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Abstract

Background: Alert fatigue is unavoidable when many irrelevant alerts are generated in response to a small number of useful
alerts. It is necessary to increase the effectiveness of the clinical decision support system (CDSS) by understanding physicians’
responses.

Objective: This study aimed to understand the CDSS and physicians’ behavior by evaluating the clinical appropriateness of
alerts and the corresponding physicians’ responses in a medication-related passive alert system.

Methods: Data on medication-related orders, alerts, and patients’ electronic medical records were analyzed. The analyzed data
were generated between August 2019 and June 2020 while the patient was in the emergency department. We evaluated the
appropriateness of alerts and physicians’ responses for a subset of 382 alert cases and classified them.

Results: Of the 382 alert cases, only 7.3% (n=28) of the alerts were clinically appropriate. Regarding the appropriateness of
the physicians’ responses about the alerts, 92.4% (n=353) were deemed appropriate. In the classification of alerts, only 3.4%
(n=13) of alerts were successfully triggered, and 2.1% (n=8) were inappropriate in both alert clinical relevance and physician’s
response. In this study, the override rate was 92.9% (n=355).

Conclusions: We evaluated the appropriateness of alerts and physicians’ responses through a detailed medical record review
of the medication-related passive alert system. An excessive number of unnecessary alerts are generated, because the algorithm
operates as a rule base without reflecting the individual condition of the patient. It is important to maximize the value of the CDSS
by comprehending physicians’ responses.

(JMIR Med Inform 2022;10(10):e40511) doi: 10.2196/40511
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Introduction

Background
Computerized physician order entry (CPOE), linked to a clinical
decision support system (CDSS), has become essential in the
health care system. The main purpose of a CDSS is to improve
patient safety and quality of care, and a medication-related
CDSS is especially valuable [1,2]. In a medication-related
CDSS, the alerting system provides dosing guidance or
drug-drug, drug-allergy, and drug-age warnings that help
clinicians prescribe correct orders. Early studies on CDSSs
prompted substantial anticipation that medication-related
CDSSs, such as alerting systems, may prevent adverse events
and enhance patient safety [3,4].

Despite the increasing implementation of CDSS alerts, a
substantial number of alerts are overridden [5-7]. The alert
override rate is high, sometimes up to 96% [5]. Override is often
invoked for reasons such as low alert specificity (ie, a lack of
clinical relevance) and inadequate alert content [8,9]. Low alert
acceptance was associated with repeated alerts that are
inappropriate [6,10]. Excessive alerts that are not clinically
relevant could lead to alert fatigue and contribute to alert
overrides [11,12].

A common issue connected with the implementation of clinical
decision support tools in electronic medical records (EMRs) is
alert fatigue [13]. Alert fatigue is the issue in which users of a
CDSS that generates an excessive amount of warning messages
tend to overlook the majority of these alerts, including those
that warn them of potentially clinically relevant errors [2]. A
CDSS can fail to enhance patient safety due to alert fatigue.
Alert fatigue arises when an excessive number of irrelevant
alerts drives users to routinely override them [14].

In the CDSS, 2 types of alerts are usually used. One type of
alerts is active or “pop-up” warnings. These alerts require an
action from the user for the clinical process to continue, such
as clicking a button or stating the overriding reason. The other
type of alerts is passive warnings, such as flagging potentially
abnormal values. Passive alerts, unlike active alerts, do not
interrupt the provider’s workflow; hence, these alerts do not
require a response from the user to override the clinical process.
Numerous studies have established the issue of alert fatigue
with active alerts [10,12,15,16]. Passive alerts may also be a
substantial cause of alert fatigue. The true burden of these alerts
has rarely been assessed [17].

There is limited research evaluating the appropriateness of
overrides with no override reasons in the passive alert system
and the alert itself for clinical appropriateness for a patient’s
specific condition. To understand the behavior of physicians,
previous studies have only evaluated the appropriateness of
overrides based on their reasoning [1,18]. In this study, we
evaluated the appropriateness of alerts and physicians’ responses
in a passive alert system through a patient EMR. We also
categorized the alerts assessed by clinical relevance and
physicians’ responses. This study may provide insights into the
clinical use of medication alerts, whether physicians override

them, and what reactions physicians offer when responding to
them.

Objective
This study aimed to evaluate the clinical appropriateness of
alerts and the corresponding physicians’ responses in a
medication-related passive alert system.

Methods

Study Design
This study was a retrospective observational study with stratified
sampling according to medication. The analyzed alerts were
generated from medication orders between August 2019 and
June 2020 in the emergency department (ED). We obtained
medication orders, alerts, and patient EMR data from a clinical
data warehouse (CDW). In Korea, it is stipulated by law that
only physicians can prescribe orders, except in a limited number
of cases.

Ethics Approval
This study was approved by the Institutional Review Board of
the Samsung Medical Center (IRB 2021-09-115).

Study Setting
This study was conducted in the ED of a tertiary academic
medical center in Seoul, Korea. It serves 2 million outpatient
visits annually and provides in-hospital service for 1975 beds.
The ED has 69 beds and approximately 35 doctors. The annual
number of patients visiting the ED ranges from 75,000 to 80,000.
The workflow of the ED is uncontrolled and unpredictable [19].
Adverse events following an ED visit were reported less
frequently but were more preventable than in other hospital
settings [20]. Since the ED has various medication prescription
patterns, diverse alerts can be analyzed by checking the patients
in the ED.

EMR System and Medication Order (Prescription)
System
Our EMR system is a self-developed system implemented in
2016. Data Analytics and Research Window for Integrated
Knowledge (DARWIN) is an extensive system that includes
CPOE as well as nursing, pharmacy, billing, and research
support and even patient portal and web services.

CDSS Design: Passive Alert System
A passive alert system in the medication CDSS was applied to
the DARWIN. Although passive alerts with in-line text do not
interfere with physicians’ workflow, they may also result in
decreased effectiveness of the CDSS alerts [21]. The alert
appears before the order is confirmed. A response is not required
to allow the prescription. The rule-based database for the CDSS
was supplied by the KIMS POC knowledge base (KIMS Co)
with weekly updates. The types of alerts were age, allergy, dose,
drug-drug interaction (DDI), and renal.

CDW Use
This study was performed using data extracted from the CDW
at the study site. The CDW is an integrated storage for clinical
data that are updated daily, such as deidentified patient
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demographic information, diagnosis, prescription, and laboratory
results. In the past, researchers had to check the variables
required for research individually and process the data
accordingly. However, using the CDW, researchers can easily
obtain the data automatically, sorted according to the various
variables assumed by the researcher. CDW supports the
automatic conversion of unstructured data, such as text to
standardized data, to make it possible to conduct prospective
cohort studies conveniently.

Selection of Alerts
In all, 20 frequently overridden medication alerts were selected.
We thought that alerts that are frequently overridden would be
less clinically relevant; therefore, we prioritized alerts that are
frequently overridden as evaluation targets. DDI types and alerts
that are difficult to evaluate for clinical appropriateness were
excluded as follows: when there was no specific dose setting
information for reduction and when the range of dose adjustment
according to the indication and severity was wide. Overridden
cases and nonoverridden cases were randomly extracted from
20 frequently overridden medication alerts. The number of cases
for each medication alert are shown below.

Definition of Alert Overrides and Appropriateness
Alert overrides occur when physicians do not change orders as
suggested by the alert. Our previous study defined an alert
override as no change in order when an alert occurred on the
log data [22]. In this study, however, alert override means no
change in order when an alert occurred or a re-order of the same
prescription later. In nonoverridden cases, many physicians
prescribed the nonoverridden order again, and we considered

this case to be an override. If the identical prescription that
generated the alert was given to the same patient within 48
hours, it was deemed an override. Alert clinical relevance means
that the alert is suitable for each patient’s condition and that the
alert actually helped the physician order the prescription. The
physicians’ response appropriateness indicates whether the
physicians’override or nonoverride was appropriate considering
the patient’s clinical condition.

Detailed Medical Record Review
Through advanced medical record reviews of alert overridden
cases and literature research, a group of 3 clinicians (a physician,
a pharmacist, and a nurse) determined the criteria for the
appropriateness of each alert. In a detailed medical record
review, information such as the patient’s age, gender, weight,
laboratory results (potassium, sodium, serum creatinine, or
glomerular filtration rate, etc), and computed tomography status
was confirmed through the patient’s EMR. Each group member
independently reviewed random samples of the 382 alert cases
for the evaluation of the appropriateness of alert clinical
relevance and physicians’ responses. When panel members
disagreed, consensus was reached via group discussion.

Classification of Alerts
The alerts were classified based on the results of the
appropriateness evaluation. We referred to the evaluation
framework developed by McCoy et al [23]. Since the passive
alert system does not collect the overriding reason, it may be
difficult to judge the appropriateness. Therefore, we included
a nondecidable category in the alert classification table (Figure
1).

Figure 1. Classification table for alerts. The alert classification table included the nondecidable category—since the passive alert system does not
include an override reason, some cases might be difficult to evaluated.

Korean Triage and Acuity Scale (KTAS)
The KTAS is an evaluation tool used to categorize the severity
and urgency of ED patients. It is a 5-level triage scale based on
the severity of the patient’s chief complaint and symptoms. The
KTAS was established in 2012 in Korea in an effort to enhance
patient safety and minimize ED congestion at the hospital level.
Patients who enter the ED are evaluated by KTAS using the
following procedure: impression evaluation, infection

confirmation, primary symptom selection, and
primary/secondary considerations [24,25].

Data Analysis
Commonly overridden medications were subgrouped according
to alert type, and alert patterns were examined. Samples for the
medical record review were extracted using stratified random
sampling. In our samples, we analyzed the appropriateness of
alerts, physicians’ responses, and patient demographics.
Interrater reliability for the evaluation of alert and physicians’
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response appropriateness was calculated by using a κ index.
The results are presented as counts and percentages. The rate
of false positive alerts, physicians’ response inappropriateness,
and override were expressed as percentages of total alerts. All
statistical tests were performed using R statistical software
(version 4.0.3; R Foundation for Statistical Computing).

Results

Figure 2 shows the detailed selection process for medication
alert data. A total of 39,286 (10.5% alert rate) CDSS alerts
occurred for 374,133 medication orders between August 2019
and June 2020. We selected 20 frequently overridden medication
alerts stratified by the medication alert type (Table 1). The
number of alert cases analyzed for medical record reviews was
382 (200 overridden and 182 nonoverridden cases).

The medical record review included 356 patients. Table 2 shows
the demographic information of the patients in the medical
record review cases. Overall, the patients’ basic characteristics
showed that the majority were men (204/356, 57.3%), aged
more than 60 years (205/356, 57.6%), and had KTAS scores of
3 (197/356, 55.3%).

A total of 728 medications triggered an alarm; however, we
chose 20 frequently overridden medication alerts, because we
thought that alerts that are frequently overridden would be less
clinically relevant. Table 1 shows the 20 analyzed medications.
In the overridden case, all medication alerts included 10 cases;
however, in the nonoverridden case, methylprednisolone (n=6),
epinephrine (n=9), cefditoren (n=2), cefazolin (n=6), and
ampicillin/sulbactam (n=9) had fewer than 10 cases.

Table 3 shows the results of the appropriateness evaluation for
alert clinical relevance and physicians’ responses. Interestingly,
of the 382 alert cases, the only 7.3% (n=28) were clinically
relevant alerts. In the physicians’ response assessment, 92.4%
(n=353) were appropriate and 1.6% (n=6) were nondecidable.
The interrater reliability for alert clinical relevance
appropriateness and physicians’ response appropriateness were
moderate (κ=0.47) and fair (κ=0.28), respectively. In our study,
there was no difference in the appropriateness of clinical
relevance between overridden and nonoverridden alerts. When
an overridden alert and a nonoverridden alert were classified
using a data log rather than a medical record review, the alert
appropriateness was 7% (14/200) for overridden alerts and 7.7%
(14/182) for nonoverridden alerts, which did not show clinical
relevance. Contrary to the expectation that there were more
inappropriate alerts in nonoverridden alerts, there was no
difference in alert appropriateness between the 2 types of alerts
(Multimedia Appendix 1).

In the classification of the 382 alerts, only 3.4% (n=13) were
successfully triggered, and 2.1% (n=8) were inappropriate for
both the alert and physicians’ response (Table 4). Only 3.9%
(n=15) of alerts represented physicians’ nonadherence, where
the alert was appropriate but the corresponding physicians’
response was inappropriate. The override rate was 92.9%
(n=355): (Physicians’ nonadherence [n=15] + justifiable
overrides [n=340]) / total alerts [n=382] (Table 4). There were
6 (1.6%) cases in which the physicians’ response could not be
determined.

Figure 2. Study flow chart. DDI: drug-drug interaction.
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Table 1. The 20 analyzed medication alerts.

Nonoverridden alerts for medical
record reviews (N=182), n

Overridden alerts for medical
record reviews (N=200), n

Alert
counts, n

Alert typeOrder (medication type)

10102125DoseSodium bicarbonate, 8.4%, 20 mL (other)

10101885DoseEsomeprazole, 40 mg (proton pump inhibitor)

10101379RenalCeftriaxone sodium, 2 g (antibiotic)

10101494DoseKalimate powder, 5 g (other)

10101108RenalTazoferan, 2.25 g (antibiotic)

10101230DoseCalcium gluconate, 2 g/20 mL (calcium)

10101527DoseAcetaminophen, 1 g/100 mL (analgesic)

10101059DosePantoprazole, 40 mg (proton pump inhibitor)

1010701DoseLactulose syrup (other)

10101205AgePropacetamol, 1 g (analgesic)

610378DoseMethylprednisolone, 4 mg (steroid)

1010611DoseIbuprofen, 20 mg/mL (NSAIDsa)

1010421RenalLevofloxacin, 750 mg (antibiotic)

1010386DoseTerlipressin acetate, 1 mg (vasoconstrictor)

910340DoseEpinephrine, 1 mg (other)

1010329DoseAmiodarone, 150 mg (antiarrhythmic)

1010301RenalMeropenem, 500 mg (antibiotic)

910271DoseAmpicillin/sulbactam, 1.5 g (antibiotic)

610275DoseCefazolin, 1 g (antibiotic)

210301DoseCefditoren pivoxil, 100 mg (antibiotic)

aNSAID: nonsteroidal anti-inflammatory drug.
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Table 2. Patient demographic.

Patient (N=356), n (%)Demographic

Sex, n (%)

152 (42.7)Female

204 (57.3)Male

Age (years), n (%)

58 (16.3)0 to 20

18 (5.1)20 to <40

75 (21.1)40 to <60

205 (57.6)≥60

KTASa score, n (%)

13 (3.7)1 (most critical)

51 (14.3)2

197 (55.3)3

94 (26.4)4

1 (0.3)5 (least critical)

Injury, n (%)

68 (19.1)Noninjury

288 (80.9)Injury

Disposition, n (%)

121 (34)Discharge

193 (54.2)Admission

165 (85.5)General ward (n=193)

28 (14.5)Intensive care unit (n=193)

22 (6.2)Transfer

20 (5.6)Death

aKTAS: Korean Triage Acuity Scale.

Table 3. Appropriateness of alert clinical relevance and physicians’ response.

Case (N=382), n (%)Appropriateness evaluation

NondecidableInappropriateAppropriate

0 (0)354 (92.7)28 (7.3)Alert clinical relevance

6 (1.6)23 (6)353 (92.4)Physicians’ response
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Table 4. Evaluation of alerts.

Physicians’ response (N=382), n (%)Alert clinical relevance

NondecidableInappropriateAppropriate

0 (0)15 (3.9)b, c13 (3.4)aAppropriate

6 (1.6)8 (2.1)d340 (89)cInappropriate

0 (0)0 (0)0 (0)Nondecidable

aSuccessful alerts.
bPhysician’s nonadherence.
cThe override rate (355/382, 92.9%) was determined by the sum of these 2 values divided by the total number of alerts.
dUnintended adverse consequences.

Discussion

Principal Findings
In this study, we evaluated the appropriateness of the alerts and
physicians’ responses to the medication-related passive alert
system through a detailed medical record review. We found that
only 7.3% of alerts were clinically appropriate, and 6% of alerts
resulted in inappropriate responses from physicians. Alert
fatigue is inevitable when a large number of irrelevant alerts
are generated for a small number of appropriate alerts. There
were a few successful alerts where the alert was appropriate
and the physician accepted the alert. Physicians’ nonadherence
of alerts could be a result of the ambiguous contents of alerts
that did not provide helpful information [26]. Additionally, a
high number of inappropriate alerts could be a reason for
physicians’ nonadherence [27]. Physicians were less likely to
accept alerts as the number of alerts increased, especially for
repeated alerts [6]. When considering the cases where the
response of the physician was inappropriate, the alerts where
the alert was appropriate were almost twice as common as the
alerts where the alert was inappropriate. This finding can be
explained by habitual override due to numerous inappropriate
alerts [28]. A small number of alerts were classified as resulting
in unintended adverse consequences. In a few cases, the
physicians’ response appropriateness could not be determined,
because the passive alert system did not collect the override
reasons. There were no cases where the appropriateness of the
alert could not be determined.

Many studies have identified the appropriateness of override
according to the appropriateness of the alert [1,5,15,29,30], but
only a few studies have evaluated the response of physicians
[31-33]. Duke et al [31] conducted a randomized controlled trial
on DDI alert targets to identify medical staff’s adherence
according to context-enhanced alerting. Strom et al [32]
analyzed the unintended effects of a nearly hard-stop CPOE
prescribing alert. Understanding the physicians’ response to the
CDSS is of importance; however, due to the difficulty in
analyzing the response, many researchers simply evaluate the
appropriateness of the override. Therefore, it is necessary to
increase the utility of the CDSS by understanding physicians’
responses.

In our previous study, we reported an override rate of 61.9%
[22]. However, in this study, we found that the override rate
was 92.9%. There are several reasons for this difference. First,

in this study, through medical record reviews, it was confirmed
that some cases that were previously evaluated as nonoverridden
by log data were clinically overridden. The difference between
the override rate when simply using log data and the override
rate through a medical record review is large, even within the
same system. In this study, the patients’ overall prescriptions
were analyzed through a detailed patient medical record review,
and the definition of “override” was expanded. In the previous
study, the classification of overridden and nonoverridden alerts
was based only on log data [22]. In this study, however, more
override was detected by the medical record review than in the
previous study. It was confirmed that a substantial number of
cases classified as nonoverridden by log data were actually
overridden. We found that many physicians prescribed the same
prescription that was considered deleted because of an alert.
The prescription was considered an override if it was reissued
to the same patient within 48 hours of the alert being issued.
Therefore, the override rate might be higher in studies that did
not identify the nonoverridden alerts [15,29,34,35]. To calculate
the override rate properly, it is necessary to establish a
mechanism for systematically determining overrides. A
standardized definition of override is needed for a detailed
analysis and comparison of CDSSs. Furthermore, in this study,
we chose the target alerts as alerts that are frequently overridden,
so it could be a reason for the high override rate. Additionally,
the change of the knowledge base of the CDSS from Medi-Span
(Wolters Kluwer Health) to KIMS POC (KIMS Co) may have
affected the override rate.

Further research should investigate techniques for improving
alert accuracy by using machine learning (ML) and artificial
intelligence (AI), analyze the passive CDSS that has not been
extensively studied, and explore the causal relationship between
the number of alerts and the physicians’ responses. Multiple
alerts with low clinical relevance reduce physicians’ reliance
of alerts. Additionally, many unnecessary alerts can lead to alert
fatigue and increase the probability of ignoring truly important
alerts [2]. It is necessary to improve the clinical relevance of
the alert to increase the physician’s alert reliance and optimize
the alert. ML and AI could be potential solutions. By introducing
ML, the rule-based alert system can be improved, and by
introducing AI, alerts can be generated according to the
individual condition of the patient [36,37]. Despite the promise
of technological approaches to drug safety, the risk of mistake
will persist if these systems are not carefully applied and heavy
attention is not made to building safer systems of care [2]. These
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considerations are required to reduce needless alerts, improve
their clinical relevance, and increase physicians’ alert reliance
by assessing CDSS consistently.

Limitations
Our study had several limitations. First, it was performed at a
single center with ED practices. Second, the evaluation of
physicians’response appropriateness may be subjective, because
passive alert systems do not collect the override reasons. In
addition, we did not confirm the clinical consequences of alerts
for unintended adverse consequences. Only the clinical
consequences related to the prescription stage were checked,
and the dispensing/administration stage was not analyzed.

Conclusions
We evaluated the appropriateness of the alerts and physicians’
responses through a detailed medical record review of the
medication-related passive alert system. Only by gaining better
knowledge of the physicians’ overall behavior is it possible to
improve the effectiveness of the CDSS. In our study, most alerts
did not reflect the clinical situation of each patient; however,
the physicians’ responses were mostly appropriate. Alert fatigue
is unavoidable when a large number of irrelevant alerts are
generated in response to a small number of useful alerts. It is
necessary to decrease unnecessary alerts, improve their clinical
relevance, increase alert reliability, and optimize alerts.
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Multimedia Appendix 1
Comparison of alert appropriateness according to overridden and nonoverridden alerts. There was no difference in the
appropriateness of clinical relevance between overridden alerts (7% appropriate) and nonoverridden alerts (7.7% appropriate).
[DOCX File , 12 KB-Multimedia Appendix 1]

References

1. Nanji KC, Slight SP, Seger DL, Cho I, Fiskio JM, Redden LM, et al. Overrides of medication-related clinical decision
support alerts in outpatients. J Am Med Inform Assoc 2014 May 01;21(3):487-491 [FREE Full text] [doi:
10.1136/amiajnl-2013-001813] [Medline: 24166725]

2. Ranji SR, Rennke S, Wachter RM. Computerised provider order entry combined with clinical decision support systems to
improve medication safety: a narrative review. BMJ Qual Saf 2014 Sep 12;23(9):773-780. [doi: 10.1136/bmjqs-2013-002165]
[Medline: 24728888]

3. Miller RA, Waitman LR, Chen S, Rosenbloom ST. The anatomy of decision support during inpatient care provider order
entry (CPOE): empirical observations from a decade of CPOE experience at Vanderbilt. J Biomed Inform 2005
Dec;38(6):469-485 [FREE Full text] [doi: 10.1016/j.jbi.2005.08.009] [Medline: 16290243]

4. Kuperman GJ, Bobb A, Payne TH, Avery AJ, Gandhi TK, Burns G, et al. Medication-related clinical decision support in
computerized provider order entry systems: a review. J Am Med Inform Assoc 2007 Jan 01;14(1):29-40 [FREE Full text]
[doi: 10.1197/jamia.M2170] [Medline: 17068355]

5. Poly TN, Islam M, Yang H, Li YCJ. Appropriateness of overridden alerts in computerized physician order entry: systematic
review. JMIR Med Inform 2020 Jul 20;8(7):e15653 [FREE Full text] [doi: 10.2196/15653] [Medline: 32706721]

6. Ancker JS, Edwards A, Nosal S, Hauser D, Mauer E, Kaushal R, with the HITEC Investigators. Correction to: effects of
workload, work complexity, and repeated alerts on alert fatigue in a clinical decision support system. BMC Med Inform
Decis Mak 2019 Nov 18;19(1):227 [FREE Full text] [doi: 10.1186/s12911-019-0971-0] [Medline: 31739801]

7. Khairat S, Marc D, Crosby W, Al Sanousi A. Reasons for physicians not adopting clinical decision support systems: critical
analysis. JMIR Med Inform 2018 Apr 18;6(2):e24 [FREE Full text] [doi: 10.2196/medinform.8912] [Medline: 29669706]

8. Wright A, McEvoy DS, Aaron S, McCoy AB, Amato MG, Kim H, et al. Structured override reasons for drug-drug interaction
alerts in electronic health records. J Am Med Inform Assoc 2019 Oct 01;26(10):934-942 [FREE Full text] [doi:
10.1093/jamia/ocz033] [Medline: 31329891]

9. Hauskrecht M, Batal I, Hong C, Nguyen Q, Cooper GF, Visweswaran S, et al. Outlier-based detection of unusual
patient-management actions: an ICU study. J Biomed Inform 2016 Dec;64:211-221 [FREE Full text] [doi:
10.1016/j.jbi.2016.10.002] [Medline: 27720983]

10. Zenziper Straichman Y, Kurnik D, Matok I, Halkin H, Markovits N, Ziv A, et al. Prescriber response to computerized drug
alerts for electronic prescriptions among hospitalized patients. Int J Med Inform 2017 Nov;107:70-75. [doi:
10.1016/j.ijmedinf.2017.08.008] [Medline: 29029694]

11. Ariosto D. Factors contributing to CPOE opiate allergy alert overrides. AMIA Annu Symp Proc 2014 Nov 14;2014:256-265
[FREE Full text] [Medline: 25954327]

JMIR Med Inform 2022 | vol. 10 | iss. 10 | e40511 | p. 8https://medinform.jmir.org/2022/10/e40511
(page number not for citation purposes)

Park et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=medinform_v10i10e40511_app1.docx&filename=bb3b4afcb299487a250f9f856d75041b.docx
https://jmir.org/api/download?alt_name=medinform_v10i10e40511_app1.docx&filename=bb3b4afcb299487a250f9f856d75041b.docx
https://europepmc.org/abstract/MED/24166725
http://dx.doi.org/10.1136/amiajnl-2013-001813
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24166725&dopt=Abstract
http://dx.doi.org/10.1136/bmjqs-2013-002165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24728888&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(05)00100-0
http://dx.doi.org/10.1016/j.jbi.2005.08.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16290243&dopt=Abstract
https://europepmc.org/abstract/MED/17068355
http://dx.doi.org/10.1197/jamia.M2170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17068355&dopt=Abstract
https://medinform.jmir.org/2020/7/e15653/
http://dx.doi.org/10.2196/15653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32706721&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-019-0971-0
http://dx.doi.org/10.1186/s12911-019-0971-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31739801&dopt=Abstract
https://medinform.jmir.org/2018/2/e24/
http://dx.doi.org/10.2196/medinform.8912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29669706&dopt=Abstract
https://europepmc.org/abstract/MED/31329891
http://dx.doi.org/10.1093/jamia/ocz033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31329891&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(16)30135-6
http://dx.doi.org/10.1016/j.jbi.2016.10.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27720983&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2017.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29029694&dopt=Abstract
https://europepmc.org/abstract/MED/25954327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25954327&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


12. Chaparro JD, Hussain C, Lee JA, Hehmeyer J, Nguyen M, Hoffman J. Reducing interruptive alert burden using quality
improvement methodology. Appl Clin Inform 2020 Jan 15;11(1):46-58 [FREE Full text] [doi: 10.1055/s-0039-3402757]
[Medline: 31940671]

13. Phansalkar S, van der Sijs H, Tucker AD, Desai AA, Bell DS, Teich JM, et al. Drug-drug interactions that should be
non-interruptive in order to reduce alert fatigue in electronic health records. J Am Med Inform Assoc 2013 May
01;20(3):489-493 [FREE Full text] [doi: 10.1136/amiajnl-2012-001089] [Medline: 23011124]

14. Hussain M, Reynolds TL, Zheng K. Medication safety alert fatigue may be reduced via interaction design and clinical role
tailoring: a systematic review. J Am Med Inform Assoc 2019 Oct 01;26(10):1141-1149 [FREE Full text] [doi:
10.1093/jamia/ocz095] [Medline: 31206159]

15. Rehr CA, Wong A, Seger DL, Bates DW. Determining inappropriate medication alerts from "inaccurate warning" overrides
in the intensive care unit. Appl Clin Inform 2018 Apr 25;9(2):268-274 [FREE Full text] [doi: 10.1055/s-0038-1642608]
[Medline: 29695013]

16. Orenstein EW, Kandaswamy S, Muthu N, Chaparro JD, Hagedorn PA, Dziorny AC, et al. Alert burden in pediatric hospitals:
a cross-sectional analysis of six academic pediatric health systems using novel metrics. J Am Med Inform Assoc 2021 Nov
25;28(12):2654-2660. [doi: 10.1093/jamia/ocab179] [Medline: 34664664]

17. Kizzier-Carnahan V, Artis KA, Mohan V, Gold JA. Frequency of passive EHR alerts in the ICU: another form of alert
fatigue? J Patient Saf 2019 Sep;15(3):246-250 [FREE Full text] [doi: 10.1097/PTS.0000000000000270] [Medline: 27331600]

18. Weingart SN, Toth M, Sands DZ, Aronson MD, Davis RB, Phillips RS. Physicians' decisions to override computerized
drug alerts in primary care. Arch Intern Med 2003 Nov 24;163(21):2625-2631. [doi: 10.1001/archinte.163.21.2625] [Medline:
14638563]

19. Chisholm CD, Collison EK, Nelson DR, Cordell WH. Emergency department workplace interruptions: are emergency
physicians "interrupt-driven" and "multitasking"? Acad Emerg Med 2000 Nov;7(11):1239-1243 [FREE Full text] [doi:
10.1111/j.1553-2712.2000.tb00469.x] [Medline: 11073472]

20. Forster AJ, Rose NGW, van Walraven C, Stiell I. Adverse events following an emergency department visit. Qual Saf Health
Care 2007 Feb 01;16(1):17-22 [FREE Full text] [doi: 10.1136/qshc.2005.017384] [Medline: 17301197]

21. Scheepers-Hoeks AJ, Grouls RJ, Neef C, Ackerman EW, Korsten EH. Physicians' responses to clinical decision support
on an intensive care unit--comparison of four different alerting methods. Artif Intell Med 2013 Sep;59(1):33-38. [doi:
10.1016/j.artmed.2013.05.002] [Medline: 23746663]

22. Cha WC, Jung W, Yu J, Yoo J, Choi J. Temporal change in alert override rate with a minimally interruptive clinical decision
support on a next-generation electronic medical record. Medicina (Kaunas) 2020 Nov 30;56(12):662 [FREE Full text] [doi:
10.3390/medicina56120662] [Medline: 33265954]

23. McCoy AB, Waitman LR, Lewis JB, Wright JA, Choma DP, Miller RA, et al. A framework for evaluating the appropriateness
of clinical decision support alerts and responses. J Am Med Inform Assoc 2012 May 01;19(3):346-352 [FREE Full text]
[doi: 10.1136/amiajnl-2011-000185] [Medline: 21849334]

24. Park J, Lim T. Korean Triage and Acuity Scale (KTAS). J Korean Soc Emerg Med 2017 Dec 31;28(6):547-551 [FREE
Full text]

25. Kwon H, Kim YJ, Jo YH, Lee JH, Lee JH, Kim J, et al. The Korean Triage and Acuity Scale: associations with admission,
disposition, mortality and length of stay in the emergency department. Int J Qual Health Care 2019 Jul 01;31(6):449-455.
[doi: 10.1093/intqhc/mzy184] [Medline: 30165654]

26. Shah S, Amato MG, Garlo KG, Seger DL, Bates DW. Renal medication-related clinical decision support (CDS) alerts and
overrides in the inpatient setting following implementation of a commercial electronic health record: implications for
designing more effective alerts. J Am Med Inform Assoc 2021 Jun 12;28(6):1081-1087 [FREE Full text] [doi:
10.1093/jamia/ocaa222] [Medline: 33517413]

27. Getty DJ, Swets JA, Pickett RM, Gonthier D. System operator response to warnings of danger: a laboratory investigation
of the effects of the predictive value of a warning on human response time. J Exp Psychol Appl 1995 Mar;1(1):19-33. [doi:
10.1037/1076-898x.1.1.19]

28. Baysari MT, Tariq A, Day RO, Westbrook JI. Alert override as a habitual behavior - a new perspective on a persistent
problem. J Am Med Inform Assoc 2017 Mar 01;24(2):409-412 [FREE Full text] [doi: 10.1093/jamia/ocw072] [Medline:
27274015]

29. Wong A, Seger DL, Slight SP, Amato MG, Beeler PE, Fiskio JM, et al. Evaluation of 'definite' anaphylaxis drug allergy
alert overrides in inpatient and outpatient settings. Drug Saf 2018 Mar 9;41(3):297-302. [doi: 10.1007/s40264-017-0615-1]
[Medline: 29124665]

30. Stultz JS, Nahata MC. Appropriateness of commercially available and partially customized medication dosing alerts among
pediatric patients. J Am Med Inform Assoc 2014 Feb 01;21(e1):e35-e42 [FREE Full text] [doi: 10.1136/amiajnl-2013-001725]
[Medline: 23813540]

31. Duke JD, Li X, Dexter P. Adherence to drug-drug interaction alerts in high-risk patients: a trial of context-enhanced alerting.
J Am Med Inform Assoc 2013 May 01;20(3):494-498 [FREE Full text] [doi: 10.1136/amiajnl-2012-001073] [Medline:
23161895]

JMIR Med Inform 2022 | vol. 10 | iss. 10 | e40511 | p. 9https://medinform.jmir.org/2022/10/e40511
(page number not for citation purposes)

Park et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

http://www.thieme-connect.com/DOI/DOI?10.1055/s-0039-3402757
http://dx.doi.org/10.1055/s-0039-3402757
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31940671&dopt=Abstract
https://europepmc.org/abstract/MED/23011124
http://dx.doi.org/10.1136/amiajnl-2012-001089
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23011124&dopt=Abstract
https://europepmc.org/abstract/MED/31206159
http://dx.doi.org/10.1093/jamia/ocz095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31206159&dopt=Abstract
https://europepmc.org/abstract/MED/29695013
http://dx.doi.org/10.1055/s-0038-1642608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29695013&dopt=Abstract
http://dx.doi.org/10.1093/jamia/ocab179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34664664&dopt=Abstract
https://europepmc.org/abstract/MED/27331600
http://dx.doi.org/10.1097/PTS.0000000000000270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27331600&dopt=Abstract
http://dx.doi.org/10.1001/archinte.163.21.2625
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14638563&dopt=Abstract
https://onlinelibrary.wiley.com/resolve/openurl?genre=article&sid=nlm:pubmed&issn=1069-6563&date=2000&volume=7&issue=11&spage=1239
http://dx.doi.org/10.1111/j.1553-2712.2000.tb00469.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11073472&dopt=Abstract
https://europepmc.org/abstract/MED/17301197
http://dx.doi.org/10.1136/qshc.2005.017384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17301197&dopt=Abstract
http://dx.doi.org/10.1016/j.artmed.2013.05.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23746663&dopt=Abstract
https://www.mdpi.com/resolver?pii=medicina56120662
http://dx.doi.org/10.3390/medicina56120662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33265954&dopt=Abstract
https://europepmc.org/abstract/MED/21849334
http://dx.doi.org/10.1136/amiajnl-2011-000185
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21849334&dopt=Abstract
https://www.jksem.org/journal/view.php?number=2180
https://www.jksem.org/journal/view.php?number=2180
http://dx.doi.org/10.1093/intqhc/mzy184
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30165654&dopt=Abstract
https://europepmc.org/abstract/MED/33517413
http://dx.doi.org/10.1093/jamia/ocaa222
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33517413&dopt=Abstract
http://dx.doi.org/10.1037/1076-898x.1.1.19
https://europepmc.org/abstract/MED/27274015
http://dx.doi.org/10.1093/jamia/ocw072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27274015&dopt=Abstract
http://dx.doi.org/10.1007/s40264-017-0615-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29124665&dopt=Abstract
https://europepmc.org/abstract/MED/23813540
http://dx.doi.org/10.1136/amiajnl-2013-001725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23813540&dopt=Abstract
https://europepmc.org/abstract/MED/23161895
http://dx.doi.org/10.1136/amiajnl-2012-001073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23161895&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Strom BL, Schinnar R, Aberra F, Bilker W, Hennessy S, Leonard CE, et al. Unintended effects of a computerized physician
order entry nearly hard-stop alert to prevent a drug interaction: a randomized controlled trial. Arch Intern Med 2010 Sep
27;170(17):1578-1583. [doi: 10.1001/archinternmed.2010.324] [Medline: 20876410]

33. Taegtmeyer AB, Kullak-Ublick GA, Widmer N, Falk V, Jetter A. Clinical usefulness of electronic drug-drug interaction
checking in the care of cardiovascular surgery inpatients. Cardiology 2012 Nov 27;123(4):219-222 [FREE Full text] [doi:
10.1159/000343272] [Medline: 23208189]

34. Slight SP, Beeler PE, Seger DL, Amato MG, Her QL, Swerdloff M, et al. A cross-sectional observational study of high
override rates of drug allergy alerts in inpatient and outpatient settings, and opportunities for improvement. BMJ Qual Saf
2017 Mar 18;26(3):217-225 [FREE Full text] [doi: 10.1136/bmjqs-2015-004851] [Medline: 26993641]

35. Cho I, Slight SP, Nanji KC, Seger DL, Maniam N, Dykes PC, et al. Understanding physicians' behavior toward alerts about
nephrotoxic medications in outpatients: a cross-sectional analysis. BMC Nephrol 2014 Dec 15;15(1):200 [FREE Full text]
[doi: 10.1186/1471-2369-15-200] [Medline: 25511564]

36. Poly TN, Islam M, Muhtar MS, Yang H, Nguyen PAA, Li YCJ. Machine learning approach to reduce alert fatigue using
a disease medication-related clinical decision support system: model development and validation. JMIR Med Inform 2020
Nov 19;8(11):e19489 [FREE Full text] [doi: 10.2196/19489] [Medline: 33211018]

37. Rozenblum R, Rodriguez-Monguio R, Volk LA, Forsythe KJ, Myers S, McGurrin M, et al. Using a machine learning
system to identify and prevent medication prescribing errors: a clinical and cost analysis evaluation. Jt Comm J Qual Patient
Saf 2020 Jan;46(1):3-10. [doi: 10.1016/j.jcjq.2019.09.008] [Medline: 31786147]

Abbreviations
AI: artificial intelligence
CDSS: clinical decision support system
CDW: clinical data warehouse
CPOE: computerized physician order entry
DARWIN: Data Analytics and Research Window for Integrated Knowledge
DDI: drug-drug interaction
ED: emergency department
EMR: electronic medical record
KTAS: Korean Triage and Acuity Scale
ML: machine learning

Edited by C Lovis; submitted 26.06.22; peer-reviewed by WY Zheng, DY Kang; comments to author 31.07.22; revised version received
13.09.22; accepted 18.09.22; published 04.10.22

Please cite as:
Park H, Chae MK, Jeong W, Yu J, Jung W, Chang H, Cha WC
Appropriateness of Alerts and Physicians’ Responses With a Medication-Related Clinical Decision Support System: Retrospective
Observational Study
JMIR Med Inform 2022;10(10):e40511
URL: https://medinform.jmir.org/2022/10/e40511
doi: 10.2196/40511
PMID:

©Hyunjung Park, Minjung Kathy Chae, Woohyeon Jeong, Jaeyong Yu, Weon Jung, Hansol Chang, Won Chul Cha. Originally
published in JMIR Medical Informatics (https://medinform.jmir.org), 04.10.2022. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Medical Informatics, is
properly cited. The complete bibliographic information, a link to the original publication on https://medinform.jmir.org/, as well
as this copyright and license information must be included.

JMIR Med Inform 2022 | vol. 10 | iss. 10 | e40511 | p. 10https://medinform.jmir.org/2022/10/e40511
(page number not for citation purposes)

Park et alJMIR MEDICAL INFORMATICS

XSL•FO
RenderX

http://dx.doi.org/10.1001/archinternmed.2010.324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20876410&dopt=Abstract
https://www.karger.com?DOI=10.1159/000343272
http://dx.doi.org/10.1159/000343272
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23208189&dopt=Abstract
https://europepmc.org/abstract/MED/26993641
http://dx.doi.org/10.1136/bmjqs-2015-004851
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26993641&dopt=Abstract
https://www.biomedcentral.com/1471-2369/15/200
http://dx.doi.org/10.1186/1471-2369-15-200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25511564&dopt=Abstract
https://medinform.jmir.org/2020/11/e19489/
http://dx.doi.org/10.2196/19489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33211018&dopt=Abstract
http://dx.doi.org/10.1016/j.jcjq.2019.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31786147&dopt=Abstract
https://medinform.jmir.org/2022/10/e40511
http://dx.doi.org/10.2196/40511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

