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Abstract
Advanced heart failure (HF) prevalence is increasing and ranges between 1% and 10% of the overall HF population, 
due to the growing number of patients with HF and their better treatment and survival in the last 20 years. The 
best treatment for these patients is represented by heart transplantation, which, unfortunately, is only available for 
a minority of them. A significant portion of patients with advanced HF has concomitant severe mitral regurgitation, 
which acts as a driving force in inducing and maintaining this end-stage condition in a vicious cycle. Percutaneous 
mitral valve repair with MitraClip is a treatment option to stop this vicious cycle, providing safer outcomes and 
clinical benefits in some of these patients. Preliminary clinical observations show a possible selective role for 
percutaneous mitral valve treatment with MitraClip as a bridge to transplantation, candidacy or recovery. Further 
evidence will be necessary to confirm these preliminary data and support this new treatment framework of 
patients with advanced HF.

Keywords: Mitral regurgitation, secondary mitral regurgitation, percutaneous mitral valve repair, advanced heart 
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INTRODUCTION
Mitral regurgitation (MR) is the most common valve disease worldwide, affecting at least 20% of patients 
aged > 65 years[1]. Secondary MR (SMR) is the predominant and most clinically relevant form. Indeed, 
SMR, even when mild, correlates with higher adverse outcomes[2]. While the ischemic vs. non-ischemic 
etiologies do not impact on these findings[3], higher grades of SMR severity are associated with reduced 
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survival and progressive worsening of left ventricle (LV) dysfunction[4,5]. Therefore, it is crucial to treat 
MR in a useful time window before these changes become irreversible[5-7]. Among all the percutaneous 
treatment options for MR, MitraClip (Abbott, Illinois, USA) is the most adopted device with > 100,000 
procedures performed worldwide. The first two randomized clinical trials on edge-to-edge transcatheter 
mitral valve repair (TMVR) vs. guideline-directed medical therapy (GDMT) in patients with heart failure 
(HF) and severe MR (COAPT[8] and MITRA-FR[9]) reported contrasting yet complimentary results. The 
resultant effect is a growing interest in finding those who can benefit the most from this procedure. On the 
contrary, little is known about those patients with advanced HF and poor prognosis treated with MitraClip 
implantation. Although this procedure may be considered futile in some of these cases, it can act as 
bridging therapy for further invasive treatments in others. The aim of this review is to analyze the impact of 
SMR and its percutaneous treatment in this unconventional setting.

ADVANCED HEART FAILURE
The clinical course of HF is characterized by gradual worsening of cardiac function and symptoms. This 
process may lead to a clinical phase where traditional treatments (e.g., GDMT, devices and surgery) 
are no longer effective, and advanced therapies [e.g., mechanical circulatory support (MCS) and heart 
transplantation (HTx)] or palliative care are needed. This clinical condition is called advanced HF. 
The Interagency Registry for Mechanically Assisted Circulatory Support (INTERMACS) profiles were 
previously used to classify these patients based on the presence of HF with reduced ejection fraction 
(HFrEF) and need for long-term MCS device implantation. To be more inclusive by extending this group 
also to patients affected by HF with preserved ejection fraction (HFpEF), an updated definition of the 
European Society of Cardiology has been released[10] [Table 1]. 

Prevalence of advanced HF ranges between 1% and 10% of the overall HF population. This percentage is 
growing because of better treatment and longer survival of these patients. Once these patients have been 
identified, it is of utmost importance to acknowledge the appropriate timing for referring them to tertiary 
care centers where advanced therapies can be adopted. A useful mnemonic (“I Need Help”) has been 
proposed to verify the eligibility to immediate management and transfer based on the need for inotropic 
therapy, end-organ dysfunction, poor ejection fraction, consistently low blood pressure and poor or 
intolerance to GDMT[11] [Table 2].

Despite the efforts spent to categorize this stage of disease, we must recognize the extreme variability that 
exists between patients who are part of this group. In one extreme, there are young patients with idiopathic 
heart disease or non-ischemic cardiomyopathies (chemotherapy-induced, myocarditis-related, etc.) in 
the absence of further comorbidities. On the opposite side, we can find elderly people mainly affected by 
ischemic heart disease and numerous concomitant co-pathologies [chronic kidney disease (CKD), diabetes 
mellitus (DM), atrial fibrillation (AF), chronic obstructive pulmonary disease (COPD), peripheral vascular 

Presence of all of the following criteria despite optimal guideline-directed treatment
1. Severe and persistent symptoms of heart failure [NYHA class III (advanced) or IV]

2. Severe cardiac dysfunction (LVEF ≤ 30%), isolated RV failure (e.g., ARVC) or non-operable severe valve abnormalities or congenital 
abnormalities or persistently high (or increasing) BNP or NT-proBNP values and severe diastolic dysfunction or LV structural abnormalities 
according to HFpEF and HFmrEF ESC definitions
3. Episodes of pulmonary or systemic congestion requiring high-dose intravenous diuretics (or diuretic combinations) or episodes of low output 
requiring inotropes or vasoactive drugs or malignant arrhythmias causing > 1 unplanned visit or hospitalization in the last 12 months
4. Severe impairment of exercise capacity of cardiac origin: 6 MWTD (< 300 m) or pVO2 (< 12-14 mL/kg/min)

Table 1. 2018 HFA-ESC criteria for defining advanced heart failure

ARVC: arrhythmogenic right ventricular cardiomyopathy; BNP: B-type natriuretic peptide; ESC: European Society of Cardiology; HFA: 
Heart Failure Association; HFmrEF: heart failure with mid-range ejection fraction; HFpEF: heart failure with preserved ejection fraction; 
LV: left ventricular; LVEF: left ventricular ejection fraction; NT-proBNP: N-terminal pro-B-type natriuretic peptide; NYHA: New York Heart 
Association; pVO2: peak exercise oxygen consumption; RV: right ventricular; 6MWTD: 6-min walk test distance.
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disease (PVD), etc.]. We must take this heterogeneity into consideration when examining the outcomes of 
the therapies adopted.

MANAGEMENT STRATEGIES IN ADVANCED HEART FAILURE
HTx remains the best option for most patients with advanced HF. The developments in recipient and 
donor selection, immunosuppression and management of infectious complications have led to considerable 
improvements in survival, exercise capacity, quality of life and return to work. However, the number of 
transplants seems to have reached a plateau in the last years, because of the limited availability of donor 
hearts. The marked imbalance between demand and supply results in continuous expansion of waiting 
lists and prolonged waiting times (over 12 months). Patients on “waiting list” are characterized by high 
mortality rate, ranging between 14% at 1 year and 20% at up to 3 years[12]. HTx candidates in the current era 
are also more complex: older, antigen-sensitized and on MCS at the time of listing and transplantation. In 
this setting, our goal must be to allocate the limited resources available in the best possible way and, at the 
same time, achieve better outcomes.

Left ventricular assist device (LVAD) implantation is an established treatment for long-term MCS. First 
introduced for transplant-ineligible patients with advanced HF, its technology has been developed enough 
to make it a valid alternative as destination therapy. The Risk Assessment and Comparative Effectiveness 
of Left Ventricular Assist Device and Medical Management in Ambulatory Heart Failure Patients 
(ROADMAP) study demonstrated higher survival with improved functional status, improved quality of life 
and reduced depression in the LVAD group compared to OMT, at the expense of more hospitalizations and 
greater rate of major adverse events (e.g., bleedings, stroke, driveline infections, pump thrombi, ventricular 
arrhythmias and right HF)[13]. 

Several percutaneous and paracorporeal devices are available for short term MCS. Their simple 
implantation and safety make them suitable for advanced HF patients until LVAD, HTx or candidacy to 
LVAD/HTx. For the latter purpose, the International Society for Heart Lung Transplantation suggests 
application of MCS in the case of potentially reversible or treatable comorbidities such as cancer, obesity, 
renal failure, tobacco use and pharmacologically irreversible pulmonary hypertension, with subsequent 
re-evaluation to establish candidacy (Class IIb; Level of Evidence: C)[14]. Despite huge developments 
in technology, a significant portion of advanced HF patients decline MCS implantation for a variety of 
personal reasons or are not eligible for this therapy due to prohibitive operative risk, limited life expectancy, 
irreversible renal or hepatic dysfunction and severe psychosocial limitations. For these reasons, we have to 
consider the use of other devices, among which the MitraClip can play a leading role in case of advanced 
HF with concomitant severe MR.

Table 2. “I Need Help” - Markers of advanced heart failure 

I Inotropes Previous or ongoing requirement for dobutamine, milrinone, dopamine, or levosimendan
N NYHA/Natriuretic peptide Persisting NYHA class III/IV and/or persistently high BNP/NT-proBNP

E End-organ dysfunction Worsening renal or liver dysfunction in the setting of heart failure

E Ejection fraction Very low ejection fraction < 20%

D Defibrillator shocks Recurrent appropriate defibrillator shocks

H Hospitalizations More than 1 hospitalization with heart failure in the last 12 months

E Edema/Escalating diuretics Persisting fluid overload and/or increasing diuretic requirement

L Low blood pressure Consistently low BP with systolic < 90-100 mmHg

P Prognostic medication Inability to up-titrate (or need to decrease/cease) ACEI, beta-blockers, ARNIs, or MRAs

ACEI: angiotensin-converting enzyme inhibitor; ARNI: angiotensin-receptor neprilysin inhibitor; BNP: B-type natriuretic peptide; BP: blood 
pressure; MRA: mineralocorticoid receptor antagonist; NT-ProBNP: N-terminal pro-b-type natriuretic peptide; NYHA: New York Heart 
Association
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PROGNOSTIC ROLE OF MITRAL REGURGITATION ON ADVANCED HEART FAILURE 

PATIENTS
A significant proportion of patients with advanced HF have concomitant MR: severe or moderate-severe 
MR is present in about 15% of them and moderate or worse MR in about 40%[15]. Different etiological 
mechanisms underlie SMR. In HFpEF, SMR is mainly generated by an “atrial-secondary mechanism”: high 
left atrial pressure induces atrial and mitral annulus dilatation, with eventual atrial fibrillation [Figure 1][16]. 
In HFrEF, SMR is associated with a “ventricular-secondary” mechanism: dilatation and remodeling of 
LV cause mitral annulus dilation and papillary displacement tethering the valve leaflets and avoiding a 
competent coaptation [Figure 1][16]. This definition does not discern the two casual pathways of MR in the 
case of LV dysfunction: displacement and tenting of papillary muscles can be symmetrical as a consequence 
of marked LV dilatation (“true secondary” MR) or asymmetrical if caused by unequal or discoordinated 
activation or contraction of the papillary muscles (e.g., left bundle branch block or inferior-posterior 
myocardial infarction).

From a purely pathophysiological point of view, it is important to understand that SMR can represent 
either a “primum movens” or an epiphenomenon of disease progression (“true secondary” MR), depending 
on the etiological mechanisms of MR and the clinical condition of patients [Figure 2]. It is not easy to 
discriminate in each patient the role of MR in the disease process. Recently, a conceptual framework that 
would allow physicians to distinguish between these two possibilities has been proposed[17-19]. 

According to this concept, we can estimate the contribution of global LV function to the severity of MR by 
measuring the LV end-diastolic volume (LVEDV). When MR is completely secondary (“true secondary” 
MR) and it is just a biomarker of LV dysfunction and remodeling, the magnitude of MR flow would be 
“proportionate” to and thus explicable by the LVEDV. Conversely, if MR is the “primum movens” (primary 
cause of the disease), the magnitude of MR would be “disproportionate” and greatly exceed that predicted 
by LV volumes. The ratio between effective regurgitant orifice area (EROA) and LVEDV is helpful in 
defining the degree of MR as proportionate (EROA/LVEDV ≤ 0.14) or disproportionate (EROA/LVEDV > 
0.14) with the extent of LV dysfunction[17,20].

Consequently, the response to therapeutic intervention (TMVR on top of GDMT) will be more relevant 
in patients in which MR is the “primum movens” of the disease and less beneficial when MR is the 
consequence of LV dilatation and remodeling. The validity of this theory was tested by analyzing the 
outcome after MitraClip procedure of MITRA-FR and COAPT populations[17]. Accordingly, we can try to 
identify four cohorts of patients with specific clinical phenotypes and different goals which can be achieved 
with TMVR: 

Figure 1. Published clinical evidence of MitraClip implantation in advanced HF patients with concomitant atrial or ventricular secondary 
mitral regurgitation pursuing the following strategies: bridge to heart transplantation, bridge to candidacy to heart transplantation and 
bridge to recovery. HF: heart failure; SMR: secondary mitral regurgitation
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1. Patients with disproportionate MR (in which MR is the “primum movens”) exhibiting both symptoms 
and mortality reduction (COAPT subgroups, 492 patients); patients with disproportionate MR caused 
by PM displacement/tenting in a symmetrical LV dysfunction (e.g., apical-anterior acute myocardial 
infarction); and patients with HFpEF and/or AF causing disproportionate MR due to mitral annulus 
dilatation (atrial-secondary MR) (the green line in Figure 2). 

2. Patients with proportionate MR (“true secondary” MR) exhibiting only symptoms reduction (304 
MITRA-FR patients) (the red line in Figure 2).

3. Patients with proportionate MR reporting unclear prognostic benefit (COAPT subgroup, 56 patients) with 
“MITRA-FR like” survival at 1 year and “COAPT-like” survival at 2 years (the yellow line in Figure 2)[21].

The latter group is underrepresented but suggests that a significant benefit cannot be excluded also for 
patients with “true secondary MR” treated in an early phase of the HF process, before progression to 
severe LV dilation and before AF onset. All these considerations should be appraised as preliminary 
and, in any case, not absolute, because they are derived from the post hoc analysis of the COAPT trial 
and based on relatively small numbers of patients. This theory was tested in a “real-world” population; 
however, the absence of significant differences may have been undermined by the presence of few patients 
with proportionate MR (according to Grayburn’s cut-off )[22]. Therefore, this conceptual framework of 
proportionate/disproportionate MR needs to be weighed and confirmed on larger patient series before 
being considered as a definitive risk-benefit threshold[17].

Figure 2. Prognostic role of secondary mitral regurgitation and impact of transcatheter mitral valve repair. The impact of transcatheter 
mitral valve repair on four cohorts of patients with specific clinical phenotypes: (1) The green line indicates patients with disproportionate 
MR (MR is the “primum movens”) exhibiting both symptoms and mortality reduction (5 COAPT subgroups, 492 patients), including 
patients with disproportionate MR, symmetrical LV dysfunction, and PM displacement/tenting (e.g., apical anterior AMI); (2) The 
yellow line indicates patients with proportionate MR reporting unclear prognostic benefit (COAPT subgroup, 56 patients); (3) The red 
line indicates patients with proportionate MR exhibiting only symptoms reduction (MITRA-FR patients, 304 patients); (4) The purple 
line indicates advanced HF patients with proportionate MR showing clinical and hemodynamic stabilization (or improvement) as bridge 
therapy. AMI: acute myocardial infarction; HF: heart failure; HFrEF: heart failure with reduced ejection fraction; HTx: heart transplantation; 
LBBB: left bundle branch block; LV: left ventricle; LVAD: left ventricular assist device; LVEDV: left ventricle end diastolic volume; LVEF: 
left ventricle ejection fraction; MI: myocardial infarction; NH: neurohormonal antagonist (beta-blockers, ACE-inhibitors, RAAS blockers, 
Neprilysin, etc. ); PM: papillary muscle; SMR: secondary mitral regurgitation. Adapted and modified from Godino et al. [7]
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Despite these limitations, we can reasonably assume that most of patients with advanced HF exhibit 
the classic pathophysiologic features of “true secondary” MR (proportionate MR) together with other 
unfavorable co-pathologies (CKD, DM, AF, PVD and severe COPD). In these cases, a less favorable 
response is to be expected after TMVR with MitraClip, because the underlying advanced cardiomyopathy 
and the co-pathologies are not the direct target of the intervention. However, even the mere symptoms 
reduction and the hemodynamic stabilization can be important goals for most of these patients and can be 
achieved with the combination of GDMT and TMVR:

4. Advanced HF patients with proportionate MR aim for clinical and hemodynamic stabilization (or 
improvement) as bridge therapy (the purple line in Figure 2).

To combine the current guideline recommendations based on available evidence together with the recently 
published frameworks for MR and the unexplored setting of advanced HF, we propose a revised algorithm 
for SMR management in HF patients [Figure 3][7,23].

MITRACLIP THERAPY IN ADVANCED HF PATIENTS
The aforementioned analysis of MITRA-FR and COAPT patients in conjunction with further investigations 
will guide us towards the identification of who will benefit the most from TMVR and which is the proper 

Figure 3. Revised algorithm for secondary mitral regurgitation management in heart failure. Symptomatic, NYHA Class II-IV. Evaluation 
of clinical context, symptomatology, etiology of MR, and MR severity using a multiparametric approach. *ESC/EACTS/HFA Guidelines; 
§ACC/AHA/HFSA Guidelines. a: in patients undergoing CABG or AVR, ACC/AHA/HFSA Guidelines do not consider baseline LVEF in the 
therapeutic decision-making process for concomitant valvular surgery; b: according to ACC/AHA/HFSA Guidelines, it is reasonable to 
choose chordal-sparing mitral valve replacement for chronic severe ischemic SMR (COR IIa), whereas mitral valve repair or replacement 
may be considered for chronic severe secondary MR (COR IIb) in patients undergoing isolated mitral surgery. ACEI: angiotensin-
converting enzyme inhibitor; ARB: angiotensin receptor blocker; ARNI: angiotensin receptor neprilysin inhibitor; AVR: aortic valve 
replacement; CABG: coronary artery by-pass graft; CHF: chronic heart failure; COPD: chronic obstructive pulmonary disease; COR: class 
of recommendation; CRT: cardiac resynchronization therapy; eGFR: estimated glomerular filtration rate; EROA: effective regurgitant 
orifice area; GDMT: guideline-directed medical therapy; HF: heart failure; HFrEF: heart failure with reduced ejection fraction; HTx: heart 
transplantation; LBBB: left bundle branch block; Log EuroSCORE: Logistic European System for Cardiac Operative Risk Evaluation; L-VAD: 
left ventricular assist device; LVEDV: left ventricular end-diastolic volume; LVEF: left ventricular ejection fraction; MR: mineralocorticoid 
receptor; NT-proBNP: N-terminal pro-B type natriuretic peptide; NYHA: New York Heart Association; SMR: secondary mitral 
regurgitation; TAPSE: tricuspid annular plane systolic excursion. Adapted and modified from Godino et al. [7]
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timing of intervention. On the contrary, limited data are available regarding advanced HF patients who 
are excluded from randomized clinical trials and for which the only available evidence derives from 
observational studies. 

Clinical evidence
We can identify the following strategies in performing percutaneous mitral valve repair in advanced HF 
patients [Figure 1]:
1.  Bridge to heart transplantation (BTT)
2.  Bridge to HTx candidacy (BTC)
3.  Bridge to recovery (BTR)

One of the first papers on MitraClip procedure, reported by Franzen et al.[24] in 2011, showed for the first 
time that MitraClip implantation was safe and significantly improved the New York Heart Association 
(NYHA) class of patients with end-stage/advanced HF, especially of those who had significant reduction 
of MR grade after the procedure. In 2015, Garatti and colleagues described a case report in which the 
percutaneous mitral valve repair was effective as a BTT[25]. Similarly, Sankar et al.[26] implanted a MitraClip 
and a Carillon device (Cardiac Dimensions, Kirkland, WA, USA) in the same patient with the aim of BTT, 
replicating the surgical counterpart known as “Alfieri technique”[27]. In a larger cohort of 75 advanced 
HF patients, the following were observed: symptoms improvement, re-hospitalizations reduction and 
lower pro-BNP levels after percutaneous mitral valve repair with MitraClip, despite the lack of LV reverse 
remodeling[28]. 

Further evidence derives from a German[29] proof of concept case series showing that MitraClip is not 
only feasible in advanced HF patients listed for HTx, but also leads to favorable hemodynamic effects such 
as lower pulmonary artery pressures. Similar results were described by an Italian[30] group in which the 
reduction of pulmonary vascular resistances led to the absence of further hospital admissions for HF and 
reclassification of these patients who became eligible for HTx. The goal in the latter study was to make 
use of the percutaneous device as BTC. Another report published in 2017 proved that the MitraClip can 
promote such a benefit as leading to HTx delisting following an optimal clinical and echocardiographic 
recovery[31]: an initial BTT strategy turned into a BTR.

MitraBridge study registry
The ongoing “MitraBridge” registry, presented at EuroPCR 2019, was conducted with the aim of better 
understanding the outcome after MitraClip in this extreme setting of patients[32]. This international, 
multicenter registry collected data for nearly 100 end-stage HF patients treated with the percutaneous 
device as bridge strategy. Baseline characteristics were clearly different from those belonging to MITRA-
FR and COAPT populations: despite a younger age [57.5 years (50-63), median and interquartile range], 
there were reported lower values of mean ejection fraction (27%), higher percentage of NYHA Classes III-
IV (96%), higher mean left ventricular end diastolic volumes indexed (134 mL/m2), elevated mean systolic 
pulmonary artery pressures (sPAP, 51 mmHg) and mean pulmonary capillary wedge pressures (25 mmHg) 
and the majority (43%) had an INTERMACS profile of 5-6. At 1 year, two thirds of the cases achieved a 
primary composite endpoint of elective HTx, entering (or remaining) in HTx list and delisting for clinical 
improvement; the rest of the patients who did not reach those events were death, implanted with LVAD, 
transplanted urgently or still waiting for HTx listing. The patients who were delisted exhibited significant 
clinical improvement represented by marked reductions in NYHA class, sPAP and MR grade, which 
allowed a BTR. 

At present, there is still little knowledge about the real effectiveness and applicability of the MitraClip 
procedure in the case of advanced HF. Although this procedure is almost ineffective for some of the patients 
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with advanced HF, it can act as a “bridge” for further invasive treatments (e.g., HTx or MCS) for others. 
It must be clear that the final goal to perform such interventions in this setting of patients is no longer 
reducing mortality of course, but to enhance and/or stabilize the clinical status (mainly by reductions of 
sPAP) and thus the quality of life while awaiting HTx. Consequently, obtaining a symptomatic benefit 
increases the chances of reaching HTx in a good enough clinical status. More research efforts need to be 
spent to understand who will more likely benefit from percutaneous mitral valve repair at this stage of the 
HF. Currently, it is recommended to early refer patients affected by advanced HF to tertiary care centers 
that can best individualize treatment options (HTx, MCS and bridging solutions) and assure the proper 
timing for their application.

CONCLUSION
MitraClip implantation in advanced HF patients with concomitant severe MR is safe and can provide 
significant clinical improvement. Available evidence describes the favorable outcomes obtained with 
this device resulting in BTT, BTC or BTR. Further studies are needed to investigate the predictors of 
success for this procedure in this extreme setting of patients in order to provide solid basis for treatment 
recommendations. 
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