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The last 2 decades have seen a dramatic rise in the use of med-
ical imaging in general,1,2 as well as in the diagnostic workup of 
pulmonary embolism (PE) more specifically, since the introduc-
tion of multidetector row computed tomography pulmonary 
angiography (CTPA) in 1998.3 From 1999 to 2010, the propor-
tions of emergency department (ED) visits associated with a di-
agnosis of PE and admissions for PE have increased markedly 
in the United States, where the situation has been well docu-
mented.4,5 A 14-fold increase in the use of CTPA was observed 
in health maintenance organizations from 2001 to 2008.3 A sig-
nificant increase in the probability of having a diagnosis of PE 
in the ED was reported, likely because of increased access to 
CTPA, from 2001 to 2010.4 With a prevalence of 2% or less in 
the ED, diagnostic yields as low as 5% suggest a significant 
problem of overuse.6,7

Strategies have been proposed to improve the appropriate-

ness of imaging in the detection of PE, and these rely on the 
use of a validated clinical decision rule (CDR) to assess the pre-
test probability of the diagnosis. The purpose of this systematic 
review is to summarize the evidence associated with interven-
tions aimed at reducing the overuse of imaging in the diag-
nostic workup of PE in the ED and hospital wards. Specifically, 
the types of interventions, their clinical effectiveness, as well as 
possible harms will be assessed. A secondary objective is to ap-
praise the impact of these interventions on healthcare costs as 
well as the facilitators and barriers to their implementation.

METHODS
Inclusion Criteria
Targeted settings were EDs and inpatient services of adult ter-
tiary and quaternary care hospitals. The search addressed in-
terventions aimed at reducing the overuse of imaging in the 
diagnostic workup for PE. The comparators were usual care or 
another type of related intervention. The main outcomes consid-
ered were the use of imaging, diagnostic yield, radiation dose, 
adherence to guidelines to a quality measure, safety, and costs; 
both experimental and observational studies were included.

Literature Search
A systematic literature search in the following electronic data-
bases was performed: PubMed, MEDLINE, Embase, and EBM 
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Reviews (Cochrane, ACP Journal Club, Database of Abstracts 
of Reviews of Effects, Cochrane Central Register of Controlled 
Trials, Cochrane Methodology Register, Cochrane Health 
Technology Assessment, and the NHS Economic Evaluation 
Database). The reference period was from 1998 to March 28, 
2017, and publications in English and French were searched. 
The detailed search strategy, adapted to each of the databas-
es, appears in supplemental Appendix 1.

Study Selection and Data Extraction
One author (SD) reviewed the titles of the selected articles and 
excluded those that obviously did not satisfy the inclusion cri-
teria. Then, 2 authors (SD and LL) independently reviewed the 
titles and abstracts of the remaining articles. They reviewed 
the full manuscript of potentially relevant articles for inclusion. 
Disagreements that could not be resolved by discussion would 
have been arbitrated by a third author (CCL); however, no such 
disagreement occurred.

Quality and Risk of Bias Assessment
For experimental or quasiexperimental studies that involved 
an intervention group and a control group, the criteria pro-
posed by the Cochrane collaborative for the evaluation of bias 

were used.8 For studies using a before and after design, the 
following main biases associated with such designs were as-
sessed: history effect, maturation bias, testing bias, regression 
to the mean, and conditioning bias.9

Data Extraction and Synthesis
Data pertaining to efficacy, safety, costs, and facilitators and 
barriers to the implementation of interventions were extract-
ed from the studies. The research process adhered to the 
Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses 2009 checklist.10 In view of the heterogeneity of 
the studies, a narrative synthesis was produced in accordance 
with the methodology proposed by Popay et al.11 The review 
protocol was registered in PROSPERO (this registry can be 
consulted at the following URL address: http://www.crd.york.
ac.uk/PROSPERO/).

RESULTS
The search screened 2814 records after the removal of du-
plicates and studies published before 1998. The figure illus-
trates the literature selection process.12 Seventeen studies 
were included in the review following appraisal. Most of the 
studies (15/17) evaluated interventions in the ED,7,13-26 while the 

FIG. Literature selection process.
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remaining studies (2/17) were conducted in clinical wards of 
acute care hospitals.27,28 Thirteen studies were conducted in 
the United States, 3 in Australia, and 1 in Europe. Four types of 
interventions were identified in the selected studies: electronic 

clinical decision support (CDS) (8/17), educational interven-
tions (7/17), performance feedback reports (PFRs) (1/17), and 
an institutional clinical pretest policy (1/17). In 10 of the studies, 
the proposed intervention was mandatory.

TABLE 1. Characteristics of Included Studies

Study
Postintervention 
Period CDR Setting Expected Results

Randomized Controlled Trials (RCT)

Kline et al. 
(2014)13

10 months PERC and D-dimer 3 academic ED and 1 
community hospital in the 
United States

Estimated cumulative radiation dose (mSv)

Hospital costs

LOS

Patient satisfaction

Raja et al. 
(2015)14

12 months 3 levels Wells criteria  
and D-dimer

ED of a quaternary-care 
academic hospital in the 
United States

CTPA use (n of CTPA, n of patients seen/physician)

Yield of CTPA (n of positive exams/n of exams ordered for PE)

Adherence to evidence-based guidelines

Adherence to the Wells criteria

D-dimer level 

Non-Randomized Control Study

Goldstein et al.27 5 months D-dimer Inpatient medical wards of 
an academic hospital in the 
United States

Number of imaging exams ordered

Mortality, duration of hospitalization, and 3-month incidence of recurrent VTE or bleeding 
complications

“Before and After” Prospective Studies

Kline et al. 
(2004)23

12 months Charlotte rule37  
and D-dimer

Large urban ED of a 
university hospital in the 
United States

Presence of an adverse outcome incident within 90 days

n of pulmonary vascular imaging studies

Rate of pulmonary vascular imaging (number of patients imaged/ED census) and median LOS

Physician satisfaction

Raja et al. 
(2014)24

12 months 3 levels Wells criteria  
and D-dimer

ED of a quaternary-care 
academic hospital in the 
United States

Documented adherence to the National Quality Measure (NQM)

Utilization rate of CTPA (n of CTPA per registered number of ED patient visits)

Yield of CTPA (proportion of all CTPA performed positive for PE)

Stein et al.25 12 months Clinical algorithm  
based on PIOPED II 38

ED, radiology, and nuclear 
medicine services of a large 
urban academic medical 
center in the United States

n and results of CTPA and V/Q scan performed quarterly

Mean effective dose for imaging performed to evaluate suspected PE each year for each patient

“Before and After” Retrospective Studies

Agarwal et al.15 3 months 3 levels Wells criteria  
and D-dimer

ED of a hospital in 
Australia

Application of the Wells criteria (yes/no)

Chest x-ray results

Wells score

D-dimer testing (yes/no)

D-dimer level

CTPA or V/Q scan result

Booker and 
Johnson26

2 months  
and 24 days

Dichotomous Wells 
criteria, 3 levels Wells 
criteria, PERC, and 
D-dimer

ED of a community teaching 
hospital in the United States

Age, gender, vitals on presentation

D-dimer level

Signs and symptoms of DVT, immobilization or surgery within past month, history of malignancy, 
exogenous estrogen use, hemoptysis

Percentage of CTPA ordered with low Wells score, patients without D-dimer

percentage of CTPA ordered on negative D-dimer

percentage of CTPA positive for PE

Continued on page 55
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One systematic review and meta-analysis pertaining to the 
impact of CDRs on CTPA use and yield was identified.29 Five 
of the studies it included were also included in the present 
review.13,16,21-23 However, its focus is different than the present 
one, which aims at assessing the evidence associated with the 

interventions being implemented to promote the use of the 
CDRs.29

The list of included studies appears in supplemental Appen-
dix 2. The list of potentially relevant studies that were finally 
excluded is provided in supplemental Appendix 3.

TABLE 1. Characteristics of Included Studies (continued)

Study
Postintervention 
Period CDR Setting Expected Results

Char and Yoon7 12 months Clinical pretest  
(Wells criteria or other)

D-dimer

ED of an HMO (Hawai) in the 
United States

Prevalence of PE (n r of positive CTPA/n of CTPA ordered for PE) × 100

Wells score

D-dimer level

Proportion of patients with D-dimer testing

CTPA result

Drescher et al.16 4 months Dichotomous Wells  
criteria and D-dimer

ED of an academic hospital 
in the United States

CTPA positivity rate ([n of positive CTPA/n of CTPA ordered for PE] × 100)

Order rate ([total number of CTPA/total ED visits] × 100)

Patient returns within 6 months

Dunne et al.28 32 months 3 levels Wells criteria  
and D-dimer

Radiology department 
and inpatient units of a 
quaternary care academic 
hospital in the United States

Monthly use of CTPA/1000 admissions

CTPA yield (percentage of positive CTPA for PE).

Monthly CTPA yield before and after intervention, by clinical specialty of the ordering providers.

Geeting et al.17 12 months Dichotomous Wells  
criteria and D-dimer

ED of a tertiary care  
academic hospital in the  
United States

CTPA use (n of CTPA exams and rate of study utilization [ED visits with CTPA])

Appropriate CTPA use

CTPA overuse/underuse

Diagnostic yield ([n of positive CTPA studies/n of CTPA studies performed] × 100)

Goergen et al.18 9 months Charlotte rule  and 
D-dimer

ED of a tertiary referral  
academic hospital  
in Australia

n of patients with low risk and negative D-dimer diagnosed with PE or DVT during follow up

Proportion of patients with documented risk assessment

Proportion of imaged patients with low risk and negative D-dimer

Comparison of the proportion of patients in the study and control groups who underwent imaging of 
any type or D-dimer assay

Jiménez et al.19 12 months 3 levels Wells criteria  
and D-dimer

ED of an acute care hospital  
in Spain

Use (n of CTPA per 1000 ED visits)

Yield (percentage of CTPA positive for PE)

Fatal and nonfatal VTE that occurred during the 3-month follow-up period

Kanaan et al.20 26 days Dichotomous Wells 
criteria or another clinical 
pretest38-40

D-dimer

ED of a tertiary care center 
in the United States

Sex, pregnancy status (females)

Result of CDR (Wells or other)

D-dimer result

Percentage with D-dimer performed before CTPA, percentage with negative D-dimer

Percentage with alternative explanation for chest pain

Imaging result (V/Q scan, CTPA or other)

Percentage of patients <40 years with CTV performed, prevalence rates for VTE by CTPA, any 
changes to the patient’s treatment

Prevedello et al.21 18 months 3 levels Wells criteria and 
D-dimer

ED of a quaternary-care 
academic hospital in the 
United States

Patient age and gender

History of malignancy, surgery or thrombosis, and evidence of D-dimer elevation

Presence of PE

Imaging requests entered by attending physicians

Raja et al. 
(2012)22

18 months 3 levels Wells criteria and 
D-dimer

ED of a quaternary-care 
academic hospital in the 
United States

Age, sex, date of study, history of neoplasm, VTE or recent surgery, and D-dimer level

Presence of PE

Diagnostic yield ([positive CTPA/total number of CTPA] × 100)

Use rate ([n of CTPA performed/1000 visits to the ED] × 100)

NOTE: Abbreviations: CDS, clinical decision support; CDR, clinical decision rule; CTPA, computed tomodensitometry pulmonary angiography; CTV, computed tomographic venography; DVT, 
deep vein thrombosis; ED, emergency department; HMO, health maintenance organization; LOS, length of stay; mSv, millisievert; PE, pulmonary embolism; PERC, pulmonary embolism rule-out 
criteria, V/Q, ventilation/perfusion; VTE, venous thromboembolism.
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Most studies (14/17) presented a before-after design, with 
data collection corresponding to periods preceding and fol-
lowing a specific intervention. Most of them are retrospec-
tive and assessed the efficacy and safety results. They were 
deemed of generally poor quality and were subject to many 
of the biases mentioned above as well as to an interaction 

between the intervention and its implementation context. 
The remaining 3 studies were experimental in design with a 
comparative control group.13,14,27 In 2 of these studies, a com-
parison was made with traditional clinical practice (no interven-
tion).13,27 In the third, the intervention was compared with CDS 
only.14 The control group studies were of intermediate to very 

TABLE 2. Results Pertaining to Efficacy By Type of Intervention

Study

Number of Participants Use of Imaging 
Diagnostic  

Yield

P and/or  
95% CI

Radiation Dose

P and/or 95% CI

Adherence  
to Guidelines  

or a QM

PPhysicians

Patients 
with  

Suspected 
PE

Patients 
Tested by 
CTPA or  
V/Q scan P or 95% CI % mSv

Clinical Decision Support (CDS)

Voluntary Participation

Drescher et 
al.16

Before: 205 

After: 229

Before: 14 CTPA per 
1000

After: 12.8 per 1000

N/A Before: 8.3

After: 12.7

4.9- 12.9

8.6- 17.7

Dunne et al.28 Before: 3037

After: 2825

Before: 26 CTPA per 
1000

After: 22.8 CTPA per 
1000

.008 Before: 10.4

After: 12.1

.65

Kline et al. 
(2014)13

270 
emergency 
physicians

Intervention: 
264

Control : 277

Proportion of patients 
exposed to >5 mSv 

Intervention: 25%
Control: 33%

Difference: 8%; CI 
95%; P = .038

Prevedello et 
al.21

Before: 1542

After: 1349

Before: 26.5 per 1000

After: 24.3 per 1000

<.02 Before: 9.2

After: 12.6

<.01

Raja et al. 
(2012)22

Before: 3855

After: 2983

Before: 14.5 to 26.4 
per 1000 

(quarterly use)

After: 26.4 to 21.1 
per 1000

(quarterly use)

<.0001

.0379

Before: 5.8

After: 9.8

.0323

Mandatory Participation

Geeting et 
al.17

Before: 1413

After: 1417

Before: 3.02%
(ED visits with CTPA)

After: 2.85%
(ED visits with CTPA)

.13 Before: 6.89

After: 7.53

.406 Increased from 
58% (1st month) 

to 76% (last 
month)

N/A

Jiménez et 
al.19

Before: 652 

 
After: 711

Before: 2.6-3.16 per 
1000 (quarterly use)

Proportion of patients 
with CTPA: 55%

After: 3.19-2.38 per 
1000 (quarterly use)

Proportion of patients 
with CTPA: 49%

.17 

 

.09 
 

.02

Before: 31 
Quarterly yield: 

37.7-27.1

After: 33
Quarterly yield: 

26.0-46.5

.26 
 

<.01

Raja et al. 
(2014)24

Before: 1209

After: 1212 

Before: 10.4

After: 10.1

.88 Before: 56.9%

After: 75.6%

<.01

Continued on page 57
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TABLE 2. Results Pertaining to Efficacy By Type of Intervention

Study

Number of Participants Use of Imaging 
Diagnostic  

Yield

P and/or  
95% CI

Radiation Dose

P and/or 95% CI

Adherence  
to Guidelines  

or a QM

PPhysicians

Patients 
with  

Suspected 
PE

Patients 
Tested by 
CTPA or  
V/Q scan P or 95% CI % mSv

Educational Interventions

Voluntary Participation

Booker and 
Johnson26

Before: 206

After: 206

Before: 2.9 CTPA 
ordered/day

After: 2.5 CTPA 
ordered/day

N/A Before: 8.7%

After: 9.2%

.243 CTPA ordered with 
PERC score of 0

Before: 23
After: 19

Percentage of 
CTPA on patient 
with no DD and 

low dichotomous 
Wells score

Before: 22.9%
After: 16.6%

Percentage of 
CTPA on patients 
with negative DD

Before: 7.4%
After: 3.3%

 

.15 
 
 
 

.04

Goldstein et 
al.27

Intervention: 
304

Control: 166

Intervention: 11.3% 

Control: 6.2 %

<.01 Intervention: DD in 
7.1% of cases

Control: DD in 
2.0% of cases

<.01

Kanaan et 
al.20

Before: 100 

After: 100 

Before:
7% CTPA 

studies ordered 
appropriately

After: 6% CTPA 
studies ordered 
appropriately

.77

Stein et al.25 Before: 1979

After: 2136 

Before: 1.7 (ratio of 
CTPA:V/Q scanning)

After: 0.8 (ratio of 
CTPA:V/Q scanning

<.0001 Mean effective dose: 

Before: 8 mSv

After: 6.4 mSv

<.0001

Mandatory Participation

Agarwal et 
al.15

Before: 187

 
After: 109

Before: 65% 
adherence to CPG

After: 78% 
adherence to CPG

.017

Goergen et 
al.18

Before: 191

After: 791

Before: 77%

After: 56%

OR=0.39 
(0.27-0.56)

< .001

Before:
12.04

After: 9.48

N/A After:
62% of ED visits 
with documented 
risk assessment

87% of low-risk 
and negative DD 

with no other 
imaging 

N/A

Kline et al. 
(2004)23

Before: 453 

After: 1460

Before: 7.4 per 1000

After: 6.4 per 1000)

Difference: 
-1

(-1.8 to 0.0)

Before: 8.2%

After: 11.3%

Difference: 
3.0%

(-0.1% to 6.5%)

(continued)

Continued on page 58
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good quality and were subject to biases of performance, de-
tection, selection, and attrition. 

Table 1 summarizes the study characteristics of the included 
studies. The detailed methodological quality appraisal of the 
control group studies appears in supplemental Appendix 4.

There is much heterogeneity in the studies, with a variety of 
indicators used and limited overlap in the presentation of the 
results. Table 2 summarizes the results pertaining to efficacy 
by intervention category. The baseline volume of imaging per 
1000 ED admissions varied from 2.6 to 26.5.19,21 The diagnos-
tic yield, measured before intervention to diminish overuse, 
varied from 4.7% to 31%.7,19 If the European study is removed, 
however, the range for the baseline volume of imaging is 7.4 
to 26.5, and the diagnostic yield range is 4.7% to 12%.7,18,21,23

Efficacy
CDS and PFRs
Eight of the studies appraised CDS interventions.13,16,17,19,21,22,24,28 
They consisted of computer-based applications imbedded 
into the computerized physician order entry of the setting (ED 
or clinical ward of an acute care hospital), which are prompted 
when a physician orders an imaging exam or D-dimer test. 

The implementation of electronic CDS was associated with 
the use of imaging, diminishing between 8.3% and 25.4% 
following intervention.19,21 In studies evaluating the effect of 
electronic CDS, a rise in diagnostic yield ranging from 3.4% to 
4.4%16,21 and a rise in appropriate ordering ranging from 18% 
to 19% are also seen.17,24 One study observed a significant im-
pact on unnecessary radiation exposure.13

In 1 study, both electronic CDS and PFRs were used together, 
and an increase of 8.8% was seen in appropriate ordering (P < 5).14

Educational Interventions and Policy
Seven of the interventions assessed in the included studies 
were educational in their essence, involving training sessions 
aimed at strengthening physician use of CDRs for the diagno-
sis of PE.15,18,20,23,25-27  Three studies observed a statistically sig-
nificant impact on the compliance to clinical guidelines postin-
tervention.15,26,27 Two studies observed a statistically significant 
decrease in imaging use.18,23 One study noticed an increase in 
diagnostic yield postintervention.23 One study observed a sig-
nificant impact on radiation exposure.25

The impact of a policy fostering the use of a CDR and D-di-
mer was appraised in 1 study.7 This intervention translated into 
a significant reduction of CTPA use and a significant increase 
of CTPA diagnostic yield. However, only 4% of patient charts 
reported a clinical probability of PE, and in most cases, the 
type of CDR used was not mentioned.7

Safety
A minority of studies evaluated the safety of the interven-
tions.13,18,19,23,25,27 Only 2 of these studies involved comparison with 
a control group.13,27 Although the studies differed in study designs 
and evaluated different interventions in different contexts, limiting 
the ability to arrive at general conclusions, there was no increase 
in mortality and complications associated with the interventions.

The 2 studies involving a control group did not find signif-
icant differences between the intervention and the control 
groups with respect to mortality, complications because of 
thromboembolic and bleeding events, or any other adverse 
event during the 3-months’ follow-up.13,27

Jiménez et al.19 reported less than 1% mortality following 
the implementation of a CDS (0.7%; 95% CI, 0.2%-1.1%). In 

TABLE 2. Results Pertaining to Efficacy By Type of Intervention

Study

Number of Participants Use of Imaging 
Diagnostic  

Yield

P and/or  
95% CI

Radiation Dose

P and/or 95% CI

Adherence  
to Guidelines  

or a QM

PPhysicians

Patients 
with  

Suspected 
PE

Patients 
Tested by 
CTPA or  
V/Q scan P or 95% CI % mSv

Performance and Feedback Reports (PFR) (Voluntary Participation)

Raja et al. 
(2015)14

Intervention: 
22

Control: 21

Intervention:
Before: 20.2 per 1000
After: 18.1 per 1000

Control:
Before: 20.4 per 1000
After: 20.1 per 1000

.0789

.8033

Intervention:
Before: 11.2
After: 13.1

Control:
Before: 11.6
After: 11.2

.3625

.8326

Intervention:
Before: 78.3
After: 85.2

Control:
Before: 78.8
After: 77.2

.0043

.5235

Policy (Voluntary Participation)

Char and 
Yoon7

Before: 510

After: 547 

Before: 15.64 per 1000

After: 12.54 per 1000

.01 Before: 4.7%

After: 11.7%

<.001 After: 
4% of patients  

had clinical  
probability  
assessment 
recorded

N/A

NOTE: Definitions: diagnostic yield: the percentage of examinations positive for PE; use of imaging: the percentage of patients imaged or number of examinations for PE per 1000 admissions or 
ED patients. Abbreviations: CDR, clinical decision rule; CI: confidence interval; CPG, clinical practice guidelines; CTPA, computed tomodensitometry pulmonary angiography; DD, D-dimer; mSv, 
millisievert; N/A, not available; OR, odds ratio; QM, quality measure; SD, standard deviation; V/Q, ventilation-perfusion.

(continued)
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their study assessing the impact of an educational interven-
tion, Kline et al.23 (2004) observed that none of the patients 
discharged with a fully negative Charlotte rule died suddenly 
and unexpectedly at 90-day follow-up. However, another ed-
ucational intervention aimed at reducing ED patients’ radia-
tion exposure observed a significant increase in the 90-day 
all-cause mortality of patients with negative CTPA, which was 
associated with a decline in the 90-day mortality of patients 
with negative ventilation/perfusion (V/Q) scanning.25

Jiménez et al.19 observed an absolute decrease of 2.5% in 
the incidence of symptomatic VTE events after the intervention 
(95% CI, 0.9%-4.6%; P < .01). The occurrence of VTE events, in-
cluding PE, reached 1% in Goergen et al.18 and 3.9% in Kline et 
al.23 (2004) during follow-up.

Economic Aspects
Kline et al.13 (2014) found a significant decrease in charges and 
estimated costs for medical care within 90 days of initial ED 
presentation in the patients who were investigated with CTPA 
in the intervention group. The median costs of medical care 
within 30 days of the initial ED presentation were US $1274 
in the control group and US $934 in the intervention group 
(P = .018).13 The median charges of medical care within 30 days 
of the initial ED presentation were US $7595 in the control 
group and US $6281 in the intervention group (P = .004).13

Facilitators and Barriers
Only 1 study appraised the reasons given by emergency phy-
sicians for not adhering to CDS recommendations.16 The rea-
son most often given was the time needed to access and use 
the application, which was perceived as having a negative im-
pact on productivity as well as a preference for intuitive clini-
cal judgment.16 Though not the result of specific evaluation or 
data collection, some authors commented on the factors that 
may facilitate or impede the implementation of interventions 
to diminish the inappropriate use.14,20 Kanaan et al.20 proposed 
that factors other than the knowledge of current clinical guide-
lines may explain CTPA use. Booker and Johnson26 suggested 
that the demand for rapid turnover in the ED may lead to “so-
called ‘blanket ordering’, which attempts to reach diagnosis 
as quickly as possible despite cost and patient safety.” Raja 
et al.14 (2015) suggested that the unambiguous representation 
of guidelines based on validated, high-quality evidence in the 
CDS may have improved physician adoption in their study.

DISCUSSION
Efficacy
Baseline values for the use of imaging and diagnostic yield 
show important variation, especially when compared with the 
study performed in Europe.19 In general, only a modest impact 
is measured with regard to a decrease in the use of imaging, an 
increase in diagnostic use, and adherence to validated CDRs.

Among the interventions appraised, CDS was evaluated in the 
largest number of included studies, and its impact has been ap-
praised with the largest number of indicators. Among the 6 stud-
ies that assessed the impact of this type of intervention on the use 

of imaging, 4 observed a significant decrease of CTPA use postin-
tervention.19,21,22,28 None of these studies involved a control group. 
The 2 with CDS that had no significant impact on CT use were 
conducted in US EDs and were based on dichotomous Wells 
scores.16,17 Adherence to CDS recommendations was mandatory 
in 1 and voluntary in the other.16,17 The variable impact of these 
interventions was at least partly attributable to contextual factors. 
However, because of the lack of data pertaining to these factors, it 
is not possible to draw conclusive remarks on their effect.

The impact of CDS on diagnostic yield was mixed because 3 
studies observed an increase in diagnostic yield postinterven-
tion,16,21,22 and 3 others monitored no significant impact.19,24,28 
Adherence to guidelines or a quality measure was assessed in 
2 studies, which reported a significant increase in appropriate 
ordering.17,24 Raja et al.24 (2014) observed an 18.7% increase in 
appropriate ordering after the implementation of a CDS from 
56.9% to 75.6% (P < .01). Geeting et al.17 observed a similar in-
crease, with appropriate ordering increasing from 58% to 76% 
over the duration of the intervention. However, this increase in 
appropriate use was not associated with a variation in CTPA 
use or diagnostic yield, which leads the investigators to pos-
it that the physicians gradually inflated the Wells score they 
keyed into the CDS despite that no threshold Wells score was 
required to perform a CTPA.17

Raja et al.14 (2015) demonstrated that the implementation 
of performance feedback reporting, in addition to a CDS, can 
significantly increase adherence to CDR for the evaluation of 
PE in the ED. Additional studies would help to better under-
stand the potential impact of such reports on CTPA use in the 
diagnostic workup of PE. However, it suggests that a combina-
tion of interventions, including the implementation of a CDS, 
performance feedback reporting, and well-designed and spe-
cific educational interventions, may have a more significant im-
pact than any of these types of interventions taken separately. 

The impact of the educational interventions appraised in this 
review on the expected results is mixed, though it is difficult to 
compare the observed results and draw conclusive remarks, as 
the characteristics of the interventions and study designs are 
different from each other.

Safety
There is limited evidence on the safety of appraised interven-
tions. Only 6 studies appraised venous thrombolic events or 
mortality.13,18,19,23,25,27 However, no adverse events were noted 
in those studies evaluating possible complications or missed 
diagnoses. Additional research is needed to confirm the safety 
of the interventions appraised in this systematic review. 

Facilitators and Barriers
There are significant limitations with respect to the analysis of 
the factors that favor or impede the implementation of the in-
terventions appraised in this review. However, 2 studies that did 
not meet the inclusion criteria appraised physicians’ perceptions 
and attitudes toward prescribing imaging tests in the diagnostic 
workup of PE.31,32 One is Swiss31 and the other is Canadian.32 Both 
were conducted in the ED of academic hospitals. Rohacek et al.31 
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observed that defensive behaviors, such as “fear of missing PE,” 
were frequent and associated with a lower probability of a pos-
itive CTPA (OR = 0.36; 95% CI, 0.14-0.92). Ahn et al.32 concluded 
that, although ED physicians who participated in their survey pos-
sessed limited knowledge of radiation doses of CTPA and V/Q 
scans, they opted for V/Q scans that emit lower radiation doses 
in younger patients, especially females, which may reflect efforts 
done in the study setting to reduce patients’ radiation exposure.

There is not enough data to conclude on safety and the im-
pact on healthcare costs.

Implications for Future Research
Future controlled studies of high methodological quality would 
help to better understand the effects associated with the imple-
mentation of the interventions aimed at reducing the inappro-
priate use of imaging in the diagnostic workup of PE. Efficacy re-
sults show that the success of the implementation of the various 
types of interventions is variable. This variation may be at least 
partly attributable to contextual factors, such as the external en-

vironment, the organizational leadership and culture, or the mi-
crosystem, such as differences in care patterns.33-35 The impact of 
context factors on the effectiveness of the interventions should 
be assessed further with appropriate tools.33,34,36

CONCLUSION
The joint use of CDS and PFRs appears more effective than the 
other types of intervention in reducing the inappropriate use 
of CTPA. However, an approach combining these with well-de-
signed educational interventions as well as policies may be 
even more effective. 

Future studies of high methodological quality would strength-
en the evidence concerning the relative efficacy and safety of 
the interventions appraised, especially when various types are 
combined. Future research should also aim at bringing answers 
to the knowledge gaps related to the factors of success and bar-
riers associated with the implementation of the interventions.

Disclosure: The authors report no conflict of interest.
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