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Abstract:
Objectives: We sought to assess the safety of training in cardiothoracic surgery comparing outcomes of cases performed by trainees versus fully trained surgeons.
Methods: EmBase, Scopus, PubMed, and OVID MEDLINE were searched in August 2021 independently by two authors. A third author arbitrated decisions to resolve disagreements. Inclusion criteria were articles on cardiothoracic surgery reporting on outcomes for trainees. Studies were assessed for appropriateness as per CBEM criteria. 892 results were obtained, 27 represented best evidence (2-Meta-analyses, 1-RCT and 24 retrospective cohort studies).
Results: 474,160 operative outcomes were assessed for 434,535 CABG (431,329 on-pump vs 3206 off-pump), 3090 AVR, 1740 MVR/repair, 26,433 mixed, 3565 congenital and 4797 thoracic procedures. 398,058 cases were performed by trainees and 75,943 by consultants. 159 cases were indeterminate. There were no statistically significant differences in the patients’ pre-operative risk scores. All studies excluded extreme high-risk patients in emergency setting, patients with poor left ventricular function and re-operation cases that were undertaken by consultants. There were no differences in CPB and clamp times for CABG. Times for valve replacement and repair cases were longer for trainees. There were no differences in the post-operative outcomes including peri-operative myocardial infarction, resternotomy for bleeding, stroke, renal failure, ITU length of stay and total length of stay. One study reported no differences on angiographic graft patency at 1 year. There were no differences in in-hospital or mid-term mortality out to five-years.
Discussion: Trainees can perform cardiothoracic surgery in dedicated high-volume units with outcomes comparable to those of fully trained surgeons. 



INTRODUCTION
Training in surgery is increasingly difficult due to complexity of operating room environment with a focus on patient safety. There is increasing scrutiny of outcomes for surgeons and public surgical reporting [1–4]. Additionally, age and comorbidities of the patients have increased over time [1–4]. The training time in cardiothoracic surgery is now longer with technically complex operations which require precise and meticulous steps. Teaching methodologies and programs are continuing to evolve to ensure that trainees are best equipped to deliver the skills to benefit patients. 
There is an increasing demand to decrease the training time in the operating room. This includes a reduction of overall training years, adherence to working hour restrictions, a maintainance of a work-life balance [5], an increasing percentage of trainees who may wish to take time out of training to start a family [6,7] and recently the impact of the COVID-19 pandemic on training programmes [8]. 
Training programmes differ as to their goals in different centres across the world. The United Kingdom has one of the longest training schemes with a 7-year run through specialist surgical training program after an additional 2 years of general training following graduation from medical school. Europe maintains an apprenticeship and pyramidal training models. This means direct entry into cardiovascular or thoracic surgery with 5–6-year programs. The traditional pathways in the United States and Canada changed to integrated 4+3 and the new fully integrated I6 programs [9]. At present the training programs are legally limited to 80-hour working week in the US, 40 to 42 hours in Europe and 48 hours in the UK. There is widespread acknowledgement that most surgical trainees are contravening their program hours limits in an attempt to increase their training time and provide safe patient care. 
The purpose of this review is to evaluate all published literature on all adult cardiothoracic and congenital cardiac surgery cases performed by trainee surgeons (TS) and the patient outcomes (differences in morbidity and mortality) when compared to cases undertaken by fully trained surgeons (FTS). 


METHODS
OVID MEDLINE®, EMBASE, SCOPUS and PUBMED were searched from 1946 to August 2021 using the following terms [cardiothoracic surgery] AND [training] AND [outcomes]. The search was performed independently by two of the authors (MC and RA) assessing studies for quality and risk of bias using the Critical Appraisal Skills Programme checklist for cohort and Centre for Evidence-Based Medicine (CEBM) critical appraisal sheet for level of evidence (www.CEBM.net), while a third author (MS) arbitrated decisions to resolve disagreements. All results were then assessed by all four authors for appropriateness and those which did not meet criteria were excluded. 892 results obtained, of these 51 were identified as meeting the specified criteria. Of these 27 are included for the purposes of this review representing the highest level of evidence to answer the question (Figure 1). This included two meta-analyses, one randomised study and remaining retrospective cohort analyses.

RESULTS
There are 474,160 patient outcomes assessed in this review. Of these 434,535 underwent coronary artery bypass grafting (CABG) [10–20], 3090 aortic valve replacements [21–25], 1740 mitral valve repair/replacement [24–26], 26,433 mixed cardiac surgical cases [22,24,27–29], 3565 congenital cardiac surgery [30,31] and 4797 thoracic surgery cases [32–38]. Total of 398,058 cases were performed by TS and 75,943 by FTS (Table 1). 159 cases were indeterminate. 

Coronary Artery Bypass Grafting
11 studies analysed outcomes for on-pump (8) vs off-pump (3) revascularisation [10–20]. 434,535 patients were included in the studies. 431,329 patients underwent on-pump vs 3206 off-pump revascularization with 385,532 TS and 49,003 FTS. There were no studies with statistically significant differences in the patients’ pre-operative risk score between the groups using EuroSCORE II or the Parsonnet Score depending on where the study was performed. In all studies, the extreme high-risk patients in emergency setting, those with poor left ventricular function and re-operation cases were not operated on by TS. The median EuroSCORE II for two studies reporting it was 2.54 (range 1.83-3.26) for TS and 2.70 (range 1.61-3.79) for FTS. The median Parsonnet score reported in one study was 5 (range 2-10) for TS and 5 (range 2-9) for FTS. 
There were no significant differences in cardiopulmonary bypass (CPB) and cross clamp times (XCT) for the 6 studies reporting outcomes on the on-pump approach between TS and FTS (Table 1). The median CPB for TS was 95.99 minutes (min) (range 74.78-117.48) vs 93 min (range 65.94-107.60) for FTS. The XCT was 63.61 min (range 44.83-80.88) for TS vs 63.00 (range 39.22-68.85) for FTS. The median number of grafts was the same with 2.81 (range 2.57-3.05) for TS and 2.82 (range 2.74-3.00) for FTS.
There were no differences in the post-operative outcomes in 6 of the studies. This included the incidence of peri-operative myocardial infarction, resternotomy for bleeding/tamponade, stroke, post-operative renal failure, intensive therapy unit (ITU) stay, post-operative new atrial fibrillation and total length of stay (LOS). One study reported graft patency of left internal mammary artery at 1-year assessed by coronary angiography. There were no differences in between the groups for graft patency [14].
All studies reported mortality outcomes and TS had an overall median mortality rate of 1.70% (range 0.30-2.00) vs FTS 2.30% (1.20-3.60). There were no statistically significant differences for this outcome in any of the studies.     

Congenital Cardiac Surgery
Two studies analysed outcomes of 3565 patients undergoing congenital cardiac surgery. One study reported outcomes from 159 consecutive patients undergoing Tetralogy of Fallot repair [31]. The study assessed 13 primary surgeons who performed operations with 41 different first assistants. The primary surgeon and first assistant mean postgraduate years were 19.1±5.1 years (range, 5.7–31.6 years) vs 11.2±6.3 years (range, 3.2–36.3 years), respectively [31]. The authors used a technical performance score to assess outcomes in the cases. The only variable associated with outcomes was the total performance score for the primary and assistant surgeon combined (OR, 1.07; 95% CI: 1.01–1.13, P=0.031) [31]. 
The second study assessed outcomes in 3406 cases where FTS performed 2269 vs TS 1137 cases [30]. Multivariable logistic regression model adjusted for age, sex, weight, lack of preoperative comorbidity, presence of preoperative respiratory failure, The Society of Thoracic Surgeons-European Association for Cardio-Thoracic Surgery category, and need for deep hypothermic circulatory arrest, showed a higher odd of survival in the TS group (odds ratio, 1.484; 95% confidence interval, 0.998-2.206; P = .05). Propensity score matching identified 1137 pairs of FTS and TS with well-balanced preoperative variables. Logistic regression modelling using the matched cohort showed equivalent 30-day mortality, 30-day major morbidity, and LOS [30].

Mitral valve surgery
One study reported on outcomes in 1740 patients, following mitral valve repair (811 patients) and replacement (929 patients) [26,39–43]. Of these, 120 cases were undertaken by TS and 1620 by FTS. There were no significance differences in the pre-operative risk scores. EuroSCORE reported as 6 (range 4-7) TS and 6 (range 4-8).
There were no significant differences in CPB and XCT between the two groups. TS had a median CPB time of 121 min (range 93.2–146.3) vs FTS 121 min (range 97–153). The XCT for TS were 85 min (range 70–105.3) vs FTS 84 min (range 67–106) [24–26].
There were no differences in post-operative complications between the two groups when the incidence of resternotomy for bleeding/tamponade, stroke, myocardial infarction, ITU stay, pacemaker implantation, new renal failure requiring dialysis and total hospital stay [24–26].
There were no mortality differences between TS and FTS. The in-hospital mortality for TS is reported as 2% vs 6% in FTS cohorts [24–26]. 

Aortic valve replacement
One study reported solely on outcomes in 3090 patients, following aortic valve replacement [21]. All of them are open valve replacements. Of these 870 cases were undertaken by TS and 2220 by FTS. No significance differences were found in the rates and risk of in-hospital mortality, new cerebrovascular accidents, re-exploration for bleeding, deep sternal wound infection and LOS between patients operated on in the 2 groups. There was a comparable risk of late death between the two groups (HR 0.88; 95% CI 0.73–1.06; P = 0.27) and this was present regardless of trainees’ career level. 

Combined Cardiac Surgery Cases
There are five studies reporting mixed case outcomes. This predominantly consisted of patients undergoing concomitant aortic valve replacement and coronary artery bypass grafting in 26,433 patients from 4 studies [23,24,27–29]. 
Of these, 8335 cases were undertaken by TS and 18,098 by FTS. There were no significance differences in the pre-operative risk scores. EuroSCORE reported as 8.55 (range 4.8-12.3) TS and 9.30 (range 5.8-12.8) FTS in two studies [28,29] . Parsonnet score reported as 4 (range 2-9) TS and 9 (range 3-12) FTS in one study [27].
One study looked at outcomes in major high-risk patients with EuroSCORE TS 12.3 ± 1.6 vs FTS 12.8 ± 2.2 p = 0.036) [28]. There were no differences in outcomes for the patients for complications or in-hospital mortality. 
A meta-analysis including eleven observational studies reported on five patient cohorts undergoing mitral valve surgery (n=3975), six undergoing aortic valve replacement (n=6236) and three undergoing combined AVR + CABG (n=3495) [24]. The CPB and cross clamp times were statistically longer for TS vs FTS (table 1). This however did not result in any clinical differences in complication rates or in-hospital or five-year mortality post-operatively. Included in the meta-analysis was study by Soppa et al. reporting outcomes in minimally invasive aortic valve replacements [44]. Although the bypass times (TS 71 min vs FTS 59 min, P<0.03) and cross clamp time (TS 52 min vs FTS 42 min, P<0.03) were longer for trainees. There were no differences in complication rates or mortality between TS and FTS. Also included was study by Murzi analysing outcomes in minimally invasive mitral valve repairs [39]. Trainees required a significant longer CPB time (137 ± 56 vs 123 ± 52 min; p = 0.003) and XCT (97 ± 41 vs 83 ± 40 min; p = 0.001). In-hospital mortalities were 1.3% in TS and 0.8% in the FTS group (p = 0.6). The incidence of stroke (1.7% vs 2.5%; p = 0.5), conversion to sternotomy (2.6% vs 3.5%; p = 0.5), and conversion to mitral valve replacement (12.5% vs 10.9%; p = 0.6) were similar between groups. No differences were found regarding other complications. Five-year survival (88.9% vs 89.5%; p = 0.4) and freedom from reoperation (94.5% vs 95.1; p = 0.6) were similar between groups. 
 There was a statistically significant differences in CPB and XCT between the two groups in all studies. TS had a median CPB time of 102.40 (range 96-116.30) vs FTS 114.50 (range 50-135.30). The XCT for TS were 74 (range 66.8-78) vs FTS 77.10 (range 39.0-82.6). 
All studies reported on post-operative complications. There were no differences in post-operative complications between the two groups when the incidence of resternotomy for bleeding/tamponade, stroke, myocardial infarction, ITU stay, pacemaker implantation, new renal failure requiring dialysis and total hospital stay was analysed [22,24,27–29].
There were no mortality differences between TS and FTS with similar long-term survival reported out to six years in one study [40].  The in-hospital or 30-day mortality for TS was reported as 1.8% (range 0.15-4.80) vs 4.7% (range 0.43-7.93) in FTS cohort . 

Thoracic Surgery
7 studies reported outcomes for 4797 patients undergoing open (328 patients) and VATS (4469 patients) lobectomies. The results analysed outcomes for 2733 TS and 2064 FTS. There were no statistically significance differences in patients’ age, co-morbidities and procedure time in any of the studies [32–38]. There were no differences in complication rates between the two groups with same risk of patients developing respiratory, cardiovascular, renal and neurological complications. The intra-procedural blood loss was reported in 4 studies and was similar between the groups at TS 168 (mls) and FTS 149.25 (mls), (P = 0.77). Conversion from minimally invasive to open surgery was the same between the groups at 9% TS vs 7% FTS, (P = 0.74).  The median LOS for TS was 6 days (range 4-7.65) vs FTS 6 days (range 4.75-7.1). The data demonstrate that the learning curve for Video Assisted Thoracoscopic Surgical (VATS) lobectomy is not eliminated by prior experience in open lobectomy. Junior surgeons with less experience in open lobectomy can demonstrate similar outcomes and similar learning curves to their more experienced counterparts.
DISCUSSION
The goal of cardiothoracic surgery training programs is to train surgeons to be independent and competent in clinical decision-making. Additionally, they need to be technically able to operate proficiently to manage cases and any potential complications that may arise. Cardiothoracic surgery may differ from other surgical specialties as the operations are usually long, technically complex and undertaken in high-risk patients[45]. Due to the nature of the surgery, complications can be life changing. There is increasing scrutiny of individual surgeon and unit specific outcomes in US, UK and many other health care systems [46,47]. This is used as a positive driver for change to improve services, however this can have unintended negative consequences on negating training in the health care systems [45,48]. 
There are several variables that lead to increased confidence and competency in the operating room [49]. One key variable is operative volume [50]. Another is the opportunity to perform operations with skilled trainers [23]. There are numerous pressures that exert a strong influence on training programmes. Improvements in medical treatments, increased endovascular and transcatheter treatments have led to a greater proportion of coronary, valvular heart disease and aneurysmal disease being treated without surgery [51–54]. Of the cases which get surgically treated, the patients are older, have higher co-morbidities and increasingly require concomitant procedures entailing high surgical risk [55,56].
In a quest to deliver ever lower mortality and morbidity in an increasingly co-morbid patient population, demanding technically more complex operations, there is no room for error. Excellent programs need to be structured to provide a safe training environment. The published data demonstrate that even complex surgical procedures can be taught with careful patient selection under the guidance of experienced trainers. These programmes can deliver safe patient outcomes whilst ensuring training is not compromised. 
This is demonstrated by findings in studies assessing off-pump CABG training. These cases require inherently different skills to on-pump strategy. Positioning and stabilisation of the heart with real time haemodynamic monitoring in synchrony with the anaesthetic team are critical steps for an effective outcome. The technique for distal anastomosis construction is more challenging with a moving target in a field with blood. This is compounded by unfavourable coronary anatomy and diffuse distribution of atherosclerotic disease in certain patients. The key to success is therefore suitable patient selection for trainee surgeons who are already in possession of full skill set for on-pump grafting. This experience is imparted under the supervision of a senior surgeon. 
There are several methods of increasing experience with technically more complex and minimally invasive surgery including surgical skills labs with animal hearts, large animal operating and endoscopic simulators to increase general experience [57,58]. However even in laparoscopically driven general surgery programmes it appears that an intensive period of minimally invasive surgical experience is adequate for initial training purposes but does not provide an intense enough experience to prepare a confident and proficient trainee who can establish independent practice following certification [59]. Newer training paradigm with virtual and augmented reality are likely needed to bridge this gap [60]. In most cardiac surgery training programmes, there are only few surgeons who undertake minimally invasive surgery. Teaching minimally invasive skills in a systematic manner to trainees is therefore challenging. At present for most trainees this remains an area for individual training and development as a post trainee fellowship with an expert mentor. Nonetheless the published series from enthusiastic surgeons and trainees demonstrate that high level of skills can be achieved in various minimally invasive access approaches such as minimally invasive mitral repair [39], aortic valve replacement [44] and off-pump CABG [10,13,16].
Data demonstrates equivalent outcomes for combined cardiac cases which are inherently more complicated and carry higher operative risk [28,29]. Even complex congenital cardiac surgery cases can be safely taught in highly specialized teams where the combined experience of the primary surgeon and first assistant have been shown to be an independent predictor of favourable outcome [30,31].
Learning how to perform complex tasks is skill fully accomplished by mastering the smaller components and then combining the skills into an entire operation [61,62]. Other professions such as professional musicians, athletes, pilots, and astronauts acquire many skills early in their training before performance in a concert, game and flight. Once the separate skills have been practiced and mastered, they are integrated whilst rehearsing and practicing whilst the experienced coach or trainer can iteratively advise on error correction. Simulation in real and virtual environments allows learned skills can be assimilated into a timed, synchronous, harmonious, and fluid performance. The term ‘state of flow’ has been described by Csikszentmihalyi and Nakamura, who reached their conclusion after interviewing a variety of self-actualized, high-performing people including mountain climbers, chess players, surgeons, and ballet dancers. This is described as: “There’s this focus that, once it becomes intense, leads to a sense of ecstasy, a sense of clarity: you know exactly what you want to do from one moment to the other; you get immediate feedback,” [63,64]. This is believed to be expert level performance at a given task. 
Training methods between surgeons, hospitals, and countries vary, but the end-product must be a technically skilled, safe surgeon who has repetitively practiced and mastered all aspects of a full operation with total autonomy. The technical skill of a surgeon is a major variable to outcomes in cardiac surgery. Early technical failure results in complications such as take back to theatre for bleeding/tamponade due to poor haemostasis, coronary ischaemia due to graft occlusion, conduction problems and pump failure due to poor myocardial protection, haemodynamic compromise, and heart failure in moderate-severe paravalvular leak.  Other complications such as sternal wound complications due to extensive retraction, poor tissue handling, and ineffective closure techniques develop later in the postoperative course. Delayed graft failures occur due to poor tissue handling, inappropriate graft selection and poor anastomotic technique. Recurrence of aneurysmal disease may present if remanent tissue is left behind which should have been excised and replaced at the time of aneurysm surgery.  
It is recognized that trainee cases can be a cause of anxiety for trainers due to quality of trainees and levels of trainer input and supervision required. Even if proficient in their techniques, not all surgeons are adept at training. Personal operating styles, pressures of time in the operating room, the level of trust between the trainer and the trainee as well as unsuitable case mix are other potential reasons for poor training practices among surgeons even in accredited training programs.
Data from academic training programmes such as Mass General Hospital [22,23] demonstrate the importance of a stepwise training approach leading to surgeons performing ‘skin-to-skin’ operations where all the operative steps are fully integrated. This critical benchmark is difficult to achieve in an era of strict scrutiny of outcomes publicly with financial impact on hospitals when patients are readmitted after their index operation [65]. 
This review presents a robust case for no major differences in complications and mortality amongst cases operated on by trainee vs FTS.  Careful case selection and matching is required by trainers to ensure high quality patient outcomes are delivered with safe training. These findings are extremely important to reassure the public, trainees, and trainers that high quality training can be delivered in well-structured programmes safely. It is extremely important to make sure that outcomes can be secured if the operations are performed by trainees as this leads to enabling the next generation of safe and able surgeons.

LIMITATIONS OF THE REVIEW
The data presented here are predominantly from units where the trainees are supported within the organization by dedicated trainers, nursing and ancillary staff who are willing to work late and accept the inherent inefficiencies that are associated with training. In the most successful training programs, the trainer is present throughout the operation and specially focused on the critical steps of the procedure with the trainee. This might challenge autonomy and practice readiness as an independent surgeon, however, in most health care systems trainees are not left to perform operations in their entirety without a FTS being present. Good mentorship is of importance to new independent and newly fully trained surgeons to help establish them within a unit and to help guiding them to independent operating performance. 
It is important to note that all studies might have had an element of selection bias where the sickest and most complex cases such as redos were undertaken by the FTS. This is despite a meta-analysis by Sexena et al. which demonstrated that there was no publication bias for the primary endpoints following surgery using Egger’s linear regression and Begg’s rank correlation test [24].  It is recognised that absences of any differences in outcomes and large differences in procedural times could be due to careful allocation of trainee cases, biased selection of high-level trainees and mid procedure crossovers resulting in FTS completing more difficult and complex aspects of the case. 
Patient selection for training is good practice which is best for patients and the trainees. Knowing how to select patients who are appropriate for operative education and who can tolerate slightly longer operative times without any deleterious effects on myocardial protection and outcomes is critical in delivering a safe training program. 
CONCLUSION
The most difficult part of cardiac surgery in most training programs is getting the chance to do it [66]. Patient safety is paramount, and training must be delivered within this framework of high quality and safety. This can be done in dedicated academic programs where named trainers working within dedicated teams focus on trainee development. Data support that complex high-risk surgery can be taught safely under this paradigm. 


















Table 1		Summary of best evidence
	Author, journal,
year country,
Study type
(Level of evidence)
	Patient group
	Outcomes
	Key results
	Comments

	Coronary Artery Bypass Grafting

	Pal et al.
(2020)
Thorac Cardiovasc Surg, UK [10]

Retrospective study
(level 2b evidence)
	Patients undergoing OPCAB revascularization
performed by trainees were compared to
cases performed by consultants

· Total (n = 245)
· Consultant (n = 142)
· Trainee (n = 103)

Time period: 2014 - 2018

	


EuroSCORE II



No of grafts


Hospital stay (days)


Post-op stroke


Post-op AF


30-day mortality
	Consultant vs Trainee

1.61 (± 2.95) vs 1.83 (±2.1) (p = 0.749)

2.74 vs 2.81 (p = 0.741)

7.94 vs 9.94 (p = 0.889)

2 vs 1 (p = 0.759)

29 vs 15 (p = 0.238)

2 vs 2 (p = 0.745)

	Training in off-pump surgery is safe and produces comparable outcomes to those seen with consultant surgeons. 

	Benedetto et al.
(2017)
Seminars Thor Cardiovasc Surg, UK [11]

Retrospective study
(level 2b evidence)

	Patients undergoing CABG with multiple arterial grafting
performed by residents were compared to
cases performed by attending surgeons.

· Total (n = 3039)
· Attendings (n = 2081)
· Residents (n = 958)

Time period: 1996 – 2015

	


Mortality rate


Mean follow-up time (years)

Survival probability at 5 years


Survival probability at 10 years


Survival probability at 15 years




Risk of death

	Attendings vs Residents

0.4% vs 0.3% (p = 0.71)

11 ± 4


96.4% ± 0.6% vs 95.1% ± 0.7%

87.8% ± 1.1% vs 87.0% ± 1.1%

77.6% ± 1.8% vs 76.6.% ± 1.8%

HR: 1.01; (95% CI: 0.80-1.28, p = 0.92)

	Adequately supervised trainees can perform CABG with multiple arterial grafting without compromising patient safety and long-term survival.

	Virk et al.
(2016), J Thorac Cardiovasc Surg, Australia, UK, China  [12]

Meta-analysis
(level 1 evidence)
	Sixteen studies (retrospective observational studies) examining outcomes of CABG operations performed by trainees and consultants

· Total (n = 52,966)
· Consultant (n = 40,746)
· Trainee (n = 12,220)















	


Pooled aortic-cross clamp duration

CPB duration


Perioperative mortality

Stroke


Acute renal failure


Myocardial infarction

Pooled LOS


ICU stay



Midterm mortality

	Consultant vs Trainee

MD: 4.80 (95% CI 0.76-8.83)


MD: 4.24 (95% CI 0.00-8.47)

OR: 0.98 (95% CI, 0.81-1.18)

OR: 0.98 (95% CI, 0.77-1.25)

OR: 0.96 (95% CI, 0.74-1.26)

OR: 0.96 (95% CI, 0.68-1.36)

MD: -0.12 (95% CI, -0.41-0.18)

MD: -0.09 (95% CI, -0.26-0.08)

HR: 1.00 (95% CI, 0.90-1.11)
	Having a trainee as the primary operator was not significantly associated with increased perioperative mortality, increased morbidity, or poorer midterm survival. With appropriate supervision, conventional CABG can be performed by trainee surgeons without an adverse impact on perioperative outcomes or midterm survival.

	Almassi et al. 
(2015)
Thorac Cardiovasc Surg, USA [13]

Prospective
randomized,
controlled study
(level 2a)


	This preapproved sub study of the Randomized On/Off Bypass (ROOBY) trial compared clinical outcomes and 1-year graft patency for cases in which residents versus attending surgeons were the primary operator. Comparisons were made between ONCAB and OPCAB techniques. 

· Total (n = 1272)
· ONCAB (n = 633)
· Attending (n = 140)
· Residents (n = 493)
· OPCAB (n = 639)
· Attending (n = 208)
· Residents (n = 431)

Time period: July 2003 – May 2007

	


Graft patency rates for ONCAB

Graft patency rates for OPCAB

Short-term morbidity and mortality for ONCAB

Short-term morbidity and mortality for OPCAB

1-year morbidity and mortality for ONCAB

1-year morbidity and mortality for OPCAB
	Attendings vs Residents

82.4% vs 83.0%

76.6% vs 77.2%

7.1% vs 4.9% (p = 0.29)



4.8% vs 6.3% (p = 0.46)



5.7% vs 6.5% (p = 0.74)


9.1% vs 10.2% (p = 0.67)
	Short-term and 1-year patient outcomes and graft patency rates did not differ between resident and attending surgeons, demonstrating that with appropriate patient selection and resident supervision, residents can perform advanced, novel surgical techniques with outcomes similar to those of attending surgeons.


	Bakaeen et al.
(2012)
Ann Thorac Surg, USA [14]

Retrospective study
(level 2b evidence)
	Patients undergoing ONCAB and OPCAB operations 
performed by residents were compared to
cases performed by attendings. 

· Total (n = 725)
· Attending (n = 558)
· Resident (n = 167)

Time period: 2003 – 2009
	


Preoperative angina class III/IV

Preoperative heart failure 

Urgent surgical priority

Mean number of CABG grafts


Performed off pump


Patency of study graft, 1 year


Patency of LIMA graft, 1 year


Total operative time, min



Post-op stroke


Post-op complications

Intensive care unit stay, days


One-year mortality
	Attending vs Resident

44% vs 57% (p <0.001)

5% vs 9% (p = 0.044)

11.3% vs 9.6% (p =0.534)

3.0 (±0.7) vs 3.2 (±0.8) (p = 0.073)

12.2% vs 15.6% (p = 0.254)

409 (90.0%) vs 122 (86.1%) (p = 0.226)

352 (95.2%) vs 102 (97.1%) (p = 0.413)

289.7 (±81.6) vs 297.4 (±61.9) (p = 0.294)

0.2% vs 1.2% (p = 0.134)

3.8% vs 6% (p = 0.213)

3.7 (±4.4) vs 4.1 (±5.2) (p = 0.157)

2.3 vs 1.8 (p = 0.681)

	Surgeons in training perform coronary
artery bypass surgery without compromising graft patency or patient outcomes. Ongoing evaluation of residents’ performance and surgical outcomes is needed,
given the major changes that are occurring in residency
training

	Haan et al.
(2007)
Ann Thorac Surg, USA [15]

Retrospective study
(level 2b evidence)
	Patients undergoing CABG procedures 
were stratified by the status of the performing institution: residency versus non-residency 

· Total (n = 369,906)
· Consultant (n = 1524)
· Senior Trainee (n = 759)
· Intermediate Trainee (n = 434)
· Junior Trainee (n = 23)

Time period: January 2002 – June 2005

	


Perfusion time (mean)


Cross-clamp time


Post-op stroke



Post-op renal failure


Post-op LOS > 14 days


Mortality

	Non-residency vs Residency 

98.00 vs 104.75 (p <0.0001)

67.44 vs 73.10 (p <0.0001)

OR: 0.95 (95% CI, 0.81-1.11) (p = 0.494)

OR: 0.90 (95% CI, 0.73-1.11) (p = 0.310)

OR: 1.27 (95% CI, 1.12-1.43) (p < 0.001)

OR: 0.96 (95% CI, 0.84-1.09) (p = 0.510)
	Residency programs have longer CABG perfusion times than non-residency cardiothoracic surgery programs, but these differences have not affected mortality rates. Thus, patient safety was not found to be in jeopardy by virtue of resident participation in the intraoperative processes of care.

	Asimakopoulos et al.
(2006)
Ann Thorac Surg, UK [16]

Retrospective study
(level 2b evidence)
	Patients undergoing OPCAB operation 
performed by trainees were matched to
cases performed by consultants

· Total (n = 251)
· Consultant (n = 168)
· Trainee (n = 83)

Time period: July 2002 – December 2003

	


EuroSCORE II, median (interquantile range)

LVEF <0.49


Reoperation


≥ 3 Grafts


Post-op stroke


Post-op hemofiltration


ICU stay, median in hours, (interquantile range)

Postoperative stay, median in days (interquantile range)

30-Day death
	Consultant vs Trainee

4 (2–6) vs 4 (2–4) (p = 0.11)


59 vs 15 (p = 0.005)

9 vs 0 (p = 0.03)

131 vs 53 (p = 0.017)

1 vs 1 (p = 0.55)

6 vs 0 (p = 0.18)


24 (20-45) vs 22 (19-30) (p = 0.016)


6 (3-8) vs 6 (4-8) (p = 0.95)



4 vs 0 (p = 0.31)

	Operative morbidity and mortality
Are similar in patients operated on by either
an experienced consultant surgeon or trainees. Thus, trainees can be taught to perform OPCABG safely under supervision with low rate of complications.

	Ascione et al.
(2004)
Ann Thorac Surg, UK [17] 

Retrospective study
(level 2b evidence)
	Patients undergoing OPCAB revascularization
performed by trainees were compared to
cases performed by consultants

· Total (n = 686)
· Consultant (n = 416)
· Trainee (n = 239)
· Visiting or research fellows (n = 31)

Time period: April 1996 - December 2002

	


In-hospital deaths


Perioperative myocardial infarction

Postoperative arrhythmia

Postoperative stroke

Total hospital stay >7 days

	Consultant vs Trainee

18 vs 4 (p <0.08)

14 vs 5 (p <0.06)


80 vs 49 (p <0.69)

4 vs 1 (p < 0.66)

111 vs 80 (p <0.1)
	High-risk OPCAB
procedures can be safely performed by cardiothoracic
trainees. Early and
mid-term outcomes are as good for patients operated on
by trainees as for patients operated on by consultants.

	Caputo et al.
(2004)
Thorac Cardiovasc Surg, UK [18]
Retrospective study
(level 2b evidence)
	Patients undergoing OPCAB and ONCAB operations 
performed by residents were compared to
cases performed by a consultant

OPCAB cases:
· Total (n = 769)
· Consultant (n = 293)
· Residents (n = 476)

ONCAB cases:
· Total (n = 603)
· Consultant (n = 89)
· Residents (n = 514)


Time period: April 1996 – September 2002

	









OPCAB:
Total “high risk” patients

Triple vessel disease


ONCAB:
Total “high risk” patients

Triple vessel disease

Failure rates

	Consultant vs Residents








43.5% vs 45.4%


58.4% vs 53.2%



38.2% vs 42.4%

67.4% vs 71.4%

9.2% vs 8.2%
	Off-pump coronary artery bypass surgery can be safely taught to cardiothoracic residents.

	Baskett et al.
(2002)
Ann Thorac Surg, Canada [19]

Retrospective study
(level 2b evidence)
	Patients undergoing isolated CABG 
performed by residents were compared to
cases performed by staff surgeons. 
 
· Total (n = 3004)
· Staff surgeons (n = 2638)
· Residents (n = 366)

Time period: January 1998 – May 2001

	


Cross-clamp mean time, minutes

CPB mean time, minutes

Mortality


Reoperation for bleeding

Post-op stroke


Post-op MI



Composite morbidity


	Staff surgeon vs Residents

70 vs 80 (p = 0.0001)

110 vs 117 (p = 0.0002)

2.9% vs 2.5% (p = 0.62)

1.6% vs 2.5% (p = 0.21)

1.8% vs 2.5% (p = 0.4)

1.3% vs 2.5% (p = 0.07)

13.6% vs 19.4% (p = 0.003)


	CABG cases performed by residents under direct staff supervision result in morbidity and mortality similar to those cases performed by the staff. Training residents to perform cardiac surgery appears to be safe.

	Caputo et al.
(2002)
Ann Thorac Surg, UK [20]

Retrospective study
(level 2b evidence)
	Patients undergoing ONCAB operations 
performed by trainees were compared to
OPCAB cases performed by supervised and unsupervised trainees

· Total (n = 969)
· ONCAB(n =  547)
· OPCAB supervised (n = 300)
· OPCAB unsupervised (n = 122)

Time period: January 1999 - December 2001
	





30-day mortality 


Periop MI 


Reoperation (bleeding/ tamponade)

Stroke 


Hemofiltration/
dialysis

Total blood loss (ml) 

Hospital stay (mean, days) 

6-week survival
	ONCAB vs OPCAB supervised vs OPCAB unsupervised

0.5% vs 0.5% vs 0 

2% vs 2% vs 2% 

4% vs 3% vs2%


0.4% vs 0 vs 0 


0.2% vs 0 vs 0


853.9 vs 910.7 vs 832.9 

7.0 vs 7.2 vs 7.1 

96% vs 98% vs 98%

	OPCAB surgery can be safely taught to cardiothoracic trainees, with similar early and midterm clinical outcomes in comparison to conventional CABG surgery.

	Heart Valve Disease - Aortic

	Dimagli et al. (2021)
Eur J Cardiothorac Surg, UK [21]

Retrospective study
(level 2b evidence)
	Outcomes of patients undergoing surgical aortic valve replacement 
performed by trainees were compared to
cases performed by consultants

· Total (n = 3090)
· Consultants (n = 2220)
· Trainee (n = 870)

Time period: 1996 – 2017 
	


Risk of in-hospital mortality, new CVA, re-exploration for bleeding, deep sternal wound infection, LOS.



Risk of late death
	Consultants vs Trainees

No differences were found between the 2 groups




HR 0.88; 95% CI 0.73–1.06; (p = 0.27)
	Surgical aortic valve replacement is a safe and reproducible technique and regardless of the patient’s risk profile, and no differences in the outcomes between trainees and consultant cases were found.

	Heart Valve Disease - Mitral

	Bruno et al. (2017) Interactive CardioVasc Thorac Surg, UK [26][26]

Retrospective study
(level 2b evidence)
	Patients undergoing mitral valve procedures
performed by trainees were compared to
cases performed by consultants. 

· Total (n = 1740)
· Consultant (n = 1620)
· Trainees (n = 120)

Time period: January 1998 – May 2003
	



EuroSCORE

Cross-clamp time, minutes

CPB time, minutes


In-hospital mortality, %


New dialysis, %


CVA, %


Reoperation for bleeding, %

LOS (days)
	Consultant vs Trainee

6 vs 6 (p = 0.2)

84 vs 85 (p = 0.47)

121 vs 121 (p = 0.27)

6 vs 2 (p = 0.04)


4 vs 1 (p = 0.18)

1 vs 2 (p = 1.00)

5 vs 6 (p = 1.00)

9 vs 9 (p = 0.43)
	Mitral valve surgery can be safely performed by trainees and provides similar short- and long-term results compared with consultant surgeons.

	Mixed Cardiac Surgery Cases

	Luthra et al.
(2021)
Semin Thorac Cardiovasc Surg, UK [28]

Retrospective study
(level 2b evidence)
	Patients undergoing major high risk cardiac operations 
(EuroSCORE >10) performed by trainees were compared to
cases performed by consultants. 

· Total (n = 596)
· Consultants (n = 438)
· Trainees (n = 158)

	


EuroSCORE



Reoperation rates


In-hospital death

Composite outcome


Cross clamp times (min)


CPB time (min)




LOS (days)



	Consultant vs Trainee

12.8 ± 2.2 vs 12.3 ± 1.6 (p = 0.036)

4.6% vs 3.1% (p = 0.727)

7.7% vs 5.4% (p = 0.607)
29.2% vs 20.8% (p = 0.152)

82.6 ± 51.1 vs 74.0 ± 32.7 (p = 0.229)

135.3 ± 72.6 vs 116.3 ± 52.8 (p = 0.055)

19.9 ± 15.6 vs 18.2 ± 13.2 (p = 0.302)
	It is possible for trainees to perform high risk cardiac surgery without 
compromising the quality of patient care.

	Luthra et al.
(2020)
Ann Thorac Surg, UK [29]

Retrospective study
(level 2b evidence)
	Outcomes of patients undergoing major cardiac operations performed by trainees were compared to
cases performed by a consultant

· Total (n = 5894)
· Consultant (n = 2551)
· Trainee (n = 3343)

Time period: January 2013 - March 2018

	


EuroSCORE


CBT, min



CCT, min


LOS >30 days

Deep sternal wound infection

New hemodialysis


New stroke/TIA


In-hospital death 

	Consultant vs Trainee

5.8 vs 4.8 (p < 0.001)

114.5 vs 102.4 (p = 0.001)

77.1 vs 66.8 (p < 0.001)

11% vs 4.2% (p < 0.001)

0.7% vs 0.4% (p = 0.064)

1.3% vs 0.5% (p = 0.002)

3.8% vs 2.1% (p < 0.001)

1.7% vs 0.6% (p < 0.001)

	Training can be safely performed for most cardiac cases without an impact on perioperative outcomes and compromising the quality of patient care.

	Tolis et al. (2017) 
J Thorac Cardiovasc Surg, USA [22] 

Retrospective study
(level 2b evidence)
	Outcome of patients undergoing cardiac surgery 
performed by residents were matched 1:1 to
cases done by an
attending surgeon:

· Total (n = 200)
· Attendings (n = 100)
· Residents (n = 100)

Time period:
July 2014 - October
2016.

	


Mean operative time (hours)


Postoperative CVA

Reoperation


LOS (days)


30-day mortality
	Attendings vs Residents

2.7 ± 0.6 vs 4.6 ± 1 (p < 0.001)

2 vs 2 (p = 1)

2% vs 1% (p = 0.6)

6 vs 6 (p = 0.8)

0 vs 0 
	Midterm outcomes
of cardiac operations are not worsened when performed
by resident trainees versus attending surgeons. No statistically significant differences were found
in mortality or readmissions

	Saxena et al.
(2017)
Heart, Lung & Circulation, Australia [24]

Meta-analysis 
(level 1 evidence)
	Eleven observational studies, reporting on five patient cohorts undergoing mitral valve surgery (n=3975), six undergoing aortic valve replacement (n=6236) and three undergoing combined AVR + CABG (n=3495)

· Total (n = 13,706)
· Consultant cases (n = 11,138)
· Trainee cases (n = 2,568)

Time period:
until January
2017.

	


MVR CPB time




MVR aortic cross-clamp




AVR CPB time




AVR aortic cross-clamp



AVR + CABG CPB time



AVR + CABG aortic cross-clamp



Perioperative mortality for MVR



Perioperative mortality for AVR



Perioperative mortality for AVR + CABG


Perioperative stroke in MVR 



Perioperative acute renal failure in MVR


Perioperative MI in MVR



Perioperative stroke in AVR 



Perioperative acute renal failure in AVR


Perioperative MI in AVR




5-year survival

	Consultant vs Trainee

MD: 9.37 (95% CI, 5.54–13.21; I2 = 0%; p < 0.001)

MD: 10.59 (95% CI,
3.74–17.45; I2 = 69%; p = 0.002)

MD: 4.70; (95% CI, 5.73–15.13; I2 = 95%; p = 0.38)

MD: 3.17; (95% CI, 5.91–12.25; I2 = 97%; p = 0.49)

MD: 4.96; (95% CI, 7.98–17.89; I2 = 83%; p = 0.45)

MD: 6.25; (95% CI, 0.44–12.06; I2 = 59%; p = 0.04)

OR: 0.92; 95% CI, 0.62–1.37; I2 = 18%; p = 0.67

OR: 0.67; 95% CI, 0.37–1.24; I2 = 44%; p = 0.20

OR: 1.07; 95% CI, 0.40–2.85; I2 = 68%; p = 0.90

OR: 0.77; 95% CI, 0.41–1.47; I2 = 0%; p = 0.43

OR: 1.32; 95% CI, 0.63–2.74; I2 = 5%; p = 0.47 

OR: 0.64; 95% CI, 0.21–1.96; I2 = 0%; p = 0.44

OR: 0.69; 95% CI, 0.28–1.67; I2 = 0%; p = 0.41

OR: 0.60; 95% CI, 0.35–1.03; I2 = 0%; p = 0.06

OR: 1.69; 95% CI, 0.13–22.20; I2 = 89%; p = 0.69

88 - 92% vs 88 - 90.2%
	Valvular surgery cases performed primarily by trainees were not associated with adverse perioperative outcomes. These findings suggest the rigorous design of cardiac surgical trainee programs can sufficiently mitigate trainee deficiencies. However, studies with longer follow-up duration and echocardiographic data are required to assess long-term durability and safety.

	Jenkins et al 
(2001) 
Thorac Cardiovasc Surg, UK [27] 

Retrospective study
(level 2b evidence)
	The outcome of patients undergoing cardiac surgery (CABG, valve, valve + CABG etc)
performed by trainees were compared to
cases performed by consultants.

· Total (n = 6037)
· Consultants (n = 3871)
· Trainees (n = 2166)

Time period: July 1992 – 1998

	


Median Parsonnet score

30-day mortality


Complication rate
	Consultant vs Trainee

9 vs 4 (p <0.0001)

8% vs 3% (p <0.0001)

21% vs 10% (p <0.0001)
	With appropriate case selection, trainees in cardiac surgery can achieve good results. Trainees should receive increased supervised exposure to a wider range of procedure to compensate for a lower volume of workload.


	Congenital Cardiac Surgery

	Cleveland et al. (2021), J Thorac Cardiovasc Surg, USA [30]

Retrospective study
(level 2b evidence)

	Patients undergoing congenital cardiac surgeries 
performed by residents were compared to
cases performed by attendings

· Total (n = 3406)
· Attendings (n = 2269)
· Residents (n = 1137)

Time period:
July 2009 - July 2019
	


Mortality


Major morbidity



LOS (days)
	Attendings vs Residents

7.6% vs 3.1% (p = 0.05)

22.8% vs 14.4% (p = 0.119)

9 vs 6.64 (p <0.001)
	There was no difference in mortality, major morbidity, or LOS when similar cases were compared that were operated on by attendings versus those by a resident. Effectively educating congenital heart surgeons without compromising an operation's quality requires thoughtful approach, including case selection and graded responsibility.


	Shimada et al.
(2020), Circ J, Japan [31]

Retrospective study
(level 2b evidence)

	Outcomes of 159 patients undergoing TOF repair operation 
were assessed based on the degree of surgeon’s experience (mean total postgraduate years was 30.4 ± 6.8 (range, 16.6-56.5)). 

Time period:
2001 – 2015

	Technical performance score (TPS) was assigned using pre-discharge echocardiography. TPS was categorized as: 

· Optimal (n = 16, 10%)
· Adequate (n = 119, 65%)
· Inadequate (n = 24, 25%) 

Factors associated with TPS were analysed.

	No variables related to surgeon’s number of postgraduate years 
were identified as predictors of inadequate TPS. Pre- and perioperative variables were not 
associated with TPS or inadequate TPS.
	Primary surgeon postgraduate years was not associated with TPS for TOF repair. TOF repair can be performed adequately and safely by surgical trainees under the support of highly experienced supervisors.

	Thoracic Surgery 

	Rosenfeld et al. (2020)
Ann Thorac Surg, USA (30)


	Patients who underwent video-assisted thoracoscopic lobectomy for cancer
performed by residents/fellows were compared to
cases performed by attending surgeons

· Total (n = 3678)
· Attending (n = 1898)
· Resident/ fellow (n = 1780)

Time period: 2008 - 2018

	




Operative time, (hours) mean [SD]


30-day morbidity and mortality
	Attending vs Resident/ Fellow

3.8 ± 1.6 vs 3.6 ± 1.4] (p < 0.001)

17.1% vs 16.0% (p = 0.40)
	Current training paradigms in thoracic surgery are safe, and the involvement of motivated and skilled trainees with appropriate supervision may benefit operative duration.

	Billé et al. 
(2013)
Gen Thorac Cardiovasc Surg, UK (31)

Retrospective cohort study (level 2b)
	Patients undergoing VATS lobectomy
performed by trainees were compared to
cases performed by a consultant. 

· Total (n = 100)
· Consultant (n = 66)
· Trainees (n = 34)

Time period: May 2008 - May 2012
	


Mean operating time (min)

Intraoperative blood loss (ml)

Conversion rate


Postoperative complications

1 month follow-up
complication rate

LOS (days)
	Consultant vs Trainees

125 ± 30 vs 133 ± 26 (p = 0.18)

200 ± 50 vs 250 ± 60 (p = 0.2)

9.1% vs 8.8% (p = 0.6)

36.3% vs 32.3%
(p = 0.4)

26.6% vs 41.2%
(p = 0.1)

5.5 (range:
2–96) vs 5 (range: 3–20)
(p = 0.5)
	This study showed that a training program in VATS lobectomy is feasible, without increasing the operative time, conversion rate, postoperative complication, time to drain removal, and LOS.

	Konge et al. (2012)
Interact CardioVasc Thorac Surg, Denmark (32)

Single-centre prospective observational study (level 2a)
	Patients undergoing VATS lobectomy
performed by a trainee were compared to
cases performed by experienced surgeons. 

· Total (n = 214)
· Surgeons (n = 185)
· Trainee (n = 29)


	


Procedure duration (min) 

Perioperative bleeding (ml)

Days with chest tube 

Hospital stay (days)

	Surgeon vs Trainee

100 vs 120 (p = 0.04)

50 vs 100 (p = 0.79)

2 vs 1 (p < 0.001)


4 vs 3 (p < 0.001)
	With thorough preparation of trainees and training on selected patients under close supervision, the learning curve can be overcome with good results even if the trainee has limited prior experience in open surgery.

	Zhao et al. (2010)
World J Surg,
China (33)

Single-centre retrospective observational study (level 2b)
	1 surgeon experienced in other thoracoscopic procedures and open lobectomy performed 90 VATS lobectomies, chronicling TS to FTS.

3 operative groups according to chronology

Time period: September 2006 - January 2009
	



Mean operative time (min)





Mean blood loss (ml)
	Group A vs Group B vs Group C

214.2 ± 62.2 vs 153.8 ± 30.1
vs 148.3 ± 32.8
(p < 0.001)

285 ± 152.1
vs 150 ± 76.6 vs 138.3 ± 79.5
(p < 0.001)

	A learning curve for VATS lobectomy existed in this series. The surgeon became more proficient after 30–60 cases and was able to perform the procedure with decreased blood loss and operative time.

	Wan et al.
(2008)
Ann Thorac Surg, China (34)

Retrospective study
(level 2b evidence)
	Patients who underwent video-assisted thoracoscopic surgery (VATS)
performed by a trainee surgeon were compared to
cases performed by an experienced surgeon

· Total (n = 111)
· Surgeon (n = 51)
· Trainees (n = 60)

Time period: January 2002 - October 2006

	


Conversion to thoracotomy

Mean blood loss, mL (±1 SD)

Operation time, minutes (±1 SD) 

30-day mortality

Complications
	Consultant vs Trainees

2.0% vs 5.0% (p = 0.4)

302 vs 236 (p = 0.4)

136 vs 162 (p = 0.01)

0 vs 0 

1.4% vs 1.3% (p = 1.0)
	VATS major lung resection for early stage nonsmall-cell lung cancer can be taught to residents who work under the supervision of experienced VATS surgeons. 

	Chaudhuri et al.
(2006)
Thorax, UK (35)

Retrospective study
(level 2b evidence)
	Patients who underwent lobectomy 
performed by a trainee surgeon were compared to
cases performed by a consultant

· Total (n = 328)
· Consultant (n = 213)
· Trainee (n = 115)

Time period: October 2001 - June 2003

	


In-hospital mortality 

Respiratory complications

Cardiovascular complications

Renal complications

Neurological complication

1-year survival

	Consultant vs Trainee

2.8% vs 3.5% (p = 0.74)

16.4% vs 13% (p = 0.42)

8.9% vs 8.7% (p = 0.94)

4.2% vs 3.5% (p = 0.74)

1.9% vs 1.7% (p = 0.93)

81.7% vs 82.6% (p = 0.83)
	With appropriate supervision, trainee thoracic surgeons can perform lobectomies safely and without compromising the results in the short or intermediate term patient outcome.

	Ferguson et al. (2006)
Eur J Cardiothorac Surg, UK (36)

Prospective observational study
(level 2a evidence)
	Patients undergoing VATS lobectomy
performed by trainees were compared to
cases performed by a consultant. 

· Total (n = 276)
· Consultant (n = 230)
· Trainees (n = 46)


	


Mean patient age (years) 

Mean operation time (min) 

Mean blood loss (ml) 

Conversion to open thoracotomy

Mean postoperative stay (days) 

Morbidity 
	Consultant vs Trainees

62.5 vs 65.0 (p = 0.14)

137 vs 159 (p = 0.0005)

98.5 vs 99.6 (p = 0.95)

12.1% vs 6.5% (p = 0.08)


7.6 vs 6.4 (p = 0.33)

34.7% vs 26% (p = 0.3)

	Training in VATS lobectomy has no adverse effect on influence mortality, blood loss or postoperative stay. As with other cardiothoracic procedures VATS lobectomy can be safely and effectively taught to trainees.


(AF: atrial fibrillation, AVR: aortic valve replacement, CABG: coronary artery bypass grafting, CI: confidence interval, CVA: cerebrovascular accident, HR: hazard ratio, IABP: intra-aortic balloon pump, LOS: length of stay, MI: myocardial infarction, MD: mean difference, ONCAB: on-pump coronary artery bypass, OPCAB: off-pump coronary artery bypass, OR: odds ratio, SD: standard deviation, TIA: transient ischemic attack, TOF: Tetralogy)

















REFERENCES

[1] Shahian DM, Torchiana DF, Engelman DT, Sundt TM, D’Agostino RS, Lovett AF, et al. Mandatory public reporting of cardiac surgery outcomes: The 2003 to 2014 Massachusetts experience. J Thorac Cardiovasc Surg 2019;158:110-124.e9. https://doi.org/10.1016/j.jtcvs.2018.12.072.
[2] Shahian DM, Edwards FH, Jacobs JP, Prager RL, Normand S-LT, Shewan CM, et al. Public Reporting of Cardiac Surgery Performance: Part 1—History, Rationale, Consequences. Ann Thorac Surg 2011;92:S2–11. https://doi.org/10.1016/j.athoracsur.2011.06.100.
[3] Bridgewater B, Ireland O behalf of the S for CS in G and. Cardiac registers: the adult cardiac surgery register. Heart 2010;96:1441. https://doi.org/10.1136/hrt.2010.194019.
[4] Hickey GL, Grant SW, Cosgriff R, Dimarakis I, Pagano D, Kappetein AP, et al. Clinical registries: governance, management, analysis and applications. European Journal of Cardio-Thoracic Surgery : Official Journal of the European Association for Cardio-Thoracic Surgery 2013;44:605–14. https://doi.org/10.1093/ejcts/ezt018.
[5] Robinson DBT, Luton O, Mellor K, James OP, Hopkins L, Powell AG, et al. Trainee perspective of the causes of stress and burnout in surgical training: a qualitative study from Wales. Bmj Open 2021;11:e045150. https://doi.org/10.1136/bmjopen-2020-045150.
[6] Liang R, Dornan T, Nestel D. Why do women leave surgical training? A qualitative and feminist study. Lancet 2019;393:541–9. https://doi.org/10.1016/s0140-6736(18)32612-6.
[7] Mohan H, Ali O, Gokani V, McGoldrick C, Smitham P, Fitzgerald JEF, et al. Surgical trainees’ experience of pregnancy, maternity and paternity leave: a cross-sectional study. Postgrad Med J 2019;95:552. https://doi.org/10.1136/postgradmedj-2018-135952.
[8] Shafi AMA, Sheikh AM, Awad WI. Comparison of Cardiothoracic Surgical Training Before and During the COVID Pandemic in the United Kingdom. Jtcvs Open 2021. https://doi.org/10.1016/j.xjon.2021.07.004.
[9] Tchantchaleishvili V, Mokashi SA, Rajab TK, Bolman RM, Chen FY, Schmitto JD. Comparison of cardiothoracic surgery training in usa and germany. J Cardiothorac Surg 2010;5:118. https://doi.org/10.1186/1749-8090-5-118.
[10] Pal S, Hartley P, Salmasi Y, Asimakopoulos G. Establishing the Safety of Training in Off-Pump Coronary Artery Bypass Surgery: A Retrospective Comparison of Outcomes between Trainees and a Consultant Surgeon. Thorac Cardiovasc Surg 2020;68:674–8. https://doi.org/10.1055/s-0040-1701668.
[11] Benedetto U, Caputo M, Gaudino M, Vohra H, Chivasso P, Bryan A, et al. How Safe Is it to Train Residents to Perform Coronary Surgery With Multiple Arterial Grafting? Nineteen Years of Training at a Single Institution. Seminars Thorac Cardiovasc Surg 2017;29:12–22. https://doi.org/10.1053/j.semtcvs.2017.01.002.
[12] Virk SA, Bowman SRA, Chan L, Bannon PG, Aty W, French BG, et al. Equivalent outcomes after coronary artery bypass graft surgery performed by consultant versus trainee surgeons: A systematic review and meta-analysis. J Thorac Cardiovasc Surg 2016;151:647-654.e1. https://doi.org/10.1016/j.jtcvs.2015.11.006.
[13] Almassi GH, Carr BM, Bishawi M, Shroyer AL, Quin JA, Hattler B, et al. Resident versus attending surgeon graft patency and clinical outcomes in on- versus off-pump coronary artery bypass surgery. J Thorac Cardiovasc Surg 2015;150:1428-1437.e1. https://doi.org/10.1016/j.jtcvs.2015.08.124.
[14] Bakaeen FG, Sethi G, Wagner TH, Kelly R, Lee K, Upadhyay A, et al. Coronary Artery Bypass Graft Patency: Residents Versus Attending Surgeons. Ann Thorac Surg 2012;94:482–8. https://doi.org/10.1016/j.athoracsur.2012.04.039.
[15] Haan CK, Milford-Beland S, O’Brien S, Mark D, Dullum M, Ferguson TB, et al. Impact of Residency Status on Perfusion Times and Outcomes for Coronary Artery Bypass Graft Surgery. Ann Thorac Surg 2007;83:2103–10. https://doi.org/10.1016/j.athoracsur.2007.01.052.
[16] Karagounis A, Asimakopoulos G, Niranjan G, Valencia O, Chandrasekaran V. Complex off-pump coronary artery bypass surgery can be safely taught to cardiothoracic trainees. Interact Cardiov Th 2006;5:222–6. https://doi.org/10.1510/icvts.2005.117465.
[17] Ascione R, Reeves BC, Pano M, Angelini GD. Trainees operating on high-risk patients without cardiopulmonary bypass: a high-risk strategy? Ann Thorac Surg 2004;78:26–33. https://doi.org/10.1016/j.athoracsur.2003.10.127.
[18] Caputo M, Reeves BC, Rogers CA, Ascione R, Angelini GD. Monitoring the performance of residents during training in off-pump coronary surgery. J Thorac Cardiovasc Surg 2004;128:907–15. https://doi.org/10.1016/j.jtcvs.2004.02.031.
[19] Baskett RJF, Buth KJ, Legaré J-F, Hassan A, Friesen CH, Hirsch GM, et al. Is it safe to train residents to perform cardiac surgery? Ann Thorac Surg 2002;74:1043–9. https://doi.org/10.1016/s0003-4975(02)03679-2.
[20] Caputo M, Bryan AJ, Capoun R, Mahesh B, Ciulli F, Hutter J, et al. The evolution of training in Off-Pump coronary surgery in a single institution. Ann Thorac Surg 2002;74:1403–7. https://doi.org/10.1016/s0003-4975(02)03970-x.
[21] Dimagli A, Sinha S, Benedetto U, Caputo M, Angelini GD. The impact of surgical training on early and long-term outcomes after isolated aortic valve surgery. Eur J Cardio-Thorac 2021. https://doi.org/10.1093/ejcts/ezab328.
[22] Tolis G, Spencer PJ, Bloom JP, Melnitchouk S, D’Alessandro DA, Villavicencio MA, et al. Teaching operative cardiac surgery in the era of increasing patient complexity: Can it still be done? J Thorac Cardiovasc Surg 2018;155:2058–65. https://doi.org/10.1016/j.jtcvs.2017.11.109.
[23] Bloom JP, Heng E, Auchincloss HG, Melnitchouk SI, D’Alessandro DA, Villavicencio MA, et al. Cardiac Surgery Trainees as “Skin-to-Skin” Operating Surgeons: Midterm Outcomes. Ann Thorac Surg 2019;108:262–7. https://doi.org/10.1016/j.athoracsur.2019.02.008.
[24] Saxena A, Virk SA, Bowman SRA, Jeremy R, Bannon PG. Heart Valve Surgery Performed by Trainee Surgeons: Meta-Analysis of Clinical Outcomes. Hear Lung Circulation 2018;27:420–6. https://doi.org/10.1016/j.hlc.2017.10.009.
[25] Saxena A, Dinh D, Smith JA, Reid CM, Shardey G, Newcomb AE. Training surgeon status is not associated with an increased risk of early or late mortality after isolated aortic valve replacement surgery. Cardiol J 2013;21:183–90. https://doi.org/10.5603/cj.a2013.0087.
[26] Bruno VD, Chivasso P, Hayat A, Marsico R, Benedetto U, Caputo M, et al. Propensity-matched analysis of outcomes after mitral valve surgery between trainees and consultants (institutional report). Interact Cardiov Th 2017;26:443–7. https://doi.org/10.1093/icvts/ivx368.
[27] Jenkins D, Valencia O, Smith E. Risk Stratification for Training in Cardiac Surgery1. Thorac Cardiov Surg 2001;49:75–7. https://doi.org/10.1055/s-2001-11710.
[28] Luthra S, Leiva-Juarez MM, Duggan S, Malvindi P, Barlow CW, Tsang GM, et al. Is it safe to let trainees operate on high risk cardiac surgery cases? Seminars Thorac Cardiovasc Surg 2021. https://doi.org/10.1053/j.semtcvs.2021.04.052.
[29] Luthra S, Leiva-Juarez MM, Ismail A, Tsang GM, Barlow CW, Velissaris T, et al. Is Resident Training Safe in Cardiac Surgery? Ann Thorac Surg 2020;110:1404–11. https://doi.org/10.1016/j.athoracsur.2020.02.009.
[30] Cleveland JD, Bowdish ME, Mack WJ, Kim RW, Kumar SR, Kallin K, et al. Resident Education in Congenital Heart Surgery Does Not Compromise Outcomes. J Thorac Cardiovasc Surg 2021. https://doi.org/10.1016/j.jtcvs.2020.12.112.
[31] Shimada M, Hoashi T, Iida J, Ichikawa H. The Impact of Post-Graduate Year of Primary Surgeon on Technical Performance Score in Tetralogy of Fallot Repair. Circ J 2020;84:495–500. https://doi.org/10.1253/circj.cj-19-0800.
[32] Rosenfeld ES, Napolitano MA, Sparks AD, Werba G, Antevil JL, Trachiotis GD. Impact of Trainee Involvement on Video Assisted Thoracoscopic Lobectomy for Cancer. Ann Thorac Surg 2021. https://doi.org/10.1016/j.athoracsur.2020.12.005.
[33] Billè A, Okiror L, Karenovics W, Choudhuri D, Routledge T. Thoracoscopic lobectomy: is a training program feasible with low postoperative morbidity? Gen Thorac Cardiovasc Surg 2013;61:409–13. https://doi.org/10.1007/s11748-013-0225-5.
[34] Konge L, Petersen RH, Hansen HJ, Ringsted C. No extensive experience in open procedures is needed to learn lobectomy by video-assisted thoracic surgery. Interact Cardiov Th 2012;15:961–5. https://doi.org/10.1093/icvts/ivs405.
[35] Zhao H, Bu L, Yang F, Li J, Li Y, Wang J. Video-Assisted Thoracoscopic Surgery Lobectomy for Lung Cancer: The Learning Curve. World J Surg 2010;34:2368–72. https://doi.org/10.1007/s00268-010-0661-7.
[36] Wan IYP, Thung KH, Hsin MKY, Underwood MJ, Yim APC. Video-Assisted Thoracic Surgery Major Lung Resection Can Be Safely Taught to Trainees. Ann Thorac Surg 2008;85:416–9. https://doi.org/10.1016/j.athoracsur.2007.10.009.
[37] Chaudhuri N, Grayson AD, Grainger R, Mediratta NK, Carr MH, Soorae AS, et al. Effect of training on patient outcomes following lobectomy. Thorax 2006;61:327. https://doi.org/10.1136/thx.2005.046847.
[38] Ferguson J, Walker W. Developing a VATS lobectomy programme — can VATS lobectomy be taught? Eur J Cardio-Thorac 2006;29:806–9. https://doi.org/10.1016/j.ejcts.2006.02.012.
[39] Murzi M, Miceli A, Cerillo AG, Stefano GD, Kallushi E, Farneti P, et al. Training Surgeons in Minimally Invasive Mitral Valve Repair: A Single Institution Experience. Ann Thorac Surg 2014;98:884–9. https://doi.org/10.1016/j.athoracsur.2014.05.040.
[40] Shi WY, Hayward PA, Yap C-H, Dinh DT, Reid CM, Shardey GC, et al. Training in mitral valve surgery need not affect early outcomes and midterm survival: a multicentre analysis. Eur J Cardio-Thorac 2011;40:826–33. https://doi.org/10.1016/j.ejcts.2011.02.003.
[41] Alexiou C, Doukas G, Oc M, Oc B, Hadjinikolaou L, Spyt TJ. Effect of Training in Mitral Valve Repair Surgery on the Early and Late Outcome. Ann Thorac Surg 2005;80:183–8. https://doi.org/10.1016/j.athoracsur.2005.01.037.
[42] Baskett RJF, Kalavrouziotis D, Buth KJ, Hirsch GM, Sullivan JAP. Training Residents in Mitral Valve Surgery. Ann Thorac Surg 2004;78:1236–40. https://doi.org/10.1016/j.athoracsur.2004.04.041.
[43] Sethi GK, Hammermeister KE, Oprian C, Henderson W. Impact of resident training on postoperative morbidity in patients undergoing single valve replacement. J Thorac Cardiovasc Surg 1991;101:1053–9. https://doi.org/10.1016/s0022-5223(19)36623-1.
[44] Soppa G, Yates M, Viviano A, Smelt J, Valencia O, Besouw JP van, et al. Trainees can learn minimally invasive aortic valve replacement without compromising safety. Interact Cardiov Th 2015;20:458–62. https://doi.org/10.1093/icvts/ivu428.
[45] Westaby S, Baig K, Silva RD, Unsworth-White J, Pepper J. Recruitment to UK cardiothoracic surgery in the era of public outcome reporting. Eur J Cardio-Thorac 2015;47:679–83. https://doi.org/10.1093/ejcts/ezu509.
[46] Fernandez FG, Shahian DM, Kormos R, Jacobs JP, D’Agostino RS, Mayer JE, et al. The Society of Thoracic Surgeons National Database 2019 Annual Report. Ann Thorac Surg 2019;108:1625–32. https://doi.org/10.1016/j.athoracsur.2019.09.034.
[47] Hickey GL, Cosgriff R, Grant SW, Cooper G, Deanfield J, Roxburgh J, et al. A technical review of the United Kingdom National Adult Cardiac Surgery Governance Analysis 2008-11. European Journal of Cardio-Thoracic Surgery : Official Journal of the European Association for Cardio-Thoracic Surgery 2013:ezt476. https://doi.org/10.1093/ejcts/ezt476.
[48] Jarral OA, Baig K, Pettengell C, Uppal R, Taggart DP, Darzi A, et al. National Survey of UK Consultant Surgeons’ Opinions on Surgeon-Specific Mortality Data in Cardiothoracic Surgery. Circulation Cardiovasc Qual Outcomes 2016;9:414–23. https://doi.org/10.1161/circoutcomes.116.002749.
[49] Lees MC, Zheng B, Daniels LM, White JS. Factors Affecting the Development of Confidence Among Surgical Trainees. J Surg Educ 2019;76:674–83. https://doi.org/10.1016/j.jsurg.2018.10.016.
[50] Shah AM, Siddiqui E, Holmes SD, Okoh A, Abdullah M, Deatrick K, et al. Trends in the traditional cardiothoracic surgery resident operative experience for cardiac cases: An analysis of Accreditation Council for Graduate Medical Education case logs. J Thorac Cardiovasc Surg 2021;161:1064-1075.e3. https://doi.org/10.1016/j.jtcvs.2020.11.168.
[51] Xhepa E, Alvarez-Covarrubias HA, Joner M. Pushing the limits for interventional treatment of aortic valve stenosis. Herz 2021:1–8. https://doi.org/10.1007/s00059-021-05057-8.
[52] Russo G, Gennari M, Gavazzoni M, Pedicino D, Pozzoli A, Taramasso M, et al. Transcatheter Mitral Valve Implantation: Current Status and Future Perspectives. Circulation Cardiovasc Interventions 2021;14:e010628. https://doi.org/10.1161/circinterventions.121.010628.
[53] Gupta T, Ballmoos MCW von, Goel SS. Transcatheter treatment of severe tricuspid regurgitation. Curr Opin Cardiol 2021;36:525–37. https://doi.org/10.1097/hco.0000000000000876.
[54] Filippo OD, Franco AD, Boretto P, Bruno F, Cusenza V, Desalvo P, et al. Percutaneous coronary intervention versus coronary artery surgery for left main disease according to lesion site: a metanalysis. J Thorac Cardiovasc Surg 2021. https://doi.org/10.1016/j.jtcvs.2021.08.040.
[55] Ohri SK, Benedetto U, Luthra S, Grant SW, Goodwin AT, Trivedi U, et al. Coronary artery bypass surgery in the UK, trends in activity and outcomes from a 15-year complete national series. Eur J Cardio-Thorac 2021. https://doi.org/10.1093/ejcts/ezab391.
[56] ElBardissi AW, Aranki SF, Sheng S, O’Brien SM, Greenberg CC, Gammie JS. Trends in isolated coronary artery bypass grafting: An analysis of the Society of Thoracic Surgeons adult cardiac surgery database. J Thorac Cardiovasc Surg 2012;143:273–81. https://doi.org/10.1016/j.jtcvs.2011.10.029.
[57] Kenny L, Booth K, Freystaetter K, Wood G, Reynolds G, Rathinam S, et al. Training cardiothoracic surgeons of the future: The UK experience. J Thorac Cardiovasc Surg 2018;155:2526-2538.e2. https://doi.org/10.1016/j.jtcvs.2018.01.088.
[58] Moorjani N, Lewis M, Shah R, Barnard S, Graham T, Rathinam S. Implementation of a novel portfolio of structured, curriculum-aligned, simulation-based, cardiothoracic surgery training courses: Evolving the delivery of surgical education. J Thorac Cardiovasc Surg 2017;154:2009–16. https://doi.org/10.1016/j.jtcvs.2017.07.075.
[59] Pierorazio PM, Allaf ME. Minimally invasive surgical training: Challenges and solutions. Urologic Oncol Seminars Orig Investigations 2009;27:208–13. https://doi.org/10.1016/j.urolonc.2008.09.017.
[60] Khan RA. Challenges in Surgical Training- Exploring the role of virtual and augmented reality. Heal Prof Educ J 2020;3:9–10. https://doi.org/10.53708/hpej.v3i1.751.
[61] Jaffer A, Bednarz B, Challacombe B, Sriprasad S. The assessment of surgical competency in the UK. Int J Surg 2009;7:12–5. https://doi.org/10.1016/j.ijsu.2008.10.006.
[62] Grantcharov TP, Reznick RK. Teaching procedural skills. Bmj 2008;336:1129. https://doi.org/10.1136/bmj.39517.686956.47.
[63] Kawabata M, Mallett CJ. Flow experience in physical activity: Examination of the internal structure of flow from a process-related perspective. Motiv Emotion 2011;35:393–402. https://doi.org/10.1007/s11031-011-9221-1.
[64] Liu T, Csikszentmihalyi M. Flow among introverts and extraverts in solitary and social activities. Pers Indiv Differ 2020;167:110197. https://doi.org/10.1016/j.paid.2020.110197.
[65] Radford PD, Derbyshire LF, Shalhoub J, Fitzgerald JEF. Publication of surgeon specific outcome data: A review of implementation, controversies and the potential impact on surgical training. Int J Surg 2015;13:211–6. https://doi.org/10.1016/j.ijsu.2014.11.049.
[66] Shumway NE. Some thoughts from the other side of the table, or the last presidential address. J Thorac Cardiovasc Surg 2011;142:1296–8. https://doi.org/10.1016/j.jtcvs.2011.06.007.












Figure 1. Flow diagram demonstrating assessment of the available literature using CEBM criteriaFull-text articles excluded, with reasons
(n = 24)
Articles included in another meta-analysis (n = 23)
Full article not available (n = 1)
Studies included in for analysis (n = 27)
Records excluded
(n = 843)
Records screened
(n = 894)
Records after duplicates removed
(n = 894)
Identification
Eligibility
Included
Screening


Additional records identified through other sources
(n = 2)
Records identified through database searching
(n = 892)











Full-text articles assessed for eligibility (n = 51)







Sub Studies Analysed (n = 27)
CABG (n = 11)
Congenital (n = 2)
Mitral (n = 1)
Aortic (n = 1)
Mixed cardiac (n = 5)
Thoracic (n = 7)












21

