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Abstract

Simulation is an increasingly vital component of graduate medical education and is becoming the standard of practice in
many residency programs, especially in the surgical specialties owing to the need, to move basic skills acquisition out of
the operating room and into the surgical skills laboratories. Deliberate practice is an educational technique aimed at
improving performance by intense training and preparation. These steps include repetition, assessment, and feedback,

which lead to performance improvement
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Introduction

Simulation is an increasingly vital component of graduate medical
education and is becoming the standard of practice in many residency
programs, especially in the surgical specialties owing to the need, to move
basic skills acquisition out of the operating room and into the surgical
skills laboratories. Deliberate practice is an educational technique aimed
at improving performance by intense training and preparation. These
steps include repetition, assessment, and feedback, which lead to
performance improvement [1].

Training in surgery became progressivelly more complex, as a wave of
innovation using new technologies introduced a series of procedures with
less invasive potential, such as minimally invasive and robotics. Residents
and young surgeons must learn these new techniques in a safe and
effective way, so the advent of several simulators in surgery in activities
called “Hands-On”. The “Hands-On” is a different strategy of teaching
and learning because it allows interaction between the expert (surgeon
with recognized expertise and competence) with surgeons in different
learning curve phases such as residents, junior surgeons or even those
with several years of surgical practice. It differs from other teaching
activities once the trainees are directly involved in the whole procedure
by “using their hands”. The trainee is incentivized to exercise the
observation of all steps of the operation, to perform tactical movements
and actions ordered in a logical sequence or may be, to incorporate new
skills. All this is happening without urgency of time; and above all, under
a qualified and committed guidance and supervision of an expert.

At the same time that it promotes teaching, it allows for both correction
and evaluation of performance inducing satisfaction on trainees by
creating the pleasant sense of mastery of new skills or consolidation of
the previous ones that now could be executed with a more refined

Auctores Publishing — Volume 4(3)-060 www.auctoresonline.org
ISSN: 2693-2156

technique. These new skills will be definitely incorporated by salutary
practice of exhaustive repetition that will make them automated. Once
after its final registration in the brain centers that integrate knowledge
with motor skills, it will emerge automatically when requested,
completing the cycle: see-search-understand-perform [2].

As cardiovascular surgery training programs continue to evolve in
response to abbreviated training pathways, patient safety concerns and
increasing complexity of procedures, greater focus on simulation-based
training to compensate for decreased operative experience has been
recommended. Given the growth of transcatheter technologies and
minimally invasive techniques, new challenges are imposed on the
training of the contemporary cardiovascular surgeon. Nowadays, training
of cardiac surgery residents is demanding several modifications to adjust
to the rapidly evolving area of structural heart disease. Pelletier and
colleagues [3] stated that increasingly, cardiac surgery residents are
requesting exposure to the skills and techniques that will enable them to
perform these procedures. In addition, they suggested that institutional
simulation labs can be ideal to teach certain elements of endovascular
procedures and skills, providing novice learners the opportunity to
manipulate wires and catheters while objectively measuring performance.
It is also challenging for the institutions responsible for the training
programs, since they are expected to offer an efficient and adequate
curriculum, which relies on a paradox of providing safe surgical
opportunity without compromising the postoperative outcomes and
excellent patient care. Operating room surgical training has significant
limitations indeed, considering it provides short time to develop technical
skills and has low tolerance for learning mistakes.
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With respect to one traditional simulation model for surgery training,
despite high fidelity, human corpse training has been desincouraged
nowadays, for two main reasons. First, there are not always available
corpses for use in good preservation conditions. Second is the short period
of time that is speared for the training, since those patients have to be hand
out to the families for the ceremonial. Conducting the training procedures
on animal models offers the closest scenario to surgery in human beings;
however, the completion of this kind of training requires the sacrifice of
these animals culminating with great opposition by the animals’
protection organizations as well as by the general population. This
traditional method has well known limitations such as the need for a broad
framework for hosting, maintenance and preparation of these animals and
their subsequent disposal; which besides of high costs also requires the
involvement of many professionals for the correct execution of these
tasks. Routinely, these facilities are available only in medical schools and
usually with restricted access to their own undergraduate or graduate
students.

Biological models, compared to animal models “in vivo”, have the
advantage of storage capacity for days in the refrigerator, and lower costs,
which is very desirable considering the current financial constraints of
most residency training programs. In addition, they enable a realistic
tissue feel and excellent anatomical correspondence. In this context, we
believe that incorporating simulation on biological models in our
residency program could improve surgical training and patient safety, due
to its potentiality to avoid surgical technical failure that would
compromise the outcomes, bringing more safety, efficacy and better
longer-term results.

Recognizing these challenges about technical skills acquisition for
cardiovascular surgery, we started our simulation training program on
biological models for the medical residency of cardiovascular surgery at
our institution in 2015. A practical evaluation that addressed performance
on specific skills was applied at the end of training program. The high
notes obtained by our residents revealed the efficiency of the simulation
in the acquisition of skills. Also, the resident responses in the subjective
analysis revealed high satisfaction with the training program [4]. They
highlighted as positive aspects the realistic tissue feels and anatomical
representation, as well as the possibility to perform a specific technique
multiple times thereby improving skill acquisition. In general, most
believed that the program provided a realistic experience and was
valuable in teaching surgical skills. We observed that biological models
with porcine or bovine hearts provided a high degree of realism and in the
case of cardiac surgery, where surgical failure may result in patient
morbidity and mortality, such a realistic simulation could reproduce better
surgical results, which is essential before clinical application.

The incorporation of new training techniques, such as “Hands-on”
simulation, allows an improvement in residents formation, the training of
new technologies for senior surgeons, minimazing possible technique
fails and allowing better efficacy in the procedures and better results”.
These moments are a unique opportunity for a desirable interaction, in
that the more experienced ones can help to qualify this critical mass of
professionals eager to learn new knowledge, but also willing to
incorporate special technical skills as a basic support for their professional
performances [5]. In the cognitive domain, the transmission and retention
of the essential theoretical knowledge are required and of paramount
importance for the judgment and proper handling of each patient. That
part has been widely covered by many mini-courses offered at numerous
conferences in many different areas of the specialty, and also through
continuing medical education programs carried out by schools and
educational institutes created and maintained by the specialty societies
and supported by pharmaceutical companies for equipments and
instruments in surgery [6].

Congresses of some specialties has been modified each year to discuss the
incorporation of new technologies by presenting the results of numerous
studies well designed and well conducted on searching to validate, to
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disseminate and to extend their use in the daily practice. Watch an
operation, usually a complex case or a new procedure, performed at
distance in a specialized center and broadcasted to an audience of the
event, offers to the participating surgeons an opportunity to interact with
the team that performs the surgery and to learn from them some useful
surgical aspects; however, this do not endow observers in developing new
skills. Additionally, this format has limitations, including legal matters.
The surgical team responsible for the operation is subjected to a stress
level above the usual. They cannot repeat tactical maneuvers ever
performed by the imperative need to continue the operation. Steps or
details which were not clear, even if well explained, cannot be repeated.
The operation needs to have its normal course and the patient must not be
subjected to additional risks, such as stopping at each step of the
procedure to allow controversial debates and opinions. The traditional
video sessions, in which procedures can have their technical details
presented and discussed, allowing for pauses or repetitions, when
necessary, are very instructive in providing opportunities for learning
technical and tactical details without putting pressure on the surgical team
and not subjecting patients to additional risks. This mode helps to
understand how to overcome the difficulties in their implementation and
the new ways of executing it. Although it is a very useful and attractive
format, it does not provide new psychomotor skills for those attending
this activity. Therefore, these creative and innovative ways of transmitting
knowledge, as described above, do not directly involve the community of
observers in surgical procedures fields. The observer surgeons can even
assimilate the steps and various tactical maneuvers essential to the
operation; however, these do not give them the ability to implement it.
The task of producing scientific knowledge and validate it through the
current methods of evidence-based medicine belongs primarily to the
universities, which through its institutes and research laboratories, are
prepared for this important and crucial stage of development of medical
science. Some studies have validated the need for simulation in surgery
[7]. Certainly, surgical simulation allows the medical resident to perform
in a less stress environment and may provide structured graduated training
for technical skills. Furthermore, educators recognize this activity as one
method by which expertise may be developed and assessed. Another
positive aspect of simulation-based skills training in surgery has been the
notion that educators can spend more time teaching in a less stressful
environment, promoting better understanding and retention of skills.
Surgical simulation is effective in the development of technical skills in
cardiovascular surgery with numerous examples of low and high-fidelity
simulators and several studies have validated the need for simulation in
cardiac surgery residency programs. Ribeiro et al. [8] in a systematic
review of 16 studies about simulation-based skill training for trainees in
cardiac surgery concluded that simulation-based training is associated
with improved learning outcomes for cardiovascular surgery trainees with
large effect sizes. They observed that junior residents seem to benefit most
and low-fidelity simulators are most frequently used and seem not to
inhibit learning outcomes. Another systematic review performed by El-
Andari et al. [9] investigated the current literature regarding the use of
simulation-based training for trainees learning surgical valve repair and
replacement. They observed that studies in which outcomes were
evaluated showed improvement in surgical trainees’ time to completion
of tasks and skills scores, concluding that simulation-based training has
been shown to improve the surgical skills of trainees in a relatively short
period.

Despite the pressing need to train cardiovascular surgeons to perform
transcatheter aortic valve implantation (TAVI), Tam et al. [10], in
research about the current status of TAVI in Canadian cardiovascular
surgery residency programs, through questionnaires designed for
residents and program directors found only 14 residents (18%) and 4
program directors (36%), reported that TAVI training in their program
was adequate. In addition, only 3 program directors (27%) reported that
their residents had access to a TAVI simulator, suggesting that, currently,

Page 2 of 5



J. Thoracic Disease and Cardiothoracic Surgery

there is a lack of structured didactic and hands-on training of TAVI in
cardiac surgery residency programs.

Virtual reality such as Simantha (Medical Simulation Corporation,
Denver, CO, USA) and Simbionix AngioMentor (Airport City, Israel)
offer simulation for transcatheter aortic valve implantation to teach
catheter wire and lead handling skills [11], however its use as an
educational tool for official cardiac residency training programmes is
unknown and probably very sparse or no-existent.

Whether improved performance in the simulation laboratory is
transferable to the operating room is not easily addressed, but most
trainees reported that they felt much better prepared and less anxious to
perform each skill in the operating room environment. These findings
support those found in the published literature that providing structured
teaching sessions improves the confidence level of the learners [12]. In
addition, concerns have been raised about the safety of training surgeons
in the performance of surgery. In fact, there is growing demand for
improved clinical results and excellent outcomes, with intense public
scrutiny of their clinical performance. That's why surgical training in this
field requires balance between standard of care delivered to patients and
provision of sufficient operative exposure to trainees who are the cardiac
surgeons of the future.

Training programs dedicated to robotic surgery are still very limited. This
creates a physical barrier that does pulls back the widespread use of this
technique [13]. Learning curve is steep and the senior’s surgeons that
would be responsible to teaching the residents and trainees, are not able
to offer this modality. To share knowledge, stimulate learning and
disseminate the use the robot, the American Association for Thoracic
Surgery (AATS) and The Society of Thoracic Surgeons (STS) have
offered postgraduate and fellowship programs [14]. However, since the
number of centers performing robotic surgery is still low, it has been hard
to determine the best training method to teach new surgeons.

Based on that, a randomized trial evaluated the best method to simulate
robotic surgery was published in 2016. On this trial, 40 surgical trainees
had to dissect 10 cm of the left internal mammary artery and to place
sutures on the mitral annulus. After that they were exposed to four types
of training and reevaluated: wet lab, dry lab, virtual reality and control
group [15]. A score was used to evaluate their improvement in these two
tasks, focused on depth perception, bimanual dexterity, force sensitivity,
autonomy, and robotic control, making it a far more robust evaluation tool
than time-based scoring systems. The results of this trial showed that wet
lab simulation was the most efficient training for robotic surgery. If wet
labs are not available, the virtual reality simulation also proved to be good
alternative, because it provides for familiarization with the robot’s
instrumentation. Moreover, virtual reality training has a lower cost and
the advantage of being more readily available.

After finishing robotic training, it is necessary to start your surgical
practice in your hospital, performing at least 1 case per week. In order to
do that, there must exist both institutional and provider alignment in the
commitment to education and staff training, as well as to program
development to ensure sustained patient volume. Institutions that
succeeded with the robotic program kept good administrative support and
created a selected, limited, and dedicated team of providers committed to
the program [16]. That includes a clearly identified surgeon leader,
bedside first assistant, anesthesiology, scrub nurses, circulating nurses
and perfusionists [17].

The development of new technical innovations will be of paramount
importance to help the future of robotic cardiac surgery, such as other
robotic platforms, new instruments and new devices. Creating new
softwares aligned with artificial intelligence will play an important role if
they are able to overlay the image visualized in the operating field with
the ones from the 3D echocardiography and computed tomography. Close
collaboration between surgeons and engineers will be essential to set
research priorities and ensure incorporation of new tools in clinical
practice.
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The perception that a procedure requires fellowship training is a possible
explanation for why most core and advanced surgical skills are considered
above residency training. Proving competency in a controllable
environment may allow residents to gain more autonomy in the operating
room [18]. A pressing need exists to incorporate simulation-based
training into existing and future cardiovascular surgery residency
programs [19]. As mandates for quality measures and shorter training
periods emerge, teaching alone using the traditional ‘‘apprenticeship’’
model in the operating room will no longer be sufficient. High-fidelity,
low-technology tools such as a fresh tissue cadaver laboratory and a
virtual operating room might be important adjuncts to successful
curriculum implementation.

During the past several years, major shifts in surgical education have
brought into question whether surgical residency programs are truly
producing competent and technically proficient surgeons [20]. The
combination of patient safety concerns, changes in resident education and
more complex procedures in high-risk patients have generated greater
interest in simulation-based learning in cardiovascular surgery training.
Considering the current educational environment and the importance of
training the next generation of surgeons, simulations seem an attractive
alternative. We strongly believe that simulation may contribute to the
development of technical skills and procedural knowledge required for
adequate performance in the operating room in cardiovascular surgery.

References

1. Chipman JG, Acton RD, Schmitz CC. (2009). Developing
surgical skills curricula: lessons learned from needs assessment
to program evaluation. J Surg Educ.66:133-139.

2. Ericsson KA. (2004). Deliberate practice and acquisition of
expert performance in medicine and related domains. Acad
Med.79(Suppl):S70-S81.

3. Pelletier MP, Kaneko T, Peterson MD, Thourani VH. (2017).
From sutures to wires: The evolving necessities of cardiac
surgery training. J Thorac Cardiovasc Surg.154(3):990-993.

4. Brandao CMA, Dallan LRP, Dinato F, Monteiro, R, Jatene
FB.et al. (2021). Evaluation method of training simulation on
biological models for cardiovascular surgery residents. J Card
Surg. 36: 2247-2252.

5. Grober ED, Hamstra SJ, Wanzel KR, Reznick RK, et al. (2004).
The educational impact of bench model fidelity on the
acquisition of technical skill: the use of clinically relevant
outcome measure. Ann Surg.240:374-381.

6. Barbosa GV, Branddo CMA, Nina VJS. (2014). Hands on as
educational process in cardiovascular surgery. In: Maluf MA,
Evora PRB, eds. Cardiac surgery - a commitment to science,
technology and creativity. London: IntechOpen.

7. Palter VN, Grantcharov T, Harvey A, Macrae HM. (2011). Ex
vivo technical skills training transfers to the operating room and
enhances cognitive learning: a randomized controlled trial. Ann
Surg. 253(5):886-869.

8. Ribeiro 1B, Ngu JMC, Lam BK, Edwards RA. (2018).
Simulation-Based Skill Training for Trainees in Cardiac
Surgery: A Systematic Review. Ann Thorac Surg.105(3):972-
982.

9. El-Andari R, Bozso SJ, Kang JJH, Fialka NM, Nagendran J.et
al. (2023). Teaching heart valve surgery techniques using
simulators: a systematic review. Can J Surg.66(2):E139-E149.

10. Cates CU, Gallagher AG. (2012). The future of simulation
technologies for complex cardiovascular procedures. Eur Heart
J. 33(17):2127-2134.

11. Stewart RA, Hauge LS, Stewart RD, Rosen RL, Prinz RA.et al.
(2007). A CRASH course in procedural skills improves medical

Page 3 of 5


https://www.sciencedirect.com/science/article/pii/S1931720409000580
https://www.sciencedirect.com/science/article/pii/S1931720409000580
https://www.sciencedirect.com/science/article/pii/S1931720409000580
https://www.jtcvs.org/article/S0022-5223(17)31125-X/abstract
https://www.jtcvs.org/article/S0022-5223(17)31125-X/abstract
https://www.jtcvs.org/article/S0022-5223(17)31125-X/abstract
https://onlinelibrary.wiley.com/doi/abs/10.1111/jocs.15524
https://onlinelibrary.wiley.com/doi/abs/10.1111/jocs.15524
https://onlinelibrary.wiley.com/doi/abs/10.1111/jocs.15524
https://onlinelibrary.wiley.com/doi/abs/10.1111/jocs.15524
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1356416/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1356416/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1356416/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1356416/
https://books.google.com/books?hl=en&lr=&id=0u-gDwAAQBAJ&oi=fnd&pg=PA35&dq=Barbosa+GV,+Brand%C3%A3o+CMA,+Nina+VJS.+(2014).+Hands+on+as+educational+process+in+cardiovascular+surgery.+In:+Maluf+MA,+Evora+PRB,+eds.+Cardiac+surgery+-+a+commitment+to+science,+technology+and+creativity.+London:+IntechOpen.+&ots=P1x-hocEKq&sig=91Q7vSku53j894PSe8c9-Ex-wtg
https://books.google.com/books?hl=en&lr=&id=0u-gDwAAQBAJ&oi=fnd&pg=PA35&dq=Barbosa+GV,+Brand%C3%A3o+CMA,+Nina+VJS.+(2014).+Hands+on+as+educational+process+in+cardiovascular+surgery.+In:+Maluf+MA,+Evora+PRB,+eds.+Cardiac+surgery+-+a+commitment+to+science,+technology+and+creativity.+London:+IntechOpen.+&ots=P1x-hocEKq&sig=91Q7vSku53j894PSe8c9-Ex-wtg
https://books.google.com/books?hl=en&lr=&id=0u-gDwAAQBAJ&oi=fnd&pg=PA35&dq=Barbosa+GV,+Brand%C3%A3o+CMA,+Nina+VJS.+(2014).+Hands+on+as+educational+process+in+cardiovascular+surgery.+In:+Maluf+MA,+Evora+PRB,+eds.+Cardiac+surgery+-+a+commitment+to+science,+technology+and+creativity.+London:+IntechOpen.+&ots=P1x-hocEKq&sig=91Q7vSku53j894PSe8c9-Ex-wtg
https://books.google.com/books?hl=en&lr=&id=0u-gDwAAQBAJ&oi=fnd&pg=PA35&dq=Barbosa+GV,+Brand%C3%A3o+CMA,+Nina+VJS.+(2014).+Hands+on+as+educational+process+in+cardiovascular+surgery.+In:+Maluf+MA,+Evora+PRB,+eds.+Cardiac+surgery+-+a+commitment+to+science,+technology+and+creativity.+London:+IntechOpen.+&ots=P1x-hocEKq&sig=91Q7vSku53j894PSe8c9-Ex-wtg
https://journals.lww.com/annalsofsurgery/Fulltext/2011/05000/Ex_Vivo_Technical_Skills_Training_Transfers_to_the.8.aspx
https://journals.lww.com/annalsofsurgery/Fulltext/2011/05000/Ex_Vivo_Technical_Skills_Training_Transfers_to_the.8.aspx
https://journals.lww.com/annalsofsurgery/Fulltext/2011/05000/Ex_Vivo_Technical_Skills_Training_Transfers_to_the.8.aspx
https://journals.lww.com/annalsofsurgery/Fulltext/2011/05000/Ex_Vivo_Technical_Skills_Training_Transfers_to_the.8.aspx
https://www.sciencedirect.com/science/article/pii/S0003497517316120
https://www.sciencedirect.com/science/article/pii/S0003497517316120
https://www.sciencedirect.com/science/article/pii/S0003497517316120
https://www.sciencedirect.com/science/article/pii/S0003497517316120
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10027763/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10027763/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10027763/

J. Thoracic Disease and Cardiothoracic Surgery

12.

13.

14.

15.

students' self-assessment of proficiency, confidence and
anxiety. Am J Surg.193(6):771-773.

Van den Eynde J, Melly L, Torregrossa G, Oosterlinck W.
(2020). Robotic Cardiac Surgery: What the Young Surgeon
Should Know. Braz J Cardiovasc Surg. 35(35):VI-VIII.
Badhwar V, Wei LM, Geirsson A, Dearani JA, Chitwood WR
Jr.etal. (2023). Contemporary robotic cardiac surgical training.
J Thorac Cardiovasc Surg. 165(2):779-783.

Valdis M, Chu MW, Schlachta C, Kiaii B. (2016). Evaluation
of robotic cardiac surgery simulation training: A randomized
controlled trial. J Thorac Cardiovasc Surg.151(6):1498-
1505.e2.

Cerny S, Oosterlinck W, Onan B, Singh S, Bonatti J. (2016).
Robotic Cardiac Surgery in Europe: Status 2020. Front
Cardiovasc Med.8:827515.

Auctores Publishing — Volume 3(1)-043 www.auctoresonline.org
ISSN: 2693-2156

16.

17.

18.

19.

Copy rights@ Carlos Manuel de Almeida Brandédo

Poffo R, Toschi AP, Pope RB, Montanhesi PK, Makdisse
MR.et al. (2017). Robotic cardiac surgery in Brazil. Ann
Cardiothorac Surg. 6(1):17-26.

Meyerson SL, Sternbach JM, Zwischenberger JB, Bender EM.
(2017). Resident autonomy in the operating room: expectations
versus reality. Ann Thorac Surg.104:1062-1068.

Feins RH, Burkhart HM, Conte JV, Coore DN, et al. (2017).
Simulation-based training in cardiac surgery. Ann Thorac
Surg.103(1):312-321.

Wagner JP, Lewis CE, Tillou A, etal. (2017). Use of entrustable
professional activities in the assessment of surgical resident
competency. JAMA Surg.153:335-343.

Page 4 of 5


https://www.scielo.br/j/rbccv/a/C3JBwtHZrxpqxgh8qNr4Pyr/
https://www.scielo.br/j/rbccv/a/C3JBwtHZrxpqxgh8qNr4Pyr/
https://www.scielo.br/j/rbccv/a/C3JBwtHZrxpqxgh8qNr4Pyr/
https://www.jtcvs.org/article/S0022-5223(21)01541-5/abstract
https://www.jtcvs.org/article/S0022-5223(21)01541-5/abstract
https://www.jtcvs.org/article/S0022-5223(21)01541-5/abstract
https://www.sciencedirect.com/science/article/pii/S0022522316002348
https://www.sciencedirect.com/science/article/pii/S0022522316002348
https://www.sciencedirect.com/science/article/pii/S0022522316002348
https://www.sciencedirect.com/science/article/pii/S0022522316002348
https://www.frontiersin.org/articles/10.3389/fcvm.2021.827515/full
https://www.frontiersin.org/articles/10.3389/fcvm.2021.827515/full
https://www.frontiersin.org/articles/10.3389/fcvm.2021.827515/full
https://www.frontiersin.org/articles/10.3389/fped.2019.00200/full?&utm_source=Email_to_authors_&utm_medium=Email&utm_content=T1_11.5e1_author&utm_campaign=Email_publication&field&journalName=Frontiers_in_Pediatrics&id=442072
https://www.frontiersin.org/articles/10.3389/fped.2019.00200/full?&utm_source=Email_to_authors_&utm_medium=Email&utm_content=T1_11.5e1_author&utm_campaign=Email_publication&field&journalName=Frontiers_in_Pediatrics&id=442072
https://www.frontiersin.org/articles/10.3389/fped.2019.00200/full?&utm_source=Email_to_authors_&utm_medium=Email&utm_content=T1_11.5e1_author&utm_campaign=Email_publication&field&journalName=Frontiers_in_Pediatrics&id=442072
https://www.sciencedirect.com/science/article/pii/S0003497517307105
https://www.sciencedirect.com/science/article/pii/S0003497517307105
https://www.sciencedirect.com/science/article/pii/S0003497517307105
https://www.sciencedirect.com/science/article/pii/S0003497516307731
https://www.sciencedirect.com/science/article/pii/S0003497516307731
https://www.sciencedirect.com/science/article/pii/S0003497516307731
https://jamanetwork.com/journals/jamasurgery/article-abstract/2661658
https://jamanetwork.com/journals/jamasurgery/article-abstract/2661658
https://jamanetwork.com/journals/jamasurgery/article-abstract/2661658

J. Thoracic Disease and Cardiothoracic Surgery Copy rights@ Carlos Manuel de Almeida Brandédo

m This work s licensed under Creative Ready to submit your research? Choose Auctores and benefit from:

Commons Attribution 4.0 License

X3

%

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

X3

%

3

*

To Submit Your Article Click Here:

3

*

X3

%

g

DOI:10.31579/2693-2156 /060

.

*

At Auctores, research is always in progress.

Learn more www.auctoresonline.org/journals/journal-of-thoracic-
disease-and-cardiothoracic-surgery-

Auctores Publishing — Volume 3(1)-043 www.auctoresonline.org
ISSN: 2693-2156 Page 5 of 5


file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=79
http://www.auctoresonline.org/journals/journal-of-thoracic-disease-and-cardiothoracic-surgery-
http://www.auctoresonline.org/journals/journal-of-thoracic-disease-and-cardiothoracic-surgery-

