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SUMMARY

Background: Acute kidney injury (AKI) often takes a complicated course if
diagnosed late and undertreated. Electronic alerts that provide an early warning
of AKI are intended to support treating physicians in making the diagnosis of AKI
and treating it appropriately. The available evidence on the effects of such alert
systems is inconsistent.

Methods: We employed the PRISMA recommendations for systematic literature
reviews to identify relevant articles in the PubMed, Scopus, and Web of Science
databases. All of the studies that were retrieved were independently assessed by
two of the authors with respect to the methods of computer-assisted electronic
alert systems and their effects on process indicators and clinical endpoints.

Results: 16 studies with a total of 32 842 patients were identified. 8.5% of admitted
patients had community-acquired or hospital-acquired AKI, with an in-hospital
mortality of 22.8%. Fifteen electronic alert systems were in use throughout the
participating hospitals. In 13 of 15 studies, alarm activation was accompanied by
concrete treatment recommendations. A randomized controlled trial in which no
such recommendations were given did not reveal any benefit of the alert system
for the patients. In controlled but non-randomized trials, however, the provision of
concrete treatment recommendations when the alert was activated led to more
frequent implementation of diagnostic or therapeutic measures, less loss of renal
function, lower in-hospital mortality, and lower mortality after discharge compared
to control groups without an electronic alert for AKI.

Conclusion: Non-randomized controlled trials of electronic alerts for AKI that were
coupled with treatment recommendations have yielded evidence of improved
care processes and treatment outcomes for patients with AKI. This review is
limited by the low number of randomized trials and the wide variety of endpoints
used in the studies that were evaluated.
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bout one in 10 patients receiving inpatient treatment
will develop acute kidney injury (AKI) (1, 2).
Sawhney et al (1) even reported that 17.6% of patients
with pre-existing chronic kidney disease developed AKI.
Acute kidney injury reduces the therapeutic results for the
specialist department that provides the primary treatment
and is an independent risk factor for in-hospital mortality
that is raised by several orders of magnitude (hazard ratio
1.4-15.4; 13-41% of cases) (1-4). A typical and serious
long-term consequence is the development or progression
of chronic renal failure in 10-20% of cases (4, 5). Acute
kidney injury has a greater incidence and a higher rate of
complications than myocardial infarction (6).
The diagnosis is made on the basis of (7):
® A defined rise in the serum creatinine concen-
tration (>50% from the previous measurement
within a maximum of 7 days, or >0.3 mg/dL
[>26.4 umol/L] within a maximum of 2 days or to
>4.0 mg/dL [>354 umol/L]);

® And/or a reduction in diuresis (<0.5 mL/kg/BW/h

over 6 hours);

® And/or initiation of acute renal replacement

therapy.

The stages of acute kidney injury are described in
Table 1. The most common triggers of AKI are sepsis,
complex surgical procedures, nephrotoxins, hypovo-
lemia, cardiac decompensation, and urinary retention
(8). Recommended effective countermeasures are early
diagnosis and the initiation of rapid multifactorial
measures (Table 1), in order to identify as early as pos-
sible trigger factors and factors that support and main-
tain renal injury, and thereby create optimal conditions
for complete or extensive renal recovery (7).

The duration of AKI crucially determines patients’
survival (AKI stage 1 for <2 days: mortality 13.7/100
person years versus AKI stage 3 for >7 days: mortality
43.8/100 person years) (9). If the diagnosis is delayed
and insufficient therapeutic measures are initiated, this
constitutes an independent risk factor (odds ratio 1.45;
95% confidence interval: [1.04; 2.039]) for higher
in-hospital mortality (10). Optimized therapeutic care
reduces the development of higher stages of AKI by
some 50% and in-hospital mortality by 20% (11).

Electronic alerts or early warning systems are intended
to enable earlier detection of acute kidney injury. Figure 1
shows the principle underlying an AKI early warning
system. Some individual publications or narrative reviews
found patient-relevant benefits (12, 13), and some others
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T (14, Wit s ot cls s wheh consisent s

triggers were used and what the extent was to which the

Stages of acute kidney injury and measures (7) alarm signal targeted the recipients and provided concrete
e D treatment recommendations.
Stage Serum creatinine increase DIIENS . .
On this background, we conducted a systematic
1 >26.4 pmol/L within a maximum of 2 days or <0.5 mL/kg/h for >6 h literature search of the current level of knowledge

to >1.5-1.9 times the previous value . .
P regarding AKI early warning systems. We focused

2 To >2.0-2.9 times the previous value <0.5 mL/kg/h for >12 h mainly on the characteristics of AKI alerting systems,

including trigger, type, message, and recipient of the

3 To >3.0 times the previous value or to <0.3 mL/kg/h for >24 h alerting process and on effects of AKI alerting systems
>354 pmol/L or on process indicators and patient-relevant endpoints.

or initiation of acute kidney replacement therapy anuria for >12 h

Measures in acute kidney injury* Methods

e Determine the cause Study design
e Achieve euvolemia (by fluid administration or negative balance) To find answers to these questions, we summarized in
e Medication intgrvention (stoppi_ng nephrotoxic n_1ed_icati0ns, adjusting medication the present review article the results of a systematic
dosages according to renal function, change medications) literature search according to the recommendations of the
e Optimize hemodynamic status g .
e Detect and treat electrolyte and acid-base imbalances PRISMA statement (15). The study protocol was regis-
e Monitor results (including serum creatinine, diuresis, weight, or balance) tered (www.crd.york.ac.uk/prospero, CRD42016041510,
o Ifrequired seek nephrology consultant support » ) search term: “alert”). Two of the authors (CA/MH) in-
e Initiate outpatient follow-up care (including testing serum creatinine and urine d dently identified studi d d d .
protein) ependently identified studies and conducted screening,
selection, and data extraction. In case of disagreement,
*Further measures are at kdigo.org/clinical_practice_guidelines/pdfiKDIGO%20AKI%20Guideline.pdf this was resolved by discussion in a consensus decision
(pp 8-10) or by the decision of a further author (A H-F).

Literature search
The Box shows a summary of the search strategy, search
terms, extracted data, and endpoints (see eBoxes 1 and 2

S I o or il To deniy pproprin studis e sed

the databases Medline, Scopus, and Web of Science,
Diagnostic criteria for independently of the publication type and status and
“acute kidney injury“ without any limits imposed on the time periods covered.
AKI detection Furthermore we regularly screened medical journals that
(AKI detection algorithm . . .
deposited in the laboratory were relevant for the subject matter of our review article,
information system) such as the New England Journal of Medicine, Lancet,
Alerting process ) Journal of the American Medical Association, (Clinical)
(N;?fsigg;% :'i‘n‘:':hz'r‘:‘[[;ry Journal of the American Society of Nephrology, Clinical
program, text messaging, email, Kidney Journal, and conference abstracts; we searched
Alerted doctors pager, phone call) study registries (clinical trials.gov, German Clinical
(treating physician, Trials Register) for unpublished studies and took up
nephrologist if needed) Treatment reading recommendations from experts in the subject
(Bundle of measures, if required (effective date: 20 May 2016).
specialist co-treatment)
AKI treatment recommendations, for example: Study select!on -
— Find cause of AKI The inclusion criteria for our study were:
— Treat AKI ® Patient population: Hospital inpatients
o Incrvnton: Fleconic sleing system_fo
. : : identifying patients with acute kidney injury
(acquired on an inpatient or outpatient basis)

Principle of an electronic early warning alerting system for acute kidney injury ® Reported endpoints: Characteristics of the alert-
The detection element of an electronic alerting system is an algorithm built into the labora- ing systems, including the trigger for the AKI
tory program, which can be used to compare current serum creatinine measurements with alert, the type and targeted recipient of the alerting
previously taken ones. Wherever possible, serum creatinine measurements are considered process, and the potential linking of the alert to
before inpatient admission and patients needing chronic dialysis are excluded. During the treatment recommendations, as well as effects of

alerting process, treating phsycians can be informed about a reduction in renal function in
various ways. One way is a simple list of affected patients with or without mention of the
severity grade of their AKI. Another way is by using technically sophisticated early warning
systems that will disrupt doctors' routine practice briefly and are linked to concrete recom-

the AKT alerting system on process indicators and
patient-relevant endpoints.
® Study design: (Pseudo) randomized studies,

mendations to treating physicians. Use and benefit of the AKI alerting system should be col}ort stgdies. ) . .
checked at regular intervals, and feedback should be given to users (13). We did not include studies that did not use electronic
AKI, acute kidney injury alerts for acute kidney injury.
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Data extraction, endpoints, study quality, and study bias

Alert characteristics, process indicators, and patient-
relevant endpoints from the studies were extracted by
using a standardized study documentation sheet that
had been developed a priori. For each study we
extracted the dates and endpoints listed in eBox 2. Non-
randomized controlled studies were assessed regarding
the representativeness of the patient population, com-
parability of study groups, and quality of endpoint col-
lection (Newcastle-Ottawa scale [16]), and regarding
the risk of bias in the study results by using the
ACROBAT-NRSi tool (A Cochrane-Risk-Of-Bias
Assessment-Tool of non-randomised studies of inter-
ventions, http://methods.cochrane.org/bias/assessing-
risk-bias-included-studies). We assessed randomized
studies in terms of their reported approach to randomiz-
ation and blinding and the description of the dropout
rate (Jadad scale [17]). The current consensus is that a
point value of <3 points on the Jadad scale indicates a
notably reduced study quality (Two authors CA, MH)
collected the scale point scores independently of one
another. Where disagreement arose regarding the point
score, this was resolved by discussion and consensus or
by the decision of a third author (A H-F). The study
quality and the risk of bias in the study results were not
used as exclusion criteria. We described the results in a
descriptive analysis. We designed a subgroup analysis
of the effects of electronic alerts for the controlled
studies, which linked the alert with concrete treatment
recommendations or co-treatment by specialists.

Resuilts

By applying the search strategy, we identified 958
potentially relevant publications, of which 16 primary
publications (a list of the excluded publications is avail-
able from the authors) were included in the data extrac-
tion and analysis (11, 12, 14, 18-30), after dedupli-
cation of the records and after screening titles,
abstracts, and full text publications according to our
inclusion and exclusion criteria (Figure 2). Eleven of
the included studies had control groups (11, 12, 14, 18,
19, 21-23, 25, 29, 30). Nine of these studies were not
randomized, two were randomized (14, 22). The
remaining 5 studies were observational studies. eTable
1a lists for each of these publications the relevant data
on patients, study design and quality, and the risk of
bias in the reported study. None of the studies had re-
ceived private funding. The included studies reported
data relating to 32 842 patients with AKI (of whom
49% were women), which had been collected by means
of an electronic alerting system. Patients requiring
chronic dialysis were excluded.

Table 2 summarizes the characteristics of patients
with AKI. The population included elderly patients
who were subject to substantial in-hospital mortality or
follow-up mortality (about 23%) (11, 12, 14, 20, 21, 23,
26-28, 30), whereas for hospital inpatients admitted
during the period under comparison, mortality was 2%
(28). The incidence of AKI was about 9%; almost half
of the patients had developed a moderate to severe AKI
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Summary of search criteria, extracted data, and
endpoints*

® Databases:
PubMed, Scopus, Web of Science
(no filter, effective date: 20 May 2016)

® Main search terms used:
acute kidney injury, creatinine, urine output, alert, biomarker

® Extracted data:
Design, type of hospital, exclusion criteria, age of patients, sex, earlier creatini-
ne level, funding sources, characteristis of alerting systems

® Endpoints:

— Process indicators: medical measures to treat acute kidney injury, including
renal ultrasonography, optimization of fluid status and hemodynamic status,
measuring the acid-base balance, stopping nephrotoxic medication, adjus-
ting medication to renal functioning, urinanalysis, including specialty consul-
tant support

- Patient-relevant endpoints (definitions in eTable 1h):

Stage and progression of acute kidney injury, initiation of acute kidney
replacement therapy, recovery of renal function, length of inpatient stay,
mortality in hospital or during follow-up

* Extensive information on the applied search terms and the way in which they were linked, on
extracted data, and endpoint definitions are in eBoxes 1 and 2

stage (11, 20, 21, 23-28, 30). Consultant nephrologist
support had been requested in the setting of routine
clinical treatment in 12% of patients with AKI (11, 14,
21). Recovery of renal function was reported for three
quarters of cases (20, 21, 23, 26). The severity grade of
the acute kidney injury was associated with the du-
ration of the inpatient stay (11, 14, 21, 25, 27, 28, 30).
In direct analogy, the stage-related in-hospital mortality
or mortality at follow-up rose in linear fashion with the
AKI stage (12, 20, 21, 26-28).

Characteristics of electronic alerting systems

for acute kidney injury

eTable 1b lists study specific results for the functional-
ity and effects of the reported AKI early warning alerts.
Results regarding functionality are summarized in Fig-
ure 3. All identified studies used a defined and mostly
consensus-supported increase in serum creatinine to
trigger the alarm (7, 31, 32). One study (23) recorded
reductions in diuresis in addition to creatinine increases
to detect AKI. Fifteen AKI electronic alerts operated
hospital-wide; one was restricted to an intensive care
ward (23). The alarm was triggered mostly in a fully
automated way (11, 12, 14, 18, 20, 23, 25-27, 29, 30),
without interrupting the work of the treating ward phy-
sicians (non-disruptive) (12, 14, 18, 20-22, 25, 27,
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Flowchart
showing
study Entries identified by
selection database search
process

(n = 957)

Additional entries identified
by other search methods
(n=1)

Entries after
deduplification
(n=273)

Excluded entries
(after title review)
(n=213)

(n= 60)

(n= 22)

(n = 16)

Results section 1: Analysis
of epidemiological data and
characteristics of AKI
alerting systems (n = 16)
(Table 2, Figure 3)

Checked entries

Checked entries

Studies included in
systematic review

Analysis of process indicators and patient-relevant end points

Excluded entries
(after abstract review)
(n = 38)

Excluded entries
(after full text review)
(n = 6)
— Not the right study
population
— Not the right intervention

Results section: Of a total of 16 studies, 11 were controlled
studies; of these, 9 were non-randomized controlled studies
and 2 randomized studies.

when comparing intervention (alert) and control group
(eTables 1a and 1b, Figure 4)

29)—for example, by inserting a text alert in the labora-
tory program or by email, or while linking concrete
treatment recommendations or initiating specialist
support (11, 12, 18, 19, 21-23, 25-30) (Figure 3). The
alarm signal was passed to the treating physicians and,
in some cases, also to the hospital/ward pharmacists
(14, 22) or doctors specializing in AKI treatment, such
as nephrologists (25) or specially trained specialists in
internal medicine (29).

Process indicators and patient-relevant effects of electronic
alerts in controlled studies

Both randomized studies (14, 22) had a point score of
3.5 (3.0-4.0) out of a maximum of 5 points on the
Jadad scale (17). One randomized study did not report
any patient-relevant endpoints, merely process
indicators, such as adjustment of medications in AKI,
for which no differences between groups had been ob-
served (22). The other randomized study did not
provide treatment recommendations to ward phy-

sicians, did not affect the care status of patients with
AKI, and did not find any differences for patients
undergoing acute kidney replacement therapy and for
in-hospital mortality or follow-up mortality, or other
patient-relevant endpoints, such as the length of inpa-
tient stay (14).

Non-randomized studies had a point score of 6 (4-7)
of a maximum of 9 points on the Newcastle-Ottawa
scale (16). The risk for bias was moderate in the non-
randomized studies, except in the one reported by
Gulliford (critical, [29]) and Kolhe et al (low, [30]). In
10 out of 11 controlled studies, the AKI alert was linked
to concrete treatment recommendations for the ward
physicians or specialist co-treatment was provided (11,
12, 18, 19, 21-23, 25, 29, 30). In 7 out of 8 controlled
studies of AKI electronic alerts and linked treatment
recommendations, which reported process indicators
(11, 12, 18, 19, 23, 29, 30), the alert group underwent
more renal ultrasonography investigations than the
control group, the administration of nephrotoxic
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medications was stopped earlier, or patients’ fluid
status was optimized (Figure 4). Furthermore, AKI
alerts linked to concrete treatment recommendations in
the alert groups led to better renal function in all studies
that reported this particular endpoint (11, 18, 23, 30),
although the definition of improved renal function was
subject to substantial variability and the rate of kidney
replacement therapy was lower in one study only (12),
whereas it remained unchanged in 3 studies (23, 25,
30). In-hospital mortality or mortality at follow-up was
reduced in the AKI alert group with concrete treatment
recommendations in 4 studies compared with the con-
trol group (11, 21, 29, 30)—in 3 studies this difference
reached significance (11, 21, 30), in 1 study it fell from
44% to 25% without any reporting of statistical signifi-
cance (30)—and in 3 studies it remained unchanged
(18, 23, 25). Furthermore, one study reported lower in-
hospital mortality in the alert group compared with the
control group if the Critical Care and Outreach team
was called to the patient’s bedside due to threatening
changes to the vital parameters within a maximum of
24 hours after AKI alert (12). Of the two identified
randomized studies (14, 22) only one (14) collected
patient-relevant endpoints and showed—without any
suggested treatment recommendations—no patient-
relevant benefits for an alerting system for patients with
AKI.

Discussion

We conducted a systematic literature search and identi-
fied 16 studies that investigated electronic alerts for
detecting acute kidney injury. These early warning sys-
tems captured 32 842 patients with AKI. They were
mostly fully automated and non-disruptive and used as
the trigger for the alert a defined rise in serum creati-
nine. The controlled non-randomized studies were
often of alerts linked to concrete treatment recommen-
dations to the treating ward physicians or with the in-
troduction of specialist (consultant) support. These
studies provided indications of an increase in the initi-
ation of nephroprotective measures, a milder course of
the acute kidney injury, and lower in-hospital mortality
or follow-up mortality compared with the control
group. The reliability of the results of the non-
randomized controlled studies we included was low to
moderate, mainly because the reporting was of limited
quality.

Patients who died during an inpatient stay with prior
severe acute kidney injury received adequate care in
less than 50% of cases as far as laboratory tests and
imaging exams to identify the causes and the initiation
of therapeutic measures are concerned (33). In another
study, renal ultrasonography was undertaken in 7% of
patients with AKI, and in almost all cases, medication
therapy using nephrotoxins—such as non-steroidal
anti-inflammatory drugs, contrast medium, or amino-
glycosides—was continued (14). A cross-sectional
study of more than 2 million patients showed that AKI
was identified and treated in 25% of those affected; a
delay in the diagnosis was found to be an independent

Deutsches Arzteblatt International | Dtsch Arztebl Int 2017; 114:1-8
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Characteristics of patients with acute kidney injury

Patients’ age (n = 14)

Female (n = 13) 49%

AKl incidence* in hospital inpatients (n = 6)
- AKl days* (n =9)
—days 1
—days 2
—days 3

Patients with progression of acute kidney injury (n = 5)

Acute kidney replacement therapy (n = 8)

Requesting nephrology consultant support in patients with
AKI (n=4)

Length of hospital inpatient stay (n = 7)
— AKI stage 1*
— AKI stage 2*
— AKI stage 3*

In-hospital mortality (n = 10)
- AKl stage 1*
— AKI stage 2*
— AKI stage 3*

71.6 years (61.8-75.8)

8.5% (5.8-10.6)

54.1% (51.3-60.0)
26.4% (21.1-34.0)
20.8% (16.8-25.4)

9.9% (7.4-10.3)

4.0% (3.3-5.1)
12.3% (9.4-14.8)

9.7 days (

8.0 days (8.0-8.5)
9.0 days (8.5-9.0)
10.0 days (9.5-10.5)

22.8% (19.6-23.9)
17.1% (13.4-18.4
28.5%
35.9% (32.9-40.5

9.0-11.5)

( )
(27.4-31.9)
( )

Linear variables are reported as medians (25"-75" percentile).
AKI, acute kidney injury
*Stages as per (7, 31, 32)

risk factor for in-hospital mortality (10). Specialist
co-treatment was described as a protective factor (10).

Thus far, early warning systems have been used in
patients with kidney disorders primarily in order to
detect medication problems (34); the acceptance of
medication warning systems is limited if they are not
linked to concrete treatment recommendations (35).
Thomas et al. reported (25) that specialist recommen-
dations for medication intervention existed in 229 out
of 251 treated inpatients in whom an electronic alert
system detected AKI. The benefit of a medication early
warning system to avoid adverse effects was greatest
when appropriate measures were concretely named
(36). One measure to help avoid alert fatigue might be
for the pharmacologist or pharmacist to check the
causality of a certain drug in the setting of a renal event
(36). The use and benefit of electronic alerting systems
should be checked regularly and feedback given to all
parties involved. Since 2015, British hospitals have
used electronic alerts for acute kidney injury. Conclu-
sive results of this nationwide intervention in patient
care are not yet available. In principle, however, action
seems urgently required in terms of counteracting the
development of chronic renal failure (40% of patients
with undetected acute kidney injury versus 15% of
patients with known acute kidney injury [37]).
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Creatinine increase Hospitalwide Alert to treating Concrete treatment Fully automated Non-disruptive
as alert trigger n=15/16 physicians recommendation/ n=11/15* n=9/15*
n=16/16 n=15/16 specialist
co-treatment
n=13/15*

Typical characteristics of AKI alerting systems
*Proportion of studies among those studies that reported relevant endpoints.

— Fully automated: alert (information on acute kidney injury) directly to the treating physician (no verification of the alert)
— Non-disruptive: no signal sent that draws attention to the alert and interrupts the treating doctor‘s routine clinical practice (such as a telephone call, for example)

AKI, acute kidney injury

This review article summarized data on the epidemi-
ology and care provision of hospital inpatients with
acute kidney injury, primarily from the United King-
dom, but also from the United States and Belgium. It
provides an overview of the current state of affairs,
data, and study quality regarding AKI alert systems.
The data show that the patients are older and 90% of
them do not receive specialist care. The implemen-
tation of electronic alert systems is subject to great vari-
ance (trigger threshold, previous value, exceeding a
minimum value, recipient, invasiveness of alert trans-
mission, detailed reference to treatment measures) and
gaps in the quality standard, bias control, and evidence
levels of the reporting studies. The recommendation in
a recent consensus paper of the Acute Dialysis Quality
Initiative, to link AKI alerting systems to context spe-
cific treatment recommendations (38), is supported by
the results of our study. Our critical evaluation of the
quality of existing studies on electronic alerts and
explanation of study results in terms of background,
technical details, treatment recommendations, and end-
points may be useful in planning further studies and
assessing generalizability and local implementation of
AKI alerting systems.

Limitations
The validity of this study is limited because of
small case numbers in some of the identified indi-

vidual studies, the small number of randomized
studies, result bias, and the wide variation in the re-
ported endpoints. The fact that individual studies
are restricted mainly to serum creatinine as the
alert trigger is based on its clinical use as a diag-
nostic criterion for acute kidney injury, but using
new renal biomarkers in the setting of an AKI alert-
ing system seems a possibility. None of the identi-
fied studies provided instructions or recommen-
dations for the frequency of creatinine measure-
ments. The studies entailed investigations under
real-life conditions. We have no solid information
to indicate limited generalizability of the results of
our review to the German situation. An individual
randomized design for investigating the effects of
AKI alerting systems is hampered by potential
transfer effects between the intervention and con-
trol groups. “Before and after” studies with well
planned characterization of patients and measures,
and especially cluster randomized studies would
enable robust conclusions. In planning such
studies, the role of chronic renal failure as a risk
factor for acute kidney injury will have to be con-
sidered.

On the basis of the data described and of our
study findings, the implementation of electronic
alerts for AKI is feasible and promising. Their
cost—benefit effect will need to be reviewed.
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% of studies with improved process indicators Improved
process indicators

Optimized fluid status and
hemodynamic status (23)

Treatment by specialist physi-
— cian or renal ultrasonography

Improvement in <24 h (12, 30)

. No 87.5%
improvement

Medication
intervention
(18,19) —

Implementation of a
bundle of measures*
in <24 h (11, 30)

Effect of AKI alerting systems with linked concrete treatment recommendations on process indicators in controlled, non-ran-
domized studies: Significant improvement in process indicators in the alert groups in 7 of 8 controlled, non-randomized studies (87.5%), in
which an AKl alerting system was linked to concrete treatment recommendations or specialist treatment and relevant process indicators
were reported

* Bundles of measures can include the separately listed individual measures.

AKI, acute kidney injury
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eBOX 1 eBOX 2

Literature databases, search terms, Extracted data and endpoints
and literature search o Extracted data:
Search in PubMed, Scopus, and Web of Science - Design, type of hospital, exclusion criteria, patients'
(no filter, search date 20 May 2016) age, sex, earlier creatinine measurement, funding
#1  acute kidney injury sources, characteristics of alerting systems including
#2  kidney injury trigger for AKI alert, recipient of alert and link to
#3  acute renal failure treatment recommendations, endpoints, and mode
#4  renal failure of alerting process/information transfer (fully or partly
#5  kidney failure automated, or disruptive or non-disruptive [Figure 3])
#6  anuria
#7  oliguria @ Endpoints:
#8  urine output - Process indicators: diagnostic or therapeutic
#9  biomarker (u.a. creatinine, NGAL, lipocalin, cystatin measures for the treatment of acute kidney injury,
C, cell cycle arrest markers, TIMP-2, IGFBP7) including renal ultrasonography, optimization of fluid
#10 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 and hemodynamic status, determining the acid-base
OR #8 OR #9 balance, stopping nephrotoxic medications, adjust
#11 alert medications according to renal function, urinalysis,
#12  electronic alert including specialist consultant treatment
#13  recognition Patient-relevant endpoints (study-specific definitions
#14 electronic recognition in eTable 1b): Progression of acute kidney injury,
#15 surveillance initiation of acute kidney replacement therapy,
#16  decision support recovery of renal function, duration of hospital
#17 #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 inpatient stay, and—because of variable definitions
OR #15 OR #16 —as a combined endpoint: in-hospital mortality or
#18 #10 AND #17 mortality on follow-up, as defined in the publications
NGAL, neutrophil gelatinase associated lipocalin;
TIMP-2, tissue inhibitor of metalloproteinases 2;
IGFBP?7, insulin-like growth factor binding protein 7
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