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Ventricular Reshaping 
Strategies in Heart Failure
Update on recent and ongoing clinical trials.
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Approximately 64.3 million people have heart fail-
ure worldwide with an incidence and prevalence 
of more than 6 million, or > 2.5%.1 In the United 
States, roughly 60% of cases of congestive heart 

failure are due to ischemic cardiomyopathy.2 Both isch-
emic and nonischemic cardiomyopathy lead to adverse 
cardiac remodeling but with fairly different pathophysiol-
ogy. Myocardial infarction leads to akinetic or dyskinetic 
myocardium, leading to increased wall stress. This leads to 
subsequent left ventricular dilatation, including a geometric 
change from ellipsoid to spherical.3 Afterload mismatch fur-
ther increases adverse remodeling and neurohormonal acti-
vation. Despite revascularization after myocardial infarction, 
up to 20% of patients will undergo adverse remodeling.4 
Nonischemic cardiomyopathies also undergo pathologic 
remodeling due to the culmination of a complex series of 
transcriptional, signaling, structural, and electrophysiologi-
cal events occurring within the cardiac myocyte.5 

Over the last few decades, with the introduction of 
new revascularization techniques and several drug classes 
that have shown improvement in mortality and morbid-
ity, roughly 20% more people survive at 1-year and 5-year 
follow-up compared to the 1950s-1970s.1 Despite this, the 
mortality rate has remained stagnant with a high morbid-
ity burden. This leaves a treatment gap that affects roughly 
5 million patients just in the United States, even after 
guideline-directed medical therapies. Over the last decade, 
several percutaneous and surgical strategies have been 
developed to reduce symptom burden for chronic heart 
failure patients, reduce hospitalization, and improve overall 
quality of life and functional status.

SURGICAL VENTRICULAR REMODELING
One strategy to improve cardiac function is the concept 

of ventricular reconstruction. The first attempt at surgi-
cal restoration of the left ventricle (LV) was described by 
Cooley et al in 1958 in patients with anterior myocardial 

infarction aneurysms.4 In the 1980s, Dor introduced endo-
ventricular circular patch repair that was deemed superior 
and became more widely utilized.6 Several variations of the 
Dor procedure have been adopted since then. The efficacy 
of surgical ventricular reconstruction in conjunction with 
coronary artery bypass grafting (CABG) was assessed in the 
STICH trial and failed to show a decrease in mortality, hos-
pitalization, or improvement in symptoms despite showing 
a decrease in left ventricular volume when compared to 
undergoing CABG alone.7 

Surgical ventricular reconstruction has also been 
explored in patients with dilated nonischemic cardio-
myopathy. In 1985, Carpentier et al introduced dynamic 
cardiomyoplasty in patients with chronic heart failure. 
In this procedure, latissimus dorsi muscle is mobilized, 
drawn into the thorax, and wrapped around the heart and 
subsequently connected to a cardiostimulator to synchro-
nously move with ventricular systole.8 An initial phase II, 
multicenter study showed improvement in left ventricular 
ejection fraction (LVEF), stroke volume, and stroke work 
index. The study also showed improvement in overall qual-
ity of life and New York Heart Association (NYHA) heart 
failure functional status.9 However, a prospective study with 
68 patients who underwent this procedure failed to show 
improvement in peak oxygen consumption or cardiac 
index.10 Cardiomyoplasty has since been used in the setting 
of ventricular tumor excision, arrhythmogenic right ven-
tricular dysplasia, and in conjunction with chronic resyn-
chronization and defibrillator systems.11 Studies performed 
on cardiomyoplasty did show an increase in sudden cardiac 
death, which has limited the use of this strategy. 

Another strategy for ventricular reduction with con-
comitant improvement in mitral regurgitation (MR) 
that gained initial traction in 2006 was the Coapsys 
device (Edwards Lifesciences), which was studied in the 
RESTOR-MV trial.12 The intent was to reduce functional 
MR and help improve symptoms with surgical ventricular 
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remodeling. The device consisted of two epicardial pads 
connected by a flexible, suture-like cord passed through 
the ventricle with the help of imaging.13 This cord was then 
sequentially tightened to improve MR severity by improv-
ing coaptation of the leaflets. The final length of the cord 
was then determined by elimination of mitral insufficiency 
or maximum shortening of up to 35%.12 RESTOR-MV 
randomized patients with coronary artery disease and func-
tional MR with LVEF > 25% to either annuloplasty with 
CABG or Coapsys device with CABG. The study showed 
both annuloplasty and Coapsys acutely reduced MR and 
annular dimension, but Coapsys showed a significantly 
greater LV reshaping compared to annuloplasty.12 The 
study left several questions unanswered as to the degree 
of scarring the device causes, as well as whether it excludes 
future valvular repairs. Unfortunately, the study was termi-
nated early due to lack of funding, even with results show-
ing a survival benefit during follow-up despite the control 
group’s lower degree of MR.11 Myocor went out of business 
in 2008, with patents purchased by Edwards Lifesciences. 
Edwards Lifesciences has yet to reveal any further investiga-
tion on this device. 

In this article, we highlight contemporary less invasive 
strategies to aid in ventricular reshaping.

EPICARDIAL VENTRICULAR RESTORATION
Revivent Transcatheter System

Ventricular reduction by a minimally invasive surgical 
technique utilizing the Revivent-TC system (BioVentrix) has 
already demonstrated a stable reduction in left ventricu-
lar volumes in humans, and animal models have already 
revealed improvement in LVEF.14,15 The system is com-
posed of polyester-covered titanium anchors (5 X 25 mm) 
attached to a polyethylene-ether-ether-ketone tether, 
which are placed on the right side of the interventricular 
septum and on the LV wall through a hybrid approach 
through percutaneous access in the right internal jugular 
vein and access to the LV through a left lateral thora-
cotomy approach. From outside the LV, a needle is used 
to puncture the LV and cross into the interventricular 
septum. Hemodynamics are monitored using a Swan-Ganz 
catheter. After reaching the right ventricle, the anchors are 
drawn together to allow apposition of the LV free wall to 
the septum. Positioning of the anchors to exclude scarred 
myocardium is achieved through fluoroscopic guidance 
and contrast injection in the LV.16

More recently, a prospective, multicenter, single-arm 
study across 22 centers in 12 countries in Europe was 
designed to assess the efficacy and safety of the device.16 
Patients were included in the study if they had at least 
NYHA class II symptoms, LV dilatation and dysfunction 
caused by myocardial infarction, and akinetic and/or 
dyskinetic transmural scarred myocardium located in the 

anteroseptal, anterolateral, and/or apical regions. A total 
of 89 patients were enrolled and 86 patients were success-
fully treated (97%). At 1-year follow-up, the study found 
that all patients had significant and sustained reduction 
in LV volumes. In addition, a significant improvement 
in LVEF was observed (29 ± 8% vs 34 ± 9%; P < .005). 
Four patients (4.5%) died in the hospital and survival at 
12 months was 90.6%. At baseline, 59% of heart failure 
(HF) patients were in NYHA class III compared with 22% 
at the 1-year follow-up. Improvements in Minnesota Living 
with Heart Failure Questionnaire (39 vs 26 points; P < .001) 
and 6-minute walk test (6MWT) (363 vs 416 m; P ≤ .001) 
were also reported. The most frequent observed adverse 
events were ventricular arrhythmias (14%) and bleeding 
(8.1%).3 In the United States, a similar pivotal trial to further 
assess the safety and efficacy of the device is underway 
(NCT02931240) (Table 1).

VENTRICULOPLASTY
AccuCinch

The AccuCinch system (Ancora Heart) requires a retro-
grade approach percutaneously through the femoral artery 
for cinching of the anchors in the subannular space within 
the LV wall.17 The device is currently investigational, with 
preliminary analysis having a favorable safety profile with 
97% freedom from device-related major adverse events at 
30 days.18 In a multicenter, nonrandomized, prospective, 
early feasibility study to evaluate the efficacy and safety 
of the device, preliminary results suggest that AccuCinch 
implantation is feasible and safe.19 A total of 21 patients 
were treated with AccuCinch across eight sites with two 
patients not receiving the device before an implantation 
attempt due to anatomical limitations. There were no 
device-related adverse events during the procedure. A total 
of four patients had a procedure-related or hospitalization 
event within 30 days. Echocardiographic data indicated 
reductions of LV volume and MR, and improved LVEF at 
sequential 1-, 3-, and 6-month follow-up. Furthermore, 63% 
of patients had improved to NYHA class I/II at 6-month 
follow-up (baseline 13%) with improved Kansas City 
Cardiomyopathy Questionnaire quality of life scores (an 
increase from 50 to 65 points).19

Preliminary results with the AccuCinch system from 
Australia and Columbia assessing the procedural suc-
cess, clinical safety, and major adverse cardiovascular 
events at 7 and 30 days, respectively, in the LVRECOVER 
(NCT02153892) and LVRESTORESA (NCT01899573) trials 
are promising. The CorCinch-EU study (NCT03183895) 
will complete enrollment in May 2022. In this prospective, 
nonrandomized, single-arm trial, the primary objectives are 
to evaluate the safety and performance of AccuCinch for 
the treatment of heart failure and functional MR in symp-
tomatic adult patients, with or without functional MR and 
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left ventricular remodeling due to dilated cardiomyopathy, 
who remain symptomatic despite optimized medical ther-
apy. The aim is to enroll 132 participants across 24 centers 
in Europe. 

In the United States, a prospective, randomized, mul-
ticenter study to study AccuCinch in patients with heart 
failure with reduced ejection fraction was launched 
in November 2020. The Corcinch-HF pivotal trial 
(NCT04331769) will compare AccuCinch to patients on 
guideline-directed medical therapy across 45 centers, with 
an enrollment goal of 400 participants, to support the sub-
mission of the company’s FDA premarket approval applica-

tion (Table 1). The main primary outcomes evaluated will 
be device-related major adverse events at 180 and 365 days 
in addition to evaluation of Kansas City Cardiomyopathy 
Questionnaire scores and changes in 6MWT distance. 
To date, there have already been > 100 implants of the 
AccuCinch system worldwide.

VENTRICULAR PARTITIONING
Parachute

The umbrella-like Parachute device (CardioKinetix Inc.) 
consists of a fluoropolymer membrane stretched over a self-
expanding nitinol frame ranging up to 95 mm in diameter 

TABLE 1.  CURRENT FEATURES AND STATUS OF TECHNOLOGIES FOR VENTRICULAR RESHAPING THERAPIES IN  
HEART FAILURE

Device/ 
Manufacturer

Access Device Details Inclusion Criteria Study Endpoints Current Status Expected 
Completion Date

Coapsys 
(Edwards 
Lifesciences)

Surgical Implantation 
of two epi-
cardial pads 
attached 
to suture-
like cord to 
shorten the 
ventricular 
dimension

LVEF of > 25%, 
ischemic FMR in 
patients undergo-
ing CABG

Effectiveness compared 
to patients undergoing 
annuloplasty with con-
comitant CABG

Terminated 
due to lack of 
funding

–

Revivent-TC 
(BioVentrix)

Hybrid 
approach of left 
lateral mini-
thoracotomy 
incision to 
allow access to 
LV apex paired 
with central 
access through 
right internal 
jugular vein  

Implantation 
of a series of 
microanchors 
pairs 

LVEF < 45%, dilat-
ed LV, acontractile 
scar, NYHA class 
II-IV

Effectiveness, compared 
to surgical treatment and 
medical therapy

Phase 2,  
phase 3

March 2022

AccuCinch 
(Ancora Heart) 

Percutaneously 
inserted 
through femo-
ral artery

Implantation 
of ventriculo-
plasty system

LVEF ≥  20% to 
40%,  
LVEDD ≥ 55 mm
NYHA class II to 
IV, 6MWT distance 
100 to 450 m

180-d and 365-d device- 
or procedure-related 
MAE, MACE, ∆ KCCQ, and 
∆ 6MWT distance

Currently 
enrolling in 
United States 
pivotal trial

January 2025

Parachute 
(CardioKinetix 
Inc.)

Percutaneously 
inserted

Implantation 
of LV partition-
ing device

LVEF <  40%, 
abnormal LV wall 
motion, suitable LV 
anatomy

Death or rehospitalization 
for worsening heart fail-
ure/quality of life

Terminated 
due to lack of 
funding

–

Abbreviations: 6MWT, 6-minute walk test; CABG, coronary artery bypass grafting; FMR, functional mitral regurgitation; KCCQ, Kansas City Cardiomyopa-
thy Questionnaire; LV, left ventricle; LVEDD, left ventricular end-diastolic dimension; LVEF, left ventricular ejection fraction; MAE, major adverse events; 
MACE, major adverse clinical events, NYHA, New York Heart Association. 
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when fully expanded. It is aimed to partition off the akinetic 
or the LV aneurysm in patients with ischemic heart failure.20 

In the European and United States PARACHUTE feasibil-
ity trials, the observed rates of death or rehospitalization 
for HF were < 17% at 12 months. In a prospective, non-
randomized, observational study, the PARACHUTE III trial 
enrolled 100 patients in Europe and demonstrated that 
the device had favorable outcomes.21 The primary safety 
endpoint was procedural- or device-related major adverse 
cardiac cerebral events. Device implantation was successful 
in 97 (97%) patients. The secondary endpoints, LV volume 
reduction (P < .0001) and 6MWT distance improvement 
(P < .01) were also achieved. Despite the preliminary success 
reported, serial randomized trials were terminated because 
the company had closed (NCT01614652, NCT02543632) 
(Table 1). It remains unclear whether the use of the 
Parachute device will be continued.

CONCLUSION
Left ventricular reshaping strategies have been utilized for 

the past several decades, with variable success. Early surgical 
strategies showed no mortality benefit or improvement in 
quality of life, limiting their widespread adaptation. However, 
modified surgical reconstruction strategies have shown some 
improvement in symptom burden but none of the studies 
to date have shown a true mortality benefit. Over the last 
decade, several percutaneous options have been designed and 
are in various stages of development and approval. 

Several current minimally invasive techniques for 
ventricular reshaping hold promise for the future. They 
have already demonstrated safety and efficacy endpoints. 
Improvements in quality-of-life questionnaires and 6MWT 
distances were observed. Additionally, echo parameters 
revealing reduction in volumes and improved ejection frac-
tions have also been appreciated. However, most of the 
studies are based on early feasibility data, and we anxiously 
await the large-scale clinical data regarding their safety, clini-
cal utility, and perhaps a mortality benefit from the current 
ongoing trials.

Despite the promising data with the advent of new devic-
es and techniques, a fundamental key to success remains in 
optimization of guideline-directed medical therapy—this 
cannot be overstressed. As the fields of heart failure and 
structural cardiology continue to evolve, a heart team 
approach will be vital to identify and optimize the right 
patient for the right procedure at the right time.  n 
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