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Strategy of complete preservation of the subvalvular structures in the mitral valve replacement
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Abstract

Complete preservation of leaflets for mitral valve replacement to maintain geometry and the function of left
ventricle in the near and distant period is necessary. The aim of study was to analyze these procedures.

Bileaflet preservation of the anatomical architectonics of the left ventricle in combination with the surgical reduction
of the enlarged left atrium will allow to optimize the postoperative geometry and to improve the remodeling of all
the left heart along with improved long-term results of patients with mitral valve replacement.
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Certainly, the most perspective direction in surgery of
mitral valve (MV) is valve repair and preservation of
subvalvular structures. However, in clinical practice
there remain large group of patients that need mitral
valve replacement (MVR) (1-3).

In this group of patients, the most important is to save
the function of left ventricle (LV) in the short and long-
term period. One of the basic conditions, which
determine an adequate LV contractility, is correct
geometrical cavity shape. This causes the optimal
intracardiac flow directions, myocardium contractility
and heart rhythm. (4-7).

Modern constructive estimation of the MV and it
surgical anatomy shows that the atrioventricular valve
(AV) represents more than just the valve which opens
and closes in response to pressure changes. The
structural anatomic interrelation of heart valves and
the dynamic mechanisms involved in their function
are fundamental for optimization of the valve
function.

To date, it has been proven that the destruction of
structural AV connections interrupts the forces
separation during contraction and relaxation of the LV
muscles. After destruction of those relationships
between the papillary muscles and the heart base, LV

gradually takes spherical shape and becomes less
effective. Therefore, as a result heart failure occurs
earlier and is associated with high mortality. Thus,
there is no doubt that the destruction of annulo-
papillary contact seriously violates the perfectly
organized operation of the heart.

In 1964, Lillehei first reported about inconsistent long-
term results of MVR while the entire native valve and
its ventricular components were removed. Despite
the satisfactory function of prosthetic valves,
approximately 50% of patients have died of heart
failure during 5 years. Autopsy of the hearts revealed
a spherical modification of the shape of the
ventricular cavity (8). However, at that time, this
concept was not developed. The complication of the
operation’s technique, delay of ischemia’s period, the
risk of spherical prosthesis dysfunction and the
potential necessity for implantation of smaller size
prosthesis were thought to be the main factors,
contributing to mortality.

To this hypothesis returned after Millers et al.,
publication in 1979, when the authors reported about
decrease in mortality due to the low risk of LV
posterior wall rupture. There was no mortality and
prosthesis dysfunction in patients with MV posterior
cusp and subvalvular structures preservation (9).
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David et al., in 1981, assessed the importance of
preserving the chordal-papillary apparatus in LV
function after animal’'s MVR and received
improvement of LV function in the preservation of
subvalvular apparatus group (10). Similar results were
also obtained in experimental animal studies. It was
demonstrated that the intersection of dog heart
chords led to increase of the long LV axis, causes
reduction in contractility, which can only be
supported by higher preload and increased
myocardial contractility (11).

Hetzer et al., confirmed these data in 1983 and 1995.
They demonstrated improvement in LV function while
preserving chords of the posterior cusp and concluded
that saving of all subvalvular structures is possible in
almost all cases (12, 13).

In 1987, on dogs’ hearts Hansen demonstrated that
the intersection of the chord of the anterior leaflet
MV reduced LV function more than the intersection of
the chords from the posterior leaflet. He suggested
that since the anterior leaflet was larger than the
posterior leaflet the development of tension in the
chords of that cusp should be greater at a given LV
pressure (14).

Subsequently, many reports showing the validity,
efficiency and safety of preservation of the
subvalvular  structures during MVR appeared.
Furthermore, in the last decade, publications have
become available that indicate improved long-term
results and survival while preserving subvalvular
structures during MVR.

However, there are conflicting data in some
publications. In the study by Coutinho et al., in 2015,
a retrospective analysis of 605 patients who withstand
valve replacement for rheumatic disease was
conducted. The chord preservation from the posterior
leaflet was performed in 224 (37.7%) patients. The
observation included 4259 patient-years (range: 0-22
years), the average observation period 7.0 + 5.3 years
(average 5.2 years, range: 2.9-9.6 years), and was
completed for 97% of patients. The authors
considered that the reasons why surgeons did not
preserve  subvalvular  structures were: gross
calcifications and fibrosis of the valves and subvalvular
structures, pronounced hypertrophy and small size of
the LV and the probability of implantation of a smaller
valve. In conclusion, the authors could not
demonstrate the advantages of preserving the chords
of the posterior leaflet in relation to the duration of
survival (15).

In the 2014 by Lafci et al.,, reported results of a
prospective study of 115 patients after MVR for
rheumatic stenosis (in 48 cases the chords of the
posterior cusp were preserved). During 18-month
follow-up, all echocardiographic variables showed
consistent improvement in the chord preserved
group; mean LV ejection fraction worsened in the
group without preservation. During observation,
diameter of the LV at the end of diastolic and systolic
phases decreased. Also, LV ejection fraction was
significantly higher in the group with preservation of
the MV posterior cusp compared with the complete
excision of subvalvular structures group (16).

In the study by Chowdhury et al. with larger number
of patients included (n = 451), the effect of preserving
the subvalvular structures in patients with rheumatic
MV disease was specifically evaluated. The authors
compared three groups (without preserving chords,
preserving only chords of the posterior leaflet and
preserving all structures), and found that groups with
preserved chords showed significant improvement in
LV function in short-term and long-term period after
surgery (after 48 months). These authors also found
that complete preservation was related to larger
improvement in the final systolic volume of the LV in
comparison with group without preservation. They
concluded that the total chordal preservation is
possible in most cases of rheumatic patients and
provides significant long-term advantage by
preserving LV function (17).

Various methods for chord conservation have been
developed and proposed. Most of the methods
describe the preservation of posterior cusp chords.
Despite the anatomical and physiological validity, the
preservation of the subvalvular structures of both
valves still does not attract sufficient attention among
cardiac surgeons. Currently, most heart surgeons
prefer to maintain only one posterior leaflet. It is
states that the preservation of chords only from the
posterior cusp is enough. As the reason for this, some
researchers indicate such disadvantages as technical
difficulties in preserving the subvalvular apparatus of
both valves that prolongs the operation, the
possibility of implanting a smaller prosthesis and the
possibility of disrupting the outflow pathways from
the LV and the contact between the prosthesis and
subvalvular structures (18, 19).
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In recent reports and clinical studies, there were data
that prove the effectiveness and feasibility of fully
preserving the subvalvular structures when replacing
the MV (20). The literature describes a variety of
strategies that can allow MVR without interfering with
the function of subvalvular structures and LV
contractility (21, 22).

In Garcia-Fuster et al. publication, there were
analyzed 566 patients who underwent valve
replacement for rheumatic disease. Patients were
divided into groups without preservation (n-156), with
preservation of only the posterior leaflet (n-248) and
complete preservation (n-162). The actuarial survival
curve (130 months) was better in group 3: 77.18%,
85.38% and 93.22%, respectively (p <0.01 group 1
compared with group 3). Group 1 showed a lower
cardiac index (p <0.01) and more patients with heart
failure NYHA class Il and IV: 17.8% versus 3.9% and
2.0% (p <0.001) (23).

Timala et al. retrospectively analyzed the results of
MVR of 93 patients. The observation has been more
than 3 years. By the end of 3rd year of follow-up,
patients without preservation and retaining only the
posterior leaflet tended to increase LV end-diastolic
dimension, while patients with complete preservation
(n- 53, 56.99%) tended to decrease LV end-diastolic
dimension and good contractile function of both LV
and right ventricle. The authors concluded that the
complete preservation of the subvalvular apparatus
during MVR allows obtaining the best effect on the
contractile function and size of the LV in the long-term
period (24).

Despite the fact that the effectiveness of preserving
the subvalvular apparatus during MVR with
degenerative changes of valves was proven, its
applicability and possible benefits in rheumatic valves
remain controversial (15, 17, 25).

Chen L. et al., in their study shows that complete
mitral leaflet preservation at the native anatomical
position during MVR is feasible in rheumatic patients

with an enlarged LV chamber and has significant
advantages by preserving LV function and geometry. It
is a safe and effective surgical technique (25).

This literature review showed the existing evidence
for the advantages of complete preservation of
subvalvular structures in valve replacement in the
concept of improving immediate results and reducing
the risk of dilated cardiomyopathy in the long-term
period. According to the actuarial survival curve and
the risk of developing heart failure, MVR with
complete preservation of the subvalvular structures is
not inferior to the results obtained with valve repair
(18, 19). Even so, the methods of complete
preservation of subvalvular structures are still not
routinely used and are not included in clinical
guidelines. Most researchers analyzing the results of
MVR with or without preservation studied only linear
echocardiographic parameters, and the LV and left
atrium remodeling indices were not taken into
account and were not studied.

Conclusion

Complete  preservation of the anatomical
architectonics of the LV in combination with the
surgical reduction of enlarged left atrium will allow
postoperative geometry optimization and improve left
heart remodeling with improved long-term results in
patients with MVR. Better left heart remodeling after
MVR with complete preservation of the subvalvular
structures allows more extensive use of these surgical
techniques, especially in patients with dilatation of
the LV cavity or reduced functional reserves of the LV
myocardium.
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