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ABSTRACT
This study aimed to determine the effect of an evidence-
based clinical decision support (CDS) algorithm on the
use and yield of CT pulmonary angiography (CTPA) and
on outcomes of patients evaluated in the emergency
department (ED) for suspected PE. The study included
1363 consecutive patients evaluated for suspected PE in
an ED during 12 months before and 12 months after
initiation of CDS use. Introduction of CDS was
associated with decreased CTPA use (55% vs 49%;
absolute difference (AD), 6.3%; 95% CI 1.0% to
11.6%; p=0.02). The use of CDS was associated with
fewer symptomatic venous thromboembolic events during
follow-up in patients with an initial negative diagnostic
evaluation for PE (0.7% vs 3.2%; AD 2.5%; 95% CI
0.9% to 4.6%; p<0.01).

INTRODUCTION
Challenges continue to exist regarding the efficient,
appropriate and safe evaluation of patients with
suspected acute PE. Although the use of multide-
tector CT pulmonary angiography (CTPA) has
increased the ability to accurately diagnose PE in
comparison with other modalities, its use may lead
to overdiagnosis and subsequent iatrogenic harm
due to anticoagulant-associated complications.1

Evidence-based diagnostic strategies improve out-
comes of patients with PE.2 The use of electronic
clinical information holds promise for improving
the quality and efficiency of medical care. Recently,
a study of a computer-based diagnostic decision-
support (CDS) system for patients suspected of
having acute PE in the emergency department (ED)
showed a significant decrease in the use of CTPA
and a significant increase in its yield.3 However,
this and other studies have not evaluated the
impact of CDS on the clinical outcomes of patients
with suspected PE.
As a quality improvement initiative, we con-

ducted this study to test the hypothesis that imple-
mentation of a CDS system, intended to guide
diagnostic testing for PE, could change clinician
behaviour, affect test PE diagnostic testing use and
subsequently improve patient outcomes.

METHODS
Study design
We conducted a preintervention and postinterven-
tion study that compared clinical outcomes of

cohorts of consecutive adult patients that presented
to an academic urban ED with clinical suspicion of
PE during the12 months before (preintervention
period, from 1 January 2011 to 31 December
2011) and the 12 months after (postintervention
period, from 1 January 2012 to 31 December
2012) the initiation of CDS use.

Patients
Study eligibility required patient presentation to the
ED, and ED clinician suspicion of acute symptom-
atic PE. Exclusion criteria included treatment with
therapeutic doses of anticoagulants for more than
24 h, life expectancy less than 3 months, documen-
ted pregnancy, geographical inaccessibility preclud-
ing follow-up, age younger than 18 years, allergy to
intravenous contrast agents, renal insufficiency (cre-
atinine clearance <30 mL/min), logistic problems
(eg, unavailability of CTPA, patient too ill to
undergo CTPA) and haemodynamic instability.

Diagnosis of PE
For study eligibility and for follow-up, the study
established the diagnosis of PE in patients by (i) a
positive multidetector CTPA, (ii) a high probability
ventilation-perfusion (VQ) scintigraphy, (iii) a
lower limb venous compression ultrasonography
positive for proximal deep vein thrombosis in
patients with (a) an inconclusive VQ scan or (b) a
negative CT scan and high subjective clinical
suspicion or (iv) an autopsy positive for PE (for
follow-up only).

Outcomes
Outcomes included use (number of examinations
per 1000 ED visits) and yield (percentage of exam-
inations positive for PE) of CTPA before and after
CDS implementation. For patients who had an
initial negative diagnostic evaluation for suspected
PE, outcomes included blinded adjudication of
symptomatic (fatal and non-fatal) venous thrombo-
embolic events that occurred during the 3-month
follow-up period.

Statistical analysis
Logistic regression evaluated the association
between use of CDS and an outcome measure. In
the multivariable model, variables that showed evi-
dence of confounding for the effect of CDS on the
outcome undergoing analysis were not removed
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from the model. Linear trend analysis according to trimester
within the preintervention and the postintervention periods was
used to assess for variations in the use and yield of CTPA within
each period. Statistical significance was defined as a two-tailed p
value of <0.05 for all analyses. Analyses were performed using
SPSS, V.15.0 (SPSS, Chicago, Illinois, USA).

RESULTS
Study sample
Study staff screened 1530 consecutive patients with suspected
acute PE for eligibility, of whom 93 were excluded. The study
enrolled the remaining eligible 1437 patients (see online supple-
mentary figure).

Of the 696 patients enrolled during the preintervention
period, 652 had analysable data and the diagnosis of PE was
confirmed at the end of the diagnostic work-up in 160 (23%)
patients. Of the 741 patients enrolled during the postinterven-
tion period, 711 had analysable data and the diagnosis of PE
was confirmed at the end of the diagnostic work-up in 138
(19%) patients (see online supplementary figure).

Regarding the patients’ clinical characteristics at the time of
presentation to the ED, the patients that entered the study
during the postintervention period had significantly younger age
(67.9 years vs 69.8 years, p=0.04) and longer duration of symp-
toms (5.4 days vs 4.1 days, p=0.04) compared with the patients
who entered the study during the preintervention period. The
two cohorts had a similar prevalence of risk factors for venous
thromboembolism and signs and symptoms of PE.

Primary outcomes
A greater proportion of patients received CTPA testing (55% vs
49%, p=0.02) in the preintervention period than in the postin-
tervention period (table 1). During the preintervention period,
quarterly use of CTPA increased 21.5% overall, from 2.60 to
3.16 examinations per 1000 patients (p=0.17). During the
postintervention period, quarterly use decreased 25.4% overall,
from 3.19 to 2.38 examinations per 1000 patients (p=0.09).

Of the 362 CTPA examinations performed during the prein-
tervention period, 112 (31%) were positive for PE. Of the 350
CTPA examinations performed during the postintervention
period, 116 (33%) were positive for PE (absolute difference (AD)
2.2%; 95% CI of the AD, −4.8% to 9.2%; p=0.53). During the
preintervention period, the quarterly yield decreased from

37.7% to 27.1% (p=0.26). During the postintervention period,
the quarterly yield increased from 26.0% to 46.5% (p<0.01).

Secondary outcomes
Overall, the frequency of possible and definite venous thrombo-
embolic events in patients who were untreated because of a
negative initial work-up was low (20 of 1065 patients; 1.9%;
95% CI, 1.1% to 2.7%) during the 3 months of follow-up.
Only seven patients (7 of 1065 patients; 0.7%; 95% CI 0.2% to
1.1%) died from definite (n=1) or possible PE (n=6). Sixteen
events (16 of 492 patients; 3.2%; 95% CI 1.7% to 4.8%)
occurred during the preintervention period, whereas four events
(four of 573 patients; 0.7%; 95% CI 0.0% to 1.4%) occurred
during the postintervention period (AD 2.5%; 95% CI of the
AD, 0.9% to 4.6%; p<0.01).

Univariate logistic regression of the entire cohort showed that
only the use of CDS (OR 0.22; 95% CI 0.07 to 0.68; p<0.01),
and chronic lung disease (OR 2.72; 95% CI 0.89 to 8.27;
p=0.08) were significantly associated with symptomatic
thromboembolic events during follow-up. In the multivariate
analysis, no variable showed evidence of confounding for the
association between the use of CDS (OR 0.22; 95% CI 0.07 to
0.68; p<0.01), and thromboembolic events during follow-up.

DISCUSSION
This study demonstrated a decrease in the use of CTPA for the
evaluation of acute PE in the ED associated with evidence-based
CDS. Despite this decrease in CTPA use, its diagnostic yield did
not significantly change. However, in non-anticoagulated
patients in whom the initial diagnosis of PE was excluded, use
of CDS was associated with a significant decrease in the inci-
dence of symptomatic thromboembolic events during follow-up.

Diagnostic algorithms that combine clinical decision rules
with D-dimer testing have demonstrated their effectiveness and
safety for excluding acute PE and avoiding unnecessary testing.
Thus, such decision rules have consequently been widely advo-
cated by international guidelines. Still, adherence to these guide-
lines in routine practice is far from optimal, and a significant
proportion of patients do not receive the recommended diag-
nostic work-up. Studies have highlighted the importance of
correct adherence to validated diagnostic strategies,4 and our
findings point towards a lower risk of venous thromboembolism
when a diagnostic strategy is consistently followed as a conse-
quence of implementation of CDS.

After the introduction of CTPA, PE incidence has risen, all-
cause mortality has changed little and case-fatality has
decreased. The increased incidence of PE might reflect an epi-
demic of diagnostic testing that has created overdiagnosis, likely
induced by the widespread use of multidetector CTPA at a low
threshold to exclude PE. A meta-analysis confirmed that many
of the emboli identified by multidetector CTPA are subsegmen-
tal emboli that do not lead to adverse outcomes even if left
untreated.5 Thus, the use of CDS that leads to a reduction in
CTPA investigations, that does not affect the diagnostic yield
and that reduces the incidence of symptomatic venous thrombo-
embolism during follow-up has important clinical relevance.

Strengths of this study included the consecutive enrolment of
a large sample of patients and blinded adjudication of adverse
events. In a smaller study of 404 patients evaluated for sus-
pected PE with a CDS, clinicians did not adhere to the com-
puter program in 27% of cases. Our CDS was mandatory, and
during the study period, emergency physicians used this tool in
93% of patients with clinical suspicion of acute symptomatic
PE. Usability, simplicity and minimisation of information

Table 1 Diagnostic strategies in the preintervention and
postintervention periods

Strategy

Preintervention
period
N=652

Postintervention
period
N=711 p Value

Initial pretest probability assessed
Yes 183 (28%) 661 (93%) <0.001
Test combination performed
D-dimer alone 229 (35%) 304 (43%) 0.004
D-dimer, CTPA 36 (5.5%) 119 (17%) <0.001
D-dimer, VQ scan 24 (3.7%) 25 (3.5%) 0.88
D-dimer, CTPA, VQ scan 21 (3.2%) 0 (0.0%) <0.001
CTPA alone 279 (43%) 216 (30%) <0.001
CTPA, VQ scan 26 (4.0%) 15 (2.1%) 0.06
VQ scan alone 37 (5.7%) 32 (4.5%) 0.32

CTPA, CT pulmonary angiography; VQ scan, ventilation-perfusion scan.
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requested might account for the high acceptance by emergency
physicians. This study’s primary limitation consists of the retro-
spective study design, which may have resulted in selection bias.
Also, the conduct of the study in a single academic centre that
had ED clinicians enthusiastic about using the CDS tool devel-
oped at the same centre affects the generalisability of the results.

We conclude that the use of this study’s CDS tool significantly
reduced the frequency of CTPA in patients with clinically sus-
pected PE in the ED. In addition, in non-anticoagulated patients
in whom the initial diagnosis of PE was excluded, use of the
CDS was associated with a significant decrease in the incidence
of symptomatic thromboembolic events during follow-up.
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