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Abstract
Background: The swift advances in interventional cardiology combined with the increasing risk of cardiac surgical procedures resulted in diminishing volume of coronary and valvular surgery and affected the future of cardiac surgery service and training. Application to cardiac surgery training programs have steadily declined. This cross-sectional study aimed at identifying main weakness facing cardiac surgery and advocating some recommendations to improve the status of current and future of cardiac surgery. 
Methods: Cross sectional study was authorized by the institutional review board of King Abdulaziz University and performed among cardiac surgeons and cardiologists in the Kingdom of Saudi Arabia, from May to June 2021. Data were collected by sending questionnaires through email to cardiac surgeons and cardiologists in different cardiac centers all over Saudi Arabia. Out of 200 emails sent to our participants only 55 who responded.
Results: A total of 55 doctors participated in the study have completed the self-administered questionnaire by electronic mail. 76% of the respondents are cardiac surgeons and 24% are cardiologist. 
Most of the respondents (72.7%, 63.6%) think that the volume of coronary and valvular cardiac surgery patients nowadays is less than before compared to invasive cardiology patients. Most of the respondents (91%) think that coronary cardiac surgery is better than invasive cardiology in left main disease and complex lesions but carries higher risk. 69% of the respondents think that one cardiac center in each city according to the population will provide better cardiac health services compared to small cardiac units.
Conclusion: In the recommendations to improve the future of cardiac surgery, 83% of the respondents agree that residents training in cardiac surgery should be modified to add at least one extra year of training in the Catheterization laboratory (Cath lab) procedures including coronary, valvular, aortic and arrhythmia, thus introducing the interventional surgeon.
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Introduction 

Cardiac surgery is one of the most recent branch of surgery. however, when started it was glorious, challenging and interesting. It developed initially hand in hand and parallel to cardiology but soon later, less invasive techniques introduced in early 1990s by interventional cardiology have affected the volume of open-heart surgery patients [1]. With the rapid rise in catheter-based technologies and minimally invasive procedures in structural heart disease, surgeons must obtain necessary interventional skills to continue to serve cardiac patients.

These advancement in catheter based minimally invasive procedures compared to high-risk cardiac surgery procedures, affected the volume of coronary and valve procedures [1]. In contrast, Congenital cardiac surgery still has its fame and both pediatric cardiac surgeons and pediatric cardiologist share their experience in the operating room or doing hybrid Cath lab procedures. Major modifications to adult cardiac surgical training programs are essential to save its future. 











Methodology 


This cross-sectional study was authorized by the institutional review board of King Abdulaziz University and performed among cardiac surgeons and cardiologists in the Kingdom of Saudi Arabia, from May to June 2021. Aim of this study was to assess cardiac surgery practice after 70 years of start. We used an online questionnaire that was designated by co-authors and validated by a number of experienced cardiac surgeons and cardiologists in Saudi Arabia. Data was collected by sending questionnaire through email to cardiac surgeons and cardiologists in different cardiac centers all over Saudi Arabia. From 200 emails sent to our participants, similar number of cardiac surgeons and cardiologists, only 55 who responded.  Our inclusion criteria were 1- cardiac surgeon or cardiologist. 2-working in Saudi Arabia. 3-only consultants and specialist in the cardiac field. Those who did not meet the inclusion criteria were excluded. In Saudi Arabia, there is about 140 cardiac surgeons spread over 24 cardiac surgery hospitals that include about 12 training programs. Our local residency training program started in 2010 and require 7 years of training. The first three years are basic surgical and cardiology and the last four years include vascular surgery, adult and pediatric conventional operating room training. The questionnaire included information about the participants; (specialty, how many years in the cardiac field, relation to the Cath lab). It includes questions about volume of coronary, valvular and congenital cardiac surgery compared to invasive cardiology patients. It also includes questions about management of complex lesions. We include a section about the future of coronary, valvular, congenital patients and hybrid procedure in Saudi Arabia. We designed a special section for cardiac surgery training programs to be changed to introduce Cath lab procedures and the factors affecting resident selection. Another section was administrative, about the distribution of cardiac centers in Saudi Arabia and the cost of establishing a cardiac surgery unit. The questionnaire was designed on Google Forms. Then, the data was exported to Microsoft Excel 2016. Statistical data were analyzed using SPSS software package version 21.0 (SPSS Inc., Chicago, IL, USA).
















Results 

A total of 55 doctors participated in the study and completed the self-administered questionnaire by electronic mail. 76% of the respondents are cardiac surgeons and 24% are cardiologist.

Long training and high-risk cases are among the most important factors limiting cardiac surgery training (figure1). 
Most of the respondents (72.7% ,63.6%) think that the volume of coronary and valvular cardiac surgery patients nowadays is less than before compared to invasive cardiology patients. 44% see the volume of pediatrics cardiac surgery patients is the same as before (Tabe1).
Most of the respondents (91%) think that coronary cardiac surgery is better than invasive cardiology in left main disease and complex lesions but carries higher risk.

49% see the selection of residents to train in cardiac surgery is the same compared to previous years, 33% think it is less than before and 18% see it is more than before.

53% of the respondents see the future of coronary cardiac surgery is neutral compared to the future of invasive cardiology, 26% see is good and 22% think the future of coronary cardiac surgery is poor (Table 2), while 66% of the participants see the future of hybrid procedures is good (Table2). There is statistical significance with a p-value (<0.030) between the relation of the respondents to Cath lab and how they see the future of the coronary cardiac surgery compared to invasive cardiology, also there is statistical significance with a p-value (<0.013) between the duration of being in cardiac field and the future of the coronary cardiac surgery compared to invasive cardiology.
78% see that there is minor role of cardiac surgery in the management of  arrhythmias while 60% of the participants see a major role of cardiac surgery in the management of cardiac trauma.

69% of the respondents think that one cardiac center in each city according to the population will provide better cardiac health services compared to small cardiac units with a p-value (<0.031). 
 55% of the respondents strongly agree that the cost is a limiting factor for establishing cardiac surgery unit. 67% of the respondents agree that the cost of transcatheter aortic valve implantation (TAVI) is a limiting factor. 


26% of the participants strongly agree that thoracic endovascular repair is affecting the volume of aortic cardiac surgery.

Most of the participants strongly agree that the mini-sternotomy, beating heart surgery and robotic surgery are attracting factors in cardiac surgery and 82% of the respondents agree that the low patency rate of stent is attracting factor for cardiac surgery with a p-value (<0.009) (Table3). In the recommendations to improve the future of cardiac surgery, 83% of the respondents agree that residents training in cardiac surgery should be modified to add training in the Cath lab procedures to cardiac surgery programs with a p-value (<0.0001)





















Figure1
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Tables


Table 1: Showing different volume changes of cardiac surgery 

	
	volume of coronary cardiac surgery
	volume of valvular cardiac surgery
	volume of pediatrics cardiac surgery

	Less than before 
	72.7%
	63.6%
	25.5%

	Same 
	16.4%
	27.3%
	43.6%

	More than before 
	10.9%
	9.1%
	30.9%








Table 2: Showing the future of different cardiac subspecialties

	
	future of coronary cardiac surgery
	future of valvular cardiac surgery
	future of congenital cardiac surgery
	future of hybrid procedures

	Poor
	21.8%
	29.1%
	1.8%
	5.5%

	Neutral
	52.7%
	45.5%
	40%
	29.1%

	Good 
	25.5%
	25.5%
	58.2%
	65.5%




Table 3: Showing the attracting factors in cardiac surgery


	
	Is ministernotomy attracting factor in cardiac surgery
	Is beating heart surgery attracting factor in cardiac surgery
	is minimally invasive and robotic surgery attracting factor in cardiac surgery
	Is the low patency rate of stent attracting factor for cardiac surgery

	Disagree
	5.5%
	14.5%
	3.6%
	9.1%

	Neutral 
	20%
	34.5%
	9.1%
	9.1%

	Agree 
	74.5%
	50.9
	87.3%
	81.8%













Discussion

Although cardiac surgery is historically very young, about seventy years old since the first open heart surgery and the introduction of the cardiopulmonary bypass machine in 1955, it is facing recently major obstacles in practice and training [2].  With the new and rapid advances in cardiology and lack of awareness of cardiac surgeons, cardiac surgery is facing a great challenge and their volume of cases is rapidly diminishing. Surgical training is also affected [3]. 
Cardiac surgery is a highly demanding and costly service requiring long and hard training, spending long hours in high-risk procedures [4,5]. Cardiac surgery has special prestige and best served in a specialized center rather than small units [4]. Invasive cardiology dramatically progressed and developed rapidly to become more attractive to patients and residents training [6], at the same time, cardiac surgeons recently were faced with more complex and higher risk patients, reoperations and those who are not suitable for cardiology intervention.

Cardiac surgery training programs also are facing challenges in applicant recruitment and in suitable job placement [3]. This frustration in the job search, reimbursement and lifestyle issues contributes to dissatisfaction by the graduates. If these trends continue, the field will be faced with a crisis of unfilled residency programs and unemployed graduates [3]. Several surgical modifications were introduced to cardiac surgery to attract patients and compete with cardiology. These attractive procedure modifications including mini-sternotomy, beating heart, minimally invasive valvular, coronary surgery and robotic surgery, fail to improve the shape of cardiac surgery or recruit patients or trainees.
[bookmark: _heading=h.gjdgxs]The key solution is thinking out of the box and introduce the interventional surgeon and to change from the knife and sutures to the catheter and stent, and from the operating room to the Cath lab or hybrid operating room. Formal cardiac surgery training programs must be changed accordingly to include catheter-based procedures training for their surgical residents to perform endovascular coronary and valve interventions [1,7,8]. 
Nguyen and colleagues recommended to establish a formalized transcatheter program to   achieve baseline training among cardiac surgeons and reinforce surgical involvement in the treatment of valvular heart disease [9]. 

Food and drug administration approved transcatheter aortic valve replacement (TAVR) for high-risk patients and extended it to intermediate risk. Approval of TAVR to include low risk patients will affect the future of cardiac surgery and mark the beginning of the end of this specialty [10]  

By 2017, the volume of TAVR for the first time, exceeded the combined volume of isolated surgical aortic valve replacement (SAVR) and SAVR with coronary artery bypass grafting [11]. Vardas and colleagues reported that residents need greater exposure to transcatheter aortic valve replacement, thoracic endovascular aortic repair, coronary cardiac catheterization, percutaneous closure of atrial septal defect, and transcatheter mitral valve repair [11]. 

A standardized program is needed to avoid heterogeneity in endovascular training among cardiothoracic residents, as a significant number of residents having minimal to no exposure to these procedures [1,12]. 
Full participation of the interventional cardiologists to train surgical residents and allow cardiac surgeons in the Cath lab is essential for the success of such programs. Initially, there will be some resistance and hesitancy to share the Cath lab but once the team work concept is implemented, such concerns are overcome. After adequate training, surgeons should alternate Cath lab procedures with the cardiologist and will provide emergency coverage in case of complications.
Tam and colleagues reported, in a Canadian study, that most program directors and cardiac surgery residents agreed that involving in TAVR procedure in the training is an important part in the future of clinical practice in cardiac surgery specialty. Same study showed that 70% of cardiac surgery residents never scrubbed into TAVR procedure, and all residents reported no cases as a primary operator in TAVR procedure. [13] 

Another recommendation to improve cardiac surgery status is to enforce hybrid strategies and introduce the concept of the cardiac interventionalist to combine the advantages of both open heart surgery and transcatheter approaches. This can be applied to isolated coronary surgery or combined coronary and valve procedures [14,15].

Cardiac surgeons must benefit from our vascular surgery colleagues and their experience from moving from the open surgical procedures to endovascular arterial and aortic interventions.

















conclusion
[bookmark: _heading=h.ggl81wsoeuru]Technology is evolving into percutaneous procedures and cardiac surgeons have to be
involved in this pathway to keep serving their patients. Nowadays, cardiac surgery training is a global concern. Catheter based fundamental skills have to be included in all cardiac surgery programs.
[bookmark: _heading=h.l1dzi23dbjj0]Cardiothoracic societies jointly must develop training guidelines to facilitate participation. New guidelines must include training and exposure in areas such as coronary artery stenting, peripheral artery stenting, endovascular stent grafting for aortic disease, and placement of transcatheter aortic valves. They also offer exposure to robotic or videoscope procedures, along with thoracoscopic and endoscopic tools and techniques required for minimally invasive procedures [9,12,13]




Limitation of the study

Small sized sample is the main limitation of our study, larger sample size would reflect better the status and future of cardiac surgery
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