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Background Nephrotoxin exposure may worsen kidney injury and impair kidney
recovery if continued in patients with acute kidney injury (AKI).

nephrotoxin
clinical decision

Objectives This study aimed to determine if tiered implementation of a clinical decision
support system (CDSS) would reduce nephrotoxin use in cardiac surgery patients with AKI.

support Methods We assessed patients admitted to the cardiac surgery intensive care unit at

acute kidney injury
electronic alert
nephrotoxic
medication
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a tertiary care center from January 2020 to December 2021, and August 2022 to
September 2023. A passive electronic AKl alert was activated in July 2020, followed by
an electronic nephrotoxin alert in March 2023. In this alert, active nephrotoxic
medication orders resulted in a passive alert, whereas new orders were met with an
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interruptive alert. Primary outcome was discontinuation of nephrotoxic medications
within 30 hours after AKI. Secondary outcomes included AKI-specific clinical actions,
determined through modified Delphi process and patient-centered outcomes. We
compared all outcomes across five separate eras, divided based on the tiered
implementation of these alerts.

Results A total of 503 patients met inclusion criteria. Of 114 patients who received
nephrotoxins before AKI, nephrotoxins were discontinued after AKl in 6 (25%) patients
in pre AKl-alert era, 8 (33%) patients in post AKl-alert era, 7 (35%) patients in AKl-alert
long-term follow up era, 7 (35%) patients in pre nephrotoxin-alert era, and 14 (54%)
patients in post nephrotoxin-alert era (p=0.047 for trend). Among AKI-specific
consensus actions, we noted a decreased use of intravenous fluids, increased docu-
mentation of goal mean arterial pressure of 65 mm Hg or higher, and increased use of
bedside point of care echocardiogram over time. Among exploratory clinical outcomes
we found a decrease in proportion of stage Il AKI, need for dialysis, and length of
hospital stay over time.

Conclusion Tiered implementation of CDSS for recognition of AKI and nephrotoxin
exposure resulted in a progressive improvement in the discontinuation of

nephrotoxins.

Background and Significance

Acute kidney injury (AKI), defined as an abrupt rise in serum
creatinine,’ is a common complication in critically ill patients.
AKI is especially common in patients after cardiac surgery,
where one in three patients develop AKL2 AKIin these patients
is an independent predictor of morbidity and mortality.'
Even a small rise in serum creatinine after cardiac surgery has
been associated with worse outcomes.'™ AKI after cardiac
surgery has a multifactorial etiology, including ischemia-
reperfusion injury, neurohumoral activation, activation of
inflammatory mediators, oxidative stress, and use of nephro-
toxic agents.* The persistence of these factors can also lead to
continued AKI progression. Among these, nephrotoxin use is a
relatively easily modifiable risk factor. Nephrotoxin burden
worsens AKI, and avoidance of nephrotoxins has been shown
to decrease the incidence and progression of AKI in critically ill
patients.'>>"19 Additional measures to reduce AKI severity
after cardiac surgery include volume optimization, mainte-
nance of adequate end-organ perfusion, glycemic control, and
workup for and management of underlying causes.'~>7:17:18.20
The management of AKI relies on early recognition and
preventing its progression by providing clinical interventions
early in its course,'3->-6:8-19.21-23

Informatics tools have provided a new opportunity to alert
clinicians about the presence of AKI. Such measures have
shown an impact on enhanced recognition and improved
outcomes of patients with AKI.>#1%-24-26 They can, however,
be hindered by the development of alert fatigue. Our previous
work has led to the development of an electronic AKI alert
designed to increase the awareness of AKI, which has shown
over 90% end user acceptance 1 year after the implementa-
tion.?' Initially, this alert was evaluated for its impact on
discontinuation of nephrotoxins after AKI. To further enhance
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its effectiveness, and based on the feedback from key stake-
holders, we have since enhanced this alert by incorporating an
additional, nephrotoxin alert for patients with AKI who are
prescribed potentially nephrotoxic medications.

Objectives

Our primary objective for the present study was to evaluate the
impact of this tiered implementation of the clinical decision
support system (CDSS) on the use of nephrotoxins in patients
with AKI after cardiac surgery. Our secondary aims were to
evaluate the impact of this tiered CDSS on other AKI-specific
clinical actions and exploratory clinical outcomes.

Methods
The Clinical Decision Support System

Electronic Acute Kidney Injury Alert

We implemented the electronic AKI alert in the electronic
health record on July 1, 2020, as an initial effort to improve
early recognition of AKI.>' We displayed this electronic AKI
alert to physicians, advanced practice providers (APP), and
pharmacists in a noninterruptive manner in the Epic27
storyboard for 48 hours after the development of AKI
( ). The storyboard is a vertical bar on the left side
of a patient’s chart in Epic, which is the electronic health
record at the institution. The storyboard includes patient
information such as name, photo, age, date of birth, and
allergies. The alert was triggered upon admission if an
increase in serum creatinine of 50% or more was detected
compared with baseline serum creatinine. For subsequent
serum creatinine values within the same admission, the alert
activated when there was an increase of at least 0.3 mg/dL
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@ Possible AKI Stage 1 @ Possible AKI Stage 1
Warning Possible Acute Kidney Injury: : The last creatinine resultis 3.11* ) which indicates an increase in
creatinine of 0.3 mg/dL or more in the past 52 hours.
Variable dology Value
Reference Creatinine Median value from the last 12 | 1.59
months
Percentage change in (Creatinine - Reference 96%
creatinine Creatinine) X 100/
(Reference Creatinine)
AKI Stage KDIGO Stage |
Acute Kidney Injury is a clinical diagnosis and clinical evaluation is before is altered.
Consider consultation with nephrology o if patient is critically ill, consult the intensivist.
Footnote:
FraT—— ‘Miedian value from the last 12 e
months
MORD Back-Calcuated Creatinine. | Carerye oo o 0 |09
Admission Creatinine Creatinine on admission 229
POSSIBLE NEPHROTOXIN
() EXPOSURE! o This patient has possible AKI and is currently prescribed/or recently recieved medication(s) that 4
may be nephrotoxic. Would you like to consider an alternative(s) instead?
Nephrotoxic Medication (24h ago, onward)
Ordered
lisinopril (PRINIVIL) tablet DAILY
| critical (1) B
@ This patient has possible AKI and is currently prescribed/or recently recieved medication(s) that may be - —
nephrotoxic. Would you like to consider an alternative(s) instead? Critical (1) |

Nephrotoxic Medication (24h ago, onward)

Ordered

lisinopril (PRINIVIL) tablet DAILY

O Acknowledge Reason

Clinically Appropriate  Will Assess  Will Discontinue Order

P This patient has possible AKI - the medication you are trying to order may be nephrotoxic. Would you

like to consider an alternative instead?

Remove the following orders?

" amikacin (AMIKIN) 751.5 mg in NS 250 mL IVPB
751.5 mg (15 mg/kg x 50.1 kg Ideal weight), Intravenous, Administer over 30 Minutes

Cancel

C

+ Accept Dismiss

D

Electronic alerts (©2024 Epic Systems Corporation). (A) Electronic acute kidney injury alert. (B) Passive electronic nephrotoxin alert for
already ordered nephrotoxins. (C) Additional details shown on clicking the passive nephrotoxin alert. (D) Interruptive electronic nephrotoxin

alert for new nephrotoxin orders.

within 52 hours from the baseline serum creatinine. Our
previous work has shown high sensitivity, specil‘icity,28
and acceptance rates by end users caring for patients after
cardiac surgery.?'

Electronic Nephrotoxin Alert

We developed the electronic nephrotoxin alert such that it
was activated for patients with AKI who were prescribed
nephrotoxic medications. The nephrotoxic medication list
for this alert was developed by the West Virginia University
AKI Committee, a committee established to improve the
processes and outcomes of patients with and at risk for
AKI. The committee has multidisciplinary representation
including intensivists, nephrologists, nurses, and pharma-
cists. The nephrotoxic medication list was created through a
combination of comprehensive literature review,>2*3% input
from content experts, and consideration for available formu-
lary at the institution. We have shown the resultant nephro-
toxic medication list in (available
in the online version). This alert was also displayed to
physicians, APPs, and pharmacists caring for these patients.
The alert was displayed in a noninterruptive fashion in the
Epic storyboard?’ for patients with AKI who had active
orders for a nephrotoxic medication ( ). Clicking
the alert provides additional details about the triggering
nephrotoxin and three options for the resolution of the alert
( ): (1) “Clinically Appropriate,” which silences the
alert for 12 hours; (2) “Will Assess,” which silences the alert
for 1 hour; and (3) “Will Discontinue Order,” which does not

silence the alert for that user, and thus, the user would
continue to see the alert, until the active nephrotoxin order is
discontinued. The time intervals for silencing the alert were
determined through a collaborative process involving our
informatics team members (A.S., RL.N., B.D., ].P.) and feed-
back from end users. When a new order for a nephrotoxic
medication was entered into the chart of a patient with AKI,
the nephrotoxin alert was displayed as an interruptive alert
( ). This interruptive alert provided the end users the
option to continue with the order or the default option to
discontinue the unsigned order. This alert was initially
implemented in our electronic health record in Febru-
ary 2023 but needed enhancements due to technical issues.
The alert was then reimplemented in March 2023.

Study Design and Population

The study was conducted at a large, academic, tertiary care
center’s high-acuity cardiac surgery intensive care unit. We
included all critically ill adult (>18 years old) patients who
developed AKI after cardiac surgery. We analyzed AKI events
across five eras according to the timeline of the tiered
implementation of CDSS with patient inclusion in each era
determined by the timing of the AKI diagnosis/alert
( )-

The diagnosis of AKI was based on the Kidney Disease
Improving Global Outcome’s (KDIGO) serum creatinine-
based criteria." In congruence with previous literature, we
used the patient’s median serum creatinine levels from the
past 12 months to determine the baseline serum
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The eras based on implementation of the tiers of clinical decision support system

Era Description Timeline AKI alert | Nephrotoxin
present alert present

Era 1 | Included patients within 6 mo before the January 2020-June 2020 No No
implementation of the passive electronic AKI alert

Era 2 | Included patients within 6 mo after the July 2020-December 2020 Yes No
implementation of the electronic AKI alert

Era 3 | Included patients for a year after the post AKI-Alert Era | January 2021-December 2021 | Yes No
to assess the alert’s long-term impact

Era 4 | Included patients within 6 mo before the first August 2022-January 2023 Yes No
implementation of the electronic nephrotoxin alert

Era 5 | Included patients within 6 mo after the revised March 2023-September 2023 | Yes Yes
implementation of the electronic nephrotoxin alert

Abbreviation: AKI, acute kidney injury.

creatinine.?"-?*28 When prior serum creatinine values were
unavailable, we estimated the baseline serum creatinine
based on back-calculation using the Modification of Diet in
Renal Disease equation.31 Although race-free equations are
now recommended for estimation of kidney function, they
have not been validated for this application. For patients with
a history of chronic kidney disease and no documented prior
serum creatinine values, we used admission serum creati-
nine as the baseline serum creatinine. We excluded patients
with end-stage kidney disease, those already on dialysis
before cardiac surgery, and those with baseline creatinine
> 4mg/dL.

Data Collection

We collected demographics (age and sex), medications, and
clinical actions performed for up to 30 hours after AKI as per
the AKI checklist. We chose the 30-hour time frame to
capture actions performed early (approximately within the
first day) after AKI. The clinical actions included the use or
discontinuation of nephrotoxins, use of vasopressors, mea-
surement of urine output, maintenance of mean arterial
pressure (MAP) not less than 65mm Hg for two
consecutive hours, insertion or maintenance of an arterial
line for patients requiring vasopressors, targeting of MAP
goal of 65mm Hg or greater (per the documentation in
progress notes), initiation or maintenance of intravenous
fluid infusion, use of diuretics, hourly urine output measure-
ment, documentation of assessment of volume status in
progress notes, documented use of bedside point of care
echocardiogram, performance of formal transthoracic echo-
cardiogram, performance of renal ultrasound, measurement
and trending of serum lactate values if the first value was
above 2 mmol/L, workup for sepsis (measurement of procal-
citonin or collection of blood cultures), and maintenance of
glycemic control (serum glucose values < 180 mg/dL). To
evaluate the discontinuation of nephrotoxins within
30 hours after AKI, we assessed and compared nephrotoxins
administered within 30 hours before and after AKI. As iodin-
ated contrast is not ordered as a recurring medication, we did
not include it as part of the nephrotoxins discontinued after
AKI. We did, however, include the use of iodinated contrasts
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as a new nephrotoxin if administered within 30 hours after
AKI development. We also collected information regarding
the maximum AKI stage during hospital stay, need for
dialysis, and length of hospital stay.

Outcomes

Our primary outcome was the discontinuation of nephro-
toxins after AKI among patients who have undergone cardiac
surgery. Secondary outcomes included AKI-specific clinical
actions and exploratory clinical outcomes. The AKI-specific
clinical actions were determined through consensus among
22 faculty members, including nephrologists, intensivists,
and cardiac surgeons taking care of these patients at the
institution. The consensus for these clinical actions was
derived by a modified Delphi procedure involving two
rounds of questionnaires (

and S3, available in the online version). The questions in
the first round were developed based on literature re-
view 1719 and the content expertise of the investigators.
These included 26 questions with answers in a 5-point Likert
scale format and five open-ended questions. The clinical
actions that had at least 70% consensus were considered
approved. The second round consisted of questions that did
not achieve consensus and questions developed based on the
responses to the open-ended questions in the first round.
Based on these two rounds, we achieved consensus on
clinical actions specific to patients with AKI after cardiac
surgery. Removal of nephrotoxins was one of the consensus
clinical actions that served as our primary outcome. The rest
of the clinical actions served as the secondary outcomes for
this study. We provided a list of these clinical actions as a
physical, pocket-sized Cardiac Surgery AKI Checklist to all
end users at the time of the implementation of the electronic
nephrotoxin alert ( ). The exploratory clinical out-
comes in this study were maximum AKI stage during the
hospital stay, need for dialysis, and hospital length of stay.

Statistical Analysis

We have reported categorical variables as percentages and
shared mean values for continuous variables. Chi-square or
Fisher’s exact test were utilized as appropriate to compare
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o Perform medication review
» Discontinue/adjust dosing for nephrotoxic and
renally cleared medications as appropriate
o Perform point of care ultrasound to assess heart,
lungs, kidney, and bladder
o Assess fluid volume status
» Treat with diuretics if hypervolemic; utilize
balanced crystalloids if hypovolemic
o Initiate vasoactive medications to maintain MAP
>65 mmHg for patients refractory to fluid
resuscitation
» Individualize inotrope/vasopressor choice
» Place arterial line if vasoactive medications are
required or noninvasive monitoring is unreliable
o Measure urine output every hour and weight daily
e Place indwelling bladder catheter if accurate
measurement is not otherwise feasible
o Maintain serum glucose values <180 mg/dL
o Work up for hemolysis, sepsis, intra-abdominal
hypertension, and bleeding

Consensus AKl-specific clinical actions. AKI, acute kidney
injury.

proportions and analysis of variance to compare means. We
utilized the Cochran Armitage trend test to assess
trends.>?33 Additionally, to assess adjusted trends of out-
comes across different eras, we performed logistic and linear
regression analyses adjusted for age, sex, history of chronic
kidney disease, type of surgery, and time from start of
deployment of each tier of CDSS to the actual diagnosis of
AKI or activation of alert. We considered a p-value threshold
of <0.05 as statistically significant. We performed all analy-
ses using JMP software 17 (SAS Institute Inc., Cary, North
Carolina, United States).

Results

Out of 1,303 eligible cardiac surgery patients, 503 developed
AKI and were included in this study. The baseline character-
istics of patients are shown in . When broken down

Justice et al.

54%), era Il (post AKI-alert) included 85 patients (AKI rate
42%), era Ill (AKI-alert long-term follow-up) included 158
patients (AKI rate 38%), era IV (pre-nephrotoxin-alert) in-
cluded 75 patients (AKI rate 36%), and era V (post-nephro-
toxin-alert) included 81 patients (AKI rate 28%). Overall, the
mean age of patients was 64 years (+ 13.27 years) and 350
(70%) were male. In total, 114 (23%) patients received
nephrotoxins within 30hours before AKI, and 72 (14%)
patients continued to receive nephrotoxins within 30 hours
after the development of AKI. New nephrotoxins were or-
dered for 44 (9%) patients within 30hours after AKI
development.

When analyzed by eras based on the tiered implementa-
tion of CDSS, nephrotoxins were actively being used within
30 hours before the development of AKI in 24 (23%) patients
ineral, 24 (28%) patients in era I, 20 (13%) patients in era III,
20 (27%) patients in era IV, and 26 (32%) patients in era V.
Among these, nephrotoxins were discontinued within
30 hours of AKI among 6 (25%) patients in era I, 8 (33%)
patientsinerall, 7 (35%) patients in era Ill, 7 (35%) patients in
era IV, and 14 (54%) patients in era V (p =0.047 for trend)
( ). On adjusted analysis, the odds ratio for discontin-
uation of nephrotoxins for each era with era I as base was
1.50 (95% CI: 1.08-2.10). There was, however, no significant
change in the initiation of new nephrotoxins within 30 hours
of AKI over the eras(12[12%]ineral,7 [8%]inerall, 12 [8%]in
era Ill, 8 [11%] in era IV, and 5 [6%] in era V; p=0.338 for
trend).

Among the secondary outcomes studied, although we
found a decrease in the documentation of volume status
assessment over time (p=0.001 for trend), there was a
decrease in administration of intravenous fluids after devel-
opment of AKI (p <0.001 for trend) ( ). There was
also an increase in the documentation of a MAP target goal of
>65mm Hg (p < 0.001 for trend), an increase in documented
performance of bedside echocardiograms (p=0.02 for
trend), and trending of serum lactate levels over the studied
eras (p < 0.001 for trend).

Among the exploratory clinical outcomes, we found a
decrease in the proportion of stage Il AKI (severe AKI)
development (p=0.037 for trend), need for dialysis
(p=0.004 for trend), and average length of stay (p <0.001

by era, era I (pre AKI-alert) included 104 patients (AKI rate  for trend; ). On adjusted analysis, the odds ratio for
Baseline characteristics of patients
Era 1 Era 2 Era 3 Era 4 Era 5 p-Value

Age (y), mean (standard deviation) 62 (1.3) 60 (1.4) 65 (1) 65 (1.5) 65 (1.5) 0.04
Male sex, count (%) 73 (70%) | 61(72%) | 97 (61%) | 50 (74%) | 62 (81%) | 0.02
Type of surgery®>—CABG CABG surgery 52 (50%) 36 (42%) 86 (54%) 34 (45%) 40 (49%) 0.05
valve Valve surgery | 42 (40%) | 43 (51%) | 49 (31%) | 27 (36%) | 26 (32%)

Others 10 (10%) | 6 (7%) 23 (15%) | 14(19%) | 15 (19%)
History of chronic kidney 18 (17%) 17 (20%) 24 (15%) 15 (20%) 26 (32%) 0.05
disease, count (%)

Abbreviation: CABG, coronary artery bypass graft.
“Duplicate numbers are due to multiple surgery types in same patients.
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Clinical Decision Support System Era

—Nephrotoxin Discontinuation Trend P=0.047 —Stage III Acute Kidney Injury Trend P=0.037
Dialysis Trend P=0.004

Outcomes.

development of stage IIl AKI was 0.83 (95% CI: 0.66-1.03), for
need for dialysis was 0.60 (95% CI: 0.40-0.80), and the
adjusted coefficient for length of stay was 1.30 (95% CI:
—2.30 to —0.30) for each era with era I as base.

Discussion

In this study, we evaluated the impact of tiered implemen-
tation of CDSS on the care of patients who develop AKI after
cardiac surgery. We have demonstrated that the tiered
implementation of this CDSS resulted in a stepwise increase
in the discontinuation of nephrotoxic medications following
AKI. We also noted some improvements in the completion of
other AKI-specific clinical actions identified by a consensus
of experts who are actively involved in the care of these
patients.

The utilization of electronic alerts for AKI has been shown
toincrease the rates of diagnosis of AKI and decrease the time
to first medical review of the chart.'® However, their impact
on the improvement of care processes'>'%343> and explor-
atory clinical outcomes'®2?43436 has been mixed. Cardiac
surgery-associated AKI is usually multifactorial and is asso-
ciated with the release of cytokines and chemokines due to
the entire cardiac output being exposed to the cardiac bypass
circuit during surgery, nonpulsatile blood flow while on
cardiac bypass, low cardiac output states, reperfusion injury
after unclamping at the completion of surgery, use of neph-
rotoxic medications, and complications of cardiac function
specific to surgeries that adversely affect hemodynamics and
require additional surgeries.>”~#0 The goal of therapy rests on

Applied Clinical Informatics  Vol. 16 No. 1/2025 © 2025. Thieme. All rights reserved.
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the prevention of further progression by minimizing any
further injury to the kidneys and the management of AKI
complications. Based on these principles, KDIGO has provid-
ed general guidelines for AKI management, including treat-
ing the original cause of AKI, optimizing hemodynamic and
volume status, and avoiding nephrotoxic medications and
iodinated contrast media." The KDIGO guidelines when
adopted as a care bundle have been associated with im-
proved outcomes.?’ However, compliance with bundle im-
plementation is low.*! A potential reason for reduced
compliance and mixed results in care process improvements
when implementing electronic AKI alerts is that KDIGO’s
guidelines for managing AKI are general principles rather
than recommendations for specific actions. In this study, we
identified and implemented clinical actions specific to the
management of patients with AKI after cardiac surgery.
These clinical actions were established by a consensus
among multidisciplinary providers caring for these patients.
Thus, by identifying consensus-driven clinical actions like
nephrotoxin discontinuation, we have a better chance to see
which actions are actually implemented in clinical practice.
Understanding this will also guide the design of future trials
aimed at optimizing AKI management.

Discontinuation of nephrotoxic medications is an impor-
tant, established clinical action for the management of
patients with AK1.22%30 A recent randomized clinical trial*
showed that implementation of an electronic nephrotoxin
alert for hospitalized patients with AKI led to discontinua-
tion of nephrotoxic medications within 24 hours of random-
ization in 61.1% of patients in the alert group versus 55.9% of
patients in the control group (p < 0.001). This is similar to our
study, in which electronic alerts led to an improvement in the
discontinuation of nephrotoxic medications. This study was,
however, a randomized trial performed among all hospital-
ized patients with an already high rate of nephrotoxin
discontinuation among patients with AKI in the control
group, decreasing the effect size achieved by implementing
an electronic alert. Our study, in comparison, was a real-
world, tiered implementation of a CDSS targeted toward
patients after cardiac surgery. Patients undergoing cardiac
surgery are at a much higher risk for AKI and its complica-
tions. We showed that the rate of nephrotoxin discontinua-
tion within 30 hours after AKI was 25% before any alerts, 33%
after implementation of the electronic AKI alert, and 54%
after implementation of the electronic nephrotoxin alert.
Furthermore, the rate of nephrotoxin discontinuation was
35% just prior to the implementation of the electronic
nephrotoxin alert and more than a year after the implemen-
tation of the electronic AKI alert. Thus, there was no indica-
tion that secular trends alone accounted for the
improvement in nephrotoxin discontinuation following the
implementation of the nephrotoxin alert. Another major
difference between the study by Wilson and colleagues
and ours was that the former only used an interruptive alert
for nephrotoxins. In contrast, we used a combination of
passive and interruptive alerts, the latter only during active
order entry, with the default option to discontinue the
unsigned nephrotoxic medication order. Passive alerts are
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associated with less alert fatigue and increased compli-
ance, 344 potentially contributing to greater improvement
in the nephrotoxin discontinuation observed in our study.

Additionally, our study showed greater attention to keeping
MAP > 65 mm Hg as assessed through documentation in prog-
ress notes over the time period of the study. We also noted
increasing attention to repeating lactate measurements if the
initial one was elevated, increased utilization of bedside point
of care echocardiograms, and workup for sepsis in patients
with AKI. All these actions were part of the specific clinical
actions developed by the consensus among multidisciplinary
providers caring for these patients. Interestingly, we found less
documentation of volume status assessment throughout the
study. However, we noted a decline in the rate of intravenous
fluid administration to patients with AKI after cardiac surgery,
which, in conjunction, may reflect increased attention to
assessment of volume status despite less documentation.
Similarly, we did not see a consistent improvement in hourly
urine output measurement with these alerts. This could be a
reflection of the practice to minimize indwelling urinary
bladder catheter time after cardiac surgery. It is important
to note that neither alert of our CDSS was explicitly geared to
guide clinicians toward any of these clinical actions. Our only
intervention for these clinical actions was to provide clinicians
with a list of expert consensus clinical actions as a physical,
pocket-sized AKI checklist when the electronic nephrotoxin
alert was implemented. Further research is needed to deter-
mine if targeted CDSS focused on these specific clinical actions
could lead to more consistent improvements.

Although our focus with this study was on discontinua-
tion of nephrotoxins after AKI, we also noted some improve-
ment in exploratory clinical outcomes during the time period
of the study. Implementation of a CDSS with high user
acceptance?' and the development of specific clinical actions
via expert consensus may have contributed to improved
outcomes. This, however, needs to be interpreted with
caution due to nonrandomized nature of the study and the
fact that these exploratory outcomes can be affected by other
things beyond the scope of this study, including the impact of
the pandemic during the earlier eras. Although the sustained
increase in discontinuation of nephrotoxins since the imple-
mentation of AKI alert argues against a significant impact of
Hawthorne effect, a longer-term follow-up since implemen-
tation of nephrotoxin alert is needed to further validate its
impact. Additionally, this was a single-center study per-
formed at a tertiary care, high-volume cardiac surgery
center, which may limit the generalizability of the results
to other populations. Although our primary focus was on the
discontinuation of nephrotoxins after AKI, we also
evaluated secondary clinical actions developed through a
modified Delphi process. Since the action list was created by
a consensus group from a single institution, it may affect its
generalizability, underscoring the need for multicenter vali-
dation to confirm its broader applicability. Finally, we did not
evaluate the end user acceptance of the nephrotoxin alert.
However, it was developed and implemented by the same
team that developed the electronic AKI alert, which had high
rates of end user acceptance.
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Conclusion

In conclusion, our study demonstrated a progressive im-
provement in the discontinuation of nephrotoxic medica-
tions by implementing a tiered CDSS. The results of our study
need to be confirmed in prospective multicenter studies.

Clinical Relevance Statement

Electronic AKI alerts have shown varying impacts on care
processes and exploratory clinical outcomes, partly explained
by the development of alert fatigue. Our previous work has led
to the development of an electronic AKI alert with a high level
of user acceptance, which we have since enhanced by incor-
porating a nephrotoxin alert for patients with AKI. In this work,
we show that careful development and implementation of
electronic alerts can enhance care processes and possibly
clinical outcomes, offering a solution to this highly critical
issue through effective application of clinical informatics.

Multiple-Choice Questions

1. Which of the following statements is true regarding the
impact of AKI alerts?

a. Studies uniformly show improvement in care processes
by implementation of AKI alerts.

b. Studies uniformly show improvement in patient-cen-
tered outcomes by implementation of AKI alerts.

c. Studies uniformly show improvement in both care
processes and patient-centered outcomes by imple-
mentation of AKI alerts.

d. Studies show mixed results for improvement in care
processes and patient-centered outcomes by the im-
plementation of AKI alerts.

Correct Answer: The correct answer is option d. The
literature has shown inconsistent findings regarding the
effectiveness of AKI alert implementation in enhancing
care processes and clinical outcomes.

2. Which of the following statements is true regarding how
the electronic nephrotoxin alert was displayed in the EPIC
electronic health record?

a. As an interruptive alert that popped up every time the
chart was accessed.

b. Only as a passive alert.

c. A carefully crafted combination of both passive and
interruptive alert.

d. It was only displayed in the results tab.

Correct Answer: The correct answer is option c. The
electronic nephrotoxin alert was displayed as a passive
alert for already active nephrotoxic medication orders and
an interruptive alert when actively ordering a potentially
nephrotoxic medication in a patient with AKI.

The study was performed in compliance with the World
Medical Association Declaration of Helsinki on Ethical
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Principles for Medical Research Involving Human Subjects
and was reviewed by West Virginia University Institution-
al Review Board. Participants were informed of the con-
tents prior to study participation and voluntarily
consented to participate.
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