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Background

Ultrasound and CT imaging have distinct and overlapping roles in the assessment of
undifferentiated abdominal pain in the emergency department (ED). CT imaging is the
gold standard for many pathologies, ranging from bowel obstruction to aortic pathology
whereas ultrasound benefits from less radiation exposure and the ability to employ at
bedside. In this pilot study, we utilize nationally representative data to identify
associations between ultrasound use in ED patients with a primary complaint of
abdominal pain with abdominal CT imaging use and disposition.

Methods

We analyzed retrospective, cross-sectional data on ED patient visits obtained from the
National Hospital Ambulatory Medical Care Survey from 2016-2020. This dataset utilizes
a weighed multistage, probability sample of ED patient visits involving a four-stage
sampling design, including data at county-level geographic regions, hospitals within
these regions, emergency service areas in these hospitals, and patient visit records. The
study population includes adult patient ED visits with an age of 18 and up presenting
with a primary complaint of atraumatic abdominal pain. Descriptive statistics was
utilized to describe the sample population. Survey-weighted multivariate logistic
regression analysis with calculated odds ratios evaluated for differences between the
binary dependent variable of abdominal pain visits with versus without ultrasound use
with independent variables of disposition and abdominal CT imaging use while
controlling for visit acuity and adjusting for demographic information.

Results

A total of 7563 patient visits met inclusion criteria, representing approximately 60
million patient visits from 2016-2020. In this study population, 18.5% of visits involved
ultrasound, whereas 39.8% of visits involved CT imaging use. 14.6% of visits resulted in
hospital admission. On weight-adjusted regression analysis, visits involving ultrasound
were less likely to require CT imaging and more likely to be admitted, with ORs of 0.49
(95% CI: 0.37, 0.64) and 1.97 (95% CI: 1.44, 2.68), respectively. Visits involving
ultrasound were more likely to be associated with an emergency medicine residency
program and an emergent acuity level, with ORs of 1.40 (95% CI: 1.01, 1.94) and 1.53

(95% CI: 1.01, 2.31), respectively.

Conclusion

In this national pilot study, abdominal pain visits involving ultrasound were associated
with a lower likelihood of CT imaging use and a highly likelihood admission and an

emergent acuity level.

INTRODUCTION

Patients presenting to the emergency department (ED) with
abdominal pain account for over 10 million ED visits annu-
ally and remains the most common presenting complaint
in the ED in the United States.!-3 Undifferentiated abdom-
inal pain is associated with a wide differential diagnosis,

with pathologies ranging from benign constipation to life-
threatening pathologies that include atypical ACS, bowel
perforation and obstruction, mesenteric ischemia and aor-
tic catastrophes.24 Indeed, mortality can be as high as 10%
in the elderly population. Given such a wide differential,
an expeditious clinical assessment in conjunction with
imaging of the abdomen, such as CT and ultrasound, can
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be essential in diagnosis and exclusion of life-threatening
pathologies. Studies on national imaging trends show that
both ultrasound and CT imaging continue to increase in
utilization in the ED in recent years,>"7 with one study re-
porting the tripling and doubling of CT and ultrasound use
in recent decades, respectively.® Whether exacerbated by
legal concerns or increasing patient complexity in an aging
and increasing population, these trends undergird a well-
acknowledged concern for overutilization of limited health
care resources.’

Both CT imaging and ultrasound have distinct and over-
lapping roles in assessment of the ED patient with undif-
ferentiated abdomen pain. CT imaging is the gold standard
for many pathologies, ranging from bowel obstruction to
aortic pathology.8 With the benefit of no radiation and the
ability to employ at bedside, ultrasound can also diagnose
and supplement CT imaging findings for various patholo-
gies in the appropriate clinical setting, including cholecys-
titis, diverticulitis, ovarian disease, and urinary retention,
as well as life-threatening catastrophes, such as aortic dis-
section.8-12 Generally, these diagnostic capabilities extend
to both formal radiology department-performed and emer-
gency provider (EP) performed sonographic studies.!3-17 In
this pilot study, we utilize nationally representative data
to study potential associations between ED abdominal pain
visits that employ ultrasound with CT imaging use and dis-
position to provide insight into the potential role of ultra-
sound on cost-savings and disposition on a national level.

METHODS

DATASET

We analyzed retrospective, cross-sectional data on ED pa-
tient visits obtained from the National Hospital Ambula-
tory Medical Care Survey (NHAMCS) from 2016-2020 con-
ducted by the National Center for Health Statistics (NCHS).
This dataset is a multistage, probability sample of ED visits
that utilizes a four-stage sampling design that involves ran-
dom sampling of county-level geographic regions, or pri-
mary sampling units (PSUs), then a sample of hospitals
within PSUs, then emergency service areas served by each
hospital, and lastly patient visit records within each service
areas (Figure 1). Each ED is randomly assigned with a
4-week reporting period. The analysis excluded federal,
military, and Veterans Administration hospitals. The final
sample for this study included 7563 patient visits statis-
tically representing approximately 60 million visits over 5
years.

The study population includes adult patients aged 18
and up presenting to the ED with a primary complaint of
abdominal pain to approximate nontraumatic abdominal
pain visits. Probability weights and survey design variables
were assigned to each patient visit to determine nationally
representative estimates and standard errors. This study
was exempt from review by the institutional review board
of the authors’ institutions.

OUTCOMES AND KEY VARIABLES

This study assessed for differences between patient visits
with a chief complaint of abdominal pain with versus with-
out ultrasound use. Abdominal pain in this study was de-
fined as visits with a primary complaint of abdominal pain,
irrespective of location. The primary outcomes included bi-
nary, independent variables of CT imaging use and hospi-
talization/admission. CT imaging use was defined as a visit
involving CT imaging of the abdomen and pelvis with or
without contrast. Ultrasound use was defined as any use
of ultrasound, including both formal and bedside EP-per-
formed ultrasound.

Demographic information (age, sex, ethnicity) and acu-
ity of patient as defined by triage categories of non-emer-
gent versus emergent were obtained in order to adjust for
demographic differences and acuity. As most prior studies
on ultrasound use have been performed in academic cen-
ters, and these facilities may have ultrasound-trained fac-
ulty, greater sonographic resources, and an educational
mission with regards to patient care, the variable of aca-
demic versus non-academic ED is included in the analy-
sis.18-20 Visits were considered academic if the associated
ED had 25% or more patient visits involving evaluation by a
resident physician.

STATISTICAL ANALYSIS

Visit-level data were assigned weights according to NCHS
specifications on national population estimates. For exam-
ple, data on patient visits more representative of the na-
tional population as determined by NCHS may be assigned
more weight in statistical analysis. The complex sampling
design function in Statistical Package for the Social Sci-
ences (SPSS) applied assigned weighting data for each visit
and estimated final proportions and data results.

Descriptive statistics with percentage data described the
sample population. Survey-weighted multivariate logistic
regression analysis evaluated for differences between the
binary dependent variable of abdominal pain visits with
versus without ultrasound use with independent variables
of disposition (admission versus discharge) and CT imaging
use while controlling and assessing for patient acuity level
(non-emergent vs emergent), status as academic ED, and
adjusting for demographic information of sex, age, and eth-
nicity. Odds ratios (ORs) are presented with 95% confidence
intervals (CIs). In this study, p < 0.05 was considered statis-
tically significant. Statistical analysis was performed with
International Business Machines (IBM) SPSS software ver-
sion 26 (IBM Corp., Armonk, NY, USA).

RESULTS

CHARACTERISTICS OF STUDY SUBJECTS

A total of 7563 patient visits met inclusion criteria. Under
survey-adjusted weights, this national sample represented
approximately 60 million patient visits (95% CI:
53,204,699, 66,785,300) from 2016-2020, or about 12 mil-
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Figure 1. Four-stage Multistage Sampling

ED patient visits (Green:
selected for sample)

Illustration of multistage, probability sample of emergency department (ED) visits that utilizes a four-stage sampling design, including geographically defined primary sampling units

(PSUs), hospitals, emergency service areas, and patient visit records.

lion visits with abdominal pain as primary complaint an-
nually. In this study, 18.5% of visits involved ultrasound,
and 39.8% of visits involved CT imaging. About 14.6% of
visits resulted in hospital admission with 32.2% of visits
classified as occurring in an ED with an EM residency pro-
gram. About 7.5% of visits involved an acuity level triaged
as emergent.

FACTORS ASSOCIATED WITH ULTRASOUND UTILIZATION

On regression analysis, abdominal pain visits involving ul-
trasound were independently less likely to require CT imag-
ing and independently more likely to be admitted, with ORs
of 0.49 (95% CI: 0.37, 0.64) and 1.97 (95% CI: 1.44, 2.68), re-
spectively. Abdominal pain visits involving ultrasound were
also more likely to be associated with an emergency medi-
cine residency program and an emergent acuity level, with
ORs of 1.40 (95% CI: 1.01, 1.94) and 1.53 (95% CI: 1.01,
2.31), respectively. The regression analysis controlled for
demographic variables of age category, sex, and race/eth-
nicity (Table 1).

DISCUSSION

The results of this pilot study on a nationally representative
patient sample shows that there is a significant, indepen-
dent association of ED ultrasound use with decreased CT
utilization and increased admission in ED visits with a pri-
mary complaint abdominal pain (Table 1). Although causa-
tion cannot be assumed given the cross-sectional nature of
this study, in the appropriate clinical setting, employing ul-
trasound may allow a provider to rule in or rule out diag-

noses and facilitate disposition without requiring CT imag-
ing. For example, patients presenting with upper and lower
abdominal pain may have a ruptured ovarian cyst or
cholelithiasis, respectively, and may be diagnosed and dis-
positioned in the appropriate clinical settings.?10.13.14
These examples and the results of this study highlight the
potential role of ultrasound in cost-savings, reduced radia-
tion exposure, and expedient patient disposition. Further-
more, ultrasound use was found to be have a greater as-
sociation with academic EDs, which may be related to the
presence of ultrasound-trained faculty, greater sonographic
resources, and an additional educational focus in patient
carel8-20

Ultrasound use was also independently and positively
associated with abdominal pain visits triaged as emergent
and visits resulting in admission (Table 1). This association
may be related to the ability to effectively employ ultra-
sound at the bedside in sick undifferentiated patients who
are too unstable for CT imaging. For example, bedside-ul-
trasound can assess for aortic dissection with a sensitivity
and specificity of 67-79% and 99-100%, respectively, while
also simultaneously assessing for the presence of an ab-
dominal aortic aneurysm, and causes of hypotension if pre-
sent.821 Ultrasound can also rule in clinically significant
arterial occlusion with a specificity (95% vs 96%) compared
to CT angiography, although with a lower sensitivity of 88%
vs 95%.22 In these examples, ultrasound may facilitate ad-
mission or disposition to the operating room prior to CT
imaging in the appropriate clinical setting.

The primary strength of this study is the large, repre-
sentative sampling on the national level that includes non-
academic centers. This strength results in a greater gener-
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Table 1. Logistic regression results displaying
associations between emergency department
abdominal pain visits with versus without ultrasound
use.

OR (95% ClI) p-value
CT utilization
Yes 0.49(0.37,0.64) <0.001
No Reference
Admission
Yes 1.97 (1.44,2.68) <0.001
No Reference
Academic
Yes 1.40(1.01, 1.94) <0.05
No Reference
Emergent acuity
Yes 1.53(1.01,2.31) <0.05
No Reference
Sex
Male 0.48(0.36,0.65) <0.001
Female Reference
Age
45+ 0.54(0.43,0.67) <0.001
18-44 Reference
Race/ethnicity
Non-white 0.82(0.72,0.93) <0.005
White Reference

OR, odds ratio; CI, confidence interval

alizability of the study findings. However, there are several
limitations that restrict applicability and generalizability
of this pilot study. This investigation utilizes retrospective
cross-sectional survey data; thus, causation cannot be in-
ferred and the conclusions are inherently vulnerable to re-
porting and processing errors as well as non-response bias.

Furthermore, the data occurs at the visit-level, which in-
troduces bias by not accounting for repeated visits of the
same patient. The inclusion of patient visits with a chief
complaint of abdominal pain is nonspecific and limits gen-
eralizability and validity of the study findings. Lastly, this
study does not differentiate between “formal” or radiol-
ogy department-performed ultrasound and appropriately-
trained, EP-performed bedside ultrasound. However, sev-
eral studies have indicated similar efficacy and sensitivity/
specificity in both, particularly in the settings of biliary and
pelvic pathology, which may maintain the general implica-
tions of this study.8-10.14,16,17

Future studies can employ prospective methodologies,
including randomized-controlled and cohort studies, to
better evaluate the role of ED ultrasound in facilitating dis-
position and potential cost-savings in the setting of more
specific, regional abdominal pain complaints and etiolo-
gies. Further investigations can also compare diagnostic ef-
ficacy and disposition speed between use of formal ultra-
sound and ED-performed bedside ultrasound. Additionally,
as ultrasound has potential in reducing CT imaging utiliza-
tion, future studies should assess for “bounce-back” data
when ultrasound is utilized without CT imaging for abdom-
inal pain, as many diagnoses, such as bowel obstruction and
aortic dissection, can be easily missed.8

CONCLUSION

In this national pilot study, abdominal pain visits involving
ultrasound were associated with lower likelihood of CT use
and a higher likelihood admission and an emergent acuity
level. This pilot study highlights avenues for future study
on the role of ED ultrasound in cost-savings, care of criti-
cally ill patients, and ED disposition.
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