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Introduction 
 
There have been monumental advancements in robotics over the last 20 years 
which has allowed for new and exciting innovation in the field of robotic surgery. The 
technology developed allows surgeons to perform a variety of complex procedures 
with more precision, flexibility and control than seen with conventional techniques. 
The surgeon is able to operate from a computer console next to the patient which 
provides a magnified 3D view of the surgical site and gives the surgeon complete 
control over the mechanical surgical instruments used to operate. The availability 
and potential of this technology poses a serious question: is it safe and effective for 
surgeons to operate on a patient’s heart with a surgical robot? Mitral valve repair is 
the leading field of robotic heart surgery and this is the area of heart surgery that the 
da Vinci® surgical robot has had the biggest impact. This ILA evaluates the safety 
and efficacy of robotically assisted mitral valve repair (MVR), and how the 
development of this technology affects the future of MVR surgery. 

Mitral Valve Disease 
 
There are three types of mitral valve disease: mitral valve prolapse, mitral 
regurgitation (MR) and mitral stenosis, all of which can cause problems with left 
ventricular function. Mitral valve prolapse is when the one or both of the leaflets of 
the mitral valve become weakened, and bulge back into the left atrium. Mild leaflet 
prolapse doesn’t always have a detrimental effect on valve function. Surgery isn’t 
necessarily required in this situation and there might only be few or mild symptoms. 
However, mitral valve disease is most often degenerative and progressive: mild 
leaflet prolapse may be asymptomatic at 
first, but after a sustained period of time, 
the prolapse could become more severe 
and lead to mitral regurgitation (figure 1). 
This is when the mitral valve leaks blood 
back into the left atrium when the left 
ventricle contracts. The most common 
cause of this is when leaflet prolapse 
causes the valve to remain open during 
ventricular contraction. Leakage can 
increase blood volume and pressure in 
the left atrium. Mitral stenosis is when 
the leaflets of the mitral valve become 
stiff or fuse together, leading to a 
narrowed opening (figure 2). This 
reduces blood flow from the left atrium to 
the left ventricle, and also increases 
pressure in the left atrium. Mitral 
regurgitation and mitral stenosis 
increase the workload on the heart. If 
untreated they can lead to pulmonary 
hypertension, which can cause serious 
symptoms, such as cardiac arrhythmias 
and congestive heart failure. Figure 2 – Mitral Valve Stenosis 

 

 
  

Figure 1 – Mitral Valve Regurgitation 
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What are the different surgical approaches? 
 
There are many different types of treatment directed at mitral valve disease, several 
of which are non-surgical. However, there are three main options available in mitral 
valve surgery: median sternotomy, minimally invasive surgery and robotically 
assisted surgery. The traditional approach is a full median sternotomy, which has 
been the standard approach to the heart for more than thirty years1. This involves a 
long incision being made along the sternum, after which the sternum is divided. This 
allows the surgeon to obtain almost unrestricted access to the pericardium, through 
which an incision is made to reach the heart and perform the mitral valve repair. 
Although this is the gold-standard approach for mitral valve surgery, less invasive 
approaches are becoming more popular in an effort to decrease patient morbidity 
and enhance postoperative recovery1. 
 
A more modern approach is minimally invasive mitral valve surgery (MIMVS), which 
involves a right lateral minithoracotomy (this decreases the size of the incision from 
6-8 inches to 3-4 inches2) The surgery is performed using instruments that the 
surgeon controls directly from outside of the patient’s body. A camera is inserted 
through another small incision to give the surgeon visualisation of the surgical site. 
One of the huge benefits of this surgery is that it is minimally invasive; leading to 
faster recovery times, reduced blood loss and reduced risk of infection compared to 
the full sternotomy approach. Furthermore, there is decreased postoperative pain, 
improved postoperative respiratory function, reduced surgical trauma, and greater 
patient satisfaction2. However, this has its limitations: thoracoscopic instruments 
have a limited range of movement, lacking dexterity, which can make operating 
slightly more complex, and there can be poor visualisation during surgery. 
Furthermore, the loss of depth perception from the 2D image further increase 
operative obstacles3. Both these factors can make operation times longer. In an 
article published by the Journal of Cardiothoracic Surgery on the differences 
between MIMVS and full median sternotomy, MIMVS led to slightly longer 
cardiopulmonary bypass (CPB) times compared when compared with full 
sternotomy: 99 ± 25 vs 88 ± 17 min4. Furthermore, aortic cross-clamp times were 
increased from 49 ± 11 to 65 ± 13 min4. Despite these longer times in MIMVS, the 
study concluded that there was no significant difference in survival curves 

(P=0.203)3. MIMVS represents a ‘safe, and effective surgical technique’4. Although 
the success rate is comparable to a full sternotomy surgery, it is still a more 
technically demanding option. The limitations of this technique still remain. 
 
The most innovative, exciting and technologically advanced option is robotically 
assisted mitral valve surgery and is an improvement on the preceding techniques. In 
many ways, robotically assisted surgery allows for the best of both worlds. Much like 
open heart surgery, robotically assisted surgery gives surgeons an incredible 
visualisation of the surgical site because of the high definition camera and operating 
console. The robotic hands have a higher range of motion than the human hand, 
allowing for seamless precision performing complex techniques. Robotically assisted 
surgery retains the benefits of MIMVS, without the unnecessary complexities on 
account of poor visualisation and limited dexterity. Robotically assisted surgery 
involves even smaller incisions (often less than 2 inches2) and in most cases the 
sternum and ribs are left relatively untouched, providing an outstanding cosmetic 
result. 



 

 4 

Robot vs Surgeon: Who Will Operate on The Heart? 

How robotically assisted mitral valve repair is performed 
 
Robotically assisted mitral valve repair is 
performed using the da Vinci® surgical system. 
The first component of the system is a surgeon 
console with hand and foot controls and a 3D HD 
viewer (figure 3). This is where the operating 
surgeon is based during the procedure. Next, is 
the patient cart with the robotic arms that perform 
the surgery (figure 5). Finally, the vision cart that 
displays 3D magnified colour images. The surgeon 
controls all of the movements made by the robotic 
arms: the robot is completely unable to move 
autonomously. Hence, the technique is called 
robotically assisted surgery. A live video feed from 
inside the thoracic cavity provides the surgeon with 
the visualisation required to perform the surgery: 
the high definition 3D view is essential and allows 
for unparalleled precision (figure 6). The surgeon 
then use the controls on the console to control the 
robotic arms. The robot’s ‘wristed’ instruments 
move in tandem with the surgeon’s hands 
providing unparalleled dexterity, precision and 
control5 (figure 4). The key instrument is the 
EndoWrist®, which can bend and rotate with far 
greater dexterity than the human hand, utilizing 7 
degrees of freedom and 90 degrees of 
articulation5.  
 
Essentially, the da Vinci® surgical system is able 
to carry out mitral valve repair with enhanced 
precision, dexterity and visualisation, whilst also 
maintaining an extremely minimally invasive 
approach.  
 

Figure 3 – the surgeon console which is 
used to control the surgical robot 
 

Figure 4 – the specific hand controls used 
by the surgeon which are used to control 
the precise movements of the robotic 
instruments 

Figure 6 – the binocular viewer through 
which the surgeon views a magnified 3D 
video feed during the surgery 
 

Figure 5 – the patient cart with the robotic instruments that 
perform the surgery 
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Surgical Technique 
 
Access ports are placed through the right chest, including a 40mm minithoracotomy 
working port with a soft tissue retractor when a Chitwood clamp is used for aortic 
occlusion, and a 15 to 20mm working port when an intraortic balloon is used6. The 
occlusion of the ascending aorta can be performed by either of these methods. Right 
internal jugular and femoral veins are cannulated for CPB6. The left robotic arm is 
inserted through the third intercostal space in the anterior-axillary line and the right 
arm is inserted through the sixth intercostal space in the mid-axillary line7. The chest 
cavity is flooded with CO2 to mitigate intracavity air7. 
 
Standard mitral valve repair techniques are used in the same way as conventional 
surgery. Posterior leaflet prolapse is treated by triangular or quadrangular leaflet 
resection, sliding repair8, folding valvuloplasty9,10 and insertion of 
polytetrafluoroethylene (PTFE) chords. Anterior leaflet prolapse is mainly treated by 
the insertion of PTFE chords11, with some cases treated by chordal transfer. All 
valve repairs include an insertion of a flexible annuloplasty band with a 2-0 polyester 
suture. A technique developed in 2009 allows for the annuloplasty band to be 
inserted using running annuloplasty sutures that require fewer steps than individual 
mattress sutures. This effective method allows for the annuloplasty band to be 
inserted much more swiftly; reducing aortic cross clamp and CPB times12. 

Is robotically-assisted mitral valve repair a safe and effective 
treatment? 
 
In a study conducted by Gillinov et al at the Cleveland clinic, published in 2017, the 
first 1000 cases of robotically assisted mitral valve repair were analysed. This study 
thus provides an unparalleled insight into the safety and effectiveness of this 
surgery. The mean age of patients was 56 ± 10 years and 96.0% of mitral valve 

disease was degenerative, 
2.6% endocarditis, 1.0% 
rheumatic, 0.3% ischemic 
and 0.1% fibroelastoma6. All 
procedures were performed 
via right chest access with 
femoral perfusion for CPB as 
outlined in the surgical 
technique. CPB time 
decreased slightly after 
approximately 200 cases and 
then remained level at 
approximately 120 mins on 
average (figure 7). 

 
Mitral valve repair was achieved in 989/992 patients (99.5%), with 97.9% of these 
patients having no or mild MR at discharge6. These outstanding results of the 
success rate of robotically assisted MVR are comparable to several other clinical 
trials with the same objective13,14,15,16. The Suri et al comparison of the efficacy of 
valvuloplasty in conventional sternotomy vs robotically assisted surgery concluded 

Figure 7: CPB times across patient sequence number 
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that robotic repair effectively corrects mitral regurgitation, offers excellent freedom 
from adverse events, and facilitates rapid weaning from ventilation, translating into 
earlier hospital dismissal17.  
 
Of the 1000 patients, 20 
were converted to full or 
partial median sternotomy 
and 23 were converted to 
minithoracotomy. 
Indications for conversion 
included bleeding (n = 6), 
inadequate exposure 
(n = 5), patient anatomy 
(n = 9), arrhythmia (n = 1), 
unsatisfactory repair 
(n = 14), ischemia (n = 3), 
inadequate arrest (n = 3), 
aortic dissection (n = 1), 
and aortic regurgitation 
(n = 1)6. The conversions to full 
or partial sternotomy decreased 
over time (figure 8). The Gillinov et al study highlights with specific emphasis that 
there should be a willingness to convert without hesitation from the robotic approach 
to a conventional approach if it appears to compromise surgical outcome. Robotically 
assisted MVR is proven to be safe6,13,14,15,16. 
 
The key to successful robotically assisted MVR is algorithm driven patient selection 
(Figure 9). Table 1 shows the strong and relative contraindications for robotic MVR 
at the Cleveland Clinic. The screening approach outlined by these different factors is 
to be used as a guide in conjunction with the patient’s wishes and the surgeon’s 
judgement. This essentially is used to optimise procedural efficiency and clinical 

outcomes. These 
contraindications are 
particularly relevant 
because they add 
complexity to the 
surgery, which 
increases operating 
time. Robotically 
assisted mitral valve 
repair does naturally 
have longer operating 
times than 
conventional 
techniques18; factors 
which further increase 
operating time are not 
beneficial to clinical 
outcome. 

Figure 8: conversion to full or partial sternotomy across 
patient sequence number  
 

Figure 9: Algorithm to select candidates for robotically assisted 
mitral valve surgery. 
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One of the key moments in the development of robotically assisted MVR was the 
Mihaljevic et al comparison of posterior mitral leaflet prolapse undertaken robotically 
versus conventional techniques18. From January 2006 to January 2009, 759 patients 
with degenerative mitral valve disease and posterior leaflet prolapse underwent 
primary isolated mitral valve surgery by the following techniques: full sternotomy 
(n=114); partial sternotomy (n=270); right minithoracotomy (n=114); or a robotic 
approach (n=261). Mitral valve repair was achieved in all patients except for 1 in the 
full sternotomy group. In matched groups, the difference in CPB times were as 
follows: robotic surgery was 42 minutes longer than full sternotomy; 39 minutes 
longer than partial sternotomy; and 11 minutes longer than right minithoracotomy. 
The quality of MVR was similar among matched groups, with >95% of patients 
having no or mild residual MR on postoperative transthoracic ECG18. The robotic 
group had the lowest occurrences of atrial fibrillation and pleural effusion, and most 
notably, led to the shortest hospital stay (median 4.2 days) which was on average 
1.0 and 1.6 days shorter than for partial and complete sternotomy respectively. It 
appears that the slightly longer CPB times in robotic surgery is compensated for by a 
less invasive procedure and a shorter hospital stay. This study provides significant 
evidence to suggest that the safety and efficacy of robotically assisted MVR is the 
same as with conventional techniques. 

The future of mitral valve repair 
It is very clear that robotic mitral valve repair is a safe and effective alternative to 
conventional repair techniques. There are several key advantages that must be 
considered. Firstly, enhanced surgical dexterity is allowed, which results in increased 
precision in a tight area. A motion filter in the da Vinci® system prevents unintended 
movements caused by human tremor19, which further enhances surgical precision. 
Secondly, high definition, 3D visualisation allows the surgeon to view the inside of 
the left atrium with line of vision parallel to the flow of blood in the valve20. This kind 
of visualisation is unattainable in other techniques and gives the surgeon an 
excellent roadmap to perform the repair. Thirdly, the cosmetic results are 
dramatically superior6 to alternative techniques due to only tiny incisions made: I 
would suggest that this is appreciated by both male and female patients. Fourthly, 
because of the avoidance of median sternotomy and reduced surgical trauma, post-
operative pain is lower and recovery times are much faster21,22. The da Vinci® robot 
rotates around a pivot point near the patient's ribs, minimizing physical pressure on 

Table 1: strong and relative contraindications for robotic MVR at the Cleveland Clinic 
 



 

 8 

Robot vs Surgeon: Who Will Operate on The Heart? 

sensitive nerves and tissues5. Finally, because robotically assisted MVR is the most 
minimally invasive approach possible, it has the lowest risk of surgical site 
infection17. 
 
The key to effective patient treatment is appropriate selection of surgical approach. 
The patient selection algorithm (Figure 9) and the surgical contraindications 
information (table 1) produced by the Cleveland clinic can be used as approximate 
guidelines as to which approach is used. This shows the importance of preoperative 
computed tomographic imaging and ECG to examine aortic and peripheral 
vasculature in addition to degree of aortic regurgitation. However, there are some 
concerns that robotic surgery is not actually required. Whilst the robotic technique 
has its advantages, it does increase surgical complexity and is proven to increase 
CPB and operating times in comparison with both MIMVS and full sternotomy6,18. It 
can be argued that there is little need for robotic surgery as an alternative option 
considering how that conventional mitral repair techniques are so well established. 
The added complexity could be regarded as pointless considering that full 
sternotomy and MIMVS have success rates of >99%4. However, as outlined in the 
Gillinov et al study6, this doesn’t compromise clinical outcomes.  
 
I believe that the robotically assisted technique should be added to an 
armamentarium of different surgical techniques for performing MVR. As outlined in 
the contraindications table (table 1), there are many variables which affect the 
feasibility of the robotic technique. However, for those patients who satisfy the 
criteria for a robotic MVR, the difference between a full sternotomy and a robotic 
approach is monumental. The benefits of faster recovery times, lest postoperative 
pain and a minimally invasive procedure are particularly attractive to younger 
patients with more active lifestyles. The mean age for patients undergoing robotic 
MVR in the first 1000 cases is 56 ± 10 years6, which means many patients who 
undergo this procedure are younger than 60 and would benefit from swifter recovery 
times and superior cosmesis23. From my point of view, robotic MVR doesn’t 
necessarily need to become standard practice for treating mitral valve problems, but 
I believe that if this technology is available and safe, which it is, then it should most 
certainly be an option for patients. 
 
Unfortunately, despite the incredible progress made in this field, the NHS has not yet 
adopted robotically assisted surgery into its treatment of mitral valve disease. I feel 
that this is for two main reasons: necessity and cost. Firstly, there is a ‘gold standard’ 
of mitral valve repair performed through full median sternotomy with success rates of 
>99%18. This outstanding success rate of MVR when performed through 
conventional techniques means that there is no need for the NHS to invest in a 
different procedural technique. The NHS already has stretched and limited 
resources, which means surgical innovation through modern techniques isn’t a 
priority if there is already an adequate success rate. The key attributes which make 
robotically assisted MVR so attractive don’t actually improve survival outcomes, they 
improve patient satisfaction and recovery time18. Secondly, the cost of a da Vinci® 
surgical robot is between $1.5 and $2.5 million23. This is seen as an investment into 
surgical innovation and improved patient care in large, privatised American cardiac 
centres such as The Cleveland Clinic: a luxury which the NHS would struggle to 
afford. Furthermore, due to increased operating time and robot maintenance, robotic 
MVR increases the procedural cost by $2,064 per case23.  
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This would require a huge investment to fund for da Vinci® surgical robots at all 45 
of the major cardiothoracic units across the UK24. Despite the associated benefits 
with robotic MVR, it is unlikely that it will be added to the NHS treatment of mitral 
valve disease in the near future.  
 
However, this doesn’t mean that robotic MVR doesn’t have a future. This new 
technique is still in a fairly developmental phase: the first robotic MVR was attempted 
in 1998 using an early prototype of the da Vinci® surgical system by Carpentier. Two 
subsequent FDA trials25,26 led to approval of the da Vinci® surgical system in 2002 
for mitral valve surgery in the United States23. Since then, there has been a relatively 
slow uptake of this new technique. Only the largest cardiac centres in the US, such 
as The Cleveland Clinic27 and The Mayo Clinic28, have fully embraced the robotic 
technique. Similar to the NHS, I believe that this is because of the ‘gold standard’ of 
conventional mitral valve repair, and the existence of MIMVS which is a successful, 
less invasive alternative to a full sternotomy (despite it being more invasive than 
robotic techniques). I believe that a more positive attitude towards robotic MVR 
should be developed, so that the procedural benefits of this technique can be further 
discovered and to further increase our understanding of the surgery. Robotic MVR 
should continue in its development as a standard approach towards mitral valve 
disease. As the technique becomes more established, with fewer concerns over the 
additional complexity, and the benefits of the minimally invasive aspect of the 
procedure become clearer, there is a possibility of robotic MVR being introduced by 
the NHS. However, for this to happen, robotic MVR must continue to grow and, 
crucially, become a standard approach to treating mitral valve disease surgically in 
the US. 

Conclusion 
 
Throughout this paper, it has become increasingly clear that mitral valve repair 
performed robotically is safe and effective. There are certain advantages to this 
approach towards MVR which make it particularly attractive: superior cosmesis, 
reduced blood loss, reduced risk of infection, decreased postoperative pain and 
faster recovery times23 (quicker return to preoperative level of function). When 
deciding on the role that robotic MVR has to play in future treatment of mitral valve 
disease, these benefits must be balanced with the crucial inhibiting factors of the 
surgery. However, many who delve deep into the specific times and statistics 
provided by the different studies into robotic MVR can become caught up in the 
elevated CPB and aortic crossclamp times. It is important not to lose sight of the 
fundamental conclusion that the success rates and safety of conventional MVR and 
robotic MVR are the same6,13,14,15,16,18, particularly in patients with no relative or 
strong contraindications. Personally, I think it is crucial to view this situation from a 
patient perspective because, ultimately, patient care and satisfaction is of the highest 
priority in the medical profession. If an active patient, aged fifty years with mitral 
regurgitation, required surgery and was a completely suitable candidate for robotic 
MVR (with no relative or strong contraindications as outlined in table 1), then I 
believe it is completely justifiable for this patient to have the option of choosing 
robotic MVR. The key benefits of this technique are particularly attractive to younger, 
more active patients who would prefer not to undergo the heavy burden of open-
heart surgery. It is very likely that robotic MVR will continue to develop and 
eventually become a standard approach to treating mitral valve disease.  
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However, there hasn’t been the most rapid uptake of this technique over the past 18 
years since its conception. This fundamentally comes down to the attitude towards 
surgical innovation: there seems to be a slight reluctancy to adopt robotic MVR 
because it doesn’t actually improve clinical outcomes. However, the importance of 
decreased postoperative pain, faster recovery times and the other benefits of robotic 
MVR should certainly not be underestimated. I think there needs to be a huge shift in 
attitude towards surgical innovation, and towards this technique in particular. At the 
moment, the aortic crossclamp and CPB times are elevated during robotic surgery6 
which leads to a reluctancy to make the technique more standard practice. We are 
still so early along the learning curve of accepting robotic intervention in surgeries. 
As robotic MVR continues in its development, it is likely that the procedure will 
naturally become more efficient and reduce aortic crossclamp and CPB times. 
Surgeons are right to have a cautious attitude towards accepting different 
technologies because they primarily are concerned with patient care and safety. 
Despite this, I feel robotic MVR should be viewed by surgeons as an opportunity to 
contribute to the integration of surgical robotics into cardiac surgery, whilst also 
providing patients with the highest standard of care. If this change does occur, the 
future of mitral valve surgery is very bright: robotic surgical systems will only become 
more and more advanced. There is potential for even smaller incisions, more precise 
robotic equipment and safer patient care. I see a fantastic opportunity for robotic 
mitral valve repair to set the benchmark for robotic cardiac surgery, by striving 
towards innovation with a more optimistic attitude towards accepting surgical 
robotics. 
 
There are obstacles which have prevented robotic MVR from becoming more 
popular than it already is. However, it is unrealistic for us to expect robotic MVR to 
be perfect after only 18 years of development; it is an extremely complex 
developmental progress which not only relies on surgeons, but on the capabilities of 
the da Vinci® surgical system. These obstacles can be overcome as experience of 
robotic MVR increases: there is absolutely a learning curve when it comes to this 
technology and the only way for surgical robotics to improve is by robotic techniques 
being utilised by surgeons. I believe that the introduction of the da Vinci® surgical 
system into mitral valve repair has completely transformed the field. It has led to a 
new standard of patient care amongst cardiothoracic surgeons: the thorough 
examination of the specific positive and negatives of each type of MVR surgery 
allows for surgeons to really evaluate what is best for their patients and discover how 
they can provide the highest standard of care. Furthermore, the confirmation that the 
da Vinci® surgical system is safe and effective bodes extremely well for the future. In 
the future, surgeons will become increasingly comfortable with using surgical 
robotics, which will allow for a seamless introduction of robotic techniques to other 
areas of cardiothoracic surgery. I think that if robotic mitral valve repair continues to 
persevere as an effective treatment, it absolutely sets the standard for the integration 
of surgical robotics into cardiothoracic surgery. Robotic mitral valve repair is so 
transformational to the future of mitral valve treatment: it creates a diverse 
armamentarium of surgical techniques allowing for the treatment of each patient to 
become even more individual to a patient’s needs. Robotic mitral valve repair 
completes an extraordinarily high-quality plethora of surgical options which enhances 
the ‘gold standard’ of mitral valve repair to an even higher level. 
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