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Background. The primary objective was to provide
proof of concept of conducting thoracic surgical simula-
tion in a low-middle income country. Secondary objec-
tives were to accelerate general thoracic surgery skills
acquisition by general surgery residents and sustain
simulation surgery teaching through a website, simula-
tion models, and teaching of local faculty.

Methods. Five training models were created for use in
a low-middle income country setting and implemented
during on-site courses with Rwandan general surgery
residents. A website <http://thoracicsurgeryeducation.
com> was created as a supplement to the on-site teach-
ing. All participants completed a course knowledge
assessment before and after the simulation and feedback/
confidence surveys. Descriptive and univariate analyses
were performed on participants’ responses.

Results. Twenty-three participants completed the
simulation course. Eight (35%) had previous training
with the course models. All training levels were repre-
sented. Participants reported higher rates of meaningful
confidence, defined as moderate to complete on a Likert
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scale, for all simulated thoracic procedures (p < 0.05).
The overall mean knowledge assessment score improved
from 42.5% presimulation to 78.6% postsimulation, (p <
0.0001). When stratified by procedure, the mean scores
for each simulated procedure showed statistically sig-
nificant improvement, except for ruptured diaphragm
repair (p [ 0.45).
Conclusions. General thoracic surgery simulation

provides a practical, inexpensive, and expedited
learning experience in settings lacking experienced
faculty and fellowship training opportunities. Resident
feedback showed enhanced confidence and knowledge
of thoracic procedures suggesting simulation surgery
could be an effective tool in expanding the resident
knowledge base and preparedness for performing clin-
ically needed thoracic procedures. Repeated skills
exposure remains a challenge for achieving sustainable
progress.

(Ann Thorac Surg 2018;105:1842–50)
� 2018 by The Society of Thoracic Surgeons
he global community has historically neglected
Taccess to surgical care and the burden of surgical
disease. The current estimate of the global surgical dis-
ease burden—operations that would have a direct benefit
on an individual’s life or function but not performed—is
approximately 33% of the total global burden of disease
[1]. This translates into an additional 321.5 million oper-
ations needed annually [2]. According to a 2008 World
Health Organization assessment, African countries have
the highest rate of surgical disability–adjusted life-years
compared with the rest of the world [3]. The World
Health Organization developed a tiered system of prior-
itized surgical procedures to guide resource investment
and focused largely on efforts to build capacity [4].
Thoracic surgery is considered a fourth-tier surgical
concern. With much of the attention focused on access to
procedures such as caesarian sections, long-bone fracture
repairs, and laparotomies, an unintentional consequence
has been a general neglect of surgical subspecialty care.
Rwanda is a land-locked Sub-Saharan African country

with 50 full-time general surgeons for a population of 12
million people [5]. There are currently no full-time
thoracic surgeons in Rwanda or general surgeons
trained in basic thoracic surgery. To meet the need for
The Appendices can be viewed in the online version of
this article [https://doi.org/10.1016/j.athoracsur.2018.01.
043] on http://www.annalsthoracicsurgery.org.
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surgical conditions—among other health care workforce
needs—Rwanda launched a 7-year project, the Rwanda
Human Resources in Health Program, in 2012 [6]. The
program has deployed more than 100 foreign faculty
members to Rwanda during the past 5 years. Visiting
faculty are encouraged to develop professional relation-
ships with the local faculty and teach the teachers, who
would then sustain the teaching after the visiting faculty
left.

The most common general thoracic surgery procedures
performed by the senior author (T.M.D.) during his
5-month experience operating with the Rwanda Human
Resources in Health program were pulmonary decorti-
cation for mature postpneumonic empyemas, repair of
esophageal perforation, biopsy of mediastinal masses,
and repair of traumatic diaphragmatic perforation.
Because thoracoscopic equipment is not currently avail-
able due to resource limitations, there is a reliance on
open approaches often in a ventilated lung field because
of the lack of single-lung ventilation capability.

To address the gaps in thoracic surgery education, a
simulation general thoracic surgery course was devel-
oped to expose local residents and faculty to basic
thoracic skills, and an online simulation website was
created to supplement the hands-on teaching. The study’s
objectives were (1) to provide proof of concept and
feasibility of conducting thoracic surgical simulation in a
resource limited setting, (2) to accelerate the acquisition
of needed thoracic surgery skills, as measured by
assessment of confidence level and content knowledge,
by offering general surgery residents a 2-hour course
using inexpensive simulation models, and (3) to sustain
the teaching and performance of thoracic surgery in
Rwanda by supplementing the simulation with an online
website, providing models, and teaching of the local
faculty.
Fig 1. Skeleton model used in the thoracotomy positioning exercise.
Material and Methods

Site Selection
The two sites for the simulation thoracic surgery course
were the university teaching hospital in the capital city of
Kigali and in the university teaching hospital in the small
provincial town of Butare (Huye). The sites were selected
based on convenience for participants, access to labora-
tory space, and status as national referral centers equip-
ped with appropriate preoperative and postoperative
services and blood banking capability.

Criteria Used in Creating the Simulation Thoracic
Surgery Models
Because the models were designed for use in low-middle
income countries, the following criteria guided their
creation:

� Components were inexpensive (see Appendix 4) and
made of materials that were readily available mate-
rials online or locally in North America.

� Models could be built using ordinary tools and
minimal expertise.
Downloaded for Anonymous User (n/a) at Yale New Haven Health Syste
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� Models did not require electricity to function.
� Models used only standard operating room in-
struments and equipment.

� Minimal setting requirements for using the models
were a room with a table, overhead lighting, a sink
with running water, and detergent.

� Models could incorporate locally acquired animal
mediastinal tissue (goat or pig).

� Models met the transportable size and weight
criteria for air transportation.
Model Selection and Description
Five exercises were chosen for the thoracic surgery course
described below. Two of the exercises incorporated
locally acquired mediastinal goat tissue.
The thoracotomy positioning exercise used a full-body

skeleton model placed in lateral decubitus and stabi-
lized with a technique involving Kerlix Gauze Rolls
(Covidien AG, Mansfield, MA) wrapped around rolled
blankets placed anterior and posterior to the skeleton’s
chest in addition to hip stabilization with wide tape.
Appropriate padding and support of all extremities and
the neck and all pressure areas was achieved with pillows
and egg crating materials (Fig 1).
In the performance of a posterolateral thoracotomy, the

left-side scapular bolts of the skeleton model were
removed to allow more natural scapular and rib mobility.
Chest wall muscles were simulated with bubble wrap
covered with white elastic foam tape and attached to the
rib cage for repeat use with VELCRO Brand Sticky Back
(Velcro Group Corporation, Boston, MA) or other self-
adhesive hook and loop strips (Fig 2).
The decortication exercise used the hemithorax of a

chest manikin cut along the sagittal plane with an ellipse
of manikin cut out to simulate a posterolateral incision.
The model was adapted from the Thoracic Surgery
Directors Association Boot Camp (R. Feins, personal
communication, August 14, 2012).
For the chest wall decortication exercise, polyethylene

tubing attached with bolts to the chest manikin was used
to simulate the aortic arch and descending aorta. Half of a
rubber football bolted to the inferior end of the manikin
simulated the diaphragm. The “peel” of the organized
m from ClinicalKey.com by Elsevier on October 08, 2018.
yright ©2018. Elsevier Inc. All rights reserved.



Fig 2. Demonstration of the technique for identifying the subscapular
first rib.
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empyema lining the diaphragm, aorta and chest wall was
simulated using oil-based nonhardening clay, a feature
that allowed for multiple repetitions (Fig 3A) The visceral
pleura decortication model used a small foam football
simulating the trapped lung. It was covered with a layer
of clear plastic tape to mimic the pleural surface and
wrapped with multiple layers of white elastic foam tape to
simulate the organized empyema layer seen in a late-
stage organizing empyema (Fig 3A, 3B).

The model for repair of a diaphragmatic rupture or
laceration used a fresh goat mediastinal tissue block with
its attached diaphragm (Fig 4). Incorporating the manikin
allowed the exercise to be performed with an intratho-
racic approach vs an intraabdominal approach.

The acute esophageal perforation repair exercise used
the fresh goat mediastinal tissue block secured on a cut-
ting board and the left-sided chest manikin placed over it.
Intubating the goat left main bronchus heightened
simulation reality with hand ventilation of the left lung,
because selective lung isolation is often not available in
the Rwandan operating theater. A large green rubber
bougie was used to intubate the esophagus to easily
distinguish location of lumen, extent of perforation, and
adequacy of closure (Fig 5).

During initial model implementation, comments were
obtained from residents and faculty at the University of
Rwanda. This feedback was used for additional revision of
the exercises and course restructuring. The resulting
version of the simulation experience can be found on the
website <http://thoracicsurgeryeducation.com> that was
created to describe the assembly of the models and to
provide a step-by-step supplement to the on-site teaching.
Course Objectives
A 2-hour course with 1-on-2 instruction by a senior
thoracic surgeon was devised and aimed at introducing
residents and faculty to the following essential skills:

During the thoracotomy positioning exercise, partici-
pants learned proper lateral decubitus positioning of a
Downloaded for Anonymous User (n/a) at Yale New Haven Health S
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patient with appropriate padding, stabilization tech-
niques, and optimal operating room table bend for
exposure. In the performance of a posterolateral thora-
cotomy exercise, participants were taught proper chest
wall dissection, rib exposure, and identification of the
correct rib space to enter the chest. Rib resection was
taught as an alternative way to enter the chest when
appropriate. Proper technique of the insertion and posi-
tioning of chest tubes after a thoracotomy was reviewed
as well as the techniques of closing a thoracotomy
incision.
For the decortication exercise, the proper dissection

technique to remove the mature vascularized fibrous rind
from the parietal and visceral surfaces of the lung and
chest wall in late-stage empyema was demonstrated.
Proper technique after inadvertent puncture of lung
parenchyma during decortication was demonstrated to
avoid further pleural injury.
During the ruptured diaphragm repair exercise, par-

ticipants were taught suture selection and closure tech-
nique for a diaphragm laceration. The objectives for
repair of an acute esophageal perforation exercise were to
learn adequate proximal and distal exposure of the full
length of the submucosal and mucosal tear of the
esophagus as well as proper approximation of the
mucosal/submucosal layer and separately, the muscular
layer in a setting requiring lung retraction for exposure
due to a lack of lung isolation. Participants also gained
practice tying in a deep chest cavity.

Implementation of the Simulation Surgery Course
Local senior Rwandan leadership was engaged
throughout the study design, planning, and imple-
mentation phases of the study. Institutional Review Board
approval was obtained at the University of Virginia
(UVA) (#2016-0105-00), University Teaching Hospital of
Kigali (EC/CHUK/0101/2016), and University Teaching
Hospital of Butare (Ref #: CHUB/DG/SA/6/845/2016). All
participants provided verbal and written consent before
the start of the simulation course.
The simulation course was conducted at the 2 Rwandan

teaching hospitals during a 2-week period in May and
June 2016. All surgical residents and faculty at the Uni-
versity of Rwanda were eligible and recruited to partici-
pate in the thoracic skills course. Participants were
provided with access to the website or an on-site hard-
copy of the simulation manual.
Participant information was collected for basic

demographic information as well as their level of training
and prior thoracic operative experience or simulation
experience. A survey before and after the simulation
course was administered to assess the participant’s con-
fidence level and knowledge content of the simulated
thoracic surgical procedures (Appendices 1, 2, and 3).
Confidence level was reported on a standard Likert scale.
Meaningful confidence was defined as moderate to
complete confidence for the purposes of analysis. The
knowledge assessment contained questions relevant to
each simulated procedure covering key teaching points
discussed during the simulation. The maximum score of
ystem from ClinicalKey.com by Elsevier on October 08, 2018.
Copyright ©2018. Elsevier Inc. All rights reserved.
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Fig 3. Decortication exer-
cise. (A) Parietal and
visceral pleura decortica-
tion models. (B) Visceral
pleura decortication on
football and intact under-
lying “pleura.”
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the knowledge assessment was 14 points, which was

translated into a total percentage out of 100. In addition,
participants provided feedback using a modified version
of the Michigan Standard Simulation Experience Scale
survey on the course’s content and utility. Structured
statements were given on a Likert scale, and participants
chose from the following options: strongly disagree,
disagree, neutral/don’t know, agree, and strongly agree,
Additional open-ended questions covered participant
perceptions of ongoing barriers in translating skills to
practice and further improvements needed to the simu-
lation course [7].
Statistical Analysis
Participants who were previously involved in the beta
testing of the thoracic simulation models were considered
repeat participants. The rest of the participants were
considered simulation-naïve participants for the pur-
poses of the analysis. Junior-level residents were defined
as postgraduate year (PGY) 1 and PGY2, and senior-level
residents were PGY3 and PGY4. Descriptive statistics
were performed comparing participant demographics
and other baseline characteristics using one-sample Stu-
dent t tests and c2 tests.
Downloaded for Anonymous User (n/a) at Yale New Haven Health S
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Paired Student t tests and Fisher exact tests were used
to compare presimulation and postsimulation responses
in the knowledge assessment and proportions of mean-
ingful confidence reported, respectively. Presimulation
knowledge mean scores between repeat participants and
simulation-naïve participants were compared as well as
between junior and senior level residents using a two-
sample Student t test. Analyses were performed using
Stata/SE 15.0 software (StataCorp, College Station, TX).
Significance was defined as a p value of less than 0.05.
Results

A total of 23 general surgery residents completed the
simulation course; of which, 8 participants (35%) had
been previously exposed to the simulation models during
the course development. The participants were an
average age of 31 years (range, 28 to 34 years), and 21 of 23
(91%) were men.
All training levels were represented in our study: 9

PGY1, 7 PGY2, 2 PGY3, and 5 PGY4. Most participants
reported little to no experience performing thoracotomies
(defined as less than 5 thoracotomies) and limited inter-
action with thoracic surgical patients (defined as less than
Fig 4. Suture repair of
diaphragmatic laceration.
(A) Start of interrupted
horizontal mattress stitches
repair. (B) Magnification
of suture technique.

ystem from ClinicalKey.com by Elsevier on October 08, 2018.
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Fig 5. Exercise to repair
acute esophageal perfora-
tion. (A) External view of
simulation in progress with
Rwandan residents and
faculty facilitator instruc-
tion. (B) View of esopha-
geal laceration through
thoracotomy incision.
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5 patients per month), 19 of 23 (83%) and 15 of 23 (65%),
respectively. However, 17 of 23 (74%) reported that they
expect to perform some basic thoracic procedures in their
future practice.

Table 1 summarizes meaningful confidence reported
before and after the simulation course. Participants
reported improved confidence in performing each of the
five thoracic surgical procedures (all p < 0.05).

Figure 6 shows the mean scores and standard errors
from the knowledge assessment questionnaire before and
after the simulation course. Postsimulation course scores
were uniformly higher, with significant increases in mean
scores (p < 0.0001) for all simulated procedures, except for
ruptured diaphragm repair (p ¼ 0.45). The overall mean
knowledge score gain between the presimulation and
postsimulation course assessment was 36% (42.5% vs
78.6%, p < 0.0001). The presimulation knowledge scores
were 11.4% higher on average for the repeat simulation
participants compared with the simulation-naïve partici-
pants (p ¼ 0.02). Repeat participants were also more
senior-level residents. When level of training and pre-
course assessment mean scores were compared, senior-
level residents scored 12.9% higher than junior-level
residents (p ¼ 0.01).

On the postsimulation knowledge assessment, all
training levels demonstrated improvement, with the
greatest increase in scores made by more junior-level
learners, 38.6% presimulation vs 78.1% postsimulation.
No difference was detected in the postsimulation mean
knowledge scores between repeat participants vs
Table 1. Participants Reporting Meaningful Confidencea

Before and Immediately After the Course for Each Simulated
Procedure

Simulated Procedure

Participant, No. (%)

p ValueBefore After

Thoracotomy positioning 8 (35) 23 (100) <0.01
Performance of a thoracotomy 6 (26) 21 (91) <0.01
Ruptured diaphragm repair 3 (13) 21 (91) 0.02
Lung decortication 3 (13) 20 (87) <0.01
Esophageal perforation repair 1 (4) 17 (78) 0.01

a Meaningful confidence is defined as moderate or complete confidence
indicated on a Likert scale.

Downloaded for Anonymous User (n/a) at Yale New Haven Health S
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simulation-naïve participants or by PGY level. In addi-
tion, there was no difference in reported confidence level
presimulation or postsimulation between simulation-
naïve participants and repeat participants or by PGY
level.
Responses from the Michigan Standard Simulation

Experience Scale survey are summarized in Figure 7.
Overall, participants had overwhelmingly positive
remarks toward the simulation course. Participants most
frequently reported feeling more comfortable with
thoracic conditions after the simulation, found the simu-
lation useful, or appreciated its educational value and
demystifying capability for thoracic surgery. When asked
the reason for attending the course, the most common
responses were related to an interest in skill acquisition
or to increase their knowledge of thoracic conditions. The
most common suggestions for improvement were
increasing practice time and the need for repeated
thoracic experiences.
Finally, participants were asked about existing chal-

lenges to providing thoracic surgical care. The most
frequent responses included a lack of instruction/
mentoring and sufficient cases, lack of thoracic-specific
instruments and equipment, limited intensive care unit
capability, and lack of thoracic-trained anesthesia pro-
viders and techniques.
Comment

The objectives to successfully create, transport, and
implement a general thoracic skills simulation course in
Rwanda were met. The general surgeons’ confidence was
assessed in performing five thoracic surgery procedures
that are commonly needed in their clinical practice.
Participant feedback showed enhanced confidence in
performance of thoracic procedures. Participants’
knowledge assessment scores improved uniformly, and
simulation-naïve participants attained equally high
scores as repeat participants postsimulation. These
results suggest that simulation surgery could be an
effective tool to expand the resident knowledge base and
preparedness for performing clinically needed thoracic
procedures.
The feedback received and confidence in performance

of the skills is in line with similar studies on the percep-
tion of simulation and preparation in cardiothoracic
ystem from ClinicalKey.com by Elsevier on October 08, 2018.
Copyright ©2018. Elsevier Inc. All rights reserved.



Fig 6. Mean scores and SEs
(range bars) for the knowledge
assessment questionnaire before
and after the simulation course.

1847Ann Thorac Surg RAMIREZ ET AL
2018;105:1842–50 LOW-RESOURCE THORACIC SIMULATION

C
O
N
G
EN

IT
A
L
H
EA

R
T

trainees in the United States [8]. Together, these met
objectives provide proof of concept and feasibility of
conducting a simulation experience in general thoracic
surgery in a limited-resource setting that lacks experi-
enced faculty and subspecialty fellowship training
opportunities.

The objective to create continual teaching by local
general surgery faculty using the simulation models
created was met initially but not sustained. Rwandan
faculty successfully led a simulation course, which was
supplemented by interactive instruction originating from
the UVA Office of Telemedicine. The subsequent lack of
sustainability was primarily due to internal shifting of
senior leadership during which 2 local faculty champions
Downloaded for Anonymous User (n/a) at Yale New Haven Health S
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of simulation surgery left the University of Rwanda.
Without a local committed faculty, we believe opportu-
nities for further exposure to the field must rely on
experienced visiting surgeons on short-term simulation
and clinical teaching trips, in the hopes of raising interest
in residents to pursue advanced training.
Currently the model being used by visiting anesthesi-

ology faculty in Rwanda is 1-month rotations accompa-
nied by a senior anesthesia resident. Canadian
Anesthesiologists’ Society International Education Foun-
dation is collaborating with several North American
anesthesiology societies, which allows for a constant
visiting anesthesiology presence at the University of
Rwanda.
Fig 7. Participant response to
feedback questionnaire. The
vertical line denotes negative
responses to the left and positive
responses to the right.

ystem from ClinicalKey.com by Elsevier on October 08, 2018.
Copyright ©2018. Elsevier Inc. All rights reserved.



1848 RAMIREZ ET AL Ann Thorac Surg
LOW-RESOURCE THORACIC SIMULATION 2018;105:1842–50

C
O
N
G
EN

IT
A
L
H
EA

R
T

The lack of exposure to thoracic surgery is multifacto-
rial in this context. The objective to create a demand for
sustained teaching of a simulation thoracic surgery
workshop was also made more difficult to achieve by the
current low incidence of patient referrals with operable
general thoracic surgery conditions such as chronic em-
pyema and acute esophageal perforation. It is hoped that
the Rwandan health care system will increase referral of
patients with thoracic conditions now that there is a
practical and inexpensive way to teach their general
surgery faculty and residents basic thoracic surgery skills
for conditions commonly seen. However, this remains to
be determined.

It remains our opinion, based on this experience, that
sustainable simulation thoracic surgery teaching of gen-
eral surgery residents in Rwanda can only be achieved by
repeated systematic teaching visits of 2 to 4 weeks’
duration by experienced thoracic surgeons. This rela-
tively short time commitment—using the preexisting
simulation models left in place—would allow excellent
simulation-based instruction of local faculty and resi-
dents. It would also allow time for the development of
professional relationships with the local Rwandan faculty
and subsequent participation in clinical conferences and
operative cases.

The use of simulation for skill acquisition is increasing
in Africa. The focus has largely been on laparoscopic
training [9–11] and trauma [12, 13]. To our knowledge,
this study represents the first time that general thoracic
skills simulated teaching has been offered to a cohort of
general surgery residents in the region. Using simulation
to augment technical and nontechnical skills is a well-
established part of the training for Rwandan surgical
residents and medical students. Our study showed 15 of
23 participants (65%) had prior simulation-based training.
This is reflective of previous investments in educational
collaborations between Rwanda and various foreign ac-
ademic institutions [14–16]. A key component of this
training has been to use simulation as an educational
platform leading to the creation of dedicated facility and
curriculum building that integrates simulated opportu-
nities. As such, we were able to directly build on the re-
sources locally available.

For surgical residents and faculty, simulation has
focused on general surgery skills, including trauma and
standard suturing exercises such as performance of an
end-to-end ileostomy anastomosis. Similar to Tansley
and colleagues [17], our study showed that junior-level
participants achieved the most gains on knowledge
assessment compared with more senior-level partici-
pants. To what extent prior thoracic surgery simulation
plays a role in this discrepancy in our study is unclear,
because senior-level participants were also more likely to
have previously completed our course.

Limitations
Several limitations are associated with our study. We did
not perform a delayed assessment of knowledge or pro-
cedural skill retention beyond immediate assessment
after the course. The thoracic surgical caseload is limited
Downloaded for Anonymous User (n/a) at Yale New Haven Health S
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for reasons discussed previously; thus, we were unable to
assess the simulation course’s procedures against opera-
tive performance. Participant surveys were used to collect
most of our data, which has inherent biases such as recall
bias or testing threat.
Future Considerations
In addition to gaps in technical expertise, participant
narratives elucidated additional barriers to surgical
treatment for thoracic conditions, highlighting the
resource differences and multidisciplinary care of
thoracic patients. Understanding the resident and faculty
interest in general thoracic skills through engagement in
an intensive simulation course is part of the beginning of
building an investment case for thoracic surgery in
Rwanda. To complete the picture, further information is
needed on prevalence of thoracic conditions, baseline
operative volumes, and detailed assessments of equip-
ment needs, preoperative evaluation deficiencies, and
postoperative care challenges.
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INVITED COMMENTARY
It has long been known that surgical simulation is bene-
ficial in the education of trainees. Laparoscopic simula-
tion can predict intraoperative surgical performance in
general surgery residents [1]. In addition, structured boot
camps for postgraduate year one (PGY-1) residents
correlate with improved higher American Board of Sur-
gery In-Training Examination scores and residents’ per-
formance in validated measurements of technical skills
[2]. The same is true for simulation in cardiothoracic
surgical education. Feins and associates [3] demonstrated
that first year residents completing cardiac surgery
training modules, simulating such procedures as initia-
tion and management of cardiopulmonary bypass, aortic
valve surgery, and coronary artery bypass grafting,
improved their performance in component tasks with
simulation-based training. The data in support of simu-
lation training in surgical education led the Accreditation
Council for Graduate Medical Education in 2008 to
mandate that all surgery residencies build a cogent
simulation program into their curriculum. For cardio-
thoracic surgery trainees beginning residency on or after
July 1, 2017, 20 hours of simulation are required [4].

Mandating simulation training for our trainees is
admirable, but at what cost? Literally speaking, at what
cost? Surgical simulation, whether it is high or medium
fidelity, is expensive. Using a high-fidelity simulator to
train surgery residents in endoscopy, Raque and col-
leagues [5] found an average cost per resident of $715
over 6 years. Building a simulation program modeled on
the American College of Surgeons/Association of Pro-
gram Directors in Surgery Skills Curriculum can cost
more than $22,000 [6]. In this issue of The Annals of
Thoracic Surgery, Ramirez and colleagues [7] present a
general thoracic surgery simulation course, developed at
an American academic program, that was specifically to
be implemented in a low-resource university setting in
Rwanda. The authors’ curriculum consisted of basic open
thoracic surgical procedures, ranging from positioning
and posterolateral thoracotomy to performing a lung
decortication. The simulation components were inex-
pensive (including tools such as a teaching skeleton and a
football), did not require electricity, were easily built, and
used standard operating room equipment. In addition,
the exercises were paired with an online resource (http://
thoracicsurgeryeducation.com) that provided guidance
on model assembly and supplemented on-site instruc-
tion. For a minimal cost, the authors were able to
demonstrate the successful implementation of a low-
fidelity simulation curriculum for thoracic surgery
trainees in a low-resource setting, leading to improved
participant confidence and knowledge attainment.
This study by Ramirez and colleagues [7], which was

intended for global health and the benefit of training
programs in low-resource nations, may be translatable to
low-resource residency programs in this country. First
year cardiothoracic surgery residents, whether they are
PGY-1 residents in an integrative program or PGY-6
residents in an independent program, have less and less
exposure to thoracic surgery before starting their training.
Low-fidelity simulation, as described by Ramirez and
associates [7], could provide a curriculum of modest
“suspension of disbelief” that would be introductory to
the specialty. Combining with other lean cost strategies,
such as the use of low-fidelity vascular models and task
shifting faculty time from traditional curriculum didactics
to simulation, may help make the required simulation
training in residencies affordable [8, 9]. The low-cost
model described by Ramirez and colleagues [7] may
prove beneficial not only to learners already in residency
programs, but also to prospective students who are
seeking an introduction to our specialty. Surgical skills
courses increase medical students’ interest in thoracic
surgery [10]. One can see modestly resourced surgery
interest groups in US medical schools adopting this cur-
riculum to the benefit of their members.
The cost of educating trainees can be incredible, but the

value of surgical simulation to learners is accepted. In
addition, the requirements of the Accreditation Council
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