDIGO guidelines in high-risk patients identified by
biomarkers: The PrevAKI-Multicenter Randomized Controlled Trial. Anesth
Analg. 2021;133:292-302. https://doi.org/10.1213/ANE.0000000000
005458.

Gocze |, Schlitt HJ, Bergler T. Biomarker-guided intervention to prevent
AKl or KDIGO care bundle to prevent AKI in high-risk patients undergoing
major surgery? Ann Surg. 2018;268(6):e68-e9.

Hodgson LE, Venn RM, Short S, Roderick PJ, Hargreaves D, Selby N, et al.
Improving clinical prediction rules in acute kidney injury with the use of
biomarkers of cell cycle arrest: a pilot study. Biomarkers. 2019;24(1):23-8.
Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range.
BMC Med Res Methodol. 2014;14:135.

Hoste EA, Kashani K, Gibney N, Wilson FP, Ronco C, Goldstein SL, et al.
Impact of electronic-alerting of acute kidney injury: workgroup state-
ments from the 15(th) ADQI consensus conference. Can J Kidney Health
Dis. 2016;3:10.

Colpaert K, Hoste EA, Steurbaut K, Benoit D, Van Hoecke S, De Turck F,

et al. Impact of real-time electronic alerting of acute kidney injury on
therapeutic intervention and progression of RIFLE class. Crit Care Med.
2012;40(4):1164-70.

Lachance P, Villeneuve PM, Rewa OG, Wilson FP, Selby NM, Featherstone
RM, et al. Association between e-alert implementation for detection of
acute kidney injury and outcomes: a systematic review. Nephrol Dial
Transpl. 2017,32(2):265-72.

Sykes L, Sinha S, Hegarty J, Flanagan E, Doyle L, Hoolickin C, et al. Reduc-
ing acute kidney injury incidence and progression in a large teaching
hospital. BMJ Open Qual. 2018;7(4):e000308.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1136/bmjquality.u202650.w1235
https://doi.org/10.1136/bmjquality.u202650.w1235
https://doi.org/10.1136/bmjquality.u207938.w3198
https://doi.org/10.1136/bmjquality.u207938.w3198
https://doi.org/10.1136/bmjquality.u219176.w7476
https://doi.org/10.1136/bmjquality.u200370.w326
https://doi.org/10.1213/ANE.0000000000005458
https://doi.org/10.1213/ANE.0000000000005458

	Impact of AKI care bundles on kidney and patient outcomes in hospitalized patients: a systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Study design
	Eligibility criteria
	Outcomes and prioritization
	Search strategy
	Data extraction and collection
	Data synthesis and quality assessment

	Results
	Study selection
	Baseline characteristics and care bundle compliance (Fig. 2)
	Outcomes
	Occurrence of AKI in general, moderate-severe AKI and use of kidney replacement therapy (KRT) (Fig. 3)
	All-cause ICU mortality, in-hospital mortality and 30-day mortality (Fig. 4)
	Hospital and ICU length-of-stay (LOS) (supplementary fig. S4)
	Kidney recovery

	Risk of bias analysis

	Discussion
	Care bundle compliance
	Occurrence of AKI, moderate-severe AKI and use of KRT
	ICUin hospital30-day mortality – hospital length-of-stay (LOS)
	Limitations and strengths

	Conclusion
	Acknowledgements
	References


