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Purpose and Objectives: The purpose of this presentation is to discuss mitral regurgitation 
(MR).  Although the effects of mitral regurgitation follow a single physiologic pathway, the 
mechanism of this lesion can vary and can have implications on the treatment modality and on 
the long term prognosis of the patient.  By the end of this presentation, the listener should 
have a better understanding of (a) the prevalence of this valvular lesion, (b) its 
pathophysiology, (c) its long term prognosis, and (d) current and emerging treatment 
modalities. 

 

Valvular heart disease is one of the major forms of structural heart disease, and among all 
valvular lesions, mitral regurgitation is one of the most prevalent; in fact, it is more common 
than both aortic stenosis and aortic insufficiency1-3.  It is second only to tricuspid regurgitation.  
In a population of patients presenting for heart failure evaluation, approximately 50% were 
found to have a mild or moderate valvular lesion; however, only  approximately 3% of them 
had a severe lesion1.  It is this smaller segment of the population that will have a significant 
clinical impact from their valvular heart disease and will require some form of intervention to 
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circumvent the patient’s demise.  It is clear that age plays an important role on incident valvular 
heart disease with the highest risk existing in patients that are older than 753.  Incident MR also 
increases with age, and with age come other medical co-morbidities that, many times, lead to 
inadequate treatment of this lesion. 

 

Determining the mechanism of mitral regurgitation in every case is critical as this drives the 
management pathway that will be pursued.  Mitral regurgitation is categorized as either 
primary or secondary.  When the primary inciting pathology involves the valve or subvalve 
apparatus itself, mitral regurgitation is considered primary; it is also referred to as organic or 
degenerative4.  Secondary MR, on the other hand, is related primarily to pathology of the left 
ventricular myocardium and is also referred to as functional5.  The etiologies of primary MR 
include valve prolapse/flail (fibroelastic deficiency, Barlow’s disease), rheumatic heart disease, 
endocarditis (infective or non-infective), inflammatory diseases (collagen vascular diseases), 
radiation-induced, and congenital heart disease (cleft mitral valve in atrioventricular septal 
defects).  Many of these degenerative valve processes can lead to valve prolapse/flail, usually 
involving prolapse of an isolated segment but can also involve multiple segments. 

 

Mitral valve prolapse is the most common etiology of primary MR in the developed world.  
Younger patients tend to present with Barlow’s disease and older patients with fibroelastic 
deficiency disease (FED)6 (Figure 1).  Barlow’s disease is marked by severe myxoid degeneration 
that leads to voluminous thickening and gross redundancy of both anterior and posterior 
leaflets of the mitral valve7.  Elongation and thickening or thinning of the chordal apparatus is 
also present; this pathology can lead to sudden chordal rupture and, thus, acute on chronic MR.  

Figure 1.  Spectrum of primary MR pathology that can present as prolapse/flail.  From reference 1. 
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The normal three-layer architecture of the mitral valve is disrupted in Barlow’s disease8, 9.  This 
is in contrast to FED where the normal leaflet architecture is maintained.  In FED, instead of 
there being an excess in connective tissue, there is a deficiency in it; this leads to thinning of 
leaflet and chordal tissue and eventually chordal rupture.  The etiology of deficiency in collagen, 
elastins, and proteoglycans that is seen in these patients is unknown but it is thought age may 
play a role10. 

 

Because secondary MR is a left ventricular myocardial disease process, the mitral valve 
apparatus should be normal.  This type of MR is also further characterized as ischemic versus 
non-ischemic and is commonly present patients with cardiomyopathy11.  Moderate to severe 
MR can be present in up to 50% of patients with left ventricular systolic dysfunction12.  
Secondary MR tends to be very dynamic and the degree of insufficiency can be very dependent 
on left ventricular loading conditions.  Exercise can also significantly change the degree of 
regurgitation, even increasing from mild to severe in certain instances13, 14.  Although ischemic 
and non-ischemic MR are both considered secondary forms of MR their pathologies at the 
myocardial level can be very different15.  Even ischemic MR, caused by coronary artery disease 
with myocardial infarction, can have different mechanisms of MR based on where the 
myocardial scar is located.  What is shared by all forms of secondary MR is the general 
pathophysiology of it:  a disequilibrium between forces on the valve that normally keep it 
closed during contraction of the ventricle.  The mitral valve apparatus is intricate and is 

Figure 2.  Imbalance in opposing forces that act on the mitral valve, leading to MR.  From reference 15. 
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composed of an annulus, a valve (anterior and posterior leaflets), and the subvalve apparatus 
(chordae tendineae and anterolateral/posteromedial papillary muscles); the adjacent left 
ventricular wall can also be considered part of the valve apparatus.  There are normally two 
valve forces that have very close interplay with each other, culminating in adequate closure of 
the mitral valve:  (1) closing forces and (2) tethering forces15.  The major closing force applied 
on the mitral valve comes from the contracting left ventricle but mitral annular contraction and 
left ventricular synchrony also contribute.  Tethering forces counter the effects of these closing 
forces so as to maintain adequate closure of the mitral valve.  Disruption in the balance 
between these two forces leads to inadequate leaflet coaptation and, thus, mitral regurgitation 
(Figure 2).  

 

The acuity and degree of MR dictates how acute and profound the patient’s clinical 
presentation is.  Although this discussion is focusing on chronic MR, it is worth briefly discussing 
acute MR.  Acute MR patients usually have very sudden cardiopulmonary deterioration; the 
three most common causes of acute MR are myocardial infarction, chordal rupture in the 
setting of underlying myxomatous disease, and leaflet perforation from infective endocarditis16.  
These patients will present with hypotension, tachycardia, and pulmonary edema but will be 
found to have normal left heart chamber dimensions (Figure 3).  Left atrial pressures will be 
significantly elevated and V waves, if measured invasively, will be particularly prominent; 

because of this marked elevation in left atrial pressure, the prominent systolic murmur that is 
present in chronic MR is commonly not that impressive in acute MR.  It is important to mention 
that these mechanisms of acute MR may initially cause a degree of MR that is not severe 

Figure 3  Effects of acute versus chronic MR.  From www.brown.edu. 
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enough to manifest itself clinically; the regurgitation in these patients tends to progress over 
time leading to compensatory eccentric hypertrophy of the left ventricle.  Their clinical 
presentation often occurs much later from the time of original injury.  These patients are then 
considered to have chronic MR and will present clinically like most other chronic MR patients 
will:  with congestive heart failure, arrhythmias, or rarely with sudden death; although, limited 
exercise tolerance may be the first sign17. 

 

For chronic primary MR, once the regurgitant lesion begins to pose a volume load on the left 
ventricle and atrium, a cascade of pathologic changes begins that culminates in a variety of 
clinical presentations.  As previously mentioned, mild exercise intolerance is the most common 
presentation; however, the patient may present with congestive heart failure and concomitant 
arrhythmias, especially atrial fibrillation, which can be the source of decompensation.  The 
mainstay of treatment for severe symptomatic MR remains surgery, even in a patient with a left 
ventricular ejection fraction (LVEF) ≤30%.  For the asymptomatic patient, there are two major 
considerations:  (1) if the LVEF is ≤60% and the left ventricular end-systolic dimension (LVESD) is 
≥40 mm then valve surgery, either with repair or replacement, is recommended; (2) and if the 
valve anatomy is felt to be repairable, with 95% certainty and with a predicted <1% surgical 
mortality by a cardiac surgeon, then surgery is recommended if (a) atrial fibrillation or 
pulmonary hypertension with a pulmonary artery systolic pressure of >50 mmHg is present and 
(b) despite an LVEF >60% and LVESD <40 mm18. 

 

The mechanism of mitral regurgitation has implications on overall prognosis.  In primary MR, 
the MR itself is the disease and in secondary MR, the MR is a consequence of the disease.  Thus, 
removal of MR in the primary variety is considered curative, but what effect removal of MR has 
in the secondary form remains a point of debate.  Certainly, it is clear that increased mortality 
tracks with the degree of secondary MR present in patients with cardiomyopathy19.  What 
remains unclear is whether the MR in these patients is a true target for therapy or simply a 
marker of a sicker heart with overall outcomes being driven entirely by the underlying 
cardiomyopathy itself.  What further complicates the field of secondary MR is the lumping 
together of both ischemic and non-ischemic varieties under the same umbrella.  The most 
common surgical strategy is a repair with undersized ring annuloplasty; however, this alone 
may not be adequate, and this intervention could biologically act differently between ischemic 
and non-ischemic MR where the papillary muscle and general ventricular changes can be very 
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different15.  Multiple studies have consistently shown, at midterm follow-up, a recurrence rate 
of MR >2+ following restrictive annuloplasty in the range of 30%; however, one study even 
reported a close to 60% recurrence risk of moderate or severe MR at 2 years20.  Given the 
subvalvular alterations that can occur with secondary MR, some believe that an addition of 
papillary muscle approximation to ring annuloplasty is required to achieve a more durable 
result21.  So, where does the benefit truly lie?  Is it in a durable reduction of MR, or in 
ventricular geometric alteration. . . or both. . . .or neither?  If the answer lied solely in the 
reduction in MR then, theoretically, replacing the mitral valve with a prosthesis leading to 
removal of MR completely would prove to be the best strategy.  However, this has not been the 
case.  In a randomized control trial comparing mitral valve repair to chordal-sparing valve 
replacement in ischemic MR, although valve replacement performed much better in MR 
reduction, it did not correlate with better long term outcomes, including death22.  Given this, as 
of yet, unconvincing data regarding the benefit of surgical treatments of secondary MR, the 
current guidelines give a IIb recommendation for surgical treatment only in patients with severe 
secondary MR with residual New York Heart Association class III-IV symptoms only after 
medical therapy and cardiac resynchronization therapy have been attempted18. 

 

Because of the unclear benefit in surgically addressing secondary MR, many patients, even 
those with refractory heart failure, are still not offered surgical mitral therapies.  Even in 
primary MR, where the benefits of MR reduction are clear, many patients are not offered 
surgery23.  If you look at all-comers with MR, there are many reasons that lead to the decision 
not to offer surgery:  (1) left ventricular systolic dysfunction, (2) non-ischemic etiology, (3) older 
age, (4) comorbidities, and (5) grade 3+ MR versus 4+24.  Frailty and severe pulmonary 
hypertension, especially with associated right heart disease, are also known contributors.  
Pulmonary hypertension can be a complication of long standing severe MR; those with 
reversible pulmonary pressures are thought to do well with surgical treatment of MR but those 
with fixed pulmonary hypertension have very poor outcomes and are usually turned down for 
surgery25. 
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From this, the many real world reasons surgery is not offered to patients with severe MR, the 
field of transcatheter therapies was born.  Although many transcatheter repair therapies have 
been conceived including coronary sinus-based devices, direct suture annuloplasty devices, and 
even left ventricular 
geometric alteration 
devices, the one device 
that has truly come to 
fruition and has made an 
impact in the field is 
MitraClip® (Abbott 
Vascular, Menlo Park, 
CA).  The basic concept of 
this device originated in 
the surgical realm, by Dr. 
Alfieri, a cardiac surgeon 
who described the 
surgical repair of single or bileaflet mitral valve prolapse26.  His technique consisted of the 
application of suture to the free edge of the prolapsed leaflet and to the corresponding edge of 
the opposite leaflet, effectively anchoring the two leaflets together and creating a double 
orifice valve.  While good outcomes were described on his original publication the technique 
was not widely used.  The MitraClip® system is an intricate device consisting of two main 
steering components:  (1) a steerable guide catheter and (2) a clip delivery system (Figure 4).   
The system is introduced via the femoral vein into the left atrium through a transseptal 

puncture; the system allows delivery of a 
cobalt chromium clip that has a polyester 
covering to promote tissue growth.  The 
delivery system allows the clip to be 
delivered in a beating heart using 
transesophageal echocardiographic and 
fluoroscopic guidance and positioned along 
the culprit leaflet segments; when closed 
with leaflet tissue grasped within it, the 
Alfieri edge-to-edge repair is replicated 
(Figure 5). 

 

Figure 5.  (A) MitraClip® in open position with exposed grippers.  (B) 
MitraClip® deployed with resultant double orifice.  From Abbott 
Vascular. 

Figure 4.  MitraClip® System.  From Abbott Vascular. 
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The EVEREST II trial was the pivotal trial that led to approval of the MitraClip® system.  This 
study showed that a surgical approach to MR remained overall better at reducing MR but that 
MitraClip® implantation was a safer procedure compared to surgery.  Five-year follow-up has 
now been reported.  There was clearly a higher early need for mitral valve surgery in the 
MitraClip® group compared to the surgical group; however, when a landmark analysis was 
performed at 6 months, there was no further difference in rates of mitral valve re-operation 
between the two groups.  Most importantly, the MitraClip® group incurred no survival penalty 
despite having higher early rates of a subsequent mitral valve operation.  Furthermore, there 
was no decrement in left ventricular systolic function and the reduction in symptoms and left 
ventricular dimensions persisted out to 5 years27.  These data led to FDA approval for use of 
MitraClip® in patients with primary MR that are considered to carry a prohibitive surgical risk.  
The use of MitraClip® in secondary MR is currently being studied in the COAPT trial. 

 

Although MitraClip® has played and continues to play an important role in filling the large gap 
of patients that are not offered surgical therapies for MR, the therapy has its limitations, 
especially in patients with severe Barlow’s disease, those with large flail gap heights, and those 
with a significant concomitant degree of functional mitral stenosis.  Transcatheter mitral valve 
replacement (TMVR) has now been introduced as a contender in this space.  The experience 
that has accumulated worldwide with transcatheter valve implantations in the aortic and 
pulmonic positions made transition to the mitral position quick; however, the much more 
complex anatomy of the mitral valve has made engineering of TMVR systems a much more 
challenging feat.  The mitral valve annulus is a much more sophisticated structure compared to 
that of the semilunar valves; it has a nonplanar, “D” and saddle-shaped construct with anterior 
and posterior peaks that are ~5 mm taller than the more apically-displaced medial and lateral 
insertions.  The shape of the annulus is also more affected by ventricular systole.  Also, the 
chordae tendineae complicate potential TMVR delivery mechanisms.  There is an added risk of 
compromising surrounding cardiac structures with TMVR:  (1) the left circumflex artery, (2) the 
aortic valve, (3) the conduction system, and (4) the LVOT, from anterior mitral leaflet 
displacement leading to outflow tract obstruction28.  Different from the diastolic pressure that 
is exerted on the closed aortic valve, the force being exerted on the closed mitral valve is the 
left ventricular systolic pressure.  Because of this and the usual lack of calcification in most MR 
pathology, the anchoring mechanism of the TMVR system must not rely solely on radial force.  
There are many valves being tested, none of them currently approved for market use.  
However, early outcomes from one of the TMVR systems was recently reported, the Tendyne 
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Valve (Tendyne Holdings, LLC, a subsidiary of Abbott Vascular, Roseville, Minnesota) (Figure 6).  
Thirty patients with MR (23 with secondary MR) were treated with TMVR using the Tendyne 
Valve; the device was successfully implanted in 28 of the patients (93.3%).  No acute deaths, 
strokes, or myocardial infarctions occurred.  Prosthetic leaflet thrombosis was detected and 
successfully treated with anticoagulation in one patient.  One patient died from hospital-
acquired pneumonia 13 days following successful TMVR.  At 30 days, mild central MR was 
present in one patient with the remaining 26 patients having no MR, and 75% of the patients 
reported no or mild residual symptoms at that follow-up.  Long term follow-up has yet to be 
reported on these devices. 

 

Figure 6.  Tendyne Valve.  From Tendyne Holdings, LLC, a subsidiary of Abbott Vascular. 
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Take Home Messages 

1. Mitral regurgitation is a very common disease. 
2. The etiology of MR is critical as it dictates the management 

strategy. 
3. In primary MR, the MR itself is the disease and in 

secondary MR, the MR is a consequence of the disease. 
4. Surgical therapies remain the gold standard for severe 

primary MR, and this can be a curative therapy. 
5. Surgical therapies for secondary MR are reserved for 

residual symptoms after medical therapy has been 
optimized. 

6. A large segment of the population with severe MR is not 
offered surgery for a variety of reasons. 

7. Emerging transcatheter therapies may be the answer to 
patients who are deemed not good surgical candidates. 

8. Once TMVR technology has been refined, it may provide an 
opportunity to adequately study, in a randomized fashion, 
the benefit of secondary MR compared to medical therapy. 
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