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Summary

Background—Acute kidney injury often goes unrecognised in its early stages when effective
treatment options might be available. We aimed to determine whether an automated electronic
alert for acute kidney injury would reduce the severity of such injury and improve clinical
outcomes in patients in hospital.

Methods—In this investigator-masked, parallel-group, randomised controlled trial, patients were
recruited from the hospital of the University of Pennsylvania in Philadelphia, PA, USA. Eligible
participants were adults aged 18 years or older who were in hospital with stage 1 or greater acute
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kidney injury as defined by Kidney Disease Improving Global Outcomes creatinine-based criteria.
Exclusion criteria were initial hospital creatinine 4-0 mg/dL (to convert to umol/L, multiply by
88:4) or greater, fewer than two creatinine values measured, inability to determine the covering
provider, admission to hospice or the observation unit, previous randomisation, or end-stage renal
disease. Patients were randomly assigned (1:1) via a computer-generated sequence to receive an
acute kidney injury alert (a text-based alert sent to the covering provider and unit pharmacist
indicating new acute kidney injury) or usual care, stratified by medical versus surgical admission
and intensive care unit versus non-intensive care unit location in blocks of 4-8 participants. The
primary outcome was a composite of relative maximum change in creatinine, dialysis, and death at
7 days after randomisation. All analyses were by intention to treat. This study is registered with
ClinicalTrials.gov, number NCT01862419.

Findings—Between Sept 17, 2013, and April 14, 2014, 23 664 patients were screened. 1201
eligible participants were assigned to the acute kidney injury alert group and 1192 were assigned
to the usual care group. Composite relative maximum change in creatinine, dialysis, and death at 7
days did not differ between the alert group and the usual care group (p=0-88), or within any of the
four randomisation strata (all p>0-05). At 7 days after randomisation, median maximum relative
change in creatinine concentrations was 0-0% (IQR 0:0-18:4) in the alert group and 0-6% (0-0-
17-5) in the usual care group (p=0-81); 87 (7-2%) patients in the alert group and 70 (5-9%) patients
in usual care group had received dialysis (odds ratio 1-25 [95% CI 0-90-1-74]; p=0-18); and 71
(5:9%) patients in the alert group and 61 (5-1%) patients in the usual care group had died (1-16
[0-81-1.68]; p=0-40).

Interpretation—An electronic alert system for acute kidney injury did not improve clinical
outcomes among patients in hospital.

Funding—Penn Center for Healthcare Improvement and Patient Safety.

Introduction

Acute kidney injury affects up to 10% of patients admitted to hospital, and carries with it a
great increased risk of mortality.1=8 In the past ten years, consensus definitions for acute
kidney injury have become increasingly sensitive, with a goal of detecting earlier, milder
disease.®11 The most recent guideline, from the Kidney Disease Improving Global
Outcomes (KDIGO) working group, defines acute kidney injury as an absolute increase of
serum creatinine of 0-3 mg/dL (to convert to umol/L, multiply by 88-4) within 48 h or a
relative increase of 50% in 7 days.1! Some studies have suggested that even smaller changes
in serum creatinine, as little as 0-1 mg/dL, are associated with substantial increases in the
risk of death, dialysis, and other morbidities.>-712-16

Although individual trials of therapeutic interventions have been negative,17-20 consensus
statements by expert panels of nephrologists have repeatedly recommended tailored early
treatment including drug dose adjustment, nephrotoxin avoidance, and attention to fluid
balance.1011 Although the benefits of such interventions have not been rigorously tested in
clinical trial settings, the recommendations are based on sound scientific principles and have
the potential to improve clinical outcomes. Early implementation, however, is restricted by
the fact that providers frequently fail to notice small changes, and sometimes even

Lancet. Author manuscript; available in PMC 2015 November 16.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wilson et al.

Methods

Page 3

substantial changes, in serum creatinine.1421-23 For example, we have previously reported
that more than 25% of patients whose creatinine doubled during a stay in hospital had no
chart documentation of acute kidney injury, and failure to document acute kidney injury was
independently associated with increased mortality.24

Automated alerts have recently emerged as a major instrument to influence clinician
behaviour. In the hospital setting, randomised trials have shown the efficacy of alerts to
reduce drug interactions,2°:26 increase the rate of venous thromboembolism prophylaxis,2’
and improve the rates of various other preventive measures to positively influence
outcomes.28 A recent synthesis of the results of several studies examining clinical decision
support systems noted that 57% affect practitioner behaviour, whereas only 30% have
shown a positive effect on patient outcomes.2? Because acute kidney injury is a complex
syndrome that might benefit from personalised, early intervention, automated alerts have the
potential to improve the clinical course of patients affected by this condition. We aimed to
determine whether an automated electronic alert for acute kidney injury would reduce the
severity of acute kidney injury and improve clinical outcomes in patients in hosptial.

Study design and participants

In this single-blind, parallel-group, randomised controlled trial, patients were recruited from
the hospital of the University of Pennsylvania in Philadelphia, PA, USA, a tertiary care
hospital serving the Philadelphia metropolitan area that has a wide referral base. Eligible
participants were adults aged 18 years or older who were in hospital with acute kidney
injury as defined by the KDIGO creatinine-based criteria.1! Using the electronic medical
record system, we devised a computerised algorithm to track changes in patients’ serum
creatinine values in real time for the duration of their stay in hospital. To be diagnosed with
acute kidney injury, the current serum creatinine value must have been at least 0-3 mg/dL
greater than the lowest value that occurred in the previous 48 h or 50% greater than the
lowest value that occurred in the previous 7 days. Outpatient creatinine values that were
obtained within the relevant time interval were included in the algorithm. Urine output
criteria were not used to define acute kidney injury because our hospital does not mandate
hourly urine output measurements on all patients, and because of the likelihood of
inaccurate measurement in the substantial number of patients without urinary catheters.
Exclusion criteria were initial hospital creatinine 4-0 mg/dL or greater, fewer than two
creatinine values measured, inability to determine the covering provider, admission to
hospice or the observation unit, previous randomisation, or admission International
Classification of Diseases-9 code 58:6 (end-stage renal disease). No alerts were sent to
patients who were not enrolled in this study.

Full trial methodology has been previously published.39 The protocol was reviewed and
approved by the Institutional Review Board of the University of Pennsylvania, which
granted a waiver to the informed consent process.
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Randomisation and masking

Procedures

Patients were randomly assigned (1:1) to either the acute kidney injury alert group or usual
care group. A Data Monitoring Committee performed a safety analysis at 50% recruitment.
No protocol changes were made during the course of the trial.

Included patients were assigned to one of four mutually exclusive strata based on whether
they had been admitted to a medical or surgical service and whether or not they were in an
intensive care unit (ICU) or not at the time they met the criteria for acute kidney injury.
These strata were chosen based on our a-priori hypothesis that service type and location
might modify the effect of the alert. Each stratum was assigned a computer generated,
permuted block randomisation list with block sizes ranging from four to eight individuals.3!
All randomisation was automated by the alert system, which sent alerts autonomously, thus
maintaining allocation concealment. Whereas clinicians were aware of the allocation group
(in the case of patients randomised to alerts), the study personnel and outcome assessors
were kept masked to the allocation.

In the alert group, the covering provider (one per patient; typically an intern, resident, or
nurse practitioner) and unit pharmacist received a text page on his or her hospital-provided
cell phone informing them of the presence of acute kidney injury (alert). The usual care
group did not receive any alerts. Acute kidney injury alerts were sent via text-page by the
hospital’s existing text-paging system, which is routinely used for clinical communication
between providers. This system operates through two protocols, depending on the device
being used by the recipient of the page. Wireless communication transfer protocol was used
for most alerts (56%) and has the advantage of automatically confirming receipt of the page.
The remainder of alerts (44%) were sent via simple mail transfer protocol. The alert text was
standardised:

“[Initials], [Room Number], has been identified as having acute kidney injury
(AKI) based upon the latest creatinine value. Please take appropriate diagnostic and
therapeutic measures. THIS ALERT DOES NOT FIRE FOR ALL PATIENTS
WITH AKI. For more information, please visit [internal study website].”

The study website, mentioned in the alert, contained study information and a link to the
KDIGO acute kidney injury practice guidelines.1! Clinicians were informed at pre-trial
department meetings, and with each page, that not all patients with acute kidney injury
would generate an alert. The covering provider was determined electronically from the
patient’s electronic medical record. The responsible pharmacists were identified based on
the patient’s location, because the hospital at the University of Pennsylvania has a unit-
based pharmacy system. To avoid so-called alert fatigue,32 the alert was sent to the covering
provider and unit pharmacist once per patient. Alerts were batched to be sent hourly,
ensuring no more than a one-hour delay between an acute kidney injury-defining creatinine
result and provider notification. Pre-trial quality assurance activities, including random
follow-up phone calls (n=25), confirmed that all pages were received by the correct
providers within 1 h of the patient meeting acute kidney injury criteria.
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Our primary outcome was a ranking of clinical outcomes, maximum relative change in
creatinine, dialysis, and death, within 7 days of randomisation. Participants were ranked
according to the maximum relative change in creatinine (difference from the randomisation
creatinine, low to high), except for those who received dialysis or died during this interval.
The highest rank was assigned to those who died, with the second highest rank assigned to
those who survived but received dialysis. The rationale for this outcome was to ensure that
patients who started dialysis or died while the serum creatinine concentration was still
increasing were not inappropriately classified as having a better outcome. Patients
discharged alive and without having received dialysis before 7 days were assumed to be
alive and free of dialysis at 7 days.

We pre-specified several secondary outcomes including rates of dialysis, death, progression
to higher stages of acute kidney injury, chart documentation of acute kidney injury, and
several process measures (including rates of renal consult, contrast, and other nephrotoxin
administration). A full list of the secondary outcomes evaluated in this trial was previously
published.30

Statistical analysis

We used a non-parametric rank sum test for our primary analysis. We used the method
described by Zhao and colleagues,33 as implemented in the programme PASS 12 (PASS 12,
NCSS, Kaysville UT, USA), to calculate sample size by dividing possible outcomes into six
categories and estimating the expected proportion falling into each category using
distributions of outcomes observed retrospectively. The PASS programme provides
estimates of power or sample size by simulation. This pre-alert phase of the trial, was
conducted between June 1, 2013, and Sept 1, 2013, and examined 1080 patients. Compared
with the active phase, the pre-alert phase had similar overall rates of dialysis but lower rates
of death, and lower values of the composite outcome (appendix p 1).

Estimates were obtained over 5000 simulations. We estimated that with 1200 patients per
group, we would have at least 90% power to detect a downward shift in the outcome
rankings in the intervention group that we judged would represent a clinically significant
improvement. This shift would include, for example, a reduction in number of deaths from
10% to 9%, in dialysis from 5% to 4%, and an increase in the proportion of patients with no
further creatinine increase beyond the trigger creatinine from 50% to 56%. Power to detect
other degrees of difference in the two groups is shown in appendix p 4.

Demographic, laboratory, and procedural data were obtained from the electronic health
records as previously described.39 The presence and timing of renal consultation was
determined from manual chart review by trained study personnel.

For the primary endpoint and for comparison of all continuous outcomes, the treatment
groups were compared by Van Elteren rank testing, which allows comparison of the
distribution of study outcomes across randomised groups and accounts for stratification.34
Differences in categorical outcomes were evaluated with the Mantel-Haenszel test of the
common odds ratio (OR). All analyses were by intention to treat, and a two-sided p<0-05
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was considered statistically significant. Modelling of the effectiveness of the alert across
pre-specified subgroups and with time was done via logistic regression where treatment
assignment was the outcome and with interaction terms included as modifiers of the main
effect. Time interactions were modelled with time as a continuous covariate, but presented
dichotomously for clarity. Where interactions were significant at p<0-05, stratified results
are reported with the above non-parametric tests. Time to fluid bolus was assessed with Cox
proportional hazards tests, censoring at death, discharge, or within 7 days of randomisation
and including randomisation strata as covariates. One masked safety analysis was done after
50% recruitment, which examined only the outcome of inpatient mortality between the two
groups. We pre-specified p<0-003 as a threshold to stop the study.3? This single interim
analysis (which showed no difference in mortality between the groups, p=0-79) could
trivially bias towards a false-positive result. We did not adjust the reported p values in the
primary analysis.

All analyses were done with Stata version 13.1 (College Station, TX, USA).

Role of the funding source

Results

The funder of the study had no role in the study design, data collection, data analysis, data
interpretation, or writing of the report. FPW had full access to all the data in the study, takes
responsibility for the integrity of the data and the accuracy of the data analysis, and had final
responsibility for the decision to submit for publication.

Between Sept 17, 2013, and April 14, 2014, 23 664 patients were screened for the
development of acute kidney injury.11 After application of our exclusion criteria, 2393
patients were randomised; of whom 1201 were assigned to the acute kidney injury alert
group and 1192 were assigned to the usual care group (figure 1). There were 1044 (44%)
patients in the medical ward stratum, 278 (12%) in the medical ICU stratum, 627 (26%) in
the surgical ward stratum, and 444 (19%) in the surgical ICU stratum. 134 patients (6%)
were enrolled on the basis of an inpatient serum creatinine value that was indicative of acute
kidney injury when compared with an outpatient value that occurred within the relevant
timeframe.

Baseline characteristics were similar across both study groups (table 1). The population was
made up of 1325 (56%) men and 647 (27%) were black. The mean (SD) age was 60 years
(16) years. 722 (30%) patients were in an ICU at the time of randomisation, and 1013 (42%)
had been admitted to a surgical service.

Overall, the primary outcome of the composite relative maximum change in creatining,
dialysis, and death at 7 days was no different between the groups (p=0-88; table 2). In both
groups, the median relative increase in creatinine subsequent to the time of randomisation
was close to zero, indicating that many patients in both groups never achieved a creatinine
higher than the one initially meeting the criteria for acute kidney injury. At 7 days after
randomisation, median maximum relative change in creatinine concentrations was 0-0%
(IQR 0-0-18-4) in the alert group and 0-6% (0-0-17-5) in the usual care group (p=0-81). 87
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(7-2%) patients in the alert group and 70 (5-9%) patients in usual care group had received
dialysis (OR 1-25 [95% CI 0-90-1-74]; p=0-18); and 71 (5-9%) patients in the alert group
and 61 (5-1%) patients in the usual care group had died (1-16 [0-81-1-68]; p=0-40). No
differences between the treatment groups emerged after longer follow-up to 14 days and 30
days (table 2).

At 7 days, the combined rate of death and dialysis was 11:7% in the alert group and 9-9% in
the usual care group (OR 1-22 [95% CI 0-93-1-60]; p=0-15). This rate was 13:7% versus
11-7% (OR 1-21 [95% CI 0-94-1-56]; p=0-14) at 14 days and 14-6% versus 13-7% (1-08
[0-85-1-37]; p=0-55) at 30 days. Maximum KDIGO acute kidney injury stages within 7 days
of randomisation did not differ between the groups (p=0-83; appendix p 2).

At 7 days after randomisation, 222 (9-3%) of trial patients had received a nephrology
consultation, 353 (14-8%) had received intravenous contrast, 147 (6:1%) had received an
aminoglycoside, 155 (6-5%) had received an non-steroidal anti-inflammatory drug, and 512
(21-4%) had received an angiotensin-converting enzyme inhibitor or an angiotensin receptor
blocker. No significant differences were noted between the alert group and the usual care
group in any of these measures (table 3).

Providers who saw an alert might order more frequent subsequent creatinine testing, leading
to ascertainment bias. There was weak evidence of more frequent creatinine testing in the
usual care group compared with the alert group within 48 h of randomisation (p=0-05), but
not within 7 days (table 3).

We hypothesised that the effectiveness of the alert might be strongly affected by the acuity
of illness of the patient (ICU vs non-1CU) and the medical status versus surgical status of the
patient. Compared with medical ward patients, the rank-based outcome was no different in
patients on the medical ICU, surgical ward, or surgical ICU (Pinteraction>0-2 for all
comparisons).

Selected clinical outcomes were compared in the pre-specified subgroups at various
timepoints (figure 2). Although the rate of death did not differ between any subgroups, we
did find that the alert was significantly associated with an increased rate of renal consult
(Pinteraction=0-001) and dialysis (Pinteraction=0:07) among surgical ward patients. Of 627
patients on the surgical ward, 36 (11-5%) in the alert group received a renal consult
compared with 17 (5-4%) in the usual care group (OR 2:29 [95% CI 1.22-4.-44]; p=0-006),
and 19 (6-1%) in the alert group received dialysis compared with eight (2:5%) in the usual
care group (2:49 [1-02-6-67]; p=0-03) during their stay in hospital.

Within the surgical ward stratum of the study, the alert did not seem to increase the rate of
fluid boluses (32:3% in the alert group vs 28-:9% in the usual care group; OR 118 [95% ClI
0-84-1-68]; p=0-34) or the time to fluid bolus (p=0-92; table 3). In post-hoc analysis, we did
not detect a difference in pre-dialysis serum concentrations of creatinine, potassium,
bicarbonate, or blood urea nitrogen between the groups in any strata (appendix p 3).

Acute kidney injury might go unnoticed among patients with decreased baseline
concentrations of serum creatinine. Among those with a baseline creatinine less than 1-0
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mg/dL (n=1340), we noted no difference in primary outcome between the alert group and
usual care group at 7 days (n=1340, p=0-60). Similarly, we did not find any notable effects
of the alert when we examined the primary outcome among women (n=1051, p=0-96), Black
patients (n=647, p=0-96), or patients aged 65 years or older (h=1015; p=0-41).

We hypothesised that the alert might become less effective as the study progressed, because
receipt of alerts might have trained providers to have heightened awareness of acute kidney
injury for patients in the usual care group as well. Therefore, we examined changes in the
effect of the alert on the primary outcome as the study progressed. The effectiveness of the
alert with regards to the primary endpoint did not change over the course of the study
(Pinteraction=0-20). However, as the study progressed, we noted a diminution of the effect of
the alert on maximum relative change in creatinine (Pinteraction=0:03) and a decrease in the
effect of the alert increasing dialysis rates (Pinteraction=0:02). For example, in the first 100
days of the study, 46 (7-6%) of 603 participants in the alert group received dialysis within 7
days versus 25 (4-2%) of 594 in the usual care group (OR 189 [95% CI 1.14-3-14];
p=0-01). In the subsequent 100 days, the rate of dialysis was 6:9% (41/598) in the alert
group versus 7-5% (45/598) in the usual care group (OR 0-90 [95% CI 0-58-1-41]; p=0-66).
Additionally, we did not record any effect of date of randomisation on the difference in
death rates (Pinteraction=0-82).

Discussion

In this study, we assessed the effectiveness of an automated, electronic alert system for acute
kidney injury that used existing, ubiquitously-used paging technology within our tertiary
care hospital. Although no other randomised trials have been reported, several studies have
examined electronic alerting for use in various populations. A study in a large UK hospital
showed the feasibility of sending electronic alerts to providers whose patients had acute
kidney injury, but the absence of a control group restricts the ability to determine the effect
of such an intervention.38 A study by Colpaert and colleagues®’ used a before and after
design to show that acute kidney injury alerts in patients in ICUs could improve some
outcomes. Although not randomised, the study suggested that alerts for acute kidney injury
(90% of which were diagnosed based on low urine output) might lead to fluid
administration, which increased urine output at 24-h post-alert. This study is an excellent
proof-of-concept, but the absence of long-term data or hard clinical endpoints is a limitation.

Despite the large number of patients with KDIGO creatinine-defined acute kidney injury in
our study, we detected no difference in the primary composite endpoint of relative
maximum increase in creatinine, dialysis, or death. Several possible explanations for this
finding exist. First and foremost, the alert might not be a useful clinical intervention. This
could be due to the possibility that the providers were already aware of acute kidney injury.
Alternatively, if providers were not aware of acute kidney injury, it is possible that early
identification of the disease does not lead to meaningful changes in management. Perhaps
any changes in management do not translate to improved clinical outcomes. We chose a
universally acknowledged, but very sensitive definition of acute kidney injury, which might
have increased the rate of false positive cases in our cohort, attenuating the observed effects.
Additionally, alert effectiveness is likely to be lower where the quality of usual care is
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better; different results might be seen in other settings. Finally, enrolment of all patients with
acute kidney injury led to a substantially heterogeneous population. So it is conceivable that
the interventions that might occur as a result of the alert (for example, fluid administration)
might benefit patients with certain causes of acute kidney injury and harm others.

No trials have shown that a specific intervention improves clinical outcomes after acute
kidney injury has developed. However, consensus guidelines provide several
recommendations regarding the appropriate management of patients with acute kidney
injury. These recommendations include addressing medication dosing, avoiding nephrotoxic
exposures, and careful attention to fluid and electrolyte balance.! Our analysis of the
response to this alert suggests that there was no meaningful effect on these process
measures, which might relate to how the alert was delivered. Alert effectiveness might be
attenuated if not timed to the provider experience within the electronic health record. An
alternative explanation is the minimally invasive nature of the alert—a one-time-only page.
Studies to investigate more direct provider engagement, while more time-consuming and
costly, could provide more benefit.38:39

The findings among the surgical ward strata of patients were notable. Although we did not
detect a significant difference in overall mortality between the two groups in this stratum,
we noted a trend towards higher inpatient mortality in the alert group than in the usual care
group (4-5% vs 2:2%; p=0-12). Patients in the surgical ward in the alert group were more
likely to receive a renal consultation and more likely to receive dialysis than patients in the
usual care group, raising the possibility that consultant-recommended dialysis could have
worsened clinical outcomes. Unfortunately, the few events in this group restrict our ability
to make a robust assessment of mediating factors. We hypothesised that an increase in use of
intravenous fluid might mediate the observed harmful effect, because several studies have
shown that increased positive fluid balance during an admission to hospital is associated
with adverse outcomes,*041 but the use of fluid bolus did not differ between groups in this
strata. Notably, these findings occurred in the setting of multiple subgroup analyses, and
could therefore be the result of chance and thus should be considered hypothesis-generating
only. Further research in this area, with careful assessment of provider response to alert, is
necessary.

We noted that rates of dialysis in the alert group were increased relative to the usual care
group in the first 100 days of the study, and these effects diminished with time. This trend
could be consistent with so-called alert fatigue, whereby providers were less likely to heed
an alert the longer they were exposed to it.#2-44 Additionally, the early part of the study
occurred in the first half of the academic year, when trainees new to the hospital could have
been more amenable to acting on the paging message with changes in therapeutic decisions.
Finally, this could be evidence of contamination of the control group, in which providers,
educated by receiving alerts, are more likely to take action for control patients. Together
with the findings in the surgical subgroup, these data suggest that this type of alert might
increase certain interventions without significantly improving care.

These findings should inform the adoption of electronic alerting in the future. Specifically,
future trials should examine novel diagnostic algorithms for acute kidney injury that might
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improve detection of individuals likely to progress to clinically meaningful endpoints. Also,
studies that provide more direction regarding interventions and process measures could
provide valuable intermediate data regarding alert effectiveness before hard outcomes are
explored. Wherever feasible, such alerts should be assessed in a randomised setting to
determine if unforeseen adverse consequences accompany the intervention. In the absence
of demonstrable benefit, alert systems should not be imposed on a health-care system under
the assumption that they are entirely benign.

The results of this study should be interpreted in view of several limitations. First, the study
was done at a single academic medical centre where several layers of providers give care to
patients; alert effectiveness might differ in other care settings. Second, we did not use urine
output criteria for acute kidney injury, based on the fact that urine output was not reliably
captured in real time in our electronic health records; however, several studies suggest that
urine output criteria might not be as robustly associated with outcome as creatinine criteria
for acute kidney injury.4546

In conclusion, this randomised, controlled study did not show a meaningful benefit of an
electronic alert system for acute kidney injury in patients in hospital. Signals of more intense
health care use, such as a possible increased rate of dialysis in the surgical ward subgroup
and during the first half of the trial, should temper enthusiasm for the adoption of electronic
alerts for acute kidney injury in the absence of careful study of both their efficacy and
potential adverse effects.
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Research in context
Evidence befor e this study

We searched PubMed, Embase, and ClinicalTrials.gov for articles published between Jan
1, 1900, and Jan 7, 2014, examining the effect of alerts for acute kidney injury. We used
high-performance information search filters to identify studies of acute kidney injury. We
further filtered these studies using the search terms “alert”, “monitoring”, and “point of
care” and restricted results to human studies. We identified several observational studies
documenting the institution of electronic alerts for acute kidney injury; nearly all
recommended randomised trials be performed. One before-after study, noted more rapid
improvement in RIFLE class during the alert period than in the pre-alert period.

Added value of this study

This is the first randomised trial to assess the effectiveness of automated alerting for
acute kidney injury. In a large and diverse patient population, such alerts showed no
obvious clinical benefit. It is of concern that one prespecified subgroup showed increased
use of health-care resources (nephrology consult and dialysis) in the alert group of the
study.

Implications of all the available evidence

Alerts for acute kidney injury might improve proxy measures of kidney function, but
might not improve clinical outcomes. Health-care agencies should be aware of the
potential for increased resource use in the absence of clinical benefit where alerts are
instituted.
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23664 screened

21271 excluded

2539 <18 years

4749 <2 creatinine values

716 first creatinine 24-0 mg/dL
—P) 54 ESRD ICD-9 code at admission
1359 admitted to observation or hospice
157 unable to determine provider

11697 no acute kidney injury detected

\ 4

2393 randomised

v

v

1201 assigned to alert group
1169 received allocated intervention
32 did not receive allocated intervention
32 text page not received

1192 assigned to and received usual care group

!

1201 analysed

1192 analysed

Figurel. Trial profile

ESRD ICD=end-stage renal disease International Classification of Diseases.
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Events, n (%)

0Odds ratio (95 % Cl)

palve

Alert group  Usual care group
(n=1201)  (n=1192)
Medical intensive care unit (n=278)
Renal consult 24.(17%) 18 (13%) —_—t - 138 (068-2:85) 034
Dialysis 27 (19%) 20 (15%) —_—— 141(072-2:81) 029
Death 40(29%)  44(32%) — 085 (0:50-1:47) 055
Death or dialysis 58 (41%) 55 (40%) —_—— 1.07 (0-64-177) 079
Medical ward (n=1044)
Renal consult 41(8%) 58 (11%) —— 068 (0-43-1.05) 0-06
Dialysis 29 (6%) 30 (6%) —y— 0-96 (0-55-1-68) 0-87
Death 28 (5%) 29 (6%) —_—— 0-96 (0-54-1-69) 0-87
Death or dialysis 50(10%)  52(10%) R 095 (0-62-1-46) 0-80
Surgical intensive care unit (n=444)
Renal consult 38(17%) 32(15%) —t 119 (0-69-2:05) 051
Dialysis 30 (13%) 32(15%) —_—— 0-90 (0-51-1-59) 070
Death 36 (16%) 32(15%) —_———— 111 (0-64-1.93) 0-68
Death or dialysis 49(22%)  50(23%) —.——— 0-94(0-59-1:51) 079
Surgical ward (n=627)
Renal consult 36(12%)  17(5%) e 229 (1.22-4-44) 0.01
Dialysis 19 (6%) 8(3%) f——————&——»  249(102-667) 0.03
Death 14 (5%) 7(2%) —————&—————» 207(077-613) 012
Death or dialysis 26 (8%) 11 (4%) —®——> 251(117-573) 0-01
T T T
025 05 2
“« R
Favours alert Favours usual care
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Figure 2. Oddsratios of outcomesin acutekidney injury alert group compar ed with usual care
group acrossthefour study strata

Favours alert means more events in the usual care group and favours usual care means more
events in the alrt group.
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Baseline characteristics of study participants

Table 1

Alert (n=1201)

Usual care (n=1192)

Age, years 60 (17) 61 (16)

Men 670 (56%) 655 (55%)
Black 324 (27%) 323 (27%)
Hispanic 33 (3%) 38 (3%)

Admitted to a surgical service 516 (43%) 497 (42%)
In intensive care unit at randomisation 365 (30%) 357 (30%)
Cerebrovascular disease 142 (12%) 126 (11%)
Congestive heart failure 386 (32%) 373 (31%)
Diabetes mellitus 352 (29%) 370 (31%)
Liver disease 164 (14%) 181 (15%)
Chronic kidney disease 323 (27%) 314 (26%)
Malignancy 335 (28%) 309 (26%)
Metastatic disease 103 (9%) 111 (9%)

Baseline creatinine, mg/dL

0.91 (0-60-1-37)

0-90 (0-56-1-36)

Enrolment creatinine, mg/dL

138 (1-01-1-90)

137 (0-95-1-88)

Enrolment creatinine =0-3 mg/dL above baseline

1012 (84%)

963 (81%)

Enrolment creatinine =50% above baseline

612 (51%)

627 (52%)

Time between admission and acute kidney injury, days

241 (118-571)

265 (1.15-5.75)

Page 16

Data are mean (SD), n (%), or median (IQR). Comorbidities were defined by administrative International Classification of Diseases-9 codes.3° To

convert creatinine to umol/L, multiply by 88:4.
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Primary outcomes at various timepoints

Table 2

Alert (n=1201) Usual care (n=1192) pvalue Compositep value
7 days after randomisation
Increase in creatinine from randomisation, %  0-0% (0-0-18-4) 0-6% (0-0-17-5) 0-81 0-88
Dialysis 87 (7-2%) 70 (5:9%) 018
Death 71 (5:9%) 61 (51%) 0-40
14 days after randomisation
Increase in creatinine from randomisation, %  0-9% (0-0-20-6) 1.4% (0-0-20-2) 0-77 0-83
Dialysis 98 (8-2%) 79 (6-6%) 0-16
Death 93 (7-7%) 85 (7-1%) 0-58
30 days after randomisation
Increase in creatinine from randomisation, %  1:3% (0-0-21.9) 2:1% (0-0-22:1) 0-65 0-89
Dialysis 104 (8-7%) 88 (7-4%) 0-26
Death 106 (8-8%) 107 (9-0%) 0-85
Duration of hospital admission
Increase in creatinine from randomisation, %  1:3% (0-0-22-2) 2:1% (0-0-22:6) 0-64 0-96
Dialysis 105 (8-7%) 90 (7-6%) 0-30
Death 118 (9-8%) 112 (9-4%) 0-75

Page 17

Data are median % increase (IQR) or n (%). The pre-specified primary outcome was a composite of maximum relative change in creatinine,
dialysis, and death at 7 days. Patients discharged alive were presumed alive at all points of follow-up. Change in creatinine data are in the form of
% increase (IQR) from randomisation to the maximum achieved creatinine in the relevant timescale. Composite p values are calculated by the Van

Elteren test.
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Table 3

Secondary process outcomes

Alert (n=1201) Usual care (n=1192) p value
Renal consult within 7 days 120 (10%) 102 (9%) 0-23
Renal consult within 14 days 129 (11%) 112 (9%) 0-28
Renal consult inpatient 139 (12%) 125 (11%) 0-41
Time to consult 1.61(0-36-4-07) 178 (0-74-441)  0-33
Chart documentation of AKI 545 (46%) 531 (45%) 0-68
Contrast within 7 days 179 (15%) 174 (15%) 0-84
Contrast within 14 days 219 (18%) 223 (19%) 0-92
Contrast during AKI 177 (15%) 176 (15%) 0-97
Fluid bolus within 7 days 426 (36%) 422 (35%) 0.75
Time to fluid bolus, h 9.5 (3-1-39-7) 11-1 (4-2-35-8) 0-38
Aminoglycoside within 7 days 64 (5%) 83 (7%) 0-09
Aminoglycoside within 14 days 78 (%) 99 (8%) 0-08
Aminoglycoside during AKI 82 (7%) 91 (8%) 0-42
NSAID within 7 days 78 (7%) 77 (1%) 0-94
NSAID within 14 days 86 (7%) 92 (8%) 0-62
NSAID during AKI 74 (6%) 81 (7%) 0-55
ACE or ARB within 7 days 272 (23%) 240 (20%) 0-13
ACE or ARB within 14 days 287 (24%) 262 (22%) 0-27
ACE or ARB during AKI 238 (20%) 226 (19%) 0-60
Urinalysis within 48 h 280 (23%) 284 (24%) 0-74
Renal ultrasound within 48 h 92 (8%) 82 (7%) 0-47
Creatinine tests within 48 h 2 (2-3) 2 (2-3) 0.05*
Creatinine tests within 7 days 6 (3-9) 6 (3-9) 0-23
Length of stay, days 9.7 (5-6-16-1) 100 (6:0-17-8) 0-11
Time from randomisation to discharge, days 5.4 (2:5-11.4) 5.9 (2:5-12:3) 0-32

Data are n (%) or median (IQR). Administration during AKI connotes that the drug was given before the creatinine returned to within 10% of
baseline. Chart documentation of AKI based on discharge International Classification of Diseases-9 codes. All times are from randomisation.
Although not demonstrable from the distribution reported, creatinine tests were done less often in the alert group than in the usual care group.
AKIl=acute kidney injury. NSAID=non-steroidal anti-inflammatory drugs. ACE=angiotensin-converting enzyme inhibitor. ARB=angiotensin
receptor blocker.

*
p=0-0501.
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