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Introduction

The advancement in minimally invasive approach via a tran-
scatheter route for dealing with valvular regurgitation has been 
exponential the last decade. State of the art devices and com-
plex algorithms produced utilising artificial intelligence tech-
nologies dominating our life and will be the near future direc-
tion of modern healthcare systems. The evolving technique of 
edge- to- edge repair for the management of secondary Mitral 
Regurgitation (MR) has revealed contradictory results in the 
past as it has been depicted in two major clinical trials which 
sparked major debates [1,2]. The 5- year data of the COAPT trial 
[3] published last year shows survival benefit for the patients 
but despite this profound benefit, the mortality and the hospi-
talisation rate remains high in this cohort of patients. The ad-
vancement in artificial intelligence technology and the progress 
of regenerative medicine may constitute the mean on the effort 
of developing new therapeutical techniques for the complex 
secondary mitral regurgitation.

Trial Analysis

Unarguably, the 5- year data of the COAPT trial demonstrates 
the beneficial effect of the edge-to-edge repair by decreasing 
the rate of death and hospitalisation related to heart failure 
when compared to medical therapy alone in the control group. 
However, if we carefully examine the objective indexes of the 
Left Ventricular function (LV) which consist of the left ventricu-
lar chamber size and function, forward stroke volume, cardiac 

output and right ventricular systolic pressure, these parameters 
haven’t changed- in fact they are similar between the 2 groups 
during this 5 year follow up period.

A careful look on the holistic elements synthetising the mi-
tral valve function, reveals the following based on the published 
results:

1.	 The left ventricular end diastolic and end systolic vol-
ume was decreased in the 5-year follow up period in the de-
vice group. The same occurred in the optimal medical therapy 
group. It is not clear whether this is related to reduction of the 
severity of mitral regurgitation, the optimal medical therapy or 
the fact that more than 50% of patients in the control group had 
been treated with percutaneous edge- to- edge repair within 
the 5-year period.

2.	 The left ventricular end- diastolic dimension margin-
ally decreased in both groups. Similarly, the left ventricular end-
systolic dimension remained almost unchanged in both groups. 
In essence, these important echocardiographic indexes are un-
changed between the two groups. Hence, it remains ambiguous 
the role of reduced MR by decreasing only the orifice area and 
leaving unaddressed the other important elements of the left 
ventricular function.

3.	 The left ventricular ejection fraction was decreased 
in the device group and slightly increased in the control group. 
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This is expected to a certain extent shortly after correcting the 
MR given the increment of the LV afterload. Notwithstanding, 
it remains evasive the role of the device alone to reverse the 
remodelling of the LV- 5 years post MR reduction. 

4.	 The right ventricular systolic pressure decreased, as 
expected, in the device group as it occurred in control group 
too. Could that be related to the crossover of the patients be-
tween the 2 groups given the fact that the abovementioned 
parameters of reverse remodelling were little or not changed?

5.	 The cardiac output and the forward stroke volume 
were marginally better in both groups, even though, most of the 
patients at the 5-year follow up having only none or 1+ grade of 
MR. Would there be a rationalised explanation for this finding?

Discussion

These 5 years follow up data, demonstrate that the tran-
scatheter edge- to- edge repair has a survival benefit for pa-
tients with secondary MR when compared to the medical 
treatment alone. Besides that, the 5-year mortality and hospi-
talisation rate remain high (73.6%) despite the crossover of the 
patients from the control group. Based on the above results, 
rhetoric questions are arising for surgeons who may think to 
revisit their future approach to the complex medical entity of 
functional mitral regurgitation.

Should a surgical strategy be redesigned for the surgical 
treatment of secondary MR which is undoubtedly more com-
plex than the primary? The harmonised function of left atrium, 
mitral valve annulus along with the leaflets, the sub valvular 
apparatus and the left ventricle per se, results in a competent 
mitral valve and a well-functioning left ventricle. 

Should cardiac surgeons revisit their view on operating in 
secondary MR by addressing carefully all the 5 elements?

Should the heart team carefully examine the role of right 
ventricular function, tricuspid valve function and pulmonary 
artery pressures with possible reversibility when treating sec-
ondary MR?

Should the edge-to-edge repair be reserved for patients 
deemed inoperable with highly predicted mortality according 
to the current surgical scores?

Should the transcatheter edge-to-edge repair be utilised as 
a bridge to surgery until favourable left and right ventricular re-
modelling occurs?

AI Perspective

Given the rapid technologic advancement and the use of 
AI technologies such as machine learning, natural language 
processing, artificial neural networks and computer vision in 
the modern healthcare setting another set of question arises. 
What is the role of AI in this type of valvular disease? Could 
AI augment surgeon’s cognitive abilities to facilitate the under-
standing of complex pathologies and navigate safe, efficient and 
successful surgical treatment? [4]. To get the right answers from 
AI based technologies the right questions should be answered 
using the right dataset which will produce ultimately accurate 
and trustworthy results. All the above mentioned highly sophis-
ticated techniques are now well embedded in the surgical field 
[5]. Invaluable answers can be gained to the above questions 
by creating complex algorithms to predict the outcome of each 
intervention, specify the appropriate intervention based on the 

particular valvular disease, predict mortality, complications, 
repair failures, hospital stay and myriad other parameters. The 
utilisation of radiomics in imaging of the bi-ventricular func-
tion has already been in practice in cardiology and radiology 
settings [6] and it could assist to categorise the patients in the 
repair, replacement or transcatheter group taking into consid-
eration relevant preoperative data based on previous produced 
algorithms. AI created algorithms using data derived from bi-
ventricular function parameters, tricuspid valve function and 
pulmonary circulation pressures values could assist the heart 
team in decision making and drawing the subsequent operative 
plan. Unarguably, revolution of human -machine interaction is 
ahead of us, and cardiac surgeons should embrace and adopt 
these technological advancements as the future of surgery is 
hybrid with automated robots outperforming humans [7]. New 
collaborations between data scientists, engineers and health 
care professionals are of paramount and its role its obviously 
synergistic in designing the new landscape of training for the 
surgical field.

Future Directions 

The field of regenerative medicine is exciting and certainly 
will play vital role in the treatment of several diseases including 
cardiovascular pathologies. Stem cells transplantation has been 
used for years with promising results [8]. The predictive model-
ling could help identify patterns and associations to predict out-
comes of the functional MR repair post subsequent STEM cell 
transplantation, develop algorithms for treatment strategies 
and find the most suitable scaffold fabrications method to iden-
tify the best delivery method and site of transplantation [9]. 
With the help of niche technology from the AI and regenerative 
medicine fields, the treatment of secondary mitral regurgitation 
may be again a surgical target.

References

1.	 Obadia JF, Messika-Zeitoun D, Leurent G, Iung B, Bonnet G, Piri-
ou N, et al. Percutaneous Repair or Medical Treatment for Sec-
ondary Mitral Regurgitation. New England Journal of Medicine. 
2018; 379: 2297–306.

2.	 Stone GW, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM, 
et al. Transcatheter Mitral-Valve Repair in Patients with Heart 
Failure. New England Journal of Medicine. 2018; 379: 2307–18.

3.	 Stone GW, Abraham WT, Lindenfeld J, Kar S, Grayburn PA, Lim 
DS, et al. Five-Year Follow-up after Transcatheter Repair of Sec-
ondary Mitral Regurgitation. New England Journal of Medicine. 
2023; 388: 2037-2048.

4.	 Kenngott HG, Apitz M, Wagner M, Preukschas AA, Speidel S, 
Beat Peter Müller-Stich. Paradigm shift: cognitive surgery. Inno-
vative Surgical Sciences. 2017; 2: 139–43.

5.	 Hashimoto DA, Rosman G, Rus D, Meireles OR. Artificial Intel-
ligence in Surgery. Annals of Surgery. 2018; 268: 70–6. 

6.	 Li S, Deng YQ, Zhu ZL, Hua HL, Tao ZZ. A Comprehensive Review 
on Radiomics and Deep Learning for Nasopharyngeal Carcinoma 
Imaging. Diagnostics. 2021; 11: 1523.

7.	 Shademan A, Decker RS, Opfermann JD, Leonard S, Krieger A, 
Kim PCW. Supervised autonomous robotic soft tissue surgery. 
Science Translational Medicine. 2016; 8: 337ra64–4. 

8.	 Guo Y, Yu Y, Hu S, Chen Y, Shen Z. The therapeutic potential of 
mesenchymal stem cells for cardiovascular diseases. Cell Death 
& Disease. 2020; 11: 349.

9.	 Nosrati H, Nosrati M. Artificial Intelligence in Regenerative Med-
icine: Applications and Implications. Biomimetics. 2023; 8: 442.

https://pubmed.ncbi.nlm.nih.gov/30145927/
https://pubmed.ncbi.nlm.nih.gov/30145927/
https://pubmed.ncbi.nlm.nih.gov/30145927/
https://pubmed.ncbi.nlm.nih.gov/30145927/
https://pubmed.ncbi.nlm.nih.gov/30280640/
https://pubmed.ncbi.nlm.nih.gov/30280640/
https://pubmed.ncbi.nlm.nih.gov/30280640/
https://pubmed.ncbi.nlm.nih.gov/36876756/
https://pubmed.ncbi.nlm.nih.gov/36876756/
https://pubmed.ncbi.nlm.nih.gov/36876756/
https://pubmed.ncbi.nlm.nih.gov/36876756/
v
v
v
v
v
https://pubmed.ncbi.nlm.nih.gov/34573865/
https://pubmed.ncbi.nlm.nih.gov/34573865/
https://pubmed.ncbi.nlm.nih.gov/34573865/
https://www.science.org/doi/abs/10.1126/scitranslmed.aad9398
https://www.science.org/doi/abs/10.1126/scitranslmed.aad9398
https://www.science.org/doi/abs/10.1126/scitranslmed.aad9398
https://pubmed.ncbi.nlm.nih.gov/32393744/
https://pubmed.ncbi.nlm.nih.gov/32393744/
https://pubmed.ncbi.nlm.nih.gov/32393744/
https://www.mdpi.com/2313-7673/8/5/442
https://www.mdpi.com/2313-7673/8/5/442

	Introduction
	Trial Analysis 
	Discussion
	AI Perspective 
	Future Directions  
	References

