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A B S T R A C T

Objective: The purpose of this study was to evaluate the appropriateness of ultrasound (US) and computed tomography (CT) examinations ordered in the emer-
gency department (ED) for abdominal complaints.
Materials and Methods:We reviewed 154 CTs and 154 US orders for appropriateness using evidence-based recommendations by the American College of Radiol-
ogy. The sample was powered to show a prevalence of inappropriate orders of 25% with a margin of error of 7.5%. Findings in the final reports were compared to
the initial clinical diagnosis classified in 4 categories: normal, compatible with initial diagnosis, alternative diagnosis, and inconclusive. We also evaluated the
frequency in which a second imaging modality was ordered on the same visit.
Results: A total of 135 CT and 143 US examinations had complete clinical information to allow evaluation of order appropriateness. The rate of inappropriate
orders was 36.3% for CT and 84.4% for US. The final report of appropriate orders was significantly more likely to demonstrate findings compatible with the initial
diagnosis for both CT (76.7% vs 20.4%, P < 0.0001) and US (38.9% vs 14.4%, P = 0.0093). Inappropriately ordered CT scans were more likely to show no abnormali-
ties (46.9 vs 16.3%, P = 0.0001). An additional imaging order with a secondary modality was requested in 20% of the inappropriate US orders, and 8.2% of the
inappropriate CT orders.
Conclusion: The prevalence of inappropriate examinations in the ED was 36.3% for CT and 84.4% for US. Appropriately ordered exams were more likely to yield
imaging findings compatible with the initial diagnosis for both modalities.
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Introduction

Overutilization of imaging tests is defined as the performance of
imaging procedures where clinical circumstances indicate that they
are unlikely to improve patient outcomes.1 Over 85% of the emer-
gency physicians agree they request too many diagnostic tests.2

Abdominal complaints, which are often caused by gastrointestinal or
urological disease, are among the principal reasons for emergency
department (ED) visits.3-4,5 Imaging studies of the abdomen and pel-
vis, such as computed tomography (CT) and ultrasound (US), are
often ordered in the workup of abdominal complaints to assist in
diagnosis and managing potential etiologies.

Imaging exams orders in the ED may be considered inappropriate
for several reasons, such as not increasing the post-test probability of
a diagnosis, being chosen over a more appropriate first exam modal-
ity, or when it does not change the therapeutic management. Choos-
ing the wrong imaging modality can also be considered
inappropriate ordering. The American College of Radiology (ACR) has
developed and continually revised series of evidence-based guide-
lines called “ACR Appropriateness Criteria” to assist physicians in
making the most appropriate imaging decision in many clinical con-
texts.6 Despite the open availability of these guidelines and consid-
ered work in introducing them to nonradiology providers,
approximately 25% of all US and CT scans ordered in the ED are con-
sidered inappropriate orders.7

In light of the prevalence of abdominal complaints in the ED, the
purpose of this study was to evaluate the appropriateness of US and
CT scans ordered in the ED for this common complaint.
Methods

Population, Imaging Protocol, and Study Design

We retrospectively identified consecutive adult patients who had
undergone either US or CT imaging for abdominal complaints in the
ED of a nontrauma tertiary care urban hospital from January to March
2019. There is no formal imaging protocol for requesting CT and US
for patients presenting with abdominal complaints in our institution.
Ordering physicians are educated and encouraged to follow the
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TABLE 1
Study characteristics

CT (n = 135) US (n = 143) CT + US (n = 278)

Age (years) 51.4 § 17.5 45.7 § 16.6 48.4 § 17.2
Female (%) 77 (57.0) 85 (59.4) 162 (58.3)
Appropriate (%) 86 (63.7) 18 (12.6) 104 (37.4)
Inappropriate (%) 49 (36.3) 125 (84.4) 174 (62.6)
“Maybe appropriate” (%) 22 (16.3) 69 (48.3) 91 (32.7)
“Usually not appropriate” (%) 27 (20.0) 56 (39.2) 83 (29.9)

CT, computed tomography; US, ultrasound
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recommendations from the “ACR Appropriateness Criteria.” How-
ever, clinicians still preserve final discretion on ordering tests. No
decision-support software is used when ordering imaging studies.

Data on demographics, entry date, clinical indication for imaging
referral, the first choice of imaging modality, relevant findings, addi-
tional imaging requests were collected from the patient’s charts and
radiology reports. Patients with documented iodine allergy or esti-
mated glomerular filtration rate < 30 mL/m2 were not included in
the sample as the choice of test by the ordering physician could be
influenced by these factors. If a patient had undergone both imaging
modalities during the same visit, only the first entry was considered
for the main analysis. Ordering physicians from the ED were not
actively involved in the study. The collection of data for this study
was approved by the institutional review board.

Appropriateness of imaging order and outcomes

We primarily utilized the “ACR Appropriateness criteria” guide-
lines for assessing first ordered exam appropriateness.6 We defined
as appropriate imaging requests those classified by the ACR as “usu-
ally appropriate”�that is, those with a favorable risk-benefit ratio for
patients. For the basis of our analysis, imaging was considered inap-
propriate when classified by the ACR as “may be appropriate” (ie,
risk-benefit ratio is equivocal, or alternative modality in specific clini-
cal scenarios, such as pregnancy or children) or “usually not appro-
priate”��those with possibly unfavorable risk-benefit ratio for
patients.

Patients were classified into clinical variants (eg, suspected small-
bowel obstruction) and scenarios (eg, acute presentation vs indolent
presentation) according to the ACR appropriateness criteria topics
simultaneously by 2 independent radiologists based on the primary
assessment of the referring physician and available clinical informa-
tion at the time of imaging request. The reviewers were blinded to
the existing imaging report for classifying patients into the clinical
scenarios. Any disagreements were resolved by consensus. If any
patient with a specific clinical scenario could not be classified into
the available ACR guidelines (eg, gastroenteritis), the 2 radiologists
judged the request’s appropriateness independently, and disagree-
ments were solved by consensus.

Radiology reports were classified as “normal” when they did not
show any abnormal findings that relate to the clinical question by the
ordering physician. Positive reports were classified as “compatible
with the initial diagnosis,” “alternative diagnosis,” or “inconclusive”
in comparison to the primary clinical assessment leading to the imag-
ing referral. For instance, if a patient referred for CT due to suspected
appendicitis after the initial assessment had imaging findings of
appendicitis, it was considered “compatible with initial diagnosis.”
On the other hand, if the appendix was normal and the CT revealed
an obstructive stone in the right ureter, it would be classified as
“alternative diagnosis.” “Inconclusive” findings were defined as any
unspecific findings related to the clinical question, such as perirenal
fat stranding on CT for suspected pyelonephritis, ureteral dilation on
US for suspected urolithiasis, etc. Incidental findings not related to
the clinical scenario were considered within the “normal” reports.
Two independent radiologists performed the classification of the
radiology reports. Disagreements were solved by consensus. It was
also recorded if a patient had undergone a second imaging modality
during the same visit (eg, CT scan after an inconclusive US, or vice
versa).

Statistics

Sample size was calculated for an estimated proportion of inap-
propriate tests of 25% based on the results of previous studies.7,8

Using a margin of error of 0.075, a 95% confidence interval (95% CI),
and a 20% expected rate of subjects with incomplete clinical
information for the appropriateness of a test to be determined, the
final sample size required was 154 patients for each imaging modal-
ity. Continuous variables are expressed as mean § SD and compari-
sons were performed using two-sample, two-tailed Student’s t-test.
Categorical variables are reported as frequency (percentages) and
were compared with the Pearson's chi-squared test or Fisher exact
test when the value of any cell was equal to zero. A 2-tailed P-value
of less than 0.05 was considered significant. Subgroup comparison
tests regarding the verdict (normal, compatible, alternative, inconclu-
sive) of the final report were calculated using adjusted residuals and
Bonferroni correction to reduce the probability of a Type I error
(P < 0.0125 for significance).9 Statistical analysis was performed
using IBM SPSS v.23 (IBM Corp, Armonk, NY).

Results

A total of 154 CT and 154 US examinations performed for abdomi-
nal complaints in the ED were reviewed. Out of the 154 exams
reviewed, 19 CT scans and 11 US were excluded due to incomplete
clinical information to determine test’s clinical appropriateness.
Thus, 135 CTs and 143 US were included in the final revision for anal-
ysis (Table 1). Overall, only 37.4% of all examinations were considered
appropriate. The rate of inappropriate tests was 36.3% for CT scans
and 84.4% of US. Approximately half of all inappropriate exams
(55.1% for CT, and 44.8% for US) were classified under the ACR cate-
gory of “usually not appropriate.” The rate of inappropriate tests (CT
and US) were 66.6% for females and 47.8% for males, which yielded
no significant association between gender and appropriateness of
imaging tests (P = 0.10). There was a statistically significant difference
in the mean age between patients within the appropriate and inap-
propriate categories (mean age 51.3§ 16.0 years vs 46.8§ 17.8 years,
respectively; P = 0.03). There was only 1 pregnant patient in the sam-
ple.

The analysis of all CT orders is shown in Table 2. The most com-
mon reasons for CT orders were urolithiasis (n = 36, 26.7%), acute
abdominal pain (n = 18, 13.3%), pyelonephritis (n = 12, 8.9%), small
bowel obstruction (n = 11, 8.1%), diverticulitis (n = 11, 8.1%), and
appendicitis (n = 10, 7.4%). Gastroenteritis (n = 10, 7.4%) was the most
frequent diagnosis not contemplated by the ACR criteria leading to a
CT. Regarding the final report, appropriate orders were significantly
more likely to show imaging findings compatible with the initial clin-
ical diagnosis that lead to the imaging referral (76.7% vs 20.4%, P <

0.0001). Inappropriate CT scans were more likely to show no abnor-
malities (46.9 vs 16.3%, P = 0.0001), suggest an alternative diagnosis
(20.4% vs 4.6%, P = 0.0037), or be considered inconclusive (12.2 vs
2.3%, P = 0.0214) (Fig 1). There was no significant difference in the
rate of inappropriate exams between contrast-enhanced CT and
unenhanced CT (33.3% vs 41.2%, respectively; P = 0.358)

The analysis of the US orders is shown in Table 3. Only 18 (12.6%)
out of the 143 US requests were considered appropriate. The most
common reasons for US were urolithiasis (n = 29, 20.3%), acute
abdominal pain (n = 23, 16.1%), pyelonephritis (n = 15, 10.4%), biliary
disease (n = 9, 6.3%), diverticulitis (n = 6, 4.2%), and appendicitis (n = 3,
2.1%). Gastroenteritis (n = 26, 18.2%) and uncomplicated urinary tract



TABLE 2
Analysis of CT orders regarding appropriateness, diagnosis, and outcomes

Appropriate
(n = 86)

Inappropriate
(n = 49)

P-value

ACR diagnosis
Urolithiasis 30/36 6/36 -
Acute abdominal pain 17/18 1/18 -
Pyelonephritis 5/12 7/12 -
Small bowel obstruction 10/11 1/11 -
1Diverticulitis 6/11 5/11 -
Appendicitis 9/10 1/10 -
Biliary disease 0/4 4/4 -
Pancreatitis 0/4 4/4 -
Renal failure 0/3 3/3 -
Other 5/9 4/9 -
Non-ACR diagnosis
Gastroenteritis 0/10 10/10 -
Other 4/7 3/7 -
Final report
Normal 14/86 (16.3) 23/49 (46.9) .0001*
Compatible w/ initial dx 66/86 (76.7) 10/49 (20.4) <.0001*
Alternative dx 4/86 (4.6) 10/49 (20.4) .0037*
Inconclusive 2/86 (2.3) 6/49 (12.2) .0214
Secondary imaging modality 2/86 (2.3) 4/49 (8.2) .189

ACR, American College of Radiology; dx, diagnosis.
*Statistically significant at the level of P = 0.0125.

FIG 1. Final report findings for CT and US stratified by appropriateness of the
order. Only the P-values of statistically significant differences between appropriate
and inappropriate groups are shown. If the p-value is not provided, differences
between groups was not statistically significant.

TABLE 3
Analysis of US orders regarding appropriateness, diagnosis, and outcomes

Appropriate
(n = 18)

Inappropriate
(n = 125)

P-value

ACR diagnosis
Urolithiasis 1/29 28/29 -
Acute abdominal pain 0/23 23/23 -
Pyelonephritis 0/15 15/15 -
Biliary disease 9/9 0/9 -
Diverticulitis 0/6 6/6 -
Appendicitis 0/3 3/3 -
Other 4/7 3/7 -
Non-ACR diagnosis
Gastroenteritis 0/26 26/26 -
Lower UTI 0/13 13/13 -
Dyspepsia 0/4 4/4 -
Other 3/8 5/8 -
Final report
Normal 8/18 (44.4) 70/125 (56.0) .3681
Compatible w/ initial dx 7/18 (38.9) 18/125 (14.4) .0093*
Alternative dx 1/18 (5.6) 3/125 (2.4) .4237
Inconclusive 2/18 (11.1) 34/125 (27.2) .1336
Secondary imaging modality 0 (0.0) 25/125 (20.0) .043y

ACR, American College of Radiology; UTI, urinary tract infection; dx, diagnosis.
*Statistically significant at the level of P = 0.0125.
yStatistically significant at the level of P = 0.05
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infection (n = 13, 9.1%) were the most common reasons for US not
contemplated by the ACR criteria. Appropriate orders were signifi-
cantly more likely to demonstrate findings compatible with the initial
diagnosis (38.9 vs 14.4%, P = 0.0093) (Fig 1). An additional imaging
order with a secondary modality was requested in 20% of the inap-
propriate US orders and none of the appropriate (P = 0.043). There
were no significant differences in the rates of normal, alternative,
and inconclusive reports between the 2 groups. A more comprehen-
sive table with all diagnoses leading to US and CT orders is available
in Supplementary Table 1.

Discussion

This study of ED ordered CT and US exams shows that the rate of
inappropriate orders for abdominal complaints was 36.3% for CT
scans and 84.4% of US. Appropriate exams were significantly more
likely to report findings compatible with the initial clinical diagnosis
for both CT and US. This highlights the high impact that correct exam
selection has on finding confirmative or actionable results on imag-
ing. Inappropriate CT scans were more likely to show no abnormali-
ties, suggest an alternative diagnosis, or be considered inconclusive.
Furthermore, inappropriate US orders resulted in an additional imag-
ing modality being performed in 20% of cases, which exposes the
patient to the risks of unnecessary exams, extension of ED length of
stay, and costs. Although there was a statistically significant differ-
ence between age of patients undergoing inappropriate imaging
compared to the appropriate group, we believe the divergence was
small (mean age 46.8 vs 51.3 years, respectively) and has no clinical
significance.

Using the ACR Appropriateness Criteria as our reference, the most
frequent inappropriate uses of CT were evaluation of biliary disease,
pancreatitis, renal failure, and uncomplicated pyelonephritis. Other
less common inappropriate orders were related to the lack of intrave-
nous (IV) contrast when it is usually indicated (acute abdominal pain,
SBO, diverticulitis, appendicitis), or using IV contrast when it is not
indicated (eg, urolithiasis). Inappropriate US orders were more com-
monly requested for patients with acute abdominal pain, uncompli-
cated pyelonephritis, diverticulitis, and appendicitis. Except for
uncomplicated pyelonephritis, where no imaging testing is required,
CT is the most appropriate test for all of the remaining.6

A fraction of the imaging orders (24.4%) included in this study
were not clearly defined by the ACR Appropriateness Criteria. Among
these orders, 89.7% were considered inappropriate, which demon-
strates that the ACR guidelines are very comprehensive and that
abdominal complaints not listed in the ACR guidelines usually do not
require an imaging test. The proportion of inappropriate US orders
were considerably high in our study. There are several possible
explanations for this observation. First, this modality has low cost
and no exposure to ionizing radiation; therefore, ordering physicians
may be less diligent requesting US compared to CT, which would
yield a higher rate of inappropriate orders for the former. The other
explanation would be the profile of clinical indications that led
patients to this imaging modality. There was only 1 study in the liter-
ature that investigated the clinical indications leading to US orders in
patients with nontraumatic acute abdominal pain in the ED.10

Although the authors did not analyze the appropriateness of these
orders, according to the clinical indications provided in the study, the
rate of inappropriate orders would probably lay between 55% and
60% (compared to an 84% rate in our study).10 In this study by Raman
and colleagues, biliary pathology and acute pancreatitis, both of
which being appropriate indications for abdominal US, were 2 of the
top indications for US referral. On the other hand, our study had
mostly nonspecific acute abdominal pain, gastroenteritis, uncompli-
cated pyelonephritis, and lower urinary tract infection, as clinical
indications for US, which were all deemed inappropriate. This raises
concern that in addition to work on reminding ordering providers of
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the guidelines for the indication of abdominal US, greater attention
may be needed to teach specific modality limitations.

Also, there was a considerable number of CT and US orders for
patients with acute gastroenteritis. Imaging for initial acute gastroen-
teritis was considered inappropriate in our analysis.11 Most patients
presented with a typical history of acute new diarrheal disease, nau-
sea or vomiting, and abdominal pain with or without fever. Virtually
all patients with gastroenteritis who underwent CT or US had normal
or inconclusive results due to unspecific findings, such as bowel wall
thickening or distension. Only 1 patient had an “alternative diagno-
sis” due to the imaging findings suggestive of cholelithiasis on US,
which most likely could be considered an incidental finding due to
nonacuity. Therefore, imaging for new onset gastroenteritis in the ED
is unlikely to be beneficial.

Multiple evidence-based guidelines exist to direct the appropriate
use of medical imaging and prevent overuse. Although guidelines are
not perfect, their implementation may help diminish defensive
ordering of imaging and improve quality, cost, and patient out-
comes.12 Several studies prior to ours performed in the emergency
care setting have shown poor adherence to standard-of-care imaging
recommendations. Martins et al. reported a 23.8% rate of inappropri-
ate CTs and US (for all causes) in the ED, using the ACR guidelines as
standard-of-care.7 In that study, only 33.9% of all tests performed
showed relevant findings. Similarly, overuse of head CT for minor
head injury is also well reported in the literature, with inappropriate
rates ranging from 30%-70% of cases.12-14,13 Our study was the first to
our knowledge to investigate imaging overuse exclusively for
abdominal complaints, which are one of the main reasons for ED vis-
its and deserves further evaluation and mediating action.

The reasons behind the high number of inappropriate imaging
orders in the ED are many and multifactorial. Concerns of missing a
low-probability diagnosis and malpractice deserve acknowledgment
as probably leading reasons for this behavior.2,15,16 Other factors
include availability (convenience of performing imaging exams), vol-
ume of patients and workload, and educational gaps in understand-
ing modality limitations. Although there is wide and ready
dissemination of ACR tools, the lack of awareness of existing guide-
lines remains a major problem.8,17,18 This results not only in imaging
overuse but also in wrong modalities being requested, leading to
additional imaging orders during the same visit. Considering almost
all imaging methods involve some risk or exposure to radiation, it is
essential that patients receive the most appropriate modality the first
time and every time. Lack of adherence to recommendations despite
knowledge of the guidelines is also a significant issue. In the primary
care setting, physicians followed decision-support advice for inap-
propriate imaging orders in only 25% of cases. Thus, there is a long
run from education to implementation of evidence-based guidelines.

This study has some limitations in addition to those inherent to its
retrospective design. The generalizability of the results may be lim-
ited as it was performed at a single institution. There was only 1 preg-
nant woman in our sample, and therefore our findings may not be
generalizable to this population. The sample was powered for the
prevalence of inappropriate exams, and therefore some subgroup
analysis of the final report may not be powered to show significant
differences. The appropriateness of some of the orders (24%) were
not contemplated by the evidence-based guidelines but rather based
on the consensus of 2 experienced radiologists.
In summary, 36.3% of CT and 84.4% of US orders for abdominal
complaints in the ED were not considered appropriate. Appropriate
exams were more likely to yield findings compatible with the initial
clinical diagnosis for both CT and US.
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