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Self-awareness of computed tomography ordering in
the emergency department
Amjed Kadhim-Saleh, MD, MSc*; James C. Worrall, MD†; Monica Taljaard, PhD‡§;
Mathieu Gatien, MD†; Jeffrey J. Perry, MD, MSc‡§
ABSTRACT
Objectives: Physician variation in the use of computed
tomography (CT) is concerning due to the risks of ionizing
radiation, cost, and downstream effects of unnecessary
testing. The objectives of this study were to describe variation
in CT-ordering rates among emergency physicians (EPs), to
measure correlation between perceived and actual CTordering rates, to assess attitudes that inﬂuence decisions
to order imaging tests, and to identify EP attitudes associated
with higher CT utilization.
Methods: This study was a retrospective review of imaging
and administrative billing records at two emergency department sites of a tertiary care adult teaching hospital. The study
also included a cross-sectional survey of EPs at this hospital.
We asked physicians about their perceived ordering
behaviour, and what factors inﬂuenced their decision to order
a CT. We examined correlations between perceived and
actual CT-ordering rates. We adjusted ordering rates for shift
distribution using a logistic regression model and identiﬁed
outlier physicians whose ordering rate was signiﬁcantly lower
or higher than expected. We used multivariable regression
analysis to determine which survey responses predicted
higher CT utilization.
Results: During the study period, 59 EPs saw 45,854 patients,
and ordered 6,609 CTs — a mean ordering rate of 14.4%
(standard deviation (SD) = 4.3%). The ordering rate for
individual physicians ranged from 5.9% to 25.9%. Of the
59 EPs, 13 EPs were low-ordering outliers; 12 were highordering outliers. Forty-ﬁve EPs (76.3%) completed the
survey. Mean perceived ordering rate was 12.6%, and was
weakly correlated with actual ordering (r = 0.19, p = 0.21).
42 EPs (93.3%) believed they ordered “about the same” or
“fewer” CTs than their peers. Of the 17 EPs in the two
highest ordering quintiles, only 3 (18%) knew they were
high orderers. In the multivariable analysis, higher ordering
was associated with increasing strength of response to
the following predictors: medico-legal risk (relative risk
[RR] = 1.18, 95% CI: 1.03–1.21), risk of contrast (RR = 1.14,
95% CI: 1.07–1.22), what colleagues would do (RR = 1.09, 95%

CI: 0.99–1.19), risk of missing a diagnosis (RR = 1.08, 95% CI:
0.98–1.21), and patient wishes (RR = 1.07, 95% CI: 0.97–1.17).
Conclusions: There is large variation in CT ordering among
EPs. Physicians’ self-reported ordering rate correlates poorly
with actual ordering. High CT orderers were rarely aware that
they ordered more than their colleagues. Higher rates of
ordering were observed among physicians who reported
increased concern with 1) risk of missing a diagnosis,
2) medico-legal risk, 3) risk of contrast, 4) patient wishes,
and 5) what colleagues would do.

RÉSUMÉ
Objectifs : Il y a lieu de se préoccuper des différences
d’utilisation que font les médecins de la tomodensitométrie
(TDM) en raison des risques du rayonnement ionisant, du
coût et des effets en aval des examens inutiles. L’étude avait
pour objectifs de décrire les différences de taux de demande
de TDM chez les urgentologues, de mesurer la corrélation
entre les taux perçus et les taux réels de demande de TDM,
d’évaluer les attitudes qui inﬂuent sur les décisions de
demander des examens par imagerie et de cerner les
attitudes des urgentologues associées à une utilisation accrue
de la TDM.
Méthode : Il s’agit d’un examen rétrospectif de données
d’imagerie médicale et de données administratives sur la
facturation, relevées dans deux services des urgences d’un
hôpital universitaire de soins tertiaires pour adultes. L’étude
comprenait également une enquête transversale menée
parmi les urgentologues de cet hôpital. Les médecins
devaient répondre à des questions portant sur la perception
de leur propre comportement à l’égard des demandes de cet
examen, et indiquer les facteurs qui inﬂuaient sur leur
décision de demander une TDM. De notre côté, nous avons
établi des corrélations entre les taux perçus et les taux réels
de demande de TDM. Par ailleurs, nous avons rajusté les taux
de demande pour tenir compte de la répartition des postes à
l’aide d’un modèle de régression logistique et nous avons
repéré les médecins jugés « aberrants », c’est-à-dire ceux qui
avaient des taux de demande signiﬁcativement plus bas ou
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plus hauts que le taux prévu. Enﬁn, nous avons eu recours à
une analyse de régression multivariée pour déterminer les
réponses dans l’enquête qui se révéleraient des facteurs
prévisionnels d’une forte utilisation de la TDM.
Résultats : Durant la période à l’étude, 59 urgentologues ont
examiné 45 854 patients et ont demandé 6609 TDM, soit un
taux moyen de demande de 14,4 % (écart type [σ] = 4,3 %). Le
taux de demande par médecin variait de 5,9 % à 25,9 %. Sur
les 59 urgentologues, 13 se sont révélés « aberrants » par leur
faible taux de demande de TDM, et 12, par leur taux élevé de
demande. Quarante-cinq urgentologues (76,3 %) ont participé
à l’enquête. Le taux moyen perçu de demande était de 12,6 %
et il était en faible corrélation avec le taux réel (r = 0,19;
p = 0,21). Quarante-deux urgentologues (93,3 %) croyaient que
leur taux de demande de TDM était comparable ou inférieur à
celui de leurs collègues. Sur les 17 urgentologues qui se sont
classés dans les deux quintiles supérieurs, 3 (18 %) seulement
savaient qu’ils demandaient plus de TDM que les autres.
D’après l’analyse multivariée, le taux élevé de demande était
associé à une réaction accrue aux facteurs prévisionnels
suivants : risque médicolégal (risque relatif [RR] = 1,18; IC à

95 % : 1,03–1,21), risque lié aux substances de contraste
(RR = 1,14; IC à 95 % : 1,07–1,22), décision présumée des
collègues (RR = 1,09; IC à 95 % : 0,99–1,19), risque de diagnostic
passé inaperçu (RR = 1,08; IC à 95 % : 0,98–1,21) et demande
des patients (RR = 1,07; IC à 95 % : 0,97–1,17).
Conclusions : Le taux de demandes de TDM varie grandement
entre les urgentologues. Le taux autodéclaré de demande de
TDM par les médecins est en faible corrélation avec le
taux de réel de demande. Ceux qui se sont classés dans les
quintiles supérieurs étaient rarement conscients du fait
qu’ils demandaient cet examen plus souvent que leurs
collègues. Enﬁn, des taux élevés de demande ont été
observés parmi les médecins qui se montraient sensibles
aux facteurs suivants : 1) risque de diagnostic passé inaperçu;
2) risque médico-légal; 3) risque lié aux substances de
contraste; 4) demande des patients; 5) décision présumée
des collègues.

INTRODUCTION

CT-ordering rates, to assess attitudes that might
inﬂuence a decision to order an imaging test, and to
identify which of these attitudes are associated with
higher CT utilization.

Utilization of computed tomography (CT) scans in the
emergency department (ED) has increased by more
than 300% over the last two decades.1 Studies have
demonstrated that emergency physicians (EPs) vary
in their test-ordering behaviour.2-7 Inter-physician
variation in the ordering of any test may introduce
unnecessary costs8 or subject a patient to the risks
of over-diagnosis, under-diagnosis, false positives, or
further unnecessary testing.9-11 Variation in the use of
CT scans is of special signiﬁcance because CT scans
expose patients to ionizing radiation at doses that likely
increase a patient’s lifetime risk of cancer.12-17 This
practice variation may imply that some patients are
being exposed to radiation unnecessarily.
Inter-physician variation has signiﬁcant cost implications. Within a given department, test ordering may vary
by two- to threefold, with corresponding variation in
length of stay, admission rate, and downstream testing.3,4
While studies have demonstrated variation in CT
ordering among EPs, these studies have not determined
whether individual physicians are aware of their
utilization rates.3-7
Proposed drivers of physician variation include
fear of malpractice and physician risk tolerance.18-24
However, physician variation is not completely
understood.23,25 The objectives of this study were to
describe variation in CT-ordering rates among EPs, to
measure the correlation between perceived and actual
276
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METHODS

Study design
This study included a retrospective review of imaging
and administrative billing records at two ED sites of a
tertiary-care adult teaching hospital (Ottawa, Ontario),
and a cross-sectional survey of EPs at this hospital. We
obtained approval from The Ottawa Hospital Research
Ethics Board.
Study setting and population
The Ottawa Hospital includes two urban EDs with a
combined 140,000 annual patient visits and is a referral
centre for the region of Eastern Ontario. One site is the
regional trauma and stroke centre; the other site is the
regional oncology centre. The hospital is the principal
teaching site for an emergency medicine residency.
Medical students and junior residents from other
specialties rotate through the ED. The study population included all patients attending the ED during the
study period, as well as all the EPs employed at this
institution during that time.
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Study protocol

Data analysis

Departmental billing records were used to determine
the number of patients seen per EP for the months
of January, March, June, and September of 2012.
These months were selected due to the availability of
detailed billing data. An imaging database, the Picture
Archiving and Communication System (PACS), was
employed to determine the number of CTs ordered by
each EP. To order a CT, EPs or residents completed
paper requisitions that were scanned into PACS.
We searched PACS by ordering physician and then
read the scanned requisition to minimize errors in
order attribution. If no attending physician was listed
on the requisition, the CT was excluded from our
analysis.
Although most residents at our institution discuss CT
ordering decisions with attending EPs, senior emergency medicine residents in their 3rd, 4th, or 5th year
might not. CTs ordered after 11:00 pm were often
delayed until morning, but were still attributed to the
original ordering physician.
We deﬁned a single CT study by the scan protocol at
our institution. For instance, a CT of the abdomen and
pelvis was considered a single study. If a patient had
more than one CT ordered with different protocols
(e.g., CT head and CT pulmonary angiogram), we
counted both CTs.
We did not review the ED charts or collect patient
data (e.g., ESI/CTAS score, patient age, diagnosis).
The survey was conducted in three stages. First,
study authors chose, by consensus, factors that might
plausibly inﬂuence a physician’s decision to order a CT.
Second, the survey was pilot-tested with senior emergency medicine residents to ensure comprehensibility,
and to obtain feedback on redundant questions, which
we eliminated. Third, the paper survey was delivered to
the hospital mailbox of all EPs at The Ottawa Hospital
in June 2013. The survey had 21 questions and took
about 5 minutes to complete. Two reminder emails, to
encourage completion, were sent monthly after initial
survey distribution. Physicians who completed the
survey were entered in a draw for a $50 gift certiﬁcate.
The ﬁnal survey included: 1) demographic data; 2) 10
self-reported factors that inﬂuence physicians’ ordering
practices rated on a 4-point Likert-type scale; 3) ﬁve
beliefs on CT utilization rated on a 5-point Likert-type
scale; and 4) an estimate of the perceived rate of
self-ordering.

Ordering rates were calculated for each physician and
expressed as a cumulative percentage over the study
period. The average across physicians was calculated as
an unweighted mean. The ED duty schedule at The
Ottawa Hospital includes four different shift types:
urgent (ambulatory care); observation (stretchers
without cardiac monitors); resuscitation (trauma,
resuscitation, and cardiac monitoring); and night (entire
department). We adjusted each physician’s ordering
rate to account for differences in shift distribution, and
to identify the “outlier” status of physicians, using the
approach described by DeLong et al.26 We constructed
a random-effects logistic regression model in which
shift type was a ﬁxed covariate, and physicians were
considered random effects, using SAS software (v. 9.1).
The physician random effects were estimated as best
linear unbiased predictors, which are shrunken
estimates, closer to the mean CT-ordering rate, and are
more robust against small sample sizes. The randomeffects estimates obtained from the logistical regression
model were expressed as observed versus expected
ratios of CT-ordering rate, with their 95% conﬁdence
intervals, for each physician. Physicians whose
conﬁdence intervals did not include 1 were considered
outliers.
The correlation between perceived and actual
CT-ordering rates was calculated using Pearson’s correlation coefﬁcient, as well as using mean difference
with a 95% conﬁdence interval (CI). Physicians were
categorized into quintiles based on their actual ordering
rates and compared to the perceived rates based on
survey responses.
We used multivariable regression to identify important independent predictors of higher CT utilization.27
Physicians who had seen fewer than 300 patients during
the study period were excluded from the multivariable
model. Potential predictors of higher CT utilization
were ﬁrst assessed using bivariate tests of association; in
particular, demographic characteristics (physician sex,
categorized age) were assessed using chi-squared tests.
Ten survey factors measured on a Likert-type scale
were analyzed as ordinal variables, in which 0 = not
inﬂuential and 3 = heavily inﬂuential, and assessed
using chi-squared tests/Cochran–Armitage trend tests.
Shift type was analyzed as a categorical variable and
assessed using chi-squared tests. Multicollinearity
among candidate predictor variables was assessed using
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a variance-clustering algorithm,28 and variables
involved in near-linear dependencies were excluded
from consideration. Variables signiﬁcantly associated
(p < 0.05) with CT utilization were considered for entry
into a multivariable generalized linear regression model
using the log-link function and Poisson distribution.
The CT-ordering rate for each shift type was entered
as the dependent variable, and the natural log of the
number of patients seen was speciﬁed as an offset term.
We accounted for over-dispersion by using a Pearson
scale parameter. Stepwise backward elimination with an
alpha level for staying in the model set at 0.2 was used
to determine independent predictors of CT utilization.
Regression coefﬁcients were estimated as relative risks
with CIs. All analyses were completed using Statistical
Analysis Software (v. 9.3; SAS Institute, Cary, NC).
RESULTS

Physician characteristics
CT ordering data were available for 59 physicians, of
whom 45 (76%) completed the survey. Another six
physicians completed the survey, but CT ordering data
were unavailable for them (due to recent entry to
practice or leave from clinical duties). Demographic
data were therefore available for 51 EPs, which are
summarized in Table 1.

Table 1. Characteristics of physicians included in the study
(n = 51)
Characteristics
Gender, male
Age
20–30
31–40
41–50
≥51
Residency program
FRCP (C)
CCFP (EM)
Neither
Residency training
Ottawa
Rest of Canada
Outside of Canada

n (%)
34 (66.7)
2
19
20
10

(3.9)
(37.3)
(39.2)
(19.6)

21 (41.2)
25 (49.0)
5 (9.8)
22 (44.9)
22 (44.9)
5 (10.2)

CCFP (EM) = Canadian College of Family Physicians–Emergency Medicine certiﬁcate
(three-year training program); FRCPC = Fellow of the Royal College of Physicians of
Canada (ﬁve-year training program).
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Chart review ﬁndings and actual ordering rates
Unadjusted CT-ordering rates are displayed
in Figure 1. During the study period, 59 EPs saw 45,854
patients and ordered 6,609 CTs—an ordering rate of
14.4% (standard deviation (SD) = 4.3%). The average
numbers of patients and CTs per physician were 777
and 112, respectively. The ordering rate for individual
physicians ranged from 5.9 to 25.9%. There were 11
physicians whose CT-ordering rate was >1 SD
(or 3 physicians whose CT-ordering rate was >2 SD)
above the mean.
The ratios of observed to expected CT-ordering
rates, adjusted for shift type, are presented in Figure 2,
with their CIs. MDs are numbered in the same order
as in Figure 1. In this analysis, 13 physicians were
low-ordering outliers, and 12 physicians were highordering outliers. Three physicians whose unadjusted
rate was in the lowest quintile and two physicians whose
unadjusted rate was in the highest quintile were not
outliers in this analysis. This likely reﬂects uneven shift
allotment within the department. Seven physicians who
saw fewer than 300 patients during the study period
were excluded from the multivariable model, but none
were outliers.
Survey ﬁndings
CT data were available for 59 of 65 EPs. Of those, 45
completed the survey, for an overall survey response
rate of 76.3%. The mean perceived ordering rate was
12.6% (SD = 7.1). As anticipated, the perceived
ordering rate was weakly correlated with actual
ordering for individual physicians (r = 0.19, CI: –0.11
to 0.46, p = 0.21) (Figure 3).
The distributions of physicians, categorized into
quintiles of perceived and actual CT ordering, are
depicted in Figure 4.
Only 29% of EPs were able to predict their ordering
behaviour to the correct quintile.
From 45 EPs, 42 responders (93.3%) believed they
ordered “about the same” or “fewer” CTs than their
peers. Of the 17 EPs in the two highest-ordering
quintiles, only 3 (18%) knew they were high CT
utilizers (Figure 4).
The self-reported factors that inﬂuenced physicians’
decisions to order CTs are presented in Figure 5.
Emergency physicians’ views on CT ordering are
presented in Figure 6. A total of 15 (29%) of
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Figure 1. Variation in CT-ordering rates among emergency physicians.

Figure 4. Perceived versus actual ordering rates, by
quintile, from lowest (Q1) to highest (Q5).

Figure 2. Standardized CT-ordering rate with 95%
conﬁdence limits.

respondents disagreed that they should order fewer
CTs, but only 5 (10%) disagreed with the statement
that colleagues should order fewer CTs. A total of
9 (18%) agreed that they should order fewer CTs,
whereas 17 (33%) agreed that colleagues should order
fewer CTs. The majority of physicians agreed that CT
increases the risk of cancer (90%) and that EPs order
more CTs than they used to (96%).
Multivariable regression analysis

Figure 3. Scatter plot of actual versus perceived CTordering rates.

The following variables were not signiﬁcantly associated with CT-ordering rates using bivariate tests of
association: physician gender (p = 0.42), age (p = 0.19),
residency program (p = 0.20), and residency location
(p = 0.69). These variables were therefore excluded
from the multivariable model. Moreover, the Likerttype scale responses to “lifetime number of CTs a
patient already had” and “risk of radiation” were collinear, as were “ED ﬂow” and “medico-legal risk.” We
therefore excluded “lifetime number of CTs a patient
CJEM  JCMU
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Figure 5. Self-reported factors that inﬂuence physicians’ decision to order CT.

Figure 6. Physicians’ views on CT ordering.

already had” and “ED ﬂow” from consideration in the
multivariable model. Higher Likert-type scale responses to the following predictors were associated with
higher ordering rates: medico-legal risk (RR = 1.18,
CI: 1.03–1.21); risk of contrast (RR = 1.14, CI:
1.07–1.22); what colleagues would do (RR = 1.09, CI:
0.99–1.19); risk of missing a diagnosis (RR = 1.08,
CI: 0.98–1.21); and patient wishes (RR = 1.07, CI:
0.97–1.17).
DISCUSSION

We demonstrate important variation in CT-ordering
rates and that a subset of physicians order far more CT
scans than their colleagues. This is consistent with the
existing literature.4,6,29
This study also examined physicians’ self-awareness
of their test-ordering behaviour. To our knowledge,
280
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this is the ﬁrst ED-based study to address this question.
When physicians were asked to estimate their absolute
rate of CT ordering (as a percentage), we found only a
weak correlation with their actual rate of ordering. This
suggests that physicians have a poor awareness of their
personal ordering rate.
Although physicians might not be able to estimate
their absolute ordering rate, we considered that they
might know how they compare to peers. When asked to
rank their ordering rate compared to colleagues, the
majority of physicians believed that their practice was in
the middle quintile. Only 3 of 45 physicians believed
they fell in the upper two quintiles.
Despite this apparent lack of self-awareness, physicians were aware of the risks of radiation. Nonetheless,
only 18% felt that they should order fewer CT scans. In
comparison, 33% of physicians felt that their colleagues
should order fewer CT scans. These data suggest that
few physicians in this study recognized over-utilization
in their own practice, but rather attributed it to others.
Physicians clearly believe that the tests they order are
appropriate. We were unable to assess the appropriateness of the CT scans ordered in the study, as we
did not collect clinical information on the patients.
Previous studies, however, suggest that positive ﬁndings
are no more common in high-ordering centres,3,30 so
that some CT scans are likely inappropriate.
The problem of variation in physician practice
remains vexing. Numerous studies and several reviews
have evaluated strategies to improve physician testordering behaviour.31,32 Approaches to modifying
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physician behaviour include the use of clinical practice
guidelines, academic detailing, audit and feedback,
pay-for-performance, and computer-based decision
support, but no strategy has demonstrated consistent
success in all settings.33 Our ﬁndings suggest that the
highest CT orderers did not realize that they ordered
more than their colleagues. Although peer comparisons
have not been shown to be useful for changing
practice34 in other ways, high-ordering physicians
might be more willing to reduce the use of CT, as it has
the potential to directly harm patients.
EDs should also consider their aggregate utilization
compared to comparator hospitals. Although different
hospitals serve different populations, it is unlikely that
patient factors can account for all institutional
variability,3,5,7,8,30 and there is room for entire departments to change their practice.
In the absence of clear evidence-based approaches to
the evaluation of many chief complaints, some interphysician variation in practice is to be expected. This
study, however, demonstrates that measuring raw
ordering rates alone may not be sufﬁcient to identify
outlier physicians, as some EPs in our cohort with
apparently high or low ordering rates were not outliers
once we adjusted for shift distribution. Adjusting for
individual patient factors might also be considered, but
this was beyond the scope of our study. Nonetheless,
our study, like others, suggests that there is a subset of
high-ordering physicians who might beneﬁt from
measures to reduce utilization. There is also a subset of
low-ordering physicians. There is some evidence to
suggest that low orderers do not miss important
diagnoses,30 but more research is necessary.
We attempted to ﬁnd predictors of high CT ordering
using muiltivariate regression analysis. We did not ﬁnd
that physician age, sex, and training program were
associated with higher CT ordering. However, some
responses on our survey of physician attitudes predicted
higher rates of CT ordering. In our reduced multivariate model, higher CT ordering was predicted by
a stronger response to questions rating concern for
medical-legal risk, risk of contrast, what colleagues
would do, patient wishes, or risk of missing a diagnosis.
These ﬁndings are not all intuitive. In Canada, medicolegal risk is comparatively low compared to that in the
United States,35 but medico-legal concerns were still
our strongest predictor of increased imaging. Concern
regarding risk of contrast should predict decreased CT
ordering, but, paradoxically, we found the opposite.

Factors that have previously been shown to be
associated with test utilization include the patient’s
geographic location,3,5,8,30,36 race,37,38 insurance
status,36 and physician involvement in guideline development.39 Physician risk tolerance and fear of
malpractice have also been associated with differences
in test utilization.18,19,22-24 A study of internal medicine
physicians25 found that variation in practice style
accounted for a 40% variation in hospital charges.
There is unlikely to be a single solution to the
problem of physician variation in test utilization.31 This
study demonstrates that physicians have poor awareness
of how their test ordering compares to that of their
colleagues. We argue that it is unlikely that physicians
with high levels of utilization will be willing to change
test-ordering behaviour without feedback. Improved
physician self-awareness could be part of the solution.
LIMITATIONS

This study is limited by data collection from two EDs
within a single Canadian university system. Our results
may not be generalizable to other hospitals or other
countries. Although we collected data on over 6,500
CTs, the average number of CTs per physician
was 112.
Some CTs might have been ordered by residents
without prior approval by their attending physicians.
Nevertheless, we believe that the effect on CT-ordering
rate would have been small. Most CT-ordering decisions are discussed with attending physicians. Given
the size of our department and residency program,
attending physicians work with senior residents on a
minority of shifts. Residents are not preferentially
assigned to any physician, so the effect of senior
resident ordering should be evenly distributed.
The survey included responses from only 45 physicians; a larger number of physicians might have
produced a stronger multivariate model. Physicians
who did not respond to the survey might have held
different attitudes toward CT ordering from those
who responded, and this could have affected the results
of our multivariable regression. In our model, risk of
contrast was associated with higher, not lower, ordering
rates. This may represent a limitation of the model, as
risk of contrast should be a deterrent to CT ordering.
Finally, the factors that physicians rated on our
survey instrument were chosen by consensus among the
investigators. It is possible that other factors we did not
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measure would be more predictive. It is also possible
that physician self-report of the importance of a factor
is an inaccurate representation of their behaviour.
CONCLUSIONS

There is large variation in CT ordering among EPs—in
our centre, we measured a fourfold variation between
the lowest and highest utilizers. Physicians’ self-reported
ordering rates correlate poorly with actual ordering.
Only a small proportion of high CT orderers were aware
that they ordered more than their colleagues. Higher
rates of ordering were observed among physicians who
reported increased concern with: 1) risk of missing a
diagnosis, 2) medico-legal risk, 3) risk of contrast,
4) patient wishes, and 5) what colleagues would do.
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