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Abstract

Introduction

the increased use of the electronic health record (EHR),
an attempt to bring CDS and CPR tools to the point of
care is ever more present. Efﬁciency, usefulness, information content, user interface and workﬂow have been
reported by clinicians to be the keys to effective decision
support.4
However, a common difﬁculty with CDSS is alert
fatigue, when users begin to ignore or over-ride the triggered tool due to a high frequency of alerts.5 The issue
arises when the alerts relate to clinically insigniﬁcant
events, so many alert fatigue studies have centred on
drug–drug or drug allergy, since these alerts appear frequently6 despite a desire by users not to receive such
alerts.7 The frequent appearance of drug–drug alerts does
not correspond to the <1% of serious drug–drug interactions that occur in ambulatory care, so users rate the
plethora of drug–drug alerts as not useful.8 A study by
Weingart et al9 found that the over-ride rates of signiﬁcant drug–drug interactions to be as high as 89.4% and
92.1% for drug-allergy over-rides. Over-riding does not
mean these alerts are not useful and can be turned off.
Therefore, reducing the number of unnecessary alerts
for a CDSS is a crucial but difﬁcult task. Successful
workﬂow integration depends on careful consideration
of what pieces of data can launch or ‘trigger’ the CDSS
tool. For example, in a prior study implementing a
pneumonia CPR tool into an ambulatory primary care
environment, four key triggering points were identiﬁed:
symptom, encounter diagnosis, orders and diagnosis/
order combinations.10 This capacity to customise triggers
to reﬂect real-world provider habits was a driver of the
high adoption of the tool.11

Clinical decision support (CDS) tools
A physician’s ability to determine a patient’s risk of
disease can be unclear and can make clinical decisions
difﬁcult. Therefore, CDS tools can help providers in their
decision-making process. Clinical prediction rules (CPR)
are a type of CDS that quantify the roles of history,
physical examination and laboratory results in a
patient’s diagnosis, prognosis and likely response to
treatment.1 Clinicians are most likely to ﬁnd CPRs
useful when decision-making is complex, the clinical
stakes are high or there are opportunities to achieve cost
savings without compromising patient care.1
Despite the success at validating CPR and their tremendous potential to reduce unnecessary testing and
treatments, there has been limited success with implementation and dissemination to providers, so CPR
remain underutilised.2 Therefore, clinical decision
support systems (CDSSs) are used to help disseminate
these tools to users and bring them to the forefront of
patient care.3 A CDSS is a computerised CDS, frequently
integrated into a clinical information system to aid in
clinical decision-making about individual patients. With

CDS and pulmonary embolism (PE)
Emergency departments (EDs) across the nation are
backed up with low-risk patients with PE waiting for
unnecessary CT scans. A PE patient’s morbidity and
mortality can be improved by timely diagnosis, triage
and treatment.12 However, since PE is a condition with
major repercussions and can be difﬁcult to diagnose,
providers often overestimate patient risk and order
unnecessary tests exposing patients to radiation.13 The
ready availability of CT scan, with angiography (CTA),
for PE has resulted in its increased use in the ED with
an associated decrease in positive studies; 80–90% of PE
workups are negative.14
The PE Wells rule for diagnosing PE is the most validated CPR in the ﬁeld of thrombosis and it considers
several criteria based on history and physical examination to estimate the patient’s pretest probability of PE
as low, moderate or high. The rule has been extensively
validated in multiple settings15–18 and has the potential
to rule out 70–80% of patients without further
testing.19 20 However, the clinical criteria and branching

A clinical decision support system (CDSS) is integrated
into the electronic health record (EHR) and allows physicians to easily use a clinical decision support (CDS) tool.
However, often CDSSs are integrated into the EHR with
poor adoption rates. One reason for this is secondary to
‘trigger fatigue’. Therefore, we developed a new and
innovative usability process named ‘sensitivity and speciﬁcity trigger analysis’ (SSTA) as part of our larger
project around a pulmonary embolism decision support
tool. SSTA will enable programmers to examine optimal
trigger rates prior to the integration of a CDS tool into
the EHR, by using a formal method of analysis. We performed a retrospective chart review. The outcome of
interest was physician ordering of a CT angiography
(CTA). Phrases that signify common symptoms associated with pulmonary embolism were assessed as possible triggers for the CDSS tool. We then analysed each
trigger’s ability to predict physician ordering of a CTA.
We found that the most sensitive way to trigger the
Pulmonary Embolism CDS tool while still maintaining a
high speciﬁcity was by combining 1 or more pertinent
symptoms with 1 or more elements of the Wells criteria.
This study explored a unique methodology, SSTA, used
to limit inaccurate triggering of a CDS tool prior to integration into the EHR. This methodology can be applied
to other studies aiming to decrease triggering rates and
increase adoption rates of previously validated CDSS
tools.
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logic of the Wells CPR makes it challenging to apply
reliably at the point of care,21 a challenge that EHRs are
well positioned to address. CDS tools for PE have been
created, yet there continues to be short falls in the integration of PE CDS into the EHR. Drescher et al22 (2011)
found that ED use of an electronic CPR for the evaluation of suspected PE was associated with an improved
yield of positive CT scans. These ﬁndings emphasise the
importance of implementation of the Wells criteria in a
way which will gain maximum acceptance by the treating physicians.
Therefore, our research team created an efﬁcient and
easy-to-use CDS tool for the Wells criteria, following
rounds of iterative usability testing23 24 that would integrate seamlessly into the ED environment. The ﬁrst and
most important question that arose was at what point in
the physician’s workﬂow the tool should be ‘triggered’,
where the tool will pop up on the users browser and
alert them to a patient’s risk.25 In order to identify the
ideal triggering mechanism we developed a new method
for assessing accuracy of trigger rates prior to incorporation of the tool, called the Sensitivity and Speciﬁcity
Trigger Analysis (SSTA). This method entails performing
a retrospective chart review to look at the possible
symptoms and elements of personal history that would
alert a physician, in our case to the possibility of a PE.
Our goal was to ﬁnd a symptom or an element of
patient’s history that would provide a high sensitivity of
CTA ordering without triggering too often so as to cause
‘trigger fatigue’. By varying the triggers in different
areas of the workup, we were able to determine the triggering point that had both a high sensitivity (true positive rate) and a high speciﬁcity (true negative rates) for
CTA orders.

Methods
A retrospective chart review was conducted to evaluate
the utility of the selected triggers in the implementation
of a PE clinical support tool in the ED. Using the
Sunrise EHR system at NorthShore LIJ health system, all
charts of patients who were admitted to the ED between
the period of 1 January 2013 and 31 December 2013
were reviewed. Of the 73 044 charts reviewed, data on
14 553 patients were either missing or had showed
invalid heart rate. This resulted in 58 491 records available for analysis.
The outcome of interest was the ordering of a CT
angiogram. Trigger words or phrases in the symptom
were: chest pain, cough, cough blood, haemoptysis, difﬁculty breathing, dyspnoea, shortness of breath (SOB) at
the start of the symptom, fainted, fainting and syncope.
Terms that were synonymous were combined, so that the
occurrence of any of these words in the symptom was
considered as a single trigger. These combination triggers were cough blood and haemoptysis; difﬁculty
breathing, dyspnoea and SOB; and fainted, fainting and
syncope. Haemoptysis and dyspnoea were also considered independently. Each element of the Wells criteria
(heart rate ≥100 bpm, history of venous thromboembolism (VTE), diagnosis of cancer and immobilisation) was
considered as a possible trigger point.
In order to evaluate the utility of each trigger, sensitivity, speciﬁcity, positive predictive value (PPV) and
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negative predictive value (NPV) were calculated.
Sensitivity is the proportion of patients with the trigger,
among those patients with a CT angiogram ordered.
Similarly, speciﬁcity is the proportion of patients
without the trigger, among those patients who did not
have a CT angiogram ordered. PPV is the proportion of
patients with a CT angiogram ordered, among those
patients with the trigger. NPV is the proportion of
patients who did not have a CT angiogram ordered,
among those patients without the trigger.
There were 58 491 charts eligible for analysis (as
described above). Of these, 930 (1.6%) had a CT angiogram ordered, resulting in an incidence rate of 1.6%.
The calculations of PPV and NPV given below apply
only to a population with the same incidence rate. In a
population with a different prevalence, PPV and NPV
would have to be calculated using sensitivity, speciﬁcity,
the prevalence rate of the population of interest and
Bayes rule.
The receiver operating characteristic (ROC) curve was
plotted for each trigger. The areas under these correlated
ROC curves were then compared using the nonparametric approach of DeLong et al.26 On ﬁnding a signiﬁcant difference, comparisons of all possible pairs
were carried out. For these comparisons a
Bonferroni-like adjustment was used, such that p<0.01
was considered signiﬁcant for all comparisons.

Results
The most common trigger word was chest pain, which
occurred in 11.3% of visits. Haemoptysis was an uncommon trigger word with an occurrence rate of only 0.1%.
The frequency and per cent of occurrence for individual
and combined triggers and Wells criteria are summarised
in table 1.
Table 1

Frequencies of individual triggers
n (%)

Trigger word (words)
Chest pain

6582 (11.3)

Cough

5012 (8.6)

Cough blood or haemoptysis
Haemoptysis
Presence of any of the following:
difficulty breathing, dyspnoea, shortness
of breath or starts with SOB
Dyspnoea
Presence of any of the following: fainted,
fainting or syncope

206 (0.4)
35 (0.1)
2299 (3.9)

34 (0.1)
724 (1.2)

Wells criteria
Heart rate ≥100 bpm

15 995 (27.3)

History of VTE or PE

889 (1.5)

Diagnosis of cancer

2281 (3.9)

Immobilised

46 (0.1)

Combination triggers
One or more triggers present

12 549 (21.5)

One of more Wells criteria present

18 404 (31.5)

One or more triggers or one or more
Wells criteria present

26 171 (44.7)

One or more triggers and one or more
Wells criteria present

4782 (8.2)

PE, pulmonary embolism; SOB, shortness of breath.
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The results of the study indicated that the trigger
word that was most sensitive was ‘chest pain’ which
resulted in a sensitivity of 44.8% (table 3). Similarly,
chest pain had a high NPV of 99%. In contrast, the
symptoms of ‘difﬁculty breathing, dyspnoea and SOB’
resulted in only 21.5% sensitivity to a physician
ordering of a CTA. The highest speciﬁcity trigger was
‘difﬁculty breathing, dyspnoea and SOB’ followed by
‘cough blood or haemoptysis’, resulting in a sensitivity
of 99% and 96%, respectively. The highest PPV was
with the trigger ‘difﬁculty breathing, dyspnoea and
SOB’, 8.7%.
Chest pain revealed good discriminatory characteristics with an area under the curve (AUC) of 0.67 and
was higher than that for any other individual triggers
( p<0.0001 for all comparisons). The sensitivity, speciﬁcity, NPV, PPV and AUC for each possible trigger points
are listed in table 2.
Further analysis combined the different symptoms
and Wells criteria to identify a more sensitive way of
triggering the Wells CPR tool. The combination of triggers that displayed the highest sensitivity was ‘one or
more triggers or one or more Wells criteria present’.
Owing to the low prevalence of CTA ordering the PPV
remained low. The speciﬁcity of the trigger was 55.7%.
The AUC results showed a signiﬁcant difference among

the four combination triggers ( p<0.0001). The combination triggers ‘one or more trigger or one or more Wells
criteria’ and ‘one or more triggers present’, showed good
discrimination characteristics. The results of the combined triggers are displayed in table 3.

Discussion
Emergency room physicians have a tendency to over
order CT scans to rule out PE, costing millions in
unnecessary diagnostic tests and exposing the patient to
unnecessary radiation. One of the ways physicians can
combat this problem is by incorporating a CPR into their
everyday practice. By implementing a CPR the physician
can bring evidence-based medicine to the point of
patient care. This is especially relevant given that other,
less costly tests, without the risk of radiation exposure,
are also available. The D-dimer test is an example of a
test that has a high NPV and can be used in those
patients who are at intermediate risk. By inserting a
well-validated tool such as the Wells score criteria into
the EHR in a way that is consistent with ED workﬂow
we can help to decrease the level of CT-angiograms
ordered. However, as previous studies have demonstrated, in order to do this one must place the trigger in
an optimal location so as to trigger enough to alert the
physicians but not overtrigger to cause alert ‘fatigue’.

Table 2 Results based on individual triggers
Sensitivity
(%)

Specificity
(%)

Positive
predictive value
(PPV), %

Negative
predictive value
(NPV), %

Area under the
curve (AUC) (95%
Wald CI)
0.671 (0.655 to 0.687)

Trigger word (words)
Chest pain

44.8

89.3

6.3

99.0

Cough

9.7

91.4

1.8

98.4

0.506 (0.496 to 0.515)

Cough blood or haemoptysis

1.1

99.7

4.9

98.4

0.504 (0.500 to 0.507)

Presence of any of the
following: difficulty breathing,
dyspnoea, shortness of breath
or starts with SOB

21.5

96.4

8.7

98.7

0.589 (0.576 to 0.603)

Presence of any of the
following: fainted, fainting or
syncope

1.6

98.8

2.1

98.4

0.502 (0.498 to 0.506)

Heart rate ≥100 bpm

21.5

72.6

1.3

98.3

0.530 (0.516 to 0.543)

History of VTE or PE

6.5

98.6

6.7

98.5

0.525 (0.517 to 0.533)

Diagnosis of cancer

8.4

96.2

3.4

98.5

0.523 (0.514 to 0.532)

Immobilised

0.2

99.9

4.3

98.4

0.501 (0.499 to 0.502)

Wells criteria

PE, pulmonary embolism; SOB, shortness of breath.

Table 3 Results based on a combination of triggers

Combination triggers

Sensitivity (%)

Specificity (%)

Positive
predictive
value (PPV), %

Negative
predictive
value (NPV), %

Area under the
curve (AUC)
(95% Wald CI)

One or more triggers present

62.9

79.2

4.7

99.2

0.711 (0.695 to 0.726)

One of more Wells criteria
present

31.3

68.5

1.6

98.4

0.501 (0.486 to 0.516)

One or more triggers or one or
more Wells criteria present

72.6

55.7

2.6

99.2

0.641 (0.627 to 0.656)

One or more triggers and one or
more Wells criteria present

21.6

92.0

4.2

98.6

0.568 (0.555 to 0.582)
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Through this study, we were able to explore a new methodology to identify appropriate triggering points of
CDSS tools. The new usability tool, named the SSTA
allows for CDSS tools to trigger only in alignment with
physician clinical reasoning.
In order to reduce CTA ordering one must capture all
of the cases where a physician is likely to order a CTA.
By using the SSTA, we found the most sensitive way to
identify when the CPR should be triggered was by using
one or more of the symptom trigger words or one or
more elements of the Wells criteria. Using this trigger
point we will be able to identify 72.6% of cases, which
would result in a CTA ordering, while maintaining a
speciﬁcity of 55.7%. Therefore, the tool will trigger
when necessary. The AUC of 0.64 revealed moderate discriminatory characteristics. Similarly, the triggering
combination of one or more triggers present displayed a
high speciﬁcity to CTA ordering and good discriminatory characteristics. However, since the sensitivity was
lower we believe the more efﬁcient way to identify those
with a CTA order is by using ‘one or more of the
symptom trigger words or one or more elements of the
Wells criteria’.

Conclusion
This study introduces a new usability methodology,
SSTA, which provides an innovative way to studying
triggering points for CDS tools and can be applied to
other studies integrating previously validated CDS tools
into the EHR. This is especially relevant when the alerts
are rare but life threatening, such as the case in PE or
drug–drug interactions. The next step of this study
includes a roll out of the CDS tool in the ED of a tertiary
hospital to measure the rates of compliance. We
hypothesise using these speciﬁc trigger points can reﬁne
the triggering rates and possibly impact the adoption
rates. Analysing trigger points can help hospitals build
more user-friendly CDS tools with less alert fatigue.
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