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Ischemic cardiomyopathy is the most common type of dilated 
cardiomyopathy. Its surgical treatment is one of the most challenging 
topic in cardiac surgery, with a history starting about 50 years ago. 
Several types of correction have been devised with varying outcome. 
The problem of mitral regurgitation is still an open issue. Hundreds 
of studies tried to resolve the dilemma of the best surgical treatment, 
but they depicted a very spread outcome with several relapses and 
suboptimal functional improvement, sometimes with unexpected, 
controversial or unmeaning results.

This variability could be due to the complex anatomo-functional 
structure of the left ventricle and to the lack of a multifactorial, 
integrated approach that takes it into account. 

The shape of a volume

The two left ventricles in Figure 1 have the same end-systolic 
volume (105 ml). But a different shape.

The left one is a spherical ventricle while the right one is an elliptical 
ventricle. Probably, the first one will not recover a normal function also 
after the correction of underlying disease, while the second one will 
probably regain a better function.

This difference in potential for recovery is basically due to the 
unfavourable geometry of the spherical ventricular chamber that 
conditions the disarrangement of fibers’ disposition and a wasteful 
mechanics. Fibers’ disposition and its direct consequence, left 
ventricular torsion, is crucial to the normal function of the left ventricle, 
both in systole and in diastole. Torsion is the functional expression 
of the normal 3D architecture of the left ventricular wall: it is due to 
the shortening of obliquely-oriented fibers’ bundles that obtains the 
opposite twisting of the apex and the base of the ventricle, squeezing 
the ventricular chamber in a high-efficiency, energy-sparing mechanics 
[1]. This movement is lost when 3D structure is altered and it is a 
very sensitive parameter in any pathologic state of the myocardium. 
Just recently, thanks to the echocardiographic technique of 2D 

speckle tracking imaging, the visualization and therefore the study of 
fibers’ disposition was available with a simple, bedside, reproducible 
technique. This tool rapidly spread the consideration of this peculiar 
feature in everyday clinical practice. The true grade of ventricular 
dysfunction is therefore hidden from naked eye: it is linked to the 3D 
anatomical structure of the myocardium, a feature that, until now, 
was difficult to study and consider but represents the essential base of 
normalcy.

The paradigm of normalcy

The definition of the left ventricle has always been difficult, due 
to its complex, irregular and three-dimensional geometry. If we try 
to equate the left ventricle to a geometrical figure, the most suitable 
definition is that of a prolate ellipsoid (three-dimensional analogue 
of an ellipse). The similarity with an ellipsoid is useful to understand 
the importance of the two diameters (long and short axis) in the final 
geometrical (and functional) shape. However, the presence of papillary 
muscles, the myocardial trabeculation, the presence of the mitral valve 
and the variable shape of the outflow tract make the left ventricular 
chamber very different from a plain geometrical figure. 

The normal left ventricle is a very complex structure, with a 3D, 
three-layered interlaced fibers’ disposition; a unique interaction 
between myocardium and mitral valve; a complex and elastic labyrinth 
of sarcoplasmic reticulum; a contraction-suitable system for blood 
perfusion; an electrical conduction system that assures synchronicity, 
and a contraction-relaxation cycling (systole and diastole) in which 
both phases are in some way active.

This multifactorial definition of normalcy mirrors on the 
difficulty in selecting homogeneous series of patients to be included in 
prospective and randomized studies. For example, a selection criterion 
like “30% ejection fraction” can include several different shapes and/
or ventricular volumes, as “grade three mitral regurgitation” may 
collect several different tenting areas or angles. And more, both these 
definitions of severity of disease disregard, for example, the grade 
of fibers’ disarrangement or the grade of irreversible fibrosis of the 
ventricle.

A selection of patients made by “macroscopic” parameters can 
hide structural and functional disparities, which can affect the results, 
jeopardizing the effects of therapies, whether they be medical or surgical.
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Figure 1. Two different ventricular shapes (and structures) for the same end-systolic 
volume.



Cirillo M (2016) The shape of a volume

J Integr Cardiol, 2016,         doi: 10.15761/JIC.1000185  Volume 2(6): 400-403

Left ventricular reconstruction

History of left ventricular reconstruction, from first successful open 
excision [1] to STICH trial [1], clearly demonstrated that significant 
volume reduction is essential to obtain a good functional result but it is 
not the only parameter to rely on. From endoventricular circular patch 
plasty [1] up to date, several evidences [1-5] showed that left ventricular 
shape and geometry have at least an equivalent value to restore cardiac 
function and obtain steady clinical results.

Clinical and functional outcomes after “left ventricular volume 
reduction surgery” were very variable and generally unsatisfying: 
redilation of ventricular chamber and the recurrence or new onset 
of mitral regurgitation affected the medium and long-term results. 
The main role in this lack in reverse remodelling was played by the 
unfavourable geometry of the reduced left ventricle that became a 
box-shaped chamber with the amputation of the apex. This led to an 
expensive mechanics, displaced fibers’ orientation, further impairment 
or loss of torsion movement, worsening of diastolic properties and 
progressive redilation.

In the light of these limited results, many surgeons paid increasing 
attention to the respect of normal geometry and structure of the heart, 
demonstrating that better results are obtained when surgery aims to 
rebuild an elliptic chamber rather than just a smaller one. The new 
concept of “surgical ventricular reconstruction” (SVR) took the place 
of “volume reduction” surgery.

To overcome the doubts on effectiveness of this complex surgical 
procedure an international, randomised clinical trial was set up from 
2002 to 2009. The STICH (Surgical Treatment of Ischemic Heart 
Failure) trial had the great value to be a worldwide study coordinated 
by the Duke University. Study sites were selected after been certified for 
their ability in reducing left ventricular volume by at least 30% and the 
study generated an intense experience’s sharing among participants.

Unfortunately, the percentage of left ventricular volume reduction 
obtained in CABG+SVR STICH patients was only 19%, that is 
significantly inferior to the target percentage required in the study 
protocol (30%). This datum aroused many criticisms [1-5] about 
the reliability of the conclusions of the study itself, asserting that 
the anatomical change induced by SVR was not associated with an 
improvement in symptoms, exercise tolerance or reduction in the 
rate of death or hospitalization for cardiac causes [2]. Actually, the 
“anatomical change” obtained missed one of the major endpoints 
of the study and was not enough to reduce end-systolic ventricular 
volume under a value (50 ml/m2) known to be a predictor of inverse 
remodeling [1]. This datum indirectly confirmed the negative outcome 
reported for large ventricles obtained by different surgical techniques 
not rebuilding small, elliptical volumes [4,5,8,1], but did not respect 
the minimum percentage of volume reduction required to the certified 
Centres.

As a consequence, the debate about need and usefulness of surgical 
left ventricular reconstruction is far from over still after the STICH trial 
results [1] and the technique has been localised and reserved to highly 
skilled Centres of excellence.

Mitral valve repair/replacement

The other major debated issue in ischemic cardiomyopathy is the 
treatment of mitral regurgitation (MR). There is a complete agreement 
about the need to treat mitral regurgitation as an important factor of 
progressive remodelling, but the questions if it is better to repair or 

replace the valve and which grade of MR has to be considered the cut-
off for surgical indication are still opened.

A milestones in this topic is the recent report of randomised trial 
NCT00807040 [1] in patients with severe mitral regurgitation. This 
study compares 251 patients randomly assigned to mitral-valve repair 
or replacement and followed for 2 years, assuming left ventricular 
end-systolic volume index (LVESVI) as the primary end point. All 
mitral replacements were performed with the preservation of the 
chordal apparatus and all mitral repairs were performed by means of 
downsized, restrictive anuloplasty (average ring size was 27.9 mm). 
As regards to the primary endpoint, the patients with recurrence 
in the repair group showed no reverse remodeling, as compared 
with those without recurrence (LVESVI of 64.1 ± 23.9 and 47.3 ± 
23.0, respectively). Authors observed no significant between-group 
difference in left ventricular reverse remodeling or survival at 2 years. 
Mitral regurgitation recurred more frequently in the repair group, 
resulting in more heart failure related adverse events and cardiovascular 
admissions. As a negative outcome, as much as 58.8% of patients in 
this group had moderate or severe regurgitation during the follow-
up period, as compared with 3.8% in the replacement group. Authors 
correctly judged this deficiency in the durability of mitral valve repair 
as “disconcerting”.

The high number of MR recurrences is a negative datum in absolute 
terms, more than compared to the group of mitral valve replacement. 
In fact, this last group could not relapse MR unless if due to a new 
problem (leaks, endocarditis, technical failure), not linked to the 
remodelling process. But in the repair group such frequent recurrences 
point to an ineffective surgical correction. Nevertheless, limitations 
in the effectiveness of restrictive anuloplasty had already been well 
assessed by several not randomised studies [1-4].

Authors conclude proposing a better selection of patients for repair 
by identifying baseline clinical or echocardiographic predictors of 
recurrence of mitral regurgitation. 

As for the STICH trial, this study indirectly demonstrated some 
important evidences: LVESVI is at the same time the favouring factor 
and the result of an inverse remodeling; mitral repair is jeopardized by 
ventricular and valvular mechanisms different from annular restriction; 
several preoperative geometric measures could predict MR recurrence; 
results reflect a nonspecific patients’ selection that collects under the 
same “macroscopic” feature many valves and ventricles different in 
structural and functional characteristics.

A more comprehensive view

Is evident that the problem of decision-making process in ischemic 
cardiomyopathy is more complex than we considered until today 
and requires a wider view of ventricular structure and function. For 
decades we are used to judge the performance of the heart just in 
term of ejection fraction, disregarding other important factors. We 
categorised patients on this value, that is a basic ratio between two 
grossly estimated volumes, with high mathematical rounding and 
poor anatomical correlation. We also selected patients on the grade 
of mitral regurgitation, neglecting other structural data that identify 
several different types of mitral valves, with different potentialities / 
limitations to be corrected by a standard surgical procedure. Scientific 
knowledge often goes on for parallel roads and the discoveries achieved 
in some aspects are not always been rapidly integrated in a more 
complete vision. Nowadays we are required to have a wider vision of 
the heart, taking into account all its anatomical, structural, geometric 
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and functional aspects, combined with a deep basic science knowledge.

In this wider vision, the role of myocardial fibers’ orientation 
and its direct functional expression, left ventricular torsion, recently 
gained attention and interest both in normal hearts and in pathologic 
conditions, including ischemic cardiomyopathy [1-7]. Until now, 
torsion was never found in any technique of ventricular reconstruction, 
while some papers dealing with recent or current techniques (Batista, 
SVR) actually reported a negative or neutral effect of surgical restoration 
on LV torsion itself [7,8].

We recently demonstrated [1,2] the unexpected potentiality 
to restore ventricular torsion after surgical treatment for ischemic 
cardiomyopathy. We devised a new technique of left ventricular 
reconstruction aimed at redirecting myocardial fibers to an almost 
normal setting (KISS procedure), obtaining the renewal of left 
ventricular torsion in a consecutive series of patients affected by chronic, 
severe ischemic cardiomyopathy [9,10]. Renewed torsion, as expression 
of restored fibers’ orientation and good global ventricular function and 
efficiency, could contribute to achieve systolic contraction and diastolic 
relaxation with a lower energy consumption [9,10], mimicking its role 
in normal hearts. This can help these ventricles that work at a critical 
level in Frank-Starling relationship and pressure-volume loop.

Given that myocardial fibers’ bundles branch out also in papillary 
muscles, we should rethink the strict connection between mitral valve 
and the left ventricle from this perspective. Structural dysfunction of 
myocardial bundles and even altered torsion itself can interfere with 
the normal functioning of the mitral valve.

As a consequence of this approach caring for global fibers’ 
realignment, we demonstrated:

1. a long lasting physiologic ventricular reconstruction;

2. no impairment in diastolic function;

3. no new onset mitral regurgitation;

4. a time-dependent inverse remodelling [9,10].

Fiber-based physiology

The function of every organ is closely correlated with its histology 
and anatomy. The structure of the heart, derived by its fascinating 
embryological evolution, is one of the most complex histological and 
anatomical architectures of a moving organ [11-20]. The basis of 
this structure are myocardial fibers and fibers’ bundles and their 3D 
disposition in interlaced, differently-oriented layers. We must actually 
keep it in mind in any clinical or instrumental visit to a patient. It is a 
concept based on the real functional basis of the heart. Thanks to cited 
2D and 3D speckle tracking echocardiography, we can now look at 
the heart with this “new” interpretation, about 400 years after William 
Harvey, who stated in 1628 that “the motion of the heart consists of a 
tightening all over, both contraction along the fibers, and constriction 
everywhere” [9] (Figure 2).

This new vision obviously applies to any kind of myocardial disease. 
Any single cause of cardiomyopathy interferes with the normal fibers’ 

architecture, leading to various degrees of fibers’ disarrangement, 
whether altering their orientation (dilated), or damaging their 
continuity (ischemic) or reducing their elasticity (inflammatory and 
toxic) [20-30].

Clinical perspective

Many studies highlight that clinical outcome is often limited by 
a partial correction of a complex disease. We should adapt our way 
of treating the heart to its high complexity, because its normalcy is a 
complex mix of many features. The Heart Team based, multidisciplinary 
treatment recommended in Heart Failure guidelines of American Heart 
Association [9] ultimately suggests to restore as much physiologic 
features as possible, driven by the entire set of normal parameters, 
guaranteeing at the same time the contemporaneity of treatments: 
otherwise, the benefit of any single correct therapy could be limited by 
the remaining features not yet corrected.

Fiber-based structure of the heart is the lowest common 
denominator among every myocardial disease, in an increasing-
complexity scale going from sarcomere length to fibers’ bundles 
interaction. Left ventricular torsion is a key feature of normalcy and 
a strong predictor of positive outcome. The possibility to recover 
torsion by means of a surgical suture acting on residual myocardium 
is the most recent improvement in the comprehension of ischemic 
myocardial disease. The lack of consideration / use of this functional 
parameter could explain several failures in the surgical history of this 
cardiomyopathy [30-42].

A fiber-based physiology could also focus the functional connection 
between mitral valve and the left ventricle: adding regional contraction 
and rotational mechanics involving papillary muscles to the geometric 
features of an ischemic MR will identify hidden mechanisms which 
would otherwise unravel only after a partial correction. In this respect, 
the positive role of torsion has been recently confirmed also in a study 
about nonischemic, chronic, severe secondary MR [9,10]. This is a 
very important datum, towards an integrated view of a common left 
ventricular physiology linking different pathologic conditions.

A perfect knowledge of normalcy and a sharp modeling of disease 
will help us to reach a global correction of all altered parameters and 
obtain a better and long lasting correction of any cardiomyopathy. 
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