
Contents lists available at ScienceDirect

Biomedicine & Pharmacotherapy

journal homepage: www.elsevier.com/locate/biopha

Review article

The promising future of ventricular restraint therapy for the management of
end-stage heart failure

Muhammad Naveeda, Imran Shair Mohammadb, Li Xuea, Sara Khanc, Wang Ganga, Yanfang Caoa,
Yijie Chenga, Xingxing Cuia, Chen DingDinga,⁎, Yu Fenga,⁎, Wang Zhijied,⁎, Zhou Xiaohuia,e,f,⁎⁎

a Department of Clinical Pharmacy, School of Basic Medicine and Clinical Pharmacy China Pharmaceutical University, School of Pharmacy, Jiangsu Province, Nanjing
211198, PR China
bDepartment of Pharmaceutics, China Pharmaceutical University, School of Pharmacy, Jiangsu Province, Nanjing 211198, PR China
c Department of Pharmaceutical Chemistry, University College of Pharmacy, University of the Punjab, Lahore 5400, Pakistan
d Key Laboratory of Semiconductor Materials Science, Institute of Semiconductors, Chinese Academy of Sciences, Beijing, 100083, PR China
e Department of Heart Surgery, Nanjing Shuiximen Hospital, Jiangsu Province, Nanjing 210017, PR China
fDepartment of Cardiothoracic Surgery, Zhongda Hospital affiliated to Southeast University, Jiangsu Province, Nanjing 210017, PR China

A R T I C L E I N F O

Keywords:
Heart failure
Remodeling
Surgery
Ventricular restraint device (VRD)
Ventricular restraint therapy (VRT)
ASD device
mVO2 & Ptm

A B S T R A C T

Complicated pathophysiological syndrome associated with irregular functioning of the heart leading to in-
sufficient blood supply to the organs is linked to congestive heart failure (CHF) which is the leading cause of
death in developed countries. Numerous factors can add to heart failure (HF) pathogenesis, including myocardial
infarction (MI), genetic factors, coronary artery disease (CAD), ischemia or hypertension. Presently, most of the
therapies against CHF cause modest symptom relief but incapable of giving significant recovery for long-term
survival outcomes. Unfortunately, there is no effective treatment of HF except cardiac transplantation but ge-
netic variations, tissue mismatch, differences in certain immune response and socioeconomic crisis are some
major concern with cardiac transplantation, suggested an alternate bridge to transplant (BTT) or destination
therapies (DT). Ventricular restraint therapy (VRT) is a promising, non-transplant surgical treatment wherein the
overall goal is to wrap the dilated heart with prosthetic material to mechanically restrain the heart at end-
diastole, stop extra remodeling, and thereby ultimately improve patient symptoms, ventricular function and
survival. Ventricular restraint devices (VRDs) are developed to treat end-stage HF and BTT, including the CorCap
cardiac support device (CSD) (CSD; Acorn Cardiovascular Inc, St Paul, Minn), Paracor HeartNet (Paracor
Medical, Sunnyvale, Calif), QVR (Polyzen Inc, Apex, NC) and ASD (ASD, X. Zhou). An overview of 4 restraint
devices, with their precise advantages and disadvantages, will be presented. The accessible peer-reviewed lit-
erature summarized with an important considerations on the mechanism of restraint therapy and how this
acquaintance can be accustomed to optimize and improve its effectiveness.

1. Introduction

HF is a complicated pathophysiological syndrome where an irre-
gular functioning of the heart leads to insufficient blood supply to the
body organs. Numerous factors can add to HF pathogenesis, including
myocardial infarction (MI), coronary artery disease (CAD), genetic
factors, ischemia or hypertension etc. 2/3 of the HF cases occur in
patients who have MI [1]. After MI, diverse physiological and mole-
cular changes modulate cardiomyocytes composition, changes in pro-
tein, gene expression and a series of multifaceted remodeling responses
[2]. MI induced left ventricular (LV) remodeling is now liable for

approximately 70% of the 4.9 million cases of HF in the US [3]. After
ventricular dilatation it’s hard to reverse and showed long lasting re-
sults [4]. Although it is appealing to mark the association between MI
and HF simply to a reduction in the amount of healthy myocardium
contributing to ejection, the majorities of patients who suffer an MI are
initially well-compensated hemodynamically and only expand symp-
tomatic HF over time as the LV remodels in reaction to the MI. In ad-
dition to a loss of contractile myocardium, the degree of LV remodeling
and systolic mutilation is related to the compliance, size, and geometry
of the infarct region [5–7]. According to New York Heart Association
(NYHA) II–III classification, the patient suffering from mild to moderate

https://doi.org/10.1016/j.biopha.2018.01.003
Received 20 October 2017; Received in revised form 19 December 2017; Accepted 3 January 2018

⁎ Co-corresponding authors.
⁎⁎ Corresponding author at: Department of Clinical Pharmacy, School of Basic Medicine and Clinical Pharmacy, China Pharmaceutical University, School of Pharmacy, Jiangsu

Province, Nanjing 211198, PR China.
E-mail addresses: Chdd9968@aliyun.com (C. DingDing), yufengcpu@163.com (Y. Feng), wangzj@semi.ac.cn (W. Zhijie), zhxh@cpu.edu.cn (Z. Xiaohui).

Biomedicine & Pharmacotherapy 99 (2018) 25–32

0753-3322/ © 2018 Published by Elsevier Masson SAS.

T

http://www.sciencedirect.com/science/journal/07533322
https://www.elsevier.com/locate/biopha
https://doi.org/10.1016/j.biopha.2018.01.003
https://doi.org/10.1016/j.biopha.2018.01.003
mailto:Chdd9968@aliyun.com
mailto:yufengcpu@163.com
mailto:wangzj@semi.ac.cn
mailto:zhxh@cpu.edu.cn
https://doi.org/10.1016/j.biopha.2018.01.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biopha.2018.01.003&domain=pdf


HF, lifestyle modifications and use of conventional HF medications are
frequently unbeaten in improving symptoms and survival rate [8]. In
addition, the implantation of an implantable cardioverter-defibrillator
(ICD) with or without cardiac resynchronization therapy (CRT) stand
for typical therapies for patients with low left ventricular ejection
fractions (LVEF). However, ischemic heart disease (IHD)-associated HF
patients should be evaluated for possible catheter-based interventions
or surgical procedure. Advance HF patients NYHA IV classifications
have constant symptoms regardless of the implantation of ICDs, CRT
and best medical treatment having regular hospitalization and deprived
quality of life (QOL) [8] with 1-year mortality rate up to 50%. Chronic
heart failure (CHF) generally occurs due to continuous LV remodeling
and the progressive loss of heart functions, leading to abnormalities in
systolic or diastolic function [9]. The heart transplantation is a gold
standard for advanced HF but is scarce by the donor pool limitation and
socioeconomic crisis creating a need for alternate efficient BTT or DTs.
[10]. Ventricular restraint therapy (VRT) is a non-transplant surgical
option for HF during which the whole ventricular surface is wrapped
with a prosthetic material [11,12]. The fundamental hypothesis to de-
liver restrain by decreasing transmural myocardial pressure (Ptm) and
mixed venous oxygen saturation (mVO2) and thus improve mechanical
efficacy of ventricles [13]. So provide diastolic support and to prevent
adverse ventricular remodeling. Current restraint devices have led to
improvements in left ventricle (LV) volume, ejection fraction (EF), and
sphericity index, correlating with reverse remodeling as shown in
Fig. 1. Cautions to adverse LV remodeling and decrease LV wall stress in
CHF have been persuaded via pharmacological or biological agent,
cardiac intervention or surgery. Left ventricular passive support devices
(LVSD) are surgically implanted to bound progressive dilatation
through restraint, reducing wall stress and thus restoring standard LV
sphericity [14]. Left ventricle assist device (LVAD) like VRDs used as a
targeted therapy for advanced stage HF management and as a BTT [15].
Here we will focus on VRDs in relation to the heart and will discuss the
reported therapeutic approaches for the management of HF. VRT is a
promising, non-transplant surgical therapy in which the overall goal is
to wrap the dilated failing heart with prosthetic material. VRD is dif-
ferent from direct cardiac compression device (DCC) in terms of the
designed, just to treat advanced-stage HF due to dilated ventricles and it
can prevent and adverse ventricle remodeling [16]. Furthermore, it
consists of a flexible biocompatible material wrap around the heart
without any driveline, pressure sensing and ECG system. Cardiomyo-
plasty is a surgical technique wherein the sub-totally mobilized la-
tissimusdorsi muscle is wrapped around the heart and inspired to
contract in synchrony with cardiac systole [17]. Clinical active cardi-
omyoplasty was initially reported in 1930 and it has a long history of
more than 80 years of scientific research [18]. In 1985 Carpentier
performed 1st successful clinical cases in Paris, a subset of patients
showed significant improvement in LVEF and NYHA functional class,
but no significant change in cardiac substantial pressure was observed

[19]. Cardiomyoplasty provides a basic foundation to VRT, and later on
series of devices were developed and their effects were monitored in
animal models to investigate ventricular dilatation [20]. VRT can re-
cover the adverse remodeling of the myocardium as shown in studies
[21,22]. Basic VTDs including CorCap CSD (Acorn Cardiovascular Inc,
St Paul, Minn), Paracor HeartNet (Paracor Medical, Inc, Sunnyvale,
Calif), QVR (Polyzen Inc, Apex NC) [23,24] and ASD (ASD, X. Zhou)
[25] are developed for the management of end-stage HF. However, CSD
and HeartNet take effect by inertly physical shaping and thus have great
compliance in application [26]. Although QVR device was developed to
adjust and measure the ventricular restraint level (AMVR) [27] while,
ASD is a combination of all operational VRDs by delivering pharma-
cological [28] and biological (stem cells) agents, and can determined
the AMVR of the heart.

2. Ventricular restraint therapy (VRT)

VRT refers to the treatment approach, which is achieved by sur-
rounding the organ with protective and supportive biomaterial without
having direct contact with the blood. This concept is old and adopted by
more than one century. In cardiomyoplasty, a distinctive pacemaker is
implanted to improve the skeletal muscle contraction and improve
ventricular function in HF [29]. The implantation procedure of latissi-
musdorsi muscle is relatively simple and can be easily placed around
heart through the thoracotomy [30]. First multicenter FDA approved
phase II study showed that cardiomyoplasty improves symptoms and
cardiac performance [31]. Non-randomized trial also showed hemo-
dynamic improvement, significant changes in exercise tolerance and
survival rate in patients [32]. However, the C-smart trial failed to show
statistically significant improvement in survival rate and mVO2 con-
sumption in 1 year [33]. Unfortunately, the results of different studies
showed a deviation of early and late mortality in cardiomyoplasty trials
conducted on more than 1000 patients [34] but provide a basic foun-
dation to VRT. Two of these interventional therapies were studied in
human clinical trials and others are still in the initial safety study. Here,
we will discuss salient features of all VRDs.

2.1. CorCap CSD

The Acorn CorCap (Acorn Cardiovascular, Inc, St Paul, MN) was the
first and most extensively studied VRD that has undergone human trials
[35] as shown in Fig. 2C. This device is made of a multi filamentous
fiber (Fig. 2A & B) and the implantation procedure of Acorn CorCap is
relatively simple and can be easily placed around heart through a
median sternotomy and secured with 8–10 polypropylene sutures cir-
cumferentially around the atrioventricular (AV) groove. The degree of
tightness should be adjusted to achieve 5% reduction in heart diameter
and should not affect the diastolic function or myocardial mal-perfusion
[47]. The major function of the device is to decrease the amount of

Fig. 1. Actions of the VRT to overcome CHF.
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