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Impact of integrated clinical decision support systems in the
management of pediatric acute kidney injury: a pilot study
Shina Menon1,2, Rod Tarrago2,3, Kristen Carlin4, Hong Wu5 and Karyn Yonekawa1,2

BACKGROUND: Acute kidney injury (AKI) is common but not often recognized. Early recognition and management may improve
patient outcomes.
METHODS: This is a prospective, nonrandomized study of clinical decision support (CDS) system [combining electronic alert and
standardized care pathway (SCP)] to evaluate AKI detection and progression in hospitalized children. The study was done in three
phases: pre-, intervention (CDS) and post. During CDS, text-page with AKI stage and link to SCP was sent to patient’s contact
provider at diagnosis of AKI using creatinine. The SCP provided guidelines on AKI management [AEIOU: Assess cause of AKI,
Evaluate drug doses, Intake-Output charting, Optimize volume status, Urine dipstick].
RESULTS: In all, 239 episodes of AKI in 225 patients (97 females, 43.1%) were analyzed. Proportion of patients with decrease in the
stage of AKI after onset was 71.4% for CDS vs. 64.4% for pre- and 55% for post-CDS phases (p= 0.3). Documentation of AKI was
higher during CDS (74.3% CDS vs. 47.5% pre- and 57.5% post-, p < 0.001). Significantly greater proportion of patients had
nephrotoxic medications adjusted, or fluid plan changed during CDS. Patients from CDS phase had higher eGFR at discharge and at
follow-up.
CONCLUSIONS: AKI remains under-recognized. CDS (electronic alerts and SCP) improve recognition and allow early intervention.
This may improve long-term outcomes, but larger studies are needed.
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IMPACT:

● Acute kidney injury can cause significant morbidity and mortality. It is under-recognized in children.
● Clinical decision support can be used to leverage existing data in the electronic health record to improve AKI recognition.
● This study demonstrates the use of a novel, electronic health record-linked, clinical decision support tool to improve the

recognition of AKI and guideline-adherent clinical care.

INTRODUCTION
Acute kidney injury (AKI) is a common clinical event in
hospitalized children. In recent years, large epidemiologic studies
have provided significant information on the incidence of AKI in
the pediatric and neonatal intensive care units (ICU).1,2 Limited
data are available regarding pediatric AKI outside the ICU. Using
International Classification of Diseases, Ninth Revision, Clinical
Modification codes, Sutherland et al.3 found an AKI incidence of
3.9/1000 pediatric admissions. Another study using retrospective
data from the electronic health records (EHR) reported that
only 17% of non-ICU admissions had two or more creatinine
measurements allowing for AKI evaluation.4 AKI was observed in
30% of these patients who had at least two creatinine
measurements. By extrapolating to all pediatric in-patients, they
estimated that AKI occurred a minimum of 5% of all noncritically ill
hospitalized children. However, given that 83% of the patients had
insufficient creatinine measurements to diagnose AKI, their true
incidence was likely higher than 5%.4 This study showed how AKI

was underdiagnosed because creatinine was not checked. On the
other hand, the almost tenfold difference in estimates between
these two studies (0.39 vs. 5%) showed that there is significant
under-reporting of AKI.3,4 This under-reporting can result from
a lack of diagnosis (due to inadequate testing) or a lack of
documentation.
Acute kidney injury is independently associated with prolonged

hospital stays, increased risk of in-hospital death, and future risk of
hypertension and progression to chronic kidney disease (CKD).1,5,6

Hypertension and CKD are modifiable cardiovascular risk factors,
which, if present in childhood, may lead to long-term increased
morbidity.6 In the acute phase, management of AKI focuses on
supportive care, which includes monitoring fluid balance,
avoidance of nephrotoxic medications, and appropriate diagnostic
investigations.7 In the long term, patients need to be monitored
for hypertension and CKD.6 Hence, both diagnosis and documen-
tation of AKI is important for appropriate management. Even
in patients where creatinine is checked, small changes are not
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easily recognized by providers, especially in pediatrics where the
baseline creatinine may be low to begin with.3 Studies have
shown that even a small rise in creatinine may be associated with
poor outcomes.8 Another reason why AKI may not be recognized
in a timely manner by providers is the absence of a known
baseline creatinine.9

According to the Acute Disease Quality Initiative (ADQI), AKI is
well suited to prediction and risk stratification.10 It has a
standard consensus definition that relies on discrete markers
like creatinine and urine output, which can be extracted from
the EHR.10,11 In recent years various clinical decision support
(CDS) systems, which include automated real-time electronic
alerts (e-alert), have been developed to improve the detection
and management of AKI.9,12,13 E-alerts are based on the idea
that early identification of AKI may improve the standard of
care and patient outcomes. Using an e-alert, Holmes et al.9

looked at the population-based incidence of AKI in neonates
and children using a standardized electronic detection algo-
rithm. Based on the number of AKI episodes and census data,
they reported an incidence of 1.37 cases/1000 person-years.
This incidence is higher than the 3.3 cases per 100,000
children reported from a previous population-based study out
of Norway using ICD-10 codes.9 The discrepancy between
the two suggests that the recognition and diagnosis of AKI is
improved with an e-alert.
While the recognition of AKI has improved, the impact of e-

alerts on the outcome of AKI is debatable.14 The inconsistent
results seen from them could be secondary to an absence of
clear directions to follow once AKI is identified. E-alerts work
better when combined with a process that directs clinicians how
to use the information they receive regarding the development
of AKI has to be implemented.15 These actionable interventions
can be in various formats. One such intervention was used in the
Nephrotoxic Injury Negated by Just-in-time Action (NINJA)
study.16 They used an automated daily EHR trigger to identify
patients with high nephrotoxic medication exposure. Once
patients were identified, pharmacists would recommend daily
SCr measurement, dose adjustment, or use of less nephrotoxic
regimens.16 Other studies have used an AKI care bundle as part
of their CDS. These care bundles often contain simple guidelines
to manage AKI.17

We designed a prospective, single-center, nonrandomized
study, in three phases, to study the hypothesis that the use of a
CDS system will improve both the detection of AKI and renal
outcomes of children with AKI. This was a pilot study with the
primary objective to evaluate if a targeted intervention that
combined an e-alert with a standardized care pathway could
reduce the increase in AKI stage after diagnosis in children.

METHODS
The study was approved by the Institutional Review Board at
Seattle Children’s Hospital (SCH) with waiver of the need for
informed consent. Study procedures were in accordance with the
ethical standards of the responsible committee on human
experimentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2000. This study was conducted
between January 2018 and October 2018. At SCH, patients are
admitted to a specialty service (including nephrology) as primary
or to the general pediatric service based on the reason for
admission. All patients between 6 months and 18 years who were
admitted with or developed AKI in all non-ICU inpatient units of
the hospital were included. Patients were excluded if they had
a history of CKD ≥ stage 4 (i.e., patients with an estimated
glomerular filtration rate < 30mL/min/1.73 m2), had a renal
transplantation or nephrectomy within the last 3 months, were
admitted to the nephrology service from the emergency
department after the alert, or were receiving palliative care.

AKI “sniffer” and electronic alert
The electronic AKI surveillance tool (AKI “sniffer”) was developed
on our EHR platform and was configured according to the KDIGO
AKI classification. Baseline serum creatinine (SCr) was established
as the lowest creatinine up to 6 months before admission. If no
baseline SCr was available in the EHR, a reference estimated
creatinine clearance of 120mL/min/m2 was used and a baseline
creatinine was calculated using the modified Schwartz equation
and patient’s height in centimeters, as has been previously
validated.18 AKI was defined as a 50% rise from baseline over
7 days or a 0.3mg/dL rise over 48 h.7 For patients with a baseline
SCr value of <0.5mg/dL, the algorithm was configured to generate
an AKI alert if they met the above criteria and SCr increased to
values to ≥0.5 mg/dL. This was done to prevent over-diagnosis of
AKI, particularly in the younger patients based on the potential
error or variations in laboratory measurements.19 A patient was
considered as having a repeat episode of AKI during the admission
if SCr increased after having returned to baseline for a period of
≥7 days. AKI was staged for severity according to the rise in SCr per
KDIGO criteria.7 The “sniffer” was triggered in real time when AKI
was detected based on the change in SCr.
Community-acquired AKI was defined as an episode of AKI

when the initial event occurred outside of the hospital setting and
the patient was admitted with a diagnosis of AKI, or developed it
within 24 h of admission. Hospital-acquired AKI was defined as an
episode of AKI in patients who were admitted with a normal SCr
and developed de novo AKI during their hospital stay.

Study design
A before-after-post design was chosen comparing three study
phases. During a 2-month pre-alert control phase, the AKI sniffer
sent AKI events by e-mail to the principal investigator (PI). This was
followed by a 6-month alert phase during which AKI e-alerts were
sent to the primary in-house provider. In our health system, each
patient is electronically assigned a primary in-house provider
(such as an intern, senior resident or nurse practitioner) who acts
as the clinical contact point for that patient. The hospital uses a
secure paging system that is compliant with patient privacy
standards. We chose to use a short messaging system-based text-
page to send the e-alert to the contact provider listed for each
patient. The text-page read: “Patient [Initials], [Room Number], has
been identified as having acute kidney injury (AKI) Stage [_] based
upon the latest creatinine value. Please follow the AKI Care
Pathway”. The third phase consisted of a 2-month control period
(post-alert control phase), when no AKI alerts were sent to
providers, but an e-mail was sent to the PI.

AKI care pathway
The AKI care pathway was derived from KDIGO guidelines and
best practice recommendations.7 It was in the form of a
guideline and consisted of five simple steps (“AEIOU,” Fig. 1).
Prior to the start of the alert phase, information on recognition
and management of AKI and the care pathway was dissemi-
nated among providers via lectures, emails, and posters. It was
also posted in team work rooms and online on the hospital
intranet. Providers were informed about the e-alert and the
page that they might receive. There was no provision to opt-out
of receiving the pages, but the components of the AKI care
pathway were optional.

Outcome measures
We had two primary outcome measures: First, AKI progression,
defined as AKI that increases by at least one stage from the AKI-
stage at time of first detection; and second, a decrease in stage of
AKI within 48 h after onset. For secondary outcomes, we looked at
processes followed, including adjustment of drug doses, monitor-
ing of fluid balance, documentation of AKI in the progress notes,
peak AKI stage, and creatinine at discharge and follow-up.
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Data collection included demographic, laboratory parameters,
and clinical characteristics. Information was also collected on the
history of AKI based on chart review and clinical adjudication in
the previous 6 months prior to the study.

Statistical analysis
Socio-demographic, laboratory, and clinical features of study
participants were summarized and compared between the
intervention phases. Continuous variables were summarized using
mean (and standard deviation) and compared between phases
using ANOVA. Categorical variables were summarized using
counts and proportions and compared using Pearson’s chi-
square or Fisher’s Exact Tests as appropriate. Log-binomial
regression was used to compare AKI documentation, charting of
input/output monitoring, dose adjustments, nephrotoxic medica-
tions stopped, and renal consults between the study phases.
Results were reported as relative risk and 95% confidence
intervals. A p value of 0.05 was considered statistically significant.
Adjustments for multiple comparisons were not performed. SAS
9.4 (Cary, NC) was used for all analyses.

RESULTS
There were 375 alerts during the study period. Of these, 39 (10.4%)
were adjudicated by the investigators to be false-positive due to
an incorrect baseline. These patients had at least one SCr value
during a previous prolonged hospitalization that was much lower
than what would be appropriate for their age and size, which
resulted in a false alert. Another 72 met the exclusion criteria, and
25 were repeat alerts on the patient due to an increase in the
stage of AKI (Fig. 2). Thus, 239 unique episodes of AKI were
recorded during the study period in 225 patients (97 females,
43.1%). Baseline SCr was available for 185 (82.3%) patients and
calculated for the remaining 40 (17.8%). Sixty-five patients (28.9%)
had a history of transplant, most commonly hematopoietic stem
cell transplant, and 89 (39.5%) had a history of AKI in the previous
6 months. The characteristics of patients based on their study
phases are described in Table 1.
Details of the AKI episode and management of AKI are shown in

Table 2. Overall, 68.6% alerts (n= 164) were for AKI stage 1 and
47% of the episodes of AKI were deemed to be hospital-acquired
(n= 112). Between the three phases, the frequency of severe AKI
(AKI stage 2–3 by KDIGO) varied from 25 to 37% (Table 2). For our
primary outcome measures, AKI progression was seen in 13.8%
patients in the CDS phase, compared to 15.2% in the pre- and
8.7% in the post-CDS phases (p= 0.8). The proportion of patients
showing a decrease in the stage of AKI after onset was slightly
higher in the CDS phase but this was not statistically significant
(71.4% for the CDS vs. 64.4% for the pre- and 55% for the post-
CDS control phases, p= 0.3).

Documentation of AKI in progress notes was less than 50% at
baseline, and there was a significant improvement in the CDS
phase (74.3% for the CDS vs. 47.5% for the pre- and 57.5% for the
post-CDS control phases, p < 0.001) (Table 2, Fig. 3). A significantly
higher percentage of patients had intake and output charting
ordered and their fluid management changed in the CDS phase,
with most receiving a fluid bolus or having the rate of fluid
increased (Table 2). Of the patients who were on kidney
eliminated and nephrotoxic drugs (KEND), a greater proportion
had their medications discontinued or doses adjusted (78.8% for
the CDS group vs. 51.6% for the pre- and 56.5% for the post-CDS
control groups, p= 0.007). There was a slight increase in the
number of consults to the nephrology service for all AKI stages
1–3, though this was not significant. Consults for severe AKI
remained fairly consistent at 33–38% across the three phases.
Characteristics at the time of discharge are shown in Table 3.

More patients in the CDS phase had their creatinine checked. They
also had a higher eGFR than those in the pre- and post-CDS
phases, though these were not statistically significant. A greater
proportion of patients had complete recovery by discharge and
had follow-up labs planned in the alert phase.
Overall, 197 patients (87.5%) were seen in follow-up at

the hospital, and of those, 61 (31%) were seen by a nephrologist.
The proportion of patients seen by nephrology increased over the
three phases (Table 4).
Significant improvements were seen between the baseline

phase and CDS phase in AKI documentation (RR= 1.57, 95% CI=
1.18, 2.08), input and output charting (RR= 1.19, 95% CI= 1.03,
1.37), doses adjusted (RR= 2.10, 95% CI= 1.29, 3.41), and
nephrotoxic medications stopped (RR= 2.74, 95% CI= 1.30,
5.77). Renal consults did not differ by study phase. The relative
risk of AKI documentation, input and output charting, doses
adjusted, and nephrotoxic medications stopped did not differ
significantly between the pre-and-post-CDS periods (Table 5).

DISCUSSION
This is the first pediatric study in the United States to evaluate the
impact of implementation of a CDS system on the progression of
AKI in children. This was a small pilot study where we used the
existing paging technology within our hospital and paired it with a
simple care pathway for the management of AKI. Our study shows
that more patients had an improvement in their AKI stage after
the alert. This is mediated by a significant increase in the number
of interventions including more diligent monitoring of the volume
status, change in the amount or type of intravenous fluids, and
adjustment of kidney eliminated and nephrotoxic drugs.
In recent years, multiple studies have investigated the potential

of information-technology-based interventions to improve out-
comes in AKI.12,13,20 Some of the initial studies utilized real-time

When you see AKI, think “AEIOU”

Assess cause of AKI: prerenal, renal or post renal

Evaluate drug doses: adjust medications; hold nephrotoxic drugs if not essential

Intake and output charting

Optimize volume status: ensure euvolemia; restrict fluids if oliguric

Urine dipstick

Fig. 1 AEIOU pathway: AKI care management pathway.
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electronic AKI alerts alone. In one prospective intervention study
in the medical and surgical ICU, Colpaert et al.12 looked at the
impact of an AKI e-alert on therapeutic interventions and AKI
progression. They reported that a higher percentage of patients in

the alert group received therapeutic intervention within 60 min
after the alert compared to the pre- and post-alert control groups.
The interventions included fluid therapy, diuretics, or vasopres-
sors. In another parallel-group, randomized controlled trial,

Table 1. Baseline characteristics of patients enrolled in the three phases during the study.

Baseline phase CDS phase Post-CDS phase

N 59 episodes in 56 patients 140 episodes in 130 patients 40 episodes in 39 patients

Female 22 (39.3) 61 (46.9) 14 (35.9)

Age in months 135.1 (67.5) 121.8 (64.7) 117.7 (60.1)

Height at admission 145.3 (51) 139.4 (49) 130.0 (50)

Weight at admission 40.5 (36.9) 33.4 (36.2) 33.0 (30.7)

Patients with a measured baseline serum
creatinine

44 (78.6) 110 (84.6) 31 (79.5)

eGFR—mL/min/1.73m2 (all patients) 124.1 (21.1) 126.4 (23.5) 124.7 (30.4)

Primary diagnosis group at admission

Respiratory illness 1 (1.8) 13 (10) 6 (15.4)

Acute gastroenteritis 10 (17.9) 26 (20.0) 5 (12.8)

Sepsis/other major infection 12 (21.4) 22 (16.9) 6 (15.4)

Post-operative management 3 (5.4) 6 (4.6) 2 (5.1)

Malignancy and chemotherapy 10 (17.9) 29 (22.3) 10 (25.6)

Solid organ transplant 4 (7.1) 8 (6.2) 2 (5.1)

Neurologic issues 0 (0) 6 (4.6) 2 (5.1)

Other 16 (28.6) 20 (15.4) 6 (14.4)

Admitting team

BMT/Oncology 7 (12.5) 24 (18.5) 8 (20.5)

Cardiology 11 (19.6) 19 (14.6) 1 (2.6)

General Medicine 12 (21.4) 20 (15.4) 4 (10.3)

Other 26 (46.3) 67 (51.5) 26 (66.7)

Previous transplant 18 (32.1) 38 (29.2) 9 (23.1)

Type of transplant

Hematopoietic stem cell 11 (61.1) 23 (60.5) 7 (77.8)

Liver/small bowel/multivisceral 0 (0) 4 (10.5) 0 (0)

Heart 7 (38.9) 11 (29) 2 (22.2)

Previous AKI 25 (44.6) 52 (40) 12 (30.8)

CKD at baseline 4 (7.1) 16 (12.3) 6 (15.4)

Continuous variables shown as mean (SD) and categorical variables shown as N (%). p was not significant for any of these comparisons.
CDS clinical decision support, eGFR estimated glomerular filtration rate, BMT bone marrow transplant, AKI acute kidney injury, CKD chronic kidney disease.

375 alerts recorded

111: Removed from analysis

39: false-positive due to
incorrect baseline

72: met exclusion criteria
• 41 admitted to
  nephrology

• 1 lab error
• 5 palliative care

• 12 CKD stage ≥4

• 13 recent transplant or
   nephrectomy

264 alerts in 225 patients
• 25 repeat alerts for increasing AKI
• 239 unique episodes analyzed

Baseline phase:
59 episodes in

56 patients

Post CDS phase:
40 episodes in

39 patients

CDS phase:
140 episodes in

130 patients

Fig. 2 Study Flow: Patients screened and included in the study. CDS clinical decision support.
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patients were randomly assigned to receive an AKI alert (sent to
the covering provider and unit pharmacist) or usual care.13 There
was no difference in the primary outcome (a composite of relative
maximum change in creatinine, dialysis, and death at 7 days after
randomization) between the two groups.

The lack of clear guidelines or actionable interventions has been
cited as a reason for the limited success seen with the e-alerts
alone. Consequently, studies have tried to incorporate targeted
education and standardized care pathways with the e-alert.17,21

Since AKI in the non-ICU setting is often seen and managed by

100

90

80

70

60

50

40

30

20

10

0
Documentation I/O monitoring KEND adjusted

Baseline CDS Post CDS

Change in fluids Nephrology consult

Fig. 3 Secondary Outcomes: Graphs showing percentage of patients who achieved the secondary outcomes in each of the study phases.
I/O intake/output, CDS clinical decision support, KEND kidney eliminated and nephrotoxic drugs. *p < 0.001; **p < 0.01.

Table 2. Management of acute kidney injury during study.

Baseline phase CDS phase Post-CDS phase

N 59 episodes in 56 patients 140 episodes in 130 patients 40 episodes in 39 patients

Site of AKI

Community 34 (57.6) 69 (49.3) 23 (57.5)

Hospital 25 (42.4) 70 (50) 17 (42.5)

Missing 1 (0.7)

AKI severity at onset

Stage 1 37 (62.7) 97 (69.3) 30 (75)

Stage 2/3 22 (37.3) 43 (30.7) 10 (25)

AKI documentation* 28 (47.5) 104 (74.3) 23 (57.5)

Renal consults 8 (14.3) 31 (23.9) 7 (18)

Urine dipstick 11 (18.6) 33 (23.6) 5 (12.5)

Intake output monitoring* 46 (78) 130 (92.9) 25 (62.5)

Drug doses adjusted or nephrotoxic
medications stopped**

16/31 (51.6) 67/85 (78.8) 13/23 (56.5)

Fluids changed* 22 (37.3) 104 (74.3) 25 (62.5)

Type of fluid change

Rate decreased 1 (4.6) 8 (7.7) 2 (8)

Rate increased 21 (95.4) 93 (89.4) 23 (92)

Change in type 0 (0) 3 (2.9) 0 (0)

Peak AKI severity

Stage 1 34 (57.6) 85 (60.7) 28 (70)

Stage 2/3 25 (42.4) 55 (39.3) 12 (30)

AKI progression 7 (15.2) 16 (13.8) 2 (8.7)

Decrease in stage of AKI (yes) 38 (64.4) 100 (71.4) 22 (55)

Continuous variables shown as mean (SD) and categorical variables shown as N (%). The denominator for renal consults was number of unique patients. For all
other variables, AKI episodes was the denominator.
CDS clinical decision support, AKI acute kidney injury.
*p < 0.001; **p < 0.01.
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non-nephrologists, having a CDS system that combines the e-alert
with a care pathway might improve the management of these
patients. In a propensity score-matched cohort of multifactorial
AKI, Kolhe et al.17 looked at the impact of compliance with an AKI
care bundle on in-hospital case–fatality and AKI progression. In
their study, the care bundle was completed in 25.6% of patients
within 24 h, and completion of the bundle was associated with
lower odds for in-hospital death and lower progression of AKI.
Another study by Al-Jaghbeer et al.21 used a CDSS which alerted
the clinicians of “possible AKI” based on the changes in SCr. In
addition to the alert, it also provided information on the stage of
AKI and had a prompt to consult nephrology or intensive care
(with corresponding pager numbers provided). They showed a
sustained improvement in hospital mortality, dialysis use, and
length of stay with the use of this system.21

There are limited data on the use of CDS systems, including e-
alerts in children. Using the Welsh National electronic AKI
reporting system, Holmes et al.9 reported data on all cases of
pediatric AKI over a 30-month period. This study utilized an
automated real-time e-alert system for AKI using the KDIGO SCr
criteria. Over a 30-month period, there were 1343 incident AKI
alerts, with an incidence rate of 1.37 cases per 1000 person-years
for those under the age of 18 years. This incident rate was higher
than has been previously reported.3,9

To our knowledge, we report the first study to use a CDS system
that incorporates an e-alert with a standard care pathway for
pediatric AKI. While our primary outcomes did not reach statistical
significance, we did see a trend towards decrease in the stage of
AKI after onset. In addition, there was better recognition of AKI,
and there were more interventions, recommended by the “AEIOU”
care pathway, performed for patients with AKI in the alert group.
More children in the alert group had their creatinine checked prior
to discharge and had a better eGFR at discharge and follow-up.
Patients in the pre-alert control group had lower eGFRs at follow-
up compared to baseline, suggesting lack of recovery. Addition-
ally, almost 40% of our patients had history of AKI in the previous
6 months. Better recognition and documentation of AKI can lead
to improved identification of these patients, which can improve
risk stratification on an individual patient basis and personalized
approaches for AKI management and follow-up.
We limited our study to a relatively short duration due to the

concern of alert fatigue. A longer duration might have provided us
more statistical power, and this is certainly a limitation. We were
concerned that generating too many or irrelevant alerts could
cause fatigue and result in nonacceptance as has been previously
reported.22 In a follow-up survey at our center, the providers
reported their satisfaction with the alert. This was likely related to
the fact that providers only received alerts for patients they were
responsible, and hence received only 1–2 during a shift. The alert,
as well as the care pathway, was easy to handle and understand.
Our study has several limitations. First, this was a single-center,

nonrandomized study. Our study period was spread over 10 months,
which can lead to variation in the study population due to seasonal
changes in admission patterns. Second, the AKI diagnosis based on
SCr and baseline serum creatinine concentration is not always
available, particularly in pediatric patients. Serum creatinine was
calculated in 17% patients from an eGFR of 120mL/min/1.73m2.
This can be a source of error but we used this method as it has been
commonly used in studies of pediatric AKI.1,18,23 Holmes et al.9 used
normative midpoint SCr values for age and sex and compared it
with a baseline SCr back-calculated from eGFR of 120mL/min/1.73
m2. They found that the normative values provided a more accurate
reflection of the true baseline value. This method, however, needs to

Table 5. Model-based relative risk estimates and 95% confidence
intervals for key outcomes by phase of study, using log-binomial
regression.

Outcome CDS phase vs. Baseline
phase, RR (95% CI)

Post CDS vs. Baseline
phase, RR (95% CI)

AKI documentation 1.57 (1.18, 2.08)* 1.21 (0.83, 1.77)

Input and output
charting

1.19 (1.03, 1.37)* 0.80 (0.61, 1.06)

Doses adjusted 2.10 (1.29, 3.41)* 1.45 (0.78, 2.70)

Nephrotoxic meds
stopped

2.74 (1.30, 5.77)* 1.80 (0.72, 4.47)

Renal consult 1.73 (0.89, 3.36) 1.15 (0.47, 2.83)

RR relative risk, CI confidence interval, CDS clinical decision support, AKI
acute kidney injury.
*p < 0.05.

Table 3. Characteristics at discharge.

Baseline phase CDS phase Post-CDS
phase

Creatinine checked
before discharge (yes)

37 (66.1) 103 (79.2) 27 (69.2)

eGFR at discharge in
mL/min/1.73m2

96.4 (28) 108.9 (31.9) 103.3 (38.4)

ICU transfer 12 (21.4) 23 (17.7) 6 (15.4)

RRT need 2 (3.6) 2 (1.5) 1 (2.6)

Hospital mortality 2 (3.6) 3 (2.3) 1 (2.6)

Renal status

Complete recovery 14 (25.9) 56 (44.1) 12 (31.6)

Acute kidney disease 26 (48.2) 47 (37) 14 (36.8)

Unknown 14 (25.9) 24 (18.9) 12 (31.6)

AKI diagnosis on
discharge summary

22 (39.3) 57 (43.9) 17 (43.6)

Hospital length of stay 7.1 (12.1) 8 (21.2) 5.2 (21.6)

Follow-up labs ordered* 19 (35.2) 77 (60.6) 16 (42.1)

Continuous variables shown as mean (SD) and categorical variables shown
as N (%). The data are shown for unique patients.
CDS clinical decision support, eGFR estimated glomerular filtration rate, ICU
intensive care unit, RRT renal replacement therapy, AKI acute kidney injury.
*p= 0.004.

Table 4. Follow-up after AKI episode.

Baseline phase CDS phase Post-
CDS phase

Follow-up appointment

Yes 51 (91.1) 112 (86.8) 34 (87.2)

No 3 (5.4) 14 (10.9) 4 (10.3)

Expired 2 (3.6) 3 (2.3) 1 (2.6)

Follow-up clinic

Nephrology 12 (23.5) 35 (31.3) 14 (41.2)

PCP/other
subspecialty

39 (76.5) 77 (68.8) 20 (58.8)

eGFR at follow-up in mL/
min/1.73m2, Mean (SD)a,*

99.3 (30.3) 110 (29) 121.9 (40)

CDS clinical decision support, eGFR estimated glomerular filtration rate, AKI
acute kidney injury.
*p < 0.05.
aBaseline phase N= 40; CDS phase N= 89, post-CDS phase N= 30.
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be validated in additional studies. In addition, we used the lowest
SCr in the previous 6 months as baseline as has been previously
described. We had a 10% false-positive rate due to an incorrectly
low baseline in patients who had a history of complicated medical
issues and multiple admissions. It is likely that the use of age- and
sex-based normative values would mitigate this problem. Third, our
center is a part of the Nephrotoxic Injury Negated by Just-in time
Action (NINJA) quality improvement program, which is a multicenter
collaborative to reduce the rates of nephrotoxic medication-
associated AKI in the non-ICU population.24 However, we do not
think there would have been significant interaction between the
two projects as the NINJA study focused on patients receiving 3+
nephrotoxic medications simultaneously or an IV aminoglycoside
for 3+ consecutive days, and recommends daily SCr monitoring
for those patients. This study recognized all patients with AKI,
irrespective of cause.
Going forward, to keep this system sustainable, we would need

an ongoing AKI education program for pediatric residents. We
believe our “AEIOU” method is simple to remember and a good
place to start. We saw in our study that the improvements seen in
AKI documentation, medication adjustments, and follow-up go away
with the discontinuation of the e-alert system. Ongoing attention to
AKI on the floor will require a careful, ongoing AKI program. The AKI
alert system would also require periodic random sampling and
adjudication by 1–2 physicians involved in the program. One of the
keys to avoiding alert fatigue is to minimize false-positive alerts. The
alerts are currently set to be interruptive (pager based). As AKI
awareness and education improves, it may be possible to switch to a
noninterruptive alert (as a notification in the patient’s EHR).
In conclusion, we show that the use of a CDS system that

incorporates an e-alert with a standard care pathway improves the
recognition of AKI and interventions performed for it. While we
did not see a significant improvement in the progression of AKI in
our pilot study, we believe this is an important step in improving
the outcomes of children with AKI. With refinement of our e-alert
in the future and with more education of providers, we may be
able to initiate earlier management of children with AKI. While
there are no proven therapies for AKI yet, better identification and
risk stratification will allow us to personalize care for patients
with AKI.
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