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Endoscopic ultrasound (EUS) has been recently established as an indispensable modality for the diagnosis and management of
pancreatobiliary and gastrointestinal (GI) disorders. EUS proficiency requires both cognitive and technical abilities, including an
understanding of the appropriate indications, the performance of appropriate evaluations before and after the procedure, and the
management of procedure-related complications. An increasing demand for skills to handle a growing range of interventional EUS
procedures and a continual shortage of EUS training programs are two major obstacles for EUS training. Acquiring the skills necessary
to comprehend and conduct EUS often requires training beyond the scope of a standard GI fellowship program. In addition to
traditional formal EUS training and preceptorships, regular short-term intensive EUS training programs that provide training at various
levels may help EUS practitioners improve and maintain EUS-related knowledges and skills. Theoretical knowledge can be acquired
from lectures, textbooks, atlases, slides, videotapes, digital video discs, interactive compact discs, and websites. Informal EUS training is
generally based on 1- or 2-day intensive seminars, including didactic lectures, skills demonstrated by expert practitioners through live
video-streaming of procedures, and hands-on learning using animal or phantom models. Clin Endosc 2017;50:340-344
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INTRODUCTION

Since first introduction into clinical practice in the early
1980s, endoscopic ultrasound (EUS) has been established as
an indispensable diagnostic and therapeutic modality for
pancreatobiliary and gastrointestinal (GI) disorders."” How-
ever, it is considered one of the most technically challenging
and complicated endoscopic procedures for the experienced
endoscopist to perform and for the trainee to learn, because
both cognitive and technical abilities are required for endo-
scopic manipulation and ultrasonographic interpretation.
Over the past few decades, remarkable innovations in EUS
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technology, more versatile EUS equipment, and echoendo-
scopes with larger operating channel have resulted in the
deployment of various interventional accessories. This has led
to considerable progress in the utility of EUS, including its use
in complex interventional procedures; for example, pancre-
atobiliary drainage, creation of anastomosis, vascular access,
and tumor ablation. Since EUS applications have become
increasingly recognized by other clinical practitioners, the
demand for well-trained endosonographers has increased. Al-
though EUS has substantially evolved in technology, research,
and performance, unlike esophagogastroduodenoscopy and
colonoscopy, the practice of EUS is still far from being part of
every endoscopy suite due to its high set-up cost and relative
scarcity of credentialed EUS experts.” EUS training faces two
major obstacles to be overcome: an increasing demand for
skills to handle a growing range of interventional EUS proce-
dures and a continual shortage of EUS training programs.”

This section reviews the progress and status of EUS train-
ing programs in Western and Asian regions, as well as other
available informal training programs and modalities for EUS
training.
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PROGRESS OF EUS TRAINING
PROGRAMS IN WESTERN COUNTRIES

As an advanced endoscopic procedure, EUS procedures
require substantial technical skill and extensive knowledge of
intraabdominal anatomy. Significant time and effort are also
required to learn EUS procedures. Acquisition of the skills
necessary to understand and conduct EUS often requires
training beyond the scope of a standard GI fellowship pro-
gram. Although a formal fellowship in an advanced endos-
copy center has always been perceived as the best way to help
beginners acquire knowledge and skills for EUS procedures,
such opportunities remain limited for most trainees and there
is no consensus about the established EUS training environ-
ment or the adequacy of available training resources. The
American Society for Gastrointestinal Endoscopy (ASGE) has
published guidelines for EUS training and subsequent revi-
sions since 1999.” The ASGE recommends that EUS training
should be reserved for fellows who have achieved competence
in routine endoscopic procedures during the training course
of a GI fellowship and completed at least 24 months of a
standard GI fellowship (or equivalent training). However, few
academic centers in the US are available and they sometimes
provide dual or separate training courses for endoscopic ret-
rograde cholangiopancreatography (ERCP) and EUS during
an additional fourth year of training for advanced procedures.
In the early 2000s, EUS training was available in 28 centers in
the US, one in Canada, and some European academic centers
in Spain and Italy, producing a total of 30-35 expert endoso-
nographers per year.”’

The training course is dependent on case volume during
training and duration of experience.” In certain unusual cir-
cumstances, a trainee may acquire the necessary skills for EUS
in a short fellowship training, given adequate case volume and
the necessary knowledge and skills for advanced endoscopy.
To date, there have been few published reports on the number
of procedures required to achieve EUS competence. The min-
imum number of procedures required to achieve competency
is dependent on a trainee’s skills and knowledge of ultrasound
principles, as well as the overall quality of the training experi-
ence. To establish a certain level of EUS competence, a general
consensus from expert endosonographers suggested that
luminal EUS (T-staging and subepithelial lesions) requires at
least 3-6 months of training, whereas pancreatobiliary EUS
and fine-needle aspiration (FNA) may require up to 1 year of
intensive training.”"" ASGE has recommended 190 supervised
EUS procedures (including 75 pancreatobiliary, 75 mucosal
cancer staging, and 40 subepithelial cases) and 50 EUS-FNA
procedures (including 25 pancreatic cases) for training and
granting privileges of EUS." Whereas, the working group
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mandated by the British Society of Gastroenterology recom-
mended that trainees should complete 250 EUS procedures,
including 80 luminal cancers, 20 subepithelial lesions, and 150
pancreatobiliary cases (at least half of which are pancreatic
lesions).” The Forum on Canadian Endoscopic Ultrasound, a
national Canadian meeting held annually since 2013, recently
proposed guidelines stating that trainees undergo hands-on
training in at least 250 supervised cases including at least 50
FNA, 100 pancreatic cases, 25 rectal cases, and at least 10 celiac
plexus blocks/neurolysis procedures.”

However, the adequacy of EUS training and number of
procedures in 3-year and advanced GI fellowships remain
uncertain. In a survey of fellowship programs for EUS train-
ing from US GI fellowship program directors," fellowship
programs were assessed to meet ASGE guidelines according
to the presence or absence, type, and extent of EUS training.
The data were analyzed based on the annual total EUS vol-
ume for 3-year and/or advanced-year fellows. Among 3-year
fellows, 55% received <3 months’ training, while 43% received
no actual hands-on EUS experience, and 61% did not learn
EUS-guided FNA. Additionally, 20% of advanced fellows
did not receive hands-on training and 52% performed <200
procedures. Although most advanced fellowship programs in-
clude sufficient EUS volume for training purpose, this survey
asserted some of the EUS training inadequacies and demon-
strated areas of improvement.

In a systemic review evaluating the learning curve to
achieve EUS competency,” competency was achieved by
65-231 procedures for assessing T-staging accuracy for GI
tumors and 30-40 procedures for assessing EUS-FNA. The
assessment of comprehensive EUS competency revealed that
not all trainees achieved it; in fact, only four of 17 trainees
achieved competency for 225-295 EUS procedures. These re-
sults demonstrated that the number of procedures required to
acquire competency might need to be increased above ASGE
recommendations.

Unfortunately, there have been few published reports re-
garding EUS training or the number of procedures required
to achieve competence.” Revision of the ASGE guidelines for
EUS training might be needed since the above-mentioned
survey and systemic review reported that performing 150
EUS procedures might be inadequate to help a fellow achieve
competence and that at least 225 hands-on cases might need
to be performed prior to the assessment of competency.”

PROGRESS OF EUS TRAINING IN ASIAN
COUNTRIES

Contrary to the history of Western EUS training programs,
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formal EUS fellowship programs in Asian regions did not
exist in the 2000s, except in Japan, Korea, and Taiwan. Most
endoscopists rely on limited advanced endoscopy training
programs at centers in Western countries to acquire EUS
skills, and only a small number of endoscopists can benefit
from privileged overseas training.

In the survey of EUS practices distributed to 87 endosonog-
raphers in the Asia-Pacific regions outside of Japan between
August and October 2004, only 22.5% of respondents were
formally trained through an overseas fellowship lasting >6
months. Almost half of the EUS practitioners (49.3%) were
self-taught, more than half (59.2%) were also trained through
observing EUS procedures, and 25 (35.2%) were taught in
their own institution by experienced endosonographers. An-
other 12 (16.9%) and five (7.0%) received the same mode of
training, but with a shorter duration of 3-6 months and <3
months, respectively. Most EUS practitioners (90%) recog-
nized that a formal EUS training fellowship with a minimum
of 100 supervised procedures completed over a period of >6
months was required to achieve acceptable EUS competence.
This survey found that the major factors hindering the propa-
gation of EUS in Asian countries are the sheer learning curve
and insufficient training opportunities. To expand EUS uti-
lization in Asia, the authors recommended a combination of
advanced EUS training in centers of excellence and hands-on
training using well-structured courses. To achieve the vision
of encouraging EUS training in Asia, the Asian EUS Group
(AEG) was organized in 2002 as an interest group that is not
affiliated with any specialized society. AEG has offered a series
of structured workshops. Between October 2012 and October
2013, 11 workshops in eight Asian countries were offered by
a faculty of 20 regional EUS experts.”” Among the 11 work-
shops, the EUS training participants of six workshops evalu-
ated the effectiveness of structured workshops in improving
the knowledge and skills of EUS for the trainees by using
written and hands-on tests with the Ikuma model. In the
analysis of written tests before and after training from a total
of 62 trainees, the overall mean scores improved significantly
after versus before the training (77.5%0.2% vs. 66.0%0.3%,
p<0.0001). Among the 31 trainees who were randomly select-
ed to undergo a skill test before and after training, there was a
statistically significant advancement in the proportion of their
successful localization of structures after hands-on training.
In this study, structured training courses appeared to be an
effective method of improving EUS knowledge and skills of
aspiring endosonographers in the Asian region.

Asian countries have several advantages over Western
countries for EUS training. Although Asian countries lack
high-volume EUS centers compared to Western countries,
one advantage is perhaps easier access to hands-on training
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on patients. After more than a decade of AEG effort and EUS
procedural progress in Asian countries, more EUS local learn-
ing opportunities are available to aspiring endosonographers,
albeit not entirely through formal fellowships, the supply of
which remains short of demand. To overcome the shortage
of training opportunities, a more concerted approach is now
in place to fast-track the dissemination of EUS skills in Asia
through well-structured short-term training programs. These
programs are generally more intensive, are of shorter dura-
tion, and lack preceptorship.

INFORMAL TRAINING PROGRAMS

Several institutions across Western and Asian countries
have offered systematic training courses in EUS. However,
these programs provide limited exposure and certainly do not
adequately train novices as independent endosonographers;
additionally, the EUS learning curve is relatively lengthy. In
addition to traditional fixed-term training and preceptorships,
regular short-term intensive EUS training programs that
provide training at various levels may help EUS practitioners
improve and maintain their knowledges and skills. Ideally,
although supervised hands-on training enables trainees to
achieve competence more quickly than self-learning, master-
ing EUS, especially interventional EUS, is associated with an
increased risk of complications and ethical issues. Therefore,
informal EUS training and education programs for achieving
EUS training competence are required to improve training
and reduce the number of supervised examinations.

There are many ways to learn EUS other than supervised
practice on actual patients. Theoretical knowledge can be
acquired from lectures, textbooks, atlases, slides, videotapes,
digital video discs, interactive compact discs, and websites.
Informal EUS training is generally based on 1- or 2-day inten-
sive workshops, including didactic lectures, skills demonstra-
tions by expert practitioners through live video-streaming of
procedures, and hands-on learning using animal or phantom
models." Most academic and tertiary referral centers have of-
fered both formal and informal EUS training models for over
a decade. However, these informal learning methods simply
represent useful adjuncts to formal training and should not
be used as a substitute for a more formal supervised training
experience.

NONHUMAN TRAINING MODELS

Available nonhuman models to help facilitate EUS training
include computer-based simulators, phantoms, ex vivo mod-



els, and live animal models.”

Among computer-based endoscopic simulators for GI en-
doscopy, GI-Mentor using an EUS module (Simbionix Ltd.,
Tel Hashomer, Israel) and EUS Meets Voxel-Man (Voxel-Man
Group, Hamburg, Germany) are used for training in EUS.***
EUS Mentor is a computer-based endoscopic simulator plat-
form that allows trainees to gain experience by manipulating
the scope and wheels and provides realistic radial and lin-
ear-array EUS images based on human anatomy. EUS Meets
Voxel-Man is an interactive anatomic simulation program
that provides three-dimensional anatomy on linear-array EUS
images.”** More advanced models suitable for teaching inter-
ventional EUS have recently been made available. A demon-
stration of the various steps for typical EUS-guided biliary
drainage is now achievable using the Mumbai EUS 3D model
(Prototype, Mumbai, India), a stereolithography, 3D printing
bile duct prototype.”* Dhir et al. showed a 100% success rate of
needle puncture and tract dilation, 82.4% for wire manipula-
tion, and 80% for stent placement.” A major limitation of the
current simulated models is the lack of haptics.

EUS and EUS-FNA phantoms (Olympus, Tokyo, Japan)
consist of a longitudinal body with a hole in the center and
different silicon block of types and sizes that simulate the
esophagus and lymph nodes or cystic lesions, respectively.
This model is simple and easy to use and transport. Various
models are available to represent subepithelial tumors, vari-
ous cancer invasion depths, radial and linear EUS models of
the pancreatobiliary system, and EUS-FNA. Although these
phantoms do not adequately simulate actual human anatomy,
they could help trainees learn the basic EUS and EUS-FNA
techniques, especially manipulating and positioning the echo-
endoscope and FNA needle.

The Ikuma model was designed through collaboration be-
tween Olympus Medical Systems Corporation (Tokyo, Japan)
and Kyoto Kagaku (Kyoto, Japan) to simulate real-time human
anatomy. Trainees can practice navigational skills with this
model, but it cannot simulate the tactile feeling of working
with real patients. An ex vivo animal model such as the EUS
RK model offers enhanced realistic feeling and EUS-FNA is
feasible using normal EUS equipment. However, this model
does not simulate blood flow.

After hands-on tutelage by an expert mentor, practicing
EUS on live animals is probably the next best way to acquire
practical EUS skills. Live animal models are the most realistic
simulators and offer the best training experience. The swine
model is the most common animal model for EUS learning.
Swine models resemble human anatomy and human-like
EUS images can be obtained from transgastric scanning.
EUS training using live animal models significantly improves
trainee performance, confidence, and procedural comfort
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with returning to real patient examinations. However, animal
models are expensive and difficult to set up, and using them
means sacrificing animals.

Although each model has its own advantages and limita-
tions, its value is complementary rather than competitive.
Unfortunately, these simulators are not readily available at
most institutions due to high cost and regional needs. Clinical
trials evaluating the efficacy of simulators in EUS training are
lacking. Further studies of the efficacy of various EUS training
models on technical and clinical outcomes are still needed.

CONCLUSIONS

EUS has become an important imaging tool for the evalua-
tion of a variety of GI disorders. It is a challenging endoscopic
procedure that requires both cognitive and technical skills
beyond the general scope of standard endoscopic procedures.
New EUS procedures and clinical applications are constantly
advancing. Obtaining competent EUS training may be chal-
lenging since EUS is highly operator-dependent and training
on actual patients can be associated with an increased risk
of complications and ethical issues. The British guidance on
EUS services in the UK specifically states, “There is no role for
the self-teaching of EUS through trial and error’ Even after
structured training, an acceptable diagnostic accuracy rate
can be achieved only after the execution of a certain number
of examinations. As the demand for expert endosonographers
continues to increase, training guidelines must be critically re-
vised to ensure the availability of well-trained and competent
future endosonographers.
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