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Abstract  
Purpose The increased utilization, and potential overutilization, of computed tomography pulmonary angiography (CTPA) 
is a well-recognized issue within emergency departments (EDs). The objective of this study is to determine the impact of 
performance feedback reports on CTPA ordering behavior among ED physicians.
Methods We conducted a prospective study of the impact of individualized performance feedback reports on the order-
ing behavior of physicians working at two high-volume community EDs in Ontario, Canada. We generated individualized 
reports (or “Dashboards”) for each ED physician containing detailed feedback and peer comparison for each physician’s 
CTPA ordering. Our baseline pre-intervention period was January 1 to December 31, 2018, and our intervention period 
was January 1, 2019, to December 31, 2021. We tracked individual and group ordering behavior through the study period. 
Our primary outcomes are impact of feedback on (1) overall group ordering rate and (2) overall diagnostic yield. Secondary 
analysis was done to determine the impact of the intervention on those physicians with the highest CTPA utilization rate.
Results There was no statistically significant difference in the diagnostic yield of the included physicians in either of the 
years of the intervention period. There was a statically significant increase in the utilization rate for CTPA from 2018 to 
2020 and 2021 from 5.9 to 7.9 and 11.4 CTPAs per 1000 ED visits respectively (p < 0.5).
Conclusion Our study found no consistent significant impact of individualized feedback and peer comparison on physician 
ordering of CTPAs. This points to a potentially greater impact of environmental and institutional factors, as opposed to 
physician-targeted quality improvement measures, on physician ordering behavior.

Keywords Computed tomography angiography · Diagnostic imaging · Physician Practice Patterns · Quality improvement · 
Medical overuse · Feedback

Introduction 

Overutilization of health care resources, defined as the 
provision of low-value or no-value health care, has been a 
central focus of health system research for the past several 

decades [1]. This issue has gained increasing urgency as 
health care resource utilization has increased, and the pro-
portion of health care expenditure felt to improve patient 
outcomes had decreased [2]. In tandem with this increase 
in health care utilization and expenditure, there has been an 
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increasing effort directed at mitigating this rise in low-value 
care through interventions targeting practitioners, institu-
tions, and health systems [3–6]. Many of these efforts target 
individual physicians and aim to change physician ordering 
behavior through some combination of directive and per-
suasive measures.

The Choosing Wisely Campaign, while not the first to 
identify specific high-cost, low-yield health care interven-
tions, is the most widely recognized campaign of its type, 
targeting multiple modalities across a variety of specialties 
[1, 6]. One such modality, and a very common target of qual-
ity improvement (QI) measures implemented within emer-
gency departments (EDs), is the use computed tomography 
pulmonary angiography (CTPA) to diagnose pulmonary 
embolism. This is partly due to the availability of algorithms 
and decision support tools that allow practitioners to safely 
rule out PE in low-risk patients based solely on clinical cri-
teria and/or serum assays (i.e., the D-dimer assay) [7, 8]. 
The QI measures aimed at reducing, or “optimizing,” the 
use of CTPAs have included physician education, audit-and-
feedback, peer comparison, clinical decision support tools, 
and computerized order entries [9–12]. While a multitude of 
research studies have been directed at isolating the optimal 
combination of QI interventions, many of the interventions 
with demonstrated success in the initial studies have failed 
to replicate their initial positive findings in more real-world 
settings [13–16].

In this study, we evaluate the impact of one such physi-
cian-targeted QI intervention, carried out in a community 
emergency department. The objective of this study is to 
measure the impact of individualized performance feedback 
reports on CTPA ordering behavior among ED physicians 
working in a non-academic community setting.

Methods

We conducted a prospective study of the impact of indi-
vidualized performance feedback reports on the ordering 
behavior of physicians working at two high-volume com-
munity EDs in Ontario, Canada. See Table 1 for study site 
characteristics derived from our institution’s annual fiscal 
year reports.

Intervention

The intervention included components of both individual-
ized audit-and-feedback and peer comparison feedback. 
We generated individualized reports (or “Dashboards”) 
for each ED physician containing detailed feedback on 
each physician’s CTPA ordering for the previous 6-month 
period. Each physician was provided with information on 
the number of CTPAs they had ordered, their CTPA utili-
zation rate (defined as the total number of CTPAs ordered 
per 1000 ED visits), and their CTPA diagnostic yield (the 
proportion of CTPAs ordered that were positive for PE). 
The report also included measures of comparison to the 
provider group as a whole, including the group mean diag-
nostic yield and each physician’s rank and quartile utiliza-
tion rate as compared to the group CTPA utilization rate.

Individualized reports were distributed to the group via 
email for the period between January 1, 2019, and June 30, 
2019, and every 6 months thereafter. Each report contained 
the Dashboard and a “user guide” on how to interpret the 
data contained in the report. The final Dashboard was dis-
tributed for the July 1 to December 31, 2021, period.

Data collection

Data was collected through our hospital’s Radiology Infor-
mation System (RIS), as well as our institution’s electronic 
medical records system and the National Ambulatory Care 
Reporting System (NACRS).

We collected data on all CTPAs ordered during the 
period from January 1, 2018, to December 31, 2021. 
Our baseline pre-intervention period was January 1 to 
December 31, 2018, and our intervention period was 
January 1, 2019, to December 31, 2021. We collected 
individual and group ordering data for each 6-month 
period of the intervention period (starting in January 1, 
2019). Summary statistics were created for each year of 
the intervention (i.e., 2019, 2020, and 2021). The primary 
outcomes of this study were impact of performance feed-
back on (1) overall group utilization rate and (2) over-
all group diagnostic yield. We defined utilization rate as 

Table 1  Study site 
characteristics for the 2018–19 
financial year

a Acute care beds exclude mental health, rehabilitation, and alternate level of care (ALC) beds.

Study site characteristics Community hospital (site A) Community hospital (site B)

Hospital type Community–large hospital Community–large hospital
Total number of acute care  bedsa 469 254
Annual ED visits 136,926 85,145
Admission rate 12.30% 13.60%
Total number of admissions from the ED 16,858 11,572
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the total number of CTPAs ordered per 1000 ED visits. 
We defined diagnostic yield as the proportion of CTPAs 
ordered that were positive for a pulmonary embolism.

We also conducted secondary analysis to determine the 
impact of the intervention on those physicians with the high-
est utilization rates, defined as those in the highest quartile 
for utilization in the pre-intervention period. This second-
ary analysis was limited to those ED physicians who had 
worked ED shifts within our system for each calendar year 
over the 4 years.

Data analysis

Simple summary statistics were used to determine the 
utilization rates and diagnostic yields in each year of the 
intervention period. Each year of the intervention period 
was compared to the pre-intervention period. The statisti-
cal significance of any difference in group utilization rate 
and group diagnostic yield was determined using one-way 
analysis of variance (ANOVA) test.

When looking at the quartile of highest CTPA utilizers, 
the top quartile was identified by first limiting our analysis 
to those physicians who were present for all 4 years of the 
study period. We then identified those physicians with the 
highest utilization rates in the pre-intervention period of 
2018. We tracked their CTPA ordering outcomes over the 
subsequent 3 years. We carried out a paired t-test to deter-
mine if there were any statistically significant differences in 
CTPA utilization rate or diagnostic yield in the intervention 
period.

All analyses were carried out using SAS statistical soft-
ware program version 9.4 for Windows, SAS Institute Inc. 
and Microsoft Excel 365.

Ethics approval was obtained through our institutional 
Research Ethics Office.

Results

A total of 103 physicians who worked during all or part of 
the study period were included in the initial analysis. Table 2 
presents data on physician characteristics and practice pat-
terns for each of the 4 pre-intervention and intervention 
years.

Table 3 presents data on the yearly total ED visits, CTPA 
ordered, CTPA diagnostic yield, and CTPA utilization rate 
(i.e., CTPA ordered per 1000 ED visits) for the group as 
whole for the study period. The total ED visit numbers for 
the group remained relatively stable for the 4-year pre-
intervention and intervention periods, with the exception of 
a decrease in ED visits in 2020. The total CTPAs ordered 
by the group increased throughout the 4-year period, from 
1,268 to 2,437. The greatest surge in numbers occurred 

between 2020 and 2021, in which there was an increase of 
954 CTPAs in the total number of ordered tests. There was 
no statistically significant difference in the diagnostic yield 
of the included physicians in either of the years of the inter-
vention (p = 0.83).

Comparison of means between the different years using 
one-way ANOVA and multiple pairwise comparisons 
revealed a statistically significant increase in the utiliza-
tion rate (p < 0.001). Pairwise comparisons demonstrated a 
statically significant increase in the utilization rate among 
the physicians in 2021 as compared to 2018 (p < 0.001) and 
an increase in utilization rate among physicians in 2020 
(p = 0.06) and 2019 (p = 0.9) that did not reach statistical 
significance.

Sixty nine of the 103 physicians who worked within our 
ED were present throughout all of the 4 years, and 17 of 
these physicians were included in the secondary analysis 
examining the ordering patterns of the highest utilizers 
(i.e., those physicians in the top quartile for utilization rate). 
Table 4 presents the data for the top quartile of CTPA uti-
lizers. There were no statistically significant changes to the 
utilization rate for the highest CTPA utilizers during any of 

Table 2  Characteristics of physicians practicing during the pre-inter-
vention and intervention periods

Year

2018 2019 2020 2021

N 88 89 86 83
Gender
  Male 72 (81.8%) 72 (80.9%) 71 (82.6%) 68 (82.0%)
  Female 16 (18.2%) 17 (19.1%) 15 (17.4%) 15 (18%)
Average yearly 

ED visit 
number per 
provider

2438 2511 2189 2576

IQR 965–3104 806–3144 953–3159 1215–3453
Average CTPA 

ordered per 
provider

14 16 17 29

IQR 3–21 3–23 3–23 8–34

Table 3  CTPA utilization rate and diagnostic yield for the ED group 
during the pre-intervention (2018) and intervention periods (2019–
2021)

Year ED visit Total CTPA CTPA diag-
nostic yield

CTPA 
utilization 
rate

2018 214,574 1,268 12.0% 5.9
2019 223,478 1,412 13.5% 6.3
2020 188,281 1,483 13.6% 7.9
2021 213,857 2,437 12.9% 11.4
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the intervention years as compared to the pre-intervention 
period. There was a statistically significant increase of 3.9% 
in the diagnostic yield of the highest CTPA utilizers only for 
the 2020 year.

Discussion

Our study found no consistent significant impact of individu-
alized feedback and peer comparison on physician order-
ing behavior. In fact, there was an overall increase in CTPA 
ordering, both in total number of CTPA ordered and in the 
utilization rate per 1000 ED visits, over the course of the 
study period.

Two factors specific to our group may have dampened 
the overall impact of the intervention. First, our group’s ini-
tial pre-intervention diagnostic yield of 12% may be deemed 
acceptable, particularly in the context of other studies cit-
ing CTPA diagnostic yields of 5–10% in various US centers 
and 12–15% in Canadian centers [17–19]. Second, the wide 
variability in practice patterns among physicians in terms of 
both patient volume and CTPA utilization may have been 
such that a QI intervention and subsequent evaluation encom-
passing all physicians, would fail to target and isolate those 
physicians who may benefit most from practice change and 
optimization. However, the lack of impact of our intervention 
persisted even within the highest utilizers of CTPA within 
the group, i.e., those individuals with presumably the most 
potential for alteration and optimization in ordering behavior.

The absence of any measurable impact on ordering 
behavior in our study, while somewhat disappointing, is 
not surprising when looking at the current literature on the 
topic of QI interventions that target individual practitioners’ 
ordering behavior. Population-based studies have consist-
ently shown a trend toward increased utilization of imaging 
studies, particularly CTs and MRIs, in the past two decades 
[20–22]. This trend has held steady over the past several 
years, and across several jurisdictions, despite the volume 
and breadth of campaigns and institutional initiatives aimed 
at reducing “overutilization,” or optimizing ordering behav-
ior. Interventions that have focused on optimizing order-
ing behavior through, for example, increasing guideline 

adherence through educational campaigns or—as within 
our study—through audit-and-feedback and peer comparison 
have demonstrated either poor adherence to evidence-based 
guidelines, or a lack of impact on measurable outcomes of 
utilization and yield despite increased guideline adherence 
[10, 13, 15, 16, 23–25]. One study that aimed to evaluate the 
impact of automated clinical decision support tools (based 
on predetermined professional society guidelines) on the 
volume of unnecessary diagnostic imaging found that phy-
sicians ignored close to 99% of all computer-generated alerts 
[23]. Within those studies that found a positive impact of 
these physician-targeted interventions, the effect sizes are 
often modest [14, 26]. Of course, any potential modest 
decrease in resource utilization and expenditure must be 
weighed against the expenditures and material and human 
resources required for the design, purchase, implementation, 
and ongoing maintenance of these QI interventions and their 
associated technologies.

Total resource consumption is the result of a complex 
interplay between three main drivers: patient factors (e.g., 
age, comorbidity, clinical presentation, and patient expecta-
tions), physician factors (e.g., experience, level of training, 
risk tolerance, and tolerance of uncertainty), and contex-
tual factors (e.g., crowding, wait-times, and accessibility of 
advanced diagnostics and therapeutics) [27–29]. Any inter-
vention, and any subsequent evaluation, that focuses only on 
one part of this triad will inevitably leave unaccounted for 
the contributory impact of the other two drivers of utiliza-
tion. The physicians in our group worked in a similar clinical 
environment, but were each exposed to a different population 
of patients, with a different mix of acuity, complexity, and 
expectations. This is true at any given point in time and also 
across the 4 years of the study period. As well, the clinical 
context changed over time, with increased hours of diagnos-
tic imaging availability in response to increased demand. 
However, the most unpredictable, yet impactful phenomenon 
during the time period of this study was the COVID-19 pan-
demic. The pandemic significantly altered  the patient popu-
lation, clinical presentations, and contextual health system 
factors, thereby leading to alterations in established physi-
cian ordering behavior in ways that are extremely difficult 
to measure and quantify [30].

Table 4  Results for the top 
quartile for ordering rate

Year ED visit Total CTPA CTPA diagnos-
tic yield

p value (diag-
nostic yield)

CTPA utiliza-
tion rate

p value 
(utilization 
rate)

2018 34,545 382 9.0% *** 12.3 ***
2019 39,214 374 12.6% 0.34 9.5 0.15
2020 38,922 413 12.9% 0.04 10.0 0.26
2021 42,446 580 12.5% 0.20 12.8 0.84
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It has been posited that the increased availability of a 
certain modality will increase its utilization, which will in 
turn increase its supply in a feedback loop of supply-induced 
demand. This phenomenon has been discussed in health 
policy academia dating as far back as the 1960s and was 
most famously coined in Roemer’s law that “a built bed is a 
filled bed” [31]. Studies examining the impact of increased 
accessibility and supply of health care resources have shown 
a positive relationship between increased empty beds and 
increased admissions [32], between fee-for-service (versus 
salary-based) provider reimbursement and higher volume of 
procedures [33], increased regional physician density and 
increased health care expenditures [34], and increased hos-
pital capacity and increased hospital utilization even after 
correcting for disease burden and demographic factors [35]. 
We discussed in a separate study the exponential rise of CT 
angiography of the head and neck within our center follow-
ing the implementation of a Code Stroke protocol designed 
to aid in selecting patients for EVT [36].

It is not possible, based on observational data, to deter-
mine if this positive relationship between supply and uti-
lization is strictly causal (i.e., simply the result of supply-
induced demand) or rather simply correlational and driven 
by external factors (such as increased demand due to chang-
ing patient demographics, broader systems factors, or other 
unidentified or unmeasurable confounders). However, one 
consistent finding among these studies is the absence of any 
mortality benefit associated with this increased utilization 
[35, 37, 38].

Therefore, it is a logical extension that decreasing avail-
ability of—or restricting access to—a certain modality 
through a more directive, top-down approach will decrease, 
or at least “optimize,” its utilization. In fact, a review of 
the literature does point toward success with interventions 
that target areas a step above altering individual physician 
behavior, such as strict policy interventions that limit physi-
cians’ access to certain diagnostics or therapeutics, or those 
that require additional steps in the prescribing pathway in 
order to decrease the amount of overutilization. Examples 
of such interventions include removal of certain low-yield 
tests from test profiles or formularies, removal of automatic 
renewal orders, restricting insurer payment or requiring spe-
cial authorizations for certain tests and therapeutics, restrict-
ing ordering to certain physician groups (e.g., specialists), 
or decreasing availability [39–44].

The natural objection to this more proscriptive approach 
is that it encroaches upon physician autonomy and thus is 
highly likely to be met with resistance by physicians, and/or 
that it may lead to patient harm through delayed or missed 
diagnoses. For the latter objection, there is actually no com-
pelling evidence in the literature that such policies cause 
harm through missed diagnoses [45]. Presumably, this is 
because the decreased ordering rate is not equally distributed 

among the patient population, but rather concentrated on 
those patients that the physician feels have the lowest pre-
test probability for a disease, or the lowest likelihood to ben-
efit from a specific therapy.

Limitations

There are several limitations to this study. First, our study 
did not include a concurrent control group, and it is therefore 
not possible to isolate the effects of the intervention from the 
situational and environmental changes that occurred over 
time. Second, this is a single-center study, and its results 
may not be generalizable to other centers. The third limita-
tion is the shifting and fluctuating composition of our ED 
physician workforce. Though staff turn-over is a reality in 
many community EDs, this hinders our ability to make direct 
year-to-year comparisons. We tried to correct for this by lim-
iting the analysis of our top quartile of the highest utilizers 
to only those physicians who were present for all four years 
of the pre-intervention and intervention periods. Fourth, this 
intervention did not include an educational component on 
appropriate CTPA ordering. It is possible that the impact of 
the feedback would have been enhanced had it been coupled 
with an educational intervention. Fifth, we did not collect 
information on whether the physicians opened the emails 
that they had received, or if they accessed the included 
Dashboard, and we do not know if and to what degree phy-
sicians engaged with the feedback information provided. It 
is possible that there was an impact on the ordering behav-
ior of those physicians who accessed and engaged with the 
feedback reports, and this impact was not captured in our 
current analysis. Finally, we have throughout the conception, 
design, and implementation of this study made the assump-
tion that “optimized” or appropriate utilization is equivalent 
to reduced utilization and increased diagnostic yield. While 
these are fairly common outcome measures for similar QI 
initiatives, they do leave unaddressed and unanswered the 
question of whether the intervention had the unintended con-
sequence of “underdiagnosis” or missed diagnoses due to 
changes in physician ordering that may have resulted from 
the QI initiative. As well, peer comparison is limited by a 
lack of an “objective” benchmark for quality, and implic-
itly presents prevailing average group ordering behavior as 
optimal ordering.

Conclusion

Our study failed to show any significant impact of individu-
alized audit-and-feedback and peer comparison feedback 
on CTPA ordering volume, utilization rate, or diagnostic 
yield. This lack of impact was present both within the group 
as a whole and within those physicians with the highest 
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utilization rates. Systems may choose to adopt such QI ini-
tiatives encompassing physician feedback forms more as a 
form of continuing medical education and as a self-reflec-
tive tool, or as a part of a more system-wide multimodal 
approach to optimizing utilization that shifts the overall 
clinical context in such a way as to deter or disincentivize 
the overutilization of diagnostic imaging.

Abbreviations ED: Emergency department; CTPA: Computed tomog-
raphy pulmonary angiography; PE: Pulmonary embolism; QI: Quality 
improvement; CDS: Clinical decision support; CPOE: Computerized 
physician order entry
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