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ORIGINAL ARTICLE

Early Exposure and Its Impact on Cardiothoracic 
Surgery: an Experience of Medical Education in 
The United Kingdom

Jeremy Chan1, MB, ChB, BAO; Ka Siu Fan2, MBBS, BSc; Hiu Tat Kwok3, MB, ChB; Shwe Oo4, MRCS, MBBS, PgCert (ClinEd)

ABSTRACT

 Introduction: Cardiothoracic surgery (CTS) has seen a decline in 
interest and application rates in recent years. As a relatively small 
speciality, teaching and placements in CTS are often not included 
during undergraduate study and postgraduate training. We aim to 
evaluate the exposure to CTS during both undergraduate study and 
postgraduate training.
 Methods: A ten-question online survey was designed and delivered 
to Foundation Year Two (FY2) doctors who graduated in 2017 and 
completed their two-year postgraduate foundation training in 2019. 
Medical schools with no graduates in 2017 and 2018 were excluded 
from our study. IBM® SPSS Statistics, version 25, and Microsoft Excel 
365® were used for Student’s t-test statistical analysis.
 Results: Three hundred and six FY2 doctors across 16 medical 
schools completed the survey, none of which included compulsory 
CTS attachments as their undergraduate curriculum. Thirty-two 
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respondents (10.5%) underwent CTS attachments lasting between one 
to three weeks. Only 14 (43.8%) had worked in a cardiothoracic unit 
during their two-year Foundation Programme; 10 of which (71.2%) 
subsequently made an application for cardiothoracic speciality 
training. Most of the participants with previous exposure to CTS, during 
either undergraduate study or postgraduate Foundation Programme 
training or both, were significantly more likely to make an application 
to CTS training (P<0.05).
  Conclusion: Our study suggests that doctors with increased exposure 
to CTS during undergraduate study and postgraduate training are 
more likely to pursue a career in CTS. Targeted interventions at both 
stages may improve interests in CTS and the number of prospective 
applicants.
  Keywords: Cardiothoracic Surgery. Education, Medical, Undergraduate. 
Training. Curriculum.

Abbreviations, acronyms & symbols

CTS

FY2

PBL

ST1

ST3

UK

VATS

 = Cardiothoracic surgery

 = Foundation Year Two

 = Problem-based learning

 = Speciality Training Year 1

 = Speciality Training Year 3

 = United Kingdom

 = Video-assisted thoracoscopic surgery

INTRODUCTION

Interests and application rates for cardiothoracic surgery (CTS) 
have fallen in recent years. The overall volume of applications 
for both early (speciality training year 1 [ST1]) and intermediate 
(speciality training year 3 [ST3]) cardiothoracic training has 
undoubtedly declined[1,2]. As a relatively small speciality, CTS is 
often not included in undergraduate study and postgraduate 
training which may be contributing to its decreasing interests. 
A study by Woolf et al.[3] has suggested that both undergraduate 
and postgraduate exposures are essential factors in evaluating 
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long-term career choice for junior doctors. Similarly, Goldacre et al.[4] 
identified that eventual career choices of junior doctors were 
heavily influenced by their experience as a student and their 
experience with the particular speciality departments during 
medical school. As suggested by the study by Shaikh et al.[5], 
additional teaching in the undergraduate curriculum to medical 
students increased understanding of the speciality and helped 
foster student interests in pursuing a career in that speciality.

Within the United Kingdom (UK), exposure to medical and 
surgical specialities typically begins during the clinical phase of 
medical school where they have two to three years to develop 
career directions. Upon graduating, they become junior doctors 
and work under two years of Foundation Programme where 
they receive further exposure to specialities of interest before 
committing to specific training pathways. This means junior 
doctors would typically have less than four years to decide and 
commit to a speciality by the end of Foundation Year 2 (FY2). 
This results in the indecisiveness in career paths of many medical 
students and junior doctors. A 2011 London-based survey found 
that only 10% of final-year students had a definitive career choice, 
with the majority yet to commit to a speciality and up to 15% 
being ‘undecided’[6]. This concurs with a similar survey in the early 
2000s which also found 15% of final year students undecided 
on career paths[7]. It is also important to note that students who 
have interests in particular specialities often continue to pursue 
training in the same field as a junior doctor[8].

These findings show career uncertainty as a longstanding 
issue to be addressed as they will inevitably be carried into their 
careers during and after the Foundation Programme. With the 2018 
Foundation Programme report detailing 18.8% of Foundation 

Year 1 doctors as undecided on career choice, the situation 
will likely be exacerbated by the limited exposure to various 
specialities during the Foundation Programme[9]. Like many 
surgical specialities, doctors that show early and substantial 
commitment are more likely to excel in CTS, hence, early exposure 
is ever more important. Therefore, this study was conducted to 
evaluate exposure to CTS both during undergraduate study and 
postgraduate training.

METHODS

A ten-question survey was designed and delivered to FY2 
doctors who graduated in 2017 and completed their two-year 
postgraduate foundation training in 2019. The details of the 
survey are shown in Table 1. The survey focused on: a) student 
exposure to CTS within their undergraduate curriculum, b) 
student exposure to CTS outside their undergraduate curriculum, 
c) exposure to CTS as a doctor within their postgraduate 
foundation training, d) foundation doctor exposure to CTS 
outside of postgraduate foundation training, and e) their self-
reported interests in CTS.

The survey was delivered online to junior doctors in 2019. 
The study was conducted using the SurveyMonkey® platform 
and was distributed through junior doctor social media groups 
and university societies. Medical schools with no graduates in 
2017 and 2018 were excluded from our study. IBM Corp. Released 
2017, IBM SPSS Statistics for Windows, Version 25.0, Armonk, NY: 
IBM Corp. and Microsoft Excel 365® were used for data collection 
and Student’s t-test statistical analysis. A P-value < 0.05 is deemed 
statistically significant.

Table 1. Ten-question survey.

1.	 Medical schools and year of graduation:

2.	 Have you undertaken a placement in cardiothoracic surgery during your undergraduate study?

3.	 If yes, how long was the placement?

4.	 Have you undertaken any additional placement during your undergraduate study?  
(e.g., student selected components or electives)

5.	 Is there any additional/private teaching in cardiothoracic surgery during your undergraduate study? 

6.	 If yes, what was the method of teaching? (please circle)

7.	 Lectures/Bedside teaching/Small group tutorials

8.	 Have you worked, as part of your formal rotation, in cardiothoracic surgery during your postgraduate foundation training?

9.	 Have you worked, NOT as part of your formal rotation, in cardiothoracic surgery during your postgraduate foundation training? 
(e.g., taster weeks)

10.	 If yes, have you performed (under supervision) the following procedures? (please circle)

11.	 Saphenous vein harvesting/Sternotomy Open + Closure/Thoracotomy Open + Closure/ Any VATS procedures

12.	 Did you make an application to cardiothoracic surgery speciality training after completion of foundation year training?

VATS=video-assisted thoracoscopic surgery
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RESULTS

A total of 306 fully completed surveys from FY2 doctors across 
16 medical schools in England, Northern Ireland, and Wales 
were received. No respondents reported having compulsory 
CTS placements. Thirty-two respondents (10.5%) underwent 
an attachment in CTS during medical school, ranging between 
one and three weeks in total. A breakdown of CTS placements is 
shown in Table 2 and Figure 1.

Three medical schools were reported to provide a one-
week placement that allowed access to CTS integrated into 
their cardiovascular or respiratory medicine placement blocks. 
One hundred and sixty-one (52.61%) had received organised 
teaching on CTS. This was mainly in the form of physical/online 
lectures, followed by small group tutorials and bedside teaching. 
A breakdown of commonly reported teaching methods is shown 
in Table 3 and Figure 2.

In terms of postgraduate exposure, 14 individuals subsequently 
worked in a cardiothoracic unit during their two-year Foundation 
Programme training. Of this group, ten (71.2%) respondents later 
made an application for cardiothoracic speciality training. Of those 
that had CTS attachments during undergraduate training, but not 
during the Foundation Programme, six (33%) made an application 
for cardiothoracic speciality training. All 14 respondents had 
performed saphenous vein harvesting and video-assisted 
thoracoscopic surgery. Only a limited number of FY2 doctors (n=3) 
had performed a sternotomy or thoracotomy.

Junior doctors with previous exposure to CTS, during either 
undergraduate study or postgraduate foundation training, or 

Fig. 2 - Breakdown of the teaching methods for cardiothoracic 
surgery. PBL=problem-based learning

Table 2. Breakdown of graduate origins and cardiothoracic placements.

Nation Medical Schools Respondents CTS Placements

England 13 110 14 (12.7%)

Northern Ireland 1 122 6 (4.9%)

Wales 2 74 12 (16.2%)

CTS=cardiothoracic surgery

Fig. 1 - The reported length of cardiothoracic placements.

    Lectures            Small group tutorials              Bedside teaching

Others( Dissection, PBL or Reading listas)    None          1 Weeks          2 Weeks          3 Weeks

Table 3. Types of cardiothoracic surgery teaching received at undergraduate levels.

Nation Lecture Small group tutorials Bedside teaching Others*

England 73 37 11 2

Northern Ireland 122 0 0 0

Wales 48 0 8 10

*Dissection, problem-based learning, or reading lists
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both, were more likely to make an application to cardiothoracic 
speciality training (P<0.05).

DISCUSSION

CTS has seen a decline in interest and application rates in 
recent years; ST3 applications peaked at an excess of 150 per year 
in the late 2000s but fell steadily to below 40 in 2018[2]. While 
this is partially due to the implementation of a 'run-through' 
programme for entry via ST1, the overall volume of applications 
for cardiothoracic training had undoubtedly declined even 
when accounting for ST1 applications. This phenomenon may 
be reflective of the knowledge and exposure to CTS, as well as 
changes in attitude towards the speciality in recent years.

Our study indicated that both postgraduate and 
undergraduate CTS exposures are limited in the UK. Responses 
indicate that none of the 16 included medical schools had 
compulsory or dedicated CTS clinical placement. Hence, 
only 32 respondents have had CTS attachments during their 
undergraduate studies, with most lasting one to two weeks. 
Additionally, only 14 respondents had worked in a cardiothoracic 
unit during Foundation Programme training. Despite a limited 
number of applicants, junior doctors with exposure to CTS are 
more likely to make an application for CTS training (P<0.05). The 
findings of this study may be able to guide further interventions 
to stimulate engagement in the speciality.

Factors Affecting Interests in CTS and Career Choice

Our current knowledge of CTS interests and attitudes of 
medical students can be summarised by two recent national 
surveys. They examined medical students’ attitude towards 
CTS and found that approximately 27-31% of the cohort was 
considering a career in surgery[10,11]. However, the numbers 
may be as low as 14% among final-year students. The surveys 
also highlight the disparity between CTS experiences both 
between and within individual medical schools. The survey by 
Preece et al.[10] revealed that 75% of students had inadequate to 
no exposure to CTS within the curriculum and only 13% have 
attended a cardiothoracic conference or careers day. Contrarily, 
the survey by Gasparini et al.[11] found that 71% of the students 
surveyed have had CTS exposure within the curriculum, with 
many receiving CTS opportunities through surgery (45.1%), 
lectures (45.1%), and conferences (42.6%).

Additionally, other motivators and barriers may affect CTS 
engagement of students and junior doctors. A survey by Sutton 
et al.[12] examined 482 students from 20 medical schools and 
identified the two most important factors as interests in the 
speciality and its work-life balance. The increased exposure 
during clinical attachments and dedicated careers lectures can 
facilitate these factors and can be beneficial to careers choices 
at the undergraduate level. These findings are also identified in 
other specialities and countries as suggested by the survey and 
review of plastic surgery application in Canada by Austin et al.[13] 
They identified that more than 44% of students, who were not 
considering plastic surgery as a career, indicating that increased 
exposure to the speciality will increase their interests.

Mentorship

With similar trends in CTS observed in the United States of 
America, Allen et al.[14] have studied the impact of mentorship 
and increased involvement of medical students in both 
laboratory research and surgery. Through increasing shadowing 
opportunities, involvement in animal-based operations, and 
clinical research projects, the majority of students applied for 
surgical subspecialities, with as many as 20% towards CTS. They 
identified that the presence of mentors greatly influences career 
decisions by providing insight into CTS — and surgery as a whole 
—, ultimately recommending the establishment of programmes 
to facilitate the engagement of medical students during medical 
school. This is also supported by the work of Woolf et al.[3] in 
establishing the effects of undergraduate and postgraduate 
exposures on subsequent career choice. Implementation of 
outreach or mentorship programmes such as the academic 
mentoring programme trialled by Fricke et al.[15] can also be 
beneficial as supported by the survey where respondents feel 
the best way to promote CTS is to directly observe CTS (46%) and 
meeting cardiothoracic surgeons (15%)[11]. Similarly, to address 
the lack of knowledge regarding the nature and pathway of CTS 
training, basic introduction to the fundamentals for all specialities 
should be provided at medical school to help foster their interests 
and facilitate informed career decisions[11].

Types of Exposure and Teaching

These findings highlight that interventions in both 
undergraduate curriculum and extracurricular activities are 
required to rectify the declining interest in CTS. In a recent 
systematic review of factors affecting choosing surgery as a 
career, 11 of the 21 studies indicated that clinical exposure 
improves both knowledge and interests in surgery[16]. While 
exposure can change the perception of surgery and its lifestyle, 
a study on neurosurgery reported that it reduced interests. One 
of the concerns identified by Zuccato et al.[17] was the need to 
make early career commitments which leaves other specialities 
unexplored, leading to reconsiderations. This phenomenon is 
likely also applicable to CTS as it also requires dedication in the 
speciality early on.

Regardless of its effects on career choices, the accessibility 
to CTS, like other smaller specialities, is often limited to large 
high-volume centres. Of those that are affiliated with medical 
schools, they may not offer enough placement opportunities 
to accommodate the number of students. This results in very 
limited opportunities for students to gain exposure and scrub 
in theatres. This is supported by data from our study, in which 
only 10.46% of students had a placement in CTS. While our 
finding may appear lower than those of Gasparini et al.[11], it may 
be attributable to more extensive inclusion criteria than using 
clinical placement alone in this study. As such, most UK medical 
schools are unable to include compulsory CTS placements for 
all students, driving the majority of cardiothoracic teaching into 
non-clinical environments. These activities include lectures and 
small group teachings on cardiothoracic emergencies such as 
aortic dissection, in which all medical schools have covered as 
part of the curriculum, with lectures being the primary mode 

Braz J Cardiovasc Surg 2022;37(6):814-819Chan J, et al. - Undergraduate and Postgraduate Exposures to Cardiothoracic 
Surgery



818
Brazilian Journal of Cardiovascular Surgery 

of delivery. Other methods may be considered to influence 
interests and education, such as the use of short workshops as 
studied by ElHawary et al.[18]. Their study assessed the effect of 
a 60-minute suturing workshop for medical students on their 
confidence and interest in surgery. Of the 85 medical students 
that participated, 82% reported being more interested in surgery 
after the workshop, demonstrating that even short-lasting, 
practical experiences are also beneficial. Similarly, interactive 
sessions from one-day skills day are also effective at improving 
understanding of surgery and changing student perceptions 
of surgery[19]. Furthermore, both surgical simulation and three-
dimensional modelling are increasingly recognised methods that 
may also have a place in improving student surgical interests[20-23]. 
Regardless, despite being highly valued and commonly utilised 
pedagogic methods, literature have emphasised the unique 
benefits of clinical attachments and the importance of students 
being part of a team[24].

In short, it is difficult to foster interests in CTS through clinical 
exposure alone, and other alternatives should also be considered. 
The increasing demand for the ageing population must be met 
by attracting prospective cardiothoracic surgeons[25,26]. Our 
findings are supported by similar studies across other specialities 
which identify exposure as an important factor towards surgical 
interests. This study has highlighted the need to implement 
various interventions at both undergraduate and postgraduate 
levels to anticipate and address the future demands of the 
speciality.

Limitations

The primary limitations of this study lie in its survey-based 
methodology, which provides an estimation of respondents 
who are interested in CTS. As such, respondents from only 
16 medical schools have been captured and is not wholly 
representative of all medical students and foundation doctors 
in the UK, especially as there were no Scottish graduates who 
responded. The voluntary nature of surveys can also introduce 
response bias as doctors with interests in CTS or early exposure 
may be more likely to respond, producing an overestimate of 
CTS teaching and exposure. While conducting this survey online 
helps maximise respondents reached, this method prevents the 
calculation of response rates as it is not known how many this 
survey has reached. As this is a cross-sectional survey, it cannot 
account for the pre-existing interests in CTS which can affect 
whether the respondents choose to apply for CTS training. 
Additionally, as the curriculum of undergraduate study and 
postgraduate training are constantly changing to meet standards 
of the General Medical Council, reported experiences in this 
survey may not hold for later cohorts. Further studies should also 
consider including demographic information of participants’ 
gender, ethnicity, and socioeconomic status as these may also 
affect interests in surgical training[16,27].

CONCLUSION

Our study found that students with exposure to CTS in 
undergraduate study and postgraduate training are more likely 
to pursue a career in CTS. However, CTS remains a small speciality 

and its interests are limited to a small cohort of students/junior 
doctors. We also found variations in CTS placement opportunities 
both within and between medical/foundation schools which 
can vastly differ and leave a lasting impact on interests towards 
CTS. Although it may not be logistically feasible to ensure 
CTS exposure for all students/doctors, more can be done to 
promote awareness by increasing student exposure through 
extracurricular activities such as mentorship and research.

No financial support.
No conflict of interest.

Authors' roles & responsibilities

JC

KSF

HTK

SO

Substantial contributions to the conception and design of the 
work; and the acquisition, analysis, and interpretation of data for 
the work; drafting the work and revising it critically for important 
intellectual content; final approval of the version to be published

Substantial contributions to the conception and design of the 
work; and the acquisition, analysis, and interpretation of data for 
the work; drafting the work and revising it critically for important 
intellectual content; final approval of the version to be published

Substantial contributions to the acquisition of data for the work; 
drafting the work and revising it critically for important intellectual 
content; final approval of the version to be published

Substantial contributions to the conception and design of the 
work; and the acquisition, analysis, and interpretation of data for 
the work; drafting the work and revising it critically for important 
intellectual content; final approval of the version to be published

REFERENCES

1.	 George J, Combellack T, Lopez-Marco A, Aslam U, Ahmed Y, Nanjaiah 
P, et al. Winning hearts and minds: inspiring medical students into 
cardiothoracic surgery through highly interactive workshops. J Surg 
Educ. 2017;74(2):372-6. doi:10.1016/j.jsurg.2016.10.002. 

2.	 The Royal College of Surgeons of England. Cardiothoracic Surgery 
UK Workforce Report 2019 [Internet]. London; 2019 [cited 2019 Jun 
11]. Available from: https://scts.org/wp-content/uploads/2019/01/
SCTS-workforce-report-2019.pdf 

3.	 Woolf K, Elton C, Newport M. The specialty choices of graduates from 
Brighton and Sussex medical school: a longitudinal cohort study. BMC 
Med Educ. 2015;15:46. doi:10.1186/s12909-015-0328-z. 

4.	 Goldacre MJ, Turner G, Lambert TW. Variation by medical school in career 
choices of UK graduates of 1999 and 2000. Med Educ. 2004;38(3):249-58. 
doi:10.1046/j.1365-2923.2004.01763.x. 

5.	 Shaikh M, Shaygi B, Asadi H, Thanaratnam P, Pennycooke K, Mirza M, 
et al. The introduction of an undergraduate interventional radiology 
(IR) curriculum: impact on medical student knowledge and interest 
in IR. Cardiovasc Intervent Radiol. 2016;39(4):514-21. doi:10.1007/
s00270-015-1215-z. 

Braz J Cardiovasc Surg 2022;37(6):814-819Chan J, et al. - Undergraduate and Postgraduate Exposures to Cardiothoracic 
Surgery



819
Brazilian Journal of Cardiovascular Surgery 

6.	 Luther V. Career decision difficulties post foundation training - the 
medical student perspective. JRSM Short Rep. 2011;2(5):39. doi:10.1258/
shorts.2011.011023. 

7.	 Maudsley G, Williams L, Taylor D. Medical students' and prospective 
medical students' uncertainties about career intentions: cross-
sectional and longitudinal studies. Med Teach. 2010;32(3):e143-51. 
doi:10.3109/01421590903386773. 

8.	 Mahoney R, Katona C, McParland M, Noble L, Livingston G. 
Shortage specialties: changes in career intentions from medical 
student to newly qualified doctor. Med Teach. 2004;26(7):650-4. 
doi:10.1080/01421590400019591. 

9.	 UK Foundation Programme Office (UKFPO). F2 Career Destinations 
Report 2018. England (UK): UKFPO; 2018. 25 p. [cited 2021 Ago 9].  
Available from: https://foundationprogramme.nhs.uk/resources/
reports/ 

10.	Preece R, Ben-David E, Rasul S, Yatham S. Are we losing future talent? 
A national survey of UK medical student interest and perceptions of 
cardiothoracic surgery. Interact Cardiovasc Thorac Surg. 2018;27(4):525-
9. doi:10.1093/icvts/ivy119. 

11.	Gasparini M, Jayakumar S, Ayton S, Nardini MN, Dunning JD. Medical 
student exposure to cardiothoracic surgery in the United Kingdom. 
Interact Cardiovasc Thorac Surg. 2019:ivz038. doi:10.1093/icvts/ivz038. 

12.	Sutton PA, Mason J, Vimalachandran D, McNally S. Attitudes, motivators, 
and barriers to a career in surgery: a national study of U.K. undergraduate 
medical students. J Surg Educ. 2014;71(5):662-7. doi:10.1016/j.
jsurg.2014.03.005. 

13.	Austin RE, Wanzel KR. Exposure to plastic surgery during undergraduate 
medical training: a single-institution review. Plast Surg (Oakv). 
2015;23(1):43-7. 

14.	Allen JG, Weiss ES, Patel ND, Alejo DE, Fitton TP, Williams JA, et al. 
Inspiring medical students to pursue surgical careers: outcomes 
from our cardiothoracic surgery research program. Ann Thorac Surg. 
2009;87(6):1816-9. doi:10.1016/j.athoracsur.2009.03.007.

15.	Fricke TA, Lee MGY, Brink J, d'Udekem Y, Brizard CP, Konstantinov IE. 
Early mentoring of medical students and junior doctors on a path to 
academic cardiothoracic surgery. Ann Thorac Surg. 2018;105(1):317-20. 
doi:10.1016/j.athoracsur.2017.08.020.

16.	Peel JK, Schlachta CM, Alkhamesi NA. A systematic review of the factors 
affecting choice of surgery as a career. Can J Surg. 2018;61(1):58-67. 
doi:10.1503/cjs.008217. 

17.	Zuccato JA, Kulkarni AV. The impact of early medical school surgical 
exposure on interest in neurosurgery. Can J Neurol Sci. 2016;43(3):410-6. 
doi:10.1017/cjn.2015.332. 

18.	ElHawary H, Salimi A, Abdelhamid K, Sarfaraz Z, Gilardino MS. Role 
of peer learning in students' skill acquisition and interest in plastic 
surgery. Plast Reconstr Surg Glob Open. 2019;7(11):e2560. doi:10.1097/
GOX.0000000000002560. 

19.	Thomas A, Murtaza AN, Michael Spiers HV, Zargaran A, Turki M, Mathur 
J, et al. Declining interest in general surgical training - challenging 
misconceptions and improving access at undergraduate level. Ann 
Med Surg (Lond). 2018;40:3-8. doi:10.1016/j.amsu.2018.11.002. 

20.	Hon NWL, Hussein N, Honjo O, Yoo SJ. Evaluating the impact of medical 
student inclusion into hands-on surgical simulation in congenital heart 
surgery. J Surg Educ. 2021;78(1):207-13. doi:10.1016/j.jsurg.2020.06.023. 

21.	Azer SA, Azer S. 3D anatomy models and impact on learning: a 
review of the quality of the literature. Heal Prof Educ. 2016;2(2):80–98. 
doi:10.1016/j.hpe.2016.05.002.

22.	Lo S, Abaker ASS, Quondamatteo F, Clancy J, Rea P, Marriott M, et al. 
Use of a virtual 3D anterolateral thigh model in medical education: 
augmentation and not replacement of traditional teaching? J Plast 
Reconstr Aesthet Surg. 2020;73(2):269-75. doi:10.1016/j.bjps.2019.09.034. 

23.	Chu TSM, Fan KS. Improving evaluation methods and study population 
to assess the educational value of the virtual 3D anterolateral thigh 
model. J Plast Reconstr Aesthet Surg. 2020;73(12):2239-60. doi:10.1016/j.
bjps.2020.05.020. 

24.	Burgess A, Wright C, Qasabian R, O'Mara D, Mellis C. Surgical teaching 
program for our senior medical students: room for improvement. Adv 
Med Educ Pract. 2014;5:369-75. doi:10.2147/AMEP.S63373. 

25.	Melly L, Torregrossa G, Lee T, Jansens JL, Puskas JD. Fifty years of coronary 
artery bypass grafting. J Thorac Dis. 2018;10(3):1960-7. doi:10.21037/
jtd.2018.02.43.

26.	Bartus K, Sadowski J, Litwinowicz R, Filip G, Jasinski M, Deja M, et 
al. Changing trends in aortic valve procedures over the past ten 
years-from mechanical prosthesis via stented bioprosthesis to TAVI 
procedures-analysis of 50,846 aortic valve cases based on a Polish 
national cardiac surgery database. J Thorac Dis. 2019;11(6):2340-9. 
doi:10.21037/jtd.2019.06.04. 

27.	Badran A, Mohamed W, Giwa L, Cheruvu M. COVID-19, BAME and 
surgical training: a status quo? Bull Royal Coll Surg Engl. 2020;102(S1):4-8. 
doi:10.1308/rcsbull.TB2020.3.

This is an open-access article distributed under the terms of the Creative Commons Attribution License.

Braz J Cardiovasc Surg 2022;37(6):814-819Chan J, et al. - Undergraduate and Postgraduate Exposures to Cardiothoracic 
Surgery


