Handheld ultrasound:
Threat or opportunity?
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“controversies” session at the
2012 Radiological Society of
orth America (RSNA) meet-

ing in Chicago gathered some radiology
leaders for a frank discussion of the cur-
rent state of ultrasound (US) in the field
and what the future may have in store.
Relentless advances in technology have
resulted in shifts in practice patterns,
some leading to better patient care, some
to a more timely diagnosis, and others to
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conflicts among service providers. Most
radiologists are well aware of the prolif-
eration of compact ultrasound systems
among their clinical colleagues. In the
era of fee-for-service medicine this de-
velopment is driven by many factor—
some noble; some less so.
Consequently, some questions come
to mind: What might we radiologists
expect in the future? How do we react?
How should we position ourselves?

How we got here

The evolution of computer technol-
ogy, with its constant doubling of pro-
cessing times, worldwide connectivity
and massive storage capacity, affects
all aspects of our lives. The same evo-
lution in speed, power and miniaturiza-
tion has occurred in ultrasound. The
development of microprocessors and
other technologies has allowed US units
to become more compact and more
portable. Thus, over the past 15 years,
compact US has evolved to to the point
where many current units weigh 15
pounds or less. Such disruptive tech-
nology, coupled with lower cost, has
decreased the barrier for entry into US
utilization by our clinical colleagues.

All of this started with a U.S. Office
of Naval Research contract in 1996 and
a matching grant from the U.S. Govern-
ment Defense Advance Research Project

Agency (DARPA) to develop a portable
US unit that could be used by troops in
the field to help identify and diagnose se-
rious injuries. The DARPA contract was
fulfilled when a prototype unit was deliv-
ered to the U.S. Department of Defense
in November 1998. By the year 2000
three U.S. manufacturers had developed
compact ultrasound units, and by 2011
at least 23 were selling compact ultra-
sound machines (Table 1). The number
of manufacturers producing these units
will no doubt continue to climb. In fact,
when we reviewed the sales of com-
pact US units in 2011, these devices
accounted for 47% of all systems sold
within the United States. It is estimated
that less than 1,000 of these units were
sold in 2000. This number increased to
5,000 units by 2005 and over 10,000 in
2011 (Table 2). Radiology services ac-
counted for only 7% of the total sales of
these compact US units. Clearly, these
units are widely accepted by nonradiolo-
gists (Table 3). Thanks to ongoing min-
iaturization, ultrasound hardware now
includes viewing screens that can fit into
the palm of your hand, contributing to
further proliferation.

Other studies show striking trends.
For instance, a publication by Sharpe
et al.! shows continued growth of
US-guided invasive procedures per-
formed by radiologists, from 563,323
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Table 3.

WHO PURCHASED COMPACT ULTRASOUND
SYSTEMS IN UNITS, 2011

MARKET SEGMENT % OF TOTAL

Emergency Med. 13
MSK 13
Cardiology 12
Anesthesiology 12
Vascular Access 10
OB/GYN 8
Radiology 7
Critical Care 6

Source: Klein Biomedical Consultants, Inc.

performed in 2004 to 794,497 in 2010
(a 41% increase). More surprising,
however, is the fact that US-guided
procedures performed by nonradiolo-
gists increased from 322,921 in 2004
t0 922,672 in 2010—a 180% increase.
Based on this data, US utilization dem-
onstrates more dramatic growth among
nonradiologists. In fact, in 2010, for
the first time, more US-guided invasive
procedures were performed by nonra-
diologists than by radiologists. Could
self-referral be a reason for this remark-
able increase? This is unlikely the case
in radiology services that rely on the
referral-based model.

In a 1988 editorial published in Radi-
ology, Roy Filly? compared the US ma-
chine to the stethoscope. He considered
that, in the future, the US unit would
become a portable instrument that, like
the stethoscope, would be available for
bedside diagnosis. He cautioned practi-
tioners that while both instruments are
very powerful diagnostic tools, they
could be misused without appropriate
training. He forecast that they would
be “used by many, understood by few.”
He opined that US may be the most dif-
ficult imaging technology to master.
He also suggested that effort should be
made to integrate ultrasound into medi-
cal practice with appropriate education
and experience.

There are predictions that there will
be continued growth in the compact
US market, with a growing user base
in specialties other than radiology. In
areview of data in 2011, a number of
specialists were using these compact
US systems (Table 3). Surprisingly,
musculoskeletal (MSK) specialists
purchase 13% of these units, with po-
diatrists being the main users within
this group. Radiologists are not the
majority users of these units (Table 3).
This raises two very basic questions:
Should radiology fear this proliferation
of US and how should we radiologists
position ourselves in response?

Certain models are used by radiology
to provide optimal service coverage. For
instance, in 2000 McGahan et al® showed
it was cost effective for hospitals to have
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24/7 sonographer coverage under the
direction of radiologists within the emer-
gency department and in-patient services.
The ED received a 5-minute priority on
all cases. All studies were interpreted
contemporaneously. In this model, all im-
ages are stored in PACS for review and
follow-up examinations, and also stored
in a PACS for comparison with prior
exams. All of these images are thus avail-
able for clinical use, potential quality as-
surance purposes or potential outcomes
research. It is imperative that all images
of record be stored in a central PACS ar-
chive that is uniformly accessible by all
appropriate hospital users. Lack of a cen-
tral repository negatively affects medical
decision making and could create signifi-
cant patient care problems. There could
be discrepancies in image interpretation
if prior studies are not available to com-
pare to follow-up imaging studies, be it
another US exam (with another provider
in the medical enterprise) or another mo-
dality. In fact, image storage is necessary
for practice accreditation.

Some institutions have attempted joint
collaboration using US among depart-
ments — for example, between radiology
and vascular lab for jointly approved
protocols and Continuous Quality As-
surance (CQI) for vascular US. Thus, by
consensus agreement, all scans would
meet equal standards and all images
would be available on the same PACS
system. All image interpretation in these
cases would be accessible via the PACS
and the electronic medical record and
there would be joint CQI in these cases.
This would be the ideal situation. How-
ever, in the absence of rigorous admin-
istrative control over the acquisition of
imaging technology, eventually there
would be fragmentation of US, with
many splinter groups performing office
or hospital US with little or no documen-
tation in the electronic medical record
and without central image storage.

Part of the proliferation of US is due
to what has been called “Point-of-care-
ultrasound,” or POCUS. POCUS and
emergency US date to the 1980s, mak-
ing them relative newcomers to the long
tradition of medical ultrasound. While

initially consisting of research studies
and critical practice applications from a
handful of early point-of-care develop-
ers, the field has undergone tremendous
growth in the last decade.*

POCUS is not totally dependent on
handheld US devices, but the vast ma-
jority are relatively small units placed
on easily movable carts. Not only has
the availability of US machines avail-
able in the POCUS setting increased but
so have the number and variety of US
applications.’

Rather than documenting a com-
plete US examination, POCUS estab-
lishes the answer to a specific question
through a limited imaging protocol. For
instance, in a patient with right upper-
quadrant pain and suspected acute cho-
lecystitis, an US scan of the gallbladder
would be performed to evaluate for cho-
lelithiasis and/or findings of acute cho-
lecystitis with no other areas assessed.

While previously utilizing US appli-
cations described in traditional imaging
environments, the number of research
studies in POCUS has grown logarith-
mically. While most applications are
similar to established US applications,
the variety of US applications practiced
by POCUS sonologists is now well over
25 and many are performed by clinicians
in the POC setting only.5 Recent US fo-
rums have been attended by members
of over 40 societies, all of which apply
the POCUS approach. Such consensus
conferences include POCUS not only to
evaluate for pneumothorax and pleural
effusion, but also to evaluate pulmonary
edema and consolidation.® Many of these
POC applications have found broad clini-
cal use and acceptance. Such examples
include peritonsillar abscess detection
and drainage guidance, ocular US for
trauma and real-time guidance of naso-
gastric tube placement or intubation.® Yet
many of these applications may be for-
eign to the average radiologist applying
traditional sonographic applications.

US in medical education

Ultrasound usage has not only spread
to other specialties, but an increasing
number of medical schools are incorpo-

rating it into four-year medical school
curricula. That future may well be upon
us as US anatomy and diagnosis has
been introduced as a portion of medical
school education at several institutions
(32 currently have US included in their
curriculum, with about 12 having a full
four-year curriculum and that number
is growing). There is a growing trend
toward training medical students in US
techniques in the United States. Several
medical schools have developed dedi-
cated programs US education. The adop-
tion of US teaching programs in medical
schools has been met with enthusiasm by
multiple medical specialties.

These curricula vary with school in
scope and duration. Many of the pro-
grams are integrated across all 4 years of
medical training. Most of the programs
include a didactic component as well as
hands-on sessions. The didactic compo-
nent includes basic ultrasound physics
as well as normal and abnormal sono-
graphic anatomy. The hands-on sessions
are usually dedicated to different organ
systems and allow the student to become
familiar with technical aspects of the ul-
trasound exam as well as artifacts and
pitfalls. Most schools incorporate the ul-
trasound program into the anatomy and
physical diagnosis classes to reinforce
concepts of normal anatomy and physi-
ology (an ongoing and rapidly evolving
process, but currently more schools have
US training during the clinical years than
in the basic science years).

The integration of US into the medi-
cal curriculum may play a dual role in
student education. Proponents make the
case that US can enhance the classroom
educational experience and promote
the practice of medicine at the bedside.
In the classroom, they say, US imag-
ing allows anatomy and physiology
to “come alive.” Three-dimensional
concepts crystallize as the student visu-
alizes anatomy in real time. An under-
standing of anatomic relationships is
accelerated when US is included in the
training. Similarly, physiologic con-
cepts of blood flow and perfusion can be
visualized and recognized as normal or
abnormal.
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FIGURE 1. As MSK US volume has increased o

ver the last decade, podiatrists were respon-

sible for an astounding 1,847% increase in MSK US utilization.
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FIGURE 2. Private office MSK US exams have increased exponentially, unlike hospital-based
outpatient exams. Podiatrists performed the largest proportion (51%) of MSK US exams in the
private office setting by 2009, while radiologists performed much less (9%).

Yet, the integration of US into medi-
cal school teaching is not without its
detractors. Critics argue that lack of
appropriate training, standards for
protocols and image documentation
could produce poor quality studies that
may be detrimental to public safety.
The New England Journal of Medi-
cine recently commented that it might
take several generations to develop the
teachers necessary for this training to
be effective.” On the other hand, pro-
ponents of US in medical education
maintain that integrating anatomy with
US reinforces concepts in anatomy and

physiology and enhances the physical
examination.®

Thus, current efforts are focused
on developing a standardized US pro-
gram that may be adopted by medical
schools. Evidence-based studies are
needed to demonstrate improvements in
knowledge and clinical practice. Many
believe Diagnostic Radiology must be
involved in these medical school pro-
grams as radiologists have the exper-
tise, experience and access to superior
equipment. In summary, a growing
number of medical schools have incor-
porated US into their curricula for the

pre-clinical and clinical years. There
is no standardized curriculum, but cur-
rent programs have been well received
by students and faculty as they seem
to enhance the educational experience
and promote US in medical practice. It
seems likely that more medical schools
will integrate US into their curriculum,
thus raising the question of participa-
tion by radiologists in these endeavors
and of the effect of US use by future
practitioners.

Musculoskeletal ultrasound

Common musculoskeletal injuries
comprise 7% of all physician visits in the
United States and up to 50% of all sports-
related injuries.” According to the Amer-
ican Public Health Association, MSK
disorders account for approximately
$850 billion per year in healthcare costs
and lost wages.'? Accurate and timely
diagnosis of MSK injuries are critical to
ensure proper treatment and thus to mini-
mize societal cost.

Magnetic resonance imaging (MRI)
has long been the imaging standard for
MSK injuries in the United States. How-
ever, MRI is costly and overutilized.
Improvements in US technology have
made it a rapidly growing alternative
to MRI for diagnosing common MSK
injuries. This shift to US from MRI is
estimated to result in a cost savings of
about $7 billion in healthcare expendi-
tures over the next 15 years.'' Indeed,
musculoskeletal ultrasound (MSK US)
has experienced exponential growth in
use over the last 10 years —mostly by
nonradiologists'? and due largely to the
emergence of new and portable US tech-
nology as well as improved computer
and transducer technology.

Consequently, the barrier for entry
into the MSK US market has become
much lower for nonradiologists than
in the past. Increased accessibility of
US equipment and lower cost has also
helped to fuel the recent rapid growth
in the use of US for MSK applications.
With its ability to provide a quick diag-
nosis to initiate early treatment coupled
with growing concerns over rising
healthcare costs, MSK US is now an

March 2015

www.appliedradiology.com

APPLIED RADIOLOGY m 23



HANDHELD ULTRASOUND: THREAT OR OPPORTUNITY?

appealing advantage for non-radiol-
ogists.” However, the most defining
advantage of US is its real-time imag-
ing capability, which allows for direct
needle visualization during US-guided
procedures. Patient satisfaction is also
high because US can both diagnose and
guide treatment of various MSK inju-
ries during a single appointment. Real-
time US guidance to increase accuracy
of needle placement and avoid vital
neurovascular structures has helped ac-
celerate point-of-care market growth.

Have radiologists lost MSK US?

A recent analysis of Medicare data
on MSK US utilization rates was per-
formed by Sharpe et al at the Thomas
Jefferson University Hospital Center
for Research on Utilization of Imag-
ing Services. Although their analysis
was limited to diagnostic exams in the
Medicare population, the trends found
in MSK US utilization from 2000 to
2009 provide insights into the various
users and perhaps give an indication
that point-of-care MSK US may pose a
real threat to radiology.

Over the past decade, MSK US vol-
ume increased from 56,254 diagnos-
tic exams in 2000 to 233,964 exams in
2009 (+316%).12 In every year, radiolo-
gists performed the greater percentage
of MSK US exams. However, radiolo-
gists accounted for only a mild increase
in this volume compared to podiatrists'?
(Figure 1). Of note, the proportion of
the total volume of studies performed
by radiologists decreased from about
73% in 2000 to 39% in 2009 indicat-
ing a significant loss of market share to
nonradiologist users, who include ortho-
pedic surgeons, sports medicine physi-
cians, physical medicine rehabilitation
physicians, podiatrists and rheumatolo-
gists. Interestingly, however, the high-
est utilization rate was found among
podiatrists. Podiatrists accounted for a
1,847% increase in MSK US exams per-
formed from 2000 to 2009 (Figure 1).'?
The proportion of total MSK US volume
performed by podiatrists was about 33%
in 2009. Therefore, over the last decade,
the rate of increase of MSK US exams

performed by podiatrists was signifi-
cantly higher than radiologists and other
nonradiologists.

In keeping with increasing utiliza-
tion by podiatrists, private office MSK
US exams also increased dramatically
over the last decade (19,372 in 2000 to
158,351 exams in 2009), unlike hospi-
tal-based outpatient exams. Podiatrists
performed the largest proportion (51%)
of MSK US exams in the private office
setting by 2009, while radiologists per-
formed much fewer (9%, Figure 2).!?

Increasing utilization of MSK US,
especially in the private office setting,
has raised concern for adequate regula-
tion and quality control standards. MSK
US is not easy to perform and requires
an experience-based “steep” learning
curve. To help mitigate poor quality in
this rapidly growing environment, a
practice accreditation process for MSK
US has recently been introduced by
the American Institute of Ultrasound
in Medicine (ATUM).!? The purpose of
accreditation is to set high standards for
practices performing MSK US exams
by meeting or exceeding nationally
recognized benchmarks in the perfor-
mance and interpretation of MSK US
exams. MSK US practices meet re-
quirements by demonstrating compe-
tency in their practice as determined by
education, training, experience, image
storage, instrumentation and quality as-
surance. More importantly, practice ac-
creditation helps to ensure that patients
will receive a safe MSK US exam that
will be competently performed and in-
terpreted. Accreditation also helps to
meet quality assurance requirements
of health insurers. Therefore, as the
number and diversity of practitioners
of MSK US exams continues to grow,
regulation and proper oversight to
maintain high practice standards will
become vitally important.

Conclusion

In summary, while radiologists have
increased their utilization of US, this
growth has been outpaced by that of
nonradiologist practitioners. MSK US
utilization has increased exponentially

over the past decade, especially among
podiatrists. As more MSK US exams
are performed outside of traditional
imaging groups, practice accreditation
will be important for maintaining high
quality standards. This review presents
a number of important facts and also
raises a greater number of important
questions. Some questions are easy to
answer, while others are more difficult.

First, will the use of portable US
units and applications for POCUS con-
tinue to increase? This answer is obvi-
ous, as recent data show ever-increasing
use of these applications by many non-
radiologists.

Second, is there real improve-
ment in patient care with the use of
POCUS? The answer to this question
is more complex. For instance, no one
can deny that the increasing use of ul-
trasound for vascular access in the ED
should improve patient care. Further-
more, in the ED, where radiology ser-
vices are not readily available 24/7, it
would seem that the use of POCUS for
a binary life or death decision should
improve patient care. However, does a
POCUS examination in the ED better
serve the patient than a complete US
exam in the radiology department? It
would seem the former, if performed
competently, should be a better exam.
In fact, why do we perform an ul-
trasound exam — because we are un-
certain of the diagnosis? Can we be
certain of the diagnosis of acute cho-
lecystis as a yes or no decision, hav-
ing already dismissed possible biliary
dilation or a renal stone? As for image
storage, all images should be centrally
stored long term for image compari-
son. How many times in imaging are
prior images the key to a diagnosis?
This availability is imperative to pa-
tient care for comparison with future
imaging and allowing all involved
physicians access to imaging results.
Medicine cannot be practiced in silos;
there is a need for multispecialty col-
laboration and information sharing.

Third, how should radiologists in-
volve themselves in medical school
education of US? It is logical that
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radiologists should take a lead role,
but we have failed to do so in some
schools. We need to be more involved
because, in the eyes of future practitio-
ners, it will establish the radiologist as
the true expert in ultrasound.

Finally, will US exams performed
by radiologists decrease dramatically in
the future? It probably will not. While
some procedures such as vascular ac-
cess or thoracentesis will be guided by
other US users, in other instances, radi-
ologists’ use may increase. Certainly,
questions will be raised by less experi-
enced users which will eventually be re-
ferred to radiology for a comprehensive
and well documented exam.

Radiology departments cannot be
complacent. Radiologists should push
their expertise in US and take real inter-
est in performing high-quality exams.
We should make ourselves aware of
the number of newer applications of
US.'"* We should also emphasize the
use of ultrasound in radiation-sensitive
groups, such as the pediatric population
and pregnant patients. Both the Society
of Radiologists in Ultrasound and the

HANDHELD ULTRASOUND: THREAT OR OPPORTUNITY?

AIUM have been strong proponents
for emphasizing situations where US
should be used instead of CT.1

While others have discovered the
many advantages of US, radiologists
should continue to be the major pro-
viders and educators of high-quality
sonography.
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