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Abstract

Thanks to the improvement in mitral regurgitation (MR) diagnostic and therapeutic management, with the introduction of
minimally invasive techniques which have considerably reduced the individual surgical risk, the optimization of the timing
for MR “open” or percutaneous surgical treatment has become a main concern which has highly raised scientific interest. In
fact, the current indications for intervention in MR, especially in asymptomatic patients, rely on echocardiographic criteria
with high severity cut-offs that are fulfilled only when not only mitral valve apparatus but also the cardiac chambers’ struc-
ture and function are severely impaired, which results in poor benefits for post-operative clinical outcome. This led to the
need of new indices to redefine the optimal surgical timing in these patients. Speckle tracking echocardiography provides
early markers of cardiac dysfunction due to subtle myocardial impairment; therefore, it could offer pivotal information in
this setting. In fact, left ventricular and left atrial strains have already shown evidence about their usefulness in recognizing
MR impact not only on symptoms and quality of life but also on cardiovascular events and new-onset atrial fibrillation in
these patients. Moreover, right ventricular strain could be used to identify those patients with advanced cardiac damage and
different grades of right ventricular dysfunction, which entails higher risks for cardiac surgery that could overweigh surgical
benefits. This review aims to describe the importance of reconsidering the timing of intervention in MR and to analyze the
potential additive value of speckle tracking echocardiography in this clinical setting.
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Introduction

Primary mitral regurgitation (MR) is a degenerative disease
Maria Concetta Pastore and Giulia Elena Mandoli contributed involving the mitral valve (MV) with progressive worsen-
equally to this work and share first authorship. ing of severity and poor long-term prognosis if untreated,
in terms of lower survival, impaired quality of life, and
increased burden of atrial fibrillation (AF) and heart failure
(HF) symptoms. The only effective treatment for severe pri-
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Table 1 Indications for mitral valve intervention in patients with chronic primary mitral regurgitation according to 2017 ESC guidelines and the

newest ACC/AHA guidelines [1, 2]

ESC 2017 guidelines

ACC/AHA 2020 guidelines

MYV surgical treatment (repair, if possible)

Symptomatic patients with severe chronic MR and:

- LVEF> 30%

— And/or refractory to medical therapy with high likelihood of dura-
ble valve repair

— Or with severe LV dysfunction and/or dilatation (LV EF < 30%
and/or LVESD > 55 mm) with high likelihood of successful repair
and low comorbidity

Asymptomatic patients with severe chronic MR and:

— LV dysfunction (LVEF < 60%) or severe dilatation
(LVESD > 45 mm)

— And/or new onset AF or pulmonary hypertension
(sPAP > 50 mmHg)

— And/or high likelihood of durable repair

and low surgical risk

and LV dilatation (LVESD > 40 mm)

and flail leaflet or LA severe dilatation (LAVI > 60 ml/m?) at sinus
rhythm

MYV percutaneous edge-to-edge repair

Severe chronic MR patients with:

— Symptoms refractory to medical therapy and severe LV dysfunc-
tion (LVEF < 30%)

[also considering LV assist devices, CRT, cardiac restraint devices,
heart transplantation]

— Symptoms who fulfill the echocardiographic criteria of eligibility
with high- surgical risk or who are judged inoperable by the Heart
Team

Symptomatic patients with severe chronic MR, corresponding to Stage D:

— either moderate/severe LA enlargement

— or LV enlargement

— or pulmonary hypertension

regardless of LVEF

— if attributable to rheumatic valve disease at a Comprehensive Valve
Center by an experienced team and if a durable and successful repair is
likely

Asymptomatic patients with severe (either moderate/severe LA enlarge-
ment or LV enlargement

or pulmonary hypertension at rest or during exercise) with chronic MR
and:

— LV systolic dysfunction (LVEF < 60%, LVESD > 40 mm) (Stage C2)

— normal LV systolic function (LVEF > 60% and LVESD < 40 mm)
(Stage CI), when the likelihood of a successful and durable repair
without residual MR > 95% with < 1% expected mortality when it can
be performed at a Primary or Comprehensive Valve Center (IIa) or to
consider with a progressive increase in LV size or decrease in EF on> 3
serial imaging studies (IIb)

Severe chronic MR patients and:

— severely symptomatic patients (NYHA class III or IV) with high or
prohibitive surgical risk if mitral valve anatomy is favorable for the
repair procedure and patient life expectancy is at least 1 year

AF atrial fibrillation, CRT cardiac resynchronization therapy, LA left atrium, LAVI left atrial volume index, LV left ventricular, LVEF left ventric-
ular ejection fraction, LVESD left ventricular end-systolic diameter, MR mitral regurgitation, MV mitral valve, sPAP systolic pulmonary artery

pressure

are not recognized, since LV and LA are still capable to face
hemodynamic overload; moreover, the cut-off values recom-
mended for these parameters to refer patients to MV repair/
replacement are too high, corresponding to severe structural
and functional cardiac impairment. As a consequence, there
is the risk to treat patients only in the last stages when car-
diac chambers are irreversibly damaged. In fact, patients
with chronic MR remain asymptomatic for long periods,
due to adaptive remodeling of the LV and LA, even in the
presence of severe degrees of regurgitation [3].

On the other hand, undertreated severe MR could lead
to a chronic overload state which reflects first on the LA,
then on pulmonary circulation and, consequently, on the
right ventricle (RV). This chamber, being less muscular and
strongly load- and LV function-dependent, is less capable to
sustain hemodynamic overload for a long period; therefore,
it is not uncommon that patients with severe MR present
RV dysfunction. Studies have suggested how RV dysfunc-
tion, detected by noninvasive parameters as surrogate of pre-
operative overall heart function, adds great value as a marker
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of poor post-operative outcome after MV surgery [4]; thus,
it should not be overlooked in the clinical decision-making
of these patients.

However, in the last years, the development of new mini-
mally invasive surgery and percutaneous MV repair has con-
siderably reduced surgical risks [5]. Currently, MV repair is
the preferred treatment over MV replacement due to lower
peri-operative mortality and post-operative risk of bleeding
and endocarditis [6]; notably, an early surgery has shown to
provide better long-term survival and lower HF rates [7].
Percutaneous MV repair is recommended only in the case of
high surgical risks and therefore is mainly adopted as thera-
peutic approach in patients with functional MR. However,
the continuously growing evidence on favorable outcomes
with MitraClip in patients with degenerative MR would pos-
sibly lead to the spread of its use towards early MV repair in
younger patients who would clearly benefit from avoiding
oral anticoagulation in case of mechanical prosthesis and
biological low-durable prosthesis, regardless of the surgi-
cal risk. These patients should be adequately selected, and
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the advances in cardiovascular imaging could allow a bet-
ter characterization of MV disease and its consequent myo-
cardial alterations, in order to obtain a tailored therapeutic
decision-making.

The aim of this review is to discuss the reasons for the
potential need of introducing new echocardiographic indices
to redefine the timing for MR surgery in light of the new
evidence.

Need for new criteria for mitral surgery

The issue of MR surgical timing has been widely debated in
the last decades [8].

A previous study by Ling et al. has clearly shown how
late surgery of primary MR is characterized by lower sur-
vival compared to patients undergoing the operation in pres-
ence of preserved LV ejection fraction (EF) and lower grades
of symptoms [9]. It is arguable that when LV EF reduc-
tion and LA dilatation are detected in patients with primary
MR, myocyte fibrotic process has already established in the
cardiac chambers, and often it has also been reflected on
pulmonary circulation and also right heart [10]. Therefore,
in these phases, the initial hemodynamic pathologic condi-
tion caused by valvular heart disease has turned into final
structural heart disease due to left chambers remodeling,
with permanent consequences such as the predisposition to
the development of HF and AF [3].

To date, none of the parameters used for surgical indica-
tions have a defined trend towards progression in the clinical
history of patients with MR. In fact, some patients remain
asymptomatic and stable for years, whereas others suddenly
develop symptoms with or without the presence of echo-
cardiographic criteria. For example, a recent study by Ma
et al. showed that patients followed for around 4.5 years for
MYV prolapse having mild-to-moderate MR and normal EF.
Among them, none of the patients with mild MR progressed
to severe MR, whereas 50% with moderate MR progressed
to severe MR, but no clinical variables or echocardiographic
parameters predicted the progression of the disease apart
from the dilatation of mitral annulus (sensitivity 100%, and
specificity 63.8%) [11].

The absence of clear predictors of MR progression and
clinical deterioration makes clinicians rely in favor of pos-
sibly misleading serial clinical and echocardiographic
monitoring while on medical therapy, rather than expose
the patient to surgical risks.

However, in the last years, the advances in cardiac sur-
gery and interventional cardiology have shown how the
peri-operative risk can be reduced by the application of
mini-invasive surgical techniques [6] and percutaneous
MYV repair [5]. The latest has been showing evolving results
in terms of safety and efficacy of multiple novel devices

(i.e., Mitraclip, Tendyne, Pascal), even if interventional
approaches are still preferred in high-risk patients with spe-
cific favorable anatomical characteristics of the MV [12].
These patients are generally selected by a multidisciplinary
heart team, including general and interventional cardiolo-
gists, cardiac surgeons, cardiac imagers, HF specialists, and
cardiac anesthesiologists.

Mitraclip is currently the most studied, as it has shown
satisfactory results for the treatment of primary and sec-
ondary MR [13, 14]. The EVEREST II trial, performed
in patients with primary MR randomized to Mitraclip or
surgical (86% minimally invasive) treatment, showed that
12-month mortality and rates of > 3 grade residual MR
were similar in the two groups (6% and 20%, respectively),
with higher complications (e.g., blood transfusions) in
the surgical arm and higher rate of subsequent surgery for
MYV dysfunction in the MitraClip arm (20% vs. 2%). This
was confirmed in the subsequent 5-year follow-up, where
patients who had received MitraClip still have higher rates
of repeat surgery and residual MR vs those in the surgical
arm, but with comparable overall mortality. However, the
longer-term follow-up of the EVEREST 1I trial demonstrated
significant benefits in terms of quality of life and a decrease
from 45 to 5.7% of NYHA class III/IV symptoms at 4 years
after MitraClip implantation in patients at prohibitive risk
of MV surgery [15]. Importantly, a timely MV intervention
has also demonstrated improvement in LV and LA reverse
remodeling after successful MR reduction by MitraClip
intervention [16].

These data support the safety and effectiveness of Mitra-
Clip in primary MR, highlighting the importance of appro-
priate patient’s selection in order to improve peri-procedural
results and reduce the subsequent rates of re-intervention.
However, an early surgery, performed in patients with inter-
mediate stages of chronic MR and without irreversible dam-
age of MV anatomy and left cardiac chambers would prob-
ably lead to better results in terms of durability.

Suri et al., with the development of a Mitral Regurgitation
International Database, including more than one thousand
patients with flail-related MV regurgitation and without
class I criteria for surgery, have found that an early surgery
(< 3 months from diagnosis) vs. medical treatment strongly
influenced long-term survival (86% vs. 69% 10-year sur-
vival, hazard ratio 0.66), with a 53% reduction in 5-year
mortality (p < 0.001) and a 71% decrease of HF risk (7% vs.
23% at 10 years, p < 0.001) [7].

For these reasons, many clinicians are wondering if
updating the commonly used criteria to refer patients to MV
surgery by introducing newer indices of early MR-related
left heart impairment would allow us to reconsider the tim-
ing for MV surgery and provide a timely treatment. This
would probably lead to post-operative benefits, in terms of
functional recovery and clinical outcome.

@ Springer
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Advanced echocardiography

The spread of advanced echocardiography has been an
important step for a more accurate evaluation of valvular
heart disease. In fact, speckle tracking, transesophageal,
and three-dimensional echocardiography have become
essential tools in the hands of cardiac imagers for diagno-
sis, surgical indication, planning of intra-operative assis-
tance, and follow-up assessments in patients with valve
heart disease [17]. Two-dimensional (2D) speckle track-
ing echocardiography (STE) is one of the mostly available
and easy-to-use advanced echocardiographic techniques,
being performed through a semi-automatic rapid analysis
of basically acquired 2D echocardiographic images [18]. It
has shown to be an early diagnostic and prognostic marker
in several clinical scenarios [19] and has been used by sev-
eral authors for the evaluation of patients with MR, since it
is able to provide an early assessment of subtle myocardial
fibers impairment [20].

Left ventricular global longitudinal strain
in mitral regurgitation

Several authors showed the important role of LV global
longitudinal strain (GLS) over LV EF as an index of sub-
clinical cardiac dysfunction in MR. Its use might lead to
an improvement in the detection of LV damage in these
patients as well as a more accurate prognostic evaluation
for surgical referral.

Kislitsina et al. demonstrated that preoperative strain
measurements in 119 patients with degenerative MR
undergoing surgical treatment represented the most accu-
rate parameter in detecting an early LV dysfunction after
MYV surgery, despite preserved LV EF [21].

LV strain was able to identify subclinical LV dysfunc-
tion in asymptomatic patients with primary MR under-
going surgical (n = 30/71 patients) or medical treatment
and preserved LV EF undergoing exercise echocardiog-
raphy, and to predict post-operative LV dysfunction [22,
23]. Furthermore, in a cohort of patients with moderate to
severe organic MR undergoing MV repair, a LV GLS >
—19.9% was the strongest, independent predictor of long-
term post-operative LV dysfunction (LV EF < 50%) (odds
ratio 23.16, p < 0.001) [24].

In a large cohort (n = 506) of patients with severe
chronic MR, Kim et al. showed that LV GLS was a sig-
nificant predictor of cardiac events (hospitalization for HF,
re-intervention for MV surgery failure, cardiac death) also
with multivariate analysis, regardless of the presence of

@ Springer

LV dysfunction, AF, and the type of surgery. Moreover,
reduced GLS was also associated with all-cause mortality
in this study (HR 1.068, 95% CI 1.003 to 1.136; p = 0.040)
[25].

Another big study by Hiemstra et al. [26] conducted in
593 patients undergoing surgical intervention for severe
MR showed that preoperative LV GLS > - 20.9% was asso-
ciated with worse survival over long-term follow up (6.4
[3.6-10.4 years]), providing a considerable incremental
value over a clinical model including age, AF, NYHA
class > II, estimated glomerular filtration rate, LV end-
diastolic diameter, LVEF, systolic pulmonary artery pres-
sure) for the prediction of all-cause mortality (C-statistic
0.74 t0 0.77).

Interestingly, Singh et al. proved that, among patients
referred for surgical treatment of severe MR, those with
pre-operative preserved GLS had higher chances of post-
operative LVEF > 50%, regardless of baseline LVEF also
in MR of rheumatic etiology [27]. Also, Alashi et al. found
that the combination of LV GLS and brain natriuretic pep-
tide (BNP) was associated with persistent postoperative
LV dysfunction and increased mortality, independent of
other clinical or echocardiographic parameters in asympto-
matic patients with significant primary mitral regurgitation
and preserved systolic function undergoing mitral valve
surgery [28].

To conclude, a recent meta-analysis involving 2358
patients (from 8 studies) with severe MR and preserved
LVEF highlighted that a reduced LV GLS before sur-
gery was a predictor of worse postoperative survival
(HR = 1.13, 95%CI: 1.02-1.26) and LVEF [29].

Table 2 provides an overview on the main evidence on
the prognostic role of LV strain in MR currently available in
literature. These results all suggest that GLS might have an
additional value over conventional measures to optimize the
timing of surgery as it is affected much earlier than LVEF.

Even though its use could be still limited by the lack
of disease-specific cut-off values and high dependence
on acoustic window, LV GLS is a useful parameter to be
included when considering early surgery in patients with
severe mitral regurgitation and normal LVEF, providing
important information on postoperative outcome.

However, often LA strain is affected previously than
LV strain (Fig. 1) in patients with severe MR who have
not developed LV dysfunction yet. Accordingly, it was
described as superior to LV GLS in several studies evalu-
ating MR severity and prognosis [31, 34-36], probably
because LA is the direct target chamber affected by the
chronic volume overload deriving from worsening degen-
erative MR [3]; therefore, its involvement occurs at an
earlier stage compared to the LV.
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Independent predictor at multivariate

(mean age, 83 + 7 years; 137 with

analysis in 4 models, regardless of

degenerative MR and 18 with func-

tional MR)

STS-PROM score, LVEF, functional

MR, estimated glomerular filtration rate,

frailty

AUC area under curve, ERO effective regurgitant orifice area, ESD end-systolic diameter, HF heart failure, LV left ventricular, LVEF left ventricular ejection fraction, MR mitral regurgitation,

MYV mitral valve, RVSP right ventricular systolic pressure, SE sensitivity, SP specificity, STE speckle tracking echocardiography, STS Society of Thoracic Surgeons

Left atrial strain as the earliest prognostic
marker

LA strain is actually considered a hallmark of LV filling
pressures and diastolic dysfunction [37], related to the
amount of invasively assessed myocardial fibrosis [35, 38,
39]. LA strain follows LA deformation all over the cardiac
cycle, allowing to quantify LA reservoir, conduction, and
contractile properties. Peak LA strain (PALS), a measure
of LA reservoir function calculated using QRS as refer-
ence [40], is the most widely used parameter, having a
more robust evidence compared to LA conduit and con-
tractile strain, and being independent from the presence of
sinus rhythm (i.e., conversely contractile strain is absent in
AF due to the lack of LA contraction) [41].

PALS evaluation had a particular usefulness during
pre-surgical evaluation of primary MR for the prediction
of postoperative LA reverse remodeling and clinical out-
come; in fact, PALS was independently associated to post-
operative survival and functional capacity as assessed by
NYHA class [42] and Borg scale [43] not only in patients
with severe MR but also in those with lesser severity of the
valvular disease [34, 44]. It could also be used to monitor
post-operative cardiac changes, representing an early index
of LA remodeling, which often occurs prior to LV volume
reduction as a beneficial effect of the surgery (Fig. 2, rep-
resentative case).

Notably, LA strain has also shown a reliable index of
LA remodeling following MitraClip procedure over con-
ventional LV and LA echocardiographic indices [45].

Moreover, PALS was the only resting echocardio-
graphic parameter associated with exercise-induced pul-
monary hypertension in a cohort of patients with asymp-
tomatic MR [46]. PALS during exercise was related to
survival and HF hospitalization in a cohort of 196 patients
with primary or secondary MR [47].

Interestingly, some authors focused on the potential
relationship of LA strain with indications for MV sur-
gery: Debonnaire et al. found a correlation between LA
strain and current surgical criteria: symptoms, AF, and
development of PH [48]; in patients with MV prolapse
and with moderate-to-severe MR, Ring et al. showed that
PALS and LA contractile strain were associated with time
to mitral surgery (HR 3.06) and surgery-free survival
(3-year survival 67 + 6% for PALS > 28.5% vs 15 + 6%
for PALS < 28.5%), in patients MV prolapse and with
moderate-to-severe MR [49].

Despite the occurrence of AF is considered a surgical
criterion for MR, it is known that the development of AF is
directly related to LA fibrosis [50]; therefore, it should be
prevented as it means the presence of irreversible myocar-
dial structural abnormalities. LA strain has been described
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‘ 68 yo, male, exertional dyspnoea ‘

l

LS 4 Ch = — 20.2%
GLS =-20.7%

Fig. 1 Representative case of a patient with severe mitral regur-
gitation symptomatic for exertional dyspnea, referred for cardiac
surgery. Basic echocardiography showed preserved left ventricu-
lar (LV) dimensions and function (LV ejection fraction = 61%, LV
end-systolic volume index 35 ml/m?) and normal left atrial (LA)
volume (LA volume index = 32 ml/m?). Interestingly, speckle track-
ing echocardiography detected left atrial dysfunction (considerably

as a marker for the development of paroxysmal and per-
manent AF, since myocardial fibrosis strongly affects LA
deformation properties quantified by STE [51]. Moreover,
LA strain proved to be associated with AF occurrence and
to be progressively more impaired in patients with MR and
repeated episodes of paroxysmal AF [52] and was also
associated with the development of post-operative AF in
patients undergoing MV surgery [53]. Therefore, LA strain
could be useful to identify patients prone to develop AF in
order to optimize risk stratification of patients with MR.

All these findings suggest the potential value of consider-
ing LA strain as an additive criterion for the surgical referral
of patients with primary MR. Table 3 summarizes current
evidence on the application of LA strain in patients with
MR, also including proposed reference cutoff values before
surgery.

Logically, these promising results require larger studies
to be generalized. Moreover, some limitations of LA strain
by STE should be kept in mind. First, it strongly depends on
loading conditions and image quality. Furthermore, the lack
of disease-specific cut-off values for reference and the fact
that a universally method of execution has not been reached

SEVERE DEGENERATIVE MITRAL REGURGITATION

Preserved LV EF (61%) and LVESVi = 37.5ml/m?
Normal LAVi = 32 ml/m?2

reduced peak atrial longitudinal strain = 15%, right) with preserved
LV strain (4-chamber longitudinal strain = —20.2%, global longitu-
dinal strain = —20.7%, left). GLS global longitudinal strain, LS lon-
gitudinal strain, LVEF left ventricular ejection fraction, LVESVi left
ventricular end-systolic volume index, PALS peak atrial longitudinal
strain

yet should be considered. However, several documents have
been published in order to standardize its application among
different vendors and countries [41, 56].

Right ventricular dysfunction: too late
for surgery?

In patients with severe MR, the gradual increase in left heart
filling pressure due to progressive LV and LA structural and
functional damage leads to pulmonary circulation overload
and development of pulmonary hypertension [1]. The ele-
vation of pulmonary pressure and RV afterload induce RV
remodeling resulting in RV hypertrophy and/or RV dilata-
tion. This process is faster than LV remodeling, since RV has
lower thickness and its dependence from LV function and
loading conditions make it easier to occur. These changes
may lead to secondary tricuspid valve regurgitation and ret-
rograde flow into the right atrium with further RV volume
overload and RV function deterioration [10].

This pathophysiologic picture describes patients with
advanced stages of MV disease and coexisting biventricular

@ Springer



1254

Heart Failure Reviews (2022) 27:1247-1260

PA‘LS 8.5%

LA Volume|= §8ml/m2

Volume = 80mi/m2

7%

L | PALS|24%|

Fig.2 Representative case of early modification of left atrial (LA)
deformation in a patient undergoing cardiac surgery for severe mitral
regurgitation, showing pre- (left) and post- surgical (right) normaliza-
tion of LA strain. In particular, LA strain improved from 8.5% to 24%

failure. This was confirmed by Bakkestrom et al., who found
a significant inverse correlation between resting mean pul-
monary artery pressure (detected by right heart catheteri-
zation) and both LV EF (r = —0.52; p = 0.02) and RV EF
(r=-0.67; p < 0.01) in a subgroup of symptomatic subjects
with degenerative MR, identifying a strict correspondence
between the onset of symptoms and a state of pulmonary
hypertension and biventricular dysfunction [57].

Moreover, some authors described a significant correla-
tion between MR severity and RV dysfunction. Le Tourneau
et al. demonstrated that RV EF was inversely correlated to
mitral effective regurgitant orifice (r = —0.28, p = 0.012)
and to regurgitant volume (r = —0.25, p = 0.021) [4]. Sabe
et al. showed that MR severity was an independent predic-
tor of RV EF in patients with ischemic MR. Interestingly,
in the same investigation, for each 10% decrease in RV EF,
there was a 17% increased risk of mortality (p < 0.001) [58].

RV structure and function have an important prognos-
tic value in several clinical settings, especially in chronic
HF, representing the marker of transition to advanced HF
and worse outcome. Furthermore, most patients undergo-
ing cardiac surgery present a variable degree of reversible
or irreversible reduction in RV function, which in turn
was associated with lower post-operative survival [59].
Therefore, having an already impaired RV function at
pre-operative assessment should in some way discourage
aggressive therapies due to the higher risk of mortality for
worsening RV failure.

@ Springer

in only 5 days after removing the hemodynamic stress on LA due to
severe MR. LA volume did not significantly change early after sur-
gery (pre-surgical LAVI 88 ml, post-surgical 80 ml)

Accordingly, an accurate assessment of RV function during
pre-operative routine evaluation of MR is essential: Chrustowicz
et al. analyzed a young cohort of patients with organic, severe
MR by basic echocardiography and measured tricuspid annular
plane systolic excursion (TAPSE), and the peak systolic veloc-
ity of the lateral tricuspid annulus (S’); a pre-operative reduc-
tion of these indices predicted a significant post-operative LV
dysfunction (10% decrease in LV EF) [60]. The same authors
in a previous investigation demonstrated that pre-operative RV
dilatation was an independent predictor of mortality and need
for heart transplantation after MV repair [61].

Finally, Mordi et al. have shown how a comprehensive
preoperative echocardiography assessment of LV diastolic
and RV systolic function carries an independent prognos-
tic value (HR 8.76 and HR 4.97 respectively, p < 0.01) in
predicting 30-day postoperative mortality among patients
undergoing redo valve surgery, increasing the prognostic
power of EuroSCORE 1II at c-statistic from 0.76 to 0.83 [62].

Increasing evidence has evaluated the role of STE for
assessing RV function. In fact, the use of free-wall RV lon-
gitudinal strain allows to accurately measure RV global
function in a reproducible and less load- and translational-
dependent way. It has been extensively applied in HF
[63]; in particular, it has become a cornerstone for the
selection of patient candidates to LV assisting device, as
a reduced pre-implantation RV free-wall strain identifies
patients with increased risk of developing RV failure in
the early or late postoperative period [64]. Thus, RV STE
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may also represent a rapid and useful non-invasive tool for
the evaluation of surgical referral of patients with severe
MR, as revealing initial or established RV damage, it could
improve the pre-operative risk stratification. However,
timely evidence is needed on this topic.

Hence, a complete RV echocardiographic pre-operative
evaluation should not be forgotten in patients with severe
MR, comprehensive of basic echocardiographic dimen-
sional and functional RV parameters (e.g., RV diameters,
TAPSE, RV fractional area change) and, if possible, inte-
grating advanced echocardiographic parameters, such as
STE. Unfortunately, RV strain measurement could some-
times be challenging, due to the need of RV dedicated 4
chambers views, and poor acoustic windows with incom-
plete visualization of RV free wall.

Overall, a preserved vs compromised RV function should
represent an important element to consider in the assess-
ment of patients’ eligibility for surgical treatment of MR.

The novel role of 3D echocardiography

In the last years, different software implementations have
been developed to assess three-dimensional strain. Area
strain is a new 3D speckle tracking parameter, calculated
as the percentage decrease in the size of endocardial (or
mid-myocardial) surface area, and determined by vectors of
longitudinal and circumferential deformation at end-systole
from its original area at end-diastole [64]. It represents a
novelty in cardiac imaging; however, some authors have
already focused on its potential usefulness in different clini-
cal settings, including primary and secondary MR.
Casas-Rojo et al. studied 45 asymptomatic patients with
secondary MR and LVEF > 60% undergoing 3D echocar-
diography, showing that they had lower values of global
3D strain compared to healthy subjects and that 3D area
strain greater than —41.6% reached a hazard ratio of 4.41
(p = 0.004) for the prediction of cardiac events (dyspnea,

CHRONIC PRIMARY MITRAL REGURGITATION

Cardiac function

IDEAL

Fig.3 Echocardiographic indices changing over time in primary
mitral regurgitation. Graphic timeline representing the progressive
variation of echocardiographic parameters in the clinical history of
mitral regurgitation, with corresponding ideal surgical timing in order
to optimize the benefits related to mitral valve intervention. From the
left, the initial raise in left ventricular (LV) filling pressures could
be detected by a reduction of transmitral peak early diastolic veloc-
ity (E)/peak late diastolic velocity (A) ratio by pulsed-wave Doppler
and a raise in E/average mitral annular velocity (E’) by tissue Dop-
pler imaging. Later, initial left atrial (LA) damage and remodeling
due to the chronic volume overload is detectable by a reduction of LA
strain before its severe dilatation; this corresponds to the ideal tim-
ing for intervention in order to optimize clinical outcome and reduce

Timing
to benefit from intervention

the occurrence of arrhythmias. Then, after years of severe chronic
mitral regurgitation, LV involvement takes place: initially, it consists
in subtle myofibril damage, which is only detectable by LV longitu-
dinal strain reduction. Later, LV overload leads to LV dilatation and
dysfunction; hence, LV ejection fraction pathologically decreases;
although this is the index mostly used for surgical referral, this identi-
fies a consolidated left heart impairment, with low chances of rever-
sal. Finally, when biventricular dysfunction occurs, the risks deriving
from cardiac surgery (i.e. “late surgery”) overweigh possible benefits;
for this reason, right ventricular strain could help identifying subtle
right ventricular dysfunction in order to optimize surgical decision-
making or choosing less-invasive therapeutic strategies

@ Springer
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LV EF < 60%, or admissions for heart failure) over a mean
follow up of 23.2 + 14.5 months [65]

Interestingly, Scandura et al. used 3D strain to detect myo-
cardial changes after MitraClip implantation. In fact, despite the
absence of changes in LVEF and LV stroke volume, they showed
a significant improvement in LV deformation, with the real-time
3D global longitudinal strain value changing from —9.8 +4.1%
at baseline to —11.0 & 4.4% at follow-up (p = 0.018) [66].

Vitarelli et al. [67] 2D and 3D strain were used to analyze 33
undergoing MitraClip with moderate to severe or severe
secondary mitral regurgitation. They detected significant improve-
ments not only in LV 2D global longitudinal strain, 3D GLS,
and 3D area strain, but also in 3D RV EF and 3D RV free wall
longitudinal strain (all p < 0.05). Importantly, patients with pre-
existing RV dysfunction showed lower increase in LV strain
after clip implantation, confirming the importance of assess-
ing RV performance also before percutaneous MR interven-
tion. In fact, LV and RV 3D strain showed high discriminative
values (AUC 0.87-0.91) in predicting lower benefits after the
procedure with persistence of symptoms (NYHA > II) [68].

Despite these promising results, 3D strain value in clini-
cal practice is still debatable not only due to the scarce evi-
dence but also due to vendor-dependency and the lack of
standardization. Therefore, its role in selecting patients for
early surgery has not been fully established so far.

Conclusions

The progresses in diagnostic and therapeutic management of
MR have raised scientific controversies about the need of recon-
sidering surgical timing for these patients in order to improve
their clinical outcome. The currently used criteria for referral
to traditional MV operation or MV percutaneous intervention
has shown some gaps in identifying patients who are develop-
ing subtle structural and functional LV and LA impairment,
with sometimes consequent referral to MV repair/replacement
when an irreversible myocardial damage has already occurred.

The integration of STE in clinical practice, particularly
using LA strain as additive criteria to indicate or discourage
surgery, may represent a useful tool to improve the clinical
decision-making process related to the optimal timing of
intervention in patients with MR.

Finally, the identification of RV dysfunction in patients
with MR should be also considered an important step of
pre-operative risk stratification in order to prevent a poorer
outcome in the case of late surgery (Fig. 3).
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