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(57) ABSTRACT

Ultrasound-guided needle procedures require skills that are
challenging to master, especially considering the need to
manipulate 3-D structures while observing 2-D images (or
even 3-D images). A pre-clinical assessment and training
apparatus, methods, and systems are described herein. Tar-
geting tasks require participants to contact target models
designed to test various skills. Performance is compared
between those with experience in ultrasound-guided medical
procedures and those without experience, using at least one
targeting task likely to be beneficial for assessment.
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APPARATUS, METHODS, AND SYSTEMS

FOR TARGET-BASED ASSESSMENT AND

TRAINING FOR ULTRASOUND-GUIDED
PROCEDURES

RELATED APPLICATIONS

[0001] The present application claims priority to U.S. Pro-
visional Patent Application No. 61/978,643, filed Apr. 11,
2014 and to U.S. Provisional Patent Application No. 61/984,
401, filed Apr. 25, 2014. The disclosures of U.S. Provisional
Patent Application No. 61/978,645 and U.S. Provisional
Patent Application No. 61/984,401 are hereby incorporated
by reference in their entirety herein.

FIELD

[0002] This invention relates to assessment and training of
medical personnel for hand-eye coordination in performing
ultrasound-guided procedures.

BACKGROUND

[0003] At present, training of medical professionals in
ultrasound-guided procedures often occurs in a clinical envi-
ronment. This approach has several disadvantages. It places
the learner in the uncomfortable position of performing their
initial procedures in an unfamiliar clinical setting where tech-
nical problems can have serious consequences for the patient.
Inaddition, clinical training opportunities in some disciplines
are limited.

[0004] The current training paradigm has been upheld in
the past because there were no other viable alternatives. Alter-
natively simulators available for many of the ultrasound-
guided needle procedures commonly used today are often
highly specific to particular anatomical structures and there-
fore limited in use. Moreover, ongoing medical advances will
likely lead to development of additional ultrasound-guided
procedures not yet implemented in practice, such that a gen-
eralized training in the use of ultrasound-guided imaging to
improve hand-eye coordination is beneficial for the develop-
ment and training of existing and new applications. Depth
perception, for example, is universally difficult to master
while observing a 2-dimensional image, and practice on a
system that broadly replicates the challenges of using ultra-
sound guidance to perform procedures may improve the skill
and confidence of the user. Thus, there is a need for general-
ized assessment and training for skill in using ultrasound
guidance for medical procedures. The present invention
addresses this need.

[0005] Thus, there is a need for a generalized ultrasound-
guided skill assessment and training apparatus and system, as
well as methods for assessing skill in using ultrasound-guided
imaging for procedures, as are described herein. Further pro-
vided are computer readable media for assessing skill in
ultrasound-guided procedures involving a needle or other
user-held devices or instruments.

SUMMARY

[0006] The present invention relates to an apparatus, meth-
ods, and systems for assessing and training users (e.g., clini-
cians or pre-clinical trainees) in ultrasound-guided proce-
dures, and especially those procedures requiring
manipulation of a needle, probe, guide wire, or other instru-
ment.
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[0007] In some embodiments, the invention comprises an
apparatus for ultrasound-guided procedure assessment and/
or training, comprising: a 3-dimensional (3-D) target model
component having a plurality of points of contact and access
to the points of contact. In some embodiments, the target
model component comprises structures positioned at mul-
tiple angles. In some embodiments, the target model compo-
nent mimics common anatomical structures and/or geometric
access observed in ultrasound-guided procedures. In some
embodiments, the apparatus further comprises a chamber
component comprising the 3-D target model component and
an opaque access surface for contact with an ultrasound imag-
ing system. In some embodiments, the apparatus further com-
prises a needle, probe, guide wire, catheter, drain tube, or
other user-held instrument component for performing tasks
related to the target model component. The apparatus may
further include an ultrasound imaging component for visual-
izing in 2 dimensions or 3 dimensions the target model com-
ponents and the needle or other user-held device component
via ultrasound probe contact with the chamber access surface.
[0008] In other embodiments, the invention comprises a
method for assessing skill in ultrasound-guided procedures,
comprising: providing an apparatus of the invention as
described herein; assigning a user a task related to the 3-D
target model component; and having the user perform the
assigned task while visualizing the target model component
and the needle or other user-held instrument via the ultra-
sound imaging system. The method may further comprise
assigning the user a plurality of tasks related to the target
model component. The method may further comprise timing
successful performance of the assigned tasks. The method
may further comprise comparing the performance of the user
to that of experienced and inexperienced clinicians using the
same apparatus.

[0009] In other embodiments, the invention comprises a
method for assessment and/or training in ultrasound-guided
procedures, comprising: providing an apparatus of the inven-
tion as described herein; and assigning a user a specific task
related to a 3-D target model component. The method may
further comprise having the user practice performing the
assigned task while visualizing the target model component
and the needle or other user-held component via an ultra-
sound imaging system. The method may further comprise
assessing and timing user performance of the assigned task.
The method may further comprise assigning the user a plu-
rality of tasks related to the target model component.

[0010] In other embodiments, the invention comprises a
system for ultrasound-guided procedure assessment and
training, comprising: at least one 3-D target model compo-
nent; a chamber component for enclosing the 3-D target
model component, wherein the chamber comprises the target
model] component and an opaque access surface for contact
with an ultrasound imaging system. The system may further
comprise at least one of a needle, a probe, or other user-held
component for performing tasks related to the target model
component and/or an ultrasound imaging system compornent
for visualizing the target model component and the needle or
other user-held device component via ultrasound probe con-
tact with the access surface. In some aspects, the system may
also comprise a tool for objective assessment of skill level.

BRIEF DESCRIPTION OF THE FIGURES

[0011] The present invention may be better understood by
referring to the following non-limiting figures.
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[0012] FIG. 1 is an illustration of a rod target model,
designed to test a user’s movement of a needle or probe within
the same initial ultrasound imaging plane, where the user
visualizes a cross-section of each rod simultaneously, accord-
ing to an embodiment of the invention.

[0013] FIG. 2 is an illustration of a straw target model,
designed to test a user’s movement of a needle or probe while
following a restrictive path, such as a path into the lumen of a
straw (without touching the sides of the straw), according to
another embodiment of the invention.

[0014] FIG. 3 is an illustration of a ball target model,
designed to test a user’s guidance/movement of a needle or
other instrument to target structures positioned on a non-
planar surface not visible via ultrasound in the initial ultra-
sound image plane, such that the user must adjust the ultra-
sound probe to visualize the target structures, according to
another embodiment of the invention.

[0015] FIG. 4 is an illustration of a rod/ball target model,
designed to allow a user access to some target structures (e.g.,
the ball) only via narrow passages between two other struc-
tures, according to another embodiment of the invention.
[0016] FIG. 5 is an illustration of an aspiration target
model, designed to test a user’s skill using a needle to with-
draw fluid from a mass, according to another embodiment of
the invention.

[0017] FIG. 6 is an illustration of a cylindrical chamber
with a curved opaque access surface, similar to the surface of
a distended abdomen, according to an embodiment of the
invention.

[0018] FIG. 7 is an illustration of a rectangular chamber
with a flat opaque access surface, according to another
embodiment of the invention. The additional space may allow
multiple target models to be enclosed in the chamber simul-
taneously.

[0019] FIG. 8 is an embodiment of a cylindrical chamber
having a curved opaque access surface and relatively shallow
depth as compared to other embodiments illustrated herein.
This chamber was used to test the skill of experienced clini-
cians as compared to inexperienced ultrasound users.

[0020] FIG.9isanillustration of the cylindrical chamber in
FIG. 8 showing three (upper, angular, and side) views.
[0021] FIG. 10 demonstrates example ultrasound images
for the rod, straw, and ball target models, where panel 10A is
the rod target model (left) and corresponding ultrasound
image (right), panel 10B is the straw target model (left) and
corresponding ultrasound image (right), and panel 10C is the
ball target model (left) and corresponding ultrasound image

(right).
DETAILED DESCRIPTION

[0022] The following description recites various aspects
and embodiments of the present invention. No particular
embodiment is intended to define the scope of the invention.
Rather, the embodiments merely provide non-limiting
examples of various methods and systems that are at least
included within the scope of the invention. The description is
to be read from the perspective of one of ordinary skill in the
art; therefore, information well-known to the skilled artisan is
not necessarily included.

Definition and Abbreviations

[0023] The following terms, unless otherwise indicated,
shall be understood to have the following meanings:

[0024] As used herein, the terms “a,” “an,” and “the” can
refer to one or more unless specifically noted otherwise.
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[0025] The term “or” is not to be construed as identifying
mutually exclusive options. For example, the phrase “X con-
tains A or B” can mean that X contains A and not B, X
contains B and not A, or X contains both A and B. That is, the
term “or” is used to mean “and/or” unless explicitly indicated
to refer to alternatives only or the alternatives are mutually
exclusive, although the disclosure may support a definition
that refers to only alternatives and “and/or”” As used herein
“another” can mean at least a second or more.

[0026] As used herein, the terms “user,” “participant,”
“examinee,” or “trainee” may be used interchangeably and
may refer to a person in need of assessment or training for the
medical skills related to the methods, apparatus, and systems
of the invention described herein.

[0027] “Echogenic” or “echoreflective” or “hyperechoic”
as used herein all refer to increased sound wave echoes in
ultrasonography. By contrast, “hypoechoic” refers to
decreased sound wave echoes in ultrasonography.
“Echogenic target models” or “target models” as used herein
refer to 3-dimensional structural units that are detectable by
ultrasound imaging because they reflect ultrasound waves. A
target model is generally a modular unit (a module), while
“target” may refer to an entire target model unit or a sub-part
of a target model. “Echogenic target models,” “ultrasound
targets,” and “target models” are used interchangeably herein.
[0028] “Modular” as used herein refers to a design
approach that subdivides a system into smaller parts (mod-
ules) that can be independently created and then used in
different systems to drive multiple functionalities. For
example, a variety of target models may be interchangeable
within a system that includes a chamber for housing the target
models and means for attaching and securing a target model
to the chamber (e.g., a pedestal with a magnet embedded
inside, which attracts to a second magnet embedded inside a
target model, so as to hold the target model in place on the
pedestal). Or other types of fasteners may be used.

[0029] “Chamber” as used herein refers to the target enclo-
sure and surroundings, including an opaque access surface for
contact with an ultrasound probe forimaging. A chamber may
be any variety of sizes or shapes to accommodate appropriate
targets for simulating various procedures or structures to be
accessed.

[0030] “Access surface” or “opaque access surface” as used
herein refers to the surface through which a user gains access
to the target model(s) enclosed within a chamber. The user
inserts aneedle, probe or other instrument through the opaque
access surface to gain access to the target model inside the
chamber. The access surface may be opaque such that the user
must utilize ultrasound imaging or some other imaging to
“see” the target model and needle, probe, or other instruments
inside the chamber.

[0031] “Geometric access” as used herein refers to the
instrument path required to gain access to structures during
ultrasound-guided medical procedures. That is, a target
model may not be representative of any particular anatomical
structure, but gaining access to a particular target on the target
model by maneuvering through necessary angles or confined
spaces, without contacting any forbidden structures, is an
example of gaining geometric access to a target. A “defined
geometric access” may refer to the most direct path or a
preferred path to a contact surface (target on the target model)
without encountering obstacles or non-contact surfaces. A
defined geometric access may be one that simulates the
access required in a clinical setting.

EE TS
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[0032] “Contact surface” as used herein refers to a part of a
target model which the user may attempt to contact with the
needle, probe, or other instrument as part of a targeting task.
That is, a contact surface is an intended target on the target
model.

[0033] “Non-contact surface” as used herein refers to a part
of a target model which the user may attempt to avoid con-
tacting with the needle, probe, or other instrument as part of a
targeting task. Any surface not designated as a target or con-
tact surface may be considered a non-contact surface by
default. That is, a non-contact surface may be any surface on
the target model or chamber that is not an intended target for
contact by the user.

Description

[0034] Broadly developed skill in ultrasound-guided pro-
cedures may be applicable in a wide range of clinical settings.
Examples of applications where such training and assessment
may be useful include procedures in obstetrics and gynecol-
ogy, anesthesiology (e.g., regional blocks), interventional
radiology, various types of centesis (e.g., arthrocentesis),
point-of-care ultrasound procedures, and more. The present
invention allows assessment of clinician or pre-clinical
trainee skill in ultrasound-guided procedures. The invention
also allows a trainee to develop and improve skill and confi-
dence in essential hand-eye coordination guided by ultra-
sound imaging in a comfortable setting and without risk to
any patient.

[0035] In some embodiments, the invention comprises an
apparatus for ultrasound-guided procedure assessment and/
or training, comprising a 3-dimensional target model compo-
nent having a plurality of points of contact and access to the
points of contact. In some embodiments, the target model
component comprises structures positioned at multiple
angles. In some embodiments, the target model component
simulates common anatomical structures observed in ultra-
sound-guided procedures. In some embodiments, the appa-
ratus further comprises a chamber component comprising the
3-dimensional target model component and an opaque access
surface for contact with an ultrasound imaging system. In
some embodiments, the apparatus further comprises a needle
or other user-held instrument for performing tasks related to
the target model component. The apparatus may further
include an ultrasound imaging component for visualizing the
target model components and the needle or other user-held
instrument via ultrasound probe contact with the chamber
access surface.

[0036] In some embodiments, the target models of the
apparatus are interchangeable within the chamber as a modu-
lar system (e.g., using magnets or other fasteners). In some
embodiments, the inner surface of the chamber and/or por-
tions of target components are treated with a substance to
reduce or enhance echogenicity. Echogenic or echoreflective
substances increase visualization of structures—e.g., metal is
hyperechoic. By contrast a hypoechoic material (e.g., STY-
ROFOAM®, gel, gelatin, water or some lightweight plastics)
may reduce echogenicity.

[0037] In some embodiments, the chamber further com-
prises a fluid in the cavity. The fluid may be water or a more
viscous fluid to better represent a specific procedure or ana-
tomical environment through which a needle or other instru-
ment may need to navigate.

[0038] In some embodiments, amniocentesis, CVS, or in-
utero stent placement may be simulated by the target models
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placed in the chamber. In other embodiments, the target mod-
els may facilitate simulation of thoracentesis, paracentesis,
pericardiocentesis, arthrocentesis, percutaneous nephros-
tomy tube, venous access procedures, abscess or cyst aspira-
tion, or a variety of other procedures.

[0039] In other embodiments, the invention comprises a
method for assessing skill in ultrasound-guided procedures,
comprising: providing an apparatus that comprises a chamber
including an opaque access surface and enclosing a 3-dimen-
sional target model component having a contact surface and a
defined geometric access to the contact surface; assigning a
user atask related to a user-held instrument and the 3-D target
model component; and having the user perform the assigned
task while visualizing as 2-D or 3-D images the target model
component and the user-held instrument via the ultrasound
imaging systenl. The apparatus may include any of the ele-
ments described herein. The method may further comprise
assigning the user a plurality of tasks related to the target
model component. The method may further comprise timing
successful performance of the assigned tasks. The method
may further comprise comparing the performance of the user
to that of experienced and inexperienced clinicians using the
same apparatus. The method may further comprise having an
experienced examiner (i.e., an individual assessing the user)
observe and evaluate performance of an assigned task by the
user. The method may further comprise a scoring/timing sys-
tem where specific performance problems result in a time or
score penalty. In some embodiments the user is a clinician
having experience with ultrasound-guided procedures. In
some embodiments the user is inexperienced with ultra-
sound-guided procedures.

[0040] In other embodiments, the invention comprises a
method for training in ultrasound-guided procedures, com-
prising: providing an apparatus of the invention as described
herein; and assigning a user a specific task related to the
3-dimensional target model component. The method may
further comprise having the user practice performing the
assigned task while visualizing the target model component
and the needle or other user-held instrument via the ultra-
sound imaging system. The method may further comprise
assessing and timing user performance of the assigned task.
The method may further comprise assigning the user a plu-
rality of tasks related to the target model component.

[0041] In some embodiments of each of the methods of the
invention, an assigned task is correlated with discrimination
between skills of experienced and inexperienced clinicians.
In some embodiments, assessment of user skill yields an
improved result following practice with the apparatus.

[0042] In some embodiments, the invention comprises a
system for ultrasound-guided procedure training and assess-
ment, comprising: at least one 3-dimensional target model
component; achamber component for enclosing the 3-dimen-
sional target model component, wherein the chamber com-
prises the target model component and an opaque access
surface for contact with an ultrasound imaging system. The
system may further comprise a needle or other user-held
component for performing tasks related to the target model
component. The system may also comprise an ultrasound
imaging system component for visualizing the target model
component and the needle or other user-held instrument com-
ponent via ultrasound probe contact with the access surface.
In some embodiments, the at least one target model compo-
nent comprises structures positioned at multiple angles.
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[0043] Insomeembodiments, the system further comprises
a detection component for objectively evaluating perfor-
mance of tasks. The detection component may comprise at
least one sensor. In some embodiments, the system may com-
prise computer readable media for analyzing performance of
a user. In some aspects, the sensors and computer readable
media may also facilitate unbiased evaluation of user skill. In
some embodiments, the system is able to discriminate
between experienced clinicians and inexperienced users.

Ultrasound-Guided Procedures

[0044] When common ultrasound imaging is utilized, 3-di-
mensional (3-D) structures are observed in a 2-dimensional
(2-D) image on a screen. Efficient use of such 2-D ultrasound
images to understand and orient with respect to 3-D physical
structures represented in the images is a skill that is challeng-
ing to master in a clinical setting. This is, however, a skill that
may be improved with practice in a risk-free non-clinical
setting. Likewise, even where 3-D images are observed, the
user may benefit from practice in a setting where interpreta-
tion of depth and direction poses no risk to patients.

[0045] Thus, there is a need for an ultrasound-guided skill
assessment and training apparatus and system, as well as
methods for assessing skill in using ultrasound-guided imag-
ing for procedures, as are described herein. Further provided
are training curricula focused on improving a trainee’s hand-
eye coordination for ultrasound-guided procedures involving
a needle or other user-held devices or instruments.

[0046] For example, using the apparatuses, methods, and/
or systems of the invention, an examinee/trainee may use a
probe, needle, or other instrument held in one hand to make
contact with target components of a 3-D target model housed
within a chamber (container), while simultaneously observ-
ing the target via ultrasound using an ultrasound probe held in
the other hand and applied to an opaque access surface of the
chamber. The examinee/trainee thus experiences the chal-
lenges of observing and manipulating a 2-D image while also
maneuvering 3-D objects shown in the image.

Echogenic Target Models

[0047] Inone aspect the claimed invention comprises a 3-D
target model for a clinician or pre-clinical trainee to visualize
using ultrasound imaging or another type of imaging, while
performing an assigned task related to the target model.

[0048] In some embodiments the target models include
echogenic targets. In some embodiments the shapes or
dimensions incorporated in the echogenic targets are inspired
by and/or provide a generalized representation of common
anatomical structures. [n some embodiments, the echogenic
targets mimic various anatomical structures and/or a geomet-
ric access typically present within the anatomical environ-
ment where ultrasound-guided procedures are conducted.
Importantly, a target may not physically resemble any par-
ticular anatomical structure, but may still present a structure
that requires the user to manipulate the needle, probe, guide
wire, or other instrument in a way that simulates a particular
medical procedure or procedures.

[0049] In some embodiments, a target model may be cus-
tomizable to represent or simulate a specific structure or
medical condition. In some embodiments, a target model may
be appropriately sized to simulate different sizes of anatomi-
cal structures.

Oct. 15, 2015

[0050] As noted herein, in some embodiments, a target
model component may be designed to simulate common ana-
tomical structures and/or geometric access observed in ultra-
sound-guided procedures. “Geometric access” as used herein
refers to the instrument path required to gain access to struc-
tures during ultrasound-guided medical procedures. In some
embodiments, the desired path is the most direct or efficient
access path. That is, a target may not be representative of any
particular anatomical structure, but gaining access to it by
maneuvering through necessary angles or confined spaces,
without contacting any forbidden structures (e.g., body parts
that could be injured by such contact), is an example of
gaining geometric access to the target. Thus, the target may
provide not only a “positive” structure that provides a par-
ticular orientation, but may also provide a structureless path
(i.e., a geometric access) by which preferred access to the
structure and/or structures in the target is obtained. Thus, in
various embodiments, both the structures and the path are
ideally representative of an anatomical environment of inter-
est. For example, for the rod target model shown in FIG. 1, the
positive structures may be the horizontal dowel rods, whereas
the geometric access may be governed by the positioning of
the dowel rods at different levels, thus requiring the user to
pursue varied paths to access the dowel rods. Similarly, for the
ball target model of FIG. 3, the positive structures are the
balls, but the geometric access may be governed by the exten-
sions on which the balls are positioned and the angle and path
between the extensions through which the user must negotiate
access to the balls.

[0051] FIGS. 1-5 demonstrate potential target models
according to various embodiments of the invention. FIG. 1
illustrates a rod target model embodiment, designed to test
movement between structures within the same ultrasound
plane. The initial ultrasound image may advantageously dis-
play a plane perpendicular to the long axis of the rods, such
that the user visualizes a cross-section of each rod simulta-
neously. In rod target model 100, a baseplate 102 supports
vertical extensions 104A-E having different heights, which in
turn support dowel rods 106 A-E. This rod target model 100 is
designed to test the user’s movement of a needle or probe
within the same vertical ultrasound imaging plane.

[0052] FIG. 2illustrates a straw target model embodiment.
In straw target model 200, a semi-spherical base 202 supports
tubular structures 204, which extend from the base 202 at
various angles. This straw target 200 is designed to test move-
ment while following a restrictive path, such as a path into
lumen 206 of the straw, without touching the sides 208 of the
straw.

[0053] FIG. 3illustrates a ball target model embodiment. In
ball target model 300, a semi-spherical base 302 supports
extensions 304 having rounded (i.e., ball) structures 306 at the
distal ends; the distal structures shown are spherical, but they
may also be oval or some other shape. This ball target model
300 is designed to test guidance/movement to structures out-
side the initial ultrasound plane, because the

[0054] FIG. 4 illustrates a rod/ball target model embodi-
ment. In rod/ball target model 400, a semi-spherical ball
structure 402 sits on a rectangular base 404, which also sup-
ports two walls 406 with four connecting rods (i.e., dowels)
408 spanning the walls. In this rod/ball target model 400, the
ball structure 402 is accessed only via the narrow passages
between two rod structures 408.

[0055] FIG. Sillustrates an aspiration target model embodi-
ment. In aspiration target model 500, a semi-spherical base
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502 supports a fluid-filled mass 504. The mass may have
extensions 506 for attachment to the base 502. With this
aspiration target model 500, the user may be instructed to use
a needle to withdraw fluid 508 from inside the mass 504 via
apertures 510. The fluid inside the mass may be dyed a color,
such that successful aspiration will yield only the colored
fluid.

[0056] Insomeembodiments, portions of the target models
may be treated or modified to be more echogenic (e.g., with a
particular coating that reflects sound waves to a greater extent
than the target would otherwise). For example, in some
embodiments, specific target components may be echogeni-
cally enhanced for increased reflection of ultrasound waves.
For example, a coating of metal, PLASTI DIP® , or some
other hyperechoic substance may optimize reflection of
sound waves. Conversely, various components may be treated
so as to be less echogenic, such as by coating with a substance
that increases absorption of ultrasound waves (e.g., STYRO-
FOAM® , gel, gelatin, or some types of lightweight plastic)
may reduce echogenicity.

[0057] Any number of different materials may be appropri-
ate for constructing the target model components as described
herein. For example, components may be made of propylene,
polypropylene, polyethylene, aluminum, silicone, variable
density silicone or foam material, plaster, ceramic, wood,
plastic, stainless steel or other metals or alloys, etc. In some
embodiments, a single target model may be comprised of two
or more materials.

[0058] In some embodiments the target models are inter-
changeable in a modular fashion within a chamber. In some
embodiments two or more target models may be accommo-
dated simultaneously within one chamber.

Needle or Other User-Held Instrument

[0059] A user may contact the targets or target model com-
ponents with a needle, probe, guide wire, or other user-held
device or instrument, providing the ability for the user to
access (e.g., contact or touch) the target. For example, a
typical needle for ultrasound-guided procedures is 3-7 inches
long and 17-22 gauge diameter. Alternatively, the user may
contact target components with a probe, wand, guide wire, or
any other device of sufficient length to reach from the user
into the chamber to the contact surfaces of target components.
[0060] In some embodiments where the target is housed
within a chamber having an access surface for ultrasound
imaging, the probe or needle should be long enough to reach
the target from an exterior part of a chamber access surface
and of sufficient sharpness to pierce or penetrate the access
surface of the chamber, which may be made of ballistic gela-
tin or another suitable access surface substance. The needle or
other instrument may be stabilized upon entry into the cham-
ber, as the user views the needle via ultrasound imaging, Thus
the user may perform the assigned task while visualizing the
target model and the instrument via the ultrasound imaging
system while using the instrument to access and penetrate the
access surface.

[0061] In some embodiments, where aspiration of fluid is
an assigned task, the instrument must be capable of withdraw-
ing fluid. A needle, e.g., would be appropriate for aspiration.
Specific additional tasks may be designed to require specifi-
cally modified instruments, as appropriate. For example, bet-
ter simulation of certain types of procedures may require the
user to traverse the opaque access surface with a guide wire,
catheter, drain tube, or other instrument instead of a needle or
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probe. In some embodiments, a simple probe may be the
preferred implement because it does not introduce air bubbles
into the surrounding fluid.

[0062] In some embodiments, the needle, probe, or other
user-held device may be coated or otherwise treated or modi-
fied such that it is echogenically enhanced for increased
reflection of ultrasound waves. In some embodiments, the
needle, probe, or other user-held device may be modified to
automatically record touches or contacts, and in some
embodiments may also record the accuracy of touches or
contacts.

Chamber

[0063] The target models described may be housed within
an enclosed chamber. Such a chamber may be cylindrical,
rectangular, oval, or other shapes, and of variable size and
dimensions. The chamber may optionally include a platform
or other point of attachment at the base for mounting inter-
changeable targets. The chamber may be made out of any
number of suitable materials, including but not limited to
plastics, ceramics, propylene, polypropylene, polyethylene,
aluminum, silicone, variable density silicone or foam mate-
rial, plaster, ceramic, wood, plastic, stainless steel, metals,
alloys, or any number of other synthetic materials.

[0064] The chamber may generally be opaque, such that a
user must visualize the contents of the chamber via ultra-
sound or some other type of imaging system. The chamber
may comprise at least one opaque access surface appropriate
for contact with an ultrasound probe to facilitate ultrasound
imaging (e.g., 604 and 704). The access surface may also be
utilized to access the contents of the chamber with a user-held
instrument (e.g., a needle) by penetration of the access sur-
face with the instrument.

[0065] For example, in an embodiment the access surface
may be made from a ballistic gelatin such as PERMA-GEL®
Ballistic Gel (e.g., 10% ballistic gelatin) or another substance
with similar pliability, resilience, and optionally self-sealing
properties, such that it may be pierced by a needle or other
implement or instrument repeatedly and yet maintain its
shape and structure. In another embodiment the access sur-
face may be a formed silicone or silicone-type substance, or
other substances may be appropriate. The access surface may
take a variety of shapes, such as convex, concave, semi-
tubular, or flat. For example, in FIG. 6, the access surface 604
is curved and convex. In some embodiments, chamber access
surfaces may also be modular (i.e., interchangeable) so as to
allow simulation of alternative specific anatomical surfaces.
An ideal chamber access surface is self-sealing, resealable,
moldable, transmits ultrasound waves, and may have a texture
similar to skin.

[0066] FIGS. 6 and 7 illustrate two possible chambers
according to embodiments of the invention. FIG. 6 illustrates
a cylindrical chamber 600 having cylindrical wall 612 and a
curved top opaque access surface 604 made of variable den-
sity silicone and/or ballistic gelatin. The target model (shown
here, target model 300) may sit on a platform 608 and may be
secured by magnets. The curved access surface may resemble
a dome or the surface of a woman’s abdomen late in preg-
nancy (i.e., a distended abdomen).

[0067] FIG. 7 illustrates a rectangular chamber 700 having
a rectangular shape with flat walls 712 and a flat top opaque
access surface 704 made of ballistic gelatin. The target model
(shown here, target model 300) sits on a platform 708 and is
secured by magnets. Although only a single target model is
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shown, the additional space of the rectangular chamber may
allow additional target models to be enclosed in the chamber
simultaneously. Alternative orientations of chambers may
also be useful for simulating particular procedures. For
example, arectangular chamber may be oriented such that the
longer side is vertical. In an apparatus enclosing multiple
target models, a user may be assessed for a variety of skills in
a single session.

[0068] In some embodiments, various materials may be
embedded in the surface access (or extended from the surface
access or walls of the chamber) so as to more accurately
represent anatomy in a real medical procedure. For example,
patient ribs could be simulated for thoracentesis procedures
by additional solid elements embedded in the opaque surface
access.

[0069] Insomeembodiments, the chamber cavity (e.g., 616
and 716) is filled with water. In other embodiments, the cavity
may be filled with another suitable substance. For example,
the cavity may be filled with a fluid, gel, or other viscous or
semi-viscous substance. In some embodiments, the fluid or
gel is resistant to accumulation of air bubbles. However, if the
user-held device is a probe, wand, or other implement without
a lumen or cannula, or without the ability to introduce air
bubbles into the fluid or substance, this feature may be unnec-
essary.

[0070] Insomeembodiments, the inner surfaces of a cham-
ber (e.g.. 612 and 712) may be coated with a sound-absorbent
material to reduce reflection of ultrasound waves. For
example, a layer of STYROFOAM® may be applied as a
sound-absorbent coating. In some embodiments, the chamber
may be filled or emptied of fluid through a valve on the
chamber. Such a valve may be necessary to completely fill the
chamber with fluid when the access surface is convex, as
where it may be designed to simulate a distended abdomen.

[0071] FIG. 8 is a rendering of a cylindrical chamber as
constructed and used for testing experiments. This cylindrical
chamber 800 has a cylindrical wall 812 and a curved top
access surface 804 made of ballistic gelatin (or variable den-
sity silicone). A gasket-type ring 808 and clips or clamps 810
secure the access surface 804 in place. Because the access
surface at the top 804 is opaque, the target model is not visible
inside the chamber. This cylindrical chamber example is
notably shallower in depth than the chamber illustrated in
FIG. 6 and therefore may not require a pedestal or platform as
illustrated in FIGS. 6 and 7.

[0072] FIG.9 is an illustration showing three views of the
chamber depicted in FIG. 8. Again, the cylindrical chamber
900 has a cylindrical wall 912 and a curved top access surface
904 made of ballistic gelatin. A gasket-type ring 908 and clips
or clamps 910 secure the access surface 904 in place. This
chamber was used to compare the skill of experienced clini-
cians with that of inexperienced ultrasound users, as
described in Example 3.

Modular Target Models

[0073] In some embodiments multiple target models are
interchangeable in a modular fashion within an chamber. For
example, in the non-limiting embodiment shown in FIG. 7
structure 708, a platform or pedestal, may comprise a magnet
that attracts another magnet embedded within a target model.
In such an embodiment, the attraction between magnets
secures the target model in place on the platform or pedestal.
Or other means of attaching or securing a target model may be
used (e.g., fasteners, velcro, screws, etc.). In some embodi-
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ments, the platform or pedestal may be adjustable in height,
$0 as to position the target closer to or farther from the ultra-
sound probe and needle or other user-held device. In some
embodiments, additional magnetic or other attachment seg-
ments may be stacked on the platform or pedestal before
mounting the target, in order to adjust the height of the target.
In some embodiments, a single chamber may comprise at
least two such platforms for holding multiple targets simul-
taneously. In some embodiments, a single platform or cham-
ber may be modified to support three or more targets simul-
taneously.

[0074] Any number of different materials may be appropri-
ate substances for constructing the target models, the modular
attachment system, and/or the chamber components as
described herein. For example, various parts of the apparatus
may be made of wood, plastics, metals, variable density sili-
cone or foam material, plaster, ceramic, composites, etc.

Targeting Tasks

[0075] In the context of targets enclosed in a chamber as
described above, a user (e.g., a clinician or pre-clinical medi-
cal professional) may be presented with specific physical
targeting tasks in connection with either assessment of skill in
ultrasound-guided techniques or for training to improve
hand-eye coordination as aided by ultrasound visualization of
the target models. In some embodiments, the user may be
shown an example of the target model or a target component
of the target model, or a picture of the target and a description
of the tasks before attempting to perform tasks.

[0076] The targeting tasks should require the user to
manipulate the needle or other user-held device so as to
achieve contact with specific target components (and/or avoid
contact with specific target components), while visualizing
the needle, probe, guide wire, catheter, drain tube, or other
instrument and the target using ultrasound imaging via ultra-
sound probe contact with the chamber access surface. For
example, many users hold a needle with one hand and the
ultrasound probe with the other hand, while observing the
target structures and the needle or probe on a 2-D computer
screen.

[0077] Many targeting tasks involve a series of assigned
contacts to be made. FIGS. 1-5 illustrate example targets for
use in targeting tasks. For example, in FIG. 1, the user may be
assigned to touch or contact parts of target 100, such as
structure 106A with the needle or probe, and then structure
106B, structure 106C, and so on. Each task may have detailed
instructions, and an examiner may supplement those instruc-
tions by varying the order of contacts to be made.

[0078] In some embodiments, disruption of patterned
movements may be desirable. That is, randomizing the order
of assigned target contacts may be a more useful training and
assessment exercise than contacting components in a logical
order that allows minimal adjustment between contacts. For
example, in FIG. 1, where rods (dowels) are numbered 106 A-
E, assigning a more randomized contact order (e.g., B-E-C-
A-D) may be more beneficial than simply stepping down
from A-E.

[0079] Tasks may be designed to require a user to adjust the
needle within the same vertical ultrasound plane, acquire an
ultrasound image showing two different structures in the
same plane, and/or move quickly into a different plane, etc.,
or other paths may be simulated. In some embodiments, a task
may involve avoidance of particular contacts. For example, in
FIG. 2 showing straw target model 200, the user may be asked
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to obtain a longitudinal view of a straw 204 and insert the
needle into the lumen 206 of the straw without touching the
sides of the straw 208. The initial ultrasound image may
display a plane parallel to the straw being targeted. Thus all
target straws are not optimally visible at the same time.
[0080] In FIG. 3 showing ball target model 300, the user
may be directed to contact each of the four balls 306 in a
specific order, such that the user is required to adjust the
ultrasound probe to allow visualization of the target model in
different vertical planes. The user may also be instructed to
avoid contact with other parts of the target model 302 and 304.
The initial image may display the greatest diameter of a target
ball. Thus all target balls are not optimally visible at the same
time.

[0081] As another example, training using the rod/ball tar-
get model 400 (FIG. 4) may require that the semi-spherical
ball structure 402 is only accessed via the narrow passages
between two rod structures 408. The user may be instructed to
contact the ball 402 without touching the rods 408. A cross-
section of the rod portions of the target model may provide an
optimal starting visual image for the user, or a longitudinal
view may be more advantageous.

[0082] Insomeembodiments, such as the FIG. 5 aspiration
target 500, the user may be instructed to use a needle to
withdraw fluid 508 from a mass 504. FIG. 5 illustrates one
target embodiment containing fluid that may be aspirated by
the user. The fluid inside the mass may be colored, such that
successful aspiration will yield only the colored fluid. The
optimal approach to obtaining an initial ultrasound image
may vary widely for this target model.

[0083] Other targets and tasks may be designed such that
the user mimics or replicates the movement and visualization
challenges ofreal ultrasound-guided procedures. For any new
target and/or task, performance by experienced clinicians
may be compared to performance by inexperienced users of
ultrasound imaging. The ability of a particular task to dis-
criminate between experienced clinicians and inexperienced
users suggests that task replicates and tests procedural skills
already acquired by the experienced participants during their
clinical training Thus, practice with such discriminatory tasks
is most likely to benefit inexperienced providers.

[0084] Many different specific procedures can be simulated
by alternating the models housed in the chamber and/or the
access surface. In addition to simulation of amniocentesis,
CVS, and in-utero stent placement, several other devices and
other materials may be placed within the chamber to simulate
other ultrasound guided invasive procedure such as: thora-
centesis, paracentesis, pericardiocentesis, arthrocentesis,
percutaneous nephrostomy tube placement, venous access
procedures, abscess or cyst aspiration, or other procedures. In
some embodiments, other structures such an organ (e.g., from
a cadaver) or even a small animal (e.g., fetal pig) may be
placed in the chamber to simulate a particular procedure.
Other structures may also be used to simulate procedures.

Detection in Targeting Tasks

[0085] In some embodiments, an experienced examiner
(e.g., a skilled clinician who is familiar with the apparatus
and/or system ) may observea user’s performance of targeting
tasks to determine success for each task component. The user
may also give verbal, visual, or other signals to indicate his or
her belief that a particular contact made was correct or incor-
rect. In some embodiments, target models may be custom-
designed to simulate a desired structure or medical condition
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which may dictate or facilitate evaluation by an observer
experienced with the related medical procedures.

[0086] In more sophisticated embodiments, the successful
performance of targeting tasks may be detectable via one or
more components of the target models or chamber or via the
user-held instrument. For example, the needle or other user-
held device may have a sensor that detects contact with any
solid, with any part of the target model, or with some specific
target or part of the target. Or, a target model component may
be equipped with a sensor for detecting contact made by the
needle or other user-held device. Thus, in some embodiments
sensors may be pressure-sensitive (i.e., register contact by the
user). Thus successful contact with a particular target on the
target model may be registered. Additionally or alternatively,
asystem may include position sensors. For example, position
sensors may record the position of a needle, probe, or other
instrument or part of an instrument at set time intervals (e.g,,
every 0.25 seconds). Thus the path of the needle, probe, or
other instrument may be tracked and objectively compared to
the most direct path (e.g., the defined geometric access).

Electronic Performance Monitoring System

[0087] At least one sensor or a series of sensors, either
within the chamber, on the procedural device (i.e., needle,
probe, catheter, or other instrument), on the operator’s hands
or gloves, or some combination thereof, may be used to track
a user’s performance of the various tasks. Positional sensors
on a needle, probe, or other instrument may be used to detet-
mine the path of a needle or probe (i.e., track the path as the
user moves the instrument), while pressure sensors on aspects
of the target model may be used to determine whether a target
has been contacted with the needle or probe. For purposes of
assessing the user’s skill, this system may allow for purely
objective measures of time and accuracy in performing
assigned tasks.

[0088] Inatraining environment this electronic system may
present the learner with the target to be touched on a computer
screen and may also notify the learner when the correct target
has been successfully reached. This process may be repeated,
allowing the learner to practice without direct instructor
supervision. In the testing/assessment environment, the sys-
tem may also present the learners with the target to be
touched. It may record when each target is touched, and may
or may not inform the trainee if an incorrect target was con-
tacted or reached. In addition, the time between contact with
each target and the amount of deviation between the user’s
(i.e., trainee’s or examinee’s) needle path and an optimal path
may be recorded to provide information on the quality of the
user’s performance on the various tasks.

[0089] In some embodiments, various components of the
chamber, targets, or needle or probe may be equipped with
sensors to detect contact between the needle or other user-
held device and correct and/or incorrect components of the
targets or chamber. In some embodiments, flashing and/or
colored lights or other feedback signals may be used to indi-
cate that the user has made a successful contact with a desired
target component or has made contact with a structure that the
user was directed to avoid. In some embodiments, the entire
path of the needle, probe, or other user-held instrument may
be detectable and trackable for a more thorough analysis of
user skill.

[0090] An optimal path may be the most direct route
between the surface access and the target structure, without
encountering any obstacle structures. An optimal path may be
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a“defined geometric access.” Deviation from such an optimal
path may be quantified using sensor data to assess user skill.
This quantification may yield path analysis data which could
be incorporated into an objective evaluation of the user. That
is, deviation from a defined geometric access may be quanti-
fied and incorporated into an objective analysis of the user’s
performance.

[0091] Insome embodiments, the performance of a person
being assessed may be evaluated in a report. Such a report
may include any of the “performance data,” such as the values
that appear in tables herein, and optionally a report could also
illustrate the path of the needle or provide other helpful objec-
tive assessment information such as timing. In some embodi-
ments, performance data may be calculated via mathematical
manipulations of sensor data. For example, a score may be
generated that takes into account a variety of measures of
performance based on any or all sensor data gathered during
the performance of a given user. In some embodiments, a
score or other evaluative measures may be generated auto-
matically. An objective score or other evaluation measure
may be generated that does not require human evaluation of
performance. Such objective measures may be preferable
over human judgment (i.e., subjective evaluation) in some
settings. Other system configurations may allow a combina-
tion of objective and subjective measures of performance.
[0092] In some embodiments, tasks, target models, and
targets are compared for their usefulness in discriminating
between the skills of experienced clinicians and inexperi-
enced users. Tasks and targets where experienced clinicians
perform substantially better than inexperienced users may
also indicate usefulness of those tasks and targets for training
purposes.

[0093] Thus the invention may be embodied in multiple
ways, including but not limited to apparatuses, methods, and
systems.

[0094] In some embodiments, the invention comprises an
apparatus for ultrasound-guided procedure assessment or
training comprising a 3-dimensional target model component
having a contact surface and a defined geometric access to the
contact surface. The apparatus may include a plurality of
contact surfaces. A plurality of contact surfaces may be posi-
tioned at a plurality of different locations on the target model.
In some aspects, a portion of the target model may include a
non-contact surface structural element that restricts the geo-
metric access to the contact surface.

[0095] Some embodiments of the apparatus may include at
least one rod as the contact surface. Some embodiments may
include at least one cylindrical structure having an opening at
one end. The contact surface may be at the distal end of the
interior of the cylinder such that the more proximal parts of
the interior of the cylinder are non-contact surfaces. Or the
contact surface may be on the interior of the cylinder. Some
embodiments may include at least one spherical or ovoid
structure as the contact surface.

[0096] In some embodiments, an apparatus comprising a
target model may include at least a portion of the target model
filled with a fluid. In certain embodiments the fluid may be
accessed with a needle or other user-held instrument.

[0097] Insome embodiments a portion of the target model
and/or chamber may be treated with a substance to alter the
echogenicity of the contact surface. Some embodiments of
the apparatus further include a detection component. The
detection component may be a sensor positioned on a contact
surface of the target model.
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[0098] Insomeembodiments, an apparatus for ultrasound-
guided procedure assessment or training includes a chamber.
The chamber may include a 3-dimensional target model com-
ponent having a contact surface and a defined geometric
access to the contact surface. The chamber may also include
an access surface, wherein the access surface is sufficiently
permeable to allow direct access to the 3-dimensional target
model via a user-held instrument. In some embodiments, the
access surface is opaque.

[0099] A portion of the chamber cavity may be filled with a
fluid. In some embodiments of an apparatus according to the
invention, alternative modular target models are interchange-
able within the chamber via an attachment point positioned
inside the chamber. A portion the interior of the chamber may
be treated with a substance to alter the echogenicity of the
contact surface.

[0100] Insomeaspects,anapparatus comprising a chamber
and a 3-D target model may include a plurality of different
contact surfaces on the target model. Some embodiments may
include at least one rod as the contact surface. Some embodi-
ments may include at least one cylindrical structure having an
opening at one end. The contact surface may be at the distal
end of the interior of the cylinder and the more proximal parts
of the interior of the cylinder may be non-contact surfaces. Or
some part of the interior of the cylinder may comprise a
contact surface.

[0101] Some embodiments include at least one spherical or
ovoid structure as the contact surface. A target model may
include at least a portion of the target model filled with a fluid,
such that the fluid may be accessed with a needle or other
user-held instrument, Ifthe chamber is also filled with a fluid,
the target model or portion of the target model may be filled
with a different fluid. In some aspects a portion of the target
model may include a non-contact surface structural element
that restricts the geometric access to the contact surface.
[0102] In other aspects, a portion of a contact or non-con-
tact surface may be treated with a substance to alter the
echogenicity of the surface. The interior walls of the chamber
may also be treated to alter echogenicity. In some embodi-
ments, an apparatus comprising a chamber and a 3-D target
model may further include a sensor positioned on the target
model, and/or on a needle or other user-held instrument,
and/or on the hand or glove of the user.

[0103] Some embodiments of the apparatus further include
a detection component. The detection component may be a
sensor. In some embodiments, an apparatus comprising a
chamber and a 3-D target model may further include a sensor
positioned on the target model, and/or on a needle or other
user-held instrument, and/or on the hand or glove of the user.
The sensor may allow detection of contact with parts of the
target model and/or tracking of the path of a needle or other
user-held instrument.

[0104] Theinvention may also be embodied as a method for
assessing skill in ultrasound-guided procedures. The method
may include steps of providing a 3-dimensional target model
component having a contact surface and a defined geometric
access to the contact surface enclosed within a chamber, an
ultrasound and imaging system, and a user-held instrument
for accessing the contact surface. The method may further
include assigning a user atask related to accessing the contact
surface. The method may also include having the user per-
form the assigned task while visualizing the target model and
the instrument via the ultrasound imaging system to access
and penetrate the contact surface using the instrument.



US 2015/0294599 A1

[0105] In some embodiments, where the method includes
assigning tasks related to a target model, the user may be
assigned the task of contacting a particular contact surface on
atarget model, by using the user-held instrument. The method
may include confirmation of contact with a contact surface.
The user may be instructed not to contact other structures, the
non-contact surfaces. If a user contacts a non-contact surface,
apenalty may be assessed in evaluation of user performance.
[0106] A method according to the invention may further
include comparing the performance of the user to that of
experienced and inexperienced clinicians using the same
apparatus to perform the same assigned tasks related to a
target model. The target model may be any of the embodi-
ments described herein. For example, the target model may
include a rod, and/or a cylindrical structure, and/or a spherical
or ovoid structure, and/or a fluid-containing structure. In
some embodiments, correct or incorrect performance of tasks
may be detected by an observer or automatically and may
generate a time or score penalty. In some methods, a portion
of a contact or non-contact surface may be treated with a
substance to alter the echogenicity of the surface. The interior
walls of the chamber may also be treated to alter echogenicity.
[0107] Some embodiments of the apparatus used in the
method further include a detection component. The detection
component may be a sensor. In some embodiments, an appa-
ratus comprising a chamber and a 3-D target model may
further include a sensor positioned on the target model, and/or
on a needle or other user-held instrument, and/or on the hand
or glove of the user. The sensor may allow detection of contact
with parts of the target model and/or tracking of the path of a
needle or other user-held instrument.

[0108] In other embodiments, the invention may comprise
a system for ultrasound-guided procedure assessment or
training The system may include a 3-dimensional target
model component having a contact surface and a defined
geometric access to the contact surface. The system may also
include a chamber component for enclosing the target model.
The chamber may comprise an access surface. The system
may also include an ultrasound imaging system (or another
imaging system) for visualizing the target model via the
access surface. The access surface may be sufficiently per-
meable to allow direct access to the 3-dimensional target
model via penetration of the access surface by a user-held
instrument. In some embodiments, the cover or access surface
of the chamber may be constructed from ballistic gelatin
and/or other materials such as silicone rubber. The access
surface may mimic the density, thickness, ultrasound appear-
ance, tactile feel upon palpation and upon needle insertion
and advancement, and resistance similar to the human body
wall. In some embodiments, a system may be modified to
simulate a particular medical procedure. The target model
and/or chamber and/or surface access and/or user-held instru-
ment may be varied to better simulate a specific procedure.
Some embodiments may simulate amniocentesis or another
type of centesis.

[0109] In some aspects, a system of the invention may
further include a detection component. The detection compo-
nent may include at least one sensor. The sensor may be
positioned on the target model, and/or on a needle or other
user-held instrument, and/or on the hand or glove of the user.
The sensor may allow detection of contact with parts of the
target model and/or tracking of the path of a needle or other
user-held instrument. In some embodiments, automatic
detection of correct and/or incorrect performance of tasks
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may be used in objective evaluation of user performance.
Incorrect or inefficient performance may generate a time or
score penalty.

[0110] Insomeembodiments, systems may further include
computer readable media. The computer readable media may
allow objective evaluation of user skill. The objective evalu-
ation may include timing, correct contact with contact sur-
faces, tracking of the user-held instrument and quantification
of deviation from a defined geometric access, orother factors.
In some embodiments, user performance may be compared
with performance of experienced and inexperienced users
performing the same targeting tasks. In some embodiments,
performance of users having practiced ultrasound-guided
procedures with the system may be compared to performance
of users who have not practiced with the system.

[0111] In some systems, the inner surface of the chamber
and/or portions of target model components may be treated
with a substance to alter echogenicity. In some systems,
modular alternative target model components may be inter-
changed via a common attachment point. In some embodi-
ments, systems may include target models having a rod, a
cylindrical structure. a spherical or ovoid structure, and/or a
fluid-containing structure. In some methods, a portion of a
contact or non-contact surface may be treated with a sub-
stance to alter the echogenicity of the surface. The interior
walls of the chamber may also be treated to alter echogenicity.

EXAMPLES
Example 1

Targeting Tasks

[0112] Three target models using wooden dowel rods
(100), drinking straws (200), and wooden balls (300) as ultra-
sound targets were constructed and used in three distinct
targeting tasks. FIG. 10 demonstrates example ultrasound
images in the right column for each of the three target models
in the left column—dowel rod target model 100 in panel A,
straw target model 200 in panel B, and ball target model 300
in panel C. The rod task (FIG. 10A) required participants to
obtain a cross-sectional view of all rods and touch each rod in
series a total of 5 times while adjusting the needle path within
the same vertical ultrasound plane without removing the
needle. The straw task (FIG. 10B) required participants to
follow a restrictive path while placing the needle into each
straw in series a total of 3 times while removing the needle
each time. The ball task (F1G. 10C) required participants to
touch each ball in series a total of 3 times each time adjusting
the needle path to a target outside the initial ultrasound plane
without removing the needle. Completion time and targeting
errors were recorded for residents (n=11), fellows (n=3), and
faculty (n=3). A 5-second penalty was assessed for each error.
Performance was compared between those with experience in
needle guided procedures (fellows and faculty) to those with-
out experience (residents) using a Mann-Whitney U test.

Rod Task (FIG. 1 and FIG. 10, Panel A)

[0113] The dowel rod closest to the bottom of the trainer
was designated rod #1 and the highest dowel rod was desig-
nated rod #5. See, e.g., FIG. 1, 106A-E. The participant
(examinee) was asked to obtain a cross-sectional image ofthe
dowel rod target model and asked to touch rod #1. Without
removing the needle the examinee was instructed to adjust the
needle within the vertical ultrasound plane and perform thirty
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additional touches ofthe rods in arandom order as directed by
the examiner. A penalty of 5 seconds was assessed if the rod
was missed or the length of the needle left the ultrasound view
for more than 3 seconds.

Straw Task (FIG. 2 and FIG. 10, Panel B)

[0114] Each of the four straws were designated as the
appropriate “bases” as they would be located on a baseball
diamond. See F1G. 2, 204. The examinee was asked to obtain
a longitudinal view of a straw and insert the needle into the
lumen 206 of the straw without touching the sides 208.
Removing the needle from the trainer each time, the exam-
inee was instructed to insert the needle into the straws 10
additional times in a random order as directed by the exam-
iner. A penalty of 5 seconds was assessed if the straw lumen
206 was missed, the wall of the straw 208 was touched, or the
length of the needle left the ultrasound view for more than 3
seconds.

Ball Task (FIG. 3 and FIG. 10, Panel C)

[0115] Each of the four balls were designated as the appro-
priate “bases” as they would be located on a baseball dia-
mond. See FIG. 3, 306. The examinee was asked to obtain an
image ofhome and 2" base in the same ultrasound image and
asked to touch home. Without removing the needle the exam-
inee was instructed to adjust the ultrasound plane to obtain an
image of 20 additional target components in a random order
as directed by the examiner, move the needle into that plane,
and touch the desired target component. A penalty of 5 sec-
onds was assessed if the ball was missed or the length of the
needle left the ultrasound view for more than 3 seconds.

Results

[0116] All participants indicated that the tasks would allow
for the practice of targeting skills and aid in training Prelimi-
nary results with a first set of target models are presented in
Table 1. These experiments showed no differences between
the experienced and inexperienced groups on either the rod or
straw tasks. Experienced providers performed significantly
better than the inexperienced group in the ball task, as shown
in the “Task Performance” table below (p<0.05). Thus,
although the rod and straw tasks did not discriminate, the ball
task clearly showed benefit of prior experience. The ball task
was therefore considered likely to be helpful in training, and
additional tasks with good discriminatory ability were con-
sidered.

TABLE 1

Task Inexperienced (n = 11) Experienced (n=6) p-value
Rod Task

Time (sec) 231 +/- 30 203 +/- 42 >0.05
# Errors 15.5+/-2.2 12.2+/-08 >0.05
Adj Time (sec) 308 +/- 35 263.8 +/- 44 >0.05
Straw Task

Time (sec) 225 +/- 27 248 +/- 59 >0.05
# Errors 6.6 +/- 1.3 504/~1.1 >0.05
Adj Time (sec) 258 +/- 32 273 +/- 57 >0.05
Ball Task

Time (sec) 271 +/- 23 189 +/- 20 0.04
# Errors 10.9 +/- 0.8 6.8 +/-1.5 0.04
Adj Time (sec) 325 +/- 26 223 +/-27 0.02
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[0117] After preliminary results were obtained, the rod and
straw tasks did not appear to discriminate between experi-
enced clinicians and inexperienced ultrasound users, but the
ball task clearly showed benefit of prior experience. The
ability of the ball task to discriminate between users based on
experience suggested that it may replicate procedural skills
already acquired by the experienced participants during their
clinical training Thus, repetitions with this task were consid-
ered likely to benefit inexperienced providers.

[0118] Although the rod and straw tasks did not discrimi-
nate in a preliminary study of this particular sample of users,
the focus of those tasks, in plane needle adjustment and
restricted needle path guidance are also considered important
guidance skills. Modifications of these tasks or development
of new tasks that focus on these guidance skills were expected
to show good discriminatory ability and provide additional
tasks that will benefit ultrasound needle guidance training
Moreover, the clinical performance of trainees may be com-
pared to the performance of inexperienced clinicians not hav-
ing the benefit of such training Again, the targets and/or tasks
showing the most discriminatory ability may be mostlikely to
provide useful training and assessment exercises.

Example 2
Target Model and Apparatus Construction

Rod Target Model

[0119] Two sets of five steps were made with LEGO®
blocks measuring 3% inches long and % inches wide. The
first step was % inches long, % inches wide, and 3% inches
high, with each of the remaining four steps measuring ¥
inches higher than the preceding step. The two sets of steps
were placed 3% inches apart on a LEGO® baseplate measur-
ing 5 inchesx5 inches. One-quarter inch diameter wooden
dowels were cut to 3%4 inch length and glued to the LEGO®
steps on each end (the rods). An all-purpose magnet (lift
capacity 3 Ibs.) was then glued to the top of the LEGO®
baseplate. The entire dowel rod target model was then
sprayed with PLASTI DIP® for waterproofing.

Straw Target Model

[0120] A 3 inch diameter STYROFOAM® ball was cut in
half to create a hemisphere. Four 1 cm diameter drinking
straws were then placed into the convex side of the hemi-
sphere at different angles in a baseball diamond configura-
tion. An all-purpose magnet (lift capacity 3 1bs.) was then
embedded in the flat side of thehemisphere. A 3 inch diameter
piece of thin plastic was then attached to the flat side of the
hemisphere with silicone caulk. The entire straw target model
was then sprayed with PLASTI DIP® for waterproofing.

Ball Target Model

[0121] A 3 inch diameter STYROFOAM® ball was cut in
half to create hemisphere. A %16 inch wooden dowel was
placed into the central hole of a /2 diameter spherical wooden
bead. Four such dowel/bead constructs were made. The dowel
end of the four constructs was inserted into the convex side of
the STYROFOAM® hemisphere at different angles in a base-
ball diamond configuration. An all-purpose magnet (lift
capacity 3 Ibs.) was then embedded in the flat side of the
hemisphere. A 3 inch diameter piece of thin plastic was then
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attached to the flat side of the hemisphere with silicone caulk.
The entire ball target model was then sprayed with PLASTI
DIP® for waterproofing.

Rod/Ball Target Model

[0122] A box measuring 4 inches long, 3 inches wide, and
2 inches tall with the top and both 3 inch sides left open was
constructed from s inch plywood. A one inch diameter foam
ball was then cut in half to create a hemisphere. The flat side
of the hemisphere was then glued in the center of the bottom
of the plywood box. An all-purpose magnet (lift capacity 3
Ibs.) was glued to the underside of the bottom of the box. Four
Y4 inch diameter wooden dowel rods were placed 74 inches
apart across the top of width of the box (rods). The entire
rod/ball target model was then sprayed with PLASTI DIP®
for waterproofing.

Aspiration Target Model

[0123] A 2inchhighand 3 inch diameter STYROFOAM®
cylinder was created. An all-purpose magnet (lift capacity 3
Ibs.) was then embedded in one end of the cylinder. A 3 inch
diameter piece of thin plastic was then attached to the cylinder
over the magnet with silicone caulk. A 2 inch diameter and 1
inch deep piece was cut out of the top of the cylinder. The
STYROFOAM® cylinder was then sprayed with PLASTI
DIP® for waterproofing. The air was removed from a 3 inch
diameter air-filled, spherical, flexible silicone child’s toy and
replaced with colored water. The now water-filled toy was
then glued to the top of the STYROFOAM® cylinder.

Chamber Assembly

[0124] A cylindrical plastic container was constructed, 9
inches in diameter and 9 inches tall, to form the outer vessel
or “chamber” for the target apparatus. A ring of ¥ inch wood
with an outer diameter of 13 inches and inner diameter of 9
inches was cut and sprayed with FLEXI-SEAL® for water
proofing. After the FLEXI-SEAL® dried, the ring was glued
to the top of the plastic container. A 742 inch diameter hole
was drilled into the side of the container 2 inches from the
bottom. A one-way LUER-LOK® syringe port was then
inserted into the hole. A layer of STYROFOAM® or other
sound absorbing material was placed at the bottom of the
container. A round piece of PERMA-GEL® Ballistic Gel, 3%
inch thickx13 inches in diameter, dyed with acrylic peach/
flesh-colored paint, was used as the chamber access surface.
The ballistic gel simulated synthetic skin and was placed on
top of the wooden ring. A second Y& inch wooden ring was cut
with an outer diameter of 13 inches and inner diameter of 10
inches. The second ring was placed on top of the ballistic gel.
Spring clamps were then placed around the periphery of the
vessel holding the ballistic gel between the two wooden rings.
[0125] A 1% inch high platform was constructed from 2
inch diameter PVC pipe. A stack of all-purpose magnets (lift
capacity for each 3 Ibs.) was placed within the PVC pipe and
the platform held to the bottom of the container by placing an
additional magnet underneath the container. The different
targeting models were then easily interchanged by placing the
magnet within the models on the platform, in modular fash-
ion. The container was filled with water and covered with a
ballistic gelatin. The top wooden ring was then placed upon
the gelatin and held in place with spring clamps. Additional
water was added to the container as needed using a LUER-
LOK® syringe port positioned 2 inches from the bottom of
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the chamber (not shown in Figures). Any air trapped within
the container was removed using a needle and syringe to
aspirate the air. Sonographic gel was then placed upon the
ballistic gelatin access surface and an ultrasound probe used
to visualize the echogenic targets in the different targeting
models.

Example 3

Testing with Redesigned Apparatus and System

[0126] Experiments conducted with a redesigned system
vielded slightly different results. The rod, straw, and ball
targeting models and cylindrical chamber were constructed
as described in Example 2.

[0127] The cylindrical chamber shown in FIGS. 8 and 9
was constructed as a redesigned prototype. The base of the
chamber was machined from acetal resin plastic, the surface
access was made from silicone rubber, and the retaining ring
(gasket-like) was made from machined aluminum. This pro-
totype was used to test the skill of a new set of experienced
clinicians as compared to inexperienced ultrasound users.
This chamber is bigger than the enclosures initially used for
the preliminary studies (data in Table 1) but also substantially
shallower than the chambers depicted in FIGS. 6 and 7.
[0128] Testing with the redesigned system clearly demon-
strated differences between experienced clinicians and inex-
perienced ultrasound users. Results are shown in Table 2. In
the Table 2 dataset, only the straw task demonstrated a sig-
nificant difference between groups in the unadjusted comple-
tion time. However, the number of errors and adjusted
completion time were significantly lower in the experienced
provider group for all three tasks (p<0.05).

TABLE 2?
Task Inexperienced (n = 14) Experienced (n=5)
Rod Task
Time (sec) 233 +/- 67 205 +/- 45
# Errors 20+/- 5.7 7 +/-4.5%
Adj Time (sec) 330+/- 70 238 +/- 65*
Straw Task
Time (sec) 276 +/- 63 205 +/- 62*
# Errors 114/-3.6 24— 14%
Adj Time (sec) 330+4/-71 215 +/- 61%*
Ball Task
Time (sec) 256 +/- 62 201 +/- 38
# Errors 15+4/-5.8 4 +/-2.4*
Adj Time (sec) 329+/- 67 223 +/- 50%

<003

1. An apparatus for ultrasound-guided procedure assess-
ment or training comprising a three-dimensional target model
component having a contact surface and a defined geometric
access to the contact surface.

2. The apparatus of claim 1, comprising a plurality of
contact surfaces.

3. The apparatus of claim 1, comprising at least one rod as
the contact surface, and/or comprising at least one cylindrical
structure having an opening at one end, and/or comprising at
least one spherical or ovoid structure as the contact surface,
and/or comprising a structure having at least a portion filled
with a fluid.
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4. The apparatus of claim 1, wherein at least a portionof the
target model component is treated with a substance to alter the
echogenicity of a surface.

5. The apparatus of claim 1, further comprising a sensor
positioned on a contact surface of the target model.

6. An apparatus for ultrasound-guided procedure assess-
ment or training, comprising: a chamber comprising: a 3-di-
mensional target model component having a contact surface
and a defined geometric access to the contact surface; and an
access surface, wherein the access surface is sufficiently per-
meable to allow direct access to the 3-dimensional target
model via penetration with a user-held instrument.

7. The apparatus of claim 6, wherein alternative modular
target models are interchangeable within the chamber via an
attachment point in the chamber.

8. The apparatus of claim 6, further comprising a fluid in
the cavity of the chamber.

9. The apparatus of claim 6, comprising at least one rod as
the contact surface, and/or comprising at least one cylindrical
structure having an opening at one end, and/or comprising at
least one spherical or ovoid structure as the contact surface,
and/or comprising a structure having at least a portion filled
with a fluid.

10. The apparatus of claim 6, further comprising a sensor
positioned on a needle or other user-held instrument, and/or
on the target model, and/or on a glove or hand of the user.

11. The apparatus of claim 6, wherein a portion of the target
model and/or chamber is treated with a substance to alter the
echogenicity of that portion.

12. A method for assessing skill in ultrasound-guided pro-
cedures, comprising:

providing a 3-dimensional target model component having

a contact surface and a defined geometric access to the
contact surface enclosed within a chamber, an ultra-
sound and imaging system, and an instrument for
accessing the contact surface;
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assigning a user a task related to accessing the contact
surface; and

having the user perform the assigned task while visualizing
the target model and the instrument via the ultrasound
imaging system while using the instrument to access and
penetrate the access surface.

13. The method of claim 12, wherein the method further
comprises comparing the performance of the user to that of
experienced and inexperienced clinicians using the same
apparatus to perform the same assigned tasks.

14. The method of claim 12, further comprising automatic
detection of correct and/or incorrect performance of tasks.

15. A system for ultrasound-guided procedure assessment
or training, comprising:

a 3-dimensional target model component having a contact
surface and a defined geometric access to the contact
surface;

achamber component for enclosing the target model, com-
prising an access surface; and

an ultrasound imaging system for visualizing the target
model via the access surface.

16. The system of claim 15, wherein the access surface is
sufficiently permeable to allow direct access to the 3-dimen-
sional target model via penetration of the access surface by a
user-held instrument.

17. The system of claim 15, further comprising a detection
component.

18. The system of claim 15, wherein the detection compo-
nent comprises at least one sensor positioned on a needle or
other user-held instrument, and/or on the target model, and/or
on a glove or hand of the user.

19. The system of claim 15, further comprising computer
readable media for objectively evaluating user performance.

20. The system of claim 15, wherein modular alternative
target model components may be interchanged via an attach-
ment point in the chamber.

I S I
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