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Introduction: The Ultrasound Screening Exam for Underlying Lesions (USEFUL) was developed in
an attempt to establish a role for bedside ultrasound in the primary and preventive care setting. It is the
purpose of our pilot study to determine if students were first capable of performing all of the various
scans required of our USEFUL while defining such an ultrasound-assisted physical exam that would
supplement the standard hands-on physical exam in the same head-to-toe structure. We also aimed
to assess the time needed for an adequate exam and analyze if times improved with repetition and
previous ultrasound training.

Methods: Medical students with ranging levels of ultrasound training received a 25-minute
presentation on our USEFUL followed by a 30-minute hands-on session. Following the hands-on
session, the students were asked to perform a timed USEFUL on 2-3 standardized subjects. All images
were documented as normal or abnormal with the understanding that an official detailed exam would
be performed if an abnormality were to be found. All images were read and deemed adequate by
board eligible emergency medicine ultrasound fellows.

Results: Twenty-six exams were performed by 9 students. The average time spent by all students per
USEFUL was 11 minutes and 19 seconds. Students who had received the University of California, Irvine
School of Medicine’s integrated ultrasound curriculum performed the USEFUL significantly faster (p<
0.0025). The time it took to complete the USEFUL ranged from 6 minutes and 32 seconds to 17 minutes,
and improvement was seen with each USEFUL performed. The average time to complete the USEFUL
on the first standardized patient was 13 minutes and 20 seconds, while 11 minutes and 2 seconds, and 9
minutes and 20 seconds were spent performing the exam on the second and third patient, respectively.

Conclusion: Students were able to effectively complete all scans required by the USEFUL in a
timely manner. Students who have been a part of the integrated ultrasound in medicine curriculum
performed the USEFUL significantly faster than students who had not. Students were able to
significantly improve upon the time it took them to complete the USEFUL with successive attempts.
Future endpoints are aimed at assessing the feasibility and outcomes of an ultrasound-assisted
physical exam in a primary care setting and the exam'’s effect on doctor-patient satisfaction. [West J
Emerg Med. 2014;15(3):260—266.]
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INTRODUCTION

Records of Hippocratic physical examinations, influenced
by the Egyptian, Cretan and Babylonian exams taught before
them, included: careful history taking, inspection, palpation,
and direct auscultation, and are a tradition that has continued
on for thousands of years.! It is a great model, yet it is one that
has seen few technological advances. Progress was made with
the invention of the stethoscope by Laennec in 1816, and was
further improved upon by Leyton, Kerr, Bowles, Rappaport,
Sprague and Littmann. As newer stethoscopes improved the
diagnostic sensitivity and specificity of auscultation, they
were implemented into the physical examination. For Ramsay
once wrote of Dr. Leyton in the British Medical Journal in
1916, “In spite of careful inquiry into the history of cases
and in spite of the many accurate methods of investigation
which are nowadays at our command, we cannot invariably
form a perfectly definite opinion as to the cause of a patient’s
symptoms. Any new instrument, therefore, which can help
us in our decisions should be of real use to the profession.”
While his message encourages progress, utilization of new
tools in medicine requires a detailed examination of risks and
benefits. In modern medicine, we struggle to balance the cost
of innovation, time constraints, management of incidental
and benign exam findings, patient satisfaction, and managed
health care. Our skepticism and curiosity of medical advances
drive the use of the scientific method to investigate such
developments before they are accepted and implemented by
the community of physicians—before they can drive progress.

Over the years, various uses of bedside ultrasound have
been adopted by specialties including emergency medicine,
obstetrics and gynecology, and trauma. While its use in those
fields has been rigorously studied in clinical settings and is
the preferred first-line imaging modality for assessment of
many of the organs in the abdomen and pelvis,’ little has been
reported on its role in an outpatient primary care setting and
this has inspired us to consider the possible role of ultrasound
as an addition to the standard physical exam. Given the
recent affordability and improved image quality of bedside
ultrasound units, we believe bedside ultrasound could be the
new figurative stethoscope.

With this first paper, our primary endpoints were to
examine the feasibility and time requirements of a medical
student-performed ultrasound-assisted physical exam, termed
the Ultrasound Screening Exam for Underlying Lesions
(USEFUL), wherein students with varying levels of expertise
would be evaluated on their ability to correctly and efficiently
image individual organs from head to toe. We also sought
to define our ultrasound-assisted physical exam for further
medical student education and for clinicians interested in
integrating ultrasound into their physical exams. Aware
of the time restraints for physicians in outpatient clinics,
we determined six minutes or less would be an acceptable
length for a USEFUL and hoped this would be a reasonable
goal. The USEFUL was developed by students and faculty

interested in establishing a role for bedside ultrasound in the
primary and preventive care setting with the hope that, in the
future, an ultrasound-assisted physical exam that would take
approximately six minutes might supplement the standard
hands-on physical exam.

METHODS

The current ultrasound training at the University of
California, Irvine School of Medicine (UCISOM) involves
eight tutorials during the first year inclusive of: Knobology,
Cardiovascular I and II, GI Physiology, Respiratory,
Musculoskeletal, Genitourinary, and Head and Neck
Ultrasound. During the second year, there is an additional
six sessions reviewing the cumulative skills to date, using
ultrasound in the evaluation of fever, a focused assessment
of the thorax (FATE), lung ultrasound, and advanced GI
and GU ultrasound. While currently only 2 dedicated
ultrasound electives exists for third and fourth year medical
students (Emergency Medicine Ultrasound and Obstetric and
Gynecologic Ultrasound), the authors are currently organizing
and implementing an ultrasound clerkship in Family
Medicine. Students are also encouraged to take one of our
60 portable ultrasounds with them during all other rotations
where educational scans are recorded as video clips, stored in
the central Sonosite Workflow Solutions System, and reviewed
with the students by faculty. It is our hope to create electives
in all specialties so that students may learn how to optimize
the utilization of this noninvasive diagnostic technique in the
field of their interest.

For this study, medical students at UCISOM with ranging
levels of ultrasound training (from one introductory ultrasound
session, to fifteen months of the aforementioned integrated
ultrasound curriculum) participated in our pilot study.
Institutional review board approval was obtained at UCISOM
prior to the commencement of the study. First and fourth year
students had no previous ultrasound training prior to our study
and were therefore placed in Group 1. Second and third year
students had received varying quantities of ultrasound training
integrated into their medical education curriculum and were
placed in Group 2.

Students received a 25-minute demonstration of our
primary ultrasound assessment by board eligible emergency
medicine ultrasound fellows, followed by a 30-minute hands-
on session scanning multiple volunteers using a portable
Sonosite Nanomaxx machine. This session was supervised
by the ultrasound fellows who provided feedback on proper
technique to aid in scanning for appropriate visualization
of the organs involved and any potential pathology. The
USEFUL included first visualizing the thyroid with a L38
probe in the sagittal and axial planes, followed by an axial
view of the carotid arteries and measurement of the carotid
intima-media thickness (CIMT) using a L38 probe. It next
involved visualization of the heart in the parasternal long axis,
subcostal and intercostal views of the liver, sagittal and axial
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Table. Examinations compromising in the Ultrasound Screening Exam for Underlying Lesions as well as potential pathologies that may

be observed with ultrasound.

Organ Probe Plane Potential pathology

Thyroid L38 Sagittal/axial Focal lesion (nodule, tumor)

Carotid intimal L38 Axial Atherosclerosis (CIMT > mean for age)*, plaque, dissection

thickness

Heart P21 Parasternal long LVH, atrial hypertrophy, valvular abnormality, hypertrophic
cardiomyopathy, pericardial effusion

Liver P21 Subcostal/intercostal Focal lesion (cyst, abscess, tumor, trauma), biliary ductal obstruction,
fatty liver, perihepatic fluid collection

Gallbladder P21 Sagittal/axial Cholelithiasis, choledocolithiasis, cholecystitis

Abdominal aorta P21 Axial AAA, dissection

Kidneys P21 Short/long axis Focal lesion (cyst, tumor, calculi), hydronephrosis, obstructive
uropathy, ectopic kidney, perirenal fluid collection

Bladder P21 Sagittal/axial Focal lesion (tumor, calculi), obstruction, diverticula

Prostate P21 Sagittal/axial Tumor, BPH

Uterus P21 Sagittal/axial Mass (endometriosis, leiomyomata, tumor), endometrial hypertrophy,

hematocolpos

CIMT, carotid Intima-medial thickness; LVH, left ventricular hypertrophy; AAA, abdominal aortic aneurysm; BPH, benign prostatic hypertrophy
*Carotid intima-media thickness measured as stated by the Mannheim CIMT Consensus Report and American Society of

Echocardiography Consensus.

views of the gallbladder, an axial view of the abdominal aorta,
short and long axis views of the kidneys, sagittal and axial
views of the urinary bladder, and sagittal and axial views of
prostate or uterus transabdominally with a P21 probe (Table).
Following the hands-on session, the students were asked
to perform a timed USEFUL on 2-3 healthy 18-25 year-old
standardized subjects that the student had not previously
scanned. The standardized subjects were scanned and
confirmed to be devoid of any pathology by the ultrasound
fellows prior to the beginning of the study. With exception
of the CIMT, which was to be recorded, the students were
only instructed to document whether each organ was grossly
normal or abnormal, with the understanding that an official
detailed exam would be performed if any abnormality were
to be found. The table highlights many of the abnormalities
evaluated for by the students. All images were evaluated in
real time by two ultrasound fellows receiving commensurate
training at the UCISOM. All data was collected and stored for
evaluation. A Student’s t-test was used for statistical analysis.

RESULTS

Of the 9 students who participated, 8 performed the
USEFUL on 3 human models while one student performed the
USEFUL on 2 human models. All ultrasound examinations
were completed and deemed adequate by the ultrasound
fellows evaluating the students in real time. No abnormalities
were discovered. While the average time spent between all
classes per USEFUL was 11 minutes and 19 seconds, the
average time spent by Group 1 (n=2; no previous ultrasound
experience) was 14 minutes and 9 seconds between six
examinations. The average time spent by Group 2 (n=7;
previous ultrasound training) was 10 minutes and 27 seconds

between twenty examinations. Thus, the students from
Group 2 who had received some of the integrated ultrasound
curriculum performed the USEFUL significantly faster
(p<0.0025).

Between all students, the time it took to complete the
USEFUL ranged from 6 minutes and 32 seconds to 17
minutes and zero seconds, and it was found that student
times, regardless of training, improved with each USEFUL.
The average time spent completing the USEFUL on the first
standardized patient between all students was 13 minutes and
20 seconds, while 11 minutes and 2 seconds, and 9 minutes
and 20 seconds were spent performing the exam on the
second and third patient, respectively. The improvement was
significant between the first and second attempts (p<0.0452),
and the first and third attempts (p<0.0029) but not between the
second and third attempts (p<0.086).

DISCUSSION

The primary goals of this study were to determine if
students were first capable of performing all of the various
scans required of our USEFUL and a realistic assessment of
the time required given different training levels and exam
repetition. The students were able to complete all aspects of
the USEFUL correctly, although it was observed that obtaining
scans of the CIMT and gallbladder proved to be the most
difficult and slowed the exam down significantly. Our data
also shows that the time spent performing the USEFUL is
inversely proportional to the amount of ultrasound training the
students have received and that students have the potential to
perform the exam more efficiently and attain our future goal of
performing the USEFUL in six minutes. After only a 30 minute
practice session, 4 of the 26 examinations were performed in
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less than 7 minutes and 42 seconds, with the fastest being 6
minutes and 27 seconds. While it was not measured as part of
our study, it is informally noted that the emergency medicine
fellows were able to complete the USEFUL in 6 minutes. As
the USEFUL is designed to be a supplement to the standardized
physical exam, we chose 6 minutes as an acceptable length of
time to add to an annual physical exam without impeding the
flow of a busy primary care clinic. While the medical students
were not able to perform the USEFUL in less than six minutes,
it seems plausible that with additional practice, this would
become a realistic result.

When designing the USEFUL, we structured it in the
fashion of a standard physical exam and included scans of
all the major organ systems evaluated by a primary care
physician in an annual evaluation. In a thorough literature
review, we were able to find only one study by Siepel et al®
that discussed the addition of ultrasound into the physical
exam. In this small study of 72 patients who were evaluated
with an exam resembling our USEFUL performed by
community-based physicians, 31% had abnormalities not
identified by a traditional physical exam. Seven percent had
serious conditions requiring treatment including endometrial
carcinoma, abdominal aortic aneurysm, carotid stenosis,
hydronephrosis, and urinary retention.’ To further evaluate the
utility of scanning each organ evaluated in the USEFUL, we
reviewed the literature specific to the thyroid, carotids, heart,
aorta, abdomen, and pelvis.

Ultrasound has been widely and successfully used as a
screening tool for those at high risk for thyroid malignancies,
and for further evaluation of patients with thyroid nodules or
symptomatic thyroid dysfunction.®” Conversely, screening
of asymptomatic patients without an increased malignancy
risk leads to the identification of mostly benign and clinically
unimportant findings making thyroid ultrasound screening a
costly procedure with a poor yield.*® Given this convincing
evidence, we would remove ultrasound evaluation of the
thyroid gland from our USEFUL unless clinically indicated
in an individual with a family history of thyroid neoplasms,
symptomatic presentation, or a palpable nodule.

Evaluation of the internal carotid arteries by ultrasound
to screen for carotid stenosis has been a topic of debate for
several years given the high incidence of vascular disease
and stroke. The most recent joint guidelines state that carotid
duplex ultrasonography is justifiable in asymptomatic
patients with known or suspected carotid stenosis, carotid
bruits, peripheral arterial disease, coronary artery disease,
atherosclerotic aortic aneurysm, or in patients with multiple
cardiovascular risk factors.” While more conclusive studies
need to be performed with regards to screening symptomatic
and asymptomatic patients, sonographic screening
may be clinically justifiable in many patients, and is an
important component of our USEFUL. With annual CIMT
measurements, the carotid arteries of many primary care
patients can be monitored for stenosis over time.

In patients 65 years or older, multiple ultrasound
cardiac findings including aortic stenosis, abnormal left
ventricular ejection fraction, and stenosis of internal carotid
arteries were found to be significantly and independently
associated with an increased five-year mortality.'® Evaluating
these factors annually through a USEFUL, may improve
management of these cardiovascular conditions and
ultimately decrease mortality. In small preliminary studies,
portable cardiac ultrasound has been found to significantly
change the management strategy, provide time and cost
savings by identifying cardiac disease missed by physical
exam, and has the potential to be an effective screening tool
for hypertrophic cardiomyopathy.'"'* While more data is
needed to determine the effectiveness of screening cardiac
ultrasounds for conditions such as left ventricular hypertrophy,
atrial hypertrophy, valvular abnormalities, hypertrophic
cardiomyopathies, and pericardial effusions, it seems clear that
evaluation of the heart using portable ultrasound is effective
at recognizing basic cardiac conditions that are not necessarily
identifiable by the standard physical exam and may deserve
further work up and management.

Evaluation of the aorta using abdominal palpation has
been found to only be moderately sensitive for detecting
abdominal aortic aneurysms (AAA)." This has led to the
2010 guidelines published by multiple radiology societies
suggesting screening abdominal ultrasounds to assess for
AAA. Ultrasound examination for AAA is warranted in
men over 64 years of age, women over the 64 years of age
who have cardiovascular risk factors, and patients over 50
years of age with a history of aortic or peripheral vascular
aneurismal disease.'> Large AAA screening programs
have shown that AAAs can be effectively diagnosed using
portable ultrasound.'¢

Studies examining the abdomen using ultrasound as a
general screening tool have been performed in Japan, Russia,
and the United States. Abnormalities were detected in 18-
44% of patients,?'** and required management in 3% of
patients in the American study.? It is noted that while many
of these abnormalities are benign, some severe pathologic
findings such as renal cell carcinoma or carcinoma of the
gallbladder are typically diagnosed incidentally.**> However,
while questions remain regarding the usefulness and cost-
effectiveness of screening abdominal ultrasound exams in
adults, one study screening infants for congenital kidney and
urinary tract anomalies found screening to not be justifiable.?®
More research needs to be done to evaluate the utility of
abdominal ultrasound screening, but as a component of our
USEFUL, it may be helpful in identifying many benign and
treatable abdominal pathologies.

Use of ultrasound to assess the pelvic region has long
been utilized by obstetrics, gynecology, and urology as an
important tool for evaluating the uterus, ovaries, prostate,
and bladder. The American Institute of Ultrasound Medicine
(AIUM) 2010 guidelines recommends a pelvic ultrasound
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for women with 18 distinct conditions or symptoms, but does
not discuss asymptomatic screening.?’ Studies seeking to
determine the utility of ultrasound for endometrial and bladder
cancer in asymptomatic patients have shown that its use as

a screening tool is not yet validated.?®* While ultrasound is
effective at identifying these cancers, the incidence of these
conditions, like most cancers, are so low that questions of
cost-benefit again arise. For our USEFUL, more research is
needed to determine the utility of pelvic ultrasound screening
for bladder, prostate, and uterine masses, and other more
benign conditions like bladder diverticula and endometrial
hypertrophy as components of an annual physical exam.

For the last few thousand years, the standard physical
examination has been limited to use of the eyes, ears, and
hands of the physician. With exception of the thermometer,
ophthalmoscope, and digital stethoscope, using technological
advances to increase the sensitivity of the annual physical
exam as a screening tool has been largely excluded. However,
we are not naive to the complex realities of recommending a
novel use of a medical tool. A review of the literature makes it
clear that controversy exists about the utility of a widespread
ultrasound screening exam. Clear evidence exists to reject
screening exams of the thyroid. All other organ systems may
benefit from sonographic evaluation, but there is not enough
evidence currently to make this determination. The evidence
is clearer when making recommendations for targeted bedside
ultrasound examinations based on clinical suspicion rather
than broad screening exams of all patients presenting for their
routine physical examination.

There are also other challenges such as the initial
investment. Though bedside ultrasounds have become more
affordable, it still requires a large commitment and there
are many questions about reimbursement for exams. We are
also unable to assess the financial hardship to the health care
system and the individual patient when finding incidental
and possibly benign findings. To date, there is minimal
epidemiologic data providing a cost-effectiveness analysis
of using ultrasound to identify and treat early stage disease
compared to the cost incurred for further work up and imaging
of benign findings. But in an era of expensive and time-
consuming imaging modalities such as computed tomography
and magnetic resonance imaging, perhaps expanding the use
of ultrasound might decrease the overall burden of imaging
on the patient and the medical system. As an extreme example
amongst a barren field of research, we have noted that using
“quick-screen” methods of bedside ultrasound similar to our
study may even be more cost-effective than the conventional
duplex ultrasound examinations for patients at risk for an
abdominal aortic aneurysm.*

Other concerns exist as well. One is that ultrasound is
highly user dependent and a primary care physician would
have to attain a basic skill set in order to reliably scan a
patient in an environment were no official accreditation exists.
AIUM produces standards and guidelines for the accreditation

of ultrasound practices in various specialties wherein they
recommend that a physician attain a minimum volume of 60-
300 ultrasounds depending upon the type of accreditation.’!
For example, they also officially recognized the American
College of Emergency Physicians (ACEP) recommendation
requiring a minimum of 150 total emergency ultrasound
examinations (with a range of 150-250 cases) for general
emergency ultrasound competency.** However, no such
accreditation exists for primary care physicians performing
ultrasound. Additionally, there is also concern about the
emotional stress felt by patients when an abnormal result is
obtained as well as the potential for a false sense of security
following a normal scan.

It is our hope that with this pilot study we have
formulated a useful ultrasound-assisted physical exam
structure that will exclude scanning of the thyroid gland in the
future, and shed some light on its feasibility. We also believe
we have demonstrated that the exam can be done in a modest
amount of time so that it may be integrated into an outpatient
clinical setting. While we are aware that our study had a
limited number of participants and leaves more questions
than answers, we hope that it sparks a discussion about the
role of ultrasound in primary care. Meanwhile, we plan to
next assess the feasibility and outcomes of the USEFUL in
clinical practice, investigate its effect on the doctor-patient
relationship, and report the impact a Family Medicine
Ultrasound Elective could have on medical education.

LIMITATIONS

Several limitations exist in our study as discussed
above. This was a proof-of-concept pilot study, with a
limited number of students and examinations performed,
decreasing the generalizability of the study. Additionally,
one student could not complete the study after examining
two patients secondary to personal reasons, which further
decreases the number of examinations involved. Another
important limitation is the fact that all of the examinations
performed during the hands-on practice session and
actual study were completed on healthy 18-25 year-old
standardized subjects. However, we believe that given the
novelty of the concept, it is a meaningful starting point for
examining the role of ultrasound in primary care. This also
means that there were limited resources and publications to
review when discussing this study.

CONCLUSION

In this pilot study we found that all medical students,
regardless of previous ultrasound training, were in fact able
to correctly examine all organs featured in our USEFUL
after a 25-minute demonstration by board eligible emergency
medicine ultrasound fellows and a 30-minute hands-on
practice session on standardized patients. Further, we found
that students who have been a part of the integrated ultrasound
in medicine curriculum performed the USEFUL significantly
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faster than students who had not, and that all students were
able to significantly improve upon the time it took them to
complete the USEFUL with successive attempts. With this
manuscript we have also outlined our primary ultrasound
assessment as detailed in Table 1 for use in future studies and
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