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Introduction

The prevalence of heart failure (HF) continues to rise over 
time, with aging of the population and increased survival of 
incident cases (1). HF is a debilitating disease that decreases 
life expectancy and quality of life and is responsible for a 
large number of hospital admission and healthcare resource 
consumption. Virtually all cardiovascular diseases may 
lead to HF, although prevalence, causes and risk factors 
of HF may vary worldwide. In some cases, HF can be 
treated by eliminating its primary cause (e.g., valvular heart 

disease, VHD), in others however, pharmacologic and non-
pharmacologic treatments are aimed at reducing rate of 
progression and mortality related to HF and to improve 
quality of life (e.g., cardiomyopathies).

Several non-pharmacologic strategies for the treatment 
of HF have been already tested and represent standard 
treatments for HF in selected patients at different stages, 
including cardiac resynchronization therapy (CRT) and 
left ventricular assist devices (LVADs) (2). In recent years, 
development of novel transcatheter techniques, especially 
for the treatment of VHD, which may cause or aggravate 
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HF, offered new treatment options for patients with HF 
(Figure 1). This paper provides a brief review of the current 
applications of new transcatheter techniques for HF 
patients.

Transcatheter aortic valve implantation (TAVI) in 
HF

TAVI has become a mainstay therapy for elderly patients 
with severe aortic stenosis (AS) with increased surgical risk 
(3,4), and recently published trials will probably lead to 
expanded indications to low-risk patients as well (5,6). As 
such, TAVI already represents an extremely valuable therapy 
for HF due to severe AS. Beyond common indications, 
however, TAVI is under investigations in other specific HF 
scenarios.

The Transcatheter Aortic Valve Replacement to UNload 
the Left ventricle in patients with ADvanced heart failure 
(TAVR UNLOAD, NCT02661451) is an international, 
multicenter, randomized, open-label, clinical trial designed 
to test the efficacy and the safety of transfemoral TAVI in 
HF patients with reduced left ventricular ejection fraction 
(LVEF) and moderate AS (7). In TAVR-UNLOAD, 600 
patients with HF and LVEF <50%, NYHA ≥2, optimal HF 
therapy (OHFT) and moderate AS are being randomized 1:1 
to undergo TAVR+OHFT vs. OHFT alone. The primary 
endpoint will be the hierarchical occurrence at 12-month 

of: all-cause death, disabling stroke, hospitalizations for HF, 
and change in KCCQ. The rationale of the study is that 
augmented systemic vascular resistance due to moderate AS 
may contribute to worsening of myocardial function and 
symptoms. Indeed, decreasing vascular resistance is one 
of the main targets of pharmacologic treatment of HF. A 
case report from Bastos et al. provide proof of the concept 
tested in the trial (8). In fact, immediately after TAVI in a 
patient with HF and moderate AS, important hemodynamic 
changes were recorded, including left shifting of the pressure-
volume loops with decreases in end-diastolic and end-
systolic volumes, increase in end-systolic elastance indicating 
improved contractility, decreased pressure-volume area, lower 
ventricular-arterial coupling ratio and increase of LVEF (8).

TAVI has also been proposed in other, very specific 
end-stage HF settings: as a bridge to heart transplant or 
to LVAD in patients with end-stage HF and severe native 
or bioprosthetic aortic valve dysfunction (9), or to treat 
acquired aortic insufficiency after LVAD implantation 
(10,11). Severe aortic regurgitation (AR) is a well-known 
potential complication of LVAD, whose utilization has 
greatly increased over the last decade. AR has been mainly 
reported after continuous-flow LVAD, with ≥ moderate 
AR occurring in nearly a third of the patients after  
3 years of continuous-flow LVAD support, and often leads 
to recurrent HF and reduced survival (11,12). In these 
patients, surgical treatment of AR is complex and poses 

Figure 1 Targets of new transcatheter options for patients with heart failure. AS, aortic stenosis; FMR, functional mitral regurgitation; HF, 
heart failure; HFpEF, heart failure with preserved ejection fraction; LV, left ventricle; PA, pulmonary artery; TAVI, transcatheter aortic valve 
implantation; TR, tricuspid regurgitation.
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a high risk; hence, a less invasive, transcatheter option 
like TAVI has been explored (11,12). Several cases have 
been reported, with overall good results (12). Likewise, a 
successful TAVI case was also reported in a patient with 
pulsatile-flow biventricular assist device (10). The principal 
limitation of TAVI in this setting is the lack of valve 
calcifications in the majority of cases, with the consequent 
risk of valve embolization and malpositioning. For the most 
commonly used TAVI devices, treatment of pure AR is off-
label (13). An alternative transcatheter option is application 
of a septal occluder device to close the aortic valve and 
avoid regurgitation of a portion of the forward flow from 
the LVAD outflow cannula into the left ventricle. Although 
reported to be effective, a potential drawback of this 
approach is that the patient becomes fully dependent on the 
LVAD and its malfunction can quickly become fatal (11).

Transcatheter mitral valve interventions in HF

Mitral valve regurgitation (MR) can be either the cause 
(primary or organic MR) or a consequence (secondary 
or functional MR) of left ventricular dysfunction and 
HF. For primary MR, surgery, preferably repair over 
replacement, is strongly indicated in most patients (class I 
or IIa), with a lower degree of recommendation for mitral 
valve replacement in symptomatic patients with severe 
LV dysfunction (LVEF <30% and/or LVESD >55 mm) 
who are refractory to medical therapy (3). Nevertheless, 
a sizable number of patients cannot undergo surgery 
because of advanced age and/or comorbidity, and this 
proportion is increasing due to aging population. To cover 
this unmet need, several transcatheter approaches have 
been developed and are at different stages of clinical or 
pre-clinical testing. The MV apparatus is more complex 
than the aortic valve and targets for interventions might 
be manifold: leaflets, chordae, and annulus. Accordingly, 
there are devices designed for transcatheter edge-to-edge 
procedures, annuloplasty (direct or indirect), mitral chord 
replacement, or transcatheter mitral valve replacement 
(TMVR). For secondary MR, surgical indications are much 
less straightforward, because the primary disease involves 
the left ventricle and surgical correction of MR is burdened 
with high surgical risk and uncertain prognostic impact. 
As a consequence, the vast majority of these patients are 
managed conservatively.

The most used device for transcatheter mitral valve repair 
is the MitraClip (Abbott, Abbott Park, IL, USA), which 
simulates the Alfieri surgical  technique in a percutaneous 

fashion. MitraClip has been approved to treat symptomatic 
but inoperable patients with primary MR if the anatomy 
allows (14). Once again, the situation is much more complex 
for secondary MR. Two randomized trials evaluating 
MitraClip vs. medical treatment in functional MR provided 
apparently contradicting results. In the Multicentre Study 
of Percutaneous Mitral Valve Repair with MitraClip Device 
in Patients With Severe Secondary Mitral Regurgitation 
(MITRA-FR) (15) the composite primary endpoint for all-
cause mortality and HF hospitalization at 1-year was not 
significantly different between treatment groups, and this 
lack of difference was confirmed in a 2-year follow-up (16). 
Conversely, in the Cardiovascular Outcomes Assessment 
of the MitraClip Percutaneous Therapy for Heart Failure 
Patients with Functional Mitral Regurgitation (COAPT) 
trial, MitraClip implantation led to a significant reduction 
in the primary endpoint of HF hospitalization at 2-year 
follow-up versus medical treatment alone. Surprisingly, 
MitraClip was also associated with significantly lower 
mortality and better quality of life. Correlating the findings 
of those 2 studies represents a pathophysiologic challenge 
with huge clinical implications, given the enormous 
potential number of candidates with HF and secondary MR. 

First of all, both trials confirmed the ominous fate of 
medically-treated patients. Second, patients enrolled in the 
MITRA-FR trial had on average less severe MR and greater 
LV dilatation. Echocardiographic criteria for enrollment 
were less stringent than in COAPT (17), and adjustments 
of medical treatment during the study were more frequent, 
whereas in COAPT guideline-directed medical treatment 
had to be fully implemented at the time of enrollment 
in the trial. Based on the analysis of those trials, a novel 
conceptual framework has been proposed to guide 
therapeutic approach (18). Briefly, in secondary MR, the left 
ventricle has a critical importance and effective regurgitant 
orifice area (EROA) is dependent on left ventricular end-
diastolic volume. A certain degree of MR should therefore 
be expected with a direct proportionality with LV dilatation: 
this has been named “proportionate” secondary MR. In 
this context treating the mitral valve is supposed to have 
minor or null impact on outcomes. Some patients, however, 
presents with an EROA and a degree of MR that is 
disproportionately higher than predicted by LV dilatation. 
This condition has been named “disproportionate” or 
“tertiary” MR and is the one that appears to derive more 
benefit from interventions directed at the mitral valve (18).  
This theory is ,  however,  sti l l  subject to different 
interpretations (19). Overall, it seems very rationale to 
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preferentially apply MitraClip therapy according to the 
enrollment criteria of the COAPT trial (17). While it 
should be tried to avoid futile procedures, it is clear that 
patients with HF and functional MR represent a complex 
scenario and a holistic approach is necessary for each 
individual patient. In fact, some registry data suggest 
clinical benefit even in some patients with truly end-stage 
HF (20), despite the lack of impact on parameters strictly 
linked to survival (e.g., left ventricular remodeling). It is 
difficult, however, to match these findings from those, 
more rigorous that have emerged from randomized 
trials. A third ongoing clinical trial, the RESHAPE-
HF2 (NCT02444338), will provide further evidence and 
hopefully help refine appropriate patient selection for 
MitraClip in secondary MR.

A niche indication for MitraClip that has been recently 
proposed by some heart transplant centers is bridge to 
heart transplant or to LVAD in selected candidates (21,22) 
(Table 1). Indications include waitlisted patients with 
rapidly-deteriorating clinical condition and initial loss of 
end-organ functions, patients with potentially-reversible 
contraindications to heart transplant (i.e., pulmonary 
hypertension) or unstable patients during the screening for 
heart transplant (before entering the waiting list) (23). 

Left ventricular remodeling

Scar formation after myocardial infarction results in 
progressive LV remodeling that, in some instances, can lead 

to formation of an aneurysm. LV aneurysm increases wall 
tension and reduces the efficacy of LV contractions, leading 
to HF and increasing risk of endoventricular thrombus 
formation. Hence, cardiac surgeons developed a technique 
to resect the LV aneurysm, regain a more physiological LV 
shape, improve LV function and reduce the risks associated 
with the presence of the aneurysm. Although in the Surgical 
Treatment for Ischemic Heart Failure (STICH) randomized 
clinical trial no difference was demonstrated for the primary 
outcome of death from any cause or rehospitalization for 
HF (24), a subsequent analysis suggested a potential survival 
after CABG and LV reconstruction compared to CABG 
alone when a postoperative end-systolic volume index of  
70 mL/m or less was achieved (25). Given these results and 
the high surgical risk, LV aneurysmectomy is performed 
only in very selected patients.

Recently, a new transcatheter approach for ventricular 
reshaping have been developed: the Revivent TC™ System 
(BioVentrix Inc., San Ramon, CA, USA) (26). Revivent is a 
hybrid transcatheter/surgical technique in which the LV is 
reconstructed by plication of the fibrous scar on a beating 
heart. A series of titanium microanchors are implanted 
internally from the right ventricle cavity through a jugular 
venous access and externally from the LV free wall through 
a surgical access, and connected by an adjustable-length 
tether (Figure 2). A series of anchors are implanted until 
plication of the aneurysm is obtained. Preliminary data 
showed significant and sustained reduction of LV volumes 
and improvement of LV function, symptoms, and quality of 

Table 1 Potential indications to percutaneous mitral valve repair (PMVR) as a bridge to heart transplant*

Status Condition Potential indication to PMVR Therapeutic objective

Active HTx list Pulmonary hypertension PAP >60 mmHg; mean PAP (at RHC) >25 mmHg; 
PVR >3 WU; progressive, rapid increase of PAP at 
RHC or PCW >30 mmHg

Reduction of PVR (maintain candidacy  
to HTx)

Unstable hemodynamics Relevant contribution of FMR to instability Avoid deterioration while on waiting list

Rare blood group Unstable condition Avoid deterioration while on waiting list

Underweight or overweight Unstable condition Avoid deterioration while on waiting list

Potential  
candidate to HTx

Non-cardiac temporary  
contraindication

Unstable condition Avoid deterioration while on waiting list

Pulmonary hypertension PVR >3.0 WU or PCW >30 mmHg Reduction of PVR

Unstable hemodynamics Relevant contribution of FMR to instability Improve symptoms and hemodynamic  
conditions during the pre-transplant 
screening phase

*, reproduced from Saia et al. (23) with permission. FMR, functional mitral regurgitation; HTx, heart transplant; PAP, pulmonary arterial 
pressure; PCW, pulmonary capillary wedge; PVR, pulmonary vascular resistance; RHC, right heart catheterization; WU, Woods units. 
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life (27,28). Further studies are ongoing.

Remote monitoring of HF signals

Remote monitoring of symptoms or physiologic signals 
have been proposed as possible strategies to reduce 
hospitalizations for HF, through the detection of early signs 
of cardiac decompensation and prompt initiation of the 
appropriate treatment before development of acute HF. 
Several attempts have been made with inconsistent results, 
including: daily weight measurements, patient reported 
symptoms, B-type natriuretic peptide levels, or non-
haemodynamic physiologic signals derived from implanted 
devices, such as intrathoracic impedance (29,30).

Increased intravascular volume is often associated with 
elevation of pulmonary artery (PA) pressure that might 
be apparent several days before the onset of worsening 
symptoms. The CardioMEMSTM HF System (Abbott, 
Atlanta, GA, USA) is a wireless implantable haemodynamic 

monitoring system implantable into a distal branch of the PA 
which enables transmission of pressure readings and trends 
to HF clinics (Figure 1). In the CHAMPION prospective, 
randomized clinical trial (ClinicalTrials.gov NCT00531661) 
medical management guided by the CardioMEMSTM 
through remotely obtained PA pressures has been shown to 
significantly reduce PA pressure, HF hospitalizations and 
improve quality of life in patients with NYHA Class III  
HF (31). After CE mark and FDA approval, the device is 
being investigated in a European post-market study designed 
to test generalizability and efficacy of remote hemodynamic 
guided HF management (30).

Catheter-based techniques for cardiac support 
in acute HF

Acute decompensated heart failure (ADHF) is an unstable 
condition characterized by new onset or worsening HF 
symptoms, that in some cases may present or evolve to 

Figure 2 The Revivent TCTM device. (A)* Illustration of the procedure. (B)* Focus on the nitinol anchors for plication of the left ventricular 
aneurism. (C) Intra-operative fluoroscopic image. *, from https://bioventrix.com/index.php/it/medico/sistema-revivent-tc.

Right
ventricle

Healthy
tissue

Healthy
tissue

Healthy tissue

Left
ventricle

Left
ventricle

Left
ventricle

Tether

Tether

External
anchor

External
anchor

External
anchor

External
anchor

Tether

Internal
anchor

Internal
anchor

Internal
anchor

Internal
anchor

Right
ventricle

Right
ventricle

Scar
tissue

Scar
tissue

Scar
tissue

A B

C



297Cardiovascular Diagnosis and Therapy, Vol 11, No 1 February 2021

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2021;11(1):292-300 | http://dx.doi.org/10.21037/cdt-20-335

cardiogenic shock. If patients do not respond adequately 
to volume optimization and inotropes, mechanical 
circulatory support (MCS) is recommended to unload the 
ventricle and maintain sufficient end-organ perfusion (2). 
Devices for temporary MCS can be either percutaneous 
or surgical. Along with the traditional intra-aortic balloon 
pump (IABP), the most important catheter-based devices 
include the Impella (Abiomed, Danvers, MA, USA) and the 
TandemHeart (Cardiac Assist Inc, Pittsburgh, PA, USA). 

Impella is a micro-axial pump which is placed in the LV 
and delivers blood through the LV to the ascending aorta. 
It acts as a percutaneous LVAD, generating an effective LV 
unloading and decreasing myocardial oxygen. TandemHeart 
consists of a transseptal cannula inserted from the femoral 
vein that aspires blood in the left atrium and, through a 
centrifugal blood pump, reintroduce it into the femoral 
artery. They provide superior hemodynamic support 
compared with IABP but are also associated with higher 
rates of complications, hence selective use within a well-
defined therapeutic protocol is recommended (32).

Percutaneous revascularization for ischemic 
ventricular dysfunction

Coronary artery disease is the most common cause of 
left ventricular dysfunction and HF. In these patients, 
revascularization with coronary artery bypass graft (CABG) 
improves long-term outcomes, despite a high surgical  
risk (33). The role of percutaneous coronary intervention 
(PCI) is less clear and indirect comparisons suggest 
superiority of CABG (34). Despite the lack of randomized 
data, however, PCI seems superior to medical therapy  
alone (34) and clinical trials are ongoing (35). Many 
patients have comorbidities that further increase an 
already-high surgical risk, making PCI the best therapeutic 
strategy. Yet, in this setting PCI is burdened by important 
drawbacks. The ability to achieve more often a complete 
revascularization is one of the possible explanations for the 
hypothesized superiority of CABG over PCI (35). Second, 
complex PCI procedures are often required in this patients' 
cohort, carrying a high procedural risk. Importantly, 
a number of innovations for PCI have been recently 
introduced in clinical practice that might increase safety 
and effectiveness in patients with severe LV dysfunction. 
Amelioration of materials, techniques, success rates and 
clinical outcomes in chronic total occlusions (CTO) PCI 
have been reported (36). New-generation MCS devices 
allow safer performance of complex procedures in patients 

with severe LV dysfunction and hemodynamic instability, 
complex multivessel disease or last-remaining vessel (37,38). 

Other devices

A number of other devices for the treatment of HF have 
been developed and are being tested in clinical trials. 
First of all, a large number of new emerging technologies 
are under development to treat mitral regurgitation (39) 
and tricuspid regurgitation (40). The Parachute device 
(CardioKinetix; Menlo Park, CA, USA) was aimed at 
treating LV aneurysms by partitioning apical LV aneurysms 
through a self-expanding endoventricular nitinol device (26). 
Testing of the Parachute has been abandoned because of the 
closure of the company. Another interesting concept is that 
of creating an interatrial shunt in patients with HF with 
preserved LVEF (HFpHF) to reduce left atrial pressure. In 
these patients, baseline left atrial pressure is high, and there 
is a steep increase during exercise, causing rise in pulmonary 
capillary wedge pressure (PCWP) and exertional dyspnea. 
The transcatheter Interatrial Shunt Device (IASD; Corvia 
Medical Inc.) has been shown to be safe and associated with 
a reduction of exercise PCWP compared with sham control 
treatment at 1 month of follow-up, but at 1-year there 
were no significant differences in the combined endpoint of 
major adverse cardiac, cerebrovascular, or renal events (41). 
However, the trial was underpowered to detect significant 
differences in 12-month end points and further studies 
are ongoing. Another device, the V-wave device (V-Wave 
Medical), which is an hourglass-shaped interatrial shunt 
device that includes a valve, had a rate of device malfunction 
or failure of 50% at 1-year (41).

Conclusions

HF is a major public health problem and has increasing 
prevalence. Guideline-directed medical therapy is 
associated with improved outcomes and quality of life, 
but many patients remain symptomatic and prognosis is 
often dismal. A number of non-pharmacologic approaches 
complement the therapeutic armamentarium for HF. 
Several transcatheter devices are now available in clinical 
practice or are under evaluation for HF patients, and will 
help to improve prognosis and quality of life.
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