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How to Use this Book

Clinicians face increasingly sicker and more complicated patients than ever before
and physicians need access to life-saving technology. In the past two decades, ultra-
sound has become increasingly available at the bedside making tremendous impacts
in patient care and patient safety. However, creating a successful ultrasound pro-
gram that provides education, equipment management, and quality control is often
the barrier that prevents this life-saving technology from reaching patients. Without
a sound management program, point-of-care ultrasound (POC US) use is disorga-
nized, unregulated, and unsafe.

As physicians, we hope to positively impact our patient’s lives with innovative
healthcare. As educators and administrators, our impact can be exponential, espe-
cially with a well-designed and a well-run ultrasound program providing our col-
leagues with ultrasound availability and future physicians with vibrant training.

Program directors confront many challenges when constructing their program
starting with finding the right equipment to incorporating a successful workflow
process. It is difficult to gather all the needed information and advice to make
competent decisions without having to learn everything through trial and error. To
overcome this burden, the editors enlisted an impressive legion of expert authors
and compiled decades of cumulative experience. Now in one place, ultrasound
directors have a comprehensive resource.

The Editors’ goals are to provide all the tools necessary to make a program
successful beginning with a conceptual framework and then providing specific
templates and tools. The editors understand that program development and
management is dynamic as national policies and available tools change. At the time
of publication, this book is as current as possible. It also provides reference websites
to keep you, the US program director, abreast of new developments.

In this first edition, we made some editing decisions that reflect the evolution in
US practice and philosophy of the US management courses we have directed. First,
the chapters in this book cover many subject areas, many of which overlap. We
made a conscious decision to allow overlap, so that the reader did not have to move
to another chapter for reference to a topic. However, individual topics are fully
explored in their home chapter. Second, the topics are independent of experience

vii
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level, so novice program directors may wish to follow our advice for the fundamental
chapters. Third, as true in any area of knowledge, there will be practice, technical,
regulatory, reimbursement, and legal changes that require you to correlate subject
matter with current statutes.

Fourth, we have substitute POC US for the many terms for this field including clini-
cal, clinician-performed, focused, emergency, critical, bedside, physician-performed,
and others. Time will resolve the varying nomenclature. Finally, US is based on tech-
nology which changes at breakneck speed and alters practice and management.

Evolution of Program Management

POC US is relatively new and during its infancy it was a challenge for the program
directors to manage. Traditional users have had a system set up with archiving, bill-
ing, and hospital policy. Bedside ultrasound used in the emergency department,
intensive care units, and offices did not enjoy previously designed pathways for
privileging, reimbursement, and archiving. As emergency physicians started to use
this US technology, it became apparent that successful implementation of an ultra-
sound program required more than hands-on training and interpretation skills.
Education on program management was needed to provide the key components to
safe and effective diagnostic and procedural ultrasound.

In 2004, sponsored by a grant from the American College of Emergency
Physicians, Dr. Vivek Tayal organized the first Emergency Ultrasound Management
Course which had the mission to provide ultrasound program directors the tools to
set up a well-functioning program. Now, several other courses offered around the
United States also offer education regarding program management.

The course was the first recognized resource for emergency room ultrasound
directors to learn the multifaceted components of program development. The faculty
instructors were experts in their respective material including the core topic, the
Ultrasound Director, given by Dr. Mike Blaivas.

Other specialties also recognize the need of program management and have included
management education during their hands-on ultrasound courses, such as the American
College of Chest Physicians Ultrasound Course at their national simulation center.

Although a few other small courses exist with a program management component
and a few textbooks briefly introduce the basics of program management, there is no
comprehensive guide to this topic. Thus, this book is relevant to the continued
growth of POC US.

Starting Point and Section Organization

Dr. Tayal’s introductory chapter is your first priority. It is a global perspective on
clinician-performed bedside ultrasound. Be sure to digest this important chapter as
your first task to becoming an informed ultrasound director.
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The early chapters of this book focus on the leadership of your program whether
in your department or institution.

The second section centers on education at all levels recognizing that smaller
machines have made ultrasound available for medical students to advanced practi-
tioners. It even includes a section on ultrasound simulation, a growing educational
tool.

The third section provides detailed logistics on equipment, maintenance, and
safety. This is, by far, the most practical section for useful information and advice
immediately applicable to your program.

In the fourth section, we focus on the engine of a program, which is the quality
improvement program. We devoted a chapter to workflow process which should get
considerable attention of any new ultrasound director. For those with limited bud-
gets we also offer a section on practical operating and educational solutions.

The fifth section offers insight into hospital level credentialing, quality assur-
ance, national politics, and recent issues with accreditation. This is followed by
reimbursement and coding, which hands you the monetary keys to pay for your
program.

The last section covers topics in specialized communities. Chapters focus on
ultrasound in pediatrics, critical care, community, and office-based practices.
Finally, the book covers ultrasound programs in emergency medical services and
the global health effort.

If the reader is starting a program from the ground floor, the editors recommend
reading first the chapter titled: Ultrasound Director. The next steps are acquiring
equipment, establishing a privileging pathway, providing education for the physi-
cian staff, and setting up quality assurance. A crucial component to easing the work-
load is a smooth functioning workflow solution. These are the priority chapters the
editors recommend for fledgling programs.

Novel program recommended chapters

Chapter 2: Ultrasound Director

Chapter 12: Equipment Purchase

Chapter 5: Introductory Education
Chapter 16: Quality Assurance
Chapter 17: Workflow and Middleware

At whatever point your program is in its development, we make the promise to
you that this book will give you the conceptual building blocks and ample specific
details to take your program to the next level.

Park Ridge, IL Troy R. Foster, MD
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Chapter 1
Initial Approach to Ultrasound Management:
Making Ultrasound Meaningful from the Start

Vivek S. Tayal

Objectives

* Describe the clinical characteristics of clinical, point-of-care ultrasound

* Understand the importance of Ultrasound Management Goals

* Define the essential steps of Ultrasound program

e Understand the cycle of education, quality review, improvement, credentialing
* Recognize strategy and situational awareness in program design

e Define ultrasound program success

Perspective on Point-of-Care Ultrasound Evolution

Ultrasound is the ultimate application of engineering, computers, and medicine as a
window into the human body. While there have been many technologies that utilize
the application of physics to assess the human body, ultrasound is unique. Ultrasound
is nonionizing, portable, rapid, economical, and synergistic with the clinical exami-
nation [1]. However, the most important development with this technology is the
willingness of clinicians to perform and interpret ultrasound at the bedside for clini-
cally occult conditions. This enthusiasm coupled with technological advances such
as solid state chips, computerized engineering, man-made piezoelectric crystals,
miniaturization, wireless and web-based communication, and digital storage has
made ultrasound the practical diagnostic technology of this era.

V.S. Tayal, MD, FACEP

Department of Emergency Medicine, Carolinas Medical Center,
Charlotte, NC, USA

e-mail: vtayal@aol.com

© Springer International Publishing AG 2018 1
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2 V.S. Tayal

Point-of-care ultrasonography (POC US), also known as “clinical ultrasonogra-
phy,” is the application of ultrasound technology to diagnose, resuscitate, monitor,
and treat medical conditions in a focused manner relevant to the medical condition
of the patient [1, 2]. Clinical point-of-care ultrasound programs are a natural evolu-
tion of the rapid adoption of ultrasonography into medicine throughout the world
during the last 30 years. While ultrasonography was traditionally part of “imaging”
or “radiology” or “cardiology” departments, adoption of powerful, portable, bedside
ultrasound equipment has created the point-of-care revolution [3]. Not only can
physicians of any specialty bring this technology to the bedside, it can be done with
little infrastructure and resource need [4]. Ultrasound provides unique synergy of the
bedside evaluation emphasizing safety of nonionizing radiation, value of an
economical scientific test, and efficiency of the provider’s time.

History of Point-of-Care, Clinical US

Clinical ultrasound programs historically began simply with machine acquisition,
basic training, and initiation of scanning. As clinicians started to use ultrasound,
there were unique historical characteristics to their use compared to traditional
imaging. Specialties such as emergency medicine, family practice, surgery, urology,
obstetrics/gynecology, critical care, and others started to use ultrasound in a focused
manner to answer clinical questions like * is there fluid in the abdomen?” “is there
an abdominal aortic aneurysm?” “is there urinary retention?” “what is the position
of the fetus?” and many other clinical questions. Table 1.1 lists common ultrasound
applications in clinical specialties.

Most of these ultrasound examinations were done to answer a specific clinical
question, and not as a comprehensive imaging examination. Ultrasound machines
used by clinicians were smaller, more portable, and simpler to use. The training for
clinicians varied per specialty, but included physics, instrumentation, and the clini-
cal area of ultrasonography [5]. Image production, if produced, was initially typi-
cally thermal printing or video, with movement to digital output only in the last
decade. System software such as PACS (Picture Archiving Communication System)
was not available for clinical ultrasound providers, and electronic medical records
were not initially in existence. Politically, it became clear that there were issues at
the hospital level in acceptance of clinical ultrasonography. In 1999, the AMA
House of Delegate’s resolution 802 provided guidance for hospital credentialing
committees to accept specialty specific training guidelines [6]. From 1999 through
the present, point-of-care ultrasound has grown both in applications and by
specialty.

The greatest paradigm shift in the use of medical ultrasound technology was the
concept that the clinician both performed and interpreted the ultrasound examina-
tion, in contrast to the traditional service of sonographer in a remote ultrasound
laboratory followed by physician interpretation [7]. See Fig. 1.1. For all the reasons
above, ultrasonography is considered a “disruptive innovation” in medicine [8, 9].
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4 V.S. Tayal

Traditional Consultative US workflow

Clinician orders Order is Patient Sonographer
US examination =~ —> registered and —> transported — performs —
placed on to ultrasound exam
worklist laboratory
:’atienths d Sg:;giﬂ;zzs to Consultative Report is sent to Clinician
ransported - _ " —> Imaging —>  Clinician —> integrates
back to unit Consultative Physician reported
Imagin .
Phygici?an by interprets information into
paper, film, or examination patient care
PACS

Point of Care US workflow

Clinician decides on Clinician performs Clinician Report is made
need for ultrasound — and interprets — integrates > in medical
exam and moves ultrasound ultrasound record with
machine to information into image archival
symptomatic patient's patient care

bedside

Fig. 1.1 Comparison of workflow in consultative US versus POC US

US Management

Picking up the ultrasound probe may be the easy part of an ultrasound program, but
the hard part is delivering a safe, efficient, meaningful, transferable, and reimburs-
able service in modern medicine. Once a novice sonologist has moved on from
exploring with the machine, they realize that there are significant ramifications to
each part of the ultrasound service. The choice of machine and probes, the amount
of education, the manual steps for image acquisition, acceptable cleaning protocols,
availability of the machines, ultrasound supplies, written or digital transmission,
reporting, coding, reimbursement, different clinical settings, and innovations are
variables in the delivery of ultrasound services.

As point-of-care ultrasound started to gain acceptance and credibility
throughout clinical medicine, it became clear that implementation had unique
features that required guidance. Ultrasound program management is not intui-
tive to the clinicians or health systems where they work. The American College
of Emergency Physicians (ACEP) Section on Emergency Ultrasound created a
course to address these issues, the Emergency Ultrasound Management Course
[10]. During the last 10 years, that course has been expanded and refined to a
unique knowledge base for ultrasound program leaders. With the proliferation of
the different specialties using ultrasound, it became clear that there was a shared
basis to this information.

Ultrasound management describes the implementation and management of ultra-
sonography by clinicians in their unique setting. In this chapter, we will describe
strategies and key concepts that should help any clinician initiate, grow, and manage
an ultrasound program [10].

In Table 1.2 we define common terminology used in ultrasonography.
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Table 1.2 Common terminology in clinical POC ultrasonography

Ultrasonography—use of high frequency sound waves in the diagnosis, monitoring, guidance
or treatment in clinical care

Clinical, point-of-care, focused, bedside ultrasound—Physician or provider performing
ultrasound to diagnose, monitor, resuscitate, and treat medical conditions

Consultative ultrasound—ultrasonography done in traditional manner with performance by
sonographers and interpreted by a physician in a two component service

Sonographer—medical professional who performs ultrasonography. Most commonly refers to
professional who has finished training in an ultrasound school or finished sonographer training
in an undergraduate college degree. Often anyone who performs ultrasound may be given this

name

Sonologist—a physician who performs, interprets, and integrates ultrasound into the clinical
care of their patient

Ultrasound management—a program implementation, administration, and supervision of a
program that makes ultrasound meaningful in clinical practice

Ultrasound Management Goals

Defining the goals of an ultrasound program is an important step in the implementa-
tion of a successful ultrasound program. The goals can vary depending on practice
setting, economic model, quality goals, workflow, teaching, and research mission.
Typically, clinicians perform ultrasound examinations because they are a test that
gives more information than the history or physical, like soft-tissue ultrasound for
occult cutaneous abscess. Ultrasound can be a standard test in the evaluation of cer-
tain patient types, such as in pregnancy. Ultrasound can be used to improve safety,
such as the use of ultrasound guidance for internal jugular vascular access. Educational
settings and programs are enhanced by using ultrasound to demonstrate the anatomic
or pathophysiologic condition of a patient. Ultrasound can also be part of an investi-
gational research question, by adding sonographic variables or outcomes. No matter
the goal, ultrasound gives clinicians a powerful tool to improve care [11].

All programs should strive to make ultrasonography meaningful in the care of
their patients and to the provider. While many ultrasound programs initially start out
with educational ultrasound examinations that are supervised, confirmed, or over-
read, reliance on a “confirmatory test” should be temporary, as clinical competence
is gained. But that process of reliance on a “confirmatory test” should be temporary,
as clinical competence is gained. In addition, a common and erroneous description of
point-of-care ultrasound is that it is an “extension of the physical examination.”
While ultrasound is complementary to the physical examination, ultrasound has sep-
arate science, technology, skills, interpretation, and value in clinical medicine [3, 12].
Meaningful use of ultrasound adds information to the patient’s evaluation beyond the
history or physical examination, and without the use of confirmatory testing.

Your priorities and sequence of steps in program design depends on many vari-
ables such as architecture of the health system, physician and provider training,
machine availability, economic reimbursement model, practice setting, academic
mission, medical specialty, and possibly cultural or national norms. For example, a
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Table 1.3 Essential steps for your ultrasound program

. Define your initial scope of ultrasound practice
. Establish a leader
. Get a machine that meets your needs

. Get the training needed for practice

. Get credentialing/certification in your system (if possible)

NN AW N =

. Integrate and invest in a system that integrates ultrasound images and reports into your
medical record or medical system’s method of communication

. Appropriately bill for ultrasound services

\]

oo

. Monitor and improve via quality improvement processes and cycles

9. Create a budget for your ultrasound program

10. Adopt new applications and technologies as your program matures

community hospital with a substantial amount of geriatric and non-trauma may
want to start with a program that emphasizes procedural guidance for central lines,
biliary, aortic renal, and cardiac scans for the middle aged and geriatric populations
with a clear reporting and billing program. An academic center with the need to
teach residents or students may wish to prioritize the resuscitative ultrasound appli-
cations of trauma, cardiac, obstetric, aorta, thoracic, and procedural guidance with
substantial equipment investment. An office-based clinician may choose the appli-
cations that meet specific needs using existing billing codes with minimal equip-
ment purchase.

The minimum requirements for an ultrasound program are an interested clini-
cal physician, an ultrasound machine, ultrasound education, and clinical need for
ultrasound evaluation. But there are more considerations than can make the
implementation of your ultrasound program more complete, such as US leadership,
provider credentialing, ultrasound examination reporting, quality improvement,
clinical ultrasound protocols, coding and billing and incorporating new ultrasound
applications. Table 1.3 outlines the essential steps for your ultrasound program
(checklist).

Leadership

Ultrasound program management requires a dedicated physician who can under-
stand the complexities and subtleties of an ultrasound program [2]. While most of
the time this is usually one person (at least initially), it can be a cast of many, so
long they are aligned to creating a successful program. Leadership in ultrasound
management may start small in divisions or departments but also may grow into
institutional or health system positions that span several departments, hospitals,
clinics, and specialties (See Chaps. 2, 3, 4).
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Ultrasound Equipment

As discussed later in the equipment chapter (Chap. 11) there is a vast availability of
ultrasound equipment in various size and capability. In addition, a wide selection of
ultrasound transducers may fit your clinical needs. Whether for a solo practice in an
office, or large group practice in an urban emergency department, the usage models,
education, maintenance, and continuing care models need to be considered care-
fully. Image quality is important but cost, ease of use, workflow, durability, reliabil-
ity, and maintenance must be thought out.

US Training

Initial training may be implemented in variety of different pathways including
undergraduate medical education, graduate medical education continuing medical
education courses, departmental in-services, fellowships, or preceptorships (Chaps.
5 and 6). With the advent of new educational techniques such as free online educa-
tion, downloadable digital courses that can be downloaded, and simulation prod-
ucts, you may find covering the didactic portion of education easier than in the past.
However, nothing can be substituted for hands-on teaching for clinical ultrasound.
The provider must be able to manipulate the probe and machine to the get the imag-
ing required for sound decision-making. In addition, ultrasound education must be
tailored to the educational level and goals of the providers.

Quality Improvement

The cycle (Fig. 1.2) of performance, assessment, feedback, and improvement is
fundamental to the success of the ultrasound program. An assessment and feedback
system should be considered as the program is developed. Images, reporting, and

Education
Competency Performance
Improvement Review

Fig.1.2 Cycle of education—Performance—
Review—Improvement—Competency
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feedback can take considerable time and effort. Digital systems have helped but
regardless of the hardware, software, and reporting systems, quality improvement
programs must be in place to allow for appropriate training, credentialing, monitor-
ing, improvement, and expansion of programs (Chap. 16).

Credentialing and Certification

Once physicians get trained to the level of acceptable competence, credentialing or
certification within your health system can occur. Attention to the rules and require-
ments of the health system may be worthwhile as you design your program.
Certification by third-party organizations such as sonographer or physician organi-
zations may be obtained, but credentialing at hospital and hospital systems will still
be required. Designing your credentialing plan with your national, state, healthcare
system, and specialties guidelines in mind will create the architecture that makes
your educational and training system successful, efficient, and accepted by your
peers (Chaps. 19 and 20).

Clinical Protocols

Once education, equipment, and training are in place, ultrasound must be integrated
into clinical scenarios, procedures, and algorithms. This aspect of management may
be overlooked but is key to efficient, rational, and appropriate use of ultrasound.
Examples of ultrasound in the undifferentiated hypotensive patient, procedural
guidance of central lines, ultrasound for soft-tissue infection, monitoring of IVC
diameter for the volume depleted patient, and US guidance of therapeutic injec-
tions. In each case, ultrasound has its place in the clinical sequence, practice algo-
rithms, and expected results. Careful consideration of ultrasound’s place in current
clinical care will guarantee acceptance, performance, and success.

Information Management

Once an ultrasound examination is performed and interpreted, the information
will need to be reported and documented in a medical record. The reporting may
be minimal in the battlefield or a disaster, and very sophisticated in a tertiary care
center with images and reports being integrated from the machine to the elec-
tronic medical record by wireless communication. You should have a thoughtful
plan for rapid accurate, succinct, and reimbursable manner documentation
(Chaps. 17 and 18).
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Work Value and Reimbursement

Ultrasonography takes clinical time, which is the most important commodity to a
physician. Ultrasonography must carry its own weight in regard to value. In the
United States, there are codes for US services for both professional (interpretation)
and technical elements (performance, equipment, supplies, and overhead), and this
may help defray costs of equipment and supplies. Ultrasonography contributes to
value in medical care in regard to sound medical-decision-making, more clinical
efficiency, improved risk management, increased safety, and better outcomes. While
the program’s steps of education, machine acquisition, credentialing and integration
usually precede the reimbursement phase, eventually a mature ultrasound program
will want the appropriate recognition with value calculation and reimbursement for
the ultrasonography examination (Chap. 22).

Ultrasound Strategy

Strategy depends on the practice environment and resources. Prioritizing education
and machine purchase are obvious first steps, but thinking about your quality assur-
ance, budget, archiving and reporting needs to be well thought out. See Fig. 1.1.

Are your needs at just one location? Are more than one user or specialist going
to use that machine? How will the images and report get into medical record (paper
or electronic). You may not be able to solve all these issues at once but keeping them
in mind as you structure your program is wise.

Popular strategies for starting ultrasound programs include using quality, educa-
tion, research, or practice needs as leverage. For those who are starting with initial
resistance, emphasizing improving quality with the use of US with reference to
national and specialty standards may be a good initial strategy. Research utilizing
ultrasound as the diagnostic goal, monitor, or variable is certainly another strategy
that can be employed and may provide data to start a program. Depending on the
clinical specialty, your department may have to meet educational standards that
require US at undergraduate, graduate, and postgraduate levels. Finally practice
demands of patient care needs, such as obstetric patient waiting time, high rates of
penetrating trauma, or lack of DVT US at off hours may be the initiating clinical
requirement to start an US program.

Situational Awareness

We cannot overemphasize the importance of situational awareness (Table 1.4) in
developing your ultrasound strategy. You understand resources in your health sys-
tem, the rules and regulations of the institutions and jurisdictions in which you live,
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Table 1.4 Situational awareness Practice guidelines

Federal and state laws

Medical staff politics

Administrative health system politics
and budget

Maintenance program and personnel

Departmental or group dynamics

Information technology policies and
trends

Workload

and interaction of other providers with your adoption of ultrasound. A famous
politician once said all politics is local, and we would say that the politics of
ultrasound often are the application of more national and specialty politics to your
local situation (Chap. 19). Knowing the atmosphere in your system, the credentialing
or certification rules, budget structure, local politics, and temperaments of your
institutional colleagues can help guide you overcome avoidable obstacles. These are
the non-ultrasound issues that affect your US program.

Modern issues in American health system include the specialty specific ultra-
sound guidelines, evolution of the EMR, credentialing rules and regulations of the
medical staff, budgets for equipment, information system platforms, provider work-
flow, payment models, infection control regulations, quality improvement systems,
and other technologies and medical devices that are used or intervene in medical
conditions where ultrasound is used.

Creating a US Network with Key System Personnel

Table 1.5 lists key personnel and departments that interface with your ultrasound
program. This will depend on your setting and your healthcare system. It is impor-
tant these key players understand the relevance, mission, and strategy of ultrasound
in your clinical setting.

Timing

The timing of implementation can vary, but there should be some goals for implemen-
tation once a machine (machines) and initial education has been obtained. Credentialing
plans and clinical protocols should be in place as soon as initial education is obtained.
Administrative oversight will require reviewing intermittent review of individual and
departmental goals throughout the year. A well-thought-out plan for a busy clinical
group should allow completion within 1-2 years, but this depends on the size of group,
individual clinical load, frequency of ultrasonographic abnormal scans, and creden-
tialing plan requirements. See Table 1.6 for suggested grid of implementation.
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Table 1.5 Key players in US program Ultrasound Director or Lead Physician
Department Chair/leadership of group
Group/Department physician members

Equipment Manufacturers and Sales
Representatives

Clinical engineering

Infection control

Materials management

Nursing

Traditional imaging specialties

Information services
Hospital or health system leadership/

CMO
Table 1.6 Timeline of management grid
Suggested timeline of completion Your timeline
Leadership Months 0-3
Machine Months 0-3
Initial education Months 0-6
Experiential training phase Year 0-2
Credentialing/certification Year 0-2
Archiving Continuous
Quality assessment Continuous
Reporting Continuous after training
Billing After credentialing

New Frontiers

Ultrasound is addictive, intriguing, and intellectually progressive. The anatomy and
physiology learned in medical school can be seen within seconds of your initiation
of placing the probe on the patient. Uses that go beyond the traditional boundaries
are flourishing. One can expect to grow and expand your program as both new appli-
cations are created and your program naturally grows beyond its initial structure.

Definition of Success

A successful ultrasound program is defined by the performance, interpretation, and
integration of ultrasonography by clinicians with accuracy, reliability, and consis-
tency (Fig. 1.3). The ultrasound examination should stand on its own performance
and interpretation separate from the clinical examination and other testing, especially
other imaging. The ultrasound examination should have meaning to all in the
medical system—patient, provider, peers, payers, and public.
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Fig. 1.3 Maturation of Birth- US machine

ultrasound programs
US Education

Clinician need

US Program Leadership

Y US Reporting

Maturation US Quality Assessment

US Credentialing

Clinical Protocol Inclusion of US
Archiving of Images

Billing and work value

Continuing Ultrasound Education

Y

High Functioning Adoption of New Applications
Ultrasound
Programs

Pitfalls

—_

. No leadership.

. Lack of an ultrasound machine after education, and lack of education after
obtaining a machine.

Imposing an ultrasound program without regard to clinical and provider workflow.
Lack of a quality improvement program that assesses technique and outcomes.
Not understanding that ultrasound program components are interdependent.
Clinicians not valuing ultrasound as reimbursed work or a skill separate from the
physical examination.

[\

SNk w

Key Recommendations for US Program Management

1. Define your mission—why you want to use US in your setting.
2. Designate a leader to the ultrasound program.
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3. Strategize with situational awareness of the opportunities and threats in your
medical environment.

4. Get a machine that meets your practice’s needs and integrates with your workflow.

5. Initiate the cycle of education, performance, improvement, competency.

6. Make decisions that align the components of your US program for maximum
efficiency and effectiveness.

7. Make your ultrasound program meaningful to clinical care.
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Chapter 2
Ultrasound Director

Michael Blaivas

Objectives

e Understanding the scope of an ultrasound director position

* Describe key components of organizing an ultrasound program as a director

* Describe incorporation of an ultrasound program into the wider system

» Understand strategic components critical to strengthening an ultrasound program

Introduction

The job of ultrasound director can take on many forms and differ based on setting. It
also invariably changes throughout time. Given the nature of point-of-care ultrasound
and its incredible growth over the last two decades, every ultrasound director should
be prepared for and in fact push for growth in their program. One of the most fre-
quently asked question is why does my institution, clinic, office, or department need
an ultrasound director? The answer lies in the nature of point-of-care ultrasound itself
and that it is different from most other things we do. This can be a particularly chal-
lenging concept to describe to seasoned providers. They have seen new applications
come and go and are used to learning new methods in a short CME course or journal
and adding it to their medical toolkit with a finite investment of time. A good example
may be learning to inject joints, tendons or a new intubation technique. However,
ultrasound is different from any of these individual applications.
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Many providers did not learn ultrasound in their training programs and as opposed
to learning to use a video laryngoscope after using blind intubation for years, ultra-
sound has multiple components such as physics, machine optimization, multiple
applications and providers have to learn ultrasound anatomy as well. Some providers
may view the addition of ultrasound as a nuisance, especially if they are past the
midpoint in their career. Many providers are simply struggling to keep up and adding
one more thing leads to pushback, at least until those providers realize how point-of-
care ultrasound can actually improve their practice. Fortunately this attitude has
been changing, mostly because of the introduction of new practice guidelines.

In general, the ultrasound director is effectively a champion and cheerleader for
ultrasound in the department or clinic and while this is the first duty, secondary duties
like quality assurance and education are close behind. A common misstep would be
to have someone take on the job who has lots of responsibilities in the department,
such as the residency director, quality assurance director, or medical director.

Benefits to Having a Director or Coordinator

Much like the birth of a department or group itself, introduction of ultrasound is
essentially a business venture. The benefits of introducing ultrasound should be
outlined as well as the benefits of having an ultrasound director. Ideally the ultra-
sound director is appointed prior to starting an ultrasound program, but this may not
be practical in many settings where the realization of a “need” only materializes
after a disaster or sentinel event with ultrasound. Considerable management is
required with ultrasound use, especially as it scales. While the benefits of ultrasound
are numerous, so is the potential for missteps and conflict with traditional imagers.
Lastly, many clinicians find it appropriate to be reimbursed for utilizing their new
ultrasound skills and the benefits applications bring to their practice. Time and
effort will have to be dedicated to streamlining the documentation, billing and nego-
tiating processes that come naturally with the ultrasound. In fact, a centralized per-
son with a fund of knowledge of ultrasound is mandatory for troubleshooting,
education, billing, and liaison/political activities. These and other roles (Table 2.1)
are part of the ultrasound director’s job.

Table 2.1 US Director’s ED physicians
typical interfaces with other
healthcare system personnel

Operations manager
ED chair
Residency director

Nurse manager

Hospital

Credentialing committee

Purchasing

Clinical engineering

Infection control

Informatics
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Things to Consider Ahead of Job Commitment

The clinician pondering taking on the job of ultrasound director should consider the
commitment carefully, because it’s such an important job and has to be taken seriously.
The prospective ultrasound director should be well aware of the various components
that will make up his or her job. Learning ultrasound from the ground up is simply not
feasible at this stage in point-of-care ultrasound, so this is an important prerequisite.
For the position to be sustainable and role successful, enough time and resources have
to be dedicated by the clinic, department, or group to ultrasound.

Negotiations for protected time, staff support, moneys for equipment and meet-
ings should be done upfront. Negotiating after the job has been accepted may be
difficult in the current era of cost cutting and emphasis on clinical productivity. This
is the case whether one is considering ultrasound directorship in an academic or
private practice setting (See Chap. 3 — Job Search and Contract Negotiations).

Depending on the clinical setting and the relative power your specialty wields,
resistance from traditional imagers may be expected. It is no longer accurate to
blanket label radiologists as obstructionists to clinician use of ultrasound as it
seemed to be years ago, but at the local level this is typically the most frequent point
of conflict and friction. Other traditional imagers include cardiology, vascular sur-
gery, and occasionally obstetric/gynecology. Before taking a new job it behooves
the prospective director to survey the institutional imaging landscape and not depend
on the departmental medical director or chairperson. They may not really be aware
of how radiology and others will react or may have an incentive to underestimate
possible challenges. Ideally, address your questions to the radiologists themselves
or others, perhaps the vascular laboratory run by vascular surgery.

The great paradox is what to do when promises are broken, a machine is never
purchased, protected time does not materialize, etc. While verbal agreements mean
nothing, it is important to realize that a written contract may not offer you much
more protection. Will you be willing to litigate to inforce your contract? Does state
law give you a fighting chance of winning? How likely are you to keep your job if
you push so hard? Will you get reference letters if you enforce your contract in a
messy legal process? These are just a few things to consider and you may come to
believe there is little you can do if agreements are broken. However, having agree-
ments in writing is still a wise option. In some facilities such contracts will be
enforced internally. It may be a good reminder to your supervisor what he/she
promised to deliver. Alternatively if you do leave to another job, a letter showing the
promised machine, protected time and staff support will give you a negotiation
starting point and verify that you left for a credible reason. Even if you never plan
to inforce or contest the promises broken, a written contract is good to have.

Prospective ultrasound directors often feel that being the first in a program or
department is the ideal position and may be reluctant to be the second ultrasound
director. While there may be merit to this line of thinking initially, many ultrasound
directors, however, have found that it’s best to be the second US director after the
first one has initiated the departmental conversation. In the interim, the department
or group may have realized more support is required, or you may simply be a better
fit or more qualified. It is prudent to have an alternative plan. That plan B will differ
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from person to person, but if ultrasound is important enough to you, it is wise to
know who else might be looking for ultrasound directors in the vicinity or are con-
sidering starting an ultrasound program. This is best performed on an ongoing basis.
Business schools actually recommend this approach to executives. Always keep
active in your network. Be aware of positions that are open and inquire with others
in the industry about open position, plans, new programs, etc. This process can be
couched as learning opportunities and continuous investigation into process
improvement.

Taking on the New Job

When starting a new ultrasound directorship position, if you are coming in from the
outside you will have disadvantages as well as advantages. Most directors experi-
ence a honeymoon period, while it may be short-lived, it should be taken advantage
of. Coming in from the outside may allow you to be viewed as the “expert who is
brought in.” This can buy some instant credibility and ease your path to creating a
program. Another time of opportunity which may not be evident on the surface is a
time of upheaval or change in the practice, clinic, or department. As jobs shift,
duties are expanded, increased flexibility may be available and shifting priorities
may make it easier to get ultrasound off the ground with adequate support. There is
a flip side to the opportunity which is broken promises, changes in direction, and
sudden loss of funding as other projects come on line unexpectedly.

Established Patterns and Credentialing Pathways

Of particular interest should be any previously established practice patterns with
ultrasound. Especially in newer specialties to point-of-care ultrasound, a credential-
ing pathway may be something that has not been discussed previously. As seen in
this textbook, credentialing, if using ultrasound in the hospital setting, is of great
importance (Chap. 20).

If the answer is yes, and a credentialing pathway exists, verify and obtain a copy.
More often than not there will be unexpected surprises. While creating a credentialing
pathway for your department or group at the hospital may be one of your first tasks,
it is helpful to explore this process even before signing on. The same applies to a
private office or clinic setting where the entire group may have to approve a plan and
training outline for the group. Remember, just because the chairperson or medical
director says they want ultrasound to happen, it is rarely a done deal. Look for land-
mines prior to stepping on them. If looking at a hospital setting, consider speaking
with the credentialing committee or medical executive committee directors to get
their sense for how receptive the committees may be to point-of-care ultrasound or
if possible road blocks already exist. Keep in mind that roadblocks are just that and
sometimes you simply have to drive off the road to get around them. The more you
know about this ahead of time, the better you can plan.
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Once you have a lay of the land you will need to consider your options. In some
cases turning down an opportunity that seems fraught with too many obstacles or too
good to be true is the best option. Groups often promise things they cannot deliver
and it may be completely unintentional. If you start getting that sense, be honest with
yourself, ask more questions, and decide how much risk you are willing to take.
Always check to see if administration is on board and if they are, ask provocative
questions such as “what if the radiology group threatens to leave if we start using
ultrasound on the floors?” You may get a more honest answer at that point. Billing is
a topic that often comes up, especially if radiology is involved. Make sure you are
prepared to answer these questions. Also, read the chapter on reimbursement and be
aware of your options. In some cases the revenue generated by billing can mean the
difference between support for the program, administrative time or not. An US direc-
tor’s responsibilities and training is included in Table 2.2 (from CUAP website).

Table 2.2 Ultrasound director description

*#*THIS IS A SAMPLE DOCUMENT ONLY *#*
ACEPs policy statement, Emergency Ultrasound Guidelines, approved October 2008, states:

Emergency ultrasound director

The emergency ultrasound director or coordinator is a board-eligible or certified emergency

physician who has been given administrative oversight of the emergency ultrasound program
from the EM director or group. In addition to coordination of education, machine acquisition
maintenance, the US director is responsible for developing, monitoring, and revising the QA

process

Ultrasound director responsibilities (list all responsibilities pertaining to the ultrasound
program)

For example, the Ultrasound Director’s responsibilities might include:

— Developing and ensuring compliance to overall program goals: educational, clinical, financial,
and academic.

— Designing and managing an appropriate credentialing and privileging program for physicians
and/or residents within the group and/or academic facility.

— Designing and implementing in-house and/or out-sourced educational programs for all
residents and attending physicians involved in the credentialing program.

— Monitoring and documenting physician privileges, educational experiences, ultrasound scans,
and CME.

— Developing, maintaining, and improving an adequate QA process in which physician scans
are reviewed for quality in a timely manner and from which feedback is generated.

— Developing and monitoring an ultrasound machine maintenance care plan to ensure quality
and safety.

Ultrasound director training (include credentialing and length of time in position)

For example, it is recommended that the Emergency Ultrasound (EUS) Director meet the
following requirements:

— Credentialed as an emergency physician

— Maintains privileges for EUS applications

— Designated as Ultrasound Director by the Medical Director of Emergency Medicine

— If less than 2 years in position as Ultrasound Director, directors are highly encouraged to have
performed one of the three following tracks toward ultrasound management education:

1. Graduated from an EUS fellowship
2. Attended an EUS management course

3. Completed an EUS preceptorship or mini-fellowship
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Who Else Is Using Ultrasound?

In the modern medical landscape there is almost certainly someone else in the hos-
pital that is using ultrasound clinically. This may be other departments, specialties,
or groups. In the majority of cases, unlike traditional imaging providers, these col-
leagues are likely to see your entry into ultrasound as a boost for them. The more
clinicians use ultrasound, the more power they have to stave off pressure from con-
trarians, be they in the same specialty, a different one, or in administration. If you
are able to find out, contact those individuals ahead of time, get some honest
answers. If you are encouraged by their experience, start getting to know those clini-
cians early to make ties, even before taking on the role of ultrasound director.

If you cannot identify other users of ultrasound in the hospital or medical center
other than cardiology and radiology, investigate deeper. Are there exclusive con-
tracts? These may be illegal based on applicable laws, but may still be in place. Such
contracts are often seen with radiology where the hospital has agreed that only the
radiology group can provide imaging services. Such a contract may be used to stop
your ultrasound program in its heels. However, upon a closer look, one often
discovers that cardiology also uses ultrasound to image and possibly others as well.
This may be your angle to get ultrasound into your practice.

The Ultrasound Director Job

Whether you are going to be running ultrasound in an emergency department, inter-
nal medicine clinic, intensive care unit, or any other location, it is important to realize
just what this can entail. It is more than just checking where the machine is periodi-
cally and dusting it off. In fact, such ultrasound directors tend to make themselves
and their colleagues miserable while stifling rather than promoting ultrasound use. It
can be an all-encompassing job at the other extreme (See Table 2.1—Interactions
with other health system). Depending on the setting, especially for emergency medi-
cine, internal medicine, critical care, and other specialties where multiple ultrasound
applications may be utilized, ultrasound may touch almost everything you do. For
instance, there is little doubt that the physical examination will be forever altered in
the future by ultrasound. Similarly, it is becoming too risky to insert a needle any-
where other than an obvious superficial vein without ultrasound.

Many ultrasound directors find that a flourishing ultrasound program is much
like having your own department within a department. At least there is a possibility
of growing the program to its full potential, with many examples around the country
in critical care, emergency medicine, and internal medicine departments. Practically
speaking, this means considerable power and influence for the ultrasound program
as well as a real impact on patient care delivery in your facility.

At this point, ultrasound directors should you plan ahead. Time management is
critical. Plan which initial topics to address, partition the approach to ultrasound
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adoption, and consider a staggered approach to ultrasound introduction. If your
group or department is considering five ultrasound applications they would like to
adopt, let’s say DVT evaluation, central line placement, focused cardiac, joint injec-
tions, and lung ultrasound, it could be challenging to tackle all of these at once.
While an ultrasound education course may be able to address all of these topics in 2
days, getting a number of clinicians up and running on all of these applications will
be challenging, especially in a private practice setting where nonclinical time may
be quite limited. It is important to communicate this to your employers so that they
fully understand the pitfall of trying to tackle everything at once. If that is something
they insist upon, then you will need much more protected time and colleagues will
need real incentives to keep them motivated.

Ideally there will be general agreement to undertake just one ultrasound application
at once. This does not mean an ultrasound course that teaches only how to stick a periph-
eral or central vein under ultrasound guidance. A full course that compasses several
applications as well as physics, machine operations, etc. is very important. Indeed, if you
are just going to put ultrasound-guided central lines, it makes sense to learn basic lung
ultrasound to rule out pneumothorax and some soft tissue ultrasound to understand sur-
prise findings on pre-scans. Yet, the ultrasound director’s job will be more limited in
such a setting than one where ten ultrasound applications will be practiced.

An inspiring ultrasound director never rests. One of my favorite statements about
ultrasound was made by Dr. Alex Levitov, a successful critical care ultrasound pio-
neer: “Ultrasound is the only infection I know of that cures.” Those who have been
involved with point-of-care ultrasound over the years will recognize the accuracy of
this statement. It reflects both the frustration of some with point-of-care ultrasound
and the incredible utility of the technology. Once providers recognize how helpful
it is in one clinical application, they start to wonder about using it elsewhere and
start applying ultrasound more and more liberally.

A decade ago ultrasound directors were invariably in academic positions and train-
ing residents, faculty, fellows, and medical students was a large portion of their job.
Currently, many ultrasound directors are needed in the private practice setting, but
resident and medical students training is still very important. This will often fall under
academic responsibilities expected from faculty and some specialties have found that
starting fellowships is a great way to increase qualified future faculty for academic
programs. Ultrasound in medical school education is an exploding topic. At the time
of writing nearly a quarter of medical schools already have or are in the process of
introducing 4 year integrated ultrasound education curricula (see undergraduate medi-
cal education chapter). This provides a great opportunity for ultrasound directors to
become involved at the medical school and institutional level. While this may seem
like simply additional work it also means additional leverage. Such leverage can be
used to obtain needed equipment, protected time, and other resources. The larger the
ultrasound program and the more widespread its impact on the department, clinic,
hospital, or medical school, the less likely a chair or medical director can ignore
requests for additional support (See Chap. 7 — Undergraduate US Education).

The planning of departmental ultrasound infrastructure is made additionally
challenging when students and residents are added to the mix. It will become even
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more important to find allies in your group to help teach. This does not mean some-
one who is already trained, although that would be ideal, but rather someone who is
willing to learn. That one person can soon double your efficiency and show others
that getting involved may be beneficial. Ideally, create several ultrasound colleagues
to share work, training duties and discuss interesting cases and future goals.

Extramural Involvement

More and more frequently ultrasound directors in various specialties are being
asked to help outside of their department or specialty. This may be working with
nursing, EMTs, or other specialties to help introduce ultrasound. This is an oppor-
tunity to attain additional allies and grow the influence your program has in the
facility. Invariably that influence translates to better support and an increased degree
of shielding from detractors or outright hostile forces. Time and resources should be
considered as your time may be stretched thin.

Quality Assurance and Improvement

With all of these duties how can the ultrasound director do anything else? Yet one
key function cannot be overlooked. This is quality assurance and improvement. It
may be possible in a mature program to do little quality assurance, but even in such
cases disaster will eventually strike. Quality assurance involves the review of all
studies performed by providers who are not yet credentialed by the hospital or have
not met clinic/practice goals for competency outside of a hospital setting. Such
review is discussed later in the textbook but ideally is performed in person. The
ideal is unreachable in most cases, so a good substitute is video, not just the cardiol-
ogy habit of saving 1 s video clips, but longer digital videos such as 20-60 s. Such
videos clips will tell the story of the path a novice took to find or miss the organ of
interest or potential pathology. Even for procedures, one can gain incredible insight
by reviewing video regarding improvements.

Making the Ultrasound Directors Job Easier

There are several general things which can make the ultrasound director’s job easier
and some have already been mentioned in this chapter. Carving out protected time
is absolutely critical and the ultrasound director should be cautious in thinking that
protected time will come after proof of concept. This may be the only approach and
has definitely worked, but caution is warranted as many directors in this position
have ultimately quit in frustration for lack of protected time. If you are getting push-
back, it may simply be due to the novelty of ultrasound directorship for the group or
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specialty. Recall, those quality assurance directors, medical directors, and others
will typically receive protected time. Document the hours spent per week if already
in the position or project if simply considering. Looking at nearby groups, programs
or even pulling information from the literature can be extremely helpful.

If you have never set up an ultrasound program, a text such as this is absolutely
essential. The basics of setting up a program are fairly simple; avoiding the pitfalls
that many of us fell into may be harder. Multiple medical societies have resources
on line for providers that address documentation, quality assurance, education, bill-
ing, and other topics. Such a review is also a good idea to get a sense for what is
happening in other specialties and what standards others may have. In fact, it is
prudent to know what is happening in other specialties in terms of applications
being used, policies and some higher profile studies or manuscripts which have
been published. This will increase the potential for collaboration in research, patient
care, and education, among others. The more you can partner with others in the
clinical setting, the more leverage everyone will have to push ultrasound forward
and stave off attacks from opponents.

Every ultrasound director learns that despite the rebellious nature of point-of-care
ultrasound in the past, to be successful, one needs to align their ultrasound goals with
that of the department or group. Once done, the path to winning over the department
as a whole and especially individual providers will often be more obvious. To win
over superiors and colleagues it is important to assume their view point first. How
will ultrasound benefit them? Will it enhance the way the department or group is
viewed because of cutting edge technology? Perhaps others in the area are using
ultrasound or new providers are reluctant to join a group they perceive as not keeping
up. For individuals it often means decreased risk of procedures. A harder concept to
convince an experienced practitioner is that ultrasound will take their high level of
competence and increase it further, often dramatically, whether this is placing a cen-
tral line, injecting a shoulder, or assessing the heart during a physical examination.

Consider presenting your plan for ultrasound development and roadmap for the
future to the group, after discussing it with leadership. Get input and be ready to
explain your reasoning behind each step. This is where any standards, policy state-
ments, or high profile research studies may be helpful in illustrating your assertions.
You plan should reach several years in the future and does not have to be as complete
as your master plan. Areas of immediate concern should be addressed first, such as a
pneumothorax caused by a central line placement or frustration with time delays in
getting DVT ultrasound studies or others which can be done rapidly at bedside.

Making a Service Plan

Creating a service plan is often helpful for the ultrasound director and chairperson
or medical director. The service plan should not only include what ultrasound appli-
cations will be using but also how it will serve the department, clinic, or group.
Additionally, do you offer the service outside of the department or clinic is an
important question. Working with a nursing home, emergency medical services,



24 M. Blaivas

local government or other in the medical center or clinic could potentially bring in
additional funding.

The service plan should also include longer term plans, on the order of 3-5 years,
for ultrasound equipment and any peripherals such as a workflow system, servers,
and printers. Many programs find it beneficial to have a graded equipment response.
They plan for increasing ultrasound use and resultant future purchases accordingly.
If you start with placement of an occasional central line but will then adopt focused
echo, then lung ultrasound and others you may need additional transducers and then
even additional equipment as you grow from 1 user to 17. Obviously, budgeting is a
very useful skill, even at a rudimentary level.

Compensation

Compensation is an important topic as in any case where you may be doing addi-
tional work or have expertise above their peers (Also see Chap. 3). This is no differ-
ent from someone in the group or office that has IT expertise, a business expert, or
the quality assurance guru. There is some psychological value to the additional rec-
ognition and compensation. It shows you and others that your work and expertise
are valued and that they bring value to the group or department. There is an increas-
ing amount of data being published regarding ultrasound director compensation,
hours required to perform the job and impact ultrasound makes on the bottom lines
of departments. Much of this is limited to emergency and critical care ultrasound at
this time, but others will likely follow with similar publications. Regardless, paral-
lels can be drawn even if from a different field to support your bid for compensation
and salary support. Identifying someone in a similar situation and obtaining buy-
down time information may further support your arguments, even if on a different
scale or with a different payer mix. There is a significant time requirement for this
role and Table 2.3 gives you some insight into the time requirements and the exper-
tise level to complete tasks. It can be used when negotiating for protected time and
salary, understanding that we did not attach actual hours in each task except QI,
which is a little easier to quantify.

Table 2.3 US director’s time commitment calculator (adopted from Troy Foster, MD)

Director task ‘ Time ‘ Skill requirement
Equipment
Equipment purchase 1 2
Equipment maintenance 2 2
Accessory equipment logistics 1 1
Logistical help -1

Quality improvement

Scans performed/month 3 2

Information technology work 4 5




2 Ultrasound Director 25

Table 2.3 (continued)

Director task Time | Skill requirement
Workflow solution -3

Education
Attendings needing training 3 4
Residency training 3
Medical student training 4 2
Assistant directors/fellows -2

Politics
Credentialing 1 5
Hospital politics/committee work 1 4
Reimbursement issues 2 5

Multiplication factors

Patient volume

Size of group/training level

Number applications performed

Number of machines

Fellows to train

Residents
Medical students
Growth
QI time requirement formula

[((Scans/day) x (1.5 minutes/scan))/60 min] x 7 days = Hours
spent per week performing QI

NN W W AR~ W

System Wide POC US Director

Somewhat of a new concept is the system wide ultrasound director. This will typi-
cally apply to a medical center, large clinic or a system of hospitals or clinics. In
contrast to the typical siloed approach to point-of-care ultrasound, some systems
realize that having too many different standards and no centralized quality improve-
ment and educational approach can stifle growth and even lead to disasters. A leader
overseeing all point-of-care ultrasound programs throughout a system leads to con-
siderable efficiency improvements. Centralized education programs, across the
board standards and coordination of resource utilization are all attractive to larger
systems (Chap. 4).

Working with Industry/Consulting

This is a frequent question, probably not so much regarding do I say yes or no to a
request, rather, how do I get involved. Why would someone consider consulting
with industry or ultrasound vendors? The obvious is additional income, but there are
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other reasons. Consulting may be a way to affect healthcare on a much larger scale
than you are able to in your clinic, office, or department. Additionally, it is often
intellectually challenging. Most providers will never have a change in lifestyle from
doing some consulting on the side, but it can be rewarding and also expand your
horizons.

Medico-Legal Issues

Medico-legal concerns are both your friend and your enemy. Hospitals, medical
systems, surgical centers, and others detest paying out litigation fees and awards
and missed cases leading to law suits are a true motivating factor. Missed pulmonary
emboli, abdominal aortic aneurysms, pneumonia, pneumothorax, DVT, and others
are just a few of the long list of entities which can be diagnosed accurately at the
bedside with point-of-care ultrasound. Never forget that risk management can be a
great ally.

The converse may be a bigger fear for most providers and administrators. This
fear is often stoked by contrarians who are protecting turf or hoping not to have to
learn a new technology and applications. How often are point-of-care ultrasound
providers being sued? The few data that have been published suggests that point-
of-care ultrasound users are sued very infrequently and may be at more risk for
being because they failed to utilize ultrasound rather than missing something on
their scan [1, 2]. This may change in the future, as it is statistically an eventuality.

The best way to avoid successful litigation is having established policy and pro-
cedure. Fly by night scans with no trace of them in the medical record increase lia-
bility, not decease it. Invariably there is someone who recalls that the scan was
performed just before the patient expired and a nurse may have even documented it.
You may have done nothing wrong, but the mere failure to document and suggested
impropriety from the plaintiffs that you were somehow hiding this fact can turn a
jury against you or create suspicion and doubt. There are more and more guidelines
available from clinical specialty societies regarding documentation, recording and
reporting. Utilize these whenever possible. Fortunately, more and more workflow
solutions now exist to make documenting ultrasound examinations in the electronic
medical record easier and more seamless.

A proper credentialing process is also important to protect from litigation and in
case of litigation. Some malpractice insurers may not cover you if you perform a
procedure without credentialing for it. Similarly, if the credentialing process does not
meet national guidelines, to the extent they are available, insurers may feel at risk
during trial and force a settlement in an otherwise potentially defensible case. Recall
that plaintiffs’ attorneys are not too far behind us in reading policies and invariably
have access to experts who might have an understanding of the lays of the land.
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Defensive Planning

Defense planning is a critical component of the ultrasound director, at least a good
ultrasound director that wants to protect their program and facility. It is important to
be seen as valuable by the group, clinic, office, or medical facility. A valuable ultra-
sound program, one that improves patient care and hopefully generates revenue,
either through savings or income, is much less likely to be shut down by administra-
tion than one which is not. As the cliché goes, the best defense is a good offense,
please keep in mind this does not mean attacking anyone. However, think like your
likely detractors might think? What are your programs weaknesses? Maybe you do
not have published data to support the applications you are using? Find the data, it
is likely out there or find something close. If you cannot, maybe you should not be
using ultrasound in that fashion. At the very least, be able to show that others in your
specialty or in a related setting are using ultrasound similarly. What are potential
pitfalls of what you are doing based on common knowledge or published literature.
If out of plane visualization for central venous cannulation has been shown to have
a higher rate of complications, maybe you need to switch everyone to an in-plane
cannulation approach. Be aware that some of the worst outcomes occur when
administrators find out you have no written policy, procedure, and quality improve-
ment process. These alone can back off risk management because you can show you
are essentially operating safely and have a plan for improvement. Talk to others and
anticipate mistakes which will be made by novice user, try to educate them out
before they occur.

Having the facility vested in your program is critical to protect it from negative
consequences. Perhaps in the case of a hospital a procedure service starts utilizing
ultrasound and is offered to the hospital and to replace it would incur additional
expense. Safety or risk reductions provided by your ultrasound program are also a
benefit to the facility and will protect you. It is also helpful to keep a file of ultra-
sound issues even outside of you area. This may yield several benefits. First, it may
give you a glimpse of potential pitfalls to avoid. Second, it levels the playing field
when you realize that radiology misses things on ultrasound scans all the time as
well, something that is not a sign of poor quality but reality. Third, if pressed you
may need to produce this data at high level meetings if assertions are made that one
department or service is perfect in its performance of ultrasound while you are
inferior. Actual data in the form of multiple cases tend to bring out cooler heads
among administrators, who will quickly realize you are being vilified due to turf
reasons.

Lastly, know applicable federal and states laws and regulations and actively
make sure you are adhering to them whether they deal with cleanliness of equip-
ment, electrical safety or proper and secure documentation. These are simply obli-
gations for you and your program to comply with but are also smart defensive
moves to avoid potential complications downstream.
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Key Recommendation

Taking on the role of ultrasound director should not cause anxiety, but approaching
the job with an appropriate level of commitment, understanding, and skill is
critical.

Relevant Literature

There is scant literature on directing an ultrasound program but several helpful tan-
gential articles are available on billing, reimbursement, and administratively rele-
vant issues.
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Chapter 3
Job Search and Contract Negotiations

Laura Oh

Objectives

» Discuss the importance of clearly defined career, ultrasound-related, and personal
goals prior to entering into a job search or contract negotiation
* Describe principled negotiation and how it differs from positional bargaining

Introduction

The transition from ultrasound training to a first-time ultrasound position represents
a time of great excitement but also great uncertainty. In addition to defining more
specific goals related to an ultrasound career and position, there is value in early
identification of broader career and personal goals. For many applicants, the defini-
tion, alignment, and commitment to career, ultrasound, and personal goals is the
most challenging part of the job search process.
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Job Search

The traditional academic job application cycle begins in October, however, new
opportunities can arise at any time. Although it may be tempting to start the job
search as early as August or September, the downside of this strategy is that it
may lead to an unnecessarily protracted search.

To prevent interview season fatigue, it is in the best interest of the applicant to
cluster interviews within a few weeks of each other. An early and solo job offer may
lead to unnecessary pressure for an applicant with an interview scheduled with a
preferred employer later in the season, as most employers will want a reply to a job
offer within 4 weeks. There are some advantages to applying very late in the season
(i.e., spring), because of the relative lack of competition for late-breaking opportu-
nities. However, the late season applicant runs the risk of an employment gap as the
typical credentialing process can be lengthy, with some states taking 5 months to
approve a medical license.

The peak of the community job interview season tends to be earlier than the
peak of the academic job season. In addition, the typical time frame for a job offer
in community practice differs from that in academics. It is not unusual to receive
an offer from a community job on the day of interview. In contrast, most academic
institutions receive federal funding and will use fair hiring practices; the industry
standard is to post an academic position for 30 days before making an offer to any
candidate. Academic job openings may involve the input of search committees
balanced with respect to race, gender, and experience; the opinion of current fac-
ulty members may be sought at a division or department meeting. Applicants who
are applying simultaneously to community and academic positions may find that
because the community and academic job search seasons are asynchronous, it
may not be possible to hold onto early community offers and fully explore aca-
demic job opportunities.

Peak Value

A pitfall common to fellows overwhelmed by the decision-making process is to
procrastinate by taking a starter job with the assumption that life goals will become
more clear a year later. The problem with procrastination, however, is that an appli-
cant’s peak value does not rise in linear fashion with experience and time.
Paradoxically, an applicant who has just completed fellowship may be a more
attractive applicant to an employer than a fellowship graduate with 1 year’s clinical
experience. This is due, in part, to the name recognition of the fellowship site and
the importance of the place of last employment.
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Where to Look; How to Write a Cover Letter and CV

Although ultrasound positions may be advertised in academic journals, job search
websites, or on HR webpages, the most helpful way to obtain a position is to net-
work and utilize personal contacts. Much of this networking happens by being
involved at national meetings, particularly in ultrasound-related activities. If an
applicant has exhausted personal contacts, they might use information available
online to make an educated guess regarding the interest of potential employers in
new ultrasound hires. If, for example, a 40 person department lists 8 physicians with
specialized ultrasound training on their website, it is less likely they will require an
additional ultrasound-trained provider vs. a department of similar size with only one
ultrasound-trained provider.

A valuable resource for how to write a professional cover letter and CV is the Barb
Katz series which is available for free online. Ms. Katz, who is an EM consultant,
advises that cover letters be specific and sincere, detailing what is desired from a posi-
tion and why the applicant is the right hire [1]. Krista Parkinson, adjunct professor at
USC, gives more cheeky advice—a cover letter should be “like a mini skirt: long
enough to cover the important parts, but short enough to be interesting!” [2]. Cover
letters and CVs should be submitted in PDF format to potential employers to ensure
that extraneous markings of grammar and spell check do not distract from an otherwise
qualified candidate.

Typical responses for a job query include an offer to interview, a forwarding of
materials to a search committee, or a response stating that there are no openings but
the CV will be kept on file. The applicant should not be discouraged if the answer is
not an immediate “yes” as applicants may be considered for unforeseen openings
that arise in the near future. A response, however, should always be expected.
Occasionally because of the red tape of the hiring process, a qualified application
can get lost on an HR website. Applicants should follow up on all nonresponders to
close out every job query if no response is given within a reasonable timeframe.

Evaluating an Ultrasound Position

When evaluating an ultrasound position, the applicant should make an effort to
understand the ultrasound milieu and gauge the enthusiasm for point-of-care ultra-
sound by potential work colleagues and other stakeholders such as radiology, cardi-
ology, and OB departments. The applicant should make sure there is adequate IT
and biomed support.

The applicant should take into account the existing level of expertise of providers
to anticipate the workload needed to credential all providers. Although an employer
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might be interested in having an ultrasound program, they might not fully realize
what resources need to be budgeted to run an ultrasound program successfully.

If the applicant is tasked with building a program from ground zero, they should
confirm that there are adequate resources for this endeavor. Some employers will
anticipate the expenses for equipment needs such as ultrasound machines of suffi-
cient quality with an appropriate number of probes, cleaning supplies, procedural
supplies, training mannequins, and phantoms. Many employers, however, will
neglect to fully budget for a workflow solution (which may entail initial licensing
fee and yearly subscription fee), costs of maintenance (e.g., service contracts or
10% of the machine price per year for the service contract once a machine is out of
warranty). Academic directors will also want to ask for administrative support,
access to statisticians, and a research coordinator to aid in IRB applications. The
employer should recognize that the creation of an ultrasound program is a long-term
investment—equipment will need to be replaced as it wears out and program needs
change with growth.

Just as the applicant should be able to clearly articulate what is desired out of
an ultrasound position, the employer should also be able to clearly articulate a
vision for ultrasound in their department. An employer may wish to limit the
scope of ultrasound applications (e.g., no transvaginal ultrasound); the applicant
should consider whether they would be satisfied to work in an environment that
does not allow full utilization of skills. Also of note, some departments may or
may not be interested in billing for ultrasound; since revenue from billing can be
used to expand an ultrasound program, this decision has important consequences
for future machine purchase and hiring of additional ultrasound-trained provid-
ers (See Chap. 2 — Ultrasound Director).

Contract Considerations

The contract should be read in its entirety, with special attention given to tail coverage,
noncompete, and termination clauses. All significant elements of the compensation
package should be detailed in writing (e.g., number of shifts, number of total yearly
hours, number of vacation weeks, CME allowance). If protected time is expressed as a
fraction, the applicant should also have in writing the expected total number of shifts or
hours per year. When comparing contracts, benefits such as health care, retirement,
long-term disability, life insurance, vacation, sick leave, and CME make up a significant
portion of the offered package outside of salary. Some jobs may offer a pension, while
others may offer educational debt forgiveness, assistance with purchasing a home, col-
lege tuition for the children of employees, or tuition support for additional degrees.
Some very desirable jobs may be “non-negotiable.” However, many employers
are open to negotiation with a desired candidate, especially for low-hanging fruit
such as delayed start date, moving expenses, medical board/licensure fees, board
review course and test fees, additional CME or funding for ultrasound education
and meetings. Items such as an ultrasound job title (e.g., director or assistant director)
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may be cost-neutral to an employer, but have significant value to the applicant in
terms of either promotion or as a platform for desired ultrasound resources. Office
space can be a scarce commodity; if not immediately available the applicant may
request future office space during the next ED renovation.

The savvy applicant will avoid mention of money or schedule until the very end
of negotiation, when they are fairly certain that they are a desired candidate and that
they desire the job in turn. The amount of protected time for an ultrasound position
will vary depending on factors such as geographic region, maturity of the ultrasound
program, and expectations of the position (a 25% reduction of clinical load may be
a reasonable starting point for discussion). There may be an ultrasound stipend or a
sign-on bonus for those that inquire.

As a rule of thumb, when annual exams exceed 3600 (>10 exams/day), addi-
tional support is needed, whether in the form of reduction of clinical hours or a
second person to assist with QA. The contract might include a provision for funds
for an assistant ultrasound director hire or additional protected time when this
benchmark is met. Negotiations may revolve around absolute shift reduction or an
administrative fee for ultrasound QA or some combination of the above. For exam-
ple, if an applicant is asked to do QA at multiple community sites, they might first
estimate how much time it will take to provide QA at each site (as a rough estimate,
3-5 min/scan) and then negotiate an admin hourly rate for QA at roughly 50% of the
clinical hourly rate at each site in addition to a shift reduction (e.g., 1/8 reduction of
clinical load as a starting point if also requesting an hourly admin compensation).

Most contracts will follow a generic template that will not be tailored to the spe-
cific items desired in a contract for an ultrasound position. If the contract itself
cannot be altered, a written promise in an email is worth more than a verbal prom-
ise, but will not be enforceable.

Negotiation

A negotiation is an exploration of whether your interests can be best met through an
agreement or by pursuing a better alternative [3]. For a negotiation to be good it
must have the 5 E’s (Table 3.1): it must be efficient, it must endure, it must be equi-
table, it must meet each side’s needs, and it must maintain existing relationships [4].

A common way to negotiate with someone is to take a strong position and defend it.
This positional bargaining, however, often leads to deadlock as neither side can back
down from their position without appearing weak [4]. The Harvard Negotiation Project,

Table 3.1 Five E’s of a good 1. Efficient
negotiation

2. Enduring
3. Equitable
4. Each side’s needs are met

5. Existing relationships are maintained
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created in 1979, pioneered a new method of negotiation called “principled negotiation”
which avoids positional bargaining and looks instead for mutual gain [4]. Where inter-
ests conflict, this method advocates the use of independent fair standards.

The principled negotiation method can be applied to the negotiation of an ultra-
sound contract. A key tenet of principled negotiation is to focus on shared interest.
Rather than focusing on a hard position (e.g., 50% vs. 25% protected time), the
prospective employee may approach the negotiation from the point of view of the
prospective employer. Administrators value patient satisfaction, patient safety, qual-
ity of care, and the bottom line. If the hospital the applicant is interested in working
for has had recent sentinel events that could have been averted by the use of ultra-
sound (e.g., accidental carotid artery cannulation in central line placement), he or
she might approach the negotiation from a patient safety perspective. For example,
the applicant might offer to train all providers on how to avoid future similar com-
plications and request appropriate protected time for this endeavor.

The principled negotiation method recognizes that although “splitting the differ-
ence” is often the easiest solution, it is often not the best solution because it assumes
a fixed pie; neither side is completely satisfied with their portion. Sometimes a
negotiation can be reframed to make a bigger pie [4]. For example, if an applicant
is not satisfied with offered compensation for an ultrasound position, he or she
might inquire if they can take on additional responsibilities for additional compen-
sation. This additional responsibility might mean taking over ultrasound direction
for the entire hospital rather than for just one department, or ultrasound direction for
multiple sites rather than a single site.

If negotiations stall there are a few strategies to move forward. If the applicant is
at an impasse with someone who will not back down from a strong position, deter-
mine the reason behind the position and explore if the same goals can be accom-
plished in an alternative way [4]. A third party mediator can sometimes break a
deadlock by aiding in reframing the conversation in terms of shared interest rather
than divisive position.

An important component of the principled negotiation method is the referencing
of objective criteria. If there is a disagreement about compensation or position
expectations, both applicant and potential employer can look to institutional,
regional, and national precedents. Sometimes this exploration of objective criteria
may benefit the applicant, but other times it can benefit the employer. What matters
is that both parties keep an open mind and are willing to acknowledge objective
criteria that are brought into the discussion.

An important step in preinterview preparation is to try to determine the underlying
interests of the prospective employer and to determine the interests of individual people
who might be work colleagues. Not only does preparation lay the groundwork for
smoother negotiation, it helps determine if a potential employer’s core values are in align-
ment with the potential employee’s. A major component of long-term job satisfaction for
an employee is respect for the employer and belief in the group’s mission (Table 3.2).
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Table 3.2 Applicant checklist

1. Articulate personal and professional goals.

Know what you desire out of an ultrasound position

2. Use personal contacts/network to move application forward

. Send out CV and cover letter as PDFs keeping in mind the “mini-skirt” approach

~lw

. Before the interview, research the underlying interests of the prospective employer
and seek objective criteria for fair compensation

5. Understand the milieu—are all stakeholders (radiology, cardiology, OB, etc.) amenable
to POC US?

Understand employer’s vision (billing/no billing; scope of applications desired)

6. Read contract in entirety, paying attention especially to tail coverage, noncompete, and
termination clauses

7. Ask that anything of significance be put in writing

8. Negotiate money and schedule at the very end

Ask for a sign-on bonus and/or US Director stipend

9. Look ahead and negotiate future adjustments based on future successes

Keep records to support future renegotiations

10. Make sure your personal values are in line with the group’s core values/mission

Renegotiating a Contract

As an ultrasound program matures, inevitably the workload for the ultrasound
director increases as the volume of scans increases. Opportunities for renegotiat-
ing a contract arise at times of “great saves” or “great misses” or “great asks.”
The ultrasound director should keep a file of “great saves” where use of point-of-
care ultrasound altered the clinical course of a patient in a life-saving way.
Sometimes the excitement of a “great save,” can generate goodwill and addi-
tional financial resources. In contrast, great misses also provide opportunity to
ask for additional funds if the miss could have been averted by use of ultrasound
by an ED provider.

Finally, an ultrasound director might renegotiate a contract when a large task is
asked for by the administration (e.g., system-wide credentialing of providers in
multiple core ultrasound applications within a short timeframe).

Good record-keeping of all the hours spent on ultrasound activities provides
objective data for administrators who might underestimate how labor-intensive
ultrasound direction can be. Extra efforts will sometimes go unnoticed by adminis-
tration if not properly documented.

An ultrasound director might also renegotiate a contract by highlighting how
much revenue is generated by ultrasound billing. One technique that has been
employed successfully is to isolate how much income is generated for the department
in an average month by sending a set of dual charts—one with all ultrasound charges
included and one without, to department coders.
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Discussion

The long-term success of an ultrasound program requires a sustained effort by a
director who is passionate about ultrasound. It is often the case that the amount of
protected time given by the employer will not fully account for all the extra hours
than an ultrasound director invests.

Programs falter when ultrasound directors feel undervalued or when they do not
receive the resources they need, or when the employer’s expectations have not been
met. Open communication between the ultrasound director and administration is
essential for the well-being of both the ultrasound director and ultrasound
program.

Pitfalls

1. Failure to pause prior to job search to define clear personal and professional
goals.

2. Procrastination of job search beyond peak value immediate post-fellowship.

3. Failure to read and understand contract, and to ask for items of significance in
writing.

Key Recommendations

1. Do not be afraid to negotiate.
2. Choose principled negotiation over positional negotiation.
3. Renegotiate as the ultrasound program matures and succeeds.
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Chapter 4
Institutional Point of Care Ultrasound

Gerardo Chiricolo and Vicki E. Noble

Objectives

e Understand institutional point of care ultrasound leadership

» Review strategies for implementation of an institutional point of care ultrasound
program

* Review a sample organizational structure for institutional point of care ultrasound

* Learn the administrative and operational responsibilities involved in an institu-
tional program

» Highlight the importance of interdepartmental collaboration

Introduction

Over the last decade, as ultrasound machines have become more portable, easier to
use, and more affordable, point of care ultrasound has diffused into the practice of
almost every specialty in the house of medicine [1]. The ability to make rapid diag-
noses and monitor response to therapy at the bedside encourages an ever broader
user base. Moreover, the introduction of ultrasound imaging in medical school—as
it is incorporated into early basic science curricula like gross anatomy and
physiology—means that a generation of young physicians begin their careers with
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ultrasound experience and exposure [2]. As more physicians and more specialties
start to use ultrasound in their practice, the need for governance and an institutional
organizational structure grows. Universal oversight, leadership, and quality assur-
ance become increasingly necessary. Most significantly, standardizing the workflow
processes by which the use of ultrasound is operationalized throughout an institu-
tion will mean increased efficiency and performance and will lead to a safer practice
and increased patient benefit.

Who should lead this effort? Consideration should be made for physicians of
specialties that have successfully implemented POC programs, use POC in multi-
ple, non-specialty-based applications, and perform and interpret US at the bedside
in a clinical manner. While physicians from many specialties should be considered,
there is a strong case to be made for having an emergency physician as the point
person for an institutional clinician performed ultrasound program during this era.
First, no other organization has done more to support the practice of clinician per-
formed ultrasound than the American College of Emergency Physicians. ACEP is
the primary organization that has experience establishing guidelines for training and
credentialing, safety, and quality assurance in clinician performed ultrasound [3].
Emergency medicine is also the only residency training program that has a wide
breadth of ultrasound examinations as part of the core competency for residency
training [4]. This exposure and expertise is helpful in managing an institutional
program as no other specialty will have training that includes cardiac, obstetrical,
vascular, general abdominal, ophthalmologic, and musculoskeletal exams. Finally,
to date emergency medicine has led the effort to train leaders and experts in all
aspects of running a point of care ultrasound program with dedicated fellowships,
although increasingly other specialties are seeking out this training [5].

Establishing the Need

The first step in setting up an institutional point of care ultrasound (POC US) pro-
gram is getting buy-in from your department and chair. Running a hospital-wide
ultrasound program will take time and money, and without the support of the chair
for the initial startup investment, the effort will be stalled. The justification for a
departmental chair to support the program are:

1. Standing within the hospital community. The acknowledgement of an area of
expertise will lead to increased visibility and leadership within the hospital gov-
ernance structure.

2. Academic productivity. Centralized training and quality assurance increases the
ability for institution-wide research on outcomes, comparative effectiveness, and
patient satisfaction. Indeed, this research is essential for demonstrating the effec-
tiveness of an institutional POC US program and in maintaining the institution’s
commitment to such a program.

3. Budget support. The budget of any hospital is a zero sum game but by stepping
into a void and providing a service that can demonstrate improved patient care
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Table 4.1 Critical steps in program development

Phase I Phase II Phase IIT

Chair support Presentation to board Collect data

Demonstrate need IT support Celebrate successes

Baseline metrics Budget Long term planning
Gather champions

efficiency and decrease resource utilization the department can claim back some
of the indirect financial gains and savings provided by the program. Some of these
benefits may be shared back with the department as well as the program.

The second step is to demonstrate a need that is hospital-wide. Oftentimes
this need becomes self-evident as the inefficiencies of individual archiving sys-
tems, training programs, and machine maintenance across departments are dem-
onstrated. Gathering data on procedural complications or redundant imaging also
can demonstrate a need for integrated training and documentation [6—8]. In the
initial stages of program development it is essential to establish a relationship
with the hospital’s coding and billing personnel. Data driven evidence will make
gathering and maintaining support for the program much easier (Table 4.1). In
addition, obtaining the number of physicians and specialties who have requested
privileges for ultrasound use by speaking with the chair of the credentialing com-
mittee or with the office of the medical board can also support the need for an
institutional program. Demonstrating that widespread use is occurring without
general oversight and standardization could have clinical implications, medico-
legal ramifications, and most importantly patient safety concerns for the hospital.
An institutional ultrasound program provides a solution to this problem. Finally,
do not assume that the administrative leaders who will be approving the forma-
tion of an institutional point of care ultrasound program will even understand
what point of care ultrasound is. It is essential in the initial presentations to over-
whelm the administration with the evidence for how ultrasound has been shown
to decrease length of stay [9], decrease redundant imaging in the intensive care
unit [10], improve patient satisfaction [11], decrease procedural complications
[12] and review any current literature demonstrating efficacy and comparative
effectiveness.

Finally, before the initial presentation to the hospital administration, after garner-
ing the support of your chair, gathering data as above and reviewing the literature, it
is essential to know who the individuals are that you will need to convince on the
merits of an institutional program. Do your homework prior to the meeting and find
out if you have supporters or detractors. Try to anticipate what the sticking points
will be. It never hurts to have the “meeting before the meeting” as well to feel out
what the controversial points will be. This is just good politics. Early involvement
of departmental leaders, i.e., chairmen and vice chairmen of the various specialties
involved, is of critical importance and will foster the support you will need in mov-
ing forward with the program. Each department will have different needs and objec-
tives. Acquiring this information so that your presentation will speak to their specific
concerns and expectations will lead to success.
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The Presentation

The presentation to the administration will be critical. This proposal should include
a mission statement, an organized rollout plan, the various curricula for different
departments, safety mechanisms, machine purchase and maintenance plans, and a
quality assurance mechanism. If there are other cross-specialty institutions within the
hospital, meet with them and model the program on their successes. One example
often cited is a pain management program. It is important to include a solid return on
investment analysis in your proposal. Although you may see the patient care benefits
and the obvious indirect returns the program will provide, most administrators appre-
ciate a neat, direct, and concise analysis of the return. Direct returns can be derived
from an estimated volume of exams, the regional charges from the CMS fee schedule
for the professional fees on inpatients and both professional fees and technical fees
(or the global fee) for outpatients. In addition, include an estimate on decreased pro-
cedural complications as a potential for improved revenue capture. Indirect returns
such as decreased length of stay because of more efficient diagnostic turnaround,
point of care ultrasound use in bundled payment cases and value-based reimburse-
ment, and physician retention and satisfaction can also be mentioned.

There is also a significant cost to the equipment and infrastructure including both
hardware and software purchases. Electronic health record interfaces alone can costs
tens of thousands of dollars. Make sure you include reasonable estimates as it will be
hard to explain unplanned budgetary expenses later on. It is also important to be clear
and specific as to how to fund the program. Solutions include grant support, philan-
thropy, institutional funding, or departmental budget contributions. Usually it is
some combination of all of the above but you will want to have a clear outline of this
up front. Finally, it is appropriate to negotiate a compensation structure for your time
and effort. This may include a yearly stipend, an hourly rate, a reduced clinical load,
or any combination of the above. Establishing a program requires a considerable
time commitment and it is recommended that you do not underestimate the amount
of work to be done. Many realize that much time will be spent with education, quality
assurance, and competency assessment. But few initially note the time for the devel-
opment of policies and procedures, delineation of privileges, assessment tools, and
the myriad of other responsibilities associated with this role.

How to Structure a Program

Once the need for the program is established, the next step is determining the model
of organization that best suits the needs of your institution and patient population.
There are two differing ways to model the organization and administration of an
institutional point of care ultrasound program. The first way is by having a single
leader or director of the program. Ideally this physician should have POC (currently,
emergency ultrasound) fellowship training or have significant administrative expe-
rience in an ultrasound program and be well versed in all exam types of point of care
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ultrasound. It is important that if going with a single leader approach, that expecta-
tions are managed and it is understood that this person will not be able to train the
entire hospital in point of care ultrasound. Instead, a timeline for “train the trainers”
should be presented and the institutional leader can gather champions in each
department who can take active roles in the education, oversight, and quality assur-
ance in a specialty-specific manner.

The second model of organization and administration is via governance by com-
mittee. In this model, key ultrasound leaders throughout the institution will all con-
tribute to the management and oversight of the program. This model should include
clinicians from various specialties and expertise that encompass all point of care
exam types to be performed institution wide. In this case it is wise to develop a
governance or committee charter with clearly defined structure, rules and regula-
tions, and terms and conditions. In particular, the chair of the board position should
have delineated qualifications and terms. As a committee structure, the work can be
shared and regularly scheduled meetings and reassessments of that work can be
accomplished. In this scenario, support for the program might be easier to obtain as
more specialties—namely traditional imaging specialties of radiology, cardiology,
and obstetrics and gynecology—are directly involved in the administration of the
program.

The logistics of how the program should be housed will be institutional specific.
It may be initiated as a pilot program, a division of an established department that
offers cross credentialing, or maybe even a distinct department outright. However it
is done, having a clear organizational plan is essential.

Programming

Once the program is established, it is reasonable to begin training and infrastructure
development. Most programs will start with a training schedule and then move to
roll out a workflow for clinical use. Remember that training needs will be guided by
specialty-specific curricula. The education should include didactic modules accom-
panied with hands-on training that meets your a priori defined standards. As the
training and individual physician privileging is beginning, workflow processes can
be rolled out. Documentation, archiving, and quality assurance can be done uni-
formly across the hospital but will require significant support from the hospital’s
information technology department, so make sure to involve them early in any plan.

Capture Your Data

As with any new program, it will be important to make sure you capture any and all
data especially with regard to the metrics that demonstrate increased efficiency.
Track procedural complications, length of stay, and number of chest X-rays in the
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intensive care unit. Having this data at subsequent administration meetings will
enable you to demonstrate the return on investment for the institutional program and
will help solidify your position.

Synergy

Considerations of creating point of care institutional leadership should also be consid-
ered with interest in system-wide US educational, research, accreditation, and proto-
col-based pathways. For example, creation of an US curriculum in the medical school
or the Graduate Medical Education program is a perfect time to create an institution-
wide structure. Quality of care programs, like US-guided vascular access, that incor-
porate US are another natural initiators of an institutional POC program.

Finally, celebrate all successes. Having a “case of the month” or “save of the
month” that can encourage ultrasound use by late adopters and advertise the poten-
tial of the program can really help to create goodwill as well as highlight the patient
benefit we all know that clinician performed ultrasound confers.

Pitfalls

* Not discussing with key players before administration presentation.

* Not planning for deliverables—i.e., length of stay, decreased complications,
decreased consultative testing—to demonstrate a return on investment and
improved patient care.

* Not interacting with specialties interested in US to address their concerns.

Key Recommendations

* Be sure to get your chair’s buy-in
e IT involvement early
* Do not promise revenue early
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Chapter 5
Introductory Education

Brian B. Morgan and John L. Kendall

Objectives

e Provide introductory ultrasound education tailored to the learners’ needs
» Distribute pre-course materials including text and multimedia
* Ensure ongoing education and continued support of trainees

Introduction

Fundamental to any clinical ultrasound program are defined education and training
requirements appropriate to the ultrasound applications and techniques utilized by a
variety of physician specialties. In each case, training requirements should be estab-
lished that are in accordance with recommendations endorsed by the physician’s
specialty. The American College of Emergency Physicians 2008 Emergency
Ultrasound Guidelines makes the following statement: [1]

“Emergency ultrasound requires emergency physicians to become knowledgeable in the
indications for ultrasound applications, competent in image acquisition and interpretation,
and able to integrate the findings appropriately in the clinical management of his or her
patients. These various aspects of the clinical use of emergency ultrasound all require
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proper education and training. The ACGME mandates procedural competence for emer-
gency medicine residents in emergency ultrasound as it is considered a ‘skill integral to the
practice of Emergency Medicine’ as defined by the 2008 Model of Clinical Practice of
Emergency Medicine...we recognize the new spectrum of training in emergency ultrasound
from undergraduate medical education through post-graduate training, where skills are
introduced, applications are learned, core concepts are reinforced and new applications and
ideas are introduced in life-long practice of ultrasound in emergency medicine.”

Ultrasound continues to be listed as a core skill on the 2013 update to the Model of
Clinical Practice of Emergency Medicine [2].

In general there are two pathways for emergency physicians training in ultra-
sound. The first is securing training in an ACGME-approved residency that includes
an ultrasound curriculum. The majority of emergency medicine residents are taught
ultrasound and will meet emergency medicine training standards by the completion
of their training [3]. Residency-trained physicians should be granted emergency
ultrasound privileges when joining a medical staff that recognizes emergency ultra-
sound privileges. In many instances these privileges will simply be a part of emer-
gency medicine core privileges. In other instances, additional evidence of
competency may be required, such as confirmation by the physician’s residency
director of a sufficient number of cases with demonstrated quality. Candidates for
recruitment who have been trained in ultrasound often view the use of ultrasound by
a practice as an indicator of quality.

The second pathway includes practicing emergency physicians who did not
receive ultrasound training during residency. Others were in training when ultra-
sound was being introduced and have had exposure without sufficient structured
education to meet emergency ultrasound training guidelines. This situation is not
unusual, as physicians practicing in all specialties add new skills on an ongoing
basis. A 2006 survey reported that only 33% of nonacademic emergency depart-
ments had available an ultrasound device for use by physicians, yet 36% of those
without a device planned to acquire one [4], signaling the expansion of point-of-
care ultrasound. More recently, 56% of emergency physicians in a variety of prac-
tice settings reported using ultrasound at least sometimes when placing a central
venous catheter [5]. Emergency physicians trained prior to the institution of emer-
gency ultrasound in residency training must acquire the necessary instruction
through continuing medical education in order to maintain a quality practice and
meet evolving standards of care. ACEP’s Ultrasound Guidelines recommend
16-24 h in introductory training consisting of both lecture and practical sessions.
They also suggest 4-8 h CME courses for focused training in 1-2 core applica-
tions [1].

Ultrasound is a core skill among other specialties as well. The Accreditation
Council for Graduate Medical Education (ACGME) published milestones that rec-
ommend educational goals for resident physicians in each specialty. They recom-
mend ultrasound mastery for Obstetrics and Gynecology as a part of obstetrical
technical skill [6]. The American College of Obstetrics and Gynecology (ACOG)
released a practice bulletin that states ‘“Physicians are responsible for the quality and
accuracy of ultrasound examinations performed in their names, regardless of
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whether they personally produced the images” [7]. The American Society of
Echocardiography (ASE) recommends “comprehensive, specialized education in
the medical and technical aspects of diagnostic cardiac sonography” in order to be
qualified to perform echocardiographic examinations [8]. The American College of
Chest Physicians made this statement for Intensivists: “We suggest that critical care
ultrasonography requires competence in modules in the following areas: pleural;
vascular; thoracic; and cardiac (basic and advanced echocardiography)” [9].

This chapter is a guide for those seeking to provide or obtain initial ultrasound
education. While the ultrasound trainee may very well be a physician or medical
student, nonphysician care providers are also using bedside ultrasound. Perhaps the
student is a Physician Assistant (PA) or Nurse Practitioner (NP) that will function as
a clinician, with some or all of the same proficiencies as the physician they work
with. Nurses and technicians increasingly utilize ultrasound to place intravenous
catheters, or to assess a patient’s bladder.

The best choice for training depends on the goals of the practitioner or the goals
of the practice. Is this an individual wanting to explore the utility of ultrasound on
behalf of his or her group, or is this a practitioner wanting to enhance specific skills,
such as ultrasound-guided procedures? Is this an individual wanting special exper-
tise in order to administer an ultrasound program? Or, is this a practice that has
made the decision to train the entire group for the incorporation of bedside ultra-
sound? Each of these educational goals requires a different approach.

Pre-course Materials

Prior to the first educational session, pre-course materials should be distributed to
the learner. This introduces content and provides the framework for the course. Pre-
course materials accelerate learning, and let the student identify problem areas that
may be more difficult for them to grasp. Learners will come to their first class with
more pointed questions, having answered the more trivial ones at home. Offering
pre-course materials primes the learners about the utility of ultrasound at the bed-
side, demonstrates its power, and engenders excitement for the learners’ impending
new skill.

There is a wealth of introductory texts available with focus on specialty-spe-
cific, population-specific, and even organ-specific topics. A reference textbook
that covers the bulk of expected skills provides a structure for the students’ pro-
gression toward competency. Consider purchasing textbooks for the practice, to
encourage members to work together and pace each other and to have a universal
reference.

A variety of multimedia training tools exist, which can add another dimension to
pre-course education. This comes in the form of interactive computer software, tab-
let applications, websites, or documents embedded with videos and interactive ele-
ments. Multimedia combines text with images, videos, illustrations, and animations,
and demonstrates probe handling and patient positioning techniques, and displays
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expected anatomic and pathologic findings. This format of presenting educational
material can be more directed and illustrative, so abstract concepts such as the
piezoelectric effect can be demonstrated with video, rather than described in text.
Multimedia is an ideal medium to illustrate the dynamic and real-time nature of
ultrasound. Additionally, some multimedia products offer assessments, which
enable the learner to track progress and identify knowledge gaps.

Lastly, there are a number of websites that focus specifically on ultrasound edu-
cation. Providing the student with web links for online tutorials, podcasts, blogs, or
discussion boards may offer a palatable introduction for the uninitiated to the grow-
ing body of bedside ultrasound knowledge. On the other hand, these resources can
be more experimental in nature, and many are not vetted for their accuracy or edu-
cational value. A recent survey of popular bloggers and podcasters in Emergency
Medicine defined 31 quality measures to consider when assessing the educational
value of podcasts and blogs [10]. A study of third year medical students showed that
self-directed electronic modules are an effective method for teaching pattern recog-
nition and image interpretation skills, however when compared with students who
received expert-guided training, the students taught by electronic modules failed to
demonstrate equivalent scanning technique [11]. While pre-course materials are
vital, ultrasound training requires an expert educator to ensure students gain techni-
cal proficiency.

Ultrasound Courses

Course Setting

There are three basic setting options for an introductory ultrasound course. An open
course is one where the location is set, complete with its facilities, equipment and
educators. An imported course is one where the course travels to the participants.
Lastly, modular courses are those that are presented as part of a larger conference or
meeting. Each comes with its own benefits and drawbacks.

The benefit of an open course includes the sheer availability of many offerings
from known established companies that stand by their quality, with reviews avail-
able to speak to their efficacy. Little planning is required by the participants. The
downside involves an increased expense since it usually requires travel. Additionally,
scanning is performed among strangers and with equipment that may not be the
same installed in the home facility.

An imported course performed within the group’s local facility offers the benefit
of training the entire group at one time, using the group’s own equipment. On-site
training allows the group to address specific institutional political issues. It offers an
opportunity for teambuilding. Participants of the training will be better rested, hav-
ing no need to travel. This is often a more economical option, as well. One signifi-
cant drawback to this model is occupying the entire group during a time where the
facility needs staff. This can be abated by placing members experienced with ultra-
sound in the department for the particular period of time.
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Table 5.1 Examples of courses for
introductory education. Additional courses
and up-to-date offerings can be found with
a web search

Open courses
¢ Advanced Health Education Center (AHEC)
e Australian Institute of Ultrasound

* Emergency Ultrasound Course

« Essentials of Emergency Medicine

¢ Gulfcoast Ultrasound Institute

¢ Mediterranean Emergency Medicine Congress

¢ World Interactive Network Focused On Critical
UltraSound (WINFOCUS)

Imported courses
¢ Advanced Health Education Center (AHEC)
* Emergency Ultrasound Course

* Emergency Ultrasound Services

e Insight Ultrasound

* GW Emergency Ultrasound
¢ Sonoran Ultrasound, LLC
* Rocky Mountain Ultrasound

Modular courses
* ACEP scientific assembly
— Trauma ultrasound

— Echocardiography
Transvaginal ultrasound

— Venous ultrasound

¢ ACEP chapter/Regional meetings

¢ Other National/International conferences

Modular ultrasound education that is offered as part of a regional or national
meeting is a relatively inexpensive option. Modules are directed toward specific
diagnostic and procedural competencies, and offer an advanced curriculum. While
this may be a good method to boost a handful of skills, it is not a replacement for a
comprehensive introductory education. Topics are usually varied, and offerings are
unpredictable. That being said, medical students, who were provided a 1-day
ultrasound-focused course, reported a statistically significant increase in confidence
with skills such as ultrasound-guided central venous catheter placement, foreign
body removal, and the focused assessment with sonography for trauma (FAST)
exam [12]. Table 5.1 summarizes examples of these course offerings.

Finding the Right Course

Finding the right course can be a difficult task. First, decide whether an open or
imported course fits best with your practice setting. Ask around for recommenda-
tions, from members of the regional or national group. Request information regard-
ing course content from educational organizations. Define the scope of initial
education, i.e., one- versus two-day course.
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Courses should include educators with expert knowledge in ultrasound. The
course should contain a mix of didactic and hands-on training. Ninety-nine percent
of medical students surveyed—with little to no experience using ultrasound—
reported hands-on clinical skills stations and didactic sessions as the most helpful
means of “solidifying understanding of point-of-care ultrasound” [12].

Scanning should be performed on machines expected to be used in practice. A
2-day course should contain laboratory sessions: ideally a minimum of 6—8 h during
a 2-day course. Scanning stations should attempt to train no more than 5 students at
a time. Models, phantoms, or simulators can demonstrate both normal and patho-
logic anatomy. For example, one study found that students trained with a paracente-
sis training model or a mannequin simulator attained similar proficiency in their
ability to perform a focused assessment with sonography in trauma (FAST) exam
and identify intra-abdominal fluid [13].

For those eligible, choosing a course that offers continuing medical education
(CME) credits incentivizes participation. Apply for hospital-based CME through
the CME department. Have ready to submit: a course syllabus, learning objectives,
and curriculum vitae of course faculty. Expect about 4-6 weeks turnaround time.
National CME may be available from the college of each specialty. A course with
established AMA credit can apply for joint sponsorship with the national or regional
chapter of the college of specialists.

Supplemental Education

Education does not need to end when the training course completes. Consider dis-
tributing helpful pocket cards, offering chart templates, and holding scanning shifts.
Chart templates not only boost documentation, they can act as a reminder for views
needed, indications, and image storage. Templates can serve as support for clinical
decision-making.

Holding scanning shifts with the director, expert sonographer, or “ultrasound
faculty” acts as an extended hands-on training session and buoys the number of
scans toward credentialing. Ultrasound faculty can hold scanning “office hours” or
educate during a clinical shift. Scanning shifts can be devoted to specific applica-
tions or be based on clinical care. While very effective, scanning shifts are labor
intensive. When tested for knowledge-retention 6 months after attending a
classroom-based ultrasound training course, emergency residents who were trained
1-on-1 by an experienced preceptor outperformed residents trained without the ben-
efit of a preceptor [14].

That being said: when providing additional education, be sure to adapt to the
needs and capabilities of the learners. Some benefit from more self-directed learn-
ing while others prefer a more interactive preceptorship. Some choose textbooks
while others elect to use online text and multimedia tools. When polled, a pool of
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mostly emergency residents and nonphysician providers preferred education in a
small-group format, with video-clips, and hands-on scanning sessions [15].
Coordinate across different efforts. Hold a case of the month, journal club, or offer
an attending curriculum. Case simulation is proven as an effective means of rein-
forcing ultrasound skills, not only in terms of image acquisition and interpretation,
but also to solidify the indications for use and integration into care-algorithms [16].
Adapting and providing a spectrum of educational tools allows for active and pas-
sive participation for all learners’ needs.

Determining Competency

Testing of the trainees ensures the success of an introductory education session.
Written exams, hands-on evaluation, or performance on simulation models gives an
accurate assessment of learner progress. Outside of testing, learners can be evalu-
ated and given feedback through over-reading of images during quality assurance
sessions, video review, and even direct observation. Emergency Medicine residency
programs are expected to teach ultrasound as a core skill. These programs use a
variety of methods for assessing resident competency in ultrasound. Most often,
objective structured clinical exams (OSCEs), standardized direct observation tools
(SDQOTs), standardized multiple choice testing, and practical examination are uti-
lized [3].

The objective structured assessment of ultrasound skills (OSAUS) scale is a vali-
dated method of assessing a trainee’s ability to function as a sonographer in practice
(Table 5.2). Trainees’ skills are assessed on a 5-point scale in the categories of
applied knowledge of ultrasound equipment, image optimization, systematic exam-
ination, interpretation of images, and documentation of images [17, 18]. Physicians
using ultrasound to examine four patients with known pathologic findings were
evaluated both on their diagnostic accuracy and on their OSAUS scores. A group of
physicians who were randomized in to a 4-h course in abdominal ultrasound scored
significantly higher in the categories of systematic examination, interpretation, and
documentation than a control group who was evaluated prior to training. The same
study group also showed significantly improved diagnostic accuracy [19].

One method of determining competency involves using the Focused Professional
Performance Evaluation (FPPE) model. In FPPE, an application is chosen, such as
echocardiography or the FAST exam. The group is given an education strategy,
using methods offered above, for example. Define specifically how the group’s per-
formance will be evaluated, i.e., number of exams performed or percent true posi-
tives. Finally, outline the duration of the monitoring over a period of time, like
6 months. Report back to the group on progress and use the data to define new goals
for the next period [20]. Figure 5.1 demonstrates how the FPPE model can be used
in practice.
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Select

Application ¢ Gallbladder

* On-line module
¢ Reading material
¢ Hands-on session

Education
Strategy

¢ Image review
| St}t’dY * Direct observation
onitorin . -
B« Case review: success/complications

w o

Fig. 5.1 Use of the Focused Professional Performance Evaluation (FFPE) as a framework to
ensure continued competency in trained workers for an implemented ultrasound application. This
example pertains to focused gallbladder ultrasound, but the FFPE framework can be applied to any
application

Pitfalls

There are some pitfalls in navigating the provision of initial ultrasound education to
a medical group. These can present in the course structure, from the source of train-
ing, or from within the group itself. Knowing about and preparing for these pitfalls
can save time, money, and growing pains during this important introductory time.

Courses that pair too many students with an ultrasound preceptor will face chal-
lenges with too much “hands-off time.” The practical component of training is
invaluable, as skilled sonographers rely much on muscle memories. Courses that
cover too much content over a miniscule time allotment will find diminished
retention among students. The director who does their homework on courses and
instructors will be rewarded with expediently trained staff, maximal retention, and
minimal need for retraining.

Members of other specialties may offer ultrasound training to your practice. Relying
on other specialties to conduct ultrasound education can detract from the perspective
that a comember of your specialty can provide. Training provided solely by ultrasound
technicians can lack the background or scientific expertise that a specialist could oth-
erwise provide. Intra-specialty ultrasound experts make for the best educators.

Some groups may have no access to equipment or have no plans to purchase an
ultrasound machine. Providing ultrasound education must be followed with imple-
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mentation into clinical practice. Some learners in the group may dismiss the utility
of ultrasound and may act as a barrier to broad implementation. Identifying these
members early and offering focused time to demonstrate ultrasound’s bedside effi-
cacy can mitigate broader naysaying.

Key Recommendations

Choose a course that fits your group and is conducted by experienced members
of your specialty

Provide pre-course materials to maximize classroom efficacy

Set up ongoing training and provide support for practitioners
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Chapter 6
Continuing Education

Molly E.W. Thiessen and Resa E. Lewiss

Learning Objectives

* Describe the unique needs of practicing physicians for continuing education

e Describe Deliberate Practice theory and how it relates to continuing education

* Describe how to create a blended learning curriculum as a model for teaching
point-of-care ultrasound

e State the uses, benefits, and limitations of web-based education

e State the uses, benefits, and limitations of simulation for learning and
assessment

Introduction

In 2012, the Accreditation Council for Graduate Medical Education (ACGME)
included point-of-care ultrasound (POC US) as one of 23 sub-comptencies that
emergency medicine residents must master by residency completion [1]. The most
recent consensus statement on resident training in POC US recommends that 50%
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of core faculty be ultrasound credentialed [1]. Additionally, both General Surgery
and Anesthesia critical care specialties have included POC US in their ACGME
Milestones. Moreover, an international round table comprising 13 critical care orga-
nizations stated that POC US should be mandatory in critical care training [2—4]. At
earlier stages of training, medical school educators have begun integrating POC US
education into undergraduate medical curricula [5]. As such, continuing education
in POC US for practicing physicians is essential.

The American College of Emergency Physicians and the American College of
Cardiology have each set guidelines for continuing education [6, 7]. As these trends
expand across specialties, quality continuing education for practicing clinicians will
be essential.

Continuing education in POC US for practicing physicians is a unique endeavor.
Experienced clinicians and adult learners have different needs and time constraints
in the patient care environment in contrast to undergraduate or resident learners.
Practicing physicians cite time constraints as the largest barrier to continuing edu-
cation—the time needed to learn and master the skills, as well as the amount of time
they have for each patient encounter to implement and utilize these skills [8]. Given
the specific needs of practicing physicians as learners, incentivizing their participa-
tion in POC US educational activities is likely necessary. Educational activities
must be user-friendly. The data on incentivizing physicians for continuing educa-
tion is limited. The use of monetary incentive, academic advancement, actual CME
credit, and other nonmonetary rewards has been studied. No one has stood out as a
particularly helpful incentive [9]. A survey of physicians participating in a POC US
continuing education course showed a preference for brief lectures and didactic
materials combined with significantly more “hands-on” time [10]. A model of
learning in which a variety of educational modalities are presented to learners,
known as “blended learning” lends itself particularly well to POC US continuing
education. Ideally, a framework of multimedia pre-course work and didactics are
combined with rigorous hands-on scanning and simulation. The combination then
entails specific, timely feedback and skills assessment in line with Deliberate
Practice theory.

Deliberate Practice

The specific elements of Deliberate Practice are listed in Fig. 6.1 [11]. Essentially,
the theory of Deliberate Practice emphasizes structured goal-oriented learning, with
repetitive performance of skills, coupled with rigorous skills assessment rather than
simply repeated practice of skills [12]. This method has specific applicability for
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1. Highly Motivated Learners

2. Well-defined learning objectives that address knowledge or skills that matter clinically
3. Appropriate level of difficulty for medical learners

4. Focused, repetitive practice of the knowledge or skills

5. Rigorous measurements that yield reliable data

6. Informative feedback from educational sources (e.g., teachers, simulators)

7. Frequent monitoring, error correction, and more deliberate practice

8. Performance evaluation toward reaching a mastery standard

9. Advancement toward the next clinical task or unit

Fig. 6.1 Elements of deliberate practice (Adapted from McGaghie et al. [16])

use after initial training, for practicing physicians and continuing education, and has
been shown to be superior to traditional teaching methods, particularly when used
in a simulation environment [13-15].

While web-based educational modules combined with simulation create a strong
template for continuing education in a blended model, POC US education for prac-
ticing physicians requires special attention to the needs of advanced learners.
Integration of blended learning with the Deliberate Practice theory creates an excel-
lent framework for continuing education of POC US. In fact, improved performance
has been found in learners who received simulator training using the elements of
Deliberate Practice [17].

An essential element of deliberate practice, and education in general is compe-
tency assessment. Physicians must master image acquisition, interpretation, and
be able to integrate these into their medical decision-making [18]. There are mul-
tiple methods available for POC US competency assessment, from the use of
checklists (e.g., Council of Residency Directors peer reviewed standardized
direct observational assessment tools [19]), to the use of management software,
online quizzes, and direct observation. Methods for competency assessment are
listed in Fig. 6.2.
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Fig. 6.2 Methods for ° Checklists
competency assessment
o http://emmilestones.pbworks.com
° Quality Assurance Activities
o Software Supported Image Review
O In Person Image Review
° Written/Web Based Examinations
° Web-based online Examinations
o http://www.emsono.com/acep/exam.html
o http://www.ultrasoundninja.com

° Commercially Available Management Software

° Direct Observation

(] Simulation

Educational Goals

The ideal educational outcome for any continuing education-based activity range is
a positive perception of the learning experience on the part of the physician. This
changes behavior, and eventually benefits patients. Kirkpatrick offers a way to
gauge effectiveness of an educational activity on the leaner. See Table 6.1 [20].

For reference, a 2007 Agency for Healthcare Research and Quality (AHRQ)
review found that in terms of the various possible educational modalities for con-
tinuing education, print media is less effective than live lectures. Multimedia educa-
tional tools are more effective than any single media alone. Interactive modalities
are more effective than noninteractive modalities, and multiple exposures over time
are more effective than single exposures. Simulation was shown to be effective in
improving psychomotor skills [9].
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Table 6.1 Kirkpatrick’s adapted hierarchy of evaluating educational outcomes [20]

Level 1 Reaction Covers learners’ views on the learning experience, its
organization, presentation, content, teaching methods,
and aspects of the instructional organization, materials,
quality of instruction

Level 2a | Learning: change in Modification of attitudes/perceptions—outcomes here
attitudes/perception relate to changes in the reciprocal attitudes or
perceptions between participant groups toward
intervention/simulation

Level 2b | Learning: modification Modification of knowledge/skills—for knowledge, this
of knowledge or skills relates to the acquisition of concepts, procedures, and
principles; for skills, this relates to the acquisition of
thinking/problem-solving, psychomotor, and social
skills

Level 3 Behavior Documents the transfer of learning to the workplace or
willingness of learners to apply new knowledge and
skills

Level 4a | Results: change in the Change in organizational practice—wider changes in
professional practice the organizational delivery of care, attributable to an
educational program

Level 4b | Benefits to patients Any improvement in the health and well-being of
patients/clients as a direct result of an educational
program

Blended Learning

Based on the findings of the AHRQ, web-based instruction, simulation, and ele-
ments of Deliberate Practice in a blended learning format create an ideal framework
for POC US education. Blended learning has been shown to be an effective educa-
tional format and lends itself well to POC US [21, 22]. Blended learning integrates
multiple educational modalities to maximize knowledge acquisition and skill mas-
tery on the part of the learner [18]. Modalities can include in-person lectures, online
educational modules or recorded lectures, hands-on scanning with live models or
simulators, and simulation time. The importance of integrating simulation and
hands-on teaching with faculty present cannot be overemphasized. Particularly for
POC US, the psychomotor skill of image acquisition and real-time interpretation
are essential. Learners who receive only web-based education do not perform as
well with hands-on skills [23, 24]. Additionally, blended learning provides skill
retention [25].
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Web-Based Instruction

Web-based learning appeals specifically to the continuing education audience
because it allows for individualized learning, flexible scheduling, novel instruc-
tional methods, and distance learning. It also insures consistent content, and means
of assessment [26]. It is an effective tool for POC US as part of a blended educa-
tional experience [27, 28].

Web-based learning may consist of online modules to read, lectures to view,
interactive scenarios, social media communication, online discussion groups, mul-
tiple choice examinations, and others. Online discussions and novel ideas are espe-
cially appealing to engage experienced learners [29]. Figure 6.3 lists examples of
online education tools. One paper has suggested that the financial cost of a web-
based or blended curriculum may be similar to that of a traditional ultrasound
course. Arguably, the number of hours dedicated to preparation is significantly less
for web-based education [27]. Even when used as adjunct educational tools, web-
based educational resources have improved outcomes over the traditional method
for teaching ultrasound skills [30].

Studies demonstrate that web-based learning for continuing education improves
knowledge, attitude, and even skills, albeit to a lesser extent. For POC US specifically,
web-based education is best utilized in a blended curriculum that includes a hands-on
scanning and/or simulation component to assist in motor skill acquisition [31-33].
Web-based education, in which participants complete multiple online modules over
time, benefits learners with repeated exposure [34].

A completely web-based curriculum has limitations: social isolation, de-
individualized instruction, lack of timely or in-person feedback. However, there is

Fig. 6.3 Web-based online ° Blogs
educational tools
° Competency Lists
° Google Hangout Discussions
(] Narrated lectures
° Videos including YouTube and Vimeo
° Organizational Websites
° Podcasts
° Question Banks
(] Text Documents

° Social media including Twitter
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1. Match Instruction Difficulty to Your Learners’ Developmental Level
2. Minimize Extraneoues Features that Inhibit Learning
3. Balance Interactivity with Cognitive Load
4. Provide Rich Feedback and Guidance
5. Maximize Learner Control
6. Use Web-Based Instruction to Enhance Learning Around and Within It
7. Clearly Define and Communicate the Reasons for Using Web-Based Instruction
8. Integrate Space and Time for the Web-Based Instruction into the Curriculum
9. Be Explicit About How Using Web-Based Instruction Relates to Assessment
10. Address Faculty Motives and Perceptions
11. Identify and Mitigate Issues that may Diminish the Effectiveness of Web-Based Instruction
12. Engage in Quality Monitoring and Improvement

Fig. 6.4 Twelve tips for effective web-based instruction (adapted from Yavner et al. [35])

evidence to support that when utilized wisely and appropriately, a blended curricu-
lum including web-based elements leads to education success [26].

There are several essential steps to ensure an effective learning experience for
POC US web-based education as part of a blended curriculum. First and foremost,
the educator must assess the learners in order to tailor the content appropriately.
Additional tips for creating effective web-based educational tools can be seen in
Fig. 6.4 [35]. Web-based instruction should contain a minimum of extraneous mate-
rial. It should be interactive enough to maintain the attention of the learner, but not
so interactive that it is distracting. Ideally, the program would allow the learner to
tailor the educational module or curriculum to their preferred style of learning. This
is particularly important for POC US education as studies have shown that simula-
tion and hands-on education are necessary to improve psychomotor skills. If a
schedule and curriculum are utilized, time to work on the web-based content should
be allotted. Educators should elucidate the purpose of the web-based instruction is
being used, as well as how it will be used for assessment. Finally, educators should
solicit feedback from stakeholders and learners to continue to improve the web-
based instruction content and effectiveness [35].

Simulation and Hands-On Education

Simulation entails the use of low- or high-fidelity US trainers either in a simulated
clinical environment. Live human models can be used. Table 6.2 describes charac-
teristics of high- and low-fidelity ultrasound simulators [18]. Simulation allows for
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reproducible clinical scenarios, ease of performance evaluation, and the ability to
learn outside of the patient care environment [36, 37]. Simulation has been widely
used in graduate medical education [37-39], and more recently in continuing educa-
tion (See Chap. 11 — Simulation) [20].

Use of simulation and hands-on training for POC US skills has met with great
success, usually as a part of a blended educational experience [11, 25, 40-44]. With
respect to continuing education, simulation has been shown to be positively received
by learners, as well as impart a perceived improvement in confidence and clinical
preparedness. It has also been shown to improve knowledge and long-term retention
of skills. Most educators feel that while current evidence supporting the implemen-
tation of simulation education in POC US is limited, use of this educational format
is necessary as the evidence moves forward [20].

Critics of simulation-based POC US education question if certain skills
transfer from the simulated to the patient care environment [45]. Simulation
provided with faculty presence has been found to be superior to self-guided
simulation [46]. Others worry that learned skills will decay without continued
practice [47]. While the literature on simulation for continuing medical educa-
tion and POC US is still limited, most educators agree it is an essential element
of training [18].

The features of effective simulation education are listed in Fig. 6.5 [13-15].
Feedback has been found to be the most important element of simulation education.
Additional important factors include repetetive practice, the ability to tailor the sim-
ulation to the learner in a high-fidelity, reproducible scenario and active participation.
As with any educational activity, clearly stated learning objectives and learner
expectations result in better learning [48]. Simulation has the benefit of providing
the opportunity for practice and competency evaluations. Checklists can be utilized
for this element [49]. CORD recommends that competency assessment on POC US
technique, image acquisition, and image interpretation be demonstrated by practic-
ing clinicians [50].

Table 6.2 Characteristics of ultrasound simulators (from Lewiss et al. [18])

Characteristic Low-fidelity simulators High-fidelity simulators
Condition Static Static or dynamic
Availability Handmade or commercial Commercial

Skill tested 1 Skill 1 Skill or multiple skills
Separate ultrasound Yes No

machine required

Tissue motion No Yes

Ultrasound transducer

Required and needs to be
connected to actual machine

Mock probe with position sensor or
patient dummy with position sensor

Real-time Yes Yes
2-dimensional images

Real-time haptic Possible Yes
feedback

Cost Inexpensive Expensive
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Provide feedback during the learning experience with the simulator.

Learners should repetitively practice skills on the simulator.

Integrate simulators into the overall curriculum.

Learners should practice with increasing levels of difficulty.

Adapt the simulator to complement multiple learning strategies.

Ensure the simulator provides for clinical variation.

Learning on the simulator should occur in a controlled environment.

Provide individualized (in addition to team) learning on the simulator.

Clearly define outcomes and benchmarks for the learners to achieve using the simulator.

Ensure the simulator is a valid learning tool.

Fig. 6.5 Features of effective simulation education (Adapted from Issenberg [48])

Pitfalls

Sl

Failure to assess the learner prior to the educational activity.

Not providing specific goals and objectives for the learning activity.

Lack of preparation prior to the activity will detract from the educational value.
Inadequate assessment of the learners and the educational activity will limit
improvement.

Key Recommendations

1.
2.

3.

Utilize a blended approach to continuing education
Utilize an ideal education workflow (Figure 5.1)

Know your learner
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Chapter 7
Undergraduate Ultrasound Education

David P. Bahner and Nelson A. Royall

Objectives

1. Understand the current state of ultrasound in medical schools, as a first step in an
educational competency path.

2. Hypothesize a clear educational ultrasound outcome for the proficient and safe
practice of point of care ultrasound in clinical medicine.

3. Distinguish the necessary steps to initiate and maintain an ultrasound program
for undergraduate medical education.

4. Perform a needs assessment for an ultrasound program and include those elements
essential in creating a curriculum for preclinical and clinical medical students.

5. Address the management issues associated with the initiation, maintenance, and
growth of undergraduate ultrasound education and personalizing the approach to
each institution’s mission, vision, and values.

Introduction

Point of care (POC) focused ultrasound has become ubiquitous across most medical
specialties without a corresponding emergence of consistent training pathways for
physicians. Physician demand for ultrasound competency has drastically increased
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since “To Err is Human: Building a Safer Health System” and the Agency for
Healthcare Research Quality (AHRQ) identified ultrasound-guided vascular access
as a practice which should be adopted by all physicians [1, 2]. Since that time,
focused ultrasound as part of the bedside patient evaluation across different body
systems has been shown to improve patient experience and decrease healthcare
expenditures.

Yet a significant gap remains for physician training in undergraduate medical
education. In a2012 survey of U.S. medical schools, only 51 of the 134 MD-granting
medical schools reported having ultrasound training at any point in their curriculum
[3]. The survey showed most medical school deans agree ultrasound should be a
component of the medical school curriculum, but only a minority of schools have
placed emphasis on integrating this into their curricula citing such reasons as finan-
cial cost of equipment and limited space within existing curricula. Despite these
perceptions, many early adopters have developed robust training experiences while
utilizing existing equipment and without the removal of existing curricular content
[4-T7].

This chapter will seek to codify the development and integration of ultrasound
into undergraduate medical education. The objective of undergraduate ultrasound
education must fit within the larger medical education paradigm. This chapter will
demonstrate the pathway for developing a novice medical student into a graduate
prepared to utilize ultrasound upon entering residency.

Main Ideas

Curriculum Development

The process of training an individual within a course, rotation, or longitudinal cur-
riculum requires administrative coordination and efficiency. Progression of a func-
tional skill such as focused sonography can be understood by applying the principles
of Miller’s pyramid to the training paradigm (Fig. 7.1) [8]. In this model, the trainee
progresses from the “knows” (knowledge), “knows how” (competence), “shows
how” (performance), and finally “does” (action) steps of the pyramid. An under-
graduate ultrasound curriculum which follows these progression steps will train
physicians capable of performing focused ultrasound safely and efficiently. An
example of an integrated vertical ultrasound curriculum in the undergraduate medi-
cal curriculum can be found in Appendix 7.1.
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: Action
e Independently utilizes focused US in clinical scenario
{ e Able toapply I-AIM methodology at all steps

i Performance

®  Ability to perform focused US exam in
: simulation/clinical setting

Competence

e Understanding clinical
: applications of US

i Knowledge
i o Establishes US
: principles

Fig. 7.1 Miller’s pyramid of clinical assessment applied to focused ultrasound follows the
“Knows,” “Knows How,” “Shows How,” and “Does” progression of a learners’ development of
clinical competency. A learner must establish the knowledge base (Knows) of how ultrasound
works and basic principles of scanning before they can create a competency (Knows How) of
focused ultrasonography at the patient’s bedside. The learner then establishes ability to perform
(Shows How) focused ultrasound exams in either clinical or simulated settings before reaching the
ability to independently utilize focused ultrasound through the complete I-AIM process for point
of care ultrasound exams (Does). I-AIM: Indications, Acquisition, Interpretation, and Medical
Decision-Making [23]

Designing an undergraduate curriculum is a significant task, with multiple path-
ways for potential tangents that have little benefit to the student or the institution.
A top-down approach to curriculum development is critical in focused ultrasound
integration at the undergraduate medical education level. The Kern 6-step process
is an accepted model for medical curricula development that provides a framework
for creating an undergraduate ultrasound curriculum [9]. The Kern process relies
upon six steps for curriculum development: problem identification and general
needs assessment, targeted needs assessment of learners, measurable goals and
objectives, educational strategies, implementation, and evaluation and feedback
(Fig. 7.2).



72 D.P. Bahner and N.A. Royall

Identify US Curriculum Need
»Basic Competencies

Advanced Competencies
*Medical Center Site Resources:

Evaluate and Revise the /_Evaluate Internal and External\
Curriculum Resources
Echocardiography Lab, Vascular Lab,
h

*5Student and Faculty Feedback
Radiology Lab

*Test Scoring
*Developing better relationships witl
medical center/school volunteer «Medical Center Faculty Resources:
faculty Cardiology, Radiology, Emergency
*Gain dedicated funding for Medicine, Obstetrics-Gynecology,
equipment/faculty Vascular Surgery
*Medical School Equipment Resources:
QS Machines, Classrooms, Simulators

Goals/Objectives
*Develop relationships with medical
center and medical school *Clinical: Vascular Access, FAST, Etc.
faculty/adminsitrators +Pre-Clinical: Anatomy, Physiology,

Coordinate the Curriculum Develop Curriculum
*Monitor student educational metrics Physical Exam

Develop Curriculum Content

#Cognitive: Online/Classroom Lectures,
Online Quiz

#Behavioral: Clinical Rotations,
Simulators

+Psychomotor: Mentored
(Faculty/Peer) Hands-On Scanning
Sessions, Independent Scanning
Sessions, Clinical Rotations

Fig. 7.2 An overview of the process for developing an undergraduate ultrasound curriculum. The
cycle follows the 6-step process outlined by Kern for development of undergraduate ultrasound
curriculum [9]. As the curriculum is developed and integrated, the institution should review the
initial steps of the process to develop subsequent components of the curriculum

Problem Identification and General Needs Assessment

Questions medical schools face in implementing ultrasound include: when should
training begin, where should it be placed in the curriculum, which skills should be
taught, and what techniques should be used to teach the skills? Confounding the
development of ultrasound training programs is the lack of any unifying body at
each medical education level to direct the differentiation of learners along the
course. The final product of any ultrasound training curriculum should be the cre-
ation of physician Sonologists, those who are capable of utilizing basic and advanced
ultrasound in a clinical setting.

Focused ultrasound literacy improved dramatically over the past few decades,
although remains highly variable, even within the same institution. Although early
ultrasound training was described in Germany during the late twentieth century,
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the experience with ultrasound education in U.S. medical schools decades later
remains among the early adopters and innovators [3]. Exemplifying the problem
was a study of entering emergency medicine interns in 2012-2013 at one U.S. resi-
dency program which found 25% of their residents had not been exposed to ultra-
sound during medical school at any point and approximately 55% had never used
ultrasound in a simulated setting in their medical education [10]. What the expecta-
tion and ideal implementation of an ultrasound program in the medical education
pedagogy remains to be determined [11]. Regardless of the eventual strategies used
at each institution and training level, focused ultrasound training must be a requisite
component in the medical education for all future physicians given evidence sup-
porting focused ultrasound in most specialties.

Significant fragmentation of ultrasound training programs exists in U.S. medical
schools. One major factor is the lack of central leadership in defining ultrasound
training expectations of physicians. Ultrasound training is poorly defined along the
undergraduate (AAMC-LCME), graduate (ACGME-RRC), and professional soci-
eties (ABMS-MOC) governing training requirements [12, 13]. This uncertainty has
led to variation not only in the quantity of practitioners electing to utilize ultra-
sound, but more importantly the quality and consistency with which they apply it to
patient care. An additional factor in the fragmentation is the lack of understanding
in both what focused ultrasound is and how one reaches a relative competency in the
skill.

Implementing an undergraduate ultrasound program is surely feasible, and
embraced by a variety of current professionals. Healthcare providers involved in
training includes: sonographers, radiologists, gynecologists, intensivists, cardiolo-
gists, hospitalists, primary care physicians, and prehospital personnel. Emergency
medicine, however, has the most expansive, organized, and engaged ultrasound
scope of practice among physicians, which lends this group to become the stewards
for the house of medicine to develop focused ultrasound programs.

An additional challenge for medical schools is to ensure graduates are not only
exposed to ultrasound, but progress along the training model to fulfill the satisfac-
tory performance phase of using bedside ultrasound. Clinicians will have a multi-
tude of uses and need to be trained to become comfortable with ultrasound as a
clinical tool. The successful curriculum engages the learner and leads the novice
through the enlightenment of knowledge and skill to perform focused ultrasound
examinations.

Beyond medical school ultrasound education, the healthcare institution has the
responsibility for ultrasound education. Training overconfident practitioners with
limited skills risks the misdiagnosis from inappropriately applying ultrasound to
medical decision-making. Each institution with existing GME programs is likely
to have already implemented some form of ultrasound education. However, the
current implementation of ultrasound education lacks a centralized pathway
between the UGME and GME programs even at a single institution. This problem
of fractured ultrasound training components is a major point which must be
addressed from an institutional perspective as ultrasound programs continue to
develop [14].
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General Needs Assessment

At an institutional level, the goal of a general needs assessment is to identify avail-
able resources and potential barriers for an ultrasound curriculum. Determining the
scope will help identify available resources, such as existing mature ultrasound
resources, and significance of the potential barriers, such as administrative support
from physicians that have not learned the benefits of focused ultrasound in practice.
The scope may be limited to the medical school or expanded to an entire medical
center (medical school, residency and fellowship programs, nursing school, etc.). A
coordinated pathway for the entire medical center almost certainly will reduce cur-
ricular redundancy and improve resource utilization, although this will require sig-
nificant administrative coordination.

Faculty resistance is a common barrier since focused ultrasound integration is
not defined throughout the different fields. A successful program will lead to per-
ceptual changes, trust among faculty, and enhance faculty interest as the program
demonstrates improved outcomes. These changes eventually lead to a greater will-
ingness of faculty to donate teaching time to the program.

Within any institution, there will be existing ultrasound equipment and physical
spaces in use for other educational or clinical purposes. The program champion
can develop relationships with departmental staff and faculty to ask to share these
resources. This requires fostering relationships with these professionals as well as
significant coordination and cooperation. Ideally, dedicated equipment in a simula-
tion lab and/or cadaver lab entails a capital expenditure and investment. Finally,
curricular space for any added programs must be accounted for in understanding
the impedance of an ultrasound program. With the limited curricular space for all
medical education at the medical school and residency level, a program must work
within the space of a curriculum rather than add to the bulk of the existing curricu-
lum load.

The sonographic footprint is the conglomeration of ultrasound equipment,
trained faculty, and ultrasound utilization at each institution, which may be non-
existent or well developed. A survey of an institutional footprint should attempt
to differentiate those resources which are comprehensive or focused [15]. A
comprehensive ultrasound application requires the sonographer, physician,
equipment, and examination spaces, whereas focused ultrasonography tradition-
ally is limited to the physician and the ultrasound equipment. Faculty from
Emergency Medicine, Critical Care, or Radiology or sonographers (Vascular or
Echocardiography Labs) are generally asked to contribute to ultrasound pro-
grams without compensation. Eventually an undergraduate ultrasound program
will expand and the addition of funded faculty time and dedicated ultrasound
equipment lessens the burden on these existing institutional resources. A bridge
between the volunteer faculty and the addition of funded resources is the use of
prior learners within the program. Senior medical students that have developed
the appropriate proficiency can serve as valuable mentors for junior students
[16-18].
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Targeted Needs Assessment

What is required of the medical school for a graduate to be prepared for residency train-
ing and eventual practice as it relates to ultrasound? The targeted needs assessment of
learners focuses on the learner and their planned educational journey with specific
milestones along this path. After graduation, virtually all medical students will enter
into one of 24 specialties that utilize focused ultrasound for diagnostic or therapeutic
purposes [19]. However, undergraduate medical education does not need to develop
graduates competent in all the forms of focused ultrasound. Rather the medical student
will need the foundation in focused ultrasound that allows the learner to differentiate
and advance their skills towards specific practices within their specialty.

Defining competencies provides the foundation for the ultrasound curriculum.
To better stratify medical school curricular competencies, most institutes catego-
rize a competency as “Core” versus “Enriched” or “Basic” versus “Advanced”.
Basic (Core) competencies are those that must be achieved by all medical students
and they must also demonstrate their proficiency before graduating within the cur-
riculum at a specific timeframe. In contrast, Advanced (Enriched) competencies
are optional achievements that allow learners to become exposed to certain skills
expected of only certain specialties.

Basic Competencies

Evaluating the needs for all medical school students at an institute should be based
upon established evidence-based practices that coordinate well with existing curricula.
Although there are different perspectives among existing focused ultrasound educators
at the undergraduate level, there is general agreement among physicians and healthcare
authorities as to specific applications that constitute a core competency [11, 20].

Ultrasound safety and basic science principles are the most critical basic compe-
tencies. These principles are nonphysical in nature and can be developed predomi-
nately separate from ultrasound equipment. Specific basic science components include
wave development and propagation, image generation, Doppler shift, and artifact gen-
eration. With respect to ultrasound safety, a student must demonstrate techniques to
limit thermal tissue damage using the ALARA principle [21]. Additionally, students
must be able to safely utilize ultrasound equipment without increasing the spread of
communicable disease [22]. Regardless of the scope or breadth of an ultrasound pro-
gram, these basic competencies are expected to be accomplished by all focused ultra-
sound users. Ultrasound knobology, the use of machine controls to acquire and
optimize imaging, is an additional basic competency [23]. This is distinct from isolat-
ing techniques to acquire ultrasound images as a competency.

The overwhelming body of evidence supporting ultrasound-guided vascular access
for both central and peripheral vascular structures necessitates developing a compe-
tency for all students in the medical school setting. Given the national guidance from
government and societal organizations which have set the standard of care for central
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venous access using ultrasound-guidance students must therefore be trained in this
skill [24, 25]. Basic competencies beyond ultrasound principles and vascular access
must be chosen carefully for an early ultrasound program. Creating a large volume of
mandatory ultrasound competencies can cause a program to fail because of the
resources required to support such broad programs. Basic competencies should be
added to a curriculum in stepwise fashion to allow necessary adjustments to the entire
curriculum based upon resource strain or changes in the needs assessment.

Advanced Competencies

Advanced competencies support specific subpopulations in a medical education
system, which if applied to all learners would distract students. Advanced compe-
tencies also help assess the feasibility of potential curricular components. Mature
ultrasound programs will integrate advanced competencies in a serial fashion to
ensure there are adequate resources and need for each competency. A frequent fail-
ure is a program which instates multiple advanced competencies into their program
which leads to resource fatigue and high variability in learner outcomes.

The practical determination of which focused ultrasound competencies should
be implemented as advanced competencies is unique to a program. Maturing ultra-
sound programs should initially develop advanced competencies in their program
which address common focused ultrasound needs in medical education that are not
currently met in their existing basic competencies. In fact, many current under-
graduate ultrasound programs have developed their curriculum through serial addi-
tions of advanced competencies [26]. After a period of program assessment and
revisions, many of these advanced competencies are later added to the curriculum
as basic competencies. This is the method for developing a robust list of basic com-
petencies in an ultrasound curriculum. Examples at these programs are: transtho-
racic echocardiography to determine pericardial effusion and estimated left
ventricular ejection fraction, pulmonary survey to evaluate for pleural effusion or
pneumothorax and differentiation of pulmonary edema from pneumonia and atelec-
tasis, musculoskeletal joint survey for joint effusion and ligament disruption, and
abdominal survey for appendicitis and cholecystitis [4, 11].

Measurable Goals and Objectives

The overarching goal for an undergraduate ultrasound program is to develop the
skills to lead to a sonologist through undergraduate and graduate medical training to
a practicing physician; a practitioner who can determine the appropriateness for a
specific exam, perform the technical skill of obtaining video and images, interpret
those findings, and integrate those findings into the care of a patient. Sonologists fol-
low the I-AIM (Indication, Acquisition, Integration, and Medical Decision-Making)
methodology to utilize focused ultrasound, whereas sonographers are those that only
have the technical skill of performing ultrasound examinations without the clinical
component [23]. Measurable goals and objectives are created to develop the
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physician Sonologist. The difference between goals and objectives, while both being
measurable outcomes, is that goals represent the student population and are a reflec-
tion of the curriculum as a whole while the objectives represent student performance
which can be tracked to assess an individual’s competency.

Although this component of the program development relies upon an under-
standing of the general and targeted needs, goals and objectives ultimately must
match institutional resources. Educational goals for the program are developed by
identifying each basic or advanced competency and creating a set of goals to be met
by the eventual curriculum implementation. Examples of educational goals for a
basic competency such as ultrasound equipment utilization would be: (1) students
can utilize an ultrasound machine to perform and record an ultrasound examination,
(2) students can optimize examination results for subsequent review and documen-
tation, and (3) students can demonstrate ultrasound Doppler principles in utilizing
Doppler functions in an examination. In contrast, the learners’ objectives for a basic
competency more closely mirror the tasks a student will be expected to become
proficient at during the curriculum. Examples of learner objectives for a basic com-
petency such as ultrasound equipment utilization would be for the learner to be able
to: (1) turn a portable ultrasound machine on and off, (2) identify an appropriate
probe for a specific intended examination and ensure it is connected to the machine,
(3) acquire a 2D image and record both still images and video to the storage drive,
(4) utilize the screen markup features to label an image or video for later review, and
(5) obtain a Doppler waveform using the Doppler mode and identify specific
measurements.

In addition to specific educational goals, a specific goal for coordination and
acquisition of resources for the curriculum must be established. This goal ultimately
drives future growth of an undergraduate ultrasound program as well as mainte-
nance of existing curricular components. Establishing a specific goal for the pro-
gram to develop and maintain resources such as teaching faculty, ultrasound
equipment, simulation models, and didactic resources emphasizes the significant
effort required to coordinate ultrasound medical school programs. Other specific
goals may be set at this point for an ultrasound program including: advanced com-
petency development, medical center faculty training and adoption, and planned
contributions to educational literature.

Educational Strategies

POC focused ultrasound learning occurs through three main components: cognitive,
behavioral, and psychomotor. Each skill within focused ultrasound can be taught in isola-
tion; however this approach ignores the constant crossing over between the components.
An ultrasound curriculum should ensure to accomplish the three components across each
objective. Although certain objectives may rely more on one component than another,
each objective should have all three components from a teaching standpoint.

Current training models for both basic and advanced competencies in under-
graduate ultrasound curricula utilize a multimodal approach to achieving cognitive,
behavioral, and psychomotor training. Cognitive components are traditionally based
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in didactic lectures given either in a classroom setting or online video. An advantage
of combining the two approaches is the obvious ability for the learner to review the
topic at their freedom and personalize their education towards their learning weak-
ness and strengths. There are numerous lecture series already in existence through
an internet search both available for general use or a subscription basis (Appendix
7.2). An institute can benefit from the development of a series of lectures developed
by their own faculty to ensure all desired content is covered.

Behavioral components emphasize the hands-on experience associated with patient
encounters. Oftentimes, the behavioral aspect is least emphasized because of the need
to develop psychomotor skills and the cognitive ability to utilize ultrasound. However,
the ability to integrate focused ultrasound within the clinical setting is highly tied to a
learner’s ability to know when and how to utilize ultrasound. The hands-on sessions
should emphasize learners applying the findings to a clinical scenario. For example,
while performing a neck ultrasound a learner should be able to interact with the patient
to coordinate patient positioning, arrange equipment, and differentiate the internal
jugular vein from carotid artery based upon B-mode and Doppler. Additionally, emo-
tional intelligence and situational awareness can be scripted [27, 28].

Psychomotor components requires the greatest resource allocation, similar to
any physical skill development. Psychomotor skills can be developed through the
hands-on sessions where experienced users demonstrate proper probe scanning and
examination techniques. Peer-based teaching also provides learners the ability as a
student model to appreciate the impact of various psychomotor techniques on exam
efficiency (i.e., probe pressure, gel application) [16, 18, 29]. Independent hands-on
experiences will drive a large portion of a learner’s development of the psychomotor
skills necessary for focused ultrasound. As the most variable skill to acquire of the
main components, psychomotor skills may develop rapidly for those accustomed to
hand-eye coordination whereas those who have less experience may require a sig-
nificant amount of practice.

Equipment selection for the undergraduate curriculum can rapidly outpace the
available resources allocated to the program. Faculty-developed simulation equip-
ment can yield equivalent educational value for programs without the resources to
afford advanced feedback simulators. For example, gel models can be developed at
minimal cost and replaced easily depending on the desired application such as
venous cannulation or demonstration of specific artifacts [30, 31]. High fidelity
ultrasound simulators which can provide feedback have also been shown to aid in
the development of competency among trainees as discussed further in Chap. 25.
Institutes must avoid sole reliance upon these simulator and online resources given
the inferior results seen with this methodology when performed without coaching-
based models [32].

Proficiency Assessment
Evaluation is the final component to be addressed in the development of an ultra-

sound program. As documented in a series of studies, simply completing a volume
of examinations does not demonstrate competency in focused ultrasound. Rather,
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the program should utilize a type of checkout that has at least a psychomotor and
cognitive component to evaluate the learners. A cognitive checkout examination is
traditionally a written or online examination where users must demonstrate the
knowledge necessary for each objective. Inclusion of image review and evaluation
in the examination can satisfy the need to demonstrate some of the behavioral skills
learners must gain during the curriculum. Similarly, standardized ultrasound exami-
nation templates are available through an internet search designed to meet specific
program objectives (Appendix 7.2). In the psychomotor checkout, trainees demon-
strate procedural competency on a simulator in addition to maintaining a log of
completed examinations. An advantage of this digital portfolio is the use as a longi-
tudinal log other institutions can review to satisfy future training requirements,
obviating the need for repetitive training as a resident [33].

In longitudinal or vertical ultrasound curricula, there remains a need for a method
to monitor individual learner progression. Although there is no universally accepted
method for this currently, milestones are a commonly accepted form for tracking
graduate medical education competencies and can be easily adapted to undergradu-
ate ultrasound curricula. Depending upon the period of time an institution is follow-
ing learners across, these milestones may be narrow or broad in scope. For example,
a program with specific objectives of developing basic ultrasound procedural com-
petency should develop milestones which focus on the tasks their learners should
aim to progress along (Table 7.1). In contrast, a more mature ultrasound program
with undergraduate and graduates in training can utilize milestones which track
leaner development towards that expected of an independently functioning physi-
cian (Table 7.2). Universally accepted methods to track learner development across

Table 7.1 A milestone consists of progressive levels of competency a learner demonstrates
through time. Learners are provided the subjective feedback of their progression relative to the
anticipated final level of competency in the skill. A narrow scope for milestones are appropriate for
ultrasound programs with limited time to develop competency

Level 1 Level 2 Level 3 Level 4 Level 5
Knows Able to Able to Able to perform Completes 100
indication and | differentiate US | demonstrate US procedure US procedures
safety anatomy psychomotor skills | independently

principles for for US procedure

US procedures

Table 7.2 A potential milestone for focused ultrasound which accounts for the continuum of an
ultrasound curriculum across the undergraduate and graduate medical system. This milestone
should be blinded to the specialty and delineate the levels of progressive competency in professional
and technical utilization of focused ultrasound. A medical student should achieve at least a level 2
competency prior to graduation, whereas a graduating resident must be at the level 4 competency
in order to utilize focused ultrasound after training completion. Level 5 recognizes advanced
applications yet the core ability is to generate a billable report and document an exam

Level 1 Level 2 Level 3 Level 4 Level 5

Knows Able to perform Able to perform | Completes 150 | Able to save
indication for | US scans in multiple scans in | exams images, document
(0N simulated setting | clinical setting and bill for US
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the ultrasound competency spectrum are clearly needed with increasing adoption of
focused ultrasound in medical education.

Implementation

A common starting point for undergraduate ultrasound programs will be in the clini-
cal years of the curriculum utilizing specialties with high-volume ultrasound expo-
sure such as Emergency Medicine, Cardiology, Obstetrics-Gynecology, Critical
Care, and Radiology. The program can be directed to develop objectives and goals
that align with certain specialties that are being supported by a medical center. For
example, if an institution has substantial resources dedicated to Interventional
Cardiology, the availability of faculty for teaching focused echocardiography will
likely allow for early integration and maturation of focused cardiac ultrasound edu-
cation. Echocardiography labs in this setting can serve as sites for healthy volunteer
hands-on sessions for students to learn about ultrasound knobology and basic sci-
ence principles while reviewing cardiac anatomy and physiology.

A critical transformation of an undergraduate ultrasound program is the pro-
gression of ultrasound training into preclinical training. Coordination with anat-
omy or physiology staff can allow for scanning sessions with volunteer faculty to
demonstrate relevant concepts through volunteer scanning sessions. During
cadaver lab sessions, a separate room may be used for healthy volunteer scanning
under supervision of the anatomy faculty to demonstrate the functional anatomy of
the heart and great vessels during the period used to dissect the cardiothoracic
anatomy [34]. A similar type of integration can be used during physical examina-
tion courses to combine focused echocardiography with pulsed wave Doppler and
overlying cardiac audiograms. One study demonstrated that this method markedly
improved medical students’ ability to recognize cardiac pathology with ausculta-
tion during physical exam courses in preclinical years [35]. These examples of
ultrasound integration in preclinical coursework can serve to solidify support for
undergraduate ultrasound curriculum and develop support for eventual dedicated
resources.

Of the potential applications of focused ultrasound within the preclinical curricu-
lum, anatomy curricula is the most commonly favored site currently [34, 36, 37].
Gross Anatomy courses follow a similar process to the early training required for
understanding focused ultrasonography, the first level of developing competency.
Students in this setting are able to perform focused ultrasound examinations of the
anatomical structures on either cadaver or volunteers to better understand the loca-
tion and function of each structure. Furthermore, integration of focused ultrasound
in this manner allows students to familiarize themselves with nonphysical principles
of ultrasound basics including knobology, ultrasound wave principles, and artifact
generation in an active fashion [34]. Integration at this level can allow students to
develop and demonstrate competencies in multiple basic competencies including
ultrasound safety, scanning techniques, and anatomy identification.
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Ultrasound Champion

An integrated undergraduate ultrasound curriculum requires a coordinated approach
led through an ultrasound champion. The champion ensures that learner experiences
align with the needs assessments and goals of the program. As the ultrasound pro-
gram matures, the ultrasound champion must delegate responsibilities, based upon
available resources such as additional sponsored faculty, institutional resources, or
experienced student peers. An example of the various duties an ultrasound cham-
pion may be expected to complete depending on the institute can be seen in Fig. 7.3.

The ultrasound champion must have protected time to perform the duties of
equipment allocation and volunteer coordination/recruitment. Because of the sig-
nificant time required for this position, a medical school dean may not have the time
available to commit to the position. Faculty from within a high-volume ultrasound
specialty is where the ultrasound champion should be called upon to implement
initial ultrasound programs at the undergraduate level.

Funding Considerations

The reality of the undergraduate medical education landscape is the absence of nec-
essary funding for novel educational projects. Without administrative support, the
role of the Ultrasound Champion can be difficult to create. Dedicated time for an
Ultrasound Champion is based upon the amount of ultrasound experiences expected
to be established. For a 1 month rotation with 2—4 students in clinical ultrasound
exposure there will be approximately 20—40 h of administrative work to develop the
course materials and experiences in addition to the 80-120 h required to operate the
course each month. Although many of these hours can be divided among adminis-
trative leadership often, without support from institutional leaders these hours will
be solely the responsibility of the Ultrasound Champion. Dedicated time is clearly
a necessity for an Ultrasound Champion to develop a longitudinal or vertical curri-
cula at this level.

In a more common setting, motivated personnel may seek to develop ultrasound
programs at the undergraduate level prior to securing program funding. This path has
inherent risk to the individuals as without funding, the institutional leadership has not
demonstrated any value of the significant effort to be accomplished. Without a large
population of physicians trained in the use of ultrasound, the field of Emergency
Medicine has an opportunity to be the primary source for ultrasound education.
Other specialties such as Cardiology and Obstetrics-Gynecology may not have the
breadth of skills Emergency Medicine physicians have in evaluating the entirety of
the anatomy performed in emergency ultrasound.

In establishing administrative funding for the Ultrasound Champion, the emphasis
must be on the specialty and the amount of dedicated time for faculty. As mentioned,
Emergency Medicine faculty have the greatest ability to provide the scope of curricu-
lar initiatives in focused ultrasound and this needs to be emphasized to the leadership
early in the decision-making process. Support for the Ultrasound Champion is based
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upon the percentage of a full time equivalent (FTE), where a 5 day 8 h week equates
to 2080 h. Ideally a 1.0 FTE position is created as part of the ultrasound initiative,
although the reality is this is rarely the case. Practically, funding can be appropriated
from the Dean’s budget for education as a separate line item of ultrasound education.
More frequently, the funding is coupled into Radiology or other specialty electives. A
shared appropriation of the FTE percentage from these budgets should then be used to
develop a singular Ultrasound Champion position with the ability to coordinate the
tasks of the ultrasound program across the multiple specialties.

Other interesting concepts do exist for the funding of an Ultrasound Champion
position and the ultrasound program. Educational grants do exist and are more com-
monly found when collaborating with other healthcare practitioners such as nurs-
ing. Additional sources of grants can be those appropriated for safety initiatives, an
area which focused ultrasound has been used such as for improving safety for cen-
tral venous cannulation. Other options include activity fees from student tuition or
the development of an institutional endowment for community donations.

Evaluation and Feedback

A study of the effectiveness of an ultrasound program is derived from both the
administrative faculty and students. Institutional leadership will expect proof of
goals and objectives from the program being accomplished within a certain period
of time. Failure to accomplish goals regardless of how broad or narrow the pro-
gram’s scope will jeopardize future administrative support. This fact supports the
restraint ultrasound faculty must have in the development and expansion of ultra-
sound opportunities until adequate resources and institutional experience exists.

Student evaluations at the completion of each component of the curriculum
drives further expansion of the program into preclinical years. Students have tradi-
tionally demonstrated strong support for ultrasound training in clinical and preclini-
cal years across most institutions [6, 7]. Demonstration of student engagement and
improved performance across other components of the curriculum will drive insti-
tutional support if it was lacking. Therefore the charge of the ultrasound champion
at an institution will be to design evaluation studies of students and faculty that can
be used to not only lead to program revisions, but also support for acquisition of
resources. For example, an ongoing log of student utilization of dedicated ultra-
sound equipment or simulator equipment must be kept to ensure replacement of
these resources.

The ultrasound champion will encounter a variable amount of ease for program
expansion depending on the institutional support. A top-down approach through
deans allows the champion to recruit faculty, coordinate experiences, and schedule
hands-on sessions with greater ease. If the institutional support is lacking, the cham-
pion must have significant perseverance to change institutional perceptions. This
approach requires significant time and travel requirements and may not be feasible
for faculty with other significant institutional duties.
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Discussion

The state of ultrasound training drastically changed with the advent of emergency
ultrasound. As practitioners have gained incremental experience largely from emer-
gency ultrasound applications, the practice of medicine developed more applica-
tions for focused ultrasound [19]. The education of future physicians however needs
to be formalized to ensure safe performance and continued growth of the field. As
there is a significant emphasis on anatomy and physiology within a medical school
curriculum, there is an equal opportunity for ultrasound to play a role in learning.

There is a growing preponderance of evidence for ultrasound education in the
undergraduate medical education system. Blended curricula are becoming more
prevalent as the advent of online content, FOAMed and other resources help aug-
ment resource limited efforts within the medical school mission. The fact that
investing in this tool can help programs with teaching preclinical topics and improve
retention rates while simultaneously preparing future clinicians for practical skills
needed in residency further supports its adoption.

Unfortunately, the robust nature of medical school ultrasound also has led to
significant fragmentation in its implementation until a more central direction is
applied from our governing bodies. Emergency Medicine has been shown to be the
most common site for training ultrasound in U.S. medical schools, although the
faculty from this specialty have not yet adopted a consensus on the best method to
train medical students [38]. In contrast, the American College of Emergency
Physicians (ACEP) has been a leader in the realm of graduate medical education by
adopting specific guidelines for ultrasound education for Emergency Medicine resi-
dents which have since been incorporated into clear milestones by the ACGME
[39]. Similar approaches are necessary at an undergraduate level to assist in coordi-
nating ultrasound adoption and standardization within medical schools.

Until this unification of focused ultrasound education occurs, each institution
must determine their development of ultrasound training at the undergraduate level
based upon their mission and values. Clearly basic competencies, which must be
taught at this level, include ultrasound basic science principles, safety, equipment
utilization, and standard examination techniques. In addition, all medical students
should be expected to have developed ultrasound-guided vascular access compe-
tency given the ubiquitous nature of the skill in the field of medicine. Beyond these
clear basic competencies, significant resources become requisite which many insti-
tutions may not be willing to devote initially. An emphasis on training medical stu-
dents in the core components of cognitive, behavioral, and psychomotor skills will
establish graduates with the best ability to utilize ultrasound in their eventual prac-
tice regardless of the competencies covered in the curriculum.

The final product from undergraduate medical education should be a physician
prepared to succeed in a graduate medical education program. Development of new
undergraduate curricula is an ongoing process that requires coordination from each
field to ensure modern approaches are integrated. Focused ultrasound has clearly
shown its role within the practice of medicine and warrants an increased role within
the undergraduate medical education curriculum.



7 Undergraduate Ultrasound Education 85
Pitfalls

* Doing too much too soon, not well, and underperforming.

e Trying to train students to perform comprehensive exams.

e Stating ultrasound is an aid to the physical exam (it can aid in teaching the physi-
cal exam yet has no specified role as such in the completion of a physical exam
in clinical practice).

e Having students perform unsupervised exams in the clinical setting (patients
can confuse the educational exam and findings for a more comprehensive
exam).

e Failing to get internal support from administration and institutional faculty
early.

Key Recommendations

e Utilize the six-step approach to wundergraduate ultrasound curriculum
development.

e A general needs assessment at an institution will determine the scope of resources
available to initiate an ultrasound curriculum.

* Distinguish basic and advanced ultrasound competencies to compartmentalize
competencies for all physicians versus specialty-based training.

e Ultrasound-guided vascular access should be a component of every undergradu-
ate ultrasound curriculum.

e Specialty selection will often determine the needs of learners for advanced ultra-
sound competencies.

e Ultrasound curricula must seek to develop competencies in all components of
focused ultrasonology (cognitive, behavioral, and psychomotor). Overemphasis
of the cognitive component is common among early programs seeking to match
the needs assessment.

e Online resources exist for undergraduate ultrasound curriculum and lessen the
challenge of program content development.

e A modern digital portfolio demonstrates the training of a sonologist. Included
components may include labeled images and video of performed examinations,
case reports of clinical performance, written works within the field, social media
and other samples of applied ultrasound education.

¢ Identify an Ultrasound Champion early to coordinate program development.

» Since a majority of practicing physicians may not have been trained in focused
ultrasound, institutional administration must be shown the benefits of ultrasound
to form internal support.

e Establishment and growth of an ultrasound curriculum requires maintaining
evaluations from students and faculty demonstrating program success. The ultra-
sound program may positively impact other areas of the curriculum and can
serve as a method to gain program support.



D.P. Bahner and N.A. Royall

86

24119212 §[) PASNI0[ Ul 2SAN0D PROUDAPY/,,

2ouatiadxa S uo-spuvy pasnq-£p1oads pap.adajuf S Kouadiawsg
uonejol uonejol | UONEBIOL JUIOIPIW uonejol
suoneIOI AN | diysurour-qng Q18D DIUOIYD) K1o1e[hquUIy QUIDIpAW ASUdZIow
SYPUOIA L PUoA T PUOAl T PUoAl T UOAl T
P B9 [00YOS [BDIPIA]

sj020304d
S/ pasnaof 210D 20U2142dx2 §[) UO-SpUDY Paspq-£p12ads paipaSajuf

K30[029UAT K1931ns QuIdIpAW
sordo) feorur) -S0L1AISqO AneryoAsd/A3o10mmaN [BIoURD) A[uue SOLNRBIPo] QUIDIPAW [RUISIU]
SYOIM T SYIIM 9 SYIIM 8 SYOIM 8 SYIIM 8 SYIIM 8 SYIIM 8
€ 183X [00YDS [BIIPIA
24112212 100d 12pOW PUNOSDAL][) 4
§§200D ADINISDA
papms-Sn sj000304d §1) pasnoof o1svg
QuIdIpaU [BIIUI[D
UONBOBA 0] uonoNpo.Nu| WN[NOLLIND 9JUIIIS JIsk g
SPUOIA T SYIM ¢ SYJUOIA 8
T 183X [00YDS [BIIPIA
SN &wopup

s &worun s1ajad pup SN Kwoipup
S[1 P2SN20J 01 UOLINPOLIU] | YO2U PUD PPIY] | UIUOPGD XDAOY] D12]2ySOINISNN
UONEBORA WN[NILLIND) 9JUIIIS JIseg A101210qRT pUB AWOIRUY SSOID)
SYPUOIN T SYUOA L SYPUOIA €

T 183X [00YOS [EIIPIIN

wNnILLINY)

PUNoOSeI)) [EINIA PIIeI3NU] (FIA]) UonedInpy [BIPIA denpeasiopu) djdwes 12 xipuaddy



7 Undergraduate Ultrasound Education 87

Medical School Year 1

US in Anatomy

e 12 h (four 3-h) Lectures: Basic physics, knobology, scanning techniques, and
image acquisition in cadaver lab

e 12 h (four 3-h) Hands-On Sessions: Practical scanning on cadavers and student
models

Introduction to Focused US

e 10 h (five 2-h) Lectures: Basic science principles, I-AIM introduction, common
focused US protocols

e 12 h (six 2-h) Hands-On Sessions: Practical scanning on student models and
simulators

Total: 46 h

Medical School Year 2

Basic Focused US Protocols

e 12 h (six 2-h) Lectures and Hands-On Sessions: Focused US protocols and US
procedural guidance

US Vascular-Guided Access

e 2h Lecture and Hands-On Session: US-guided vascular access and simulator use
US Model Pool Elective

e 12 h (six 2-h) Volunteer Student Modeling for Hands-On Sessions

Total: 14 h (26 h with Elective)

Medical School Year 3

Integrated Specialty-Based Hands-On US Experience

e 12 h (six 2-h) Lectures and Hands-On Session: Focused US for each specialty
rotation with student models/simulators

e Variable Hours Hands-On Clinical Sessions: Rotation-specific hands-on experi-
ence with patients

Core Focused US Protocols

e 8 h (four 2-h) Lectures and Hands-On Session: Focused US protocol review and
student model/simulators

Total: 20 h
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Medical School Year 4

Emergency US Rotation

e 2 h Lectures and Hands-On Session: Emergency US protocols with student
models/simulators

e Variable Hours Hands-On Clinical Sessions: Emergency Department patient
hands-on experience

Integrated Specialty-Based Hands-On US Experience

e Variable Hours Hands-On Clinical Sessions: Rotation-specific patient hands-on
experience

Advanced Course in Focused US Elective

e 20 h (ten 2-h) Lectures: Advanced topics in focused US

e 20 h (ten 2-h) Hands-On Sessions: Proctored hands-on sessions with student
models/simulators

e 20 h (ten 2-h) Journal Club Sessions: Literature review of focused US topics

e 15 h Independent Hands-On Sessions: Student-directed hands-on experience
with student models/simulators

e 4 h (two 2-h) Hands-On Clinical Sessions: Intensive Care and Emergency
Department proctored patient hands-on experiences

Total: ~2-5 h (281 h with Elective)

Appendix 7.2 Summary of Free Open Access Medical
Education (FOAMed) Ultrasound Resources

Curriculum design

e AIUM ultrasound in medical education portal (http://meded.aium.org/home)

Reading materials

* Ultrasound guide for emergency physicians (Www.sonoguide.om)

Video lectures

* Academy of emergency ultrasound (http://vimeo.com/channels/aeus/videos)

* Emergency bedside ultrasound training series (http://learn-us.vanderbiltem.com)

* Emergency ultrasound teaching (http://emergencyultrasoundteaching.com)

e Mount Sinai emergency ultrasound (www.youtube.com/user/SinaiEMultrasound)

* University of California-Irvine critical care ultrasound (https//itunes.apple.com/us/itunes-u/
ucimc-ultrasound-education/id452550953)

* University of South Carolina School of Medicine Ultrasound Institute
(http://ultrasoundinstitute.med.sc.du)

Proficiency assessments

* Emergency ultrasound exam (www.emsono.com/acep/exam.html)

* Emergency ultrasound teaching (http://emergencyultrasoundteaching.com)
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Chapter 8
Residency Ultrasound Education

Laura Nolting and Thomas Cook

Objectives

* Discuss ACGME Requirements for point of care ultrasound training.

* Highlight ultrasound training recommendations by the American College of
Emergency Physicians.

* Discuss development of a residency ultrasound training program in emergency
medicine.

* Compare different specialty residency training guidelines.

Introduction

In the 1990s, ultrasound began to evolve as a key diagnostic tool for a number of
clinical specialties. The disseminated use of this technology caused established
organizations of medical imaging to discourage ultrasound training outside histori-
cal boundaries. However, it also stimulated the formation of groups composed of
passionate clinical physicians dedicated to expand ultrasound utilization into nearly
every clinical environment short of psychiatry. By the turn of the twenty-first cen-
tury many US universities had taken notice and had begun to include ultrasound
training as a fixed component of the education for all of their medical students.
This chapter reviews the requirements for point of care (POC) ultrasound educa-
tion in residency training in the United States and includes recommendations to
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integrate ultrasound education into an existing residency program. The authors’
perspective is from residency training in emergency medicine, but many
recommendations can be applied to residency training in other specialties.

ACGME Requirements for Clinical Ultrasound Training

Utilization of diagnostic ultrasound by clinical specialists began in the 1960s with
cardiology and obstetrics-gynecology. However, it was not until the beginning of
the twenty-first century that the Accreditation Council for Graduate Medical
Education (ACGME) began to formulate training requirements for CUS. These new
requirements were initially included in the ACGME Program Requirements for
emergency medicine in 2001 [1].

Revised in 2013, the emergency medicine program requirements for ultrasound
training is as follows:

“Residents must use ultrasound for the bedside diagnostic evaluation of emergency medical
conditions and diagnoses, resuscitation of the acutely ill or injured patient, and procedural
guidance [1].”

The use of the word “must” specifically requires programs to provide ultrasound train-
ing, but the statement is relatively general compared to other ultrasound policy state-
ments for professional organizations (e.g., ACEP). There are no requirements for the
competence of emergency medicine faculty in bedside ultrasound or the presence of
an adequate number of ultrasound systems capable of providing quality imaging in the
emergency departments that serve as teaching sites for emergency medicine
residents.

In 2013, ACGME also rolled out “The Next Step in the Outcomes-Based
Accreditation Project [2]” (often referred to as “Next Accreditation System” or
“NAS”) as a joint effort by the ACGME and medical specialty boards. For emer-
gency medicine this collaboration included the American Board of Emergency
Medicine (ABEM). The goal of NAS was to overhaul the evaluation system for
postgraduate medical education in the United States, clearly define observable skills
expected at particular stages of training within a given specialty, and recommend
competency assessment tools [2]. The cornerstone of this process was the develop-
ment of “Milestones” for each specialty to act as a framework for the assessment of
resident physician competencies [2].

For emergency medicine there are 23 milestones [2] (Table 8.1). Of these, five
are clinical procedures:

* Airway Management

* Anesthesia and Acute Pain Management
* Goal-Directed Focused Ultrasound

e Vascular Access

*  Wound Management

The inclusion of POC US as a milestone firmly established the importance of this
skill from the viewpoint of ABEM and the ACGME.
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Emergency medicine programs are now required to assess and regularly report
directly to ACGME a given resident’s progress at utilizing POC US over the course
of their training (Table 8.2). This includes a requirement that each resident perform
150 “focused ultrasound examinations,” and it is still used as the primary benchmark
for the ACGME milestone for POC US in emergency medicine residency training.

Table 8.1 ACGME milestones for emergency medicine [2]

Emergency Stabilization

Performance of Focused History and Physical Exam

Diagnostic Studies

Diagnosis

Pharmacotherapy

Observation and Reassessment

Disposition

Multi-Tasking

General Approach to Procedures

Airway Management

Anesthesia and Acute Pain Management

Goal-directed Focused Ultrasound

Wound Management

Vascular Access

Medical Knowledge

Professional Values

Accountability

Patient Centered Communication

Team Management

Practice-based Performance Improvement

Patient Safety

Systems-based Management

Technology

Table 8.2 Other diagnostic and therapeutic procedures: goal-directed focused ultrasound

(diagnostic/procedural) (PC12)

Level 1 |e Describes relevant anatomy to basic goal-directed clinical ultrasound

Describes the indications for goal-directed clinical ultrasound and how it differs
from consultative ultrasound

Demonstrates the hand motions of scanning with proper transducer manipulation

Performs an eFAST with direct supervision

Level 2 |

Identifies the proper probe, settings, and protocols to obtain and optimize images
for goal-directed clinical ultrasound

Correctly acquires images for goal-direct clinical ultrasound

Visualizes and identifies relevant anatomy for goal-directed clinical ultrasound

Performs goal-directed clinical ultrasound in critical situations, e.g., eFAST, Echo,
Aorta

Level 3 |

Correctly interprets acquired images and completes goal-directed clinical
ultrasound protocols

Describes limitations of bedside goal-directed clinical ultrasound exams and
protocols

Describes clinical algorithms incorporating goal-directed clinical ultrasound

Performs a minimum of 150 adequate and reviewed goal-directed clinical
ultrasound examinations with scans in each core application

Uses ultrasound for dynamic guidance of procedures

Level 4 |

Demonstrates competency of documentation of clinical ultrasound in the medical
record

Consistently utilizes and integrates appropriate ultrasound applications in clinical
management

Utilizes ultrasound to identify procedural success and anticipate complications

(continued)
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Table 8.2 (continued)

Level 5 | Teaches other providers goal-direct clinical ultrasound

» Expands ultrasonography skills to advanced applications

* Understands the key components to developing and maintaining a successful
emergency ultrasound program

* Participates in ultrasound-related research

* Contributes to advancing the field of goal-directed clinical ultrasound

Uses goal-directed focused ultrasound for the bedside diagnostic evaluation of emergency medical
conditions and diagnoses, resuscitation of the acutely ill or injured patient, and procedural guid-
ance [3]

Suggested assessment tools for the POC US milestone include:

¢ Standardized Direct Observation Tool (SDOT)
e Observation of Resuscitations

e Simulation

¢ Video Review

Ultrasound Training Recommendations by the American
College of Emergency Physicians

There are many professional medical colleges, societies, and associations that have
developed policies and position statements on POC US. Many of these have under-
gone revisions as POC US implementation has matured in various specialties, and
negotiations between the leaders of organizations for different specialties have
searched for common ground to safely increase POC US utilization.

The American College of Emergency Physicians (ACEP) is the largest organiza-
tion of this type in emergency medicine. In the 1990s, ACEP convened a group of
experts in POC US to produce a consensus document for emergency physicians
interested in using POC US.

This document described two pathways for emergency physicians to compe-
tently use POC US (Table 8.3).

This became the first document sanctioned by ACEP to include a specific num-
ber of examinations to acquire competence (150 studies) [5]. Although it has been
criticized, it became the standard for most policies in emergency ultrasound as well
as credentialing standards for hospital privileges. Even as ACEP broadened its
recommendations to achieve competence in subsequent revisions of its policy, the
required number of examinations has remained constant.

In 2008, ACEP significantly expanded its policy to include recommendations
that physicians should perform 25-50 reviewed examinations for all common
applications of POC US in the emergency department [6]. In addition, the docu-
ment provided guidelines for ultrasound education in residency training that are
discussed below.
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Table 8.3 ACEP pathways for emergency physicians to proficiency in ultrasound [4]

Pathway Residency training Practicing physician
Didactics Receives ultrasound Attends introductory CUS Course
training in residency
Experiential Performs US examinations | Performs US examinations under
with experienced supervision or using Gold Standards,
residency program faculty | confirmatory testing, or patient outcome
members review within departmental US plan
Proficiency Residency Director and/or | Ultrasounds are obtained with
US Director certifies US documentation and review to meet
training ACEP proficiency guidelines.
Credentialing Acquired at local hospital settings within departmental privileges
Continuing medical Quality review of ultrasound performed continuously, CME attended
proficiency and in accordance with specialty guidelines
education
New applications New applications adopted after CME, research or other training

Development of a Residency Ultrasound Training Program

The development and implementation of an ultrasound training program for a resi-
dency is a complicated and time-consuming process. It requires dedicated and
skilled faculty members and has significant expenses. It takes several years to reach
maturity at which point residents can utilize the technology to simultaneously eval-
uate and manage patients in the emergency department.

There are four assets required for the successful deployment of such a program:

e Curriculum

e Faculty

e Equipment

e Competency Assessment

Curriculum

Residents should be exposed to an introductory course at the beginning of their
training. All residents attend a variety of courses during the first weeks of their PGY
1 year (e.g., Advanced Trauma Life Support and Advanced Cardiac Life Support).
POC US training courses should also be included at this time. The course should
provide residents with important basic information:

e Machine operation and maintenance

e Exam setup

e Screen orientation

e Logging exams for technical and interpretive review by faculty
e How to access additional educational resources
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A dedicated rotation to POC US should be a component of the first year of resi-
dency training as well. In general, the length of the rotation should not be less than
2 weeks in duration and should be composed of dedicated shifts to perform POC US
without the burden of patient management. Shifts dedicated to ultrasound scanning
should be designed to spend some time examining patients directly with faculty that
possess expertise in POC US.

In addition, ACEP recommends that the rotation include:

» Didactic sessions covering basic and advanced POC US applications

e Scheduled reading assignments in texts and journals

* Access to other digital educational resources including question banks on POC
US applications

Beyond the PGY 1 ultrasound rotation the program should have longitudinal
educational tools aimed specifically at teaching residents to integrate ultrasound
into their daily practice. Examples include case presentation series during confer-
ence, continued online training modules, and simulation medicine training empha-
sizing the use of ultrasound in resuscitation and procedural guidance.

Faculty

ACEP recommends that all emergency residency programs should identify a full-
time faculty member as its emergency ultrasound director. It is not required that the
ultrasound director be fellowship trained. However, it is paramount for programs to
recognize the substantial time commitment to developing and managing a success-
ful program. In the past this position has often been relegated to junior faculty with
little compensation in terms of protected time to accomplish a colossal task. Since
there may be no older faculty mentors within the program to advise them, it is
imperative that new directors are supported to attend outside conferences to encour-
age networking with directors at other institutions.

Per ACEP guidelines, a minimum of 50% of the “Core Faculty” members of a
program should also be designated as core ultrasound faculty and credentialed by
the host institution in the use of ultrasound. The ultrasound faculty should be
responsible for direct and indirect review of the majority of the resident examina-
tions and be able to provide feedback on scanning technique and interpretation.
Ultrasound fellows may be delegated ultrasound faculty responsibilities.

Equipment

There are an increasing number of choices for ultrasound equipment for CUS. System
capabilities continue to expand while cost has remained constant and in some cases
decreased. Computer miniaturization has allowed for the production of small
systems that can even fit into the lab coat of a physician.
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The choice of equipment depends on many factors:

e Number of residents

» Patient census

* Physical size of the emergency department
e Budgetary issues

The number and type of ultrasound probes should be chosen based on the appli-
cations performed in each program’s clinical environment, but generally includes
linear, curved linear, phased array, and endocavitary transducers.

Other important factors to consider include the mundane issues of durability,
product warrantees, and regular maintenance. Product information should not only
be obtained through sales representatives, but also through consultation with ultra-
sound program directors at other institutions.

Both new and experienced ultrasound program directors will benefit from rou-
tinely sampling a large number of systems to keep abreast of technology advances
and to determine the best fit for their current and future needs.

Competency Assessment

The goal of competency assessment is to assure that each resident can integrate ultra-
sound into daily clinical practice. Two parameters are used to make this assessment:

e Number of exams performed
* Evaluation of technique and interpretation

Many organizations including the ACGME recognize that at least 150 ultrasound
examinations in “critical” or “life-saving” scenarios promote a minimum acceptable
level of exposure. However, completion of these exams does not establish compe-
tency, and the residency program must also qualitatively assess each resident’s abil-
ity to perform studies routinely conducted in an emergency department setting. This
process should include assessment of the following parameters:

* Proper machine settings

* Probe positions

* Image acquisition and documentation
* Image quality

* Identification of landmarks

e Completeness of imaging protocol
 Interpretation of findings

The majority of these experiences should be conducted while working with patients
in an emergency department setting, but can also be performed in simulated settings
using standardized patients or ultrasound simulators. Assessment methods include:

e Standard Direct Observations Tool (SDOT)
e Objective Structured Clinical Examination
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The program should provide a system for residents to log their ultrasound exam
experiences during training. This system should include a method to store images
for each exam that can be reviewed by faculty with POC US expertise. Commercial
systems are also available with annual fee structures based on the number of resi-
dents and the number of submitted exams (e.g., Q-path at http://www.telexy.com).

Medical knowledge of POC US can be assessed using a standardized multiple-
choice examination. Emsono (http://www.emsono.com/acep/exam.html) provides a
free interactive modular exam covering all of the core applications of emergency
ultrasound. This test includes video, still image, and case-based questions.

Other Residency Experiences

ACGME utilizes two documents to establish requirements for postgraduate medical
training:

* ACGME Program Requirements
* The Milestones Project

The only specialty other than emergency medicine with written requirements for
ultrasound education in both the ACGME Program Requirements and Milestones is
anesthesiology (Table 8.4). Other clinical specialties that can utilize POC US have
very limited written requirements that pertain specifically to ultrasound education.
Cardiology is the only specialty other than emergency medicine to require the per-
formance of a specific number of studies during postgraduate training (ironically
also 150 examinations), but there are no milestones for ultrasound competence.
Although obstetrics and gynecology (OB-GYN) is historically an early adopter of
clinical ultrasound, OB-GYN does not have specific language in the ACGME pro-
gram requirements for POC US education. However, there is a reference to ultra-
sound competence within one of the OB-GYN milestones. There are no ACGME
specific requirements or milestones for POC US education in family medicine,
internal medicine, pediatrics, or surgery.

Only a handful of the nation’s internal medicine programs incorporate bedside
ultrasound training into their curriculum. A survey of internal medicine training
programs found that while there is substantial interest in point of care ultrasound
among internal medicine educators, only 25% indicated their program has a formal
curriculum [25].

Although ACGME does not require POC US training in family medicine, the
American Academy of Family Physicians (AAFP) Practice Profile Survey from
2008 reported that 18% of AAFP members offer obstetric ultrasound in their prac-
tices, 15% offer non-OB ultrasound, and 14% offer echocardiography [26]. The
Society of Teachers of Family Medicine (STFM) and the American Academy of
Family Physicians (AAFP) commission on education state that family medicine
residents should learn basic and advanced obstetric ultrasound and be exposed to
ultrasound-guided procedures including central vascular access, paracentesis, and
thoracentesis [26].
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Table 8.4 Comparison between specialties regarding ACGME program requirements and NAS
milestones on ultrasound education [1-3, 7-24]

ACGME program
Specialty requirements NAS milestones
Anesthesia Section IV.A.5.a).(2). (1).(ii) Acute, chronic, and cancer-related pain
consultations and management with regard
to nerve location and regional anesthesia.
... central vein and pulmonary | Technical skills: Use and Interpretation of
artery catheter placement, and | Monitoring and Equipment related to
the use of transesophageal central line placement and transesophageal
echocardiography and evoked | ultrasound for advanced monitoring
potentials... techniques
Cardiology Section IV.A.5.a).(2). (a).(ii) | None (from The Internal Medicine
.. must demonstrate Subspecialty Milestones Project)
competence in the performance
of ... echocardiography; Each
fellow must perform a
minimum and interpret a
minimum of 150 studies, and
observe the performance and
interpretation of
transesophageal cardiac studies
Emergency Section IV.A.5.a).(2). (¢). Other Diagnostic and Therapeutic
medicine (viii). (a) Procedures: Goal-directed Focused
Residents must use ultrasound | Ultrasound (Diagnostic/Procedural). Uses
for the bedside diagnostic goal-directed focused ultrasound for the
evaluation of emergency bedside diagnostic evaluation of emergency
medical conditions and medical conditions and diagnoses,
diagnoses, resuscitation of the | resuscitation of the acutely ill or injured
acutely ill or injured patient, patient, and procedural guidance
and procedural guidance
Family None None
medicine
Internal None None
medicine
Obstetrics and | None Mentions ultrasound competence briefly in
gynecology the Obstetrical Technical Skills—Patient
Care milestone
Pediatrics None None
Pulmonary Section IV.A.5.a).(2). (b). None

critical care

(xiii)

... use of ultrasound techniques
to perform thoracentesis and
place intravascular and
intracavitary tubes and

catheters
Surgical None Mentions as “Advanced Monitoring
critical care Technique” in the Patient Care Shock/
Resuscitation milestone
Surgery None None
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ACGME program requirements for pulmonary critical care includes POC US
training to “perform thoracentesis and place intravascular and intracavitary tubes
and catheters,” but there are no milestones for ultrasound competence. The Surgical
Critical Care Milestones document mentions ultrasound as an “advanced monitor-
ing technique” for shock and resuscitation, but it is not discussed in the ACGME
program requirements.

Pitfall for Ultrasound Training in Residency

1. Not introducing POC US early in residency training

* Many programs fail to introduce residents to POC US until after their PGY
1 year of training.

* By this point many residents become resistant to new techniques and skills.

» Setting expectations on the first day of residency is critical to developing the
habit of POC US utilization.

2. Depending on training venues or specialties outside your department to
teach your residents

* Depending on other specialties for POC US training often allows your pro-
gram faculty to avoid learning how to utilize POC US.

» This creates a clinical environment where residents are not actively encour-
aged to use POC US in their regular patient care.

3. Recreating the “educational wheel” of didactics, training, and testing rather
than utilizing previously developed education resources

e Curriculum development is a tremendous burden for a dynamic topic like
POC US.

e There is an enormous amount of previously developed educational content
that can be used to assist in resident POC US education.

4. Not having faculty that are trained and supportive of POC US

* Require minimum standards for your faculty regarding POC US competence.
* Provide educational support through didactic training as well as hiring new
faculty with POC US skills.

Key Recommendations

* Development and implementation of a residency ultrasound training program
requires significant planning and resources.

e The ultrasound program director must be compensated to dedicate adequate time
and effort to the process.
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ACGME now requires the evaluation of clinical ultrasound skills for residents
training in emergency medicine with evolving standards in other specialties.
There are four assets required for the successful deployment of a POC US pro-
gram: curriculum, trained faculty, adequate equipment, and competency assess-
ment tools.
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Chapter 9
Ultrasound Fellowship Programs

Christopher C. Raio and Srikar Adhikari

Objectives

* Describe the importance and role of ultrasound management, administrative and
leadership education in clinical ultrasound fellowship programs.

* Provide an overview of core topics integral to an ultrasound fellow’s education
in the area of ultrasound management, administration, and leadership.

e Provide a framework for educating fellows in ultrasound management, adminis-
tration, and leadership topics.

* Describe the challenges in integrating nonclinical ultrasound education into clin-
ical ultrasound fellowship programs.

Introduction

Over the past three decades clinical ultrasound use by non-traditional users has
skyrocketed and Emergency Medicine specialists have pioneered this develop-
ment. As point-of-care ultrasound (POC US) has evolved, the breadth of applica-
tions has also greatly expanded for users at the POC US, and this growth has
triggered a need to train future experts and leaders in the field. Ultrasound fellow-
ship training programs, and in particular Emergency Ultrasound (EUS) fellowship
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programs, have filled this void. There now exist approximately 96 programs
nationwide (http://www.eusfellowships.com/). Initially concentrated in the north-
east, programs have been introduced in 30 states and Canada. The goal of these
programs is not solely to graduate clinical ultrasound experts, but also to mentor
and develop the future administrative and academic leaders in the field.

The importance of ultrasound management, administration, and leadership has
increased as clinical ultrasound training has penetrated earlier into physician educa-
tion. Competency in the core applications is now a requirement for completion of an
Emergency Medicine ACGME (Accreditation Council for Graduate Medical
Education)-approved residency program [1]. Some physicians are even obtaining
extensive training in their undergraduate medical training [2]. Fellowships are geared
towards mastery of not only “advanced” clinical applications, but also focus on the
nonclinical aspects of ultrasound program development.

Fellows generally gain expertise in image acquisition and interpretation in all basic
and advanced point-of-care EUS applications. Fellows are required to be active in
EUS research and are responsible for teaching faculty, residents, and medical stu-
dents. In addition, fellows should become proficient in the critical components
required to establish and run a EUS program. The importance of involvement in
regional and national organizations is also of critical importance and must be stressed
during fellowship training (See Chap. 12 — Equipment, Chap. 15 — US Safety and
Infection Control).

The Need for Fellowship Training in EUS

EUS is one of the most coveted fellowships in Emergency Medicine. Training is typi-
cally 1 year in length, though there are a few programs that offer multi-year positions
in combination with alternative degrees, research experience, or specified focus areas
such as international medicine and ultrasound integration. Fellowship training aims
to elevate the level of clinical expertise far beyond that of “well-trained residents in
EUS.” Fellows receive higher level, focused training and mentoring by his or her fel-
lowship director and other EUS-trained faculty members. Scanning technique, limi-
tations, pearls and pitfalls and advanced applications are all integrated into the
various programs. However, pursuing an ultrasound fellowship will not only increase
the fellow’s proficiency in the technical aspects of performing bedside ultrasound,
but also help acquire administrative skills that are essential to develop a point-of-care
ultrasound program. In our era of medicine where reimbursement is a constant chal-
lenge and moving target, ultrasound can produce an alternative source of revenue via
both direct and indirect mechanisms. This will benefit not only the individual clini-
cian, but also the emergency medicine group or practice and institution. The exper-
tise gained over the course of fellowship can open opportunities whether it be in an
academic institution, community hospital, or global healthcare. Choosing a niche
such as ultrasound will also increase professional satisfaction and also provide
opportunities to reduce clinical workload and prevent burnout.
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EUS Fellowship Guidelines/Core Content

Over the past decade, EUS fellowships have rapidly proliferated and currently 96
such fellowships are offered in the United States (http://www.eusfellowships.com/
programs.php). Despite guidelines and educational recommendations proposed by
national emergency medicine organizations, variability still exists in exposure that
the fellows receive during the course of their programs.

In an attempt to provide uniformity and minimum standards, in 2011, the “Emergency
Ultrasound Fellowship Guidelines” were released [3]. This consensus document pub-
lished by the American College of Emergency Physicians (ACEP) Emergency
Ultrasound Section outlines site qualification requirements, minimum criteria to be an
EUS fellowship director, and minimum criteria for fellows to graduate. These guidelines
recommend participation in various administrative and quality assurance activities
including reimbursement audits, interdepartmental meetings, and monitoring the cre-
dentialing process of colleagues. Subsequently in 2014, Lewiss et al. published “The
Core Content of Clinical Ultrasonography Fellowship Training” to provide a framework
to standardize the clinical scope of fellowship training [4]. The EUS fellow is expected
to master the core content listed in the document, and potential applications that may be
used for future board certification examinations are outlined. The proposed curriculum
is broadly divided into Image Acquisition and Interpretation Skills, Education Skills,
Research Skills, and Administration Skills. The administration skills listed in this docu-
ment include Quality improvement principles and program, Leadership, Program sys-
tems, Relationships and networks, Coding and billing, and Economics.

Fellowship Training Models and Methods

As mentioned above, there are over 96 EUS fellowship programs in the United
States and Canada. Even though there are the ACEP guidelines and published core
content, there is significant variability in the training across programs and currently
there is no standardized method to train EUS fellows in ultrasound management
skills. A team-based approach to train EUS fellows in the management skills has
been successfully implemented in some programs [5]. Other programs distribute
administrative responsibilities on a rotating basis where fellows spend a designated
period of time responsible for a specified aspect of the ultrasound program, i.e., resi-
dent education/rotation, quality assurance and feedback, credentialing, etc. There
are also several national and regional course offerings, such as the hugely popular
ACEP Ultrasound Management course, which deliver focused education covering
the key administrative and leadership topics. Many programs still teach these skills
via “on the job” training where fellows are thrown into the processes on a daily
basis and learn on-the-go. Typically as programs advance, this type of training gives
way to a more formalized approach, which we recommend. Regardless of the train-
ing model, fellows should be actively involved in various aspects of ultrasound pro-
gram management. Fellows must be integrated into all aspects of ultrasound
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program development and maintenance of that program. It is critical for fellows to
not only understand the policies, procedures, and processes but also to realize the
time, effort, and dedication required to sustain high level ultrasound programs.

Below, we discuss various components of EUS management fellows need to
master during their fellowship training.

Education SKkills

Part of the fellow’s training is to learn how to become an effective ultrasound educa-
tor. This is a key component of any point-of-care ultrasound program since ultra-
sound management is closely tied to training physician colleagues in the clinical
skill. It is crucial to have a strong ongoing education program. Fellows should
receive instruction in both content development and presentation. This should
include curricular development, creating a portfolio of didactic lectures, image bank
development, critical literature review and coordinating journal clubs, utilization of
social media resources, visual presentation and public speaking skills [4]. Typically
fellows receive training in bedside teaching of residents and medical students. Focus
should be not only teaching residents and medical students, but also faculty and
experienced physicians. Fellowship directors should focus on training fellows how
to teach learners at different levels and different settings and assist with faculty
development at their institution. Challenges in training faculty members should be
stressed as this is often the most difficult aspect of any educational program.

Additionally, clinicians from other specialties and practice environments will
request ultrasound training and education, and the fellow should learn how to set up
outreach education and online educational programs. An interesting dilemma that
needs to be taught is how to negotiate time and resources as they relate to these educa-
tional objectives. “When to say no” is often a difficult question, but it must be answered.
Online forums and social media are valuable assets to any educational portfolio and
ways to engage with these tools also needs to be included in the fellows’ education.

Fellows should be specifically trained in bedside hands-on instruction and orga-
nizing courses workshops, such as SonoCamp/Ultrasound Challenge, Ultrafest, etc.
Fellows should actively send out weekly cases and host cadaver and or procedural
labs. They should also receive instruction in competency assessment, both for over-
all knowledge and hands-on skills. Various methods of competency assessment
including Objective Structured Clinical Examinations and Standardized Direct
Observation Tools should be reviewed, and question writing skills also must be
described. They should be familiar with ACGME milestones for residents as well as
practice-based pathways for nonresident physicians. Fellows should be trained in
evaluation of knowledge through written or online examinations, clinical image and
video review, formal ultrasound report review and evaluation of psychomotor skills
either on live patients, standardized patients or simulation exercises. They should
also gain experience in assessment of teaching skills including direct observation,
lectures, and written evaluations.
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Quality Assurance

A quality assurance program is crucial to maintain a successful point-of-care ultra-
sound program. Quality assurance generally includes image review for technical
quality of image acquisition, image interpretation, documentation, and clinical
integration leading to patient outcomes. A majority of programs review all ultra-
sound examinations performed at their institutions for quality assurance via video
and still images at “tape review sessions.” This type of review can be performed on
a daily or weekly basis and is best practice. Fellows should be integrally involved
in this process. Alternatively, reviews can cover a percentage of departmental
examinations performed. Fellows should be specifically trained how to give feed-
back to the sonographer as a part of this process, address missed critical and inci-
dental findings, and ensure physician compliance with documentation of ultrasound
examinations.

Unfortunately, every active ultrasound program will eventually encounter a trou-
bling case, missed findings, or complications related to ultrasound use. Dealing
with these issues and integrating them into a valuable performance improvement
program is an essential skill that must be learned. Often this involves interacting
with leadership from other departments or the hospital. Handling these issues from
the quality perspective again must be stressed, as well as appropriate documentation
of these issues.

Leadership

During the fellowship year, fellows must acquire leadership skills essential to lead
point-of-care ultrasound program. Effective leadership skills are often difficult
to obtain, however, the overriding principle is effective communication.
Communication skills can be taught in a variety of ways, and this will vary from
program to program. An overview of varying leadership styles can also be
reviewed during the course of fellowship year. And finally the differences between
managing and taking the next step to leading should be discussed. After global
leadership skills are incorporated into a fellows training the integration of those
skills to oversight of education, equipment, workflow, research, administration,
and risk management will ensue.

Equipment

Fellows should receive instruction in purchasing and maintaining the equipment
required to operate a program including ultrasound machines, middleware solu-
tions, transducers, and disinfection equipment. Fellows should learn how to assess
equipment from different vendors and how to interact and negotiate with those
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vendors. Working with hospital administration in submitting capital requests and
purchasing new equipment and service contracts is also a learned knowledge. The
purchasing process is often difficult to navigate. Installing new equipment, setting
up presets, labels, protocols, worksheets, working with biomedical engineers and
information technologists all must be part of their formalized training.

Fellows should be equipped with knowledge and skills to troubleshoot both
hardware and software problems, Digital Imaging and Communications in Medicine
(DICOM) and wireless connectivity issues. The fellowship training should also
include items such as Health Insurance Portability and Accountability Act (HIPAA)
compliance and social media institutional policies. Ensuring accessibility and ade-
quate stocking of ultrasound supplies in the emergency department is also critical.
Because of the large number of users and the harsh environment these systems are
used in, emergency department (ED) ultrasound equipment frequently sustain hard-
ware damage or encounter software errors. Fellows should learn how to solve these
issues, contacting Biomedical Engineering department or vendors directly.
Additionally, fellows should be trained in solving issues related to interfaces with
middleware or Picture Archiving and Communication System (PACS).

Policies and procedures related to cleaning of the systems themselves, transducers,
and overall infection control must be developed and fellows should become knowl-
edgeable in this process. Safety principles as they relate to point-of-care ultrasound
including As Low As Reasonably Achievable (ALARA) must also be delivered.

Workflow

As fellows go on to take leadership positions, they should be equipped with tools
and skills to set up POC ultrasound workflow. Fellows should be trained in differ-
ent components of workflow including order entry, modality worklists, entering
demographic identifiers on ultrasound systems, distinguishing educational vs.
patient care examinations, wireless image management including archiving in
PACS, web-based archival system or middleware for documentation and elec-
tronic signature, Electronic Medical Record (EMR) documentation, ED coder
notification and electronic and digital interfaces. All front-end and back-end
workflow processes must be understood. Fellows should be able to develop
sophisticated wireless and workflow solutions, develop policies and procedures
with regard to ED POC ultrasound workflow after their training. Fellows should
be taught not only how to set up the workflow but also how to train physician col-
leagues and coders to adopt the workflow.

Physician compliance with documentation and workflow process is crucial for
generating ultrasound billing revenue. Fellows should be trained how to address the
barriers and motivate colleagues to be compliant with workflow processes and also
increase ultrasound use. It is also important to comprehend the oversight of these
processes, and any metrics to track to ensure the workflow system is supporting the
clinical ultrasound program (See Chap. 17 — Workflow).
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Networking

Fellows should actively participate in all ultrasound-related meetings including per-
formance improvement, operations, credentialing, information technology, biomedi-
cal engineering, infection control, risk management, and revenue stream. They
should attend departmental faculty meetings to provide ultrasound updates and inter-
departmental meetings to discuss issues and developments related to point-of-care
ultrasound. In addition to meetings directly related to ultrasound, fellows should also
participate in meetings and discussions regarding budget, ED policy and procedure,
clinical guidelines, and institutional POC ultrasound development.

Besides intramural meetings, they should be encouraged to network and meet
others in the EUS field at national meetings such as ACEP, Society of Academic
Emergency Medicine (SAEM), and American Institute of Ultrasound in medicine
(AIUM). They should also be encouraged to attend the annual Society for Ultrasound
Fellowships (SCUF) meeting. Any exposure to regional, national, or international
ultrasound specialty groups must be encouraged. Committee engagement at this
level is critical to advancing fellow expertise. Fellows are expected to develop pro-
fessional working relationships with other specialties as well. There are multiple
venues to encourage these interactions including social media and online webinars
and blogs.

Another aspect of networking that cannot be overlooked is the ability to recruit
individuals to join ones group or practice. In most regions of the country there exist
emergency physician shortages and the ability to recruit colleagues is a key skill that
involves networking and must be stressed.

Coding/Billing/Reimbursement

Understanding the financial piece of ultrasound is a key fellowship educational
objective. At the end of fellowship training, fellows should be equipped with all
tools necessary to initiate a reimbursement program. Successful implementation of
a point-of-care ultrasound program requires financial integration of ultrasound into
existing departmental reimbursement strategies. Fellows should be familiar with
International Classification of Diseases (ICD) codes/Current Procedural Terminology
(CPT) codes of limited ultrasound examinations, documentation requirements and
the importance of payer mix and contracting with private insurers. Fellows should
be trained in how to integrate reimbursement into POC ultrasound workflow includ-
ing EMR documentation, electronic signature, physician training, timely billing
reminders to physicians, and ED coder training and communication.

Physician compliance with documentation is crucial for generating ultrasound
billing revenue, and fellows should be trained to address the barriers with docu-
mentation and motivate physicians to improve documentation. Fellows should be
familiar with strategies to improve physician documentation and participate in
ongoing education of these strategies (middleware navigation, indications for POC
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ultrasound, required images, required components of documentation including
medical necessity, description of organs studied and study findings).

Efficiency of ED coders is the key to increase the ultrasound billing revenue.
Fellows should learn how to work closely with ED coders, ensure ongoing educa-
tion of ED coders, and address billing issues that are critical for reimbursement.
Fellows should be trained in regularly reviewing metrics including billing volume,
reimbursement rates, denials, and collections with the ED coders consistently.
Fellows should also be knowledgeable about ongoing reimbursement changes
regionally and nationally (Medicare vs. Private insurance). They should also learn
how to address billing errors and denials. They should learn strategies to motivate
physicians to use ultrasound including integration of ultrasound into relative value
units Relative Value Units, incentive packages for using ultrasound and providing
productivity reports (See Chap. 22 — Reimbursement and Coding).

Budget/Economics

It is crucial for fellows to learn how to allocate resources available to maintain and
grow their respective programs. Resources will vary from institution to institution.
Understanding return on investment strategies for point-of-care ultrasound is criti-
cal to gaining these resources. There is not only direct return through revenue gen-
eration from CPT codes on the professional and technical side, but also potential
Evaluation & Management coding uplift on cases where ultrasound exams are per-
formed. In addition, indirect return on investment is likely far greater including
improved patient flow, reduced length of stay, patient and provider satisfaction,
reduced complications and expenses related, and reduced malpractice costs.

They should understand the principles of department and division budgeting and
develop negotiation skills to better their positions. Fellows should learn how to sub-
mit budget requests and justify costs for expenditures such as equipment and service
contracts. They should learn how to negotiate and manage ultrasound section funds,
ultrasound faculty salary support, equipment, facilities and support for performing
quality assurance review. Effective negotiation skills is a topic that should be for-
mally taught during fellowship training.

Credentialing/Privileges

Fellows must learn to distinguish certification, credentialing, and accreditation.
These terms are often inappropriately interchanged and misunderstood. They should
understand that no standardized method exists for POC ultrasound credentialing,
and the process is institution-specific. The process of developing delineation of
privileges specific to POC ultrasound housed either within the department or at the



9 Ultrasound Fellowship Programs 111

level of a hospital’s credentialing committee is critical. Most experts agree that
global ultrasound credentialing at the hospital credentialing committee level com-
bined with application specific privileges tracked within the Department of
Emergency Medicine is best practice. A recent survey indicates that hiring physi-
cians with additional training in emergency ultrasonography assists with credential-
ing other staff in POC ultrasound [6].

Fellows should be assigned the task of facilitating the credentialing of other fac-
ulty within their departments during the fellowship year. They should be required to
send comprehensive reports on a regular basis to faculty and residents tracking vol-
ume of application specific examinations, quality (appropriate probe/preset selec-
tion, appropriate gain/depth adjustments, and acquisition of required views),
documentation, accuracy of interpretation, and frequency of billing. This will ensure
active participation and understanding of the credentialing process. Assigning an
individual fellow to a specific small group of residents or attendings to help expedite
their credentialing may be useful. Understanding strategies to motivate physician
colleagues to obtain ultrasound credentials and continue to expand their skills is
important. These strategies include periodic reminders and monitoring of metrics,
monthly workshops, and continuous feedback.

Fellows should also become familiar with different credentialing pathways and
the criteria for credentialing and recredentialing. They should be equipped with the
skills to navigate this process at the intra-, interdepartmental, hospital, and health
system levels.

As part of the formalized fellowship education Focused Professional Practice
Evaluations (FPPE) and Ongoing Professional Practice Evaluations (OPPE) must be
learned and understood. FPPE is a process whereby the organization evaluates the
privilege-specific competence of a practitioner who does not have documented evi-
dence of competently performing the requested privilege at the organization, or
encounters an issue while performing the requested privilege. OPPE is the ongoing
assessment of an existing medical staff member’s performance. These are Joint
Commission standards for the medical staff. The development and of these policies
and procedures and carrying them out should be incorporated into the role the fellow
plays within their ultrasound program (See Chap. 20 — Credentialing and Privileging).

Point-of-Care Ultrasound Program Accreditation

Fellows should become familiar with the ACEP-governed Clinical Ultrasound
Accreditation Program standards in the areas of administration of ultrasound pro-
grams, education and training of healthcare providers, performing and interpreting
ultrasound examinations, equipment management, transducer disinfection, image
acquisition and retention, and confidentiality and privacy. This will ensure quality,
patient safety, communication, responsibility, and clarity regarding the use of clini-
cal ultrasound in their future endeavors (See Chap. 21 — Accreditation).
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Problem Solving

Fellows should also be trained to address complaints related to use of POC ultra-
sound, from either within the Emergency Medicine group or other departments or
patients. They should gain experience how to handle medicolegal issues related to
POC ultrasound. They also need to develop expertise to resolve issues related to
billing, documentation, and of course patient care. Negotiating through these issues
and appropriately documenting the process and any corrective actions is critical.

Politics/Institutional POC US/Negotiation Skills

Fellows should have good understanding of departmental, institutional, regional, and
national politics related to ultrasound. They should learn how to negotiate support for
the Ultrasound Director position and additional ultrasound faculty. They should be
mentored to effectively communicate and negotiate with ED and hospital leadership
to help determine the position of their respective faculty, group, or division.

Discussion

Ultrasound management, administration, and leadership is complex and multi-faceted.
Every aspect of an EUS fellowship requires some element, from educating faculty to
optimizing workflow. Increasingly, many specialties have an interest in utilizing ultra-
sound in their clinical practice across diverse patient care settings. Consequently, there
is a need for direction, leadership and administrative oversight for hospital systems to
efficiently deliver this technology in an organized and coordinated manner. Emergency
physicians by nature have a broad scope of practice and interact with essentially all
specialties and are thus uniquely positioned to take this role. It is crucial to train fel-
lows in these skills to meet the growing needs of ultrasound users. To lead an EUS
program efficiently in the future, fellows must have rigorous experience in the various
components of POC ultrasound management, administration, and leadership. This is
even more vital as clinical ultrasound skills training penetrates deeper into under-
graduate and graduate medical education, giving fellowships the perfect time and
opportunity to teach the nonclinical core expertise.

Pitfalls

1. Primary challenges in delivering this experience and education is that not every
fellow has equal interest is these nonclinical topics, and not all fellowship-
directors were exposed themselves to every administrative and leadership skill.
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2. In addition, there is no empowered oversight for these non-ACGME accredited
clinical ultrasound fellowships which leads to lack of uniformity in training, and
potentially lack of resources and expertise at some institutions.

Key Recommendations

1. Fellows must be actively involved in all aspects of ultrasound management,
administration, and leadership in order to receive the most well-rounded fellow-
ship experience.

2. Assigning administrative responsibilities during fellowship training will ensure
depth of exposure for fellows to understand and learn all aspects of running a
successful EUS program.
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Chapter 10
Point of Care Ultrasound Issues for Advanced
Practice Providers and Nursing Programs

Eric J. Chin and Shane M. Summers

Objectives

Perspective on US use by APPs

US Educational Pathways for APPs

Credentialing and Supervision issues for the APP
Nursing use of US

Pitfalls and Controversies for the APP’s use of US

NS

Introduction

Early use of point of care ultrasonography (POC US) by advanced practice provid-
ers (APPs) and nursing programs can be traced back to the early 2000s for percuta-
neous liver biopsies, abscess localization, and peripheral intravenous catheter
insertion [1-3]. Notably, there is a paucity of published examples of formal curri-
cula designed to train and evaluate APPs in the discipline of POC US, with the earli-
est one dating as far back as 2007, specifically for emergency medicine-trained
physician assistants [4].
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Over the past decade, utilization of POC US applications has continued to
increase across many different disciplines and types of clinicians [5—7]. APPs are as
diverse and varied as there are medical and surgical specialties in medicine. This
includes a wide range of training experiences, training levels, and practice environ-
ments upon which POC US can be utilized—such as in the operating room by a
nurse anesthetist performing regional anesthesia; in the intensive care unit by a
physician assistant assessing volume status in a hypotensive patient; in a primary
care clinic by a nurse practitioner evaluating an ankle joint for an effusion; or in the
emergency department by a nurse placing a peripheral intravenous (IV) catheter in
a chronic I'V drug abuser. With these wide ranging factors in mind, this chapter will
discuss a practical approach to implementing initial POC US education, equipment
considerations, supervision, credentialing, and documentation for APPs and nursing
programs.

Initial Education

There are many types of APPs (e.g., nurse practitioners, physician assistants, nurse
anesthetists) and nursing programs training in POC US across a wide variety of set-
tings. The training platform will mostly depend upon the skill level necessary for the
practice setting and the educational status of the learner (e.g., currently in primary
medical schooling as opposed to being in active clinical practice) (Chaps. 5, 6 and 7).
A reasonable approach to ensuring competency in POC US should follow one of
two pathways, analogous to those described by some medical specialty organizations
[8, 9]: a trainee-based pathway and a practice-based pathway (see Fig. 10.1). Both of
these pathways should include didactics, practical clinical skills sessions, and a skills
validation assessment. Beyond the initial POC US education, it is imperative that
POC US Directors maintain a quality assurance program and users mitigate skill
decay through continuing medical education and regular practice with POC US.

Trainee-Based Pathway

This pathway is intended for novice POC US users who are still in a formal educa-
tional setting (e.g., nursing school, physician assistant medical school, midwifery
school). It is an optimal setting for acquiring POC US skills, since a formalized
curriculum including an introductory didactic course, hand-on skills training, and
competency assessment can be coordinated from start to finish.

An introductory course with didactic content and an experiential hands-on compo-
nent will typically require several hours for a single modality, and up to 24 h for a more
comprehensive training program (see Fig. 10.2 for sample curriculum). This introduc-
tory content does not need to occur all at once; however, this may prove to be the most
efficient and effective way of covering the material for logistical reasons. Many training
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Practice-based
CuUs

Trainnee
CuUs

Pathway Pathway

Introductory Introductory
CUS Course or CUS Course or
Curriculum Training
A 4 A 4
Experiential Hands-on Hands-on
Training Training

A 4 A

Assess knowledge and skill
Proficiency (written testing; direct observation;
OSCE; QA review)

Assess knowledge and skill
(QA review; comparative log)

Credentialing or

Based upon state and federal regulations, specialty
Certification

organization guidelines, or local/facility policy

Cont. Education ‘ Ongoing QA review; ongoing CUS continuing education‘

Fig. 10.1 Recommended clinical ultrasound (POC US) training pathways. OSCE objective struc-
tured clinical examination, QA quality assurance. Adapted from: [10]

programs may not have enough faculty experienced in POC US to instruct a course;
therefore, it may be necessary to augment POC US course faculty from other areas of
medicine (ultrasonographers, emergency physicians, radiologists, etc.).

Minimum competency can be assessed through written testing, online educational
modules, direct observation, objective structured clinical examinations (OSCEs),
and quality assurance review of completed POC US studies. Many programs utilize
scoring systems for image quality, such as the American College of Emergency
Physicians Ultrasound Reporting Guidelines [12]. Training programs desiring more
advanced expertise may consider POC US-specific rotations that provide dedicated
scanning sessions and direct feedback (such as a POC US block or elective).
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1. Define limited POC US as compared to comprehensive radiology-performed exams.

2. Discuss POC US operation and optimization of ultrasound systems, equipment handling, and infection

control.
3. Identify and describe specialty-specific POC US applications.
4. Describe physics principles of image formation, instrumentation and artifacts in image acquisition.
5. Describe the indications, contraindications, limitations and safety for each POC US applications.

6. Define the relevant sonographic windows, anatomical landmarks and potential pitfalls.

7. Describe normal and abnormal findings and their clinical implications.

8. Describe the techniques used to perform a particular POC US.

9. Describe required elements and components of image acquisition, data storage and documentation.

10.  Provide experiential hands-on skills training for each POC US application.

Fig. 10.2 Sample curriculum for introductory clinical ultrasound (POC US) course. Adapted
from: [9, 10]; Pustavoitau A, Blaivas M, Brown SM, et al. From the Ultrasound Certification Task
Force on behalf of the Society of Critical Care Medicine [11]

A more synergistic approach is to integrate the POC US curriculum into the
overall APP or nurse training program. In this model, a POC US application (e.g.,
biliary ultrasound) can be inserted into a related anatomy or pathology portion of
the medical curriculum. The benefit of formulating a comprehensive and integrated
approach is that adding POC US can facilitate and enhance medical learning, while
also developing a valuable clinical skill. There are several examples of medical
schools that have successfully integrated just such a curriculum into their medical
training program [13-15].

Practice-Based Pathway

This practice-based pathway is ideal for POC US users who are already in clinical
practice. In this pathway, the learner should complete an introductory or refresher
course, depending on prior POC US exposure, followed by an experiential hands-on
component. The learner’s knowledge and skill should be assessed through review of
POC US studies performed or through a “cumulative log comparing training ultra-
sound examinations to other imaging tests, surgical findings, or patient outcome(s)”
[10]. Protected time in the schedule to practice POC US examinations is ideal to
ensure procedural competency, but this is not always feasible.

There are several reasonable avenues for obtaining introductory POC US con-
tent. Listed below, from most basic to advanced, they are:

(a) Asynchronous. There are numerous traditional textbooks, electronic textbooks,
and online learning modules and programs that can provide a basic foundation for
learning POC US [16-18]. This approach is not recommended without a defined
experiential hands-on component, since POC US requires the development of
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cognitive and psychomotor skills not available otherwise. There are some com-
mercially available educational ultrasound simulation systems ([19-22]), which
may provide some component of psychomotor development, however, their effi-
cacy as a stand-alone curriculum has not been widely validated.

(b) Course-based. This educational format is a concise option for acquiring intro-
ductory POC US content and hands-on skills training in a discrete period of
time. There are many commercially organized POC US courses scheduled
throughout the country, as well as courses affiliated with professional organiza-
tions’ conferences and meetings. Depending on the skill level and content
desired, these courses typically consist of didactics and small-group hands-on
sessions held over several hours to days.

(c) Preceptorship. This model consists of a POC US expert providing direct mentoring
and/or supervision in a clinical environment (e.g., radiology department, emergency
department, surgical setting). This approach may be limited by preceptor expertise,
time, and volume of pathology. In addition, if a preceptor does not establish a for-
malized curriculum, it is recommended that a supplemental asynchronous platform
is utilized to provide structured didactics that covers core POC US content.

(d) Residencies and Fellowships. In addition to primary schooling, there is an
increasing interest in residencies and fellowships for the APP. Many APP resi-
dencies, such as emergency medicine and critical care programs, have inte-
grated POC US into their training curriculum to facilitate the development of
this valuable skill [23, 24].

For APPs interested in the most comprehensive approach to acquiring and mas-
tering POC US skills, and potentially establishing and administering a POC US
training program, there are at least six physician POC US fellowships that offer train-
ing to nonphysicians [8, 25]. Alternatively, there are online/distance-learning fellow-
ships, which may provide an alternative platform for developing this expertise [26].

Experiential Component

POC US requires a combination of cognitive and psychomotor skills. Therefore, it is
essential that regardless of the educational pathway an experiential component is
included in POC US training. At a minimum, a clinician proficient in the desired
application(s) should supervise or review the quality of the POC US exams being
performed. This may be not be possible in all clinical settings and alternative arrange-
ments should be considered—such as a “cumulative log comparing training POC US
exams to other imaging tests, surgical findings, or patient outcome” [10]. The pri-
mary goal is providing enough repetition, preferably with direct feedback, to develop
an overall proficiency or minimum competency when performing a POC US.

The ideal number of POC US exams to obtain a minimum competency is unclear,
and published guidelines vary by specialty organization (see Table 10.1). A reason-
able number of examinations performed per application appears to be 25-100,
depending on the complexity of the study [10, 29, 30].
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Table 10.1 Comparison of minimum number of recommended ultrasound exams for competency
by specialty organization

Per
Organization application | Overall Notes
American College of Emergency Physicians® 25-50 150-300
American Registry for Diagnostic Medical Up to 800 | Requirements vary
Sonography® based on ARDMS
certification.
American Society of Echocardiography® 240480 | Varies based on
duration of
training.
International Expert Statement on Critical Care | 30—100 150 No firmly defined
Ultrasonography/Echocardiography* standards.

* American College of Emergency Physicians [10]

®ARDMS [27]

¢Ehler et al. [28]

YExpert Round Table on Ultrasound in ICU [29]; Expert Round Table on Echocardiography in
ICU [30]

Credentialing

Credentialing is the process of gathering and verifying clinician qualifications to
establish a scope of practice for a particular clinical environment. These are typi-
cally determined by individual facilities or healthcare systems and can be influenced
by state and federal regulations, specialty-specific training guidelines, and certifica-
tions (Chap. 20). For APPs and nurses, there are few detailed guidelines available
regarding the credentialing or certification in POC US.

In the rare instance that specialty-specific guidelines or certifications are available,
it is recommended that credentialing bodies utilize these as a framework for defining
a scope of privileges. However, guidelines and certifications, or the lack thereof,
should not be the sole determinant of delineating POC US privileges for APPs. POC
US is arapidly expanding area of medicine and novel applications will likely outpace
the publication of specific guidelines; therefore, POC US guidelines from other medi-
cal specialties may be used as a foundation for credentialing depending on the practice
setting. These may include the American College of Emergency Physicians Ultrasound
Guidelines [31]; Midwives’ Performance of Ultrasound in Clinical Practice Position
Statement [5]; and the Society of Critical Care Recommendations for Achieving and
Maintaining Competence and Credentialing in Critical Care Ultrasound with Focused
Cardiac Ultrasound and Advanced Critical Care Echocardiography [11].

Supervision

Supervision of APPs and nurses performing POC US will vary based on the clini-
cal environment, specialty-specific guidelines [32], as well as dictated by state
and federal regulations [33, 34]. Although state regulations vary widely regarding
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supervision of APPs and nurses, most can be categorized as either allowing licens-
ing as an independent practitioner or as a non-independent practitioner (i.e.,
requires some form of supervisory oversight). In both instances, it is highly rec-
ommend that medical practices and healthcare entities develop and adhere to
well-defined policies for POC US oversight. This will help define the scope of
practice for APPs working in environments with other clinicians, facilitate col-
laboration with other healthcare team members, and potentially reduce vicarious
liability.

Independently Practicing APPs

Supervision of POC US should be specifically tailored to the level of clinician and
their work environment. For APPs in a group practice or larger healthcare entity,
the level of supervision should be based on the local scope of practice, which is
defined by the credentialing process and the medical or facility director. A desig-
nated supervisor should be any clinician appropriately trained in POC US, which
may sometimes include APPs or nurses as permitted by state and federal
regulations.

Non-independently Practicing APPs

Models for supervision will vary based on the needs and capabilities of the APP’s
or nurse’s practice setting. There are many factors to consider when defining the
type and details of a supervision policy (see Figs. 10.3 and 10.4). Additional
considerations may include geography, availability of supervisors, patient popu-
lation, practice setting type, and training and experience level of the APP or
nurse.

1. Are there state or federal regulatory requirements? Billing and reimbursement requirements?
2. How will the supervisor be designated (e.g., by case, shift, location, etc.)?

3.  What is the maximum numbers of APPs that can be supervised at a time?

4. What form of supervision is desired?

5.  Are review and feedback of POC US exams required? What proportion? What timeframe? How is
it documented?

6. Are there specific scenarios or cases that require more or less supervision (e.g., complex cases;
abnormal findings; life-threatening emergencies, etc)?

7. Is there a process for resolving diagnostic discrepancies (e.g., obtain a radiology-performed
comprehensive ultrasound)?

Fig. 10.3 Factors to consider when supervising non-independently practicing APPs performing
POC US
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1. Direct - the supervisor is physically present during POC US exam

2. Indirect with direct supervision immediately available - the supervisor is physically in the same
facility or practice location, and immediately available for direct supervision

3. Indirect with direct supervision available - the supervisor may not be in the same facility or practice
location, and is available telephonically or electronically

4. Oversight - the supervisor provides a review of POC US exams after it is performed

Fig. 10.4 Types of supervision. Adapted from: Accreditation Council for Graduate Medical
Education [35]

When supervision is not possible (e.g., due to geography, lack of adequate train-
ing, lack of experience), we recommend establishing a POC US quality assurance
system (QA) or process. Some examples of QA processes may include:

1. Peer review and feedback for a proportion of POC US examinations performed.

2. Comparison of POC US examinations to other imaging studies, surgical pathol-
ogy, and/or patient outcomes.

3. Establishing an agreement or affiliation with an outside POC US program to
review a proportion of POC US examinations.

Documentation and Reimbursement

POC US is complementary to the physical examination but should be considered a
separate and discrete diagnostic procedure in the evaluation and management of a
patient. Appropriate documentation is an important component of providing quality
patient care, conveying key information to other members of a healthcare team, and
for optimizing healthcare reimbursement. Documentation and reimbursement of
POC US exams performed by APPs should be similar to studies performed by phy-
sicians. The specific requirements for reimbursement will depend upon the appli-
cable payor (e.g., private insurer, Medicare) (Chap. 22). At a minimum, the following
elements should be included when documenting a POC US exam:

1. An indication of medical necessity documented in a patient’s medical record.
2. A description of the views obtained, and the organs or structures studied.

3. An interpretation of the findings of the study.

4. Archiving of relevant images should be stored as part of the medical record.

Pitfalls and Controversies

The scope of practice of APPs and nurses varies greatly across the United States,
which reflects the broad difference of opinions on the role of APPs and nurses in the
U.S. healthcare system. Similarly, POC US utilization by APPs and nurses is likely
to result in some areas of controversy and potential pitfalls regarding its use in clini-
cal settings. Below are a few issues and recommended solutions.
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e Failure to provide an adequate experiential component to POC US education.
Proficiency with POC US is directly proportional to the number of exams performed.
Developing and adhering to a standardized number of supervised or reviewed POC
US exams per modality will help ensure a minimum competency is obtained.

*  Failure to clearly define the scope of practice for APPs and nurses. Despite its rapid
growth in medicine, the integration of POC US across medical specialties is
unevenly distributed. On occasion, this has led to the situation where an APP or
nurse may be the only clinician trained in POC US. Therefore, it is important to
delineate the POC US scope of practice for non-independently practicing APPs to
establish the POC US applications that are permitted in a particular clinical setting.

* Failure to establish a clear supervision policy. A POC US supervision policy should
outline a process for when a more senior clinician does not agree with the utilization
or interpretation of a POC US examination. Without establishing an explicit POC
US policy or guideline for APPs and nurses, a provider or healthcare entity may
have increased exposure to vicarious liability associated with POC US exams.

* Failure to document POC US exams. Appropriate documentation of POC US
will ensure continuity of care among healthcare providers, permit quality assur-
ance review, and enable reimbursement for professional services rendered.

Key Recommendations

e Establish a structured training pathway for POC US based on the educational
status and anticipated practice environment of the POC US learner.

e All POC US training should include a didactic component, experiential compo-
nent, competency or proficiency assessment, an ongoing quality assurance sys-
tem, and continuing medical education requirements.

* Credentialing and certification in POC US should be based upon state and fed-
eral regulations and specialty-specific guidelines or policies, if available.
However, the lack of these elements should not be the sole basis for restricting
the privileging of POC US for APPs and nurses.

* Supervision policies for POC US should be established in writing and tailored to
local circumstances.

* Appropriate documentation should be a key component of all POC US exams.

Disclaimer The view(s) expressed herein are those of the author(s) and do not reflect the official
policy or position of Brooke Army Medical Center, the U.S. Army Medical Department, the U.S.
Army Office of the Surgeon General, the Department of the Army, Department of Defense or the
U.S. Government.
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Chapter 11
Simulation Medicine

Bret P. Nelson and Dan Katz

Objectives

» Discuss the role of simulation in ultrasound training, competency assessment
* Describe use of models for simulation to facilitate deliberate practice
» Highlight major types of simulators currently available

Introduction

Like many critical skills in emergency medicine, point-of-care ultrasound is a com-
bination of cognitive and psychomotor skills. Once an ideal image is acquired and
interpreted, the information needs to be correctly applied to patient care. Although
traditional didactic lectures, readings, videos, and other sources of knowledge
transfer have long been used to improve cognitive knowledge, psychomotor skill
training requires different techniques. A challenge faced by medical educators is
the inherent inefficiency of procedural training, which generally mandates signifi-
cant resources including qualified instructors, standardized educational objectives,
ultrasound equipment, and unpredictable access to patient pathology in a clinical
setting. Ultrasound image acquisition and interpretation is operator-dependent and
it is critical to allow learners to build knowledge and confidence in a safe
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environment. Ideally, this learning environment should mimic the clinical environ-
ment to the greatest extent possible. It may take learners months to years before
they are able to scan a sufficient number of patients to develop competence, espe-
cially in recognizing rarely encountered pathology. Thus, over the past decade sim-
ulation in medical education has grown to become a standard component of
undergraduate and graduate medical curricula [1-3]. A variety of medical simula-
tors are available and relevant to point-of-care ultrasound training. The purpose of
this chapter is to review the rationale and evidence for the use of medical simulation
in ultrasound training, discuss the types of simulators available, and outline best
practices for their use.

Training and Deliberate Practice

A typical ultrasound curriculum includes both didactic and hands-on instruction.
Didactic training presents instruction on the principles of ultrasonography, an intro-
duction to ultrasound mechanics or knobology, and a discussion of the purpose,
method, and interpretation of the ultrasound examination. The hands-on training
component is the practical application of instruction and also the most constrained
due to limitations of practicing with model patients [4, 5]. In general, ultrasound
training should develop trainees’ speed of image acquisition, target structure (image
window) acquisition, and diagnostic interpretation. The outcomes of training should
be linked to a performance review and improvement process.

The American College of Emergency Physicians Emergency Ultrasound
Guidelines list simulation among the range of tools to be considered for training and
assessment of ultrasound skill [6]. These guidelines are echoed by an international
expert statement on training standards for critical care ultrasound, and the recom-
mendations of the American Thoracic Society Education Committee [7, 8]. One end
goal of medical education is mastery of clinical skill, and deliberate practice is often
employed as the primary technique in attaining mastery. Deliberate practice requires
intense repetition of a skill, rigorous assessment of performance, specific informa-
tive feedback, and improved performance in a controlled setting [9, 10]. Simulation
facilitates deliberate practice by allowing educators to consistently reproduce learn-
ing conditions for students, in a safe environment.

A conceptual framework for evaluating clinical simulation used for learning pro-
cedure skills was described by Kneebone, who proposed four key areas critical to
simulation-based learning [11]:

1. Simulations should allow for sustained, deliberate practice within a safe environ-
ment, ensuring that recently acquired skills are consolidated within a defined
curriculum that assures regular reinforcement.

2. Simulations should provide access to expert tutors, ensuring that such support
fades when it is no longer needed.
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Table 11.1 Characteristics
of high-fidelity medical
simulations that lead to
effective learning

Mechanism for repetitive practice

Ability to integrate into a curriculum
Ability to alter the degree of difficulty
Ability to capture clinical variation

Ability to practice in a controlled environment

Individualized, active learning

Adaptability to multiple learning strategies

Existence of tangible/measurable outcomes

Rl Pl EN R El el R e

Use of intra-experience feedback
10. Validity of simulation as an approximation of clinical
practice

Adapted from Okuda et al. [2, 3], Issenberg et al. [12] and
McGaghie et al. [13]

3. Simulations should map onto real-life clinical experience, ensuring that learning
supports the experience gained within communities of actual practice.

4. Simulation-based learning environments should provide a supportive, motiva-
tional, and learner-centered milieu that is conducive to learning.

When considering which types of simulators to employ, and which components
of the curriculum they should augment or replace, it is helpful to consider which
simulator features best facilitate learning. These features, described by Issenberg
et al. and McGaghie et al., are summarized in Table 11.1, [12, 13] and can serve as
a starting point in assessing any particular tool or curricular model.

Efficacy of Simulation

Studies assessing point-of-care ultrasound training frequently utilize simulation in
one form or another. Ultrasound training courses across a variety of medical spe-
cialties provide hands-on training using live patient models and instructors to facili-
tate real-time feedback. Though sometimes overlooked, standardized patients can
be categorized as simulation tools. ACEP recommends simulation to augment real-
time patient-based learning for residency and post-residency training in ultrasound,
as do critical care societies [6, 7]. A study using an ultrasound simulator demon-
strated improved test performance and hands-on skills with human models com-
pared to traditional didactics [14]. Even after both groups were trained on human
models, the benefits to the simulator group persisted.

Multi-organ system assessments are commonly employed in emergency and
critical care environments, and numerous studies have demonstrated the utility of
simulation-based training. Surgical residents randomized to simulation versus
hands-on patient formats showed improved test scores and image interpretation in
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the Focused Assessment with Sonography for Trauma (FAST); both teaching
modalities showed similar efficacy [15]. Similar results were found in a study of
fourth-year medical students learning the FAST exam [16]. No difference in image
acquisition, interpretation, or confidence was found between students using the
multimedia simulator or normal human models. A study of mixed-provider disaster
response teams comprised of nurses, physicians, and paramedic/EMTs suggested
that a portable ultrasound simulator may provide equivalent skills training in com-
parison to traditional live instructor and model training [17]. A high-fidelity simula-
tion curriculum on the Abdominal and Cardiothoracic Evaluation by Sonography
(ACES) protocol created a high degree of competency in image acquisition and
interpretation among clerks and residents as well [18].

Endovaginal ultrasound education can be enhanced using simulation, and this in
one area where the expense and logistics of obtaining live models for skill practice can
be particularly challenging. A combination of high-fidelity simulation and a task
trainer improved self-reported learner educational experience and faculty found the
addition of the ultrasound task trainer was better for evaluating residents’ skills in
interpreting endovaginal ultrasound images [19]. Another study demonstrated
Radiology residents’ ability to perform adequate transvaginal examinations improved
with high-fidelity simulation, as did their confidence in performing these studies [20].

Transesophageal echocardiography is an emerging application for both critical
care and emergency medicine point of care ultrasound. A single-center study of anes-
thesia residents demonstrated that simulation led to improved TEE image acquisition
on anesthetized patients compared to training with traditional didactics [21]. Another
study of a curriculum for emergency physicians incorporating high-fidelity TEE
simulation used a 4-h didactic and hands-on training session. Fourteen learners were
assessed at course completion and again 6 weeks after the course. Good competency
and retention were demonstrated; all learners assessed were able to demonstrate
adequate midesophageal 4-chamber views at both time intervals. Adequate views for
the remaining windows ranged from 71.4 to 78.6% upon course completion and
91.7-100% at 6 weeks [22]. A study of anesthesia residents and faculty found that a
high-fidelity simulator was not inferior to the use of human models when compe-
tency was assessed using written and practical examinations [23].

Many studies have attempted to assess the utility of simulation in training and
assessment of venous catheter placement. Study designs vary widely, and generally
the simulation training itself rather than the ultrasound component specifically was
the tool being assessed. In one metanalysis of 20 studies on simulation in central
venous catheter placement, improvement in operator performance on simulators,
knowledge and confidence were improved after training, as did patient outcomes
such as fewer needle passes and decreased rate of pneumothorax [24, 25].

Simulation training for ultrasound-guided thoracentesis has been demonstrated
to reduce the rate of pneumothorax from 8.6 to 1.1% [26]. A validated tool to assess
thoracic ultrasound training on simulators, Ultrasound-Guided Thoracentesis Skills
and Tasks Assessment Test (UGSTAT) has been described [27]. This tool could
potentially be used to assess ongoing competency as well as initial training prior to
clinical practice.
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Simulator Considerations

A general consensus is emerging on the broad set of knowledge, skills, and abilities
comprising competent sonography. For example, Tolsgaard et al. [28] identified
seven ultrasound competencies agreed to by an international sample of experts from
specialties that use sonography: (a) indication for the examination, (b) applied
knowledge of ultrasound equipment, (c) image optimization, (d) systematic exami-
nation, (e) interpretation of images, (f) documentation of examination, and (g) med-
ical decision-making. Skilled sonography is based on a complex interaction between
gross and fine probe manipulation in light of the sonographer’s knowledge of patient
anatomy, optimal views, diagnostic interpretation, disease states, artifacts, machine
settings, and individual differences.

As noted, simulations seek to approximate reality, requiring students to react to
problems or conditions faced in actual real-life patient care. A wide variety of simu-
lation types exist, and most can be categorized into one of the following [1]:

e Standardized patients

e Partial-task trainers

* Mannequins (specifically, high-fidelity patient simulators)
e Screen-based computer simulators

e Virtual-reality simulators

Simulators can also be classified as high-fidelity or low-fidelity, based on how
closely they replicate actual scanning in terms of real-time image display, image
quality, and haptic feedback [29]. There are inherent advantages and disadvantages
to each simulator, and the decision regarding which type(s) to incorporate into a
holistic curriculum or assessment tool must take into account many factors.

Wider adoption of point-of-care ultrasound has been hindered by the high oppor-
tunity cost of training users using traditional live instructor and model training.
Although not conceptually a primary consideration, cost is an important factor
when deciding what type of simulator to integrate into a teaching session or curricu-
lum, and must be weighed against the cost of traditional live instructor and model
training.

Volunteer models by definition are free, though there are often opportunity costs
to finding willing models, and addressing secondary gains such as the desire to be
taught, pressure to please course instructors, and obtaining a free medical ultra-
sound scan. These are important factors that can result in unforeseen costs in real
money, instructor time, favors used, and risk management. At times, simulator oper-
ation may require skilled technicians who understand the mechanical aspects of the
product, and a fee may be assessed by the simulation center that employs these
technicians upon the learners. Clinical faculty are often relied upon to facilitate
simulation sessions and ensure learning objectives are achieved. Unfortunately, aca-
demic time is infrequently valued as a commodity, and clinicians are asked to vol-
unteer their time at the expense of other academic or clinical responsibilities. This,
too, is an opportunity cost that must be taken into consideration.
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On the low end of the cost scale are “homemade” task trainers such as soft tissue
phantoms made from gelatin, candle wax, tofu, or meats. Paid models, often used to
teach pelvic or testicular examinations, can be inexpensive or quite costly, depend-
ing on whether a formal hiring service is used, if they are being employed to dem-
onstrate known stable pathology, or other factors. Commercially purchased task
trainers and scanning phantoms are more expensive, but offer the benefit of multiple
uses and decreased logistical overhead compared to those manufactured for a spe-
cific course. High-fidelity simulators are generally at the upper end of the cost scale,
ranging from several hundred dollars to over one hundred thousand dollars. A wide
array of benefits is offered with such products, including expansive case banks with
real or simulated pathology, real-time feedback on probe placement or image acqui-
sition, built-in tutorials, course management software to track learner progress, and
a host of other features depending on the model selected.

Finances aside, perhaps the most important consideration when selecting a simu-
lation tool is the curricular goal. Simulation can augment didactics and allow for
asynchronous learning of core content. Some medical schools have described peer-
to-peer ultrasound instruction programs that decrease faculty involvement for each
learner [30-32]. Simulators with built-in tracking and learning content management
systems can act as immersive interactive textbooks of anatomy, physiology, pathol-
ogy, and technique. These systems allow learners to access didactic content and
explore hands-on training cases in a self-directed fashion. Simulators can also facil-
itate hands-on learning as part of a larger course curriculum. Used in conjunction
with standardized patients and high-fidelity mannequins, or in a stand-alone fash-
ion, simulators can augment the pathology offered in nonclinical learning environ-
ments. Within a simulated environment (e.g., trauma or critical care scenario),
simulators can portray vital ultrasound pathology and allow for controlled practice
in a safe environment, with immediate feedback on performance and medical
decision-making. Given the steep skill decay curves for sonography, simulation can
be used in a spaced-learning model for independent refresher training that follows
group sessions.

Simulation can be used to evaluate the effectiveness of a curriculum, and for
competency assessments at various time intervals of a training course, as continued
performance improvement, or as remediation for clinicians demonstrating a profi-
ciency gap. Current student competency assessment is hindered by a variety of
logistical constraints, such as lack of access to standardized patient pathology, ill-
defined competency metrics, and the time and resources required to assess a multi-
tude of variables defining competency. While commercial virtual training systems
for ultrasound provide can provide effective training, there is a growing demand to
further develop the capability to rapidly and efficiently assess ultrasound compe-
tency across large number of users. In 2010, Frank et al. reported that “adopting
competency-based medical education on a larger scale would require new teaching
techniques, new modules, and new assessment tools to be practical and effective”
[33]. This was reinforced by the recent IOM report, which restated the need for new
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educational technologies to support performance-based teaching initiatives (IOM).
Diligently designed and executed academic and private industry partnerships that
leverage the guidance and expertise of medical educators and the private sector’s
ability to deliver scalable performance-based training solutions will be required to
implement large-scale, robust performance-based medical education solutions that
are responsive to stakeholder needs.

Commercially Available Simulators

In the context of the previously outlined simulator classification, some key ques-
tions surrounding educational objectives should be asked prior to making a decision
on which type of simulator to include in a training session:

1. Does the simulator reliably replicate the hand movements required to acquire an
image in real-time?

2. Does the displayed image reflect a real or simulated ultrasound image?

3. Does the simulator offer a broad range of ultrasound applications (e.g., cardiac,
obstetric, musculoskeletal, e-FAST) and pathology?

4. Can the simulator be used for ultrasound-guided procedural skills training?

5. Can the simulator be used as part of a more comprehensive simulated patient
care scenario?

6. Can learners operate the simulator independently prior to or following a course
for the purpose of asynchronous learning or refresher training?

7. Can the simulator be used to help with medical decision-making training?

8. Can the simulator track student progress and provide metrics and feedback?

With these questions in mind, it is helpful to consider ultrasound simulators cur-
rently available in terms of the previously discussed categories of simulators.

Partial-Task Trainers: Phantoms

Hands-on training models are purpose-built for a single procedural task, such as
central venous access, nerve blocks, thoracentesis, and lumbar puncture. Used in
conjunction with any real ultrasound machine, these phantoms render simulated
ultrasound images. Because this group of products is often punctured with needles,
they are generally made from sturdy materials that necessitate some trade-offs in
image realism in comparison to real human tissue. Many low-cost, homemade alter-
natives to these task trainers have been described, and may be worth considering if
cost is an issue or when many simultaneous simulators are required for an educa-
tional activity [34—40] (Figs. 11.1, 11.2, and 11.3).
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Fig. 11.1 Blue Phantom (CAE Healthcare, Quebec, Canada) vascular access simulators use real
ultrasound equipment for real-time dynamic scanning through simulated patient anatomy

Fig. 11.2 (a, b) Simulab (Seattle, WA) vascular access simulators use real ultrasound equipment
for real-time dynamic scanning through simulated patient anatomy
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Fig. 11.3 Limbs & Things
(Savannah, GA) vascular
access simulators use real
ultrasound equipment for
real-time dynamic
scanning through
simulated patient anatomy

Anatomic Simulator: Live Model

Simulation-based training utilizing live models has been the standard for ultra-
sound training courses. Standardized patients (SPs) can be utilized to evaluate a
learners’ global understanding of ultrasonography, examining their ability to
interpret and image and apply it to medical decision-making in the context of a
clinical scenario. They can also be used to evaluate a learner’s interaction with a
patient, including attentiveness to patient comfort (e.g., amount of pressure used
with probe manipulation). Volunteers can be sought among medical students, resi-
dents, or learners who take turns scanning each other. With the exception of inci-
dental findings or patients with previously identified abnormalities, the use of SPs
has been somewhat limited by their ability to depict pathology. Recently, how-
ever, radiofrequency communications technologies have been used to overcome
this barrier. Using a motion-sensing probe connected to an ultrasound graphic
user interface and anatomically labeled radiofrequency markers, simulated pathol-
ogy can be projected into a healthy patient for a variety of applications, and
scanned in real-time (Figs. 11.4 and 11.5).

Anatomic Simulator: Phantom

Similar to the partial-task training phantoms described above, this group includes
durable hands-on training models for a variety of applications, including thorax,
abdomen, pelvis, and soft tissue. Once again, used in conjunction with any real
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Fig.11.4 Laerdal (Stavenger, Norway) Laerdal-SonoSim Procedure Trainer - first release includes
a vascular access simulator using real patient anatomy that features color, power, and spectral
Doppler tracings, automated real-time performance assessment, and virtual instruction. Anatomic
Simulator: Live Model

ultrasound machine, these phantoms render simulated ultrasound images with vari-
able realism in image quality compared to real human tissue. In addition, these
models are static, limiting assessment of cardiac activity, lung movement, fetal heart
tones, and other dynamic images (Figs. 11.6 and 11.7).
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Fig. 11.5 The SonoSim® LiveScan (SonoSim, Santa Monica, CA) anatomic simulator uses simu-
lated ultrasound equipment, real and simulated patient anatomy, and real-time dynamic scanning
through the imaging data set which is localized to the proper anatomic location using ID tags
placed on the model

Fig. 11.6 Blue Phantom anatomic simulators use real ultrasound equipment for real-time dynamic
scanning through simulated patient anatomy
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Fig. 11.7 Kyoto Kagaku
(Kyoto, Japan) anatomic
simulators use real
ultrasound equipment for
real-time dynamic
scanning through
simulated patient anatomy

Anatomic Simulator: Computer-Based

Multiple computer-based ultrasound simulators are available with variable degrees
of image and scanning fidelity. Some simulators display looped videos or static
images when a simulated probe makes contact with a scanning surface (Fig. 11.8).
The opposite side of this spectrum includes simulators that offer ultrasound images
that can be manipulated in real-time through the movement of a hand-held probe.
An important distinction in computer-based ultrasound simulators surrounds the
ultrasound image itself. Some render computer graphic images (Figs. 11.9 and
11.10) while others use images and video from actual patient scans (Figs. 11.11,
11.12, and 11.13). Although the use of computer graphic imagery renders visually
appealing images, this method often omits fundamental image artifacts and patho-
logic findings critical to interpreting an ultrasound image. Breadth of content and
access to pathology are important considerations, as some simulators focus on core
applications such as thoracic, abdominal, and pelvic ultrasound, while others
include wider applications of point of care ultrasound such as ocular, soft tissue, or
musculoskeletal imaging. A host of other features is available among computer-
based simulators, including interfaces that display the trajectory of the beam as it
penetrates the underlying anatomy, on-screen probe positioning guidance, advanced
imaging modes such as Doppler, “reel feel” haptic feedback, side-by-side CT/MRI
to ultrasound comparisons, metrics-based assessment, and robust tracking of perfor-
mance using learning management systems.
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Fig. 11.8 Simulab
anatomic simulators use
simulated ultrasound
equipment, real patient
anatomy, and static,
landmark-based scanning
through the imaging

data set

Fig. 11.9 The Vimedix system (CAE Healthcare) uses simulated ultrasound equipment, simulated
patient anatomy, and real-time dynamic scanning through the imaging data set
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Fig. 11.10 The U/S Mentor (Simbionix, Airport City, Israel) anatomic simulator uses simulated
ultrasound equipment, simulated patient anatomy, and real-time dynamic scanning through the
imaging data set

’
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Fig. 11.11 The ScanTrainer (MedaPhor, South Glamorgan, United Kingdom) anatomic simulator
uses simulated ultrasound equipment, real patient anatomy, and real-time dynamic scanning
through the imaging data set with haptic feedback
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Fig. 11.12 The SonoSim
Ultrasound Training
Solution® anatomic
simulator uses simulated
ultrasound equipment, real
and simulated patient
anatomy, and real-time
dynamic scanning through
the imaging data set

Fig. 11.13 The Schallware (Berlin, Germany) anatomic simulator uses simulated ultrasound
equipment, real patient anatomy, and real-time dynamic scanning through the imaging data set
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Discussion

Pressure for efficient and effective training comes from all sides—Iearners, educa-
tors, patients, hospital administrators, regulatory groups, and others. There is grow-
ing evidence that simulation enhances ultrasound education, but incorporating this
technology remains a challenge at many levels. Funding for resources can be found
through educational grants, from administrators or malpractice insurers interested
in risk management solutions, or offset from revenue generated through billing for
clinical ultrasound studies performed in the department. In some institutions simu-
lation equipment is a shared interdepartmental resource, so costs are spread through
multiple departments or built into institutional overhead.

Simulation is scalable in ways traditional hands-on training is not. Simulators
can recreate the same clinical scenario for every learner indefinitely, allowing for
large-scale consistent training. It can demonstrate a high volume of pathology in a
short time compared to the unreliable flow of pathology in the clinical environment.
Over time, the upfront cost of a high-fidelity simulator purchase is often less expen-
sive than the repeated use of faculty time and hiring models, and either purchasing
educational ultrasound machines or taking clinical machines out of service for
education.

Thus, simulation can augment ultrasound education for every level of learner,
including students, trainees, and faculty. It can provide an ongoing platform for
deliberate practice, competency assessment, and remediation. And simulation can
play a large role in standardizing assessment metrics which can be validated across
specialties or institutions.

Pitfalls

Failure to connect micro-tasks back to overall skill

. Use cases to highlight how to incorporate ultrasound into overall care plan

3. Use each simulator appropriately—some teach proprioception, some image rec-
ognition, etc.

N =

Key Recommendations

1. Use simulation to augment cognitive and skills-based learning, creating a safe
environment for deliberate practice

2. Incorporate task simulators, case-based learning, and self-direction in a multi-
modal educational approach

3. Collaborate with other departments for funding, expert faculty, and administra-
tive support.
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Chapter 12
Ultrasound Equipment and Purchase

Rachel Liu, Christopher L. Moore, and Vivek S. Tayal

Objectives

. Review machine types in the point-of-care community

. Review most common probe types in the point-of-care community

. Discuss advantages and disadvantages of different equipment choices
. Review currently available features that influence machine selection

. Outline costs
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In many ways, the development of ultrasound equipment has facilitated the
expansion of point-of-care ultrasound (POC US). As machines have become more
compact, durable, and less expensive while maintaining high image quality, they
have spread to diverse practice environments. In the last decade, POC US has been
recognized as the fastest growing sector of the ultrasonography market, and now
nearly all major manufacturers have equipment that is targeted to this market [1].
Machines that “handle the rigors of the multi-user, multi-location practice environ-
ment” [2] have been driven by user needs with each year bringing new models for
consideration.

Purchase of a machine requires thoughtful deliberation, aided by knowledge of
machine hardware, intended operator skill set, site infrastructure, IT capabilities,
and workflow logistics of the clinical practice environment. In emergency care
settings where a diverse range of applications are required, considerations related to
machine portability, transducers, image quality, adaptability, ease of use, durability,
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image archival, interface with quality assurance systems, workflow, and connectiv-
ity are continuously being addressed with industry [3]. The purpose of this chapter
is to review basic considerations regarding machine form factors, probes, and other
features that are important for use in the point-of-care setting, as well as provide
guidance on the process of selecting, purchasing, and maintaining equipment.

Machine Selection

Point-of-care ultrasound machines are by definition more compact than standard
cart-based machines, as they are intended to move (Fig. 12.1) to the patient as
opposed to remaining in a fixed location. Within the field of point-of-care ultra-
sound, machines are manufactured using different form factors. These are typically
classified as: “compact cart-based” (Fig. 12.2), “hand-carried” (laptop size)
(Fig. 12.3), and “pocket-carried” (Fig. 12.4); some interchangeability between dif-
ferent classifications are made possible by accessories or machine modifications.
For example, several companies offer setups where laptop-sized machines may
function as compact cart-based systems by mounting them on attached wheeled
carts (Fig. 12.5). This gives the option to remove the laptop portion for independent
use, transport, and service. In addition, companies are now adding monitor-size
machines that can be set on a moveable pole or on a monitor arm (Fig. 12.6 Monitor/
arm mounted—S series and TE7).

Fig. 12.1 Mobile Ultrasound
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Fig. 12.2 Cart-based systems

Fig. 12.3 Hand-carried machines on cart
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Fig. 12.5 Laptop machine
off cart
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Fig. 12.6 Pole and arm mounted machine

The type of machine chosen for purchase depends mainly upon the practice envi-
ronment of machine use. Wheeled cart-based machines are often the best form fac-
tor for emergency department or ICU settings, but would not be suitable for
nonhospital field work. Likewise, smaller tablet and phone-sized machines may not
provide features robust enough for certain in-hospital scenarios. Different classifi-
cations of machines have variations in mobility, durability, ease of use, image qual-
ity, access to advanced features, and adaptability to IT infrastructure. Most
companies offer a trade-in price for older machines, and recycling machines may
offset purchase costs.

Compact Cart-Based Ultrasound Machines

Compact cart-based machines are designed to be wheeled to the patient bedside
(Fig. 12.2). They are termed “compact” as they are smaller than the nonmobile
systems that reside in radiology or cardiology suites. Ideally their widths and
depths are minimized, but they often have a large screen (Fig. 12.7), space for
storage of equipment (Fig. 12.8), and more functionality than ultrasound equip-
ment with smaller form factors. Based on the additional features and parts
required, they are typically more expensive than other point-of-care machines
(2017 price range approximately $30,000-$80,000). They consist of central pro-
cessing units housed in casing that accommodate multiple transducers (Fig. 12.9),
internet connectivity transmitter (“wireless dongle” (Fig. 12.10)), video output
ports (Fig. 12.11), a keyboard (Fig. 12.12), and storage bins. They are often
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Fig. 12.7 Large screen

Fig. 12.8 Storage towels
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Fig. 12.9 Probe ports

Fig. 12.10 Wireless
connectivity, external
wireless dongle

Fig. 12.11 Video input and
output digital connections
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Fig. 12.12 Built-in keyboard

height adjustable with an articulating monitor (Fig. 12.13), allowing viewing
from multiple angles. Some machines have separate touchscreens (Fig. 12.14),
sealed control panels (Fig. 12.15), or retractable keyboards (Fig. 12.16) that offer
more versatility in machine interactions than smaller form factors. The comput-
ers are robust enough to offer software packages that allow the most advanced
functions (e.g. advanced cardiac imaging, transesophageal echocardiography,
3-D ultrasound). In general, their hardware performs at the highest levels and
their processors are capable of producing the best image quality. They are
wheeled from room to room, with modern designs structured to fit next to the
patient’s stretcher. They require adequate space surrounding the patient as well
as dedicated storage space for the machine when not in use. Most modern com-
pact cart-based machines have battery packs (Fig. 12.17) that allow use in the
patient room without being plugged in, though they will need to be charged
between use. Battery life typically lasts 1-2 h before requiring recharge. These
machines will have onboard storage of digital clips, with Ethernet or wireless
transfer to PACS and middleware programs available. Other options such as ther-
mal printing, VHS, DVD, and USB image transfer are also available. Warranties
for these machines are typically 3-5 years.
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Fig. 12.13 Angled monitor arm

Fig. 12.14 Touchscreen and
hard controls
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Fig. 12.15 Glass panel

Fig. 12.16 Keyboard

Fig. 12.17 Compact battery
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Hand-Carried Ultrasound Machines

These machines use a clamshell laptop or small television design (Fig. 12.3), and
newer machines have touchscreen monitors contained in durable plastic housing.
They usually have handles that allow the machine to be carried like a briefcase,
and some can fit into a backpack. These systems may also be mounted on wheeled
carts with cups to hold transducers and gel. They have the advantage of being
detachable from the cart and carried if field portability is needed. They usually
have one connection port for one transducer to be attached, and do not have the
ability to add multiple probes simultaneously unless connected to a multiport
adapter. Some companies are exploring Bluetooth cable-free transducers for this
level of machine to free users from cable entanglement while changing probes.
Hand-carried machines require less storage space than larger cart-based systems,
but still require designated housing areas. Many of them can handle advanced
applications, but software packages and certain capabilities may not be offered
for all machines. They may provide less video output options, and may not pos-
sess inbuilt internet solutions like a wi-fi card, thus requiring external Ethernet
adaptors or USB/SD card storage and retrieval. In 2017, these machines typically
cost between $20,000 and $50,000 USD depending on the probes, cart, and soft-
ware packages purchased with it. They also carry warranties lasting about a
3-5 year span.

Pocket-Carried Ultrasound Machines

With advancements in technology, the size of machines has become much
smaller—small enough to fit inside a white coat pocket (Fig. 12.4). Some com-
panies have created their own proprietary tablet-like devices, and may incorpo-
rate secured transducers that are not interchangeable. Others have placed
hardware into their probes that connect with existing market tablets or smart-
phones with control of features through a downloadable app. The first of these
pocket-carried ultrasounds were the GE Vscan and the Siemens Acuson P10. In
2015, tablet and smartphone android-based ultrasounds like the Philips Lumify
and Sonosite iViz were introduced, with a transducer drawing power through the
tablet micro-USB port. Now, other companies like Clarius and Healcerion are
offering similar tablet-based machines that are compatible with both iOS and
android, as well as wireless or Bluetooth transmission capabilities. This market
is still relatively new and expanding quickly; newer models may not be ready for
prime time marketing, but highlight promising features of future designs. They
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are much better for field use, but there may be issues with connectivity. They use
various techniques to create sound waves, depending on the design of their
device. Upfront costs are less than cart-based or hand-carried machines but war-
ranties may be shorter and features are not robust. Some companies propose
monthly or annual subscription models that may cumulatively equal the cost of
larger machines.

The newest models employ touchscreens, with other models using Blackberry-
like qwerty buttons or dials. “Older” generation machines available in the early
2000s do not have wireless connectivity options and require docking to a computer
to transfer images. The latest devices support USB or micro-SD card image stor-
age and transfer of images via wireless internet (cloud or email). Some of these
machines may not offer video output connection, and, in general, are not designed
for intermediate-advanced features. Image quality is not as good as cart-based or
hand-carried machines, but as technology advances, this is improving. They are
easily storable, but theft may be a problem. They are also prone to issues that affect
current tablets: screen glare, difficulty obtaining optimum viewing angle, finger-
print smudges, freezes or forced reboots, and “buggy” image export. However,
interest is increasing as their accessibility, relative low cost, easy storage, and
decent image quality caters to populations (primary care, international work, EMS
field use, education, etc.) that have been hindered in the past. As of 2015, these
machines typically cost $7500-$15,000 USD. Their warranties last 1-5 years,
though shorter warranties are more typical with this type of equipment. As of late
2017, new pocket-size machines based on non-piezoelectric technology called
CMUT (capacitive micromachined ultrasound transducer) were announced for
shipping in 2018. These machines use silicon chips to create voltage sent across a
membrane to generate a sound wave. They have the ability to create a wide beam-
width and enable one transducer to perform across a variety of US probe formats,
from linear to curved to phased array, which then can be utilized for multiple appli-
cations. They use algorithms and signal processing to create optimal images. With
the ability to plug into a smartphone, and the advertised price of near $2000, the
new CMUT technology may have a large effect on portable US use with POC US,
remote, prehospital, and even home use.

Pole or Arm Mounted US Machines

These machines are mobile, either by mounting on a rolling pole or a monitor
arm, with the monitor containing touch controls (Fig. 12.6). Many pocket-sized
US machines can be made “less pocket” and more mounted, rendering them
multifunctional as a cross between a hand-carried machine on a cart and a true
pocket, machine. In the past, most of these machines had small monitors and
raised knobs or buttons, but most recently the trend has been to use touchscreen
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and controls similar to mobile phones to facilitate ease of use. While most have
some advanced features, these machines are meant for particular purposes like
intravenous line placement guidance, trauma assessment or resuscitation US in
the resuscitation rooms, nerve blocks in the preoperative area, vascular guidance
in the angiography suites, or other uses. Most can hold one to three transducers,
similar to other transducers from the same vendor. All have battery capacity, and
moderate screen size. While functionality is similar to hand-carried machines,
touchscreens, footprint and visual access is often felt to superior. Disadvantages
may include lack of keyboards, easy access to secondary controls, and buried
advanced features.
Table 12.1 provides a comparison of the types of POC US machine types.

Table 12.1 Summary of advantages and disadvantages regarding machine types

Hand-carried Pocket-sized Pole/arm mounted
Cart-based machines machines machines machines
Pros |+ Mostadvanced » Fitsinto a *  Most portable * Portable on
features briefcase moveable pole
or arm
* Robust processors e Canbe e Lightest weight | Monitor and
carried controls usually n
one screen or face
e Largest hard drive/ | Relatively * Needs least » Can adapt pocket
memory lightweight holding space size onto
moveable pole or
arm
e Large screen size * Wheeled cart |+ Some offer both | Not carried
option wifiand 3 g/4 g
connectivity
e Multidirectional * Lessholding |* Longerbattery | Wifi connectivity
mobile screen space needed life 2-9 h
depending on
use)
* Typically has best e Canbewall |+ Least * Battery life
image quality mounted expensive, similar to hand
although carried (2 h)
¢ Holds 3 or more ¢ Good image expensive for ¢ Often dedicated
probes quality size to particular
e Storage for ¢ Rugged and clinical purpose
accessories durable (procedural
¢ Wheeled ¢ Some guldan.ce,.
designed for resuscitation)
field use
* Integrates best with | Longer
electronic workflow battery life
solutions/processes (about 2 h)

(continued)
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Table 12.1 (continued)

R. Liu et al.

Hand-carried

Pocket-sized

Pole/arm mounted

Cart-based machines machines machines machines
Cons | Larger size *  May not e Typically not e Limited features
offer good image
advanced quality
features (although
newest models
are impressive)
e Requires dedicated |¢ Notasmuch | Older models e Limited storage

holding space for
storage and
charging

storage space

with
cumbersome
connectivity

space

Short battery
life (1 h) before
requiring wall
charge

Highest cost

¢ Less maneuverable | May not e Screen glare ¢ Keyboard on
accommodate monitor or
multiple probe mobile
attachment
e Heavier » Screens not *  May not * External wifi
as adjustable simultaneously adapters
charge and be
useable
* Forindoor use only |¢ Some offer e Less video e Workflow
only external output options solutions may
wifi adapters be limited in
function
e Too big to mount to e May not e Screen
a wall interface with unidirectional
workflow
processes

Security issues
with wireless
image handling

Controls are
menu-designed

Probe Selection

Choosing which probe(s) to purchase depends on cost, ultrasound applications desired,
probe frequency ranges, and patient population. A probe (also called a “transducer”) is
defined by the size and shape of its “footprint,” which is the face of the probe
(Fig. 12.18) that contacts the patient and encases the crystals that transmit and receive
sound waves. Probe footprint will determine where a probe can best be used: wide
footprint probes (Fig. 12.19) are best for the abdomen, where ribs do not obscure the
view. Small footprint probes (microconvex or phased array) (Fig. 12.20) will be best
for evaluations of the chest, as they can image between the ribs without interference.
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Fig. 12.18 Footprint
enhanced phased array face

Fig. 12.19 Wide footprint
curvilinear face

Fig. 12.20 Small curvilinear
face
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Probe footprint is often associated with probe frequency. Probes transmitting
lower frequency waves are able to penetrate deeper into body cavities while higher
frequency probes produce greater image resolution of superficial structures. Linear
and endocavitary probes tend to be higher frequency, while abdominal and cardiac
probes (curvilinear and phased array) are lower frequency. However, there may be
frequency range options available for these standard probes. For example,
practitioners imaging pediatric patients may want to look at higher frequency
abdominal probes. Of note, most probes today are “broadband,” utilizing multiple
frequencies within a certain range to optimize the image based on depth.

There are four main types of probes that are used in clinician-performed ultra-
sound: curvilinear (Fig. 12.21), linear (Fig. 12.22), phased array (Fig. 12.23), and
endocavitary (Fig. 12.24) (Table 12.2) [4]. These will allow performance of nearly
every application for point-of-care ultrasound. Recently, there have been some pub-
lications about performing transesophageal echocardiography (TEE) in the point-of-
care setting. This would require a separate special probe (Fig. 12.25), but this practice

Fig. 12.21 Curvilinear
transducer

Fig. 12.22 Linear transducer
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is not currently widespread. Probes on compact cart-based machines typically attach
to the ultrasound machine through a set of ports (Fig. 12.26) that allow switching of
probes without physically changing the port. Laptop-sized machines usually require
the probe to be physically interchanged (Fig. 12.27). Pocket-carried machines often
have a fixed probe that cannot be changed, although recent models have combined
more than one probe type in a single transducer (Fig. 12.28). Innovative wireless
probes have been developed by some companies, with control functions on the probe
itself to allow one-handed operation (Fig. 12.29) or use of Bluetooth and wifi to
transmit images to smartphones or tablets (Fig. 12.30). All transducers have raised
color-marked lines or dots called “indicators” which correspond to a marker on the
screen for assisting operators’ spatial orientation. Probes generally cost between
$7000 and $12,000 USD each, with warranties lasting 1-5 years [5]. Vendors manu-
facture their probes differently, influencing their durability and degradation time. It
is worth asking companies about their manner of probe construction.

Fig. 12.23 Phased array
transducer

Fig. 12.24 Endocavity
transducer
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Fig. 12.25 TEE probe

Fig. 12.26 Probe ports

Fig. 12.27 Probe connection
into laptop
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Fig. 12.28 Plug in probe—
pocket size

Fig. 12.29 Freestyle hand 1
image

Fig. 12.30 Smart phone
controlled portable ultrasound
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Linear transducers (also known as straight linear array probes) have a flat, oblong
rectangular surface (Fig. 12.22). They are sometimes referred to as “vascular” probes
as they are often used for this indication, although they have more diverse applications.
The crystals are aligned parallel to each other in a straight line, and therefore produce
sound waves that travel in straight lines. The field of the image on screen is rectangular,
like a box. This probe has a high-frequency range (5—-13 MHz) and so provides good
resolution of images but less penetration into body cavities. Therefore, it is ideal for
imaging superficial structures involved in soft tissue, musculoskeletal, vascular, pleu-
ral, and ocular imaging. Of note, it is commonly used for procedural guidance.

Variations of the linear probe exist, like the “hockey stick™ probe (Fig. 12.31)
that allows the probe to be gripped like a pencil. This can afford a more stable grip
when performing procedures or applications that need fine motor action. In addi-
tion, since 2016 vendors have developed ultrasound high-frequency probes with
capabilities up to 70 MHz (e.g., Sonosite Vevo MD transducers) that offer advance-
ments in neonatal, vascular, and MSK examinations. The advantage of this in the
point-of-care community has yet to be seen.

Curvilinear probes (Fig. 12.21) (also called convex) have crystals arranged along
a large curved surface and produce sound waves traveling in a fan-shaped arcing
beam. This allows a field of view that is wider than the probe’s footprint, so images
appear narrower on top of the screen and wider at the bottom. This configuration is
often referred to as a “sector” probe, which also refers to phased array and endo-
cavitary probes, as distinct from linear. The frequency of a curvilinear abdominal
probe typically ranges between 2 and 6 MHz, allowing sound waves to penetrate

Fig. 12.31 Hockey stick
probe
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deeper into the body but providing less resolution. Curvilinear probes are com-
monly used to ultrasound the abdominal cavity, perform transabdominal fetal evalu-
ation, evaluate the pelvis and bladder transabdominally, assess the pleural cavity,
and perform certain musculoskeletal procedures (e.g. intra-articular shoulder injec-
tion and reduction, lumbar puncture). Highly curved small curvilinear probes with
mid-level frequencies (4-8 MHz) are available for pediatric scanning (Fig. 12.32—
small short radius mid-frequency range curvilinear probe).

Phased array probes have a flat, square surface shape and its crystals are grouped
closely together in a point (Fig. 12.23). Sound waves originate from this single point and
spread outward, creating a triangular or sector image. The probe frequency is between 2
and 8 MHz. As the footprint is smaller and flatter than the curvilinear probe, it is easier
to maneuver between rib spaces and use in smaller areas. It is ideal for cardiac imaging
as well as abdominal evaluation of thinner, smaller patients. Users should be aware that
when selecting the phased array probe the machine may default to a cardiology conven-
tion, which may reverse the indicator-to-screen orientation from other indications.

The endocavitary probe (Fig. 12.24) has a small circular curved face that is nar-
rower than the curvilinear probe and produces higher frequencies (8—13MHz).
Because of its small size, it is ideal for placement into smaller cavities (intra-oral or
intra-vaginal) for evaluation of peritonsillar abscess and most commonly, for
OBGYN applications [4]. It can also be used for central line placement and assess-
ment of the aortic arch at the sternal notch.

A transesophageal probe (Fig. 12.25) has the ultrasound face at the end of a
flexible apparatus designed to be inserted and manipulated to visualize the heart
adjacent to the esophagus. These probes are uncommonly used in the emergency
department setting, but have been adopted by intensivists particularly in Europe.
The transesophageal probe is more expensive than other probes (typically about
$20-30 K), but provides unparalleled visualization of the heart.

In addition to TEE probes, there are many other probes that may be useful in
POC imaging, such as biplanar probes and 3D probes (Fig. 12.33—biplanar probe,
and Fig. 12.34 xplane 3D probe).

Fig. 12.32 Middle frequency
curvilinear probe
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Fig. 12.33 Biplane probe

Fig. 12.34 Xplane 3D probe
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In an ideal situation, a clinical ultrasonographer will have access to all available
types of probes. However, due to budgetary constraints it may be necessary to prioritize
which probes are obtained. Transabdominal imaging can often be reasonably per-
formed with a phased array probe. However, cardiac imaging is difficult with a large
footprint curvilinear probe. Thus when programs are trying to economize, they may
choose a phased array or microconvex probe instead of both a phased array and large
footprint curvilinear. This will work, although the quality of abdominal imaging will be
improved if a high quality curvilinear probe is available. A linear probe is required for
vascular, ocular, and musculoskeletal imaging, and an endocavitary probe is required
for transvaginal imaging. Most point-of-care ultrasound machines will require at least
phased array and linear probes, with probe selection tailored to the uses intended.

Equipment Purchase Considerations

The uniqueness of clinical ultrasonography is that it brings imaging to the patient bed-
side and so the practice environment is frequently changing. An operator can work in a
hospital, detach a machine, and bring it to an international site. Or, the provider may
choose to work primarily with smaller machines for personal use at multiple sites.
Whether in a hospital, the back of an ambulance, helicopter, cruise ship, campsite, on
top of a mountain, or in space, all environments of practice can be harsh. Machines need
adaptability to keep pace with growing demands while withstanding the elements.

Portability and Durability

Sizing of machines have been addressed above, and it would benefit the buyer to
physically measure the dimensions of patient care space and docking areas to ensure
a machine fits.

While all buyers wish their units to be easily maneuverable and indestructible
these characteristics will vary by manufacturer and model. Cart systems and hand-
carried machines mounted on carts should be lightweight and easily turned. Wheels
and wheel casings need to consist of durable material and perform multidirectional
functions to enable movement. The composition of machine housing and articulating
joints (e.g., height adjustment levers, monitor arms) need to be rugged, as machines
run into walls during transport and are splashed by corrosive substances. Laptop-sized
and smaller machines should have casing and screens that withstand being dropped.

Similarly, crystals within transducer footprints and seams in the probe casing need
to be resilient if dropped accidentally. Cable management solutions that prevent cord
entanglement and trampling are essential for transducer protection. If probe cables
are run over by the machine, cables should withstand wear and tear to protect the
wires inside. Wireless transducers are a way to combat this issue, but lead to concerns
of probe misplacement or theft. Retractable cords have been proposed, but sterility,
cleaning, and functionality have been problematic and to our knowledge there are no
commercially available retractable probe connectors. Some companies have
employed power stations to prevent power cord trampling, alleviate ergonomic issues
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associated with machine charging, and avoid handling of dirty cords that have dragged
on the floor. Machines should contain storage options for transducers, gel, cleaning
solution, and accessories to provide further protection. All surfaces associated with a
machine have to be easily accessible and cleaned with readily available solutions.

Ease of Use

In critical care situations, quick machine boot-up time is a must and this can be
facilitated by a power sleep mode. Comparing “cold boot” and ‘“‘awakening from
sleep” times should be done prior to purchase. Battery life is also an important fea-
ture, as situations arise where usage for 2-3 h or more is needed away from a wall
socket. Quick battery charge time or ability for battery replacement during transport
is ideal. Critical features (e.g., power, gain, depth, measure, freeze, save image,
change transducer) must be easy to find and intuitively located. Keyboard and knobs
should be backlit to accommodate imaging in darkened rooms. The machine’s fea-
tures and controls need appeal to users of differing skill levels, easily upgraded
when new software and advanced packages are desired. Machines using touch-
screen keypads need to be responsive, without lag or oversensitivity.

Integration of particular equipment into current or future department workflow
should be considered. Some manufacturers and models will integrate better with par-
ticular electronic health records and image management systems (including both “mid-
dleware” or a more traditional picture archival and communication service—PACS).
It may be very helpful to discuss machine integration with someone who uses a similar
workflow, and vendors are often able to provide prospective customers with these refer-
ences. Patient demographics should be available for selection from a work list and
convenient to enter manually if needed. Some companies have enabled automatic trans-
fer of patient information to their machines using a patient identity band barcode reader.
The ability to select a patient without manual entry facilitates correct documentation for
electronic medical record transfer and quality assurance [3]. Likewise, “ending an
exam” facilitates image storage and the ability to create a new patient. Most systems
will do this automatically, but a cuambersome process will hinder workflow. The pro-
spective buyer should think carefully about how images will be stored and transferred
from the machine and if possible discuss with someone using a similar configuration.
Some ultrasound companies are now interfacing with middleware documentation com-
panies to allow the completion of interpretation worksheets on their machines. This
enhances operator compliance with documentation and speeds workflow.

Image Storage and Transfer

Definitive image archival is required for ultrasound reimbursement, and effective image
management can enhance quality assurance and communication with other practitio-
ners. While thermal printing, VHS cassette, and even DVD recording of images are still
performed in some places, current equipment is designed for digital transfer of still and
moving images or “cineloops,” which are preferred by many users. Export of images in
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general formats such as jpeg or mp4 is typically available from the machine if desired,
but most modern units will utilize the DICOM image storage format (a standard format
that stands for Digital Imaging and Communication in Medicine). If manual export is
anticipated, efficient export will prevent long download times and file corruption.
Contemporary file storage options (USB drives, SD cards, wireless or cloud transfer)
should be available. Wireless transfer of images is much more suited to the point-of-care
environment if it can be configured. While most machines can have an external wi-fi
adapter added, ideally this should be housed internally to ensure durability and function-
ality. Machines using plug-in ethernet connectors need to secure them to protect against
accidental dislodgement when attaching or removing ethernet cables. Ethernet standards
offered on the machines need to follow hospital security protocols, and it is beneficial to
involve hospital IT during purchase discussions to ensure a machine is compatible with
the hospital intranet system. Like computers, internal components and storage should be
upgradeable and replaceable if needed (See Chap. 17 — Workflow and Middleware).

Service

Warranties or service contracts should be carefully reviewed prior to purchase, as
they are essential for the maintenance of machines and probes. While some manu-
facturers include a full 5-year warranty as part of the initial purchase price, most
vendors will offer a 1-year warranty with a service plan to be purchased after the
initial warranty period. Service plans should typically be budgeted at about 10% of
the machine cost per year, and spending more money for higher service packages is
often a wise decision [5]. They should include replacement of broken parts and loan
of either parts or full machine support during repair, ideally with pickup and ship-
ping included. The warranty coverage of probes should be explicitly addressed, as
these are often the most vulnerable parts of the machine. Warranties may not cover
a probe repair or replacement if there is evidence of “excessive wear and tear”
(something that unfortunately may be difficult to avoid in the point-of-care setting),
while other companies will do this once but not subsequently.

Company replies to service calls need to be prompt, since delay of service could
impact patient care. As many clinical ultrasonography practitioners are in emer-
gency settings that are open 24/7, repair services need to be available past typical
business hours. It is worth questioning representatives on service technicians’
response times, methods of communication, location, and hours of service. This
should ideally be verified by speaking with someone in your area who is working
with similar equipment. The most convenient plans involve technicians investigat-
ing defects at the hospital site itself. System software upgrades should be quickly
performed via USB drive, CD, or remote internet connection without requiring full
hardware replacement (See Chap. 14 — Equipment Maintenance).

Image Quality

Image quality overall has improved markedly over the last decade in the point-of-
care market. Having good image quality across the spectrum of patients (thin and
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obese) and across examination types (abdominal and cardiac) will be a huge con-
tributor to success of a point-of-care ultrasound program. While images will often
look excellent on the healthy model recruited for a trade show, they may not be as
good on the 300 Ib patient that arrives in the ED. It is recommended that a purchaser
invites more than one vendor to do side-by-side comparisons of image quality (as
well as workflow and other features) prior to purchase, and to speak with other
practitioners who are using similar equipment.

Considerations for Budgeting, Shopping, and Buying Equipment

For most purchasers, the first step in considering point-of-care ultrasound equip-
ment will be budgeting, and many practice environments will require a business
plan for purchase. Those driving the purchasing are often physicians, and their
focus will be on patient care as well as reimbursement of professional fees. In some
cases, particularly when privileging is not yet in place, it may be necessary for the
physician group to buy a machine. However, it is typically more optimal for the
hospital to purchase the equipment. If reimbursement for point-of-care ultrasound is
already in place or anticipated, the hospital should be receiving a technical fee for
ultrasound performance. The purpose of this fee is to provide for equipment and
resources that support the ultrasound performance, separate from the professional
fee (See Chap. 22 — Reimbursement). While this information is sometimes chal-
lenging to obtain, someone from hospital accounting should be involved in the bud-
geting and business plan if possible. It is essential that the budget be comprehensive,
including the full cost of the equipment and probes as well as the anticipated service
contract (see Table 12.3).

Table 12.3 Basic checklist for budget considerations

Budget considerations Approximate costs
Equipment e Machine type and form factor *  $30,000-$60,000
depending on features
¢ Number of machines e $7000-$18,000 for

tablet machines
¢ Purchase of refurbished machines or trade-in e About $6000-$8000

of old machines per probe
e Number of probes desired e $30,000 for a TEE
e Any specialist probes desired (TEE, TCD, probe

TVUS)
* Extra warranty coverage and maintenance

contracts

e Desired accessories (power packs, carts, wall
mounting, etc.)

Other IT needs |* Wifi routers and amplifiers e Server may cost
e Dedicated hospital server if desired $20,000

Workflow ¢ Middleware interface between machines, ¢ About

solutions interpretation, EMR and QA (like Telexy $10,000-$15,000

Healthcare Qpath, Ultrasonix SonixHub)
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Once a budget has been obtained, it is recommended that the purchaser look at
multiple vendors to understand the options available and compare costs. A list of
ideal US machine features has been included from the Emergency US section of the
American College of Emergency Physicians (Table 12.4).

A good place to compare machines and speak to vendors is at a professional
meeting such as the American College of Emergency Physicians or the American
Institute of Ultrasound in Medicine, where most point-of-care ultrasound vendors
will showcase equipment. Once potential equipment is narrowed down to a few
machines, it is usually worthwhile to test them in your environment of care through
vendor visits. As mentioned previously, arranging for a “side-by-side” with two or
more vendors at once will both economize your time and allow you to compare such
things as image quality in similar subjects. Price will obviously be an issue, but keep
in mind that the actual price of ultrasound equipment may be widely variable, and
will likely be negotiated by your hospital, as noted below. Most companies offer a
trade-in price for older machines, and recycling machines may offset purchase
costs.

Table 12.4 ACEP emergency US section essential machine features checklist

ACEP emergency ultrasound: essential machine features checklist (adapted with permission)

1. Compact and easily mobile

» Fits into patient rooms, limited spaces

* Width and depth kept to a minimum

e Wheels are high quality, multidirectional

 Light weight, easy maneuverability

* Most ED applications best served by a compact cart-based system

 Storage options (e.g., for extra gel, cleaning agents, probe covers, angiocaths)
2. Image quality and versatility

» 2-D image quality is essential

* Maximize in difficult/obese patients
 Capabilities for multiple applications

— General/abdominal (wide footprint curvilinear probe)

— Cardiac (phased array probe)
— Vascular, soft tissue, procedural (high-frequency linear probe)

— Pelvic, obstetrical (endocavitary/transvaginal probe)

* Midline mark on linear, curvilinear probes to facilitate procedural applications

e Multiple probe ports (minimum 3, preferably 4), easy switching between transducers

* Multiple holders to accommodate 3—4 probes, gel bottle(s), and barcode scanner

* Large, bright screen, broad viewing angles

* Monitor easily articulates in all directions
* Needle localization/guidance technologies highly desirable
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Table 12.4 (continued)

ACEP emergency ultrasound: essential machine features checklist (adapted with permission)

3. Ease-of-use and simplification

* Quick boot-up time (including “cold boot”)
* Battery powered sleep mode

» Maximal battery life (at least 2-3 h battery powered scanning)

* Rapid battery recharging

¢ Reminders (visual and auditory) when battery level low

» Simplified control panel, essential functions highlighted

— On/Off —Zoom

— Start/End exam — Freeze

— Exam type — Measure

— Depth — Calculations
— Gain — Still image
— Optimize — Video

* Control panel should be backlit, with large buttons and large print

 Physical knobs/dials preferable for functions such as depth, gain

e Sealed control panel surface for easy cleaning

» Keyboard best if sealed (not easily penetrated by liquids) or pull-out

 Should be as intuitive as possible (users of varying skill levels)

* Retain ability to pull up more advanced features

» Touchscreen panel on cart (not monitor) well-suited for this purpose

— Allow for maximal customization (i.e., which functions to include/exclude)

— Default to basic functions, with option to access more advanced modes

 Touch panels must be responsive (do not lag) and reliable, functions despite exposure to gel
or bodily fluids

e Start exam screen fields

— Patient name

— Medical record number

— Accession number

— Examiner name(s) (two fields to allow for trainee/supervisor)

— Probe selection

— Exam type preset
4. Durability and service

* ED is a harsh environment, demands 24/7 upkeep

e Machine, probes, cords need to be rugged
— Probes may be dropped onto the ground

— Probe cords, power cords may be run over by the machine wheels

— Probes, machine may be exposed to bodily fluids (blood, pus, etc.)

¢ Machine cord management commonly under-appreciated

* Probe cords must be durable (protected), cart designed to minimize cords tangling or being
run over by machine wheels

* Probe holders should be stable, strong, easily cleaned

(continued)
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Table 12.4 (continued)

ACEP emergency ultrasound: essential machine features checklist (adapted with permission)

* Power cord ideally retractable, otherwise easily stowed and should not originate from
bottom of cart, which promotes tangling in cart wheels

e Service needs to be prompt and accessible 24/7

— Need availability beyond Monday—Friday 9 am—5 pm business hours
— ED required to be in full operation nights, weekends, and holidays

 Affordable service plan options, either included plan (5 years) or contract paid yearly

* Commonly broken parts should be separate (modular) and easily replaceable

* Ability to export and import machine system settings (i.e., for loaner machines in case
primary machine is out of service for repairs)

 Software failures (freezes, reboots) unacceptable
5. Image archival and workflow

* Record as still images and cine loops to internal storage

* Internal storage capacity upgradeable (not fixed in size)

* DICOM capabilities should be standard on all machines

» Widely used export formats for still images (JPEG) and cine loops (MOV, AVI, MP4)
* Export options should include USB, CD/DVD, and (less commonly) thermal print

* Integrated Wi-Fi capabilities essential for all future machines models

» Wi-Fi adapter housed within a secured location on machine cart (not attached externally)

* Support for all IEEE 802.11 standards, security protocols used in healthcare IT

* Workflow should be designed using standardized, non-proprietary formats

* Front-end workflow: getting information into the machine (i.e., patient information,
sonographer name(s), exam type, indication for scan)

* Optimize front-end workflow via barcode scanners, DICOM modality worklists

* Separate diagnostic studies from those performed for educational purposes

e Ultrasound interpretation (“worksheets”) filled out directly on machines

* Worksheets should include indication, views, findings, interpretation based on ACEP
Standard Reporting Guidelines, but essential that they are fully user customizable

* Back-end workflow: getting information out of the machine (i.e., transfer ultrasound images
and interpretations to the PACS and EMR)

¢ Ideal workflow to obtain images and document findings directly on the machine, then
wireless transfer of ultrasound images and report from machine to the PACS and EMR

6. Future innovations

» Wireless probe technologies highly desirable for the ED setting

 Consider incorporation of basic controls (e.g., image capture, depth, gain) onto the
ultrasound probe

* Ability to pull up teaching images (standard views, probe placement, pathologic images)

¢ Directly on machines

Once a vendor and machine model is selected, purchase will need to be negoti-
ated. While this may be done by individual physicians, often there is a hospital or
institutional infrastructure in place for negotiating this. This process should be
sought well ahead of making any commitments to a purchase. Even if there is a
preferred vendor or model, the institution will often require two or more proposals,
with rationale for purchase of the preferred machine.
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Machine Companies

Excellent POC US products are now being offered that include Sonosite, General
Electric, Philips Healthcare, Mindray (which acquired Zonare Medical Systems),
Terason, Siemens Healthcare, Toshiba, Hitachi, Aloka, BK Ultrasound (which
incorporated Ultrasonix), and others. Emergency Medicine comprises the largest
share of the emerging markets, with rapid growth exhibited by anesthesiology, criti-
cal care, and musculoskeletal medicine [2].

Summary

The lifespan of a machine is about 3—7 years which can be prolonged by regular
maintenance via service contracts and gentle care. General pricing for cart-based
systems including 3—4 probes is $30,000-$70,000 USD. Hand-carried machines
are priced less than that, but costs vary depending on additions like wheeled carts
or the types of transducers purchased. Pocket-carried devices generally run from
$7500 to $15,000 and may have subscription-based purchasing models. Some
companies offer group pricing, education pricing, and leasing options. Purchasing
decisions should not be rushed—involvement with hospital IT, asking for other
practice’s references, arranging company demonstrations for side-by-side com-
parison, and asking about each company’s financing plans will help decision-
making. Before meeting with companies, it can be helpful to create a checklist
containing a starting budget, the desired probes, equipment crucial to the site’s
practice environment, maintenance needs, clinical workflow solutions, and image
documentation requirements before engaging a prioritized wish list.

Pitfalls

1. Not understanding that US machine selection is a key and decisive action in US
Program Management

Not comparing US machines on real-life models side-by-side

Lack of attention to key machine features and probe use for POC applications
Not understanding the service needs and replacement costs of equipment

Not understanding workflow integration of image capture, examination report-
ing, and communication to system networks in your health system

6. Not preparing for service life and replacement of US machines

b

Key Recommendations

1. Compare and contrast US machines in your environment prior to purchase
2. Make a checklist of key features that you require for your purchase
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3. Buy probes that meet your application needs across age, location, and volume
considerations.

4. Understand that POC US is done in a harsh, demanding, and constrained envi-
ronment with respect to US machine

5. Decide on machines with provider workflow, communication, and documenta-
tion requirement in mind; involve departmental IT, biomedical engineering, and
departmental budget personnel.

6. Integrate US machine into the mission and practice of your site with continual
attention to the needs of your department or unit
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Chapter 13
Ultrasound Equipment Maintenance

Andreas Dewitz

Objectives

e Understand the daily operational issues associated with US machine mainte-
nance in the point-of-care environment

e Understand the supply issues with US practice

* Development of a plan for US machine service

Introduction

Anyone involved in the creation or administration of a point-of-care ultrasound pro-
gram will soon recognize that there are many moving parts to oversee and there are
many hats that you will be required to wear. Knowing how to keep your ultrasound
fleet shipshape and clean and making sure the requisite supplies for your ultrasound
program’s day-to-day operation are flowing smoothly is as essential a part of the job
description as ultrasound education and QA. What follows in this chapter are many
practical operational guidelines and a broad collection of tips and tricks—gleaned
from several decades of practice—on how to keep the equipment and logistical
aspects of your ultrasound program running smoothly.

The scenario typically begins with jubilation. Someone in your hospital’s
finance department signs off on a large purchase order, and sometime not
long thereafter a large crate arrives. After a bit of assembly, your spotless new
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ultrasound machine emerges, looking just like the glossy photo in the brochure and
you are now most eager to launch your new arrival on its maiden voyage. Your
goals are simple: 100% operational uptime, ready access to equipment and sup-
plies, and a clean and professional looking machine. In its new home, however,
your new machine will face a wide variety of inevitable physical insults. A busy
ED is not an inherently clean place. Look closely at your keyboards, the phones,
the ubiquitous dust bunnies, your communal ED lounge refrigerator, or your
trauma room after a messy clinical case for a preview of things to come. Your pris-
tine machine will be used by multiple providers, most of whom will not take care
of your equipment as you would. Your machine will be exposed to all manner of
assaults (dust, blood, dried ultrasound gel, adhesive glue, and on occasion, vomit,
charcoal, urine, hematemesis, plaster, coffee, sputum-yes, I have encountered them
all!) and your machine will soon no longer resemble what you initially saw in the
brochure. Your baby (or babies), will age in dog years. With multiple machines to
care for you may wonder how you can possibly manage to stay on course? The
information that follows will hopefully serve as a useful guide for you on this jour-
ney (Figs. 13.1, 13.2, 13.3, and 13.4).

First, some practical ultrasound fleet management guidelines should help you
start your journey on an auspicious note. Then, a discussion of the many ultrasound
equipment maintenance issues you are likely to encounter and will need to address,
and how you can easily customize your ultrasound equipment to best suit your
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Fig. 13.1 A clean new US
machine as it appeared in
the brochure. Note the
complete absence of any
messy power cords,
transducers, transducer
cords, gel, and cleaning
sprays in the photo!
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Fig. 13.2 An ED Nursing
lounge refrigerator, your
first clue that communal
cleanup responsibility may
not be a successful strategy
for cleaning your machine

Fig. 13.3 ED desktop
computer keyboard
close-up: the shape of
things to come for your
new US machine

Fig. 13.4 ED Trauma
Room after a messy case:
how does the US machine
look now?
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practice needs. Finally, a review of various service contract options follows.
Sprinkled throughout will be many photos of tips and tricks that should make the
maintenance and logistics part of the job easier and more fun.

So, what important operational guidelines should you follow from the outset?

Choose Well-Designed Equipment and Purchase Your
Equipment Carefully

Make note of the cart size, footprint, and how it will function in your practice set-
ting. Examine the keyboard layout and ease of use of the user interface. Pay atten-
tion to ergonomics: are the handles conveniently located for ease of use? How
easily the cart is moved about? How easy is the keyboard adjusted for various user
heights? Look very carefully at how ultrasound probes, gel, and cleaning spray
are stored, where other supplies can be placed on the cart, how transducer cords
are managed (more in this later), and the solidity of the machine’s overall con-
struction. Sealed control surfaces are a must. A flat control surface will facilitate
speedier and more successful disinfection. A standard laptop keyboard surface
provides many nooks and crannies for hospital pathogens to reside in and will be
harder to clean properly. Visit ultrasound equipment vendors at the national con-
ventions and make sure you try out a piece of equipment before you buy it. Confer
with your colleagues, road test a loaner unit in your practice setting. Fortunately,
ever more attention is being paid to the design and construction of point-of-care
ultrasound machines with better designs forthcoming every few years (Figs. 13.5
and 13.6) (See Chap. 12 — US Equipment and Purchase).

Fig. 13.5 Choosing your equipment: assess control surface layouts, user interfaces, and overall
ease of use. Look at how transducer cords are managed, how easy the control surfaces are to clean,
ease of cart mobility, are there locations for supplies that you will want on the cart?
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Fig. 13.6 Choosing your equipment: assess control surface layouts, user interfaces, and overall
ease of use. Look at how transducer cords are managed, how easy the control surfaces are to clean,
ease of cart mobility, are there locations for supplies that you will want on the cart?

User Education and Orientation Is Essential

A new ultrasound machine can cost as much as a small used plane or boat. No one
should use the machine until they can demonstrate an understanding of proper start-
up and shut down procedures, transducer selection, and image optimization. Most
importantly, prospective users must be trained in the proper handling and storage of
transducers (the most expensive part of the machine that is most likely to get bro-
ken). Education in proper care of your transducers is key. “In your hand, in the cup
holder, or on your VISA” can be a useful mantra to instill appropriate user respect
for transducer care and it will simultaneously remind your users to never leave an
unsecured probe on a bed or tray table surface. Finally, all users need to demonstrate
an understanding of proper cleanup procedures for transducers, cords, and control
surfaces after use. Users should know where to return the ultrasound equipment
after patient use, with all cords tidied and equipment plugged in for recharging.
Education in equipment orientation and machine care should be included in all
introductory US lectures.

Find a Safe Harbor

You will need to designate safe storage areas for your ultrasound machines when
they are not in clinical use. Your equipment should be easy to locate by the clinician
when needed and should be parked in a safe location where it can be plugged in for
recharging and avoid getting prematurely dinged and broken. Lobby for front and
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center space that is convenient for the providers who will be using this equipment
many times a day. Do not allow your equipment to be relegated to a back corner of
your ED or other clinical care setting. Make sure you obtain appropriate signage to
mark the storage areas and train your users and medical workers to return the ultra-
sound equipment to its designated home port when not in use. If you have multiple
storage areas, label your machines with directions as to where the machine should
be returned when done. Make sure to have your hospital electricians install the
charging outlets at waist height for ease of use for the many providers who will be
plugging the machines in and out many times a day.

Provision for the Journey Ahead

Streamline and automate the supply and distribution process as much as possible.
Regular stocking and distribution of numerous ultrasound supplies will be
required for smooth program operation. Enlist the support of your ED/ICU or
clinic manager, and get your nursing staff and medical workers involved. Typical
ultrasound supplies needed for a busy ED ultrasound program will include: a gel
warmer in each patient care area, LOTS of US gel (this can add up to many hun-
dreds of bottles a year), probe disinfection solutions or wipes, thermal print paper,
squeezable gel-proof skin markers that will facilitate your many map-and-mark
US procedures (Fig. 13.7). Since you will most likely also be using your machines
for placing ultrasound-guided peripheral IVs in your difficult access patients, you
will need a steady supply of sterile adhesive dressings, sterile probe covers, appro-
priate length needles for US-guided PIV access, chlorhexidine skin wipes, tourni-
quets, sterile surgical lubricant, catheter securing systems, and benzoin swabs,
ideally all stocked and stored on your ultrasound cart for ease of use (Figs. 13.8
and 13.9).

Equipment cleaning and routine equipment maintenance is an unglamor-
ous but essential component of your US program operation that cannot be over-
looked. Day-to-day equipment care and oversight, as well as a host of preventive
maintenance issues will need to be regularly attended to, some weekly, some
monthly, some biannually. Day-to-day care includes routine cleaning of control
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Fig. 13.7 Typical supply needs include US gel, gel warmers, low level disinfection sprays or
wipes, thermal print paper, gel-proof markers for your “map and mark” procedures




13 Ultrasound Equipment Maintenance 183

Intrecan Safety®

- —yp-

e R -
navus

E&:—m

Fig. 13.8 US-guided PIV access supplies: sterile adhesive dressings, 48 mm and 64 mm needle
options

Fig. 13.9 Tray table layout of all the supplies needed for USG PIV line insertion: blood draw
setup and tubes, spiked IV setup, tourniquets, non-sterile gloves, sterile adhesive dressing for
probe cover, Chloraprep skin wipes, sterile surgical lubricant for US gel, (lidocaine and TB syringe
optional for skin anesthesia, if needed), correct length US PIV needles, 48 and 64 mm, (NO stan-
dard 30 mm Angiocaths), gauze for skin cleanup after the line is placed, Chloraprep to remove any
remaining gel/blood that may impede adhesion of the dressing, Benzoin swabs for added dressing
adhesion success, sticky foam IV securing device or equivalent, final sterile adhesive dressing
placed over the foam dressing to help prevent accidental line dislodgement

surfaces, inspection of transducers, transducer cords and power cords, cart cleanup
after unanticipated exposures, as well as gel distribution and inspection of what
needs restocking on the carts. Routine maintenance and cleaning seems to fall
disproportionately onto US section staff unless you plan wisely. Enlist your ultra-
sound rotators, medical students, residents, and your faculty to help you, but
above all, advocate for dedicated medical worker or ED manager time for these
essential tasks. A maintenance checklist can be useful if you have many machines
to care for and can provide an organized system for keeping track of which items
will need attention or repair on which machines (Fig. 13.10).
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ED Ultrasound Equipment Checklist

Service Contact Name:
Phone: Email:
Make/Model:

Serial number:
Transducers on cart:
Serial numbers:
Ancillary cart
equipment:

Maintenance Schedule:

Control deck, transducer cup holders and cart
clean?

Transducers checked and clean?
Midline marked?

Trackball/trackpad clean and working?

Transducer bungees correctly positioned?
Control knobs damaged?

Wiring and plugs checked?

Any parts/attachments loose?

Control deck labels intact?

Filters and fans cleaned?

Supply baskets stocked?

Cart wheel lubrication/cleaning needed?
Endocavitary probe cleaning station functioning?
Gel warmers stocked?

Printer with paper and functioning?

Group e-mail reminder?

Anything else?

Fig. 13.10 US equipment checklist

What follows are some of the ultrasound equipment maintenance issues that you
are likely encounter and will need to attend to.

Most day-to-day disinfection will be accomplished with a topical disinfectant
spray such as T-Spray, Pi-Spray, or chlorhexidine disinfectant wipes on the probes
and control surfaces. Isopropyl alcohol soaked gauze can be used on the cart body
(A more detailed review of probe disinfection is discussed in another chapter)
(Fig. 13.11). Transducer storage cups will inevitably become a repository for dust
and dried adherent ultrasound gel and they will need regular (at least weekly) clean-
ing. A short bottlebrush purchased in any hardware store comes in handy for clean-
ing these transducer cup holders very efficiently, and will be particularly useful if
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Fig. 13.11 Products for daily cleaning of the US machine

you have a lot of machines to maintain. The large Q-tips that you might carry on
your OB/GYN cart may also be used for this purpose (Fig. 13.12).

Inspect your transducers and transducer cords for defects and cracks. You should
not be using transducers with cracks on the scan head or splits in the housing or cord
cover. If you find such defects you need to make arrangements to have the trans-
ducer replaced (Fig. 13.13).

Set up an equipment maintenance supply bucket and stock it with products you
will need for tackling the various mystery fluids and adhesive assaults your machine
will inevitably encounter. Useful agents include hydrogen peroxide for dried blood,
isopropyl alcohol, bleach wipes, or general-purpose spray surface cleaners for cart
body cleaning (Fig. 13.14). Do not use isopropyl alcohol to clean your transducer
cords. You will additionally need to purchase a non-acetone based adhesive-removal
solvent like Goo Gone or Goof Off. There isn’t much else that will safely remove the
adhesive goo that will inevitably mar your control surfaces, cart body and cart wheels.
Adhesive foam EKG electrodes, foam IV securing devices, remnants of patient labels,



186

Fig. 13.12 A short bottle
brush or GYN Q-tips work
well for cleaning out dust
and gel from transducer
cup holders

A. Dewitz
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Fig. 13.13 Transducers with visible defects such as these will need to be replaced

Fig. 13.14 The US fleet
cleaning and maintenance
supply bucket, ready for
any eventuality
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and dried benzoin splashes (most vexing!) appear to be the most common offenders;
hopefully no one is sticking used bubble gum under your deck! Do not be tempted to
use the acetone nail polish wipes you might have in your ED for this purpose. Although
they will successfully remove adherent adhesive items or residue, they might also dis-
solve and irrevocably mar the plastic surfaces of your cart or control panel in the
process! (Fig. 13.15). Periodically oiling the wheels of your US cart can help keep
them gliding smoothly, and a can of compressed air comes in handy for cleaning out
dust in any fan openings and in the TGC nooks and crannies if you have an older
machine with button-based TGC controls (Figs. 13.16 and 13.17).

What should you do when you show up to a shift and find a blood-spattered
machine, blood on the transducers and cords, or if you frequently encounter dirty
transducer probe covers that have not been removed after use? (Fig. 13.18). Repetitive
maladaptive behaviors need to be addressed and should merit the occasional group
e-mail and photo reminding your staff members of their equipment cleanup obliga-
tions after any ultrasound-guided procedure or after the evaluation of a bloody trauma
patient. Periodic “public service announcement” reminders during your US confer-
ences can also be helpful to inculcate good equipment cleanup habits and establish a
culture of shared responsibility for US equipment cleanliness. You will additionally
need to periodically remind your staff that the ultrasound control panel is NOT to be

Fig. 13.15 Essential adhesive-removal solvents that will be needed for equipment cleaning; no
acetone!

Fig. 13.16 Caster wheels
will roll more smoothly
with occasional oiling
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used as a storage surface for coffee, used intubation blades, and random supplies
being distributed about the ED or ICU (Fig. 13.19). A spilled cup of coffee on an
unsealed ultrasound control panel can turn into a very costly misadventure. Start
your group e-mail with the gentle subject line “It takes a village....”

If you have an active ultrasound training program and multiple ultrasound
machines in use, you will likely find yourself using prodigious amounts of ultra-
sound gel (Fig. 13.20). Outsource this stocking and distribution task if you can, as
it can add up to many hundreds of bottles to distribute each year. Although buying
your ultrasound gel in 5 L bulk containers is cheaper, it is safer to stick with prefilled
bottles since bacterial contamination with Pseudomonas and Klebsiella and Staph
species has been reported to occur from refilling used ultrasound gel bottles. Other

Fig. 13.18 The wall of shame: your staff will need periodic reminders of their responsibility to
remove used probe covers and clean the machine after a messy trauma room encounter
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Fig. 13.19 The US control panel should not be used as a storage surface; strongly discourage such
behaviors

Fig. 13.20 Place a gel
warmer in each patient
care area and make sure
you have easy access to
extra gel for restocking
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ultrasound coupling agents have been touted to be equally effective and less messy;
in the future, we may be using small amounts of a residue-free ultrasound coupling
liquid applied with a cloth just prior to scanning.

US Machine Cleaning

(See Chap. 15 — Safety and Infection Control for probe cleaning)

Preventive Maintenance

This is somewhat machine dependent but may include any or all of the following:

Basic Toolkit

Invest in a basic multipurpose toolkit that includes slotted and Phillips screwdrivers, and
an adjustable wrench so you can tighten up some of the common trouble spots on your
carts. Many ultrasound machines will use Torx type screws, so a folding Torx wrench
may come in handy. Common cart trouble spots include cart housing screws, power
cord attachment sites, and wheel assemblies. Having a few basic tools available will
allow you to attend to some of these machine specific problems yourself (Fig. 13.21).

Fig. 13.21 It is helpful to
have a basic equipment
repair toolkit for some of
the cart items that you will
periodically want to adjust
or tighten up yourself.
Many carts use a Torx
based system
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Cleaning the Track Ball

You can learn how to do it yourself or have it done during semiannual preventive
maintenance visits. Why bother? The internal trackball mechanism gets coated with
US gel over time impairing its function. A track pad or touch screen panel avoids
this problem altogether (Fig. 13.22).

Fig. 13.22 Trackballs need periodic cleaning to remove ultrasound gel that can impede smooth
trackball function
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Filter and Fan Care

The ED is a VERY dusty place. Many ultrasound units have dedicated power sup-
plies with cooling fans and filters to keep the electronics from overheating. Ideally
these filters should be cleaned every few months. Waiting for a biannual or annual
preventive maintenance visit is often inadequate and the filters may be clogged up
by then. The filters need to be removed, washed with soap and water, then dried and
replaced. If you don’t clean them, the fans will no longer function efficiently, and
your electronics can overheat, give you error messages or crash your equipment
software. Any piece of equipment in your clinical care setting that has an onboard
cooling fan running will inevitably vacuum up lots of ever-present dust. This is yet
another reason why we should not leave our ultrasound machines running when not
in use (Fig. 13.23).

Fig. 13.23 The ERis a
very dusty place. Onboard P —T L
filters should be cleaned
every several months to
avoid overheated
electronics. Once a year
cleaning is inadequate

-
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Fig. 13.24 A VCR head
cleaner will help maintain
good quality video images
if you are still using this
type of image storage
medium

VCRs/CD Recorders

Not a lot of people are still recording ultrasound images with videotape, but if you
still use this medium for image review, your VCR’s image quality can be improved
by using a $5-$10 tape head cleaner every few months (Fig. 13.24). Digital image
capture devices like CD recorders simply need a periodic cleaning of the control
surfaces and a periodic check of their plugs and connectors.

Tighten the Loose Stuff

Problem spots are machine specific. Your biomedical engineering folks or your
equipment repair tech can point out what gets attended to on a routine preventive
maintenance visit. Power cord holders on some older machines need monthly atten-
tion to keep them from loosening and falling off due to the heavy forces placed on
them.

Broken Control Surface Buttons

Older machines often have plastic buttons that dry out and crack after having been
T-Sprayed a few thousand times; TGC control buttons seem to be the first to break
down. You can order a bag of replacement buttons and knobs from your ultrasound
equipment vendor and with a bag of replacements handy you can address these
small annoyances yourself (Fig. 13.25).
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Fig. 13.25 Buy a bag of new buttons for your older machines so you can replace them when they
break

Ultrasound Cart Wheel Assemblies

The plastic wheel housings on some ultrasound carts are poorly designed for the
rigors of clinical use and will predictably loosen and fall off. This is mostly a cos-
metic issue. The plastic housing simply hides the fact that the wheels get mightily
gunked up over time, usually with a combination of dried blood, EKG electrode
stickies, foam IV securing devices, tape of various sorts, and unbelievable amounts
of hair! (Fig. 13.26). When your cart starts to shimmy or be noticeably difficult to
roll around, it is time to give the wheels some attention. Ultrasound cart wheel
assemblies need periodic cleaning and oiling, removal of the many adherent adhe-
sive items with a solvent like Goo Gone or Goof Off, and the occasional haircut
(forceps and scissors work best, high and tight!). The foot controlled wheel locking
switches get very dirty over time but can be easily cleaned with any general-purpose
spray cleaner and a bristle brush or old toothbrush. Seriously unglamorous stuff
(Fig. 13.27).
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Fig. 13.26 Cart wheel woes that you will inevitably need to address: cracked housings, glued on
EKG electrodes, dressing materials, foam IV securing devices, and more hair than you can imagine

Fig. 13.27 Cart wheel cleaning: soak and brush off the foot pedals, forceps and scissors for the
haircuts. Wear gloves!
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Fig. 13.28 Power cord plug end woes: bent pins, a cracked housing, exposed wires: all bad, time
for replacement

Wiring Check

Power cord plug ends take lots of abuse. The machines get plugged in and out many
times a day, 365 days a year, and occasionally the cord will take an extra whack
when people move the ultrasound machine having forgotten that it is still plugged
in. When the plug pins get bent, if the plug end housing is cracked and has wires
peeking through anywhere, or if the power cord has nicks in it from being run over
a few too many times it is time for repair or replacement (Fig. 13.28). It can be help-
ful to have a backup power cord on hand. If you just need to replace a bent plug pin
that you can no longer straighten, you can have your hospital electrician install a
new hospital grade plug end (Fig. 13.29). Periodically you should also visually
inspect the power cord for nicks and defects in the housing.
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Fig. 13.29 The famed 3
“Hospital Grade” plug - / <
'y

Ideally, a well-designed machine should have all important wiring hidden and
protected within the cart or housing. This is rare with older machines in particular.
Important but exposed wiring can get disconnected. Velcro cable ties (1/2 x 6 in.,
purchased at any hardware store) can be used to help neaten up this clutter and can
help keep your equipment wiring tidy and out of harm’s way.

Customizing

Customizing your new ultrasound equipment to suit your specific practice needs is
an essential and fun part of the process of getting your machine ready for use in your
clinical setting. Even after many years in the business and many (14!) machine pur-
chases later, I have yet to see an ultrasound machine that didn’t benefit from cus-
tomization and modifications to make it more user friendly and better suited to our
ED practice setting. All our ultrasound machines start out their lives in the Ultrasound
Section “Chop Shop” (our Ultrasound Section office) before they get launched into
the ED. If you buy several machines at a time you can do them up in bulk.

Essential Supplies

So what are the essentials? You’re going to need some 4” x 2" industrial Velcro
strips, %" Velcro sticky-back tape, 34" x 8” Velcro cable ties, plastic cable ties, metal
extension springs or Kevlar/polycarbonate retractable key fobs, coiled plastic key
rings and clips, and some metal key rings (Fig. 13.30).
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Fig. 13.30 Essential customizing supplies for new machines include: industrial and regular Velcro
sticky-back tape, Velcro cable ties, plastic cable ties, piano wire extension springs, coiled key,
metal key rings, and robust key fobs

Transducers and Transducer Cords

Implementing a system to protect your transducers and transducer cords will be
your number one customizing task. Surprisingly little attention has been paid to this
issue by ultrasound vendors, likely due to the fact that historically, ultrasound carts
were mostly parked in one location and the patient was brought to that location for
imaging. Most older ultrasound machines were very poorly designed for high
mobility applications. Newer point-of-care machines and carts are much better
designed in terms of footprint, wheel assemblies and simplified keyboards, but they
are still mostly lacking in good transducer cord management solutions. At 4000 to
over 10,000 dollars each times three to four transducers on each machine, you have
a big incentive to protect these most essential and pricy parts of your ultrasound
fleet. If your transducer cords are not properly secured it is almost guaranteed that
you will at some point in time find a transducer cord snugly wrapped around one of
your ultrasound cart’s caster wheels (Fig. 13.31). While this will predictably cause
you severe agita and might even bring the occasional tear to an ultrasound director’s
eye, it is an entirely avoidable event.

Transducer trauma can be likened to neuro trauma. For the transducer head, the
closed head injury model applies. You drop it, your crystals get damaged, and things
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Fig. 13.31 A transducer
cord wrapped around a cart
caster wheel; guaranteed
agitation

are never quite the same thereafter. User education on proper transducer care is the
best preventive medicine to keep this type of trauma from occurring. Users should
be taught from the outset that the transducer is very expensive, somewhat fragile,
and should always be protected. There should be zero tolerance for laying the probe
on a stretcher, a tray table, or on top of the ultrasound machine. “In your hand, in the
cup holder, or on your VISA” is a useful mantra for inculcating good transducer
care behaviors.

For the transducer cord, the spinal cord injury model applies. An unsecured
transducer cord will drape onto the floor, and will at some point inevitably get run
over and caught in the cart’s wheel assembly. As a result, the cord housing may be
violated, some essential wiring may have been severed, and the transducer rendered
less than optimal, possibly useless. For this issue there is a simple fix: don’t let the
cord ever hit the floor.

Transducer and transducer cord protection can take on many forms. Years ago |
had our hospital welder build a stainless steel cage for cord storage on a “mobile”
285 1Ib machine that was probably originally designed to just sit it one location and
not be moved around a lot. (But what a good workout we got every shift!) The idea
of a transducer cord bungee system began many years ago when Dr. Anthony Dean
sent me pictures demonstrating how he used a bicycle cable, some coiled key rings
and carabiners to improvise a system to keep his transducer cords from draping
onto the floor, getting run over and traumatized (Fig. 13.32). I used the coiled key
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Fig. 13.32 Early
transducer cord bungee
system: 2004, thanks to Dr.
Anthony Dean

rings he suggested but modified the system by adding % in. x 8 in. Velcro cable ties
to the key ring bungees, so there would be a firm but still adjustable point of attach-
ment to the transducer cord. Total cost for the system was about $2.50 per cord
(Fig. 13.33).

So what is the process? Attach the Velcro cable tie snug around the transducer
cord, and then wrap it through the key ring several times, adjusting the Velcro
attachment to a location along the mid length of the cord such that the cord can
never hit the floor. Depending on the machine and number of transducer cords and
attachment sites, you can either bundle several transducer cords together or wrap
them individually (Fig. 13.34). Some machines may end up with four individual
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Fig. 13.33 Transducer
cord bungee parts, next
version: coiled key rings
and %" x 8” Velcro cable
ties

Fig. 13.34 Transducer cords can be bundled together or attached individually, depending on the
machine.
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Fig. 13.35 A four-
transducer ultrasound
machine with cord bungees
in place; note that the cords
never touch the floor

transducer cord bungees (Fig. 13.35) Points of attachment are going to be dictated
by what you have available to work with on the underside of the machine in ques-
tion. You can use plastic cable ties to provide an attachment site to the underside of
the frame if no other suitable locations can be found.

The return on your investment is fantastic! $30 in supplies can provide protection
for about $30,000 worth of transducers. The only down side with the coiled key ring
bungee system is that over time, the coiled plastic will stretch out and lose some of
it springiness, so they will need periodic replacement.

After digging around in my local hardware store’s spring section, my more recent
iteration of this bungee system replaces the coiled key rings with a 4.5 in. stainless
steel extension spring (rated maximum load 1.61 lbs., part number 304, Jones
Spring Company, about $1.50 apiece). After 3 years of use on multiple ED ultra-
sound machines these piano wire extension springs have worked very well and are
much more robust than the coiled plastic key ring bungees used previously
(Fig. 13.36a).



204 A. Dewitz

Fig. 13.36 (a) Newer transducer cord bungee system using coiled key rings, extension springs,
metal key rings and Velcro cable ties. Close-ups of setup technique. (b) Technique for fashioning
a custom power cord bungee. (¢) Intalled custom power cord bungee
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A similar cord bungee solution can also be used to keep your power cords from
getting run over. One option is to use a metal extension spring that has a higher maxi-
mum load rating (Jones Spring company, part number 306, rated maximum load
2.61 Ibs.) as a bungee device suitable for use on the ultrasound machine’s heavier
power cord. Most recently I have found that a short piece of actual bungee cord can be
easily customized and very successfully employed for this purpose (Figs. 13.36b, c).

One final transducer cord bungee option uses a retractable key ring system with
an extraordinarily robust polycarbonate and Kevlar retractable key fob (KEY-BAK
#488B—about $13 apiece) that serves as a stellar cord bungee device (thank you Dr.
Mike Stone for finding this!). If you chose this option and have lots of machines to
outfit, your initial outlay for supplies may be several hundred dollars, but this is still
cheap when compared to the price of the equipment being protected. The key fobs
can be attached with a Velcro cable tie similar to the extension spring based system,
one retractable fob for each cord (Fig. 13.37).

Once the Velcro cable ties are attached to the transducer cord and adjusted to the
optimal location that keeps the cord off the floor, you can mark the cord’s “sweet
spot” with a gentian violet skin marker to make this location readily visually appar-
ent. (Tape off the edges of this designated “sweet spot” about 1.5 in. apart, and make
sure you wear gloves when applying the marker ink! Remove the tape when dry.) If
added transducer cord length is needed for a procedure such as a central line place-
ment, you can simply slide the transducer cord through its snug (but not immobile)
Velcro cable tie attachment in order to lengthen the amount of transducer cord
available. When the procedure is done, you simply slide the cord bungee back to its
visually prominent “sweet spot” ensuring once again, that your transducer cords
will not hit the floor and get run over (Fig. 13.38).

Fig. 13.37 Key fob bungee set up, same idea, key fobs used instead of extension springs
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Fig. 13.38 Mark the sweet spot along the cord where the Velcro cable tie keeps the transducer
cord off the floor. Tape off the area first, wear gloves, and remove tape when dry. The transducer
cord can slide out from its usual attachment site if a longer length is needed for a procedure. Return
the cable tie and cord bungee back to the easily visible “sweet spot” when done

Fig. 13.39 Spiral
loom—another transducer
cord protection strategy

Another suggested transducer cord protection approach forwarded to me by Dr.
Hal Minnigan is to armor coat the proximal transducer cord with a thick spiral plas-
tic material (spiral loom) (Fig. 13.39). The transducer cord near the floor is thereby
protected with a much more rigid exterior coating.

After many years of requests for more robust transducer cords, one vendor now
offers armored cable technology with an armored cable jacket surrounding the elec-
trical conductors of their transducer cords.

There are many other ultrasound equipment modifications that can make our
machines more user friendly and fun and I will briefly run through some of these
additional modifications below.

Power Cords

Power cords can present any one of a number of challenges. An overly stiff power
cord can be difficult to coil up when the machine is stored, plug end pins will inevi-
tably get broken or bent, power cord storage sites on the cart are often placed in
ergonomically challenging locations, and these attachment sites may break from
overuse/excessive force. I have yet to see an ultrasound machine with a
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Fig. 13.40 A low power
cord attachment site: a
poor design feature for any
mobile US machine that
needs to be backed into a
patient care area, and a
guarantee that the power
cord will be run over

well-designed power cord storage solution. A low power cord attachment site on the
back of the ultrasound cart is a poor design feature for a machine that is typically
rolled into a corner of a patient examining room (Fig. 13.40). Inevitably, the power
cord will get run over and impede cart movement in the process. A simple work-
around involves creating a higher power cord tether point so that the cord will not
contact the caster wheels when the machine is pushed into the corner of a room.
Tethering options include using coiled key rings (they will stretch out with time,
however), using the heavier gauge wire extension springs mentioned above (part
#3006) to create a power cord bungee (attach with metal key rings and Velcro cable
ties), or using a small piece of actual bungee cord customized for the job.
Alternatively you can just tether the power cord with Velcro sticky-back tape to a
higher location on the back of the cart handle or frame if such a space is available;
make sure you do this at maximal cart height so you don’t limit the cart’s potential
for vertical adjustment (Fig. 13.41).

What about other power cord solutions? Retractable cord systems are already
found on many portable X-ray machines. My 10*-year-old vacuum cleaner has a
trouble-free retractable power cord system, so why haven’t we yet seen something
like this on an ultrasound machine to help provide us with a convenient cord man-
agement solution? Or at the very minimum, a robust, well-designed, and
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Fig. 13.41 Three power cord tethering solutions: use a coiled key ring bungee, or a more robust
extension spring, or tether the power cord to the back handle of the cart if this option is available.
See Fig. 13.36¢ for the custom power cord bungee option

Fig. 13.42 A docking station system for recharging the ultrasound machine. No power cord issues
here

ergonomically located cord storage area integral to the cart, not a cheaply made,
plastic, and poorly located afterthought destined for an early demise. After many
years of requests, one vendor now offers a retractable power cord system on their
US cart; hopefully, more will follow. Another appealing option would be to avoid
having a power cord altogether. One ultrasound equipment vendor offers a no-cord
option with a power docking station on the cart base. The machine slides onto a
fixed charging port when it is placed in its storage area to recharge its battery
(Fig. 13.42).

In our search for electrons to feed our point-of-care buddy, it is not uncommon
to find that the only available outlet in the patient care booth is located in a poorly
accessible and ergonomically challenging location. With advancements in battery
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Fig. 13.43 Supply holders for your US gel and disinfectant sprays made from common hardware
store plumbing supplies and plastic cable ties. Plastic cable ties were used to attach them to the cart
body or the cart handle. Here they do double duty as power cord holders

technology and induction-based battery charging systems we can hope for a time in
the not too distant future when we can move away from the tether of a power cord
on our ultrasound equipment altogether.

Gel and Cleaning Spay Holders

Some of our older machines were designed without much thought as to where ultra-
sound gel and cleaning spray were to be stored. Common hardware store supplies
such as PVC pipe ends and rubber plumbing parts can be easily fashioned into US
gel and cleaning spray holders. These storage cups can then do double duty and
serve as a convenient place to store your power cord as well (Fig. 13.43).

Small Parts Transducer Holder

Shortly after purchase of a brand new $10,000 small parts transducer, I attached it
and placed it in the cup holder of a $100,000* US machine for storage, whereupon
it slipped right through the opening and onto the floor! There was no mention from
the vendor that the built-in cup holders would not work for this transducer, and no
vendor work-around or remedy was offered or suggested. So, another invitation to
customize. Our hospital plumbers happened to be working in the ED that week
installing some thick but flexible adhesive plastic bathroom baseboard. A small
piece of this product was easily trimmed to size with scissors and a scalpel, with just
the right size opening for the transducer cord but too small for the hockey stick
transducer to fall through. Make sure to place it sticky side down to glue it firmly
into the base of the cup holder. Another problem successfully MacGuyvered and
working fine for many years now (Fig. 13.44).
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Fig. 13.44 A transducer
cup holder modification for
a hockey stick transducer:
a piece of sticky-back
plastic baseboard has been
cut to size to keep the
probe from falling through

L1 5-7"0

US Carts Are Not Sacrosanct!

If needed, you can customize your ultrasound cart with some conveniently located
screws to attach something else to. Call the company and find out if anything impor-
tant is located on the portion of the cart body that you want to drill into. Pick a
structurally solid area for your point of attachment, drill and attach your cable ties
or screws as needed.

Color Code Your Transducers

Like most US cart modifications, this one began as a poor design work-around. One
vendor’s product required that you visually follow the transducer cord back to the
underside of the machine to determine which of the three available transducer
switches you needed to activate to use that transducer. Color-coding the individual
transducers, their respective switches and their designated cup holders made activa-
tion of the correct transducer for clinical use much easier (Fig. 13.45).

US Cart Supplies

Among the many point-of-care applications you will be using your ultrasound
equipment for, you will very likely be using your machines to insert substantial
numbers of US-guided peripheral lines in your difficult access patients. If this is the
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Fig. 13.45 Colored electrical tape used to make transducer activation easier and to ensure each
transducer is returned to its designated up cup holder

Fig. 13.46 Save the hard packing foam that arrives with a new machine. You can easily cut it into
custom dividers for your storage areas. Use Velcro sticky-back tape to hold the dividers in place

case, it is most helpful to have your US carts fully stocked with all the requisite
procedural supplies, roll-up and ready to go.

For efficient US PIV program operation you will want to stock your cart with
tourniquets, Chloraprep skin wipes, sterile adhesive dressings (one to cover your
probe and another to apply over the foam dressing at the end of the procedure),
sterile surgical lubricant, a box of non-sterile gloves, a foam vein-securing device,
appropriate length peripheral IV needles (48 mm and 64 mm), and benzoin swabs.

The hard packing foam that comes with a new machine and some Velcro sticky-
back tape can be easily fashioned into a storage space divider to help keep your
supplies neat and organized (Fig. 13.46). Get creative with what you have available.
Your empty sterile adhesive dressing boxes can be trimmed and taped together with
colored duct tape and be repurposed into sturdy supply organizers (Fig. 13.47). Find
a suitable site on the cart to attach your new supply organizer and industrial Velcro
sticky-back tape will take care of the rest (Fig. 13.48). Label the individual compart-
ments of your storage spaces and supply box cubbies to help keep your supplies
organized and facilitate restocking. Other machines might have a suitable location
where you can attach a small plastic supply basket that you can purchase at any
hardware store. Attach the baskets to the cart with a coiled key ring and Velcro cable
ties or Velcro sticky-back tape. Location will be dictated by what free cart surfaces
you have available to work with. Laminate and attach a restocking list on the side of
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Fig. 13.47 Repurpose your empty sterile adhesive dressing boxes. Attach them together with
colored duct tape, place the industrial Velcro sticky-back tape on the back, and then find a suitable
place on your cart to attach it to. Label the individual cubbies to facilitate stocking and keep things
neat

Fig. 13.48 Your new
homemade supply
organizer attached to the
cart with industrial Velcro
sticky-back tape
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Fig. 13.49 Other supply organizer options: plastic supply baskets, attached with Velcro cable ties
and coiled key rings or industrial Velcro. Add a laminated restocking list to the supply basket to
remind others what needs to go on the cart

Fig. 13.50 Custom
wooden bracket probe
wipe holder made by a
hospital carpenter, picture
thanks to Dr. Hal Minnigan

the storage basket to remind (other) people what needs to be restocked (Fig. 13.49).
Your hospital carpenters may be able to help you out as well. Dr. Hal Minnigan had
them build a custom bracket on his ultrasound cart to hold a container of probe
wipes (Fig. 13.50).
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Fig. 13.51 Industrial
Velcro: for attaching
aftermarket equipment and
supply baskets to your
carts

“INDUSTRIAL STRENGTH

Industrial Velcro

It is amazing what Velcro can hold in place; if you have any doubts, watch the
Letterman Velcro Suit clip on You Tube sometime. You can attach all manner of
aftermarket devices to your cart with it (digital image recorders, portable wireless
access point devices, supply storage boxes, etc.) (Fig. 13.51). Now that wireless
features are built into many new US systems, however, we have less need for some
of these aftermarket add-ons.

Label Maker

Without a doubt, you should buy one. This is a relatively cheap item ($30-$100
dollars) that will give you a big bang for your buck (Fig. 13.52). It will quickly
become an essential part of your headache reduction plan. Use it to remind people
where the machine needs to be returned to, that the machine should be plugged in
when stored, and that the transducers need to be cleaned after each use (some users
still seem to think there is an automatic probe cleaning feature on board) (Fig. 13.53).
On our older machines with far too many control surface buttons, we highlighted
the seven most commonly used buttons in numerical sequence for ease of use.
Labeling your transducer cups will help remind users to return each transducer to its
designated location, thereby avoiding cord spaghetti.

Velcro and Plastic Cable Ties

Use them to keep any exposed wiring or cables neat and organized.
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Fig. 13.52 A label maker:
an essential part of your
armamentarium. Buy one

Return to Trauma
Hallway when done

Keep me clean!

et | BN 0 WiSe T

Fig. 13.53 Labels gone wild! They will help keep your fleet clean, safely stored, charged up, and
help minimize avoidable damage

Midline Markers

After many years of requests to add this feature, several US vendors now have a
midline mark etched onto the short axis face of their linear and curved array trans-
ducers (Fig. 13.54). This midline mark helps improve the accuracy of the many
“map and mark” or free-hand ultrasound-guided procedures we perform. If you
don’t have them etched on your transducers already, you can add this feature
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Fig. 13.54 Newer point-of-care US machines now have a midline mark etched on the short axis
face of their linear array and curved array transducers. This improves your “map and mark” and
free-hand procedure accuracy

Fig. 13.55 For older
transducers with no
midline markers, map the
midline carefully, tape off
with electrical tape and
then mark the short axis
face on both sides of the
transducer with an
indelible marker. Remove
tape when dry

yourself. Measure carefully, mask off the short axis midline with some electrician’s
tape, and then mark the area yourself with an indelible marker. You will need to
“repaint” the area periodically, however, since your marker ink will eventually wear
off (Fig. 13.55).
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Fig. 13.56 Class up your artistically challenged work environment. Add some art to your
machines with a clear self-adhesive laminating sheet or have a custom adhesive skin made as for
a laptop

Artwork

Most EDs are artistically challenged places, so customize your ultrasound machines
with some artwork that you and others can enjoy in your daily work life. Find some
generally acceptable artwork you like and attach it with a clear self-adhesive lami-
nating sheet (Fig. 13.56) or have a custom adhesive skin made for your machine’s
cart as is commonly done for laptops. Hospital CT scanners and portable X-ray
machines are now often seen with artwork decals affixed to their surfaces, so why
not the same for our ED ultrasound equipment?

Anthropomorphize Your Fleet

Whether you have only one machine or an entire fleet to care for, naming your
machine(s) can have a number of positive downstream benefits. Surprisingly,
people seem to take better care of your ultrasound machines when you anthro-
pomorphize them. Our ED fleet’s oldest machines are now affectionately known
as Grandma and Grandpa; we also have Miro (with nice artwork on his laptop
cover), Thing One and Thing Two (thank you, Dr. Seuss), T-Bird in our Trauma
hallway, Graucho, Chico, and Harpo in our Simulation Center, and Zeppo in our
Pedi ED. Our latest arrivals were bestowed with the names Yoda and Obi-Wan
(May the Force be with you!). As an added benefit, when you have many
machines and something goes wrong in your ultrasound family, it helps to know
which one of your kids is in trouble so you can easily arrange for appropriate
remediation.
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Fig. 13.57 Plant your flag. Mark your equipment storage area with appropriate signage to keep
out interlopers. Have your hospital electricians place the outlets up high to save your back

Signage

Nature abhors a void, especially in a busy ED. Once you have staked out your ultra-
sound storage areas you should claim your turf and plant your flag with appropriate
signage. Have your hospital’s sign supplier make up a number of “Ultrasound
Storage Area Only” signs for you to hang on the wall where your machines will be
parked (Fig. 13.57). Otherwise, that storage space will quickly fill up with all man-
ner of interlopers such as IV poles, wheelchairs, EKG machines, thermometer/BP/
pulse oximetry carts, WOWSs, and what have you as soon as you take your machines
out to use them. As noted previously, have your hospital electricians place the out-
lets up high so you can easily plug the machines in and out 15-20 times a shift
without wrecking your back. If you have new construction ongoing in your physical
plant, make sure you are involved in the design process early on. Ensure that you
will have designated storage areas constructed to protect and charge up your US
machines. Proactive involvement and careful measurement of how much space will
be needed to freely roll a machine in and out of a storage area cannot be overempha-
sized. Finding another equipment storage solution once a storage space has been
lost due to poor planning can be very time consuming and most vexing.

Ultrasound Supply Storage Cabinets

If you have a large physical plant, locate several US supply cabinets on either ends
of your ED/ICU/clinic for easy access to your frequently needed supplies and for
easy cart restocking. Have your ED/ICU/clinic manager and medical workers help
keep these storage areas stocked. With such a system in place you will be able to
quickly and efficiently restock your US cart with a brief pit stop, even in the midst
of a busy clinical shift (Fig. 13.58).
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Fig. 13.58 Setup an US
supply storage cabinet in a
conveniently located area
in your workplace. Have
all your US cart items
available in this cabinet for
easy restocking

Fig. 13.59 Use a poster
printer to create US
educational posters for
your clinical work areas
and US Section posters to
advertise your section’s
ongoing activities

Poster Printer

If you work in an academic setting and your department either owns or has access
to a poster printer (Fig. 13.59), you can use this item to advantage to create US
educational posters or to advertise your US Section’s ongoing activities on a
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Fig. 13.60 A
representative Ultrasound
Section poster with
mission statement,
publications, ongoing
research activities,
interesting cases, etc.

bulletin board (Fig. 13.60). Create your poster as a slide in PowerPoint using the
“Page Setup” and “Custom” settings to select your poster width, height, and orienta-
tion. Once completed, the file can be easily exported to your poster printer for
printing.

Service Options

What are the common service options available to you to fix the things that you can-
not fix yourself? You’ve got five options to choose from and the relative merits of
each are discussed briefly below.

Original Equipment Manufacturer

The Original Equipment Manufacturer will be more than happy to sell you a service
contract. Maintenance contracts vary with the upfront equipment cost and the num-
ber of transducers covered. Read the fine print. A typical contract will run about
$7000-$10,000 a year for a 3-probe machine and usually covers replacement of a
damaged transducer, equipment troubleshooting, any required repairs when some-
thing breaks down, software upgrades, and 1-2 preventive maintenance visits/year.
If the budget allows and money is no object, get it.



13 Ultrasound Equipment Maintenance 221

Biomed Engineering

What about your Hospital’s Biomed Engineering Department? Prior to using the
machine in your clinical setting, your Biomed folks are usually required to perform
electrical safety testing and operational verification, after which they will place a sticker
on the machine for hospital inventory and regulatory purposes. They will rarely be able
to provide you with adequate coverage to deal with your inevitable equipment break-
downs, however, unless they receive additional training that is specific for your machine.
In some institutions, Biomed engineering personnel will be sent to the manufacturer’s
training site for this additional training, but this practice is not commonly the case.

Equipment Insurance

Filing an insurance claim for equipment repairs is another option, but it is cumbersome
and the least user friendly of the five options mentioned. There is no on-site manager,
and since the insurance provider does not handle the repairs you will have to arrange for
any equipment service yourself. When the repairs are done, you will then have to submit
a claim for compensation. This equipment care option leaves much to be desired.

Pay as You Go

In my experience, this is probably the cheapest service option in the long run. This can
be difficult to bundle into an annual ED/ICU/hospital budget, however, since repair
costs are unpredictable, it is often difficult to keep funds in an account from one year
to the next, and you may end up in line behind the service contract clients in terms of
your equipment repair priority. Labor rates run from $200 to $250/hr with a minimum
for travel to and from the repair site. A typical minimum for any visit is $1000.

Multi-Vendor Service Providers

Large hospitals will often contract an on-site provider to bundle repair services for
multiple types of machines throughout the hospital (not just ultrasound). The hospi-
tal can then consolidate the service contracts for many hundreds of pieces of hospi-
tal equipment into a single asset management solution. This option usually costs as
much as the Original Equipment Manufacturer package but you will have the
advantage of someone on-site who can address your equipment problems quickly.
The yearly maintenance cost may vanish from your ED budget after the first year as
it often gets bundled into the hospital’s overall operating budget.

Breakdowns
So what do you do when one of your machines breaks down?

Have an effective communications system in place. Specific issues about a given
machine can be directed to the ultrasound section director or staff by e-mail, text, a
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Fig. 13.61 All ultrasound probes are giving you some very unusual images: time to place a service
call for help

photo, or a video clip. It can be most helpful if you have a name for each member of
your ultrasound family so you know which machine is out of commission, especially
if you own several of the same model: Grandpa?, Miro?, Thing One?, Yoda? Some
issues can be readily resolved by phone or fixed by you in person, others will perplex
you and require higher-level interventions, most likely involving a service call
(Fig. 13.61). Have a list of all your ultrasound machines’ names and serial numbers at
the ready, and have ready access to your service provider’s contact number since you
will need this information to initiate any repairs. Our ED ultrasound equipment repair
tech and I text message each other on a regular basis and I have found this to be a most
efficient means of coordinating equipment repairs in our practice setting.

Longevity

How long should an US machine last in the ED? If you buy a well-built machine and
take good care of it you should be able to get 5 years of use if appropriate daily and
preventive maintenance is performed, and if you are willing to purchase the occa-
sional transducer. The inevitable heavy wear and tear in an ED setting as well as
rapid technological advances will usually propel you to purchase newer and more
up to date equipment after that time.

Pitfalls

1. Failing to recognize the importance of purchasing a robust, user friendly and
maintenance friendly machine.

2. Failing to recognize the importance of appropriate equipment orientation to pro-
tect your ultrasound fleet and ensure its safe and optimum use. Training should
focus specifically on probe and transducer cord care as well as routine equipment
cleaning expectations after each use.

3. Failing to establish protected sites for equipment storage. Clinical practice set-
tings can be very rough on expensive multiuser equipment and you need to
protect your investment. Broken equipment is very expensive to repair and keeps
an essential machine out of commission or restricted in its capabilities if a
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transducer or some other feature is not working. A designated storage area also
improves ready access to the equipment for all users.

4. Failure to have full operational support for ultrasound equipment supply ordering,
stocking and cart cleaning in place. This is a big job if you have a multi-machine
practice setting. There is no such thing as shared group responsibility for this type
of equipment maintenance. You will need designated personnel and dedicated
time to help maintain a fleet of ultrasound machines in constant clinical use.

Key Recommendations

Buy the best, sturdiest machine you can afford.

No use without training: make sure your operators are well trained.

Find a safe harbor: designate a convenient and safe storage area.

Organize for operations: get your supply stream and distribution system orga-

nized. Advocate for dedicated personnel for this task.

5. Implement a cleaning protocol: accept the fact that you, your ultrasound staff
and medical workers will likely be doing most of the daily equipment oversight
and care. Outsource this task to a dedicated ED manager if possible.

6. Customize your fleet of US machines to suit your practice needs.

Outsource the complicated stuff to your Service Provider.

8. Get a helping hand wherever you can (Fig. 13.62).
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Fig. 13.62 Get a helping
hand wherever you can
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9. Maintain your sense of humor.

10. Be grateful you practice medicine in an era where you have access to an incred-
ible bedside technology that allows you to peer inside your patient, helps you
make more timely and correct diagnoses, and vastly expands and improves
your procedural skills.



Chapter 14
Ultrasound Associated Materials
and Equipment

Matthew Lipton and Robinson M. Ferre

Objectives

» Discuss the importance of various ultrasound accessories.

* Determine the optimal level of ultrasound accessories for your institution, taking
into account your institution’s point-of-care ultrasound budget and breadth of
utilization.

Introduction

In order to run a successful point-of-care ultrasound program, there are many addi-
tional ultrasound related materials that should be in stock at all times. The most
fundamental material is ultrasound gel. While it is often overlooked, this is the
lifeline of ultrasound—a program cannot run without it. Besides an indispensable
gel supply, there are many other ultrasound materials that can be purchased to
make your point-of-care ultrasound program run more efficiently, such as barcode
readers, sterile probe covers, and appropriate-length peripheral intravenous cath-
eters. In addition, there are numerous other small pieces of equipment that may
be needed as your point-of-care ultrasound program grows, such as endocavitary
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probe covers, echogenic-tipped needles, needle guides, and gel warmers. We will
go through each of these topics in more detail, discussing the various costs and
options which will allow you to determine if they are needed for your program.
Table 14.1 provides a summary of these ultrasound accoutrements, including com-
mon vendors and price ranges.

Table 14.1 Ultrasound accessories

Equipment Brands Approximate cost per unit | Suitable users

Ultrasound gel Parker labs $1-3 per 250 mL bottle All programs
Dynarex

Gel warmer Parker labs $120-220 per warmer Consider for added patient
Echosonics comfort

Endocavitary Parker labs $0.20-0.80 per cover All programs performing

probe covers

Various generic
brands

transvaginal studies

Sterile probe Protek $6-8 per cover All programs performing
covers dynamically guided sterile
procedures
Echogenic needles | B. Braun $5-20 per needle Consider if performing
BD nerve blocks, dynamically
Pajunk guided sterile procedures
Havel’s
Peripheral IV BD $1.25-3.50 per catheter All programs performing
catheters B. Braun $10-20 per catheter for US-guided peripheral IV
Excel those containing nsertions
Terumo guidewires
ARROW
AccuCath
Needle guides Civco Varies Consider if performing
nerve blocks, dynamically
guided sterile procedures
Barcode reader Symbol LS2208 | $90-120 per scanner Consider to improve
Jadak flexpoint workflow
HS-1M
Cord protector Spiral wrap $10-20 per 100 ft Consider for added cord
durability
Cord suspension Various generic | $3 per extension spring Consider for added
system brands $5 for 25 Velcro cable ties | durability

$5 for 50 round keyrings

$5 for 50 zip ties

USB hub

AmazonBasics
ultra-mini-hub

Various generic
brands

$5-20

Consider if needing
additional USB ports
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Machine Accessories

Most point of care ultrasound machines, while they can be portable, are attached to
a cart. These carts are relatively small and can be accessorized to provide additional
functionality and improved workflow efficiency. In addition, there are creative ways
to improve the durability and longevity of the US machine and probes by adding
additional protection to areas that are vulnerable to breakdown.

Barcode Reader

There are many barriers to inputting proper patient data into the ultrasound machine
in a fast-paced Emergency Department (ED). One of these barriers is the process
of manually inputting patient data into the “patient information” screen on the
ultrasound machine before beginning the ultrasound exam. A barcode reader (see
Figs. 14.1 and 14.2) allows a more seamless workflow process that, in our experi-
ence, improves the percentage of ultrasound scans saved, decreases data entry errors,
and improves workflow efficiency. The barcode reader is a small, handheld device

Fig. 14.1 Symbol bar
code reader
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Fig. 14.2 Jadak bar code
reader

that is attached to the ultrasound machine through a USB port and allows the opti-
cal scanning of the hospital-generated barcode located on the patient’s wristband.

By placing the cursor in the appropriate box on the patient information screen,
the barcode reader will quickly read and input the patient’s medical record number
into the selected box. This bypasses the process of manually inputting the patient’s
full name and/or medical record number. Because different fields on the patient
information screen can be uniquely “mapped” to a report or a PACS database, it is
possible for a particular field on the patient information screen to be used to identify
the clinician who is performing and/or supervising the exam. A barcode reader is an
efficient means of inputting that data into the predetermined “mapped” location.
Barcode reading software allows you to convert a clinician’s name or unique alpha-
numeric code to a barcode that is recognized by any barcode reader. There are free
and paid version online at https://barcode.tec-it.com. These barcodes can be printed
on a sticker and placed on the backside of an identification badge for easy use. Most
ultrasound machines will accept a variety of USB barcode scanners. However, it is
important to ensure the barcode scanner is durable since it will be exposed to the
same environment as the ultrasound machine. The most commonly used barcode
scanners are the Symbol LS2208 and the Jadak Flexpoint HS-1 M, which typically
cost $100-200 but refer to the ultrasound machine instruction manual for specific
brands that are compatible with your machine.

USB Accessories

Many US machines only come with one USB port. This can be problematic if you
are planning to use accessory devices that need a USB port such as a wireless don-
gle, a barcode reader, or simply needing to download images to a USB flash drive.
A USB hub (see Fig. 14.3) is an inexpensive device that allows one USB port to be
converted to a multi-port hub. An added benefit to a USB hub is that it is generally
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Fig. 14.3 USB hub

a more secure physical connection than a wireless dongle that protrudes from the
back or side of the machine. Different hubs have different lengths of cord from the
USB insertion site to the actual hub. A USB hub with a longer cord will allow you
to secure the hub and any of its connecting devices (such as a wireless dongle) on
the stand or under the machine, where there is less risk of inadvertent disconnection.

Probe Accessories

Endocavitary Probe Covers

A crucial component of transvaginal ultrasound is the disposable probe cover. There
are essentially two types of transvaginal probe covers—inexpensive condom-type
probe covers (see Fig. 14.4) and the more expensive pre-gelled, non-rolled probe
covers (see Fig. 14.5). Condom-type probe covers are widely available and can be
purchased from a variety of vendors. These probe covers are usually made of latex
(~$0.25/cover) but latex-free versions are also available for added expense. This
type of probe cover requires the sonographer to either place gel inside the cover or
on the footprint of the probe prior to rolling the cover over the probe. On the other
hand, pre-gelled, non-rolled probe covers have gel appropriately placed inside the
cover and are generally latex-free and generally cost about $0.80/cover.

In low-resource settings, condoms or a sterile glove can also be used as a
probe cover (see Figs. 14.6 and 14.7). Sterile gloves are preferred over non-
sterile gloves because they are more durable, have fewer microscopic pinholes,
and must meet higher levels of manufacturing standards. Because condoms are
also readily available, many programs prefer to use these as endocavitary probe
covers because they are less expensive and have a lower breakage rate than
commercially available covers [1].
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Fig. 14.4 Rolled endocavitary probe cover

Fig. 14.5 Pre-gelled endocavitary probe cover

Fig. 14.6 Sterile glove used as an endocavitary probe cover: probe is placed in middle finger slot



14 Ultrasound Associated Materials and Equipment 231

Fig. 14.7 Sterile glove used as an endocavitary probe cover: the index and ring finger slots are tied
together

Fig. 14.8 Sterile probe cover kit contents

Sterile Probe Covers

For procedures that require sterility and use dynamic ultrasound guidance, a sterile
probe cover is required. Most sterile probe cover kits include a telescopically folded
probe cover, a single sterile ultrasound gel packet, along with two rubber bands (see
Fig. 14.8). The are several different manufacturers of sterile probe covers and they
typically cost approximately $6 per set. A sterile probe cover with PullUp™ tech-
nology uses a firm cardboard aperture with clear instructions to allow for quick
probe loading and cord covering (see Fig. 14.9). One important consideration is the
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Fig. 14.9 PullUp sterile
linear probe cover
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type and size of the probe(s) you desire to cover, since some probe covers are
uniquely tailored to the size of the probe they are covering. Finally, if a large sterile
field is required, such as for central venous cannulation, it is crucial that the probe
cover be at least 48 in. in length to ensure there is enough coverage of the cord to
allow placement of the probe on the sterile field.

Ultrasound Gel

Ultrasonic gel acts as a coupling agent to allow sound from the probe to be transmit-
ted into the body. Because the acoustic impedance of ultrasonic gel is nearly identi-
cal to that of the dermis, there is minimal acoustic reflection loss, thus creating an
effective way to allow transmission of ultrasonic waves into the body. Ultrasound
gel is composed of water, propylene glycol, a carbomer (i.e., thickening agent), and
a biocide that acts as a preservative and has a pH between 6.5 and 7.0. Occasionally,
gels may also contain a dye and/or scented oils.

The most common ultrasound gel used is Parker Aquasonic® 100 Ultrasound
Transmission Gel (see Fig. 14.10). There are many companies that make ultrasound
gel but it is important for the gel to have a few characteristics, including acoustic
efficiency, high viscosity, bacteriostatic, and hypoallergenic. If a gel is acoustically
efficient, then it is able to effectively transmit a broad range of sound waves with
minimal or no loss of sound waves. As a practical feature, the gel should be viscous
enough to allow layering of the gel on the patient. It should not be “runny” or fall
off the patient once applied.

Many different ultrasound gel companies will sell their ultrasound gel in 5 L
containers for a reduced price (per ounce of gel, see Fig. 14.11). However, this
requires personnel to manually collect empty containers and then refill the smaller
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Fig. 14.10 Ultrasound gel
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Fig. 14.11 Five-liter
ultrasound gel container

containers on the ultrasound cart on a frequent basis. The cost of an 8.5 0z (250 mL)
bottle of Parker Aquasonic® 100 Ultrasound Transmission Gel is approximately $2.
In comparison, the 5-L container retails for approximately $20 and is the equivalent
of twenty 250 mL bottles, which effectively brings the cost per bottle down to $1,
essentially reducing your ultrasound gels costs by 50%, or $1 per 250 mL bottle.
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Because ultrasonic gel is bacteriostatic and hypoallergenic, there are few adverse
events that are likely to occur with the use of ultrasound gel. Despite precautions
used in the manufacture of these gels, contact dermatitis and bacterial contamina-
tion can still occur. There have been at least 15 cases of contact dermatitis reported
in the literature as a result of the use of hypoallergenic, commercially available
ultrasound gel [2]. When skin tests have been used to identify the culprit, propylene
glycol and Euxyl® K 400 are the most commonly incriminated agents. There is also
theoretical concern for transmission of bacteria from person to person during point-
of-care ultrasound [3]. While bacteriostatic gel does not kill bacteria, its growth is
reduced [4]. Wiping the exterior surface of the bottle with isopropyl alcohol or an
approved cleaning wipe between examinations will theoretically reduce the possi-
bility that the ultrasound probe becomes a vector for health care associated infec-
tions. Refilling reusable bottles is another potential method of bacterial contamination
and each manufacturer has specific instructions on how to do this so as to prevent
contamination. Several studies have demonstrated that the gel, gel cap, and the gel
bottle can become contaminated with bacteria common to skin flora with an inci-
dence rate between 2.5 and 6% [4].

Gel for Low-Resource Settings

In many low-resource areas, the cost and availability of commercial ultrasound gel
may be prohibitive. However, locally available products are an alternative to com-
mercially available ultrasound gel, including olive oil, mineral oil, and a mixture
containing water, salt and cornstarch or cassava root [5-8]. In Africa, where cassava
root is widely available, Salmon et al. found that cassava root flour (8 parts) mixed
with water (32 parts) and salt (1 part) produced an acceptable gel that cost $0.09
USD per 500 mL bottle [8] (See Chap. 23 — Global Medicine Perspectives).

Ultrasound Gel Warmers

Although the process of performing an ultrasound is not painful, gel at room tem-
perature feels cold when directly applied to the skin. It can be an uncomfortable
experience for the patient each time a new batch of ultrasound gel is applied. In
hospital and office based practices where an ultrasound suite is common, gel warm-
ing machines are frequently used to improve the patient’s experience. These
machines can be mounted on a wall or placed on a counter and can hold one to three
250 mL bottles at a time (see Fig. 14.12). The price ranges from $120 to $220
depending on the size and features of the warmer. The main drawback to using this
machine in the ED or acute care setting is the lack of portability of these small
machines. As a result, clinicians performing the ultrasound study would need to
remove the bottle from the gel warmer from the stationary unit prior to performing
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Fig. 14.12 Ultrasound gel warming machine

an ultrasound exam and then replace it when finished with the exam. This can be
impractical if your department is physically large and if the ultrasound machine(s)
do not have a dedicated space where a gel warming machine might be placed. If you
are able to incorporate it into your practice, it will add a level of patient satisfaction
that was only previously known to the radiology department.

Procedural Guidance Accessories

Procedural guidance is a significant part of a point-of-care ultrasound program.
Ultrasound allows for the real-time visualization of a needle during various proce-
dures for better accuracy, avoidance of unintended structures, and improved patient
safety. The most common ultrasound-guided procedures in the ED include periph-
eral and central intravenous catheter placement, thoracentesis, paracentesis, and
regional nerve blocks. There are a variety of accessories needed to perform
ultrasound-guided procedures, including sterile probe covers, different types of
needles and catheters, needle guides, and control syringes.

Echogenic Needles

Needle tip visualization can be quite difficult to the inexperienced proceduralist.
A deterioration of needle visualization occurs at steeper angles of insonation due
to increased reflective signal losses [9]. In an effort to improve needle tip
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Fig. 14.13. Echogenic- .
tipped needle o

visualization, companies have created specific needles for ultrasound-guided pro-
cedures in which the needle tip has a multi-angled surface to allow for better
sound wave reflection and thus more echogenic appearance on the screen. While
not necessary to perform ultrasound-guided procedures, these needles are espe-
cially useful for dynamically guided procedures, such as regional anesthesia,
where the simultaneous visualization of the needle tip and neuroanatomy is
required for accurate placement of the local anesthetic. There are many compa-
nies that make these needles, including B. Braun, BD, Pajunk, and Havel’s with a
cost ranging from $10 to $20 per needle. The only echogenic-tipped needle mar-
keted for ultrasound-guided regional anesthesia that is under $10 is Havel’s
AccuTarg nerve block needle ($5-$10 per needle depending on length, gauge, and
presence of calibration markings, see Fig. 14.13). In a study of experienced
regional anesthesiologists, the Pajunk needle was preferred due to its superior
needle tip clarity [9]. For most applications of regional anesthesia performed in
the ED, it is unlikely that the clinician will need a needle with nerve stimulation
capability (which requires an insulated needle), therefore be sure to order the
appropriate needle for your program.

Control Syringes

Control of anesthetic injection is crucial to success of regional anesthesia.
Ultrasound-guided regional anesthesia has often been taught as a two-person proce-
dure with one person controlling both the ultrasound probe and needle, while the
other person controls the injection of the local anesthetic. Regional anesthesia with
a single proceduralist has been described using various grips, including the Jedi
Grip (see Figs. 14.14, 14.15 and 14.16) [10]. However, most point-of-care ultra-
sound programs will not have the expensive, specialized echogenic needles with
extension tubing. Local anesthetic injections will often be performed with a needle
attached directly to a syringe (no extension tubing in between), allowing for a single
proceduralist. In this scenario, control over the needle and injection can be difficult
with a standard syringe. For improved performance, use of a control syringe may be
of benefit. A control syringe has three finger holes, two on the barrel and one on the
plunger, for maximal comfort and anesthetic control during injection and generally
cost approximately $1.50 per syringe.
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Fig. 14.14 The Jedi grip

Fig. 14.15 Single person grip 1
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Fig. 14.16 Single person grip 2
Needle Guides

Needle guides are disposable attachments to the ultrasound probe that help guide
the needle to a specific location. They attach directly to the probe after a sterile
cover has been placed. They are primarily used for needle biopsies but can also be
used for regional anesthesia and central line placement. These plastic probe adap-
tors will allow for either in-plane or out-of-plane needle localization by keeping the
needle in a fixed orientation beneath the probe but allowing the proceduralist to
control needle depth. While useful for deep biopsies done by interventional radiolo-
gists, they tend to be cumbersome for vascular access procedures performed in the
ED. Once a proceduralist becomes familiar with the in-plane and out-of-plane nee-
dle visualization techniques, there does not appear to be much benefit of a needle
guide for procedures done in the Emergency Department.

AxoTrack® and Sonix GPS® are proprietary needle guidance systems that are
available on SonoSite and BK Medical systems, respectively. Both require needle
kits that must be purchased for individual use. Each system allows for real-time
feedback on needle depth and location, promising a more safe and effective means
to ultrasound-guided procedures [11].

Peripheral Intravenous Catheters

Ultrasound-guided peripheral IV (USPIV) cannulation is a commonly performed
procedure that has led to a decrease in central line placement for non-critically ill
patients with difficult IV access [12]. The main difference between a standard,



14 Ultrasound Associated Materials and Equipment 239

non-USGPIV catheter and one used under ultrasound guidance is the length of the
catheter (see Fig. 14.17). The target vessels for USGPIV are the basilic, brachial,
and cephalic veins of the upper arm which are deeper vessels than the palpable
antecubital and superficial forearm veins. Since the target veins are deeper, the
intravenous catheter must be longer than standard IV catheters to reach and remain
in the vessel. To satisfy this requirement, most USGPIV catheters should be longer
than IV catheters used for standard peripheral IV placement. The length of the cath-
eter will vary based on the depth of the target vessel. For example, very small super-
ficial veins, like those in infants and toddlers, will only require an IV catheter of at
least 1.25 in. in length, whereas larger deeper veins around 1 cm deep, like those
found in adolescents and adults, will need catheters of at least 2 in. in length. In
adult patients, survival time of the USGPIV is dependent on the length of the cath-
eters, with catheters at least 2.5 in. in length surviving at rates greater than those that
are less than 2 in. [13, 14]. IV catheter gauge will also be dependent on patient size
and vessel depth, but because of the Bernoulli effect of flow rates, catheter gauge
should be at the least the same or larger than those commonly used for infants and
children and at least 18-20 gauge for adolescents and adults. There are various
manufactures that produce longer catheters, such as BD, B. Braun, Excel, and
Terumo. More expensive catheters will have more features, such as flash chambers
and needle tip protection devices and self-contained guidewires. Commonly used
catheters include the B.Braun Introcan Safety® 18 gauge 2.5 in. catheter with a cost
around $2.50 per catheter and the smaller 20 gauge 1.88 in. BD Insyte® Autoguard

Fig. 14.17 Different
peripheral IV catheter
lengths (1.25 in. vs. 2.5 in.)



240 M. Lipton and R.M. Ferre

"

Fig. 14.18 Midline catheter set with separate guidewire

Shielded IV Catheter which costs approximately $3.50 per catheter. Other IV cath-
eters include B. Braun Introcan Safety® IV Catheter 1.75”, Exel® IV Catheter 2", or
Terumo SurFlo® IV Catheter (which costs $1.25/catheter).

There are other options also available for US-guided peripheral IV catheters that
use a guidewire to assist with cannulation. Such systems include AccuCath®,
ARROWE® radial artery cannulation set, and various midline catheter sets (see
Fig. 14.18). AccuCath® and ARROW® brands come with an integrated wire that
allows for accelerated Seldinger technique placement of the IV catheter. Both come
in various sizes, including 22, 20, and 18 gauge catheters. However, the AccuCath®
has a length of 2.25” while the ARROW® radial artery cannulation set only comes
with a smaller 1.75” catheter. These integrated systems are more expensive than
standard long IV catheters.

Pitfalls

* Failure to research the different options of equipment to provide the needed sup-
plies to fit your institution’s point-of-care ultrasound budget and scope.



14

Ultrasound Associated Materials and Equipment 241

Key Recommendations

. Be familiar with accessories available to improve workflow, machine durability,

and procedural guidance.
Research and obtain pricing on accessories before purchasing.

. Do not purchase material that is unlikely to be utilized by your program.
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Chapter 15
Ultrasound Safety and Infection Control

Jason T. Nomura and Arun D. Nagdev

Objectives

e Understand the elements of the Output Display Standard for ultrasound systems

* Discuss tissue bioeffects from ultrasound and implications for clinical users

e Understand infection control principles for ultrasound systems

» Discuss the difference between the levels of cleaning and how each applies to
ultrasound equipment

* Consider ultrasound gel as a safety concern with adoption of safe practices for
internal and invasive procedures

Introduction

Diagnostic and procedural ultrasound utilization has rapidly expanded in different
specialties and varied practice environments [1]. Ultrasound safety is not always
highlighted during educational programs, but remains an important topic for all
practitioners [2]. Ultrasound safety can be divided into two main areas of operator
responsibility: bioeffects and infection prevention.
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Bioeffects

Diagnostic ultrasound utilizes the transmission of sound into tissues that are then
reflected back to the system for processing to produce an image. Sound waves are
acoustic pressure waves that transfer energy to the patient with potential effects on
biological tissue, also known as bioeffects.

Bioeffects can be divided into thermal and nonthermal effects and are dependent
upon the system configuration and ultrasound physics. An in-depth review of the
physics related to ultrasound and bioeffects is beyond the scope of this chapter;
instead it will focus on elements related to a basic understanding of ultrasound
bioeffects with a clinical user in mind.

System Power

In the 1980s, the Food and Drug Administration, FDA, began to regulate power
output as part of its oversight of medical ultrasound systems [3]. At that time
application specific acoustic output limitations were established based on sys-
tems in clinical use during the 1970s. In 1991, the FDA removed application
specific limitations creating FDA Track 3 (used for bedside US) with an overall
acoustic output limit of 720 mW/cm?, with an exception for ocular ultrasound
which was given lower limits [4]. This meant, for example, fetal exposure poten-
tially increased from an initial limit of 46 =720 mW/cm? [2, 3, 5]. With the cre-
ation of the FDA Track 3, additional requirements were also instituted. The
Output Display Standard, ODS, developed to promote safe practices with the
increased power limitations and was required to be displayed on Track 3 ultra-
sound systems, see Table 15.1—Abbreviation of Key Safety Terms and Figs. 15.1
and 15.2 [4-6].

The ODS comprises the Thermal Index, an indicator of potential temperature
impact, and the Mechanical Index, an indicator of potential nonthermal or mechani-
cal effects. These parameters are affected not only by the power output of the ultra-
sound system but also by operator controlled parameters such as frequency, scan
mode, and focus. Because of this an understanding of the Thermal Index and
Mechanical Index and the potential ultrasound bioeffects are important for safe uti-
lization of the technology.

Table 15.1 Abbreviations Abbreviation Term
of key safety terms ODS Output display standard, consists of MI and TI
MI Mechanical Index
TI Thermal Index
TIS Thermal Index Soft tissue
TIB Thermal Index Bone
TIC Thermal Index Cranial bone
ALARA As Low As Reasonably Achievable
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Fig. 15.1 Output Display Standard for Ultrasound Systems. The FDA requires the Output Display
Standard (ODS) for ultrasound systems under Track 3 approval. The Mechanical Index and Thermal
Index, arrows, are displayed in the ODS, location varies by manufacturer. (a) Abdominal aorta
image with Thermal Index Soft Tissue (71S). (b) Early Pregnancy Transabdominal with Thermal
Index Bone (7IB). (¢) Transcranial B Mode imaging with Thermal Index Cranial bone (77C)

MI 0.8 &/7/2013 *| 100% 08/07/13
TIS 0.4 7:18:00 PM 10:20:39 AM
Abd/FAST
r —C6-2/CH4MHZ
| _ DR55/M3/P2

G?SJF P Aann

ICifives

1 €m1s Tiso0.4

TIB 0.0/ 12:55:56 13 Hz
ZS1 0

Fig. 15.2 Other examples of MI and TI displays

Thermal Index and Thermal Bioeffects
Thermal Index
The Thermal Index, T1, is a ratio of the intensity of the ultrasound beam to the rela-
tive amount of energy required to raise the tissue temperature 1 °C [5, 7].
The general formula for the TT is:

TL=W, | Wy

where W, is the power of the ultrasound system and Wpgg is power required to
raise the tissue temperature 1 °C [6]. The TI is further categorized into subtypes
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depending on targeted tissues and the formula is then modified for the insonated
tissues and attenuation. The Thermal Index Soft Tissue, TIS, assumes that there is
only soft tissue insonated. Thermal Index Bone, TIB, is utilized when there is bone
near the location of the focus while Thermal Index Cranial bone, TIC, is when the
bone is very close to the transducer and tissue surface [2, 6, 7]. Calculations are
modified due to the increased absorption of energy by bone compared to soft tissue
and the differences in potential temperature changes at different sites along the
ultrasound beam [6].

The TI is a relative indication of potential thermal effects during an ultrasound
examination and does not represent an exact temperature rise. For example, a TT of
2 indicates a greater thermal exposure than a TI of 1, but does not necessarily mean
a temperature increase of 2 °Cor 1 °C [2, 5, 7].

The measurements are based on laboratory and phantom models, which do not
always accurately reflect the complexity of human tissue and its interaction with
ultrasound.

Based on the manufacturer system defaults, specific subtypes of the TI will be
displayed for each application preset. However, some systems allow the operator to
change the displayed TI appropriately for the exam being performed. For example,
first trimester obstetric ultrasound would more commonly utilize the TIS while sec-
ond and third the TIB. However, an obstetric preset may default to only the TIS or
TIB, thus requiring the operator to change the display to the appropriate TI.

Thermal Bioeffects

Thermal bioeffects are related to the tissue scanned, scanning mode, beam focus,
frequency, intensity, and exposure time [7]. The mechanical energy of the ultra-
sound beam is converted to heat energy as the beam is attenuated through absorp-
tion. Many point-of-care ultrasound protocols are based on grayscale or B-mode
imaging which as a scanned mode has a lower potential for thermal effects of ultra-
sound [8]. However, increased thermal exposure occurs with utilization of Doppler
during ultrasound exams [8]. The operator should be aware of the potential changes
in thermal exposure as different modalities are utilized.

Thermal bioeffects are concerning in obstetrics because of the potential effect of
elevated temperatures on fetal structures with particular concern during organogen-
esis. Maternal hyperthermia and fever have been linked to teratogenic and develop-
mental defects [9]. There have also been studies showing ultrasound induced
thermal bioeffects in experimental laboratory animals [9]. However, to date there is
no evidence that medically indicated diagnostic ultrasound examinations produce
thermal effects in the human fetus causing congenital anomalies [9, 10].

Diagnostic ultrasound also has the potential for heating non-fetal tissues.
However, in most scanning mode applications this is usually negligible due to
movement of the ultrasound beam [8]. Potential heating by diagnostic ultrasound is
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ameliorated in the non-fetal subject by normal physiologic dissipation of heat, such
as by circulation. It has also been noted that small temperature rises of tissue can be
tolerated for long periods of time without noted bioeffects [8]. For example, patients
can tolerate mild fevers with no long-term tissue damage or ill effects.

Mechanical Index and Nonthermal Bioeffects
Mechanical Index

The Mechanical Index, MI, is a measure of the potential for nonthermal ultrasound
bioeffects, particularly those related to cavitation, the collapse of gas bubbles in
response to the ultrasonic field [5, 7]. The nonthermal effects are related to the pulse
average intensity of the ultrasound acoustic wave rather than the time average inten-
sity as is the case for thermal effects [7]. The MI is given by the formula:

MI:Prj(zsp)/«/fC

where P,;(z,,) is the peak rarefactional pressure derated by 0.3 dB/cm-MHz, to
account for attenuation, at the point of zy, where the beam has the peak pulse inten-
sity integral and f; is the center frequency [6]. The complex MI equation gives the
operator a guide to the potential for mechanical bioeffects taking into account the
frequency and pulse pressure of the beam [2]. Similarly to the TI, the MI serves as
a relative guide and not an absolute measure of nonthermal bioeffects.

Nonthermal Bioeffects

Nonthermal bioeffects most commonly refers to cavitation, which is the result of the
ultrasound beam interacting with gas bubbles and tissue. This was the original basis
for the MI. There are two main types of cavitation, stable and inertial. Stable cavita-
tion is when a gas bubble oscillates around an equilibrium size within the ultrasound
beam [7]. This oscillation can induce microstreaming of fluid around the bubble that
can also produce bioeffects such as cell membrane disruption.

Inertial cavitation is when bubbles expand and collapse or cavitation nuclei cre-
ate a gas bubble that collapses [7]. The collapse or implosion of the bubble during
inertial cavitation can produce large changes in pressure and temperature on a
microscopic scale that has the potential to damage tissues. Inertial cavitation is
believed to be a threshold effect, meaning that unless cavitation nuclei are exposed
to the appropriate pressure and frequency inertial cavitation will not occur [11].
This means that dwell time does not inherently increase inertial cavitation risk, but
can increase the chance that tissue will be exposed to the threshold pressure.
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Cavitation bioeffects are thought to have less potential effect on fetal tissue because
of the lack of in vivo gas bubbles reducing the chance for cavitation events [12]. In
non-gas containing tissues, inertial cavitation effects are felt to be extremely rare with
the acoustic pressure created using current diagnostic ultrasound equipment [11].

Prudent Use

While diagnostic ultrasound is widespread and generally viewed as safe, there is
still the potential for bioeffects. Because of this, users should still adhere to the
concept of prudent use. This means to keep ultrasound exposure to the lowest pos-
sible acoustic output for the briefest time interval possible. This is known as the
ALARA principle, As Low As Reasonably Achievable, meaning to use the least
power for the shortest time to gain the diagnostic information needed [5-7].

By adhering to the ALARA principle, exposure to ultrasound and potential bioef-
fects can be minimized.

Ultrasound Safety Education

An additional component of FDA Track 3 regulation is the distribution of educa-
tional material related to ultrasound safety [4]. Manufacturers are required to
include information with their devices regarding the power output and associated TI
and MI for the combinations of probes and presets that are provided. The regulation
also requires inclusion of education on the ALARA principle and ultrasound safety
including bioeffects [4].

Clinical users have been studied regarding their knowledge of ultrasound safety and
potential bioeffects. Several studies have shown that the majority of clinical users are
not knowledgeable of ultrasound safety and bioeffects beyond the ALARA statement
[13-15]. Several studies have shown limited understanding of ultrasound bioeffects
and the ODS with subjects being unable to answer questions about the TT and MI [13,
15, 16]. Other studies have shown that many clinical users do not know where the ODS
is on their system nor monitor it during examinations [13, 14, 16]. This shows that
education and retention regarding ultrasound safety can be a problem. Educational
efforts need to continue with safety being incorporated into ongoing education.

Special Situations Specific to Emergency and Point-of-Care
Applications

There are special situations that are of particular importance to the point-of-care ultra-
sound user with regard to safety and potential bioeffects. The first is ultrasound of the
fetus during early pregnancy. During early pregnancy and organogenesis there is increased
concern about potential bioeffects on fetal tissue. Ultrasound exposure should be limited
to what is medically indicated and necessary. Fetal ultrasound in the febrile mother could
lead to greater temperature elevations and dwell time should be minimized [9].
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Spectral Doppler, an unscanned mode, can increase the Thermal Index and poten-
tial heating at the focal point compared to other modes. Spectral Doppler should not
be the primary method used to assess the fetal heart rate. Instead M-mode, which has
alower T1, will provide the heart rate with less energy exposure. If Doppler is required
for fetal assessment it should be limited to the shortest time possible [17, 18].

Ocular ultrasound has increased in utilization and provides accurate and impor-
tant information that many times cannot be practically gained through a direct oph-
thalmologic exam of the undilated eye [19]. When the FDA created Track 3 ocular
ultrasound was separated from the overall output limits. For ocular ultrasound the
limits are set at a TI < 1, MI < 0.23 and an intensity limit of <50 mW/cm? [4, 5, 7].

If performing ocular ultrasound, an ocular preset should be used as it will incorpo-
rate these limitations and one should verify that the TI and MI are appropriately low.

Pulmonary and lung ultrasound in the acute and critical care setting has undergone a
major paradigm shift based on the work of Lichtenstein and others [20]. This has led to
an increase in pulmonary ultrasound applications and use. Aerated pulmonary tissue has
a higher risk for cavitation events compared to other tissues because of the contained gas.
Exposure of lung tissue to diagnostic ultrasound has produced pulmonary hemorrhage in
laboratory animal models [11]. While concerning, these results are in laboratory animals
only. There have been no human studies showing pulmonary hemorrhage during diag-
nostic sonography. A study examined preoperative TEE exams averaging 35 min and
found no pulmonary hemorrhage in adjacent lung tissue [21]. Although the risk is low of
pulmonary cavitation events with tissue damage during diagnostic ultrasound, care
should be taken to monitor and limit exposure with particular attention to the ML

Bioeffects and the Risk/Benefit of Using Ultrasound

The concepts of thermal and nonthermal bioeffects and the Output Display Standard
with calculated Thermal Index and Mechanical Index are complex subjects, but
there are take home points for the clinical users.

There is no established causal relationship between medical diagnostic ultrasound
and congenital anomalies in humans [22]. Multiple groups, including the World
Health Organization and the American Institute of Ultrasound in Medicine, have pro-
duced statements that medically indicated ultrasound is safe in pregnancy [10]. But
they also advocate the limited use of Doppler to when medically indicated due to the
increased thermal exposure [17]. Adverse thermal bioeffects have not been observed
in non-fetal tissue despite prolonged ultrasound exposure if the TT is low [2].

Cavitation events are rare in non-gas containing tissues at current diagnostic
ultrasound intensities [11]. The risk of cavitation is increased with insonation of gas
containing tissues, but pulmonary hemorrhage has not been documented in human
lungs during diagnostic ultrasound exposure.

The Output Display Standard with the Thermal Index and Mechanical Index
serve as relative markers of exposure and potential risk. They do not represent
absolute values of temperature rise or cavitation events. While limited they do have
value to the operator to monitor and limit ultrasound exposure and risk of induced
bioeffects. Ultrasound system presets will incorporate alterations in the output, as
reflected by the displayed MI and TI, and should be utilized appropriately.
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While the risk of bioeffects from ultrasound exposure does raise concern, this must
be balanced with the clinical scenario and the risk of not obtaining the information.
Cases such as the hypotensive trauma patient, the hypotensive elderly patient with a
pulsatile abdominal mass, or the early pregnancy patient with pelvic pain and bleeding
are frequently encountered in the emergent setting [1-3]. These are situations where
the lack of the clinical information provided by ultrasound could present a greater risk
to the patient than the theoretical risk of bioeffects in a standard point-of-care ultra-
sound exam with appropriate equipment and system settings [23].

Recently the FDA has expressed concerns about “live scanning” of human mod-
els at trade shows without a documented indication or medical benefit. After clarifi-
cation between the FDA and ultrasound societies, it is clear that careful US scanning
of live models with specific educational goals was not the area of concern for the
FDA. Many POC specialties utilize live models in training sessions that provide
education and improve the overall care of the public. In addition to obtaining con-
sent we would advise providing models with information regarding the ALARA
principle, potential bioeffects, and the overall safety of ultrasound examinations.
Utilization of pregnant and pediatric models should be limited to education regard-
ing examinations and techniques related to these special populations [24].

Infection Control

In addition to bioeffects, clinicians performing point-of-care ultrasound should
understand current methods needed to maintain pathogen free transducers, as well
as current recommendation for probe disinfection [23, 25, 26]. Many POC settings,
especially the ED and the ICU have significant infection control challenges from
bodily fluids, multiple users, and multiple scanning locations. Management solu-
tions to increase compliance include (1) keeping the spray or wipes with towels on
the machine (Fig. 15.3), (2) keeping probe barriers (both sterile and non-sterile) on

Fig. 15.3 Cleaning
supplies (towels and spray
cleaner) on POC US
machine
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Fig. 15.4 Probe barriers

on US machines
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Sample US machine Daily Checklist - POC US machine #1 /Hospital Department/ Health institution

Date

US gel
(full) 2
bottles

Spray
Cleaner

Towels
Stocked

Long IV
Catheters

Tagaderm
Barriers

Sterile
transducer

Endocavitary
barriers

Probes
And
probes
Clean

Machine
Reboot

Comments

Initials

Jan 1

Jan 2

Jan3

Jan 4

Jans

Jan 6

Jan7

Jan 8

Jan9

Jan 10

Jan 11

Jan 12

Jan 13

Jan 14

Jan 15

Jan 16

Jan 17

Jan 18

Jan 19

Jan 20

Jan 21

Jan 22

Jan 23

Jan 24

Jan 25

Jan 26

Jan 27

Jan 28

Jan 29

Jan 30

Jan 31

Fig. 15.5 US machine stocking checklist (example)

the machine (Fig. 15.4), (3) checklists for departmental personnel to check the
machine on a daily or shift basis (Fig. 15.5), (4) multiple invasive probes for high
volume endocavitary or invasive scanning, (5) departmental location for HLD
probe cleaning (Fig. 15.6), and (6) designated responsibilities for US machine and
probe care (see chapter on machine maintenance).
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Fig. 15.6 Clean probe
storage

Fig. 15.7 Wiping gel off
probe

Initial Steps of Disinfection of All Probes

1. Remove barrier (if used) and dispose.

2. Wipe gel and debris off probe with towel (Fig. 15.7).

3. Wipe dry probe with germicidal wipes (Fig. 15.8) or spray with disinfection
spray (Fig. 15.9) (or washing with soap and water prior to HLD).

4. Follow disinfection protocols based on infection control categorization below.
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Fig. 15.8 Disinfecting dry
external probe with
germicidal wipe

Fig. 15.9 Disinfecting dry
external probe with
germicidal spray

US Probe Infection Control Classification

Medical devices are classified into one of three categories: non-critical, semi-critical,
and critical. This categorization informs the clinician of the type of disinfection or
sterilization that must be performed to keep the device pathogen free.

Noncritical Devices (Noninvasive Probes)

Noncritical devices are those that come in contact with intact skin, which is thought
to act as a barrier to most microorganisms. Ultrasound transcutaneous transducers
(linear, phased array, curvilinear, etc.) are considered noncritical medical devices.
Low-level disinfection (LLD) is thought to be adequate when cleaning noncritical
medical devices, and should be performed between each use in a similar manner.
LLD cleaning products include isopropyl alcohol (Fig. 15.10), bleach wipes
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Cleaning the Distal Tip of the Transducer with Isopropyl Alcohol

® © © A - Cable
. B - Strain Relief
I C - Strain relief/housing joint
| .
L D - Housing

‘ ; ?Ch E - Do not use alcohol in this area
.5cm
( ) F - You may use alcohol in this area

& ®

Fig. 15.10 LLD—isopropyl alcohol

(Fig. 15.11), quaternary sprays (Fig. 15.12), ammonium chloride sprays (Fig. 15.13),
and any other approved LLD cleaning solution (Table 15.2) in a standard cleaning
format between transducer uses had been shown to be efficacious in removing most
pathogens (bacteria, virus and fungus) [34]. Betadine is not recommended due to
staining of the plastic or rubber on the probe (Fig. 15.14). Methicillin resistant Staph
Aureus (MRSA) has been shown to be present on uncovered transducers, but can be
easily removed with germicidal wipes cleaning (LLD) [34]. When performing ultra-
sound examinations on non-intact skin (cellulitis, abscess, etc.), we recommend
placing a transparent dressing securely on the transducer before beginning the
examination.



15 Ultrasound Safety and Infection Control 255

Fig. 15.11 LLD—bleach
wipe

\

HEALTHCAREF

each Germicidal Wipe

Fig. 15.12 LLD—
quaternary spray
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Fig. 15.13 LLD—ammonium chloride reagent

Table 15.2 Cleaning solutions for surface or noncritical devices

Ethyl or isopropyl alcohol (70-90%)

Sodium hypochlorite (5.25-6.15% household bleach diluted 1:500 provides >100 ppm available
chlorine)

Phenolic germicidal detergent solution (follow product label for use-dilution)

Todophor germicidal detergent solution (follow product label for use-dilution)

Quaternary ammonium germicidal detergent solution (follow product label for use-dilution)
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Fig. 15.14 Betadine
staining of probe

The hr.inqu.
in hospitals
over 45 years:

Betadine

Solution =

Kills Germs
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Minor cuts,
scrapes,
and burns

Semi-Critical Devices

Semi-critical devices are those that come into contact with non-intact skin or
mucosa. These devices include transesophageal echocardiography (TEE) transduc-
ers and endocavitary ultrasound transducers (Fig. 15.15). Even though probe covers
are always used with endocavitary transducers, preventing direct contact of the
probe surface and mucosal membranes, most governing bodies (CDC, AIUM and
ACOG, ACEP¥*) classify these probes as semi-critical devices [23, 25-27].
Semi-critical medical devices require high-level disinfection (HLD) in order to
eliminate all bacterial microorganisms except for a small number of bacterial
spores. Chemical disinfectants considered acceptable semi-critical medical devices
are listed (Table 15.3) and/or can be obtained from the ultrasound transducer man-
ufacturer. Medical centers using either endocavitary or TEE transducers should
have a well-defined method for high-level disinfection or enlist the aid of hospital
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Fig. 15.15 Examples of semi-critical devices—Endocavitary and TEE probes

Table 15.3 Sterilants and high-level disinfectants listed by the FDA
Name Composition/Action

Glutaraldehyde Organic compound (CH,(CH,CHO),)

Induces cell death by cross-linking cellular proteins; usually used
alone or mixed with formaldehyde

Hydrogen peroxide Inorganic compound (H,0,)

Antiseptic and antibacterial; a very strong oxidizer with oxidation
potential of 1.8 V

Peracetic acid Organic compound (CH;CO;H)

Antimicrobial agent (high oxidization potential)
Ortho-Phthalaldehyde | Organic compound (C¢H,(CHO),)

Strong binding to outer cell wall of contaminant organisms

Hypochlorite/ Inorganic compound (HCIO)
hypochlorous acid Myeloperoxidase-mediated peroxidation of chloride ions
Phenol/phenolate Organic compound (CsH;OH)
Antiseptic
Hibidil Chlorhexidine gluconate (C,,H;0C1,Nj)

Chemical antiseptic

based sterile processing to ensure compliance. Obstetrics, cardiology and other
services will be complying with HLD standards for their ultrasound transducers,
and learning your hospital’s current method for disinfection is often the first step in
building a high-level disinfection method that is compliant with current
recommendations.

The process of HLD involves multiple steps accomplished in either the clinical
department or by hospital based sterile processing. Examples of ED department
disinfection devices include glutaraldehyde-related solution hood and soaking sta-
tions (Fig. 15.16 and Fig. 15.17) and portable or mounted heated hydrogen peroxide
stations (Figs. 15.18 and 15.19). There is no standard format for HLD of endocavi-
tary probes. Rather, recommendations from transducer manufacturers in conjunc-
tion with CDC guidelines should guide the process. Documentation of a procedural
log (Fig. 15.20) and replacement of disinfection solution should be standardized
and in accordance with hospital and regulatory practices.
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Fig. 15.16 HLD—
glutaraldehyde

Fig. 15.17 Mounted
portable HLD soak station

Even though probe covers or condoms are always used with endocavitary probes
(Fig. 15.21), low-level disinfection with germicidal wipes have been shown to not
remove all bacteria and viruses [31, 32]. Probe cover perforation (Fig. 15.22) after
routine endocavitary probe use is reported to range from 1 to 9% [28]. Higher per-
foration rates are reported to occur with commercial probe covers as compared to
condoms, 8.3 vs. 1.7% [28]. Higher rates of condom perforation (25-815) are seen
with ultrasound-guided procedural interventions (oocyte retrieval for IVF) [29]. In
a series of 168 patients who had a TEE procedure performed, the latex condom
perforation rate post procedure was reported to be 4.4% [30]. Because of the risk of
pathogen transmission, current CDC standards mandate HDL in between patient
usage when using covered endocavitary transducers.
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Fig. 15.20 HLD
disinfection log

Fig. 15.21 Probe barriers

Fig. 15.22 Leakage from
endocavitary barrier
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Fig. 15.23 UV disinfection equipment

Newer ultraviolet light based HLD cleaning systems (Fig. 15.23) may become
more commonplace soon [33]. They employ short wave UVC light in the 100-280 nm
range, have short (2-10 min) cleaning cycle, and provide HLD. These and other tech-
nological advances will allow clinicians a less cumbersome option for HLD, while
maintaining patient safety. Emerging data will allow clinicians greater options for
high-level disinfection, but current standards still recommend conventional practices.

Critical Devices

Critical devices are those that enter a sterile tissue or vasculature, and require steril-
ization. These items include surgical instruments and implantable cardiac devices.
Clinicians performing POC US will most commonly not be working with medical
devices that require critical sterilization.

Other Ultrasound Machine Elements

Careful attention should be paid to manufacturer instructions on cleaning of key-
boards, machine, surface, probe holders, and monitors. While some germicidal
sprays may be used on the plastic surfaces, other areas may be permanently dam-
aged by strong chemicals in the spray or wipe. However, probe holders in particular
should be cleaned as they accumulate dried gel and possibly bodily fluids.
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Ultrasound Gel as a Safety Issue

While US gel is discussed extensively in Chap. 14 (link), a brief discussion of ultra-
sound gel safety practices is synergistic with the safety issues with probe cleaning.
Ultrasound gel is water-based, and has been episodically associated with nosoco-
mial infections [35, 36]. Recently the issue of when sterile US gel should be used
versus non-sterile gel has been explored by regulatory bodies [37-39].

POC US directors should consider creating policies for safe use of non-sterile
ultrasound gel (disposable bottles (Fig. 15.24) or filling from large US reservoirs
with careful attention to lack of contact of the respective container openings), and
policies for use of sterile gel. Sterile gel (Fig. 15.25) should be considered for all

Fig. 15.24 Prefilled
bottles of US gel

Fig. 15.25 Sterile
lubricating gel packet




264 J.T. Nomura and A.D. Nagdev

invasive procedures (external to the probe cover), US examinations on neonates, US
examinations on non-intact skin or fresh surgical sites, endocavitary or endoscopic
US procedures on internal mucous membranes, and other examinations of concern.
Non-sterile gel can be used for other ultrasound examinations so long the gel is
maintained per infection control guidelines. Gel warmers should only use dry heat
and be serviced per infection control policies of the institution.

Summary

Bioeffects are possible with the use of diagnostic ultrasound and are related to a com-
plex interplay of the tissues insonated, frequency, intensity, scanning mode, and dwell
time. Some of these parameters are under operator control. To adhere to the ALARA
principle, operators should be aware of and monitor ultrasound exposure as indicated
by the Thermal and Mechanical Indices. The concept of ultrasound bioeffects is only
one part of the risk-benefit analysis in the emergent setting where the lack of informa-
tion presents a clear danger to the patient and impacts clinical management.

Transducer maintenance should be a priority for all clinicians to ensure patient
safety. System upkeep involves fastidious cleaning for both the transducer and
ultrasound system. A clear departmental infection control protocol will ensure
patient safety, as well as detect early breaks in transducer surface integrity. When
performing examinations on intact non-mucosal surfaces, low-level disinfection
and use of non-sterile gel is adequate. When performing an ultrasound examina-
tion on non-intact skin we recommend using a transparent dressing cover over
the transducer. For endocavitary examinations, transesophageal echocardiogra-
phy, or internal examinations, use of sterile gel on the exterior of the probe and
high-level disinfection is mandatory (via either the aide of hospital based sterile
processing or an internal highly organized departmental system). Guidelines
from transducer manufacturers in conjunction with the CDC can help define cur-
rent standards for HLD. Clinical sonographers should be knowledgeable in
regard to current disinfection and sterilization procedures to ensure infection
control and patient safety.

Pitfalls

1. Nonadherence to the ALARA principle.

2. Increasing the power output of an ultrasound system from manufacturer presets
without understanding the ODS and potential bioeffects.

3. Not utilizing the correct application preset with appropriate power, TI, and MI
for an examination.

4. Not having a standard protocol for both noninvasive and invasive probes.
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5.
6.
7.
8.

Not having cleaning supplies on the machine or near the machine for POC use.
Not having provider and POC friendly logistics for invasive probe care.

Not setting responsibilities and accountability for machine and probe care.
Not having policies for use of non-sterile and sterile gel.

Key Recommendations

(O8]

. Identify, understand, and educate users about the ODS on your ultrasound

system.

Monitor and correct inappropriate use of MI and TI settings such as not utilizing
ocular presets on ocular ultrasound or spectral Doppler for fetal heart rate
measurements.

Create and provide cleaning protocols, logistics, and supplies for POC use.
When performing ultrasound examination on non-intact skin, cover the trans-
ducer with a clear adhesive dressing.

To ensure patient safety, a clearly defined process of HLD must be in place for
endocavitary and TEE transducer cleaning.

Acknowledgment Dr. J. Brian Fowlkes for his assistance with reviewing and editing the bioef-
fects data.

Dr. Andreas Dewitz for his donation of figures for the chapter.
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Chapter 16
Ultrasound Quality Improvement

Patrick S. Hunt, Christopher David Wilbert, and Zachary T. Grambos

Objectives

e Define the purpose of Ultrasound Quality Assurance and Improvement (QI)
* Provide an overview of Ultrasound Quality Assurance and Improvement
* Define a practical and stepwise process for improvement of ultrasound quality

Introduction

Ultrasound quality assurance and improvement is the engine that drives a successful
clinical US program. Every department that uses clinical ultrasound should have an
integrated quality assurance and quality improvement plan (QI) [2, 27, 29]. While
the details of each QI system may differ from program to program, the primary
objectives of the program are to ensure a quality product, facilitate education,
improve both provider and departmental performance, and to help satisfy
credentialing pathways [2, 27].

P.S. Hunt, MD, MBA (<)

Department of Emergency Medicine, Palmetto Health Richland,
Columbia, SC, USA

e-mail: huntpat@sc.rr.com

C.D. Wilbert, MD ¢ Z.T. Grambos, MD, FAAEM

Department of Emergency Medicine, St. Thomas Rutherford/Midtown Hospital,
Murfreesboro, TN, USA

e-mail: grambos1256 @ gmail.com

© Springer International Publishing AG 2018 269
V. S. Tayal et al. (eds.), Ultrasound Program Management,
https://doi.org/10.1007/978-3-319-63143-1_16


mailto:huntpat@sc.rr.com
mailto:grambos1256@gmail.com

270 P.S. Hunt et al.

It is the US director’s responsibility to develop, monitor, and revise the QI pro-
cess [2]. QI programs include the processes as well as the hardware and software
that make these processes work. The process your program ultimately uses for QI
will depend greatly on the hardware and software system deployed.

The US director’s goals regarding QI are multifaceted. At a minimum they must
evaluate images that are submitted to ensure they satisfy the minimum imaging
requirements (gain/depth/focus) and confirm the images have been interpreted cor-
rectly. The director must also provide appropriate feedback to both develop good
practice and change detrimental practice. This can be done at the bedside in real
time or at a later time in person or electronically [27].

There are many options for QI systems currently on the market. When clinical
ultrasound programs began to develop, QI generally consisted of printed images and
logs. However, today there are complete digital solutions that help to integrate the QI
system to the workflow of the ultrasound program. The system that works best for
each institution will vary depending on how robust the program is, the amount of
administrative and financial support, as well as the type of machine and support from
IT. As cost for data storage and bandwidth have continued to decrease, options for
dynamic video review are now more available than ever. While dynamic video is
superior to static images, the increased cost, time and labor must be weighted when
determining which method of image review is ideal for each program [2, 15, 27].

Process of QI

Often the QI process is developed in parallel with the credentialing process. During
this process a program should determine how they will handle scans completed by both
credentialed and non-credentialed sonographers with regard to QI. While most pro-
grams will review all scans by non-credentialed sonographers, programs must also
decide on the percentage of cases that will be selected for review from credentialed
sonographers. This can be a percentage of completed scans or a fixed number of
scans per year depending on practice habits and prior training/credentialing for the
group [1, 2, 28].

It is to be expected that the QI process will look slightly different for every
department. Residency programs can expect a continual process given that new resi-
dents start every year and must be trained. In community programs the process may
require more work at the outset and then stabilize once all the members of the group
have been credentialed. However, there are five key aspects of QI that should be
universal to all settings [2].

1. Images must be obtained and stored for review.

2. The sonographer must document their findings for each study completed.

3. Images must be reviewed by the QI director and feedback given on both technical
and clinical grounds.

4. Feedback on images must be reviewed by the sonographer.

5. Data on the feedback given and the exams completed must be stored for later
review.
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QA Data Flow

h Feedback

/ Obtain Images

Ultrasonographer

+ \ Images and QA Data
/ are Reviewed

QA Data Record

Images are Archived

Fig. 16.1 An example QI flowsheet showing the data flow in the QI process

These five aspects of a QI program can be viewed as the flow diagram below
(Fig. 16.1)
We will now look at each of these topics in more detail.

Images Must Be Obtained and Stored for Review

Given the variety of ultrasound systems and methods of capturing and storing ultra-
sound images it is not practical to list every option (Chaps. 17 and 18).

It is preferred that once the images are captured that they be transferred to an
external archive system for review and storage. While QI can by directly completed
on the ultrasound machine, ultimately the machines are not designed for long-term
storage and date retrieval. Depending on the systems in place a program may prefer
to use still images or video or both for review [1, 2].

The ideal image flow process allows for uploading of images and clips from the
ultrasound machine directly to the EMR, to a QI system, to the ultrasound director,
and back to the performing sonographer in a HIPAA compliant manner [1, 2].
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The Sonologist Must Document Their Findings for Each Study
Completed

After completion of an ultrasound study a sonographer should complete a US
report form that corresponds with their documentation of the findings that go into
the chart. This sheet should also allow the sonographer to self-reflect and com-
ment on the adequacy of their findings. This sheet should allow the sonographer
to directly answer the yes/no questions regarding findings from their examina-
tion. On the US report forms, the sonographer should identify the indication for
the exam as well as which views they were able to obtain. The sonographer
should also comment on their interpretation of the images [1, 2, 27]. These forms
can either be in paper format or computerized. Some workflow solutions allow
these forms to be filled out on the machine and then submitted with the exam,
while others allow the user to complete the forms on the actual QI application.
The ACEP Ultrasound Standard Reporting Guidelines [31] suggest the following
data elements be included in all studies (Fig. 16.2).
Below is a simple paper-based QI form (Fig. 16.3).

Patient/ exam demographics:

Patient name:

Patientgender: [ M [ F
poB:__ /__ /___

MR#:

Bar Code/Patient Identifier:
Hosptial Name:
Date and time of exam: ___/ /

Exam type:
[J Diagnostic
[0 Educational
[J Procedural
Clinical category:
[J Resuscitative
[] Symptom based
[ Therapeutic
[J Unknown/other
[J Initial exam
[J Repeat exam

Primary person obtaining/ interpreting images:
Secondary person obtaining/ interpreting images:
Additional person(s) obtaining/ interpreting images:

Fig. 16.2 An example of a standard patient demographic form for a limited point-of-care ultra-
sound examination
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Physicians Code

Hospital Code FAST EXAM
Patient Code
Date
Abdominal
Indication Pain Trauma Hypotension
Findings Yes No Indeterminate

IPF at Morison’s pouch

IPF at spleno-renal fossa

Pericardial fluid

Cardiac Activity

IPF in pelvis

Fig. 16.3 A simple paper-based QI form for point-of-care ultrasound exams

Images Must Be Reviewed by the QI Director and Feedback
Given on Both Technical and Clinical Grounds

This component of QI involves reviewing the images to ensure that they match find-
ings that are documented. It is at this phase that the reviewer will want to comment
on the technical aspects of the images obtained. Determining if features such as
gain, depth, orientation, and probe position were appropriate. QI forms for each
specific indication can be completed at this time and submitted back to the perform-
ing sonographer. These forms will include specific questions based on the type of
study being completed. An emergency physician, who has completed an Emergency
Ultrasound Fellowship or similar level of experience, preferentially performs the
review of these still or video images [1, 2, 27, 28, 31]. ACEP has developed a set of
Standard Reporting Guidelines including a Suggested Quality Assurance Grading
Scale that can be used as a model to determine the quality of images that are submit-
ted. This scale is included below (Fig. 16.4).

QI also includes following up on any incidental findings, incorrect interpreta-
tions, as well as any clinically relevant findings for which the patient was
subsequently evaluated. In cases where there are questionable findings the reviewer
may wish to contact the sonographer directly to get additional information regard-
ing the case or the clinical outcome of the patient [1, 28, 31]. It is during this review
of the patient’s course that the ultrasound program really begins to improve as a
diagnostic modality. By learning from “gold standards,” correlation between ultra-
sound and other modalities helps to ensure the accuracy of findings [28]. It is impor-
tant to compare the impression of the emergency ultrasound to additional data
available regarding the patient. For example, a program will evaluate findings from



274 P.S. Hunt et al.

Suggested Quality Assurance Grading Scale

Grading Scale No Minimally Minimal Minimal Minimal
Definitions recognizable recognizable criteria met criteria met criteria met
structures, no structures but  for diagnosis, for diagnosis,  for diagnosis,
objective data  insufficient recognizable all structures all structures
can be for diagnosis structures but imaged well imaged with
gathered with some and excellent
technical or diagnosis image quality
other flaws easily and diagnosis
supported completely
supported
Image quality 1 2 3 4 5
Accuracy of interpretation of images as presented TP TN FP FN
Accuracy of interpretation of images as compared to
gold standard (ie, CT, operative report) TP TN FP FN

Fig. 16.4 ACEP’s Suggested Quality Improvement Grading Scale from the Standard Reporting
Guidelines

Reviewer
For Reviewer Use Only Code

Image Acquisition Yes No Not Acquired
RUQ

Cardiac

Pelivs
LuQ

Exam Assesment Agree Disagree

Accuracy of Interpretations

Overall Exam Adequate

True False
Exam Results + True - [False +| -

Exam Results

Comments:

Fig. 16.5 An example of a simple QI review form for point-of-care ultrasound exams

surgery or other clinical studies to see if they mathch the findings of the limited
emergency ultrasound exam. All of this information can be documented on the QI
forms, which will be reviewed by the sonographer. Examples of a simple paper form
and a more complex electronic form are included below (Figs. 16.5 and 16.6).
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Fig. 16.6 Qpath (Telexy Healthcare, BC, Canada) sample QI worksheet and image review form

Feedback on Images Must Be Reviewed by the Sonographer

One of the most crucial components of a successful QI program is the feedback loop
for the sonographer. Once the reviewer has completed their evaluation of the images
and given their feedback, the sonographer should review these findings. This is the
process that allows the sonographer to grow and improve their skill set. The sonogra-
pher should note that they have received and reviewed the feedback [1, 2, 27, 28].

Data on the Feedback Given and the Exams Completed Must
Be Stored for Later Review

The final step in the QI process is to store all of the documentation and images in a secure
location. In the past when all images were printed and QI was completed on paper forms,
this type of storage required a large amount of space and was not easily searchable in the
event a study needed to be located. Now with the increased availability of digital solu-
tions, data can be stored very easily in a HIPAA compliant fashion. In addition, this data
becomes very easy to search and specific cases can be located if needed [1, 2].

Ol in Academic Centers

While the basic outline and functions of a QI program will be the same for both
academic and community medical centers, there are some key differences that are
worth noting. In a residency program the QI process may need to be more robust as
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you will continually have new residents with limited or no experience completing
ultrasounds. Additionally, the volume of studies that require review will likely be
higher than in a stable community physician group. Often as part of their training,
residents will have dedicated rotations for learning emergency ultrasound. During
these rotations the ultrasound director is often scanning with and/or observing the
resident scanning. This allows for instant QI and rapid improvement in the resi-
dent’s skill sets. In addition to the resident physicians, the ultrasound director must
also continue to review a percentage of scans from credentialed faculty.

Detailed record keeping is especially important in the residency programs.
Tracking resident’s progress as they move through their residency helps insure they
will meet the recommendation set forth in the ACEP Ultrasound Guidelines.
Additionally residents will often require documentation upon completion of their
residency that they have met the number of studies recommended by the ACEP
Ultrasound Guidelines in order to obtain credentials in their new institutions [1, 2,
9,27,29].

QI in Community Hospitals

The QI process in the community setting serves many of the same roles as it does in
the academic setting. The QI program should strive to keep track of the total number
of exams that practicing physicians are performing. Again, a periodic sampling of
all physicians’ images and documentation should be reviewed. This process should
also ensure that all members are performing and interpreting their ultrasound images
in a quality manner. Physicians who are not yet credentialed should have all of their
images reviewed. Once fully credentialed the physician group or ultrasound director
should determine the percentage of the physician’s images that should be reviewed
yearly. It is reasonable that a performance evaluation that contains the number of
scans and the adequacy of the the sampled portion be provided to credentialed phy-
sicians periodically. Similar to residents a meaningful portion of cases should con-
tain pathology. This helps to ensure that studies are being performed on appropriate
patients and therefore the performing sonographer fully understands the indications
for emergency ultrasound [1, 2].

Terminology

There is some debate with regard to using the term “Quality Assurance” instead of
“Quality Improvement” given that a misinterpreted scan will call the “Quality
Assurance” program into question. Individually credentialed physicians are able to
independently obtain and interpret their own images. Therefore, the ultrasound
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Fig. 16.7 Decreasing mmm Percentage of Scans Reviewed =0~ Ability
image review percentages
based on provider skill
level [21]

Intern Resident Newly Credentialed Practicing

director is not over-reading other sonographer’s images. The findings documented
belong to the performing credentialed physician and should remain that way.
However, a quality improvement program hopes to identify these errors and improve
knowledge deficits to prevent such errors from occurring in the future. In general,
the term “Quality Improvement” is preferred over “Quality Assurance” (Fig. 16.7).

Pitfalls

1. Making the QI forms too cumbersome for physicians to complete. Ideally the
data should be entered when the exam in completed, and be simple enough to not
impede completion of the form.

2. Failure to store data in a HIPAA compliant fashion.

3. Failure to have the trainee review the QI feedback. This final step in the QI pro-
cess is critical to actually improving the trainees proficiency.

Key Recommendations

1. Invest in software that allows for review of both still and video images. Limiting
yourself to one modality will limit what you are able to identify in your review
process.

2. Keep the process of submitting images simple. A complex process can decrease
the number of cases that are uploaded to the system.

3. Keep high standards for scans. Setting the bar too low can decrease the quality
of training especially for providers that are just learning ultrasound.
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Chapter 17
Workflow and Middleware

Christopher J. Bryczkowski and Mark W. Byrne

Objectives

1. Provide contextual background illustrating the importance of a workflow
solution

2. Understand workflow infrastructure and associated terminology

Discuss benefits to use of middleware in an ultrasound program

4. Familiarize reader with current workflow products and highlight key features

(O8]

Introduction

Consider the following case: A 22-year-old male presents to the Emergency
Department (ED) with a 1 day history of fever, anorexia, vomiting, and periumbili-
cal abdominal pain. A clinical ultrasound is performed which demonstrates appen-
dicitis. The surgeon on call is contacted, however, due to their inability to visualize
the images as well as a report, a request is made to obtain a CT scan of the abdomen
prior to any surgical intervention. This delays patient care by 6 h.

Clinical ultrasonography provides essential diagnostic information at the bedside.
Often times this data needs to be shared with other medical providers outside the pri-
mary team. Within the current infrastructure of hospital information technology (IT),
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ultrasound machines and the electronic medical record (EMR) are not configured to
communicate directly with one another. Similar to meaningful use initiatives in other
areas of the medical record, ultrasound studies should be electronically archived and
available to all providers. Instituting this in a clinical ultrasound program is frequently
challenging, although establishing a workflow is paramount for a program to succeed.
An effective workflow provides a coordinated approach to storing and sharing ultra-
sound examinations. Various workflow options exist, and the decisions which influ-
ence workflow selection may be institutionally, feature, and/or cost driven.

At present, the most common workflow setup for clinical ultrasound programs is
homegrown, according to a 2013 survey by the American College of Emergency
Physicians (ACEP) [1]. These setups utilize basic export standards on ultrasound
machines, either digital image transfer using the universal serial bus (USB) port or
by printing thermal images, which can then be attached to a paper chart. Digital
image exportation onto USB flash or hard disk drives offers distinct advantages over
thermal prints. Images retain their original resolution, ultrasound scans can be saved
as video clips, and exams may be uploaded to digital image archive systems.
Additionally, digital images will not fade over time, as occurs with thermal prints.

While these methods are readily available and inexpensive, they offer no means
for organizing ultrasound exams, generating image interpretation reports, or dis-
seminating the results. As a consequence, programs often have turned to makeshift
solutions, such as archiving images on local hard disk drives and maintaining
records of studies using standard spreadsheet software (e.g., Microsoft Excel®). See
Chapter 18—Practical Operating Solutions.

As an ultrasound program grows, it is quite easy for such workflow solutions to
outgrow their capabilities. Manual data entry and manual download and archival of
studies are both tedious and time consuming, as well as introduce the potential for
human error. In comparison, an effective workflow should rely upon a more auto-
mated process.

Infrastructure

Digital Imaging and Communications in Medicine (DICOM) is a standard format
used for transferring imaging in healthcare, including ultrasound. This was devel-
oped in the early 1980s by the ACR (American College of Radiologists) and NEMA
(National Electrical Manufacturers Association) due to inability of CT and MRI
systems at that time to conform to a single image-decoding standard [2]. For ultra-
sound, each DICOM file incorporates the recorded images along with various other
data, including patient identifiers, study date and time, hospital and department
location, and the ultrasound machine used.

Ultrasound machines can communicate via DICOM to other electronic health-
care systems over a hospital network using either a wired or, when supported by the
machine hardware, a wireless network. Clinical ultrasonography requires the use of
portable ultrasound machines, which must be transported to the patient bedside.
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This has made wireless connectivity using the Institute of Electrical and Electronics
Engineers (IEEE) 802 local area network standard the preferred and most requested
connection [3].

Traditional Radiology imaging workflow has been set up to send images to a
hospital-based Picture Archiving and Communication System (PACS) using
DICOM over a wired network. A PACS serves as a digital storage repository for
hospital imaging received from multiple modalities, including CT, MRI, and ultra-
sound. Radiologists typically access the PACS system on stationary workstations to
enter interpretation reports, which are then transferred to the hospital EMR. EMR
systems contain imaging reports but at present are rarely used to store images
themselves.

While ultrasound machines have the capability to send their images to a PACS
server, there are factors that should be weighed when deciding whether to transfer
all (or some) clinical ultrasound exams directly to the PACS. Generally speaking,
studies performed by novice sonographers for either training or credentialing pur-
poses should generally be kept off the main institutional PACS. This is primarily
due to the fact that many of these scans are neither indicated for the patient’s care
nor are they optimally imaged. As the images acquired generally should not be used
for medical decision-making, they shouldn’t be archived on an institutional
PACS. Alternatively, credentialed, clinical exams should be shared with the medical
staff and utilizing the PACS can be cost effective and powerful. As staff members
are likely familiar in its use, reviewing clinical ultrasound exams would be no dif-
ferent than visualizing radiology-based studies.

Novice scans should still be retained for many reasons including quality assur-
ance, teaching, and credentialing which must and can be solved independently of
traditional PACS image retention.

Middleware

Enter middleware. Middleware, also known as US Management systems or work-
flow solutions, is software with the goal of organizing and streamlining workflow in
a clinical ultrasound program. Middleware products are capable of intercommuni-
cating with various hospital data systems to seamlessly transfer scan data. They
provide functionality for image archival and generation of interpretation reports, as
well as track provider credentialing and aid in quality assurance and feedback.
Middleware products can work either in tandem with or in place of a PACS server.
A middleware solution is usually hosted on a server within the hospital network,
although also may reside in the cloud and be remotely accessed. A local server is
generally utilized for departments within a single hospital site, whereas a cloud-
based setup may aid organizations with multiple sites, each within different hospital
networks, to centralize storage. Middleware solutions have been tailored for clinical
ultrasounds performed at the point of care, and accordingly serve to simplify work-
flow in several key areas (Fig. 17.1).
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Workflow Diagram
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Fig. 17.1 Workflow overview diagram

Data Entry

Upon initiating an ultrasound exam, various demographic information needs to be
entered into the ultrasound machine in order to link the study to the patient’s hospi-
tal record. This usually consists of the patient’s name and medical record number
and may also include additional information such as the date of birth. Likewise, the
provider performing the scan has to input his or her name. Manual entry of this data
is both tedious and more importantly prone to human error. Automated solutions
exist to streamline this workflow process.

The admissions, discharge, and transfer (ADT) system serves as the frame-
work for most hospital IT systems. It holds essential patient information includ-
ing full name, date of birth, and medical record and account numbers. When
patients enter a healthcare facility, their registration information is linked to and
stored within the ADT. The ADT system is then utilized for patient tracking and
throughput as well as billing purposes. The ADT shares relevant patient data
(such as demographics or isolation precautions) with other hospital IT systems
such as the EMR [4].
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One function of DICOM protocols is a modality worklist, whereby ultra-
sound orders submitted into computerized physician order entry (CPOE) are
transferred to the ultrasound machine in a worklist format. When beginning a
scan on a patient, the corresponding order within the modality worklist on the
ultrasound machine may be selected, which then autopopulates multiple
demographic fields using information from the ADT system. While this pro-
cess is native to any ultrasound machine with DICOM functionality, middle-
ware products can be utilized to facilitate modality worklist generation. Using
information from the ADT system, middleware can create a worklist of all
patients currently residing within the ER, bypassing the need to place an ini-
tial CPOE order.

Another means of autopopulating patient information onto the ultrasound
machine is via barcode scanners. Healthcare institutions encode patient infor-
mation onto barcodes residing on patient identification bracelets. Most ultra-
sound vendors support barcode scanners that can then be used to transmit
information from the patient barcode into fields on the ultrasound machine.
Often these barcode scanners are proprietary and specific to the individual ultra-
sound machine vendor, although on certain machines a standard barcode scan-
ner (e.g., Motorola Symbol series) can be attached to the machine’s USB port.
It is important to recognize that the information that the patient barcode encodes
for varies across different institutions. While often the barcode contains the
medical record number, it may also encode for different patient data, such as the
visit number.

Report Generation

Middleware user interfaces are designed to allow for a high degree of customiza-
tion. Categorizing studies by patient, the performing provider, date of scan, or the
machine used should all be easily configurable options (Fig. 17.2).

After an ultrasound study is complete, images and scan data can be sent via
DICOM to middleware. Interpretation of the ultrasound exam can then be
entered into an electronic worksheet on a computer workstation. Interpretation
worksheets should be fully customizable by the administrator in order to tailor
to the needs of the individual hospital site (Fig. 17.3). In certain circumstances,
depending on the specific middleware product and ultrasound machine vendor,
worksheets can be completed directly on the ultrasound machine. This stream-
lined approach of performing and interpreting ultrasound studies at the point
of care has been a frequently requested feature for many users of clinical
ultrasound.
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Image Review/Quality Improvement

As a clinical ultrasound program grows, it is imperative to have a structured
approach to image review. An ever-increasing number of images to review may
consume large portions of the ultrasound site director’s time and efforts. As dis-
cussed above, middleware products allow for high degrees of customization in orga-
nizing scans within the ultrasound exam database. For example, scans can be
reviewed by a given day or range of dates, performing provider, or ultrasound
machine used. Both image review and quality assurance templates can be viewed
simultaneously for each specific ultrasound exam type and thus significantly cut
down the amount of time it takes to assess a scan (Fig. 17.4).

Middleware software also incorporate image and video playback tools to facili-
tate image review. For example, brightness and contrast can be adjusted, images can
be zoomed into and enlarged, and videos can be viewed frame by frame to allow for
precise analysis (Fig. 17.5). Feedback can be relayed not only in the form of written
text but also by annotating images and videos. Via an automated process, the soft-
ware can then compile feedback into a report that is sent to the clinician who per-
formed the study (Fig. 17.6).

Education/Credentialing

Timely feedback is particularly important when trainees are involved. Some ultra-
sound clips may contain common findings, while others subtleties. In both instances,
valid teaching points regarding scan technique, image interpretation, or medical
management may be important to make. Accordingly, middleware software pro-
vides a means for image and video exportation into commonly used file formats.
Automated removal of patient identifiers from ultrasound scan images avoids poten-
tial violation of the Health Insurance Portability and Accountability Act (HIPAA).
Exported images and video clips can subsequently be used in publications or pre-
sentations to share with the broader medical community.

As providers submit increasing numbers of scans, it is important to track individual
provider scan numbers. Resident scan numbers must be followed in order to ensure they
meet ultrasound milestones, and attending physician scan numbers must be tracked for
hospital credentialing purposes. All ultrasound scans already reside within the middle-
ware exam database, and middleware software provides functionality to easily generate
reports of number of scans performed by each individual provider (Fig. 17.7).

Furthermore, data obtained from worksheets can be used as a part of a robust
research database. Interpretation worksheets may be refined to identify specific data
points (for example, ultrasound-guided peripheral intravenous access placed in
transverse approach), which can be an invaluable aid when planning and performing
research projects. Data can then be easily exported and compiled to standard spread-
sheet software (Microsoft Excel®) for further analysis.
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Fig. 17.6 Sample exam report. © 2016 BK Ultrasound
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Order Entry/Billing

The method of billing for clinical ultrasound exams varies greatly across different
institutions. In some instances, the billing interface may be built directly into the
EMR, while in others it may be independent. In either case, the use of middleware
to facilitate ultrasound billing can capture substantial revenue, which may rapidly
pay for the cost required for initial software implementation.

Analogous to ultrasound machines communicating with middleware via DICOM,
middleware has the capability to interact with EMRs using what is known as Health
Level 7 (HL7). HL7 refers to a set of standards used in the transfer of administrative
and clinical data among various healthcare software applications. It serves to enhance
interoperability, giving electronic systems the ability to exchange information [5].

Any bill generated from an ultrasound exam has to first start with a request, or an
order to perform the study in the first place. Via the use of HL.7 connectivity, the request
for the completion of the ultrasound exam can be accomplished in various ways.

The order to perform a clinical ultrasound exam can be placed using the CPOE
functionality of an EMR. Middleware software can be configured to receive this
request and send the ordered study to a modality worklist on the ultrasound machine.
The provider can then select the corresponding study from the modality worklist on
the ultrasound machine as previously discussed. After images have been obtained
and a study interpretation has been entered, the middleware software will then auto-
matically generate a billing report.

Through the use of middleware, this task can also be accomplished retrospec-
tively. For instance, if a patient presents in extremis, an ultrasound is often performed
at the point of care without any known demographics. Once the ultrasound examina-
tion is complete, the appropriate MR (Medical Record) number can be placed within
the middleware and then all other relevant fields including name, age, and account
number will autopopulate. A report worksheet can then be filled out and subsequently
submitted for billing. In this scenario, middleware can automatically communicate
with the EMR and place an order for the completed ultrasound exam on the back-
end. As a result, when a bill is generated it is directly tied to a request for it.

In either scenario, the middleware can also facilitate billing inquiries. It can check
whether appropriate sections of a report were filled out in order to generate a bill. Likewise,
it can be set to flag studies that, for instance, don’t have indications or appropriate charge
codes selected. This can aid an administrator in understanding why certain examinations
were not successfully billed and in some cases perform a simple fix in order to resubmit.

Middleware Vendors

Given the distinct advantages that they offer, the market for middleware manage-
ment systems is blossoming. At the time of this writing, there are three major ven-
dors that offer workflow systems: Q-path™ (Telexy Healthcare), BkHub™ (BK
ultrasound), and UltraLing®. Additionally, there are many upcoming software
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companies such as Tricefy™ (Trice Imaging, Inc.), which will further add diversity
to a growing market segment. Until recently, SonoSite™ (Fujifilm Inc.) ultrasound
systems had made their own workflow solutions software “SonoSite SWS” but have
since advertised support to the use of Q-path. At the time of this writing, Q-path
seems to have the largest point of care market share [6].

All middleware workflow solutions have the overall goal of facilitating the user
in the archive, review, and dissemination of clinical ultrasound examinations.
Nevertheless, there are distinct differences among them, which must be assessed in
detail prior to a purchasing decision. While comparing and contrasting each indi-
vidual feature is beyond the scope of this chapter, some key differences, current at
the time of this writing, will be reviewed.

Q-path and BkHub are installed on local servers within a medical institution
(Figs. 17.8 and 17.9) They can both send images to PACS, but may also work inde-
pendent of one for clinical ultrasound exams. Both are HL7 compatible and are
interlinked to other hospital data systems via the hospital network. They have a
robust interface for reviewing examinations and allow the administrator to custom-
ize worksheets for both report generation as well as quality assurance/feedback.
They both support integrated worksheets, but this depends on the ultrasound
machine vendor. For instance, BkHub supports worksheets only on Bk ultrasound
systems. Remote access is achievable with both Q-path and BkHub through the use
of a point-to-point connection. Depending on the healthcare institution this may be
via the use of a hospital-based virtual private network (VPN) or a commercially
available solution such as Citrix™ (Citrix Systems, Inc.). In essence, a user connects
to the middleware for remote viewing by having to first connect to the hospital net-
work and accessing the software through it.

UltraLinq as well as Tricefy are cloud-based storage systems in which examina-
tions are hosted on a server external to the medical institution. Much like any other
website, they offer the advantage of easy access from any Internet enabled device—
there is no need for connecting to the hospital network. However, as the workflows
are web-based, UltraLinq and Tricefy both do not offer support for integrated work-
sheets on ultrasound systems. Furthermore, there is no ability to send images from
the worklist directly to a PACS, if needed. They do offer feedback reporting, but do
not offer the customizable worksheets to the degree that the locally stored middle-
ware allow (Figs. 17.10 and 17.11).

Of note, Q-path also has a cloud-based storage option “Q-path Cloud” which
offers the dual benefit of having a locally installed server, along with off-site storage
hosted by Q-path. This hybrid model may be beneficial to share image data for those
within a healthcare system that has more than one site.

Generally, middleware that is locally hosted, such as BkHub and Q-path, have a
much higher upfront cost versus web-based workflow platforms. This cost can
range in the ballpark of $10,000 to $20,000+. Web-based solutions, such as
UltraLing or Tricefy, are typically based on a flat fee per scan cost model. Deciding
on a middleware platform is much like expanding an emergency department—one
has to anticipate growth. If clinical ultrasound studies are only going to be per-
formed by credentialed providers and billed, then paying a small cost is cheaper and
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Key Definitions

Admissions, Discharge, Transfer system. Computer system holding patient data points
ADT including: registration, medical record and account numbers.
Intercommunicates amongst medical records systems.
CPOE Computerized Physician Order Entry.
Digital Imaging and Communications in Medicine. standard for handling, storing & sharing
DICOM imaging in medicine.
EMR Electronic Medical Record.
HL7 Health Level 7.
Set of standards used in transfer of administrative/clinical data among software applications
Middleware Software that acts as a bridge between a database and applications
PACS Picture Archiving and Communications System. medical images storage system that stores
multiple imaging modalities in a healthcare setting.
Front End Where information about the patient is gathered and put into the ultrasound machine
Back End Getting reports and images into the EMR

Fig. 17.12 Key definitions

can be recuperated in their billing. On the other hand, if clinical scans are to be done
at an academic center (or one anticipating a residency program), for instance, then
the cost associated with the storage of educational or teaching scans may quickly
negate a cheaper upfront cost. The caveat to this rule is that while UltraLinq as well
as Q-path cloud are web-hosted, UltraLinq does not charge for the storage of edu-
cational scans and Q-path bases their costs on estimated monthly usage, rather than
a fee per scan model. Further differences in workflow solutions can be located on
the ACEP ultrasound section’s workflow systems comparison guide and are subject
to change at any time [7].

Ultimately, a clinical ultrasound program is only as strong as the infrastructure
supporting it. A good workflow system based on middleware is currently the most
optimal solution in facilitating image archival, report generation, quality assurance,
and billing (Fig. 17.12).

Pitfalls

1. Lack of appreciation that ED-specific workflow solution programs provide many
functionalities beyond the image archival of a traditional Radiology PACS.

2. Not purchasing an ultrasound machine that is compatible with your hospital
Wi-Fi network. Wireless connectivity is essential to a seamlessly functioning ED
workflow.

3. Not seeking the support and backing of your department chair before approach-
ing hospital IT about the implementation of a workflow solution in the ED.
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4. Notacknowledging the potential improved billing capture and resultant increased
ultrasound revenue when considering the cost of purchasing a workflow
solution.

Key Recommendations

1. Ultrasound utilization at the point of care presents unique challenges for clini-
cians performing ultrasound as well as ultrasound program directors. Establishing
a well-structured ED workflow is a key component in the overall success of an
emergency ultrasound program.

2. An ED-specific workflow solution automates numerous tasks within an emer-
gency ultrasound program, resulting in improved clinician compliance, reduced
potential for human error, and invaluable time savings for the program director.

3. A workflow solution seamlessly tracks clinician scan numbers for credentialing
purposes and facilitates an effective quality assurance program, providing clini-
cians with timely feedback about their scan technique and image interpretations.

4. ED workflow must provide that ultrasound images and reports be available
within the medical record in real-time for review by other treating clinicians and
consultant services in order to ensure safe, efficient, and timely patient care.
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Chapter 18
Practical Operating and Educational Solutions

Petra E. Duran-Gehring and Alfredo Tirado-Gonzalez

Objectives

* Discuss noncommercial methods for image acquisition and storage
e Describe options for low cost quality assessment and archival
* Review tools for creation of digital education content

Introduction

Although the implementation of a point-of-care ultrasound program first begins
with the equipment needed to perform the ultrasound examinations, the supporting
structure of any successful program should include an operating solution to store
images for quality, education, and credentialing. Commercial solutions include soft-
ware for image capture, image storage, and the ability to edit images for download
or education. See Chapter 17-Workflow and Middleware. Although newer US
machines typically include electronic transfer of images as part of the standard
package, they will still require a system for storage. However, when older machines
are used the capacity to wirelessly transfer images for electronic storage may not be
included and alternate methods will need to be employed for storage. Although
many commercial products can simplify this process with a single system approach,
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this may not be a feasible option for a new or unfunded program that is just starting.
Therefore, a low cost system can be created to ensure that images are appropriately
captured, stored, and available for review, modification, and education in the future.
In this chapter we will discuss the options for the creation of a system to include the
above elements with low cost or free hardware and software to achieve image stor-
age and review, as well as the elements needed to create cost-effective e-learning.
See Chapter 17-Workflow and Middleware.

Media Acquisition Options

Although ACEP recommendations state that a hard copy of all ultrasound images
should be saved for all point-of-care ultrasound studies, the manner in which those
images are saved is left to each department. The options for image storage include
thermal paper prints, videotape, and digital storage. Depending on the method of
storage, additional hardware equipment will be needed to save these images besides
the ultrasound machine itself. Images and video may be saved temporarily on the
machine’s hard drive or externally via another piece of hardware [1].

Internal Image Acquisition

Internal methods for image acquisition actually store the images on the US machine’s
hard drive. Once stored on the hard drive, the images can be removed and sent to
storage. The images may be offloaded from the machine in either a PC or DICOM
format, which will be discussed in more detail later in this chapter. Depending on
the ultrasound machine make and model, the images may be offloaded from the
machine wirelessly or through an Ethernet or USB connection. An Ethernet cable is
a wired option that requires the machine to be plugged into an Ethernet port to make
the connection and requires time to download the images. Images can also be down-
loaded from an ultrasound machine with a USB port to an external thumb drive.
This is an easy method, but one must ensure that great care is taken with the thumb
drive unless images are deidentified prior to removal from the machine. Both of
these options may place the machine out of service for the time it takes to download
images, so it is best to schedule these downloads in low volume times of day.
Lastly, wireless download is a quick and efficient way to transfer data from ultra-
sound machine to server. Ultrasound machines that do not have inherent wireless
downloads may be made to transmit images wirelessly with software upgrades and
the addition of a wireless dongle that acts as a router to wirelessly transmit images.
This software can often be added to older machines at a minimal cost and can improve
workflow since the machine can wirelessly upload images while the machine is still
in use. Check with your ultrasound manufacturer to see if this is an option for your
model machine, since older machines may lack the capability for this upgrade.
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External Image Acquisition

In older ultrasound machines lacking the ability to perform any of the internal image
acquisition methods, an external recorder can be used to save the images as a screen
capture (Table 18.1). An external recorder does not save the images or video on the
machine’s hard drive, but copies the images off of the ultrasound machine screen
while scanning. Images can only be saved as video files and are not available in a
DICOM format. Although these may not be ideal in the modern digital world, these
options are a low cost method to record the images as they are being performed.

Thermal printers are the original method for cataloging images. Thermal printers
are small black and white printers that are attached to the US machine and require a
roll of special thermal paper. The printer uses heat to create the images, so the paper
will discolor and the images will fade when the paper is exposed to heat. Therefore,
care must be taken to store the images in a climate controlled location to prevent
exposure to excessive heat. Even in the best temperature controlled locations, the
images will still degrade over time. This method is only good for still images and
images cannot be edited after they are printed. The benefits to this method is that
images can be printed and placed on the patient’s chart and can be scanned into the
medical record at a later time. The downside of this method is that the images only
are available as a hard copy and can be easily lost.

Video screen recorders are a step up from the thermal printer. The images are still
saved as a screen capture, but both stills and videos may be saved. The original
screen recorders were small video tape recorders that were placed on the ultrasound
machine. The VHS recorder would record the entire scan session, which could be
quite cumbersome. The benefits of this modality were that it could be used for mul-
tiple ultrasound examinations, tapes could easily be removed and stored and the
tapes could be watched on any video player. Due to the extinction of video cassette

Table 18.1 Comparison of external image acquisition modalities

Imagining
modality Pros Cons
Thermal prints Small images that can be Degrade over time and increased
attached to chart temperature
Only still images
Images easily misplaced
VHS/DVD May store still and video VHS modality obsolete
images
May record entire ultrasound | VHS studies require additional hardware
evaluation to convert to digital
May be used for multiple exams
DVDs may be viewed on
computer
External hard May be rewritten after image | More expensive that DVD recorder
drive transfer
Connect easily to computer
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recorders, these machines are no longer made. However, if your machine already
has one in place, know that it can be a useful image storage option and a low cost
VHS to CD/DVD converter machine will convert VHS tape to CD/DVD modalities
until an upgrade to digital modalities can be made.

DVD recorders have now taken the place of the VHS recorders. DVD recorders
have the same benefits of the VHS recorder, but have the added benefit of using
removable media (DVDs) that can be stored and reviewed in a much less cumber-
some manner. The DVDs can be viewed on a computer, allowing the media to be
viewed without the need for another piece of hardware (VHS viewer). Small DVD
recorders initially cost in the $2000-3000 range, but now one can find a small
recorder on the internet for as little as $150! These machines work best as a small
format machine that can be placed on the ultrasound machine cart and plug into the
back of the machine. Some options may include a remote for easy start and stop or
may require a button to be pushed on the machine to begin recording. The DVD can
be removed and the images can be downloaded to a computer and the DVD reused,
making this a cost-effective option for repeat use.

A step above the DVD recorder is the external hard drive. Images are still saved
via the screen capture method, but instead of using a tape or disc to store the media,
images and video are saved directly onto a hard drive. The external hard drive would
ideally be a small machine placed on the ultrasound machine cart that would have a
removable component that would connect to a computer via a USB or firewire cable.
The hard drive could be emptied once the images and video were removed and then
used again. This option may be slightly more expensive than the DVD recorder, but
the ability to rewrite the drive and connect easily to any computer make this an
excellent option when internal image storage is not an option. Regardless of which
option you use, ensure that image and video storage are accessible for future use.

QA and Archival

Once the images have been saved, whether it be on DVD, picture or video files, they
must be stored for future use. Images should be stored to allow for quality review,
credentialing, and billing purposes. Therefore, they will need to be kept in a safe
location with redundant backup in case of initial storage failure. The storage of
images should allow for: (1) easy viewing of the images, (2) image formatting, (3)
archival of images and video, and (4) editing of images and video.

Image Viewing and Archiving

The simplest method for image storage is simply to download them to a computer.
A single computer can be dedicated to image archival and is a secure way to keep
the images HIPPA compliant. The set up can be extremely simple. Image storage
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can be performed by simply using the preloaded picture storage software included
in the preloaded standard computer software. The drawbacks of this system are that
a single station will require you to be physically present to view images and manage
storage. It will also require system backup to prevent data loss. This may be a viable
inexpensive option to begin image archival.

A single computer station can be expanded to include a computer network to
improve the ability to view images from more than one location. This option would
allow for more than one workstation and may be included in a VPN network access.
This system will be more complex to set up and may require IT assistance. A hybrid
system would allow of a single computer workstation to be the hub and to use one
of the internet-based “cloud” networks to backup images and allow for viewing in
other locations. More discussion of internet cloud use will be made later in this
chapter.

Image Format

Ultrasound images and video can be saved in one of two formats depending on your
image acquisition hardware: DICOM and PC modalities.

DICOM is the Digital Imaging and Communications in Medicine format which
is a standard way to handle, store, print, and transmit medical images across man-
ufactures. The imaging file contains the patient identifying information within the
image itself so that the two pieces of data cannot be separated. This can be useful
so that there is never a concern of mixing up patient information. These files
therefore tend to be larger than the PC format, so will need more time to download
and more space for image storage. Furthermore, DICOM files cannot be stored or
viewed without a specific program to view the images. The Picture Archiving and
Communication System (PACS) needed for DICOM images need not be a large
and expensive system. Any system that performs these duties is considered a
PACS; therefore, a small PACS can be created on any computer with the correct
software and storage capacity. Since DICOM images require a specific viewer, a
mini-PACS can be created by using one of the free downloadable DICOM view-
ers. There are several choices available depending on the computer’s operating
system.

OsiriX is a DICOM viewer that is available for Mac users and can easily be
downloaded from the web (http://www.osirix-viewer.com). It is used worldwide
and is available for all apple devices including a mobile version. This software can
store all DICOM images, becoming its own self-contained PACS. Images can be
viewed, sorted, edited, emailed, and manipulated for future use. It has a free version
to download, OsiriX Lite, that may be a good starting point for new ultrasound sys-
tems as it has many features. The Osirix MD upgrade does cost $699, but it is a
one-time cost and would be a worthwhile investment as it expands functionality
with improved speed, unlimited user limits, email support and is FDA-cleared for
medical usage. The mobile version, OsiriX HD ($49.99 in App store) is a basic
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OsiriX Ima