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ABSTRACT

Background: Procedural competency is a vital component of emergency
medicine (EM) residency. Chest tube thoracostomy can be an emergent
lifesaving procedure that all graduating EM residents should be
competent in performing. Simulated task trainers for tube thoracostomy
are commercially available and described in the literature, however,
financial constraints and anatomical inconsistencies represent drawbacks
of these devices.

Methods: TITUS (Thoracic Intervention Training Unit Simulator) was
developed to create a chest tube thoracostomy model that is easy to
assemble, realistic, portable and affordable. TITUS is comprised of a
plastic mannequin torso and basic hardware supplies and can be
assembled for under $50. Using TITUS, we performed a cross-sectional
survey-based study as part of procedure education session.

Results: A total of 29 EM residents completed the survey. Most
participants had little prior experience placing open chest tubes or pigtail
catheters. Using the TITUS model, participant comfort levels rose from
26 + 0.98 (where 1= not at all comfortable and 5= extremely
comfortable) before the educational session to 3.7 + 0.85 (p < 0.001, z =
-0.49). Participants rated TITUS to be more realistic than other chest tube
simulators (n=28, average= 4.2 where 1=much less realistic and 5=much
more realistic) and rated it to be highly realistic compared to cadavers or
live patients (=22, average=3.8 where 1=much less realistic and 5=much
more realistic). Participants reported that the educational session
improved their ability to place chest tubes (average=4.2, where
1=decreased and 5=greatly improved).

Conclusions: Our results indicate that TITUS provides a realistic,
affordable, and easy-to-assemble alternative to currently available
thoracostomy simulators.
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Introduction

Procedural competency is a vital component of
emergency medicine (EM) training and part of the
EM Milestone matrix that should be acquired
during residency!. Chest tube insertion (tube
thoracostomy) is an emergent, lifesaving procedure
that all EM residents should master prior to
graduation. Practicing high-acuity, low-frequency
procedures through the use of simulation affords
trainees the opportunity to learn and practice
crucial skills prior to performing invasive procedures
on a live patient. Currently, commercially-available
and self-made models exist, however, each has
significant limitations®®. Ideally, chest tube training
models should be realistic, inexpensive, easily
constructed, reproducible, portable, anatomically
accurate, and easy to reset between learners.

Traditionally, tube thoracostomy is taught through
the review of anatomical landmarks and supervised
bedside teaching on real patients. Such an
approach has become increasingly limited in
training programs due to resident duty hours,
public demand for safer practices that decrease
patient risk, and economic pressures driving
hospitals to more efficient care processes that limit
resident experiences. Simulation has proven to be
an effective modality for teaching chest tube
insertion. In a study of 500 physicians-in-training,
respondents indicated significant interest in
obtaining simulation-based training for invasive
procedures prior to practicing these procedures on
live patients. Stronger preferences were reported
for more complicated procedures. In fact, most
respondents preferred that simulation be used to
teach chest tube placement®. In addition to
improving success rates and overall performance,
simulation-based chest tube training has been
shown to significantly decrease procedure time
when compared to non-simulation training*
Simulation mannequins, cadaveric models, animal
models, serious gaming approaches, and simulation
task trainers for tube thoracostomy have all been
used and shown to be effective in teaching
residents and students. Nonetheless, financial

constraints, poor fidelity, and anatomical
inconsistencies pose potential barriers to trainees

experiencing an optimal simulation experience3*>*,

In an effort to address and overcome the
limitations of existing chest tube thoracostomy
simulators, we designed and tested an innovative
chest tube insertion simulator called TITUS
(Thoracic Intervention Training Unit Simulator).
TITUS was developed to be an inexpensive, easily
constructed, portable, and reusable simulator that
provides learners with realistic anatomic landmarks
and tissue fidelity. Furthermore, this task trainer
was designed to facilitate rapid transition and
turnover between learners in order to afford
adequate skill training and exposure to this high
risk, low frequency procedure for large groups of
EM and surgical trainees. Specifically, the
objectives of this study were to: 1) design and
construct a low-cost, portable, and realistic chest
tube model 2) demonstrate the ease of designing
this model and 3) assess the impact of this chest
tube model on EM trainees’ education, fidelity, and
perceived confidence level with the procedure.

Materials and Methods

STUDY DESIGN, SETTING AND PARTICIPANTS
This was a cross-sectional, survey-based study
carried out at our institution’s simulation center.
Participants were a convenience sample of EM
residents from our 4-year EM residency training
program and no exclusion criteria were used. As
part of the normal didactics program, all residents
attending a procedural skills session were invited
to participate in this study. Participation in the study
was voluntary and based on institutional guidelines,
this study was exempt from formal IRB review.

SIMULATOR SPECIFICATIONS

The TITUS is comprised of a plastic mannequin
torso and basic hardware supplies that when
constructed creates an anatomically correct base
and bracket system that facilitates convenient and
secure loading of porcine ribs into the unit. The
materials for a TITUS simulator cost approximately
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$50 ( US dollars) and a single person can assemble
a TITUS in approximately two hours.

To create TITUS, a plastic mannequin torso was
purchased from an online retailer and hemisected
using a saw, thus providing the chest wall base for
two simulators. Following correct anatomical
landmarks, a saw was used to cut out a small
rectangle in the axilla and lateral aspect of the
mannequin torso in the location of the “triangle of
safety”, the region defined by the border of the
anterior latissimus dorsi, the lateral pectoralis
major, and a horizontal line extending through the
nipple and associated intercostal space. Using
screws, the plastic torso was when attached to a
pre-cut wooden shelf to create a stable, portable
platform. Segments of PVC pipe and T-Shaped
PVC connectors were attached to the inner portion
of the torso using polyurethane glue (Gorilla Glue
Company, Sharonville, OH), in an anterior to
posterior direction, providing additional strength
and stability to the model. A total of four small
holes were drilled approximately 1cm beyond the
corners of the resected chest wall rectangle.
Screws were inserted from the external surface
through these holes. An internal bracket system
was created when these screws were attached to
vertically oriented metal mending plates within the
torso using washers and wing nuts.

To prepare the model, a rack of porcine ribs,
purchased for $12 (US Dollars) at a local grocery
store, is cut into short, 4-5 rib segments. Each
segment is wrapped in loban (3M) or commercially
available plastic food wrap in order to minimize
fluid leakage and learner exposure during the
training session. Each segment of ribs is then
covered with foam or any available simulated
suture pad which replicates skin and subcutaneous
tissue. Together, the ribs and suture pad are
inserted from the inside of the torso in an
anatomically correct fashion that occludes the
resected rectangle. The bracket system is then
tightened to secure the ribs and foam in place.
When completed, TITUS simulates a patient lying
in the supine position with actual tissue that can be

palpated and instrumented in an anatomically
realistic location. Each rib segment can be used
multiple times before being rapidly and easily
replaced as necessary depending on the number
of learners during teaching sessions.

MEASUREMENT AND STATISTICAL ANALYSIS

To evaluate the effect that the model had on
participant  education,
residents were asked to complete a brief survey
after using TITUS as part of a procedure training
didactic session. The anonymous, brief survey
consisted of a mix of multiple choice and Likert-
type questions (Appendix A). Continuous data
were reported as mean, median and standard
deviation. Categorical data was reported as
absolute number (N) and percentage (%). For
comparison of the comfort level (ordinal variable)
before and after the training session, the Wilcoxon
Signed Ranks test was used and a p value less than
0.05 was considered statistically significant. The
statistical software SPPS (version 22.0) was used.

emergency medicine

Results:

From a cohort of 60 EM residents in the training
program, 30 participated in the procedure skills
sessions and all participants agreed to participate
in this study. A single resident did not complete the
entire survey and was excluded from the analysis,
resulting in 29 EM residents (8 PGY1, 7 PGY2, 10
PGY 3, 4 PGY4). Most participants had little or no
experience placing open chest tubes in actual
patients (8 (28%) with O live chest tubes, 13 (45%)
with 1-5 live chest tubes, 7 (24%) with 6-10 live
chest tubes, and 1 (3%) with 15 or more live chest
tubes. Similarly, most participants were inexperienced
in placing percutaneous (pigtail) chest tubes (9
(31%) with O live pigtails, 19 (66%) with 1-5 live
pigtails, and 1 (3%) with 6-10 pigtails).

Using the TITUS model, participant comfort levels
rose from 2.6 + 0.98 (where 1= not at all
comfortable and 5= extremely comfortable) before
the educational session to 3.7 + 0.85 after the
educational session (p < 0.001, z =-0.49). Figure 2
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displays these findings stratified for each group of
residents (postgraduate year 1 to 4).

Of the respondents with prior experience using
other chest tube simulators, participants rated
TITUS to be more realistic (n=28, average= 4.2
where 1=much less realistic and 5=much more
realistic). Similarly, of respondents with prior
experience placing a chest tube in a live human or
cadaver, participants reported that TITUS was

highly realistic (n=22, average=3.8 where 1=much
less realistic and 5=much more realistic). Overall,
participants reported that the educational session
improved their ability to place chest tubes
(average=4.2, where 1=decreased and 5=greatly
improved).

3.7-Post
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Pre-Session i
Mean =3.7

Median = 3.0 300 p<0.001 Median = 4.0
Standard Deviation = 0.98 Standard Deviation = 0.85
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Figure 1: Change in Comfort Level

Figure 2: Components needed for TITUS
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Figure 3: Completed TITUS

Figure 4: TITUS used for teaching

Table 1: Component Cost

Iltem Approximate Price ($US)
% Plastic Mannequin Torso $17.50
1 Wood Shelf $7.98
PVC Pipe $2.34
2 Plastic T Piece Connector $3.14
Glue $5.97
4 Washers $0.08
4 Screws $0.19
4 Mending Plates $4.98
4 Bolts $0.23
TOTAL $42.41
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Discussion:

Mastering the technical skills and ability to practice
the high acuity, low frequency procedure of tube
thoracostomy is an important part of EM training.
With the development of the TITUS model, we
have addressed a need in the realm of procedural
education for an affordable, realistic, versatile, and
effective simulator for teaching and practicing both
open chest tube thoracotomy and pigtail catheter
placement. Following the design of this novel
simulator, our survey study of EM trainees confirmed
these assertions. After using TITUS in an educational
session, not only did our participants report a
significant increase in their own comfort level
performing these procedures, but they also reported
the model to be more authentic and realistic than
other simulators they had used. TITUS was shown
to be an effective method of teaching a procedural
skill to our residents, many of whom had never or
very infrequently performed this procedure on live
patients. Although our data was collected from EM
residents, TITUS has subsequently been used
successfully in training sessions for both EM and
general surgery providers.

Chest tube thoracotomy and pigtail catheter
placement remain vital skills for EM providers.
However, as minimally invasive techniques become
more common and there is increased scrutiny on
patient safety, these procedures are becoming less
frequent and thus more challenging to learn and
practice. Simulation minimizes patient risks while
providing opportunities for safe and consistent
repetition, thus making it an ideal modality for
teaching high acuity and increasingly low-
frequency procedures. There are commercially
available and fabricated chest tube simulators
described in the literature. These simulators,
however, have limitations in cost, feasibility, and
fidelity. Most commercially available chest tube
simulators are expensive and require frequent
replacement of costly components which limits
their availability to a large number of learners and
trainees, particularly those practicing in low-
resource environments. Other simulators are

heavy, bulky, and difficult to set-up and transport.
Many simulators use synthetic components that do
not effectively or realistically provide users with the
tactile feel of working with actual tissue. Similarly,
many non-commercial chest tube simulators lack
fidelity with regards to the anatomical landmarks
and patient positioning that are important to safely
performing this procedure. The unique design of
TITUS combines the realistic feel of actual animal
tissue with an anatomically accurate base, thus
allowing learners the opportunity to learn and
practice the essential steps of this procedure in a
low stress manner that aligns with the promotion of
patient safety.

The TITUS model was designed and successfully
addresses many of the limitations associated with
other available simulators providing a realistic,
affordable, and versatile training model. Our
results demonstrate that TITUS improved our
participants’ comfort level in chest tube placement
and was a realistic model. Future studies using
validating assessment tools and correlation to
clinical performance will be an important next step.

Limitations:

A key limitation for our design and study is that
TITUS cannot fully replace the cognitive and
technical experiences of placing a chest tube in an
actual, live patient but it can simulate this
procedure in a setting that is safe and protects
both learners and patients. This simulator does not
actively bleed thus learners do not have the
opportunity to manage a large volume of blood
from the tube, a bloody field, or the actual
drainage system in a realistic fashion. Our model
also does not simulate pain to provide users with
the opportunity to manage pain. Future models of
TITUS can potentially integrate bleeding to more
closely simulate a live human. Despite these fidelity
limitations, TITUS provides a realistic option to
master this procedure in a setting that is safe and
protected for learners.

A second limitation is that this was a small pilot
study in a single center and thus the results may
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not be generalizable. Surveys were taken of a small
cohort of EM trainees from a single EM residency
program. Furthermore, our study did not directly
perform structured assessments or measure
performance, and, therefore, our findings cannot
be used to assess the effect of TITUS on learners’
procedural competency. Finally, while we asked
participants to compare TITUS to their experiences
with other types of training models, we did not
directly compare our model to cadaveric models,
animal models, or other available simulators.

Conclusion:

Chest tube insertion remains an essential yet
increasingly infrequent procedure in emergency
medicine. Simulation, therefore, serves as an ideal
modality for teaching and practicing this vital skill.
While many commercial and custom-made chest
tube simulators exist, many are prohibitively expensive
while others lack necessary fidelity and anatomic
realism. Similarly, cadaveric models are expensive
and often difficult for training programs to access.
TITUS was designed to address these challenges
by creating a model that is inexpensive and easily
constructed while retaining tissue and anatomic
fidelity. Our results indicate that TITUS was viewed
by users as realistic and, more importantly,

participants reported that their confidence and
ability to place chest tubes significantly increased
following an educational session using TITUS. The
TITUS model provides physicians with a practical
solution for the training, practice, and maintenance
of tube thoracostomy skills. Further investigation
regarding the impact that TITUS has on procedural
competency is needed.
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Appendix A: Chest Tube Survey

CHEST TUBE SIMULATOR (TITUS) SURVEY

1.Age:

2.Gender:

3. Specialty:

4.Level of Training (Circle all that apply): MD PA NP RN

5. Approximately how many chest tubes/pigtail catheters did you place during residency (Circle one)?
e 0

e 1-10

e 10-20

L] 20'30

More than 30

6. Approximately how many chest tubes have you placed since you finished residency (Circle one)?
e 0

[ ] 1'10

e 10-20

e 20-30

More than 30

7.1f you have placed a chest tube in a human, how well does the TITUS Model simulate actual chest tube
placement (Circle one)?

1 2 3 4 5
Not at all realistic Very Realistic

8.How did the TITUS Chest Tube Simulator affect your clinical skills (Circle one)?

1 2 3 4 5
Decreased Greatly Improved

9. How did the TITUS Chest Tube Simulator affect your confidence in placing chest tubes (Circle one)?

1 2 3 4 5
Decreased Greatly Improved

10. Do you feel like your work-place would benefit from a low-cost, realistic chest tube simulator (Circle
one)?

-yes
-no
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