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ABSTRACT

Adult cardiology residency training programs require residents to
become proficient at many procedural skills, including peri-
cardiocentesis. However, in many programs, opportunities to perform
this procedure are limited. Expensive mannequins have been devel-
oped to assist with teaching this skill, however, the associated cost
make them impractical for many programs. We hypothesized that a
low-cost, high-fidelity pericardiocentesis model could be constructed
using items easily accessible to any consumer. We describe a peri-
cardiocentesis model made from pork skin, pork ribs, gelatin, a plastic
bag, and an avocado. Total cost was less than CAD$40.00 and prep-
aration time was approximately 60 minutes. The model was evaluated
with a survey by 14 senior cardiology and critical care residents as well
as 3 experienced senior cardiologists. Imaging results from the ultra-
sound revealed that the target fluid was easily visualized and all
trainees were successful in aspirating fluid. The model was durable
and withstood more than a dozen punctures, demonstrating its ability
to train multiple residents. Respondents to the survey reported the
model as highly realistic. All cardiology residents agreed or strongly
agreed that the model should be incorporated into their formal cur-
riculum. This study shows that a low-cost, high-fidelity model can be
constructed and easily implemented into the formal curriculum of
adult cardiology residency programs. It allows residents the opportu-
nity to practice pericardiocentesis in a low-risk setting on a high-yield
device.

Cardiac tamponade is a medical emergency that can rapidly
lead to hemodynamic instability and death." Ultrasound-
guided pericardiocentesis has become the standard bedside
therapy to prevent hemodynamic collapse of these patients. As
such, pericardiocentesis is a skill all cardiology residents are
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RESUME

Les programmes de résidence en cardiologie chez I'adulte exigent des
résidents qu'ils acquiérent les compétences nécessaires pour effectuer
de nombreuses interventions, dont la péricardiocentése. Toutefois,
dans bon nombre de programmes, les occasions d’effectuer cette
intervention sont rares. Des mannequins trés chers ont été mis au
point pour faciliter I'enseignement de cette intervention, mais leur coiit
représente un obstacle pour de nombreux programmes. Nous avons
émis I'hypothése qu'il serait possible de créer un modéle de
péricardiocentése trés réaliste et a faible colit en utilisant des produits
que tout consommateur pourrait facilement se procurer. Nous
décrivons un modéle de péricardiocentése créé a partir de peau de
porc, de cétes de porc, de gélatine, d’'un sac en plastique et d'un
avocat. Le colit total a été inférieur a 40 $ CA et la préparation a
nécessité environ 60 minutes. Le modéle a été évalué par un sondage
auquel 14 résidents d’expérience en cardiologie et en soins intensifs
ainsi que 3 cardiologues chevronnés ont répondu. Les résultats de
I'échographie ont révélé que le liquide cible était facile a visualiser et
que tous les résidents avaient réussi a I'aspirer. Le modéle était du-
rable et pouvait étre soumis a plus d’une douzaine de ponctions,
démontrant ainsi qu’il peut étre utilisé pour former plusieurs résidents.
Les personnes sondées ont signalé que le modéle était trés réaliste.
Tous les résidents en cardiologie étaient d’accord ou fortement d’ac-
cord pour que le modéle soit inclus dans leur programme de forma-
tion. Cette étude montre qu'un modéle peu colteux et trés réaliste
peut étre créé et facilement inclus aux programmes officiels de
résidence en cardiologie chez I'adulte. Il offre aux résidents I'occasion
de s’exercer a effectuer une péricardiocentése dans un contexte peu
risqué sur un modéle a haut rendement.

expected to master during their residency training. However,
opportunities to perform this procedure can be sparse and
introduction to the technique often occurs in high-acuity
scenarios. Synthetic simulators do exist but are prohibitively
expensive for many training programs. We hypothesized that a
simple model could be constructed using inexpensive, locally
sourced items to create a high-fidelity simulation experience.

Methods
A pericardiocentesis model was constructed using locally
obtained items. Total cost to make a single model was less than
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Figure 1. Construction of the model. (A) Layered pork skin and pork ribs. (B) Ziplock bag with water and avocado added. (C) Model completely
covered in gelatin. (D) Model has been rotated and draped and is ready for use.

CAD$40. Items used were pig skin, pork ribs, a zip-lock bag, an

avocado, gelatin, food colouring, and a disposable roaster.

N —

The model was created as follows:

. In a disposable container, pork skin was laid face down.
. Pork ribs were laid on top of the skin (Fig. 1A).
. An avocado was placed in a zip-lock bag and the bag was

filled with water. Food colouring was added to the water
before sealing the bag.

. The bag containing the avocado was laid on top of the pork

skin (Fig. 1B).

5. Three and a half litres of gelatinized water was boiled ac-

cording to package instructions. The water was allowed to
cool for approximately 30 minutes, then poured over the

pork and zip-lock bag (Fig. 1C).

. The model was refrigerated overnight. The next morning, a

spatula was used to loosen the gelatin from the sides of the
container.

. The model was turned upside down, allowing the model to

fall from the container. Before use, the model was draped
with sterile towels (Fig. 1D).



1602

%

IS

w

-

Average response
~N

Modelwas Fluid was easly | better
realstic visualzed understand
technique

M Allrespondants

3

Canadian Journal of Cardiology
Volume 35 2019

| am more
confident

Passing needle Model should be
was realistic included in
curriculum

m Cardiology Residents W Other residents

Figure 2. (A) Ultrasound image obtained from the model. The circular avocado is seen adjacent to the target fluid. (B) Successful aspiration of
target fluid. (C) Questionnaire results of evaluation of the pericardiocentesis model. Statements were rated on a scale of 1 (strongly disagree) to 5

(strongly agree). Error bars represent SDs.

Participants received a brief lecture regarding the peri-
cardiocentesis technique and orientation to the model before
use. The ultrasound image they were expected to generate
from the model was demonstrated. All evaluators had the
opportunity to assess the model during a single 3-hour session.
Participants using the model first visualized the target fluid
and avocado using ultrasound (Fig. 2A). They then advanced
a syringe-topped needle toward the target fluid (Fig. 2B) until
it was successfully aspirated.

The fidelity of the model was assessed using an unvalidated
6-item questionnaire administered to residents as well as 3
“expert” reviewers who had an opportunity to work with the
model.

Results

The inexpensive model was successfully completed in
approximately 1 hour. All participants (14/14) were successful
in visualizing the target fluid collection on ultrasound imaging
and subsequently aspirating the target fluid. The avocado was
not damaged during any aspiration attempt. The model held
up well to repeated punctures without significant leakage from
the bag, which simulated the pericardium.

The questionnaire was completed by 9 cardiology resi-
dents, 3 cardiology staff who served as expert reviewers, and 5
other residents (2 cardiac surgery, 1 anaesthesia, 1 critical care,
and 1 internal medicine). Of the individuals surveyed, only 3
had previously trained for pericardiocentesis in a simulated
setting. All 3 expert reviewers and 6 cardiology trainees had
previous experience performing pericardiocentesis. Survey re-
sults are outlined in Figure 2C.

General comments were also requested on the survey. Eight
individuals independently commented favourably on the real-
ism of the model. Two others commented positively about the
ability to practice the procedure in a no-risk setting. Two re-
spondents stated that the pig skin was difficult to pass a needle
through whereas 1 person stated the model was too cold.

Discussion

In this article, we describe the successful creation and
implementation of a novel, inexpensive pericardiocentesis
model that yields a high-fidelity learning experience. Partici-
pants who evaluated the device had very positive feedback
overall, especially among the cardiology residents surveyed.
According to those results, the ability to visualize target fluid
and learn the steps of pericardiocentesis were the strongest
features of the model. General comments received as part of
the questionnaire were positive remarks on the realism of the
model. Residents believed strongly that this model should be
incorporated into their formal curriculum, especially those in
cardiology programs.

This model has several strengths compared with other
previously described models. Several inexpensive models have
been developed for the teaching of pericardiocentesis”” to
emergency medicine residents. To our knowledge, this is the
first device specifically developed for and evaluated by cardi-
ology trainees. Our model is unique in using ribs to simulate
an apical approach. To generate a quality ultrasound image of
the target, learners had to first find an appropriate window
between ribs. This is an important step of ultrasound-guided
pericardiocentesis, especially from an apical approach. The
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participants then had to direct the needle through the rib
space and were able to use ultrasound to guide the needle to
the target. This process better approximates the true peri-
cardiocentesis experience compared with other published
models.

Limitations of this model include decreased durability,
because the biologic material used to create the model can
only be used for a single day. Although the model held up well
for several hours, prolonged time at room temperature would
likely lead to an inferior experience. Other limitations include
the inability to mimic the kinetic motion of the simulated
heart, absence of intercostal nerves and vessels, and cool
temperature of the pig skin.

Overall, we believe this model provides residents an op-
portunity to practice pericardiocentesis on a high-fidelity
model in a safe, low-acuity setting. The relative ease to
create the model and low cost make it readily accessible to any
training program to help enhance cardiology resident training.
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