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PERICARDIOCENTESIS generally is performed emer-
gently on hemodynamically unstable patients." The clinical
context and nature of the procedure limit training opportunities
for cardiologists-in-training. Even though high-fidelity haptic
training simulators are commercially available for pericardio-
centesis, they are expensive, have a limited life span, and are
devoid of clinical variability.” Because of their limited avail-
ability, these phantom models are not used routinely for peri-
cardiocentesis task training. In this respect, availability of a
low-cost, high-fidelity task training phantom model for peri-
cardiocentesis can improve training for this important clinical
procedure by expanding its clinical use.

Using 3-dimensional (3D) printing, near-realistic and low-
cost haptic training models for various invasive procedures
have been developed.” With 3D printing becoming affordable,
anatomic models now can be created to mimic normal and dis-
ease states.” In addition to being risk free with no consequen-
ces of failure, these models offer trainees the opportunity to
practice pericardiocentesis without the time pressure of an
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emergency situation. Using rapid prototyping, multiple ana-
tomic variations can be created for a comprehensive training
model. Therefore, using commercially available materials and
components, the authors of the present report sought to
develop a realistic pericardiocentesis model for training with
3D printing technology. Using progressive technology in the
form of 3D printing coupled with foundational ultrasound
interpretation, the model ties together dynamic elements of 3D
printing and ultrasound imaging to serve as a novel, efficient
method of procedural education. Furthermore, to promote the
usage of ultrasound and to familiarize users with the standard
in imaging for pericardiocentesis, the model was created to be
echogenic.

Materials and Methods

The pericardiocentesis model was created with commer-
cially available components that were configured in the
perioperative echocardiography laboratory at the authors’
medical center. The phantom model consisted of the fol-
lowing components:

® A life-size mannequin torso (OnlyMannequins, East
Orange, NJ).
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Fig

1. (A) The Lulzbot 3D printer was used to print 4 components that

together created the entirety of a mold to scale of an anatomical heart. (B) The
silicone was placed into the mold and cured. Once removed, 2 slices were fas-
tened together to create the complete heart. A sphygmomanometer could be
used to generate pulsatility. (C) The heart surrounded by the pericardium,
which was created by combining 2 sheets of silicone. (D) A side view of the
heart suspended in the mannequin model via an S-hook. (E) A posterior view
of the suspended heart, visible through the acrylic sheet. (F) An anterior view
of the mannequin model fit with bolts to secure the silicone piece, which
allows for needle entry for effusion.

A commercially available model of a sternum with carti-
lage (3B Scientific, Tucker, GA).

A square anterior piece of the mannequin centered on the
xiphoid process was removed to reveal a silicone window
beneath for users to perform the procedure (Fig 1, F). The
silicone piece was secured to the anterior wall of the man-
nequin using bolts to allow for adequate palpation of the
sternum. On the posterior surface of the mannequin, an
acrylic sheet was secured using bolts to allow for visualiza-
tion of the procedure (Fig 1, E).

A mold of the heart consisting of anatomically correct
chambers was 3D printed using a Lulzbot 3D Printer
(Aleph Objects, Inc, Loveland, CO) (Fig 1, A). A premade,
to-scale 3D file of a heart was imported into Blender
(Blender Foundation, Amsterdam, The Netherlands), which
is a 3D modeling program. The heart then was inserted into
a 3D cube, and a Boolean function was performed to leave
a negative space inside the cube. Silicone then was poured
into the resulting components. When cured, 2 halves of the

heart remained, and small amounts of silicone were applied
between the halves to create a sealed product (Fig 1, B).

® To create the pericardium, 2 identical Frisbees were filled

with silicone to create thin, circular pieces. These were
wrapped around the heart and sutured together. Silicone
then was painted over the sutures between the pericardial
halves to create a water-tight pericardium, and the heart
was suspended into the chest cavity using an S-hook and
stitched cradle (Fig 1, C and D).

The tube leading into the heart was filled with red liquid,
and the tube leading into the pericardium was filled with
blue liquid. When a needle was inserted through the ante-
rior portion of the mannequin, the color of liquid withdrawn
signified the location of the user’s needle. A blue return sig-
nified proper needle placement in the pericardium, a red
return signified needle placement into the heart, and a clear
return signified that the heart and pericardium were missed
altogether (Fig 2, B and C). A cardiac transthoracic echo-
cardiography probe was used in the subcostal position to
acquire the 4-chamber subcostal view and identify pericar-
dial effusion (Fig 2, D).

The model took approximately 1 week to construct, and the
materials cost approximately $204.77. The development
first began with generation and 3D printing of the heart
molds and ended with suturing the apex of the silicon heart
to the lateral sides of the mannequin model. The entirety of
the purchasing process is outlined in Table 1.

To test the fidelity of the model, a group of cardiology fel-
lows were asked to train on the model and provide feedback
through an anonymous survey administered after the train-
ing (Fig 2, A). Ultimately, attending physicians will test the
model and grade its fidelity based on their comparison with
the real-life procedure.

Results

Introducing the model to cardiology fellows yielded promis-

ing results when asked about the fidelity and echogenicity of
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Fig 2. (A) A cardiology fellow training on the model using transthoracic echocardiography in conjunction with the pericardiocentesis kit. (B) A red fluid return sig-
nifies incorrect needle placement in the heart. (C) A blue fluid return signifies correct needle placement in the pericardium. (D) A cardiac transthoracic echocardi-
ography probe was used in the subcostal position to acquire the 4-chamber subcostal view to identify pericardial effusion.
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Table 1

Materials for Assembly

Name Description Price
Software

Blender 3D modeling suite Free

Hardware and Materials

Lulzbot Taz 5 3D Printer Heart mold fabrication $2200.00
(Aleph Objects, Inc,
Loveland, CO)

3.00 mm diameter high- Material for 3D printed heart $0.048/g
impact polystyrene mold
dissolvable filament

Ecoflex 00-30 silicone Heart and pericardium material ~ $91.50
Smooth-On (Macungie,
PA, USA)

Mannequin shell Model body $35.00
(OnlyMannequins, East
Orange, NJ)

Ethilon 2-0 sutures Joining the pericardium and $9.66
(New Brunswick, NJ, suspending the heart in the
USA), model

0.9% sodium chloride Filling the heart and $17.98
intravenous solution bags pericardium with fluid
(Baxter, Deerfield, IL)

Food coloring (Wilton, Coloring the heart and $2.99
Naperville, IL) pericardial fluid

Clear acrylic glass sheet Viewing window in the back $10.99

Coarse, zinc-plated steel, Fastening the clear acrylic glass ~ $1.18 ea.
round-head combination sheet to the posterior of the
machine screw model
(4-pack)

Sternum model (3B Replicating an anatomical $29.00

Scientific, Tucker, GA) sternum with cartilage and
landmark for palpation pre-
needle entry
Suspension of the heart model $5.29

by its superior sutures

White oversized S-hooks (3
pack) (Arrow, Minneapolis,
MN, USA)

the model. The authors developed a 5-day perioperative trans-
thoracic echocardiography training curriculum that included a
30-minute lecture on ultrasound-guided placement for pericar-
diocentesis before practice with the model. The fellows were
assessed on their ability to place the needle into the pericar-
dium accurately as per their lecture-based learning. Four fel-
lows practiced with the trainer and were given a brief
questionnaire of 6 questions with answer choices on a rating
scale of 1 to 5, with 1 being the lowest and 5 being the highest
score. When asked whether use of the model was an effective
teaching method and whether the residents felt more accus-
tomed to performing the procedure, answers were 3.75 £+ 1.5
and 3.5 £ 1, respectively. The realism in palpation for the
xiphoid process received a score of 3.5 & 1.3 and effectiveness
of echo-guidance of 3.25 &£ 1.5. The depth of the pericardium
and corresponding needle entry into the pericardium were
graded 3.5 £ 1.3 and 3.25 % 1.5, respectively.

Discussion

At present, there is a limited number of affordable, high-
fidelity pericardiocentesis training simulators for training. The

high cost and limited life span preclude routine use of phantom
models for hands-on training.5 Herein, the authors have dem-
onstrated the feasibility of developing a custom-made pericar-
diocentesis training phantom model that overcomes these
limitations. It is a low-cost phantom model with components
that are commercially available and can be replenished easily
without significant technical expertise. The present report
demonstrates that, with using local resources, it is possible to
manufacture high-fidelity training phantom models for inva-
sive procedures. With no risk to the patient or consequences of
failure, a life-saving procedure can be learned and mastered
with this phantom model.

Current improvement in 3D printing technology in the speed
and quality of materials facilitates efficiency in production and
promotes a shorter time frame necessary for building models.’
Moreover, the ultrasonic views of the model proved realistic.
Practicing physicians also appreciated the palpability of the
xiphoid process to promote orientation for needle insertion.
Trainees performed multiple pericardiocentesis procedures
without any significant wear or tear of the phantom model.
Even though an initial investment of the purchase of a desktop
3D printer, materials, and mannequin is required, the total cost
ranges from $2,000 to $3,000. However, by using this technol-
ogy, multiple phantom models can be created as task trainers
for invasive procedures.

This model has demonstrated the possibility of constructing
a low-cost, high-fidelity pericardiocentesis training model that
can be used to as a task trainer to develop competence. The
development of the model is a reasonable and tangible task
that takes less than 1 week to complete and proves practical
and effective for deliberate practice. This model served its pur-
pose in a pilot study to determine its educational potential, and
in the future, the model will be implemented into a longitudi-
nal study of training cardiology residents in order to test and
promote preclinical procedural competency.
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