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Abstract. Clinical decision support systems (CDSS) fail to prevent adverse drug
events (ADE), notably due to over-alerting and alert-fatigue. Many methods have
been proposed in the literature to reduce over-alerting of CDSS: enhancing post-
alert medical management, taking into account user-related context, patient-related
context and temporal aspects, improving medical relevance of alerts, filtering or
tiering alerts on the basis of their strength of evidence, their severity, their override
rate, or the probability of outcome. This paper analyzes the different options, and
proposes the setup of SPC-CDSS (statistically prioritized and contextualized
CDSS). The principle is that, when a SPC-CDSS is implemented in a medical unit,
it first reuses actual clinical data, and searches for traceable outcomes. Then, for
each rule trying to prevent this outcome, the SPC-CDSS automatically estimates
the conditional probability of outcome knowing that the conditions of the rule are
met, by retrospective secondary use of data. The alert can be turned off below a
chosen probability threshold. This probability computation can be performed in
each medical unit, in order to take into account its sensitivity to context.

Keywords. Adverse drug events, Clinical decision support systems, data reuse.

1. Introduction

Adverse drug events (ADEs) are the most common type of iatrogenic injury. It is
commonly admitted that coupling a clinical decision support system (CDSS) with a
computerized order entry system (CPOE) may prevent ADEs [1]. But for current CDSS,
over-alerting is an important issue: too numerous and inappropriate alerts may interrupt
the clinicians’ workflow and induce alert-fatigue [2,3], anger or annoyance [4]. This
may prevent CDSS from improving patient safety [3,5]. As a consequence, up to 96%
of alerts are overridden by prescribers [2,6-10], mainly because of poor
appropriateness [11,12]. Unfortunately, appropriate alerts may be perceived as useless
[2] and then overridden, but followed by actual ADEs [13-16]. The objective of this
work is to propose a new approach to improve the ability of CDSS to prevent ADEs.
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2. Material and methods

We first performed a narrative review of the tracks that have been proposed in the
scientific literature, to reduce the over-alerting and alert-fatigue of CDSS, by searching
for scientific papers in the Medline database, without time limit (keywords: CDSS,
alert-fatigue, over-alerting). We also performed a recursive search including papers
cited by those papers, and additional keywords. We then classified and discussed the
tracks exposed in those papers. We finally proposed a new approach named SPC-CDSS
(see below), in accordance with the results.

3. Results
3.1. Narrative review

In order to decrease over-alerting and alert-fatigue, it has been proposed to improve the
way the CDSS interacts with the prescriber, and notably to improve the way the alerts
are displayed [4], to provide the users with relevant instructions for post-alert medical
management [3,17-19], and to involve non-medical healthcare professionals [6]. Some
works also proposed to take into account the context of the drug prescription: user-
related context (task, workflow, knowledge, preferences, medical unit) [2,20-22] and
patient-related context (demographic data, risk factors) [3,17,20,21]. The temporal
aspects have been identified as an important aspect: half of the prescribing errors occur
on the first day of stay [14], the repetition of alerts has to be handled [9,20,21,23], as
well as the kinetic of laboratory parameters [24].

It has also been proposed to improve the medical relevance of rules. One important
track is to filter or tier the alerts by taking into account the strength of evidence
[3,20,21]. It has been also proposed to ask medical experts to tier the alerts function of
the severity of the potential outcome [3,5,6,20,21,25-27]: this approach seems to bring
good results [5,25,27], but the experts hardly agree on the way to classify the rules
[5,28]. Another option is to turn off rules that have the highest override rates
[5,20,21,29]: this is efficient and mechanically decreases the override rate [29], but
other studies demonstrated that most alert overrides were inappropriate [13—16].

Finally, given an ADE prevention rule, the conditional probability of ADE
knowing that the conditions of the rule are met could be used to turn a rule on or off.
This feature is largely asked by the physicians [3,20,21]. However, those approaches
are still not implemented, although the reuse of electronic health records could enable
to automatically estimate the conditional empirical probabilities of ADEs [30—-33].

3.2. Proposal of SPC-CDSS

We propose to implement SPC-CDSS, which stands for “Statistically prioritized and
contextualized clinical decision support systems”. The main idea is that, when a SPC-
CDSS is implemented in a medical unit, it first reuses actual clinical data, and
automatically searches for traceable outcomes (e.g. “INR>5"). Then, for each rule
trying to prevent this outcome (e.g. “vitamin K antagonist & quinolone = risk of
increased INR”), the SPC-CDSS automatically estimates the conditional probability of
outcome, knowing that the conditions of the rule are met. In case of low probability
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(the threshold can be customized), the corresponding alerts are automatically turned off
(“statistically prioritized”). Moreover, this computation is performed in each medical
unit, in order to take into account its sensitivity to context (“statistically
contextualized”). This notion of context is a statistical proxy for latent undocumented
variables, such as patients’ characteristics (e.g. some conditions, admission ground),
organizational characteristics (e.g. monitoring policies), and physicians’ characteristics
(e.g. knowledge about drugs, specialty, risk aversion) [30].

4. Discussion

Being able to compute the empirical probability of outcome for each ADE prevention
rule may allow for two main benefits, that have been tested [30,33,34]. The first benefit
could be to turn off some rules which empirical probability is below a chosen threshold
(“A” arrow on Figure 1). Many CDSS rules are inappropriate [11,12], but experts
hardly agree on which rule should be turned off [5,28]. The second benefit could be to
show empirical evidence to the physicians to improve their adherence to the remaining
alerts (“B” arrow on Figure 1). Indeed, too many appropriate rules are overridden by
users [13-16]. Moreover, such information is requested by many physicians [3,20,21].
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Figure 1. Expected benefits of SPC-CDSS: (A) turning some rules off, and (B) making rules more acceptable
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Figure 2. Left: current paradigm for ADE prevention. Right: proposed paradigm for ADE prevention.
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The current paradigm for ADE prevention relies on the idea that CDSS should be
calibrated based on the current academic knowledge (left part of Figure 2). But the
physicians have also been initially trained on the basis of this knowledge. Consequently,
the CDSS alerts are redundant with their own knowledge, and are useless. We propose
to consider that the empirical morbidity and mortality are a residual risk, i.e. the
maximal theoretical risk minus the benefits of the physicians’ training. We then
propose (right part of Figure 2) to use those empirical probabilities to calibrate the
SPC-CDSS. Then, the SPC-CDSS alerts would be able to handle situations that have
not been properly prevented by the initial training of the physicians. In terms of ADE
risk, these considerations are summarized at the bottom of Figure 2.

The present proposal should be tested and evaluated using actual clinical data. It
also rises new issues, such as the threshold to choose, the variability between
physicians, and the medical staff turnover. Finally, other solutions may be proposed to
consider the final user’s point of view.
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