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Who explicitly requests the ordering of computed tomography
for emergency department patients? A multicenter
prospective study
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Abstract Emergency department (ED) computed tomogra-
phy (CT) use has increased substantially in recent years,
resulting in increased radiation exposure for patients. Few
studies have assessed which parties contribute to CT ordering
in the ED. The objective of this study was to determine the
proportion of CT scans ordered due to explicit requests by
various stakeholders in ED patient care. This is a prospective,
observational study performed at three university hospital
EDs. CT scans ordered during research assistant hours were
eligible for inclusion. Attending emergency physicians (EPs)
completed standardized data forms to indicate all parties who
had explicitly requested that a specific CT be performed.
Forms were completed before the CT results were known in
order to minimize bias. Data were obtained from 77 EPs re-
garding 944 CTs. The parties most frequently requesting CTs

were attending EPs (82.0 %, 95 % CI 79.4–84.3), resident
physicians (28.6 %, 95 % CI 25.8–31.6), consulting physi-
cians (24.4 %, 95 % CI 21.7–27.2), and admitting physicians
(3.9 %, 95 % CI 2.9–5.4). In the 168 instances in which the
attending EP did not explicitly request the CT, requests most
commonly came from consulting physicians (51.2 %, 95%CI
43.7–58.6), resident physicians in the ED (39.9 %, 95 % CI
32.8–47.4), and admitting physicians (8.9 %, 95 % CI 5.5–
14.2). EPs were the sole party requesting CT in 46.2 % of
cases while multiple parties were involved in 39.0 %.
Patients, families, and radiologists were uncommon sources
of such requests. Emergency physicians requested the major-
ity of CTs, though nearly 20 % were actually not desired by
them. Admitting, consulting, and resident physicians in the
ED were important contributors to CT utilization.
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Introduction

Utilization of computed tomography (CT) in the emergency
department (ED) has increased substantially due to its diag-
nostic accuracy, accessibility, ease and speed of use, as well as
physician concerns of malpractice [1–5]. A number of studies
report that CT utilization in the ED has increased approxi-
mately 300–600 % in the last 15 years [1–5]. That statistic is
further reflected in the National Hospital AmbulatoryMedical
Care database, which reported that 2.8 % of patients seen in
the ED underwent CT scanning in 1995 as compared to
16.4 % of patients in 2010 and 15.8 % in 2011 [3, 6].
Though of significant diagnostic value, CT scanning results
in exposure to ionizing radiation and is implicated in up to 2%
of US cancers [7, 8]. CT is also associated with increased ED
length of stay [9], risk of contrast-induced nephropathy [10],
incidental findings that may result in more diagnostic testing
or interventions [11], and increased cost to patients and na-
tional health expenditures [12].

Emergency departments function as diagnostic arenas in
which numerous stakeholders including consulting and admit-
ting physicians, referring providers, patients, and patients’
families can exert considerable pressure on emergency physi-
cians (EPs) tomake rapid diagnoses and expedite dispositions,
potentially influencing CT ordering behavior. While the lay
press may be quick to point to EPs as the driving force behind
the increasing number of CT scans ordered in the ED [9], few
studies have actually examined the impact of other stake-
holders on this behavior. For instance, patients feel greater
confidence in their evaluation when it includes CT [10], lead-
ing some to hypothesize that patients and their families may
be a significant factor in this imaging trend. This is likely
compounded by the increased interest in shared decision-
making in healthcare [11].

Moreover, other factors beyond patient requests could po-
tentially play a role in the CT ordering behaviors of EPs. For
example, one study found that 89 % of EPs sometimes order
CT scans only because of a consultant request while 92 %
sometimes ordered CT scans simply to appease patients or
their family [5]. Another report specifically evaluating CT
decision-making in trauma found that 7 % of CTs ordered
on trauma patients in the ED were not desired by either the
EP or the trauma surgeon [12, 13]. Thus, though there are
some preliminary data to help understand the reasons for CT
ordering behavior in the ED, it is unclear how many parties
may be explicitly requesting that CTs be performed in the ED
setting. This is problematic because interventions such as ed-
ucation and incentives for compliance with evidence-based

practice cannot be appropriately directed without this
information.

Therefore, the primary objective of this study was to deter-
mine which parties explicitly request that CTs be ordered on
patients seen in the ED. Based on previous work, we hypoth-
esized that EPs would report that 28 % of CT scans were not
desired by them, but rather attribute these to other parties [12].
Although previous studies have examined CT order attribu-
tion in the setting of trauma [12] or through surveys of general
CTordering behaviors [11], we sought to prospectively inves-
tigate attribution at the level of individual CTs, as reported by
the attending EP.

Methods

Study design

This was a prospective, multicenter, observational study in a
convenience sample of patients seen in the EDwho had one or
more CTs ordered during their visit. Attending EPs completed
standardized data forms in which they attributed CT order
requests to specific parties. Institutional review board approv-
al was obtained at all three clinical sites, and the study was
registered with ClinicalTrials.gov (NCT02040896).

Study setting

The study was conducted at three large, tertiary care university
EDs located in urban centers of the South andMidwest United
States with a combined annual census of greater than 200,000
patient visits. All three have level 1 trauma center designation.
Due to differing timing of regulatory approvals at each site,
the dates of study enrollment varied by site and are listed in
Table 1.

Selection of participants

In this study, there were two participant populations: ED pa-
tients who underwent CT imaging and the attending physi-
cians who were responsible for the CT order. Patients were
eligible for enrollment during study hours if they underwent
one or more CT scans during their ED visit. There was no
intervention at the patient level, only gathering information
regarding their CT scan and ED visit. Physician participants
were eligible for enrollment if they acted as attending physi-
cians in one of the three EDs involved in this study. Their CT
ordering behavior was the topic of interest for this study.

Beyond this basic study scheme, there were a few site-
specific eligibility criteria. At site 2, patients cared for by the
trauma team were excluded, although patients not meeting
trauma team activation criteria could be enrolled. At site 1,
patient participants were required to provide written informed
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consent, while the other sites did not have this requirement
due to using only de-identified patient data. Additionally, site
2 serves only an adult population and, therefore, did not in-
clude pediatric subjects.

Methods of measurement

Each site used a unique standardized REDCap (Research
Electronic Data Capture) form for data collection [14].
These forms were initially piloted and revised based on re-
spondent feedback regarding integrity of data acquisition,
question clarity, and ease of use. The forms’ questions aimed
to identify which parties explicitly requested that the scan be
performed, as reported by the attending emergency physician.
We defined Bexplicit requests^ as when a party specifically
asked in written or verbal form for the CT to be done.
Additionally, if the attending EP reported that he/she desired
the CT to be done, this was counted as an explicit request. If
not communicated as described here, requests were consid-
ered to be implicit or anticipated and, therefore, were not in-
cluded in this analysis. When a patient underwent CT of mul-
tiple body regions at the same ED visit, data on the explicit
requests for each body regionwere individually obtained (e.g.,
Btrauma pan-scans^ were divided into individual body re-
gions). As previously mentioned, there is evidence that por-
tions of the pan-scan, which typically images the head, spine,
chest, abdomen, and pelvis, would be desired by EPs, though
other portions of the scan would not.

EPs were required to complete data forms prior to knowl-
edge of CT scan results. This was because knowledge of CT
results was felt to potentially influence the EPs’ attribution of
the scan (e.g., EPs might be more likely to attribute a normal
CT to others or to claim attribution for abnormal CTs).

Sample size calculation

As mentioned previously, roughly 25 % of CT scans ordered
in one study were deemed unnecessary by EPs. In order to
show that this same proportion held for our study population
within a 95 % confidence interval with 3 % precision on each
tail of the estimate, 801 patients were needed.

Data analysis

Descriptive statistics are used to report the proportion of CT
scans explicitly requested by each party, calculated as point
estimates with 95% confidence intervals assuming a binomial
distribution. Data were exported to Microsoft Excel Version
14 for analysis.

Results

Characteristics of study subjects

During the study period, 77 EPs completed data forms detail-
ing the CT ordering requests for 944 CTs. Table 1 depicts
study site characteristics including the enrollment periods at
each site and information concerning physicians completing
the data forms. The mean patient age at site 1 was 52 years
(SD 21 years) with 46.8% of enrollees being male while site 3
had a mean patient age of 52.5 years (SD 20.2 years) and 39%
males. Further patient demographics are described by site in
Table 2.

Main results

CT ordering requests were most frequently attributed to at-
tending EPs (82.0 %, 95 % CI 79.4–84.3), resident physicians
in the ED (multiple specialties) (28.6 %, 95 % CI 25.8–31.6),
consulting physicians (24.4 %, 95 % CI 21.7–27.2), and ad-
mitting physicians (3.9 %, 95 % CI 2.9–5.4). EPs were the
only party to explicitly request CT in 46.2 % (95 % CI 43.0–
49.4) of cases. Multiple parties explicitly requested 39.0 %
(95 % CI 35.9–42.1) of CTs. Other parties, including patients,
families, allied health professionals, and radiologists, were
uncommon sources of these requests (Table 3).

In the 168 instances (17.8 %, 95 % CI 15.5–20.4) in which
the EP did not report that the CT was necessary, the most
common explicit requests came from consulting physicians
(51.2 %, 95 % CI 43.7–58.6), resident physicians in the ED
(multiple specialties) (39.9 %, 95 % CI 32.8–47.4), and ad-
mitting physicians (8.9 %, 95 % CI 5.5–14.2) (Table 4). Other
health care providers, including radiologists (3 %, 95 % CI

Table 1 Site and physician characteristics

Site 1 Site 2 Site 3

Enrollment dates 3/2014–5/2014 6/2014–7/2014 10/2014–1/2015

Enrollment times Mon–Fri, 8 am–5 pm Mon–Fri, 10 am–5 pm Mon/Tues/Wed, 11 am–7:30 pm
Thurs/Fri, 8:30 am–5 pm

Number of physicians completing data forms 28 23 26

Median number of data forms completed by each physician 13 (IQR 6.8–19.5) 3 (IQR 1.5–8.5) 11 (IQR 3–19.5)

Mean number of surveys completed by each physician 14.6 (SD 9.4) 5 (SD 4.6) 16 (SD 15.8)
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1.3–6.8 %), primary care physicians (1.8 %, 95 % CI 0.6–
5.1 %), and triage physicians (1.25 %, 95 % CI 0.3–4.2 %),
infrequently requested CTs. Similarly, patients (3 %, 95 % CI
1.3–6.8 %) and patient family/friend (0.6 %, 95 % CI 0.1–
3.3%) did not frequently request CT imaging to be performed.

Discussion

The ED is a diagnostic arena where multiple parties, including
EPs, residents, admitting and consulting physicians, radiolo-
gists, advanced practice providers, nurses, patients, and pa-
tients’ families and friends, may play a role in the decision
to order a CT. These stakeholders can influence decisions
through various means of communication, which we have
dichotomized as either explicit or not for the purposes of this

study. In our analysis of these prospectively gathered data,
EPs were the most common source of all explicit requests,
though 18 % of scans were undesired by EPs. Conversely,
for 46 % of CTs, the EP was the only party who explicitly
requested the scan. This is not to say that CT scans desired by
EPs were indicated while those not desired were not indicated,
but rather documents the proportion of scans directly attribut-
able to key stakeholders in the care of ED patients.

Previous studies have examined the involvement of non-
EPs in the decision to order a CTscan, though in more indirect
ways or in more limited populations. In one survey study of
CT ordering behaviors, 89 % of EPs reported that they some-
times ordered CT scans that they did not consider clinically
indicated because of requests from a consulting physician [5].
Another recent survey found that 85 % of EPs felt that too
many advanced diagnostic tests (CT and MRI) were being

Table 2 Characteristics of patients included

Site 1 Site 2 Site 3

Unique patients 359 117 259

Unique CTs 409 119 416

Patient age range in years <1–97 Not recorded <1–97

Patient mean age ± SD in years 52± 21 Not recorded 52.5 ± 20.2

Patient median (IQR) age in years 54 (37–69) Not recorded 52 (39.5–67)

Number of males, % (95 % CI) 168 46.8 % (41.7–52 %) Not recorded 101 39 % (33.1–45.3 %)

The number of unique CTs exceeds that of unique patients because some patients had multiple CTs performed during their ED visit

Table 3 Explicit requests for CTs. Data are presented by site and combined

Site 1 Site 2 Site 3 Total

Who explicitly requested: Number % (95 % CI) Number % (95 % CI) Number % (95 % CI) Number % (95 % CI)

Emergency physician 323 79 (74.8–82.6) 102 85.7 (78.3–90.9) 349 83.9 (80.1–87.1) 774 82 (79.4–84.3)

Only emergency physician 188 46 (41.2–50.8) 85 71.4 (62.7–78.8) 163 39.2 (34.6–44) 436 46.2 (43–49.4)

Resident physician in ED 128 31.3 (27–36) 14 11.8 (7.1–18.8) 128 30.8 (26.5–35.4) 270 28.6 (25.8–31.6)

Consulting physician 84 20.5 (16.9–24.7) 8 6.7 (3.4–12.7) 138 33.2 (28.8–37.8) 230 24.4 (21.7–27.2)

Admitting physician 7 1.7 (0.8–3.5) 2 1.7 (0.5–5.9) 28 6.7 (4.7–9.6) 37 3.9 (2.9–5.4)

Advanced practice provider 13 3.2 (1.9–5.4) 1 0.8 (0.2–4.6) 8 1.9 (1–3.7) 22 2.3 (1.5–3.5)

Patient 10 2.4 (1.3–4.4) 0 8 1.9 (1–3.7) 18 1.9 (1.2–3)

Primary care physician 5 1.2 (0.5–2.8) 5 4.2 (1.8–9.5) 4 1 (0.4–2.4) 14 1.5 (0.9–2.5)

Radiologist 9 2.2 (1.2–4.1) 2 1.7 (0.5–5.9) 3 0.7 (0.2–2.1) 14 1.5 (0.9–2.5)

Patient family/friend 6 1.5 (0.7–3.2) 0 5 1.2 (0.5–2.8) 11 1.2 (0.7–2.1)

Protocol driven 0 0 8 1.9 (1–3.7) 8 0.9 (0.4–1.7)

Triage physician 2 0.5 (0.1–1.8) N/A N/A N/A N/A 2 0.2 (0.1–0.8)

Other (free text triggered) 4 1 (0.4–2.5) 0 3 0.7 (0.2–2.1) 7 0.7 (0.4–1.5)

Not sure 1 0.2 (0–1.4) 0 0 1 0.1 (0–0.6)

No one 1 0.2 (0–1.4) 0 0 1 0.1 (0–0.6)

Multiple requests 145 35.5 (31–40.2) 17 14.3 (9.1–21.7) 206 49.5 (44.7–54.3) 368 39 (35.9–42.1)

Total CTs 409 119 416 944

a Percentages do not sum to 100 % because CT requests could occur from multiple parties
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ordered in their own EDs and 97 % responded that some
(mean 22 %) of the studies they personally ordered were not
needed [15].

The use of trauma Bpan-scans^ has been debated at length.
Proponents argue that comprehensive CT scanning ensures
that occult injuries are not missed while opponents contend
that the routine use of such scans is both costly and without
significant clinical benefit when compared with selective CT
scanning. One study of decision-making for Bpan-scans^
demonstrated that 35 % of CTs were undesired by at least
one physician, 28 % were desired by the trauma surgeon but
not by the EP, and 7 % were desired by neither the EP nor the
trauma surgeon [12]. In our study, only one of 944 CTs
(0.1 %) was specifically noted to be explicitly desired by
BNo One.^

The relatively high rate of ordering of CTs by resident phy-
sicians when EPs did not feel it was necessary deserves atten-
tion. Academicmedical centers may be at higher risk (compared
with non-teaching facilities) of CT overutilization due to the
presence of trainees. In these centers, consultants and admitting
physicians may also be trainees, potentially compounding this
problem. This use could be tempered by closer supervision by
faculty physicians. In the past, trainees were often allowed to
order diagnostic tests not considered essential by faculty as part
of a learning process. This may be inappropriate for tests with
the expense and potential harms of CT.

In all the CTs ordered, patients and their friends/families
were uncommon sources of explicit CT requests, accounting
for 1.9 and 1.2 % of all requests, respectively. In the subset of
CTs not desired by the EP, patients explicitly requested 3 % of
CTs and families/friends 0.6 %. In a previously published
survey, 92 % of EPs reported sometimes ordering CTs that

they felt were not clinically indicated to satisfy the patient’s
or patient’s family’s expectations [5]. Our finding does not
necessarily contradict this since we report only explicit re-
quests for CT, not anticipated or implied requests. In our study,
patients may not have felt it necessary to explicitly request CT
in cases in which the physician declared CT to be part of the
diagnostic plan, and EPs likely did not solicit the patient’s or
family’s opinion systematically. If patients and families rarely
request CT, improved patient education on the advantages and
disadvantages of advanced imaging modalities in the ED
might not substantially affect the number of CTs ordered.
On the other hand, if EPs begin to curtail their use of CT,
patients and families may increasingly voice previously latent
desires for CTs, requiring further patient education.

In a 2007 survey of patients undergoing outpatient CT, 44 %
of patients endorsed shared decision-making for CT use with
their physician, while only 6 % were aware of an increased risk
of cancer associated with CT [11]. A 2009 ED-based survey
found that patients are more confident with their medical assess-
ment when it includes CT imaging compared to history and
physical examination alone, but had poor understanding of can-
cer risks [10].Media attention to cancer risks since that timemay
shift the balance, and the influence of patients on CT ordering
decisions in the ED deserves continued attention.

Radiologists have been on the vanguard of recommendations
to curtail unnecessary CTexams to prevent radiation exposures,
particularly the Image Wisely [16] and Image Gently [17] cam-
paigns. However, it is not uncommon to have recommendations
for additional imaging after an index scan/image in the emer-
gency department. These are often recommended for follow-up
of abnormal, incidental findings on the index scan or further
delineation of potentially pathologic findings. Previous studies

Table 4 Explicit requests for CTs when the emergency physician did not explicitly request CT. This table depicts the percent of CT scans explicitly
requested by other parties when the emergency physician did not desire the scan

Site 1 Site 2 Site 3 Total

Who explicitly requested: Number % (95 % CI)a Number % (95 % CI)a Number % (95 % CI)a Number % (95 % CI)a

Consulting physician 41 47.7 (37.4–58.1) 6 40 (19.8–64.3) 39 58.2 (46.3–69.3) 86 51.2 (43.7–58.6)

Resident physician in ED 31 36.1 (26.7–46.6) 4 26.7 (10.9–52) 32 47.8 (36.3–59.5) 67 39.9 (32.8–47.4)

Admitting physician 5 5.8 (2.5–12.9) 1 6.7 (1.2–29.8) 9 13.4 (7.2–23.6) 15 8.9 (5.5–14.2)

Advanced practice provider 8 9.3 (4.8–17.3) 1 6.7 (1.2–29.8) 2 3 (0.8–10.3) 11 6.6 (3.7–11.4)

Patient 4 4.7 (1.8–11.4) 0 1 1.5 (0.3–8) 5 3 (1.3–6.8)

Radiologist 3 3.5 (1.2–9.8) 0 2 3 (0.8–10.3) 5 3 (1.3–6.8)

Primary care physician 0 2 13.3 (3.7–37.9) 1 1.5 (0.3–8) 3 1.8 (0.6–5.1)

Triage physician 2 2.3 (0.6–8.1) 0 0 2 1.2 (0.3–4.2)

Other (free text triggered) 1 1.2 (0.2–6.3) 0 1 1.5 (0.3–8) 2 1.2 (0.3–4.2)

Not sure 1 1.2 (0.2–6.3) 0 0 1 0.6 (0.1–3.3)

Patient family/friend 1 1.2 (0.2–6.3) 0 0 1 0.6 (0.1–3.3)

Total not requested by EP 86 21 (17.4–25.2) 15 12.6 (7.8–19.8) 67 16.1 (12.9–20) 168 17.8 (15.5–20.4)

a Percentages do not sum to 100 % because CT requests could occur from multiple parties
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show that radiologists recommend additional imaging following
6.5 % of plain radiography exams and 13.5 % of ultrasound
exams [18, 19]. Our study found that radiologists explicitly re-
quested only 1.5% of all EDCTs (3%of EDCTs not desired by
EPs). However, this lower prevalence of recommended follow-
up imaging may simply be due to most follow-up scans for
incidental findings (nodules, lymphadenopathy, etc.) being done
at a later point in time.

Our study found that multiple parties explicitly requested
39 % of all CTs. This shared input in diagnostic decisions
suggests that reducing CT utilization would require educating
and influencing multiple parties. Further research efforts could
seek to determine if having multiple explicit requests for CT is
a marker of more highly indicated CTs, though multiple re-
quests may simply reflect that more than one party may be
ignorant of the indications for CT.Moreover, parties may have
influenced each other’s desires for CT, as no party was blinded
to the ordering requests of others.

We identified several limitations in our study design and
data collection. First, our data are from a convenience sample
of patients undergoing CT during study hours, which may
have introduced selection bias. For example, a physician with
a biased belief about the overutilization of CT by other spe-
cialties might be more inclined to respond to the data form and
to attribute CT to other parties. However, we collected data
from 77 physicians, and no single physician’s responses
accounted for more than 5 % of all study data. Secondly,
limited study hours might have also led to selection bias since
patient populations and care practices may differ depending
on the time of the day. Thirdly, the study may have limited
external validity due to the use of the three academic medical
centers as recruitment sites representing the Midwest and
Southern populations. A broader geographic distribution and
inclusion of community sites would have been desirable and
may be a key improvement in further research endeavors.
Fourth, EPs engaged in the care of critically ill patients may
have been less likely to respond to the data form as a conse-
quence of patient care demands. Thus, critically ill patients
might be under-represented in this study; however, these pa-
tients are not the target of efforts to curb CT overutilization.
Fifth, there is likely information bias related to EPs not sys-
tematically or reliably ascertaining the wishes of other parties
regarding a CT being ordered, likely resulting in under-
reporting of explicit requests from these parties. For example,
patients and their friends/families may have explicitly asked
for a CT to be done had an EP not discussed a plan that already
included a CT. Additionally, consultants or admitting physi-
cians may have explicitly asked for a scan to be done had it not
been done already. Directly querying each party contributing
to the ordering of a CT scan would have more accurately
reflected those party’s wishes. However, doing so may have
led to over-reporting of explicit requests from parties who
otherwise would not have verbalized such a request.

Conclusion

Multiple parties explicitly request the ordering of CTscans for
emergency department patients. Though emergency physi-
cians requested the majority of CTs, almost 20 % were not
explicitly requested by them. Admitting and/or consulting
physicians and resident physicians in the emergency depart-
ment were important contributors to CT utilization. Efforts to
optimize utilizationmust include all stakeholders who contrib-
ute to CT ordering, not solely emergency physicians. To fur-
ther advance this field, future research should focus on non-
explicit forms of communication involved in CTordering, the
indications for CT orders, and the imaging results and clinical
outcomes of CTs desired and not desired by key stakeholders.
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