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ABSTRACT

Background Recommendations for the diagnosis

of pulmonary embolism are available for healthcare
providers. Yet, real practice data show existing gaps in the
translation of evidence-based recommendations. This is

a study to assess the effect of a computerised decision
support system (CDSS) with an enhanced design based on
best practices in content and reasoning representation for
the diagnosis of pulmonary embolism.

Design Randomised preclinical pilot study of paper-based
clinical scenarios in the diagnosis of pulmonary embolism.
Participants were clinicians (n=30) from three levels of
experience: medical students, residents and physicians.
Participants were randomised to two interventions for

the diagnosis of pulmonary embolism: a didactic lecture
versus a decision tree via a CDSS. The primary outcome
of diagnostic pathway concordance (derived as a ratio of
the number of correct diagnostic decision steps divided by
the ideal number of diagnostic decision steps in diagnostic
algorithms) was measured at baseline (five clinical
scenarios) and after either intervention for a total of 10
clinical scenarios.

Results The mean of diagnostic pathway concordance
improved in both study groups: baseline mean=0.73, post
mean for the CDSS group=0.90 (p<0.001, 95% Cl 0.10-
0.24); baseline mean=0.71, post mean for didactic lecture
group=0.85 (p<0.001, 95% Cl 0.07-0.2). There was no
statistically significant difference between the two study
groups or between the three levels of participants.
Interpretation A computerised decision support system
designed for both content and reasoning visualisation can
improve clinicians’ diagnostic decision-making.

INTRODUCTION

Pulmonary embolism (PE) is a disease entity
without specific clinical findings' and its
presentation offers a diagnostic challenge
for physicians assessing patients with short-
ness of breath or chest pain. Several strate-
gies and approaches have been suggested
to increase the accuracy for the diagnosis
of PE*” and for narrowing the gap between
practice and evidence-based practice guide-
lines.® Despite the efforts, literature’ suggests
that a concerning 43% of patients suspected

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Pulmonary embolism often presents a diagnostic
challenge. This challenge is compounded by time
pressure, ambiguous data and shortcuts in diag-
nostic clinical reasoning. A gap remains in physician
adherence to diagnostic guidelines.

WHAT THIS STUDY ADDS

= This randomised study of a computerised decision
support tool with design aspects that used best
practices of data visualisation and clinical reasoning
support led to improved physician diagnostic perfor-
mance in a preclinical setting.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Design of computerised diagnostic clinical decision
support interventions should be based on rigorous
methodology. This includes careful preclinical eval-
uations like this one prior to deployment in real care
settings to objectively assess tool impact on phy-
sicians’ diagnostic reasoning and decision-making.

to have PE have received inappropriate diag-
nostic management. Furthermore, the threat
of inappropriate diagnostic management
overlaps the two dimensions of underesti-
mating and overestimating the probability of
PE. Underestimating this probability can be
fatal,'"" while an overestimation may lead
to potential complications such as bleeding'*
and ordering unnecessary tests with increased
radiation exposure.m_17

Diagnostic decisions are often complicated
by uncertainty, imperfect tests and potential
harm for patients who are misdiagnosed.
While the diagnostic performance of physi-
cians has benefited from clinical decision
support aids in a variety of situations'®*' and
specifically for the prevention of deep venous
thromboembolism*™?* and diagnosis of
PE,” effective design for decision support is
lacking. Indeed, there is a gap between avail-
able design that has limited itself to content
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representation (eg, flow chart, pocket aid or applying a
score in online tools) and what is expected of a design
that takes in consideration knowledge constructs, heuris-
tics and temporal constraints to support higher level
analytical tasks.?*” On this matter, clinicians rely on intui-
tive problem solving for decision-making most of the time
by using heuristics that offer some advantages in terms
of efficiency and resourcefulness.”® * However, failures
of such diagnostic strategies were shown by Tversky and
Kahneman® who studied, for example, the conjunction
fallacy (giving a conjunction greater probability than
either of the two components) in a PE decision task.” *!
Additionally, in another study, irrelevant anchors influ-
enced the judgement of physicians who were tasked with
estimating pretest probability for PE.”* From the above,
there is a great need for decision support systems that
extend their value to mitigate failures in clinical reasoning
in addition to presenting knowledge and higher level
cognitive tasks. In fact, while data and graphic design
recommendations have demonstrated their potential
benefit in different medical applications,”™® a similar
approach for design recommendations has yet to inform
the design of interfaces for diagnostic decision support
systems.

Computerised decision support systems need to
achieve their potential to improve patient outcomes.”'
Furthermore, there is a lack of understanding of what
makes a system effective or not.”” From the above, unless
design features of decision support systems extend
beyond information display to encompass aspects of the
reasoning processes and heuristics that may degrade in
complex environments, then the full potential for cogni-
tive support is at risk of failure by its own design limita-
tions. The purpose of this preclinical study is to assess
the performance of a computerised decision support
system (CDSS) with a design that took into consideration
a comprehensive approach to the visualisation of content,
uncertainty sources and probabilistic reasoning in the
diagnosis of PE.*® This body of work included a case
study in medical reasoning that focused on delineating
sources of uncertainties within a diagnostic task model
while providing cognitive transparency of information
structure and statistical frequencies to improve the user’s
ability to compute a Bayesian solution for a conditional
probability problem such as PE.”

In this randomised study of CDSS as compared with
didactic lecture for PE diagnosis, we predicted that CDSS
training would improve diagnostic performance on PE
and that the effects would be similar to that of traditional
teaching.

METHODS

Setting

As part of a longitudinal programme of work conducted
by the W21C initiative (W21C is a health systems research
and innovation initiative based in the University of
Calgary and the Calgary Zone of Alberta Health Services:

www.w2lc.org), we have undertaken a collaborative and
multistep process with the Department of Computer
Science (http://innovis.cpsc.ucalgary.ca/) for devel-
oping a computerised decision support system (CDSS)
for the diagnosis of PE.?” * Our study was deployed as a
preclinical testing phase.

Patient and public involvement
No patients were involved in the design and conduct of
this study.

Study population

We were interested in physicians in practice and in
training who frequently encounter patients with suspected
PE; therefore, emergency department and general
internal medicine physicians were offered the opportu-
nity to participate. In addition, we wanted to explore the
possible effect of clinical experience; therefore, physi-
cians in training (final year medical students and resi-
dents) completing internal medicine rotations were also
invited to participate. Recruitment posters were displayed
in relevant work locations with content including study
objectives and research contact information.

Study design

We used a randomised design with two interventions.
Participants in the first arm used a CDSS in the diag-
nosis of PE. Participants in the second arm used standard
problem-solving approaches after receiving a didactic
lecture about the diagnosis of PE.

A list randomising web resource (http://www.random.
org/lists/) was used to generate five blocks of randomisa-
tion in each stratum of participants including (1) medical
students from a large urban teaching hospital who
completed one rotation in internal medicine; (2) first
year subspecialty or internal medicine residents; and (3)
practising physicians. Each stratum comprised 10 partici-
pants randomised to either the CDSS or didactic lecture
in each block. The task of generating the blocks of rando-
misation was performed by a research assistant. The list
for randomisation allocation was kept confidential from
study investigators to ensure allocation concealment.
Each individual participant completed baseline data and
postintervention data in one single 90 min session. There
was no follow-up data collection.

PE clinical scenario test cases

We developed 10 paper-based case scenarios of patients
with suspected PE. The clinical plots for these scenarios
were based on the authors’ prior clinical experience of
similar presentations and reviewed with expert internists.
The content of the scenarios did not include identifiable
patient data and was limited to pertinent clinical informa-
tion from history, physical examination, radiological and
laboratory tests. The 10 cases contained a mix of probabil-
ities for PE to include the three levels of simplified Wells
scores of low, intermediate and high pretest probability
for PE.*® All responses to requests by participants were
predetermined and standardised including relevant test
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results. If a study participant requested additional data,
the response was always that the requested information
was unavailable. The 10 clinical scenarios were divided
into two sets: scenarios 1-5 were baseline scenarios (1
high pretest, 1 low pretest, 3 intermediate pretest), while
scenarios 6-10 (1 high pretest, 1 low pretest, 3 interme-
diate pretest) were reserved to be presented as new clin-
ical scenarios after the intervention. Both study groups
received baseline scenarios 1-5 prior to any intervention
and were retested for the same baseline scenarios after
either intervention, and then also with the new scenarios
6-10. All case scenarios, the algorithms of correct steps
for each and the scoring script are available in the online
supplemental appendix. Participants were handed the
paper-based scenarios that included only the short clin-
ical scripts, while the researcher had a different set of
copies that included complete details of standardised
responses and were used for scoring.

Description of the two interventions

Participants randomised to the CDSS group completed
five paper-based baseline clinical scenarios with a poten-
tial diagnosis of PE followed by a 20 min guided tutorial
on the use of the CDSS for PE. This tutorial included
time for participants to explore the user interface and
become familiar with the CDSS. Knowing that externally
derived explicit statistical probabilities may not actually

{For patients wath low chracal probabdity and negative D-dmer, stop
or those with low cirucal probabiity and postive D-dmer, do CT scan.

be part of the natural decision-making process in clini-
cians who make experience-based decisions, the design
of the PE CDSS provided multiple avenues of cognitive
support. Users were able to enter responses by selecting
and clicking on a set of options that covered the areas of
stability of patient, contraindications, Wells score and test
results.

The CDSS provided automated calculations for changes
in probability for PE (P) based on entries of test results and
known likelihood ratios. The sequence of ideal diagnostic
testing steps is also automatically highlighted. Figure 1
shows a screenshot of a black highlighted line and boxes
for a case of low-moderate probability, abnormal D-dimer
and positive imaging CT angiography ending with treat-
ment recommendation in addition to a colour coding of
the range of probabilities for PE (blue for lowest and red
for highest). The current and most updated CDSS design
is available for viewing at this weblink (https://project-b.
researchcalgary.com/pe/assessment_tool/1024/).

Following the tutorial on use of the CDSS, participants
were asked to solve 10 clinical scenarios with the potential
diagnosis of PE. The 10 clinical scenarios included the
same five baseline scenarios solved prior to the interven-
tion as well as five new case scenarios.

The same general procedure was followed by partici-
pants randomised to the didactic lecture group; however,

hesl: Scan

Figure 1

Example visualisation provided by the computerised decision support system for pulmonary embolism (PE). Panel

(A) shows a bolded and highlighted line that guides through the displayed pretest and post-test probabilities and suggestions
depending on the sequence and result of diagnostic tests. Panel (B) shows the range of the probability metre represented in
different colours (blue as low and red as high) and the final decision tree node in this example of a case of Wells score unlikely
for PE, positive D-dimer and positive CTA. The pretest probability for PE when applying the Wells score is 8%-13%, and this
value changed to 12%-19% with a positive D-dimer (LR+D-dimer=1.6; 95% CI 1.4-1.8). As recommended on the decision tree,
CTA was done; the result was positive for PE, yielding a final post probability of 74%-83% (LR+CTA=20.75; 95% CI 13.29-

28.96).2 CTA, CT angiography; LR, likelihood ratio; P, probability.
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instead of a tutorial about the CDSS, they were presented
with a didactic PowerPoint lecture about the diagnosis
of PE. This didactic lecture emphasised the algorithmic
sequencing of diagnostic studies, with clinical pretest
probabilities preceding imaging decisions.

Study outcomes

The primary outcome was concordance with evidence-
based diagnostic pathways for PE.” This was operational-
ised by the determination of the proportion of correct
steps taken by a participant (numerator) divided by
the total correct diagnostic steps that quantify the algo-
rithmic decision-making process (denominator). This
proportion for the correct decision-making process was
derived for each of the 10 scenarios in accordance with
recommended diagnostic algorithms for PE from the
Prospective Investigation of Pulmonary Embolism Diag-
nosis (PIOPED) II study.” This validation cohort study
replicated earlier findings from PIOPED L* affirming
that a priori estimation of the probability of PE remains
crucial when combined in a diagnostic algorithm that
includes D-dimer testing and imaging with multidetector
CT pulmonary angiography or ventilation-perfusion
scanning. The scoring method followed a modified
format of the script concordance test'' ** with the correct
script being based on the aforementioned algorithmic
diagnostic pathways.” Diagnostic pathway concordance
was measured as the mean of proportions of tests ordered
correctly for each of baseline scenarios 1-5, for each
of scenarios 1-5 after the intervention and for each of
scenarios 6-10 after the intervention. The score of this
outcome ranges from 0 to 1, with 1.0 being the maximum
achievable proportion.

The secondary outcome was the number of incorrect
decisions taken by each participant on the same algo-
rithmic diagnostic pathways. This secondary outcome
provides complementary information to the primary
outcome described above, and it was calculated to
provide and analyse the effects of interventions using a
more direct approach in keeping with the way people
think about their performance and as an indirect associ-
ation with risks involved in overestimating or underesti-
mating presence of PE. This measurement is not merely
the inverse of the proportions of correct sequence of
decisions (because it is an unbounded count of incorrect
steps, and not a proportional value ranging from 0 to 1
for diagnostic pathway concordance, as defined earlier).
Rather, the number of incorrect decisions was calculated
for a participant by counting the number of D-dimer
blood tests, CT imaging studies and leg ultrasound tests
that were done unnecessarily or not requested when they
should have been. This count of incorrect decisions in
individual cases was then summarised across cases by
adding the total number of incorrect decisions across
cases in the numerator and dividing by the total number
of case scenarios. The score of this outcome was calcu-
lated as the average of number of incorrect decision steps
taken per case scenario for baseline scenarios 1-5, post

measure scenarios 1-5, post measure scenarios 6-10 and
post measure scenarios 1-10.

Statistical analysis

The outcomes of diagnostic pathway concordance and
numbers of incorrect diagnostic steps taken were analysed
according to the intention-to-treat principle. The mean
scores comparing the baseline measure and post meas-
ures were assessed by using t-test for paired data.

The comparison between the two intervention groups
(CDSS vs didactic lecture) and mean scores of outcomes
per the three levels of participants was analysed using
one-way analysis of variance.

A p value of 0.05 was used for determination of statis-
tical significance. A power calculation was not done a
priori as the overall goal of this study was to conduct a
preclinical pilot empirical assessment of this reasoning
visualisation CDSS and to identify point estimates and CIs
for groups to power a larger evaluative study. Further, the
distributional characteristics of our outcome measures
(diagnostic pathway concordance ranging from 0 to 1,
and incorrect steps as an unbounded count) were not
known a priori to inform a power calculation. STATA soft-
ware for Windows (V.11.2) was used for analyses.

RESULTS

Participant enrolment

The study flow chart is presented in figure 2. Overall, 48
candidates were assessed for eligibility, of whom 18 were
excluded for not meeting inclusion criteria and 30 were
randomised to either the CDSS or the didactic lecture.
Table 1 shows the baseline characteristics of participants
in both groups according to sex, age and level of experi-
ence. The data were collected completely from all partici-
pants within their assigned randomisation groups.

Diagnostic pathway concordance

Figure 3 shows that there was a statistically significant
improvement in mean diagnostic pathway concordance
for scenarios 1-5 (figure 3A) when compared with base-
line measures of the same scenarios in the decision support
group (baseline measure=0.73, post measure=0.90, 95%
CI0.10-0.24, p=0.0001) and in the didactic lecture group
(baseline measure=0.71, post measure=0.85, 95% CI
0.07-0.20, p=0.0002,).

There was also a statistically significant improvement
in pathway concordance when comparing the baseline
measure for scenarios 1-5 with the postintervention
comparison to scenarios 6-10 in the decision support
group (baseline mean=0.73, post measure=0.89, 95% CI
0.10-0.24, p=0.0019), as well as in the didactic lecture
group (baseline measure=0.71, post measure=0.84, 95%
CI0.03-0.23, p=0.0073) (figure 3B).

As for the level of experience of participants, analysis
of the mean diagnostic pathway concordance did not
show a statistically significant variation across experience
levels of students versus residents versus staff, except for
postintervention measures of scenarios 1-5 with students
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Assessed for eligibility (n=48)

Excluded (n=18)

+ Not meeting inclusion criteria (n=18)
1 respiratary specialty service.
10 senior medical residents.
7 medical students who have not
completed Medicine rotation.

‘ Randomized (n=30) |

Y

Allocated toa CDSS (n=15)

v

5 Baseline pulmonary thromboembolism scenarios

v

CDSS for diagnesis of pulmonary
thromboembolism

l

Repeat 5 baseline pulmonary thromboembolism
scenarios
New 5 pulmonary thromboembolism scenarios

l

Analysed (n=15)

|

Allocated to didactic lecture (h=15)

l

5 Baseline pulmonary thromboembolism scenarios

|

Didactic lecture about diagnosis of pulmonary
thromboembolism

l

Repeat 5 baseline pulmonary thromboembolism
scenarios
New & pulmeonary thromboembolism scenarios

|

Analysed (n=15)

Figure 2 The study flow diagram. CDSS, computerised decision support system.

Table 1 Demographic characteristics of study participants

Decision support Didactic review
group (n=15) group (n=15)

Gender, n (%)

Male 10 (66.6) 3 (20)

Female 5(33.4) 12 (80)
Age, n (%)

20-29 10 (66.6) 9 (60)

30-39 0 1(6.7)

40-49 5(33.4) 2 (13.3)

>50 0 3 (20)
Level of experience

Staff 5) 5

PGY1 resident 5 5

Medical student 5) 5)

PGY1, postgraduate year 1.

achieving the highest mean score of 0.98 in the CDSS
group (p=0.04).

Number of incorrect decision steps

Figure 4 shows that there was a corresponding statistically
significant decrease in the number of incorrect steps for
scenarios 1-5 (figure 4A) when compared with baseline
measures of the same scenarios in the decision support
group (baseline measure=0.56, post measure=0.21, 95%
CI 0.08-0.47, p=0.004) and in the didactic lecture group
(baseline measure=0.64, post measure=0.37, 95% CI
0.16-0.49, p=0.0004).

Comparing the baseline measure for scenarios 1-5
with postintervention measure of scenarios 6-10 showed
a statistically significant decrease in the number of
incorrect steps only in the decision support group
(baseline measure=0.56, post measure=0.21, 95% CI
0.09-0.57, p=0.005). There was no statistically significant
improvement in the didactic lecture group (baseline
measure=0.64, post measure=0.53, 95% CI 0.39 - 0.63,
p=0.30) as shown in figure 4B.
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I- Baseline measure scenarios 15 [ Post measure scenarios 6-10 I

Figure 3 Diagnostic concordance scores. Box plots of
scores for scenarios 1-5 (A) and scenarios 6-10 (B).

When comparing the two groups for this outcome, the
between-group difference in numbers of incorrect steps
taken for postintervention assessment of scenarios 1-10
approached statistical significance with a p value of 0.07.
Table 2 shows that the CDSS group demonstrated a larger
and sustained improvement in the number of incorrect
steps taken for all postintervention measures.

DISCUSSION

In this pilot study, we describe the performance of a CDSS
with a design that is based on data visualisation principles
and cognitive bias avoidance strategies for the diagnosis
of PE. The improvement in diagnostic adherence associ-
ated with this CDSS is at a minimum comparable to that
produced by a didactic lecture delivered to participants
minutes before undertaking a diagnostic exercise with
clinical scenarios. To the extent that delivery of such a
didactic lecture is not logistically practical in a real-world
and just-in-time context of clinical case solving, the CDSS
impact is both notable and promising for future clinical
deployment. Furthermore, a CDSS should present a well-
structured information model which identifies evidence-
based relationships that remains reliable despite temporal
constraints while allowing for explicit retrieval of crisp

w0
-

P =0.0004

g

Didactic review group

P =0.004

i

Decision support group

1

Mean incorrect steps
5

I - case -5 -’osl measure case scenarios!-5 |
< P=0.30 P =0.005
L
o 4
£
k]
2
5 o8 4
2
&
@
=
o E .
. é
- e ;
Didactic review group Decision support group
l- case 1-5 [ Post measure case scenarios 6. |Ol
Figure 4 Incorrect step scores. Box plots of scores for

scenarios 1-5 (A) and scenarios 6-10 (B).

information and dynamic re-examination of assump-
tions.”” In addition to the above, the suboptimal baseline
diagnostic pathway concordance results demonstrate that
physician performance in PE diagnosis continues to fall
short. This finding mirrors that of other studies’ and its
clinical implications can include increased costs, the risk
from unnecessary tests and potential harm to patients
from missed diagnosis or unneeded treatment when PE
diagnosis is incorrectly made.

As described earlier, the role of clinical decision
support aids has been recognised to improve physician
performance.” ' Further, positive effects have been
demonstrated in the specific domains of preventing or
diagnosing venous thromboembolism. A study by Durieux
and colleagues demonstrated that the implementation of
clinical guidelines for venous thromboembolism prophy-
laxis through a computer-based clinical decision support
system changed physician behaviour and improved
compliance with guidelines in an orthopaedic surgery
hospital setting.”” This observation was later emphasised
in a review of literature on the implementation and effec-
tiveness of computer-based prescriptions of appropriate
prophylaxis for the reductions in venous thromboem-
bolism events.?* In addition to the above, other studies
demonstrated the value of CDSS for improving the
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Table 2 Comparison between groups for outcomes of diagnostic pathway concordance and incorrect steps at baseline, after

interventions and for differences between preassessments and postassessments

Decision support group

Didactic review group P value

Diagnostic pathway concordance (range 0-1; score of 1 indicating perfect adherence to EBM guidelines)

Baseline measure scenarios 1-5
Post measure scenarios 1-5
Post measure scenarios 6-10

Difference between baseline and post measure for
scenarios 1-5

Number of incorrect diagnostic steps
Baseline measure scenarios 1-5
Post measure scenarios 1-5
Post measure scenarios 6-10

Difference between baseline and post measure for
scenarios 1-5

EBM, Evidence Based Medicine.

yield of diagnostic tests including CT pulmonary angi-
ography for PE despite challenges in physicians’ uptake
and integration into clinical workflow.”™* The clinical
diagnosis of venous thromboembolic events, meanwhile,
remains a challenging process because of the urgency of
the potentially lethal clinical condition, time pressures
in emergency room settings, the complexity of patients
and presentations, as well as the presence of several
cognitive biases that may trap the reasoning and mislead
interpretation of results of diagnostic tests such as base
rate neglect, playing the odds and posterior probability
biases.** Similarly, PE is one disease presentation where
effective therapy is available but the task of differentiating
this diagnosis from other possibilities remains inherently
challenging with risks of underestimation or testing
unnecessarily.

This study demonstrates the reality that passive dissem-
ination of evidence-based guidelines does not result in
appropriate adherence in practice. Indeed, the physi-
cians tested here demonstrated considerable deviation at
baseline from guidelines in their diagnostic approaches
to PE clinical scenarios. Fortunately, though, both the
CDSS and didactic lecture interventions demonstrated
that healthcare providers with different levels of experi-
ence could still show a significant improvement in diag-
nostic approach when presented with or reminded about
an evidence-based PE diagnostic approach.

There are caveats and limitations to our study. First,
the study was not informed by an a priori power calcula-
tion for reasons stated in the Methods section. Post hoc,
however, we see that the study had significant power for
pre-post within-participant comparisons of diagnostic
performance, for which we indeed found very signifi-
cant changes in both pathway concordance and incorrect
steps. Second, the use of paper-based simulation may not
reflect the realism of the actual work environment with
its inherent stresses, pressures and timelines. In addition

0.73 0.71 0.63
0.90 0.85 0.21
0.89 0.84 0.34
0.17 0.14 0.46
0.56 0.64 0.44
0.21 0.37 0.17
0.21 0.53 0.21
0.35 0.27 0.50

to the above, this testing environment limits the ability
to replicate a more realistic simulation in which multiple
observations in the clinical setting help inform clin-
ical impressions and ensuing actions. Knowing that the
challenges of the clinical setting may produce different
emotional and cognitive loads, with unpredictable effects
on how physicians perceive the choice and necessity of
available diagnostic tests, we realise that an evaluation
of performance of this CDSS in real clinical setting is
warranted and such tool testing in a real clinical environ-
ment is now underway.

Our study’s strengths include having participants at
different levels of experience, and a range of simulated
clinical cases that mimic the broad spectrum of patient
presentations with suspected PE. The positive perfor-
mance of this PE CDSS has provided critical feedback
in this preclinical evaluation to assure that users in the
healthcare domain will likely be helped by this proposed
solution. Indeed, such validation is one key step to gath-
ering feedback in visualisation design studies of real-
world problems by real users.”’ Specifically, this positive
performance confirms successful cognitive task analysis
of PE diagnosis and the design of an interactive solution
for the purpose of externalising Bayesian reasoning and
circumventing internal uncertainty.”” *® Furthermore, our
evaluation of this CDSS for PE focused on the appropri-
ateness of clinically relevant diagnostic steps that target
the full diagnostic pathway of PE and compared it with
baseline measures for both interventions rather than
being limited to the use or non-use of a CDSS.

In summary, we found that this CDSS for the diagnosis
of PE improved the diagnostic performance of healthcare
providers at different levels of experience. Its benefits to
decision-making were at a minimum comparable to that
of a didactic lecture provided to physicians just before the
presentation of diagnostic case scenarios. Future studies
are needed to test its performance in clinical settings
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where the CDSS is integrated with computer-based physi-
cian ordering systems. Such a study would allow this CDSS
to be compared with other decision support strategies in
addition to understanding the operational challenges of
embedding evidence-based decision support strategies
into busy clinical environments.
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