
115© Springer International Publishing Switzerland 2017 
K.M.J. Chan (ed.), Functional Mitral and Tricuspid Regurgitation, 
DOI 10.1007/978-3-319-43510-7_13

      Addressing the Left Ventricle 
in Functional Mitral Regurgitation                     

     Serenella     Castelvecchio      ,     Andrea     Garatti     , 
and     Lorenzo     Menicanti    

    Abstract  

  Functional ischemic mitral regurgitation may occur as part of the complex 
process of left ventricular remodeling and affects the prognosis unfavour-
ably. Chronic ischemic MR occurs in approximately 30 % of patients fol-
lowed up after a myocardial infarction and in 50 % of those with post-infarct 
congestive heart failure. The treatment of ischemic mitral regurgitation is 
still debated. Medical management alleviates symptoms but does not alter 
the progression of the disease. The matter of surgery for ischemic mitral 
regurgitation, in terms of whether, when and how it should be corrected is 
still considerably controversial. Surgery is recommended for moderate-to- 
severe or severe mitral regurgitation in patients with symptoms or evi-
dence of left ventricular dysfunction. Myocardial revascularization paired 
to valve surgery can be performed to treat the underlying coronary artery 
disease. Surgical Ventricular Reconstruction offers either the possibility to 
repair the mitral valve through the left ventricular opening or the potential 
of improving mitral functioning by reducing left ventricular volumes and 
rebuilding a more normal geometry. 

 This chapter will discuss the principles of treatment for ischemic mitral 
regurgitation according to the different phenotypes of left ventricular 
remodelling, the surgical techniques and the results, focusing on which 
patients may have greater benefi t to the best of our knowledge.  
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      Introduction 

 Functional mitral regurgitation (MR) broadly 
indicates abnormal function of normal mitral 
leafl ets in the context of impaired left ventricular 
function; it typically occurs in globally dilated 
and hypokinetic ventricles or with segmental 
damage that affects valve closure. Functional 
ischemic MR is caused by changes in ventricular 
structure and function related ultimately to isch-
emia [ 1 ]; it is predominantly postinfarction MR 
and occurs as part of the complex process of left 
ventricular (LV) remodeling (Fig.  13.1 ). Despite 
advances in coronary reperfusion, MR remains 
common following an acute MI, occurring in up 
to 30 % of patients [ 2 ,  3 ] and in 50 % of those 
with congestive heart failure [ 4 ], adversely affect-
ing the prognosis, even when mild [ 5 ].

   Although the knowledge of the mechanisms 
underlying ischemic mitral regurgitation has 
improved over half a century, many aspects 
remain controversial, leaving the therapeutic 
strategies perplexing in their diversity and not 
fully effective. Indeed, chronic ischemic MR is a 
“complex and dynamic disease”, involving 

 coronary arteries, mitral annulus, subvalvular 
apparatus and ventricle, in which the large num-
ber of geometric and hemodynamic variables and 
the complex interaction between each other car-
ries the risk of a suboptimal result when treated. 

    From Ischemic LV Remodeling 
to Mitral Regurgitation: In Search 
of the Target Lesion 

 LV remodeling is a complex, dynamic and time- 
dependent process, which may occur in different 
clinical conditions, including MI, leading to 
chamber dilatation, altered confi guration and 
increased wall stress [ 6 ]. It begins within the fi rst 
few hours after an MI and results from fi brotic 
repair of the necrotic area with scar formation, 
elongation, and thinning of the infarcted zone. 
LV volumes increase, a response that is some-
times considered adaptive, associated with stroke 
volume augmentation in an effort to maintain a 
normal cardiac output as the ejection fraction 
declines. However, beyond this early stage, the 
remodeling process is driven predominantly by 

a b

  Fig. 13.1    Left ventricular remodeling. Contrast- 
enhanced cardiac Magnetic Resonance. ( a )  Left panel : LV 
chamber appears dilated and distorted. ( b )  Right panel : 

late gadolinium enhancement images showing extensive 
antero-apical ventricular remodeling in 2-chamber view 
surrounded by transmural fi brosis       
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eccentric hypertrophy of the non-infarcted 
remote regions, resulting in increased wall stress, 
chamber enlargement and geometric distortion 
[ 7 ]. These changes, along with a decline in per-
formance of hypertrophied myocyte, increased 
neurohormonal activation, collagen synthesis, 
fi brosis and remodeling of the extracellular 
matrix within the non-infarcted zone, result in a 
progressive decline in ventricular performance 
[ 8 ]. At the same time, the papillary muscle (PM) 
displacement, which may occur as a consequence 
of the LV dilatation, results in leafl et tethering of 
the mitral valve at closure with lack of a proper 
coaptation, in turn leading to secondary MR 
(Fig.  13.2 ). In addition, ventricular dilatation 
results in annular enlargement, which further 
increases valve incompetence. Indeed, after the 
fi rst description by Burch et al. [ 9 ] in 1963 sup-
porting the central role of PM dysfunction as the 
basic mechanism of ischemic MR, a large num-
ber of experimental and clinical studies have 
reported contrary results. Large-animal models 
have shown that both left ventricular dilation and 
posterior PM infarction were necessary for the 
development of MR [ 10 ]. A retrospective study 
by Okayama et al. [ 11 ] in patients with single- 
vessel coronary disease using cardiac magnetic 
resonance (CMR) to quantify PM infarction and 
MR found an association between the presence 
of delayed enhancement (DE) in PM and MR, 
specifi cally in patients with large infarctions and 

bilateral PM enhancement. Other studies, how-
ever, have underlined a weaker role for PMs in 
ischemic MR. Dog models of ischemic MR 
showed that when PM was selectively infarcted, 
it did not produce MR, whereas larger infarctions 
encompassing the PM and adjacent myocardium 
did produce MR [ 12 ]. In the same study by 
Okayama et al. [ 11 ], patients with single vessel 
right coronary artery disease as well as PM 
infarction had less MR than patients who had no 
PM infarction.

   One of the latest studies seems to have 
elegantly reconciled this old debate to better 
clarify the role of papillary muscles compared 
to that of the adjacent remodeled LV wall. In 
a large prospective cohort of 153 patients with 
fi rst ST-segment elevation MI without intrinsic 
mitral valve disease, Chinitz et al. [ 13 ] evalu-
ated the incidence and severity of ischemic MR 
as well as coronary and ventricular anatomy 
using a multimodality imaging (echocardiogra-
phy to quantify MR, angiography to identify the 
culprit coronary lesions, and a high resolution 
DE-CMR sequence to defi ne the extent of PM 
infarction – partial vs. complete – and ventricu-
lar infarction). The results showed that neither 
complete nor partial PM infarction necessarily 
led to the development of MR. However, the 
amount of infarcted myocardium was signifi -
cantly associated with the development of isch-
emic MR, even after a multivariate analysis, 

a b

  Fig. 13.2    Ischemic mitral regurgitation. Apical 4- ( a ) and 2-chamber ( b ) view showing ischemic MR       
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confi rming the role of the underlying ventric-
ular infarction and adverse remodeling as the 
primary culprit for the development and pro-
gression of chronic ischemic MR. Furthermore, 
once established, ischemic MR, can itself 
worsen the remodeling process, altering LV 
loading conditions, increasing diastolic wall 
stress (which can worsen eccentric hypertrophy 
with further LV dilatation and dysfunction) and 
end-systolic wall stress in patients with chronic 
MR because of induced LV remodeling, with 
decreased contractility and increased end-sys-
tolic volume, driving a vicious circle in which 
MR begets more MR [ 14 ]. Having said that, it 
is still unclear if the volume overload created 
by MR adds a greater pathologic burden to an 
already adverse condition or, simply, the worse 
prognosis is related to a poorer LV function and 
functional MR is merely an indicator of this bad 
condition.  

    Ischemic Mitral Regurgitation 
According Different Phenotypes 
of LV Remodeling 

 Usually, ischemic MR occurs in nearly 50–60 % 
of patients with previous inferior MI due to a 
bulging of the inferior and posterior LV basal and 
midventricular segments underlying the PMs [ 3 , 
 15 ,  16 ]. However, clinical studies, including one 

of the most recent from Levine and co-workers, 
outlined the importance of anteroapical MI caus-
ing MR despite the absence of inferobasal wall 
motion abnormalities [ 17 ]. In this case, mitral 
regurgitation grade correlated most strongly with 
tethering length due to the displacement of the 
papillary muscles. 

 Recently, our group addressed the differences 
between anterior and posterior remodeling in 
patients with previous MI undergoing surgical ven-
tricular reconstruction (SVR) [ 18 ]. From a mor-
phological point of view, post-infarction 
remodeling occurred at different LV levels in the 
two study groups (A, anterior versus P, posterior). 
The LV apex is primarily involved after an anterior 
MI (Fig.  13.3 , left panel), as we previously reported 
[ 19 ]. As a consequence, the conicity index 
(obtained from the apical to short axis ratio) was 
signifi cantly greater in the anterior remodeling 
group (A) compared to posterior (P). Conversely, a 
previous inferior MI determined a regional remod-
eling of the basal and mid segments of the infero-
postero-lateral wall (Fig.  13.3 , right panel), with a 
signifi cant increase in LV transverse diameters and 
consequently in the sphericity index (obtained 
from the short to long axis ratio). LV basal involve-
ment in posterior dilatation causes lateral displace-
ment of the posteromedial PM leading to a 
signifi cant increase in the interpapillary distance in 
Group P compared to Group A. As a consequence, 
patients in group P presented with a higher inci-

a b

  Fig. 13.3    ( a )  Left panel : the LV apex is primarily involved 
after an anterior MI. As a consequence, the conicity index 
(CI, obtained from the apical –  c  – to short axis ratio –  b ) is 
signifi cantly greater in the anterior remodeling compared 
to posterior remodeling group. ( b )  Right panel : a previous 

inferior MI induces a regional remodeling of the basal and 
mid segments of the inferopostero- lateral wall, with a sig-
nifi cant increase in LV transverse diameters and conse-
quently in the sphericity index (SI, obtained from the 
short –  b  -to long axis ratio –  a )       
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dence of severe MR (55 % vs 25 %, respectively, 
p = 0.01), which determined higher LV mass, larger 
left atrium dimensions, higher pulmonary artery 
pressure and higher rate of right ventricular dys-
function. After analyzing the data according to the 
presence or not of moderate to severe MR in the 
two different patterns of LV remodeling, we 
observed that in posterior remodeling the main 
geometrical change associated with severe MR was 
 an increase in the interpapillary distance , without 
signifi cant difference in the tenting area. On the 
contrary in anterior remodeling, MR occurs mainly 
in the setting of global LV dilatation, with tethering 
of both mitral valve leafl ets due to apical displace-
ment of PMs; hence,  increased mitral tenting area  
was the major determinant of severe MR, without a 
concomitant signifi cant increase in interpapillary 
distance. Furthermore, when Cox Regression anal-
ysis was applied separately to the two study groups, 
severe preoperative MR remained a signifi cant 
independent predictor of long-term mortality in 
Group A but not in Group P. We speculated that, 
behind the above mentioned geometrical assump-
tions, in patients with previous anterior MI, MR 
occurs mainly in the setting of global LV dilatation 
and severe dysfunction, refl ecting a more advanced 
stage of disease.

   This is also consistent with the fact that, in the 
group A, patients with severe MR showed 
 worsened right ventricular function compared to 
patients with mild MR. This phenomenon was not 
observed in the group P even though in both 
groups, patients with severe MR showed a similar 
increase in systolic pulmonary artery pressure.   

    Surgical Operative techniques 

    The Rationale to Perform Surgical 
Ventricular Reconstruction to Reverse 
LV Remodeling 

 Surgical Ventricular Reconstruction (SVR) of the 
LV chamber has been introduced as an optional 
therapeutic strategy aiming to reduce LV vol-
umes through the exclusion of the scar tissue 
from the LV cavity, thereby reducing the ventri-
cle size to a more physiological volume, 

 reshaping the distorted chamber and improving 
cardiac function through a reduction of LV wall 
stress in accordance with the principle of 
Laplace’s law. Since LV wall stress is directly 
proportional to LV internal radius and pressure, 
and inversely proportional to wall thickness, any 
intervention to optimize this relationship would 
be benefi cial either in terms of improving wall 
compliance and reducing fi lling pressure, or as 
wall stress is a crucial determinant of afterload, in 
terms of enhancing contractile performance of 
the LV by increasing the extent and velocity of 
systolic fi ber shortening [ 20 ]. Furthermore, SVR 
of failing ventricles is usually combined with 
myocardial revascularization with the aim of 
treating the underlying coronary artery disease, 
although in recent years the percentage of patients 
with ischemic LV dysfunction without signifi cant 
coronary disease has increased due previous per-
cutaneous coronary interventions (PCI). Lastly, 
SVR offers either the possibility to repair the 
mitral valve through the LV opening or the poten-
tial of improving mitral functioning by improv-
ing the LV [ 21 ,  22 ].  

    SVR Technique 

 The operation is performed under cardiac arrest, 
with antegrade cold crystalloid cardioplegia. A 
complete myocardial revascularization is per-
formed fi rst, when indicated, with particular 
attention to revascularize the proximal left ante-
rior descending segment, to preserve the upper 
part of the septum. For this purpose, a left internal 
mammary artery is almost always placed on the 
left anterior descending artery. Revascularization 
is completed, when indicated, through sequential 
saphenous vein coronary bypass grafting on other 
diseased coronary arteries. 

 After completion of coronary grafting, the 
ventricle is opened with an incision parallel to the 
left anterior descending artery, starting at the 
middle scarred region and ending at the apex. 
The cavity is carefully inspected and any throm-
bus is removed if present. The surgeon identifi es 
the transitional zone between scarred and non- 
scarred tissue, driven by cardiac magnetic 
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 resonance with late gadolinium enhancement 
(LGE), when previously performed, or alterna-
tively by echocardiographic analysis. After that, a 
pre- shaped mannequin is inserted into the LV 
chamber and infl ated with saline (Fig.  13.4 , 
 upper panel on the left ). The mannequin is useful 
to optimize the size and shape of the new LV, par-
ticularly when the ventricle is not very enlarged 
(to reduce the risk of a too small residual cavity), 
or when the transitional zone between scarred 
and non-scarred tissue is not clearly demarcated, 
as occurs in akinetic remodeling. Furthermore, 
the mannequin is useful in giving the surgeon the 
correct position of the apex and in maintaining 

the long axis of the ventricle in a physiologic 
range (7.5/8.5), reducing thereby the risk of 
sphericalization of the new ventricle. The size of 
the device is defi ned by multiplying the body sur-
face area of the patient by 50 ml. The exclusion 
of dyskinetic or akinetic LV free wall is per-
formed through an endoventricular circular 
suture passed in the tissue of the transitional zone 
(Fig.  13.4 ,  upper panel on the right ). The conical 
shape of the mannequin guides the orientation of 
the plane of the endoventricular circular suture at 
the transitional zone, obliquely towards the aortic 
fl ow tract, mainly in rebuilding the new apex. The 
reconstruction of the apex may be diffi cult when 

  Fig. 13.4    SVR procedure for anterior remodeling (sche-
matic).  Upper panel : The mannequin is inside the ventri-
cle ( on the left ); the circular suture follows the curvature 

of the mannequin to re-shape the ventricle in an elliptical 
way ( on the right ).  Lower panel : The patch is used to 
close the ventricular opening       
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the apical and inferior regions are severely dilated 
and scarred; in this case, a plication of the distal 
inferior wall is performed before patch suturing, 
thus placing the apex in a more superior position 
leaving a small portion of scar. The mannequin is 
removed before the closure of the ventricle and 
the opening is closed with a direct suture (simple 
stiches) if it is less than 3 cm large or with an 
elliptical, synthetic patch if greater than 3 cm to 
avoid distortion of the cavity (Fig.  13.4 ,  lower 
panel on the left ). In the fi rst case, a second stra-
tum with the excluded tissue is sutured on the 
fi rst suture to avoid bleeding. If the closure is per-
formed by using a patch (usually a Dacron patch), 
a few millimeters of border is left when sewing 
the patch in an everting way (Fig.  13.4 ,  lower 
panel on the right ). This technique assures a good 
hemostasis and makes it easier to put some 
 additional stiches, if needed. The position of the 
patch is crucial in determining the residual shape 
of the new ventricle. To this aim, the surgeon 
pays attention to positioning the patch with an 
oblique orientation, toward the aortic outfl ow 
tract. In this way we avoid obtaining a box-like 

shape of the ventricle that may occur when the 
orientation of the patch is almost parallel to the 
mitral valve. More recently, the growing number 
of PCI has changed the pattern of LV remodeling 
in that the classical, dyskinetic aneurysm has 
almost disappeared and there is an increased inci-
dence of a more diffuse akinetic remodeling. In 
the latter case, the use of the mannequin is crucial 
in determining the fi nal result. The LV cavity is 
restored using the mannequin as a cast and the 
wall is closed with a running suture over the man-
nequin without a suture on the transitional zone. 
The fi nal shape is more elliptical because the sur-
geon starts the suture in a higher position close to 
the aortic valve.

    Mitral Valve Repair     When indicated, the mitral 
valve is repaired through the ventricular opening 
with a double arm stitch running from one tri-
gone to the other one, embedding the two arms in 
the posterior anulus of the mitral valve (Fig.  13.5 ). 
To avoid tears of the posterior left of the mitral 
valve (as has previously occurred), the suture is 
reinforced with a Tefl on strip. After that, the 

  Fig. 13.5    Mitral valve repair. Mitral valve is repaired through the ventricular opening with a double arm stitch running 
from one trigone to the other one       
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suture is tied to undersize the mitral orifi ce. A 
Hegar sizer no. 26 is used to size the mitral annu-
lus. Alternatively, a restrictive mitral annulo-
plasty with a ring implantation may be performed 
in selected patients, when the LV opening is not 
big enough to have a good exposition of the 
mitral valve.

     Tailored Approaches     The surgical procedure as 
described above is usually performed to reverse 
LV remodeling after an anterior MI. However, the 
procedure may be tailored to approach different 
patterns of post-infarction LV remodeling, vary-
ing from the classic posterior aneurysm with a 
bulging of the inferior wall and a well-defi ned 
neck (Fig.  13.6 ), to a global LV dilatation with 
regional wall dysfunction at the inferior and 

 posterior region, according to the site of coronary 
occlusion (Fig.  13.7 ). Surgery for the posterior 
aneurysm generally involves a patch to close the 
neck of the aneurysm. Otherwise, the treatment of 
global dilatation of the infero-posterior wall is 
more complex and varies according to the rela-
tionship between the site of the scar and the 
 dilatation (with or without involvement of the 
posterior septum) with respect to the papillary 
muscles. After an inferior MI, there are two pos-
sibilities: a – the dilatation is mainly between the 
two papillary muscles (Fig.  13.8 ) or b – the dilata-
tion is between the posteromedial papillary mus-
cle and the septum, which is deeply involved 
(Fig.  13.9 ). We use two techniques for LV dilata-
tion after an inferior MI. The fi rst involves open-
ing the scarred wall at the level of the scar or at the 

  Fig. 13.6    Posterior remodeling. The classic posterior aneurysm with a bulging of the inferior wall and a well-
defined neck       

a b

  Fig. 13.7    Posterior remodeling. Global LV dilatation ( a ) with scar tissue at the inferior and posterior region ( b )       
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a

Posterior 
opening

b

  Fig. 13.8    The dilatation is mainly between the two papillary muscles: ( a ) schematic; ( b ) as observed after contrast-
enhanced cardiac magnetic resonance       

level of the collapsed area, parallel to the poste-
rior descending artery (Fig.  13.10 ,  on the left 
panel ). A continuous 2/0 Prolene suture is per-
formed to obtain the re-approximation of the two 
papillary muscles and the exclusion of the entire 
dilated zone. The suture is started at the beginning 
of the dilatation (sometimes just at the level of the 
mitral annulus) and continues toward the apex. 
According to the second technique, the wall is 
opened and the continuous suture is brought 
behind the posteromedial papillary muscle, bring-
ing the posterior wall against the septum.

             Results 

 The matter of functional chronic ischemic MR in 
terms of whether, when and how it should be cor-
rected is one of the most common and controver-
sial dilemmas faced by cardiac surgeons in the 
daily practice [ 23 ]. Certainly, the existing body of 
mostly retrospective and scarce literature has not 
contributed to general agreement. Authors advo-
cating MV repair refer to the well- established 
negative impact that ischemic MR has on survival 
in patients undergoing CABG alone [ 24 ,  25 ], for 
whom the presence of even mild degrees of isch-
emic MR is thought to increase long-term mortal-
ity. Clinicians supporting the role of the LV 
ventricle in causing ischemic MR argue in favour 
of CABG alone which should theoretically 
improve regional wall motion abnormalities, pap-
illary muscle function, and stimulate reverse LV 
remodeling avoiding the incremental periopera-
tive morbidity and mortality with which adjunc-
tive MV repair has been historically associated 
[ 26 ]. Not surprisingly, some retrospective studies 
show that CABG alone improves both ischemic 
MR and functional status in the short term [ 27 , 
 28 ], whereas others show that MR is not reversed 
[ 29 ] and may progress further [ 30 ] with negative 
impact on survival [ 29 ]. Recently, Gelsomino and 
co-workers [ 31 ] showed that anterior mitral leaf-
let tethering is a powerful predictor of MR recur-
rence after undersized mitral ring annuloplasty, 

  Fig. 13.9    The dilatation is between the posteromedial 
papillary muscle and the septum, which appears involved       
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suggesting the need for concomitant or alternative 
surgery addressing the leafl et tethering (i.e., papil-
lary muscle repositioning). In this regard, LV 
reconstruction has the advantage of addressing 
both the ventricle and mitral apparatus. 

 In 2002 we reported our initial experience on a 
small group of patients undergoing complete coro-
nary revascularization, SVR and mitral valve repair 
for  moderate or severe MR  [ 32 ]. The mitral valve 
was repaired through the LV cavity without a pros-
thetic ring. Postoperative MR was absent or 

 minimal in 84 % of patients; only one patient expe-
rienced severe MR a few days after surgery, requir-
ing MV replacement. The follow-up analysis 
showed a cumulative survival of 63 % at 30-months. 

 Later, we addressed the effectiveness of SVR 
on unrepaired mild ischemic mitral regurgitation, 
showing that SVR improves mitral functioning 
by improving geometrical abnormalities [ 22 ]. 
Overall mid-term survival, including early mor-
tality, was 93 % at 1 year and 88 % at 3 years, 
higher than it would be expected in patients with 
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post-infarction remodelled ventricles and 
depressed LV function, suggesting that mitral 
repair in conjunction with SVR would be unnec-
essary in such patients. 

 Most recently, we re-analysed the data from 
our database, which comes from a prospective 
registry in which follow-up is carried out every 6 
months. From January 2001 to October 2014, 
175 patients out of 626 (28 %) heart failure 
patients undergoing SVR had associated MV 
repair. CABG was performed in 86 % of patients. 
The mean follow-up for death from any cause 
was 42 ± 37 months and was 100 % complete. In 
this latter population, the actuarial survival rate 
of the whole population, including operative 
mortality (25/175, 14,3 %), was 72 % ± 4 %, 
65 % ± 4 %, and 45 % ± 6 % at 3, 5 and 8 years, 
respectively [ 33 ]. 

 Although the comparison between populations 
of different studies is always diffi cult because of 
differences in baseline characteristics, our fi ndings 
deserve some considerations. The operative mor-
tality is relatively high but not disproportionally 
when compared to mortality associated with 
 CABG plus MV surgery  in previous reports (10,8 % 
by Schurr et al. [ 34 ]; 12 % by Kang et al. [ 35 ]). 
Surprisingly, possibly due to the large number of 
participating centers with different experience, 
Deja and colleagues, addressing the matter of MV 
surgery in the STICH hypothesis 1 population 
(among 104 patients assigned to CABG with mod-
erate to severe MR, 91 underwent CABG and  49 
received an adjunctive concomitant mitral valve 
procedure ), showed a signifi cantly higher opera-
tive mortality in patients treated with CABG only 
compared to patients treated with CABG plus an 
added MV repair (14,3 % vs 2 %, p = 0.046) [ 36 ]. 
Overall, it seems that it is not MV surgery  per se  
which increase the operative risk rather the 
 ischemic MV regurgitation in patients with LV 
dysfunction carries a higher risk regardless of 
treatment. In this regard, our results are not a cause 
of concern, especially if the relative “higher price 
to pay” early is compensated by a late benefi t. 
Indeed, the observational data from the STICH 
trial indicate that adding MV repair to CABG in 
patients with LV dysfunction and moderate to 
severe MR may improve survival compared with 

CABG alone or MED alone (50 % of mortality 
risk at 5 years in the latter). Compared with these 
data, our results, coming from a larger population 
with a longer follow-up, show that combining MV 
repair with SVR added to CABG in the majority 
may further improve survival at 5 year (59 % in the 
STICH population vs 65 % in our series). 

    The Black Hole Beyond Repair: 
The Issue of Durability 

 LV  adverse  remodeling is a dynamic process as 
well as LV  reverse  remodeling, both evolving 
over time, the latter depending on the complete-
ness of revascularization, the residual shape of 
the LV (in case of performing SVR), the decision 
to repair or not the mitral valve (left to the sur-
geon at the time of surgery), the technique to 
repair (with or without a prosthetic ring and type 
of ring) and the complex interaction between 
each other. 

 Accordingly, the rate of recurrence of MR after 
MV repair surgery is signifi cantly high, extremely 
variable among different series, and poorly pre-
dictable. Recently, Kron and coworkers reported 
a particularly high rate of recurrence (ranging 
from 25.5 % at 6 months up to 39 % at 24 months) 
coming from the Cardiothoracic Surgical Trials 
Network [ 37 ]. The authors identifi ed basal aneu-
rysm/dyskinesis as one of the mechanisms of 
mitral valve annuloplasty failure, at least in this 
population, calling the need for different repair 
techniques. In 2002, the same Author described 
the direct relocation of the posterior papillary 
muscle tip in a small group of patients with previ-
ous inferior MI, not severely dilated ventricles 
(<6 cm in end-systolic diameter) and regional left 
ventricular (LV) geometric changes causing 
MR. In patients with dilated left ventricles (> 6 cm 
end-systolic diameter), the Dor procedure, relo-
cating the papillary muscle base, was advocated 
[ 38 ]. In this regard, our surgical approach of the 
left ventricle, as described above, and tailored 
according to different phenotypes of LV remod-
eling, has the advantage to act on different mech-
anisms, although with different results. 
Preliminary data from the echocardiographic 
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follow-up of 114 patients who underwent MV 
repair combined with SVR at our Institution 
(overall actuarial survival free from recurrence of 
84 % ± 4 % and 63 % ± 7 % at 1 and 5 years, 
respectively) show that, both anterior remodeling 
(OR = 3.7, p = 0.05) and end-diastolic diameter 
(OR 1.08 per mm, p = 0.009) are independent 
predictors of recurrence, but not posterior remod-
eling (including basal aneurysm/dyskinesis) 
(unpublished data). The reason can probably be 
ascribed to the fact that the surgical technique 
reduces the short axis in the posterior remodel-
ing, while acting mostly on the longitudinal axis 
in the anterior remodeling leading to an increase 
of the sphericity (Fig.  13.11 ) and a higher rate of 
recurrence. Recently, Oh and colleagues claimed 
that the signifi cant increase in sphericity index 
observed after SVR in the STICH hypothesis 2 
population was accompanied by a worsening of 
diastolic function and less improvement in mitral 
regurgitation [ 39 ]. The increase in sphericity 
index was ascribed to the amputation of the apex 
as result of SVR, which is not exactly the aim of 

this procedure. Rather, the apex should be 
reshaped (if distorted) while the surgeon must be 
aware to preserve the length of the ventricle 
(Fig.  13.12 ).

         Which Patient Should Have This 
Procedure: A Complex Surgery 
for Complex Patients 

 Ischemic MR is a complex disease which 
adversely affect the prognosis of patients with 
post-infarction LV remodeling. While the 
 therapeutic strategy remains controversial, a 
greater focus must be placed on understanding 
the complex interaction between the ventricle, in 
terms of geometry and function, and valve 
 functioning. According to our knowledge, the 
reconstruction of the left ventricle should be con-
sidered in selected HF patients with a baseline 
LVESVI ≥ 60 ml/m 2  and a scar either in the 
antero-septal wall or in the infero-lateral wall. 

  Fig. 13.11    Changes in LV geometry  Upper panel : LV 
anterior remodeling before SVR. The LV geometry is 
altered and the apex is widely dilated, without signifi cant 
MR; SI is within the normal range, conversely the CI is 
increased SId = 0.53 CId = 1.10 SIs = 0.49 CIs = 1.22 
 Lower panel : After SVR, the apex has been rebuilt exclud-

ing the scar tissue and shortening inevitably the longitudi-
nal diameter; SI increased although not disproportionally, 
while CI decreased, as expected after reshaping of the apex. 
The  red arrow  indicates the Dacron patch used to close the 
LV cavity SId = 0.67 CId = 0.87 SIs = 0.63 CIs = 0.86       
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Mitral valve repair is indicated in presence of 
moderate to severe MR or even mild if the mitral 
annulus is greater than 40 mm. When the internal 
diameter is greater than 65 mm, it is probably 
reasonable to consider to replace the valve in 
patients with anterior remodeling. In the pres-
ence of posterior remodeling, MV replacement is 
not advised because the LV reconstruction, 
addressing mainly the internal diameter, pro-
duces a greater shortening of the short axis com-
pared to the long one, fi xing the mitral valve in a 
stable way.     
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