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Transcatheter Left Ventricular Restoration in Patients With
Heart Failure
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ABSTRACT

Background: Left ventricular (LV) volume reshaping reduces myocardial wall stress and may
induce reverse remodeling in patients with heart failure with reduced ejection fraction. The Accu-
Cinch Transcatheter Left Ventricular Restoration system consists of a series of anchors connected
by a cable implanted along the LV base that is cinched to the basal free wall radius. We evaluated
the echocardiographic and clinical outcomes following transcatheter left ventricular restoration.
Methods and Results: We analyzed 51 heart failure patients with a left ventricular ejection
fraction between 20% and 40%, with no more than 2+ mitral regurgitation treated with opti-
mal medical therapy, who subsequently underwent transcatheter left ventricular restoration.
Serial echocardiograms, Kansas City Cardiomyopathy Questionnaire scores, and 6-minute walk
test distances were measured at baseline through 12 months. Primary analysis end point was
change in end-diastolic volume at 12 months compared with baseline. Patients (n = 51) were
predominantly male (86%) with a mean age of 56.3 § 13.1 years. Fluoroscopy showed LV free
wall radius decreased by a median of 9.2 mm amounting to a 29.6% decrease in the free wall
arc length. At 12 months, the LV end-diastolic volume decreased by 33.6 § 34.8 mL (P < .01),
with comparable decreases in the LV end-systolic volume. These decreases were associated with
significant improvements in the overall Kansas City Cardiomyopathy Questionnaire score (16.4
§ 18.7 points; P < .01) and 6-minute hall walk test distance (45.9 § 83.9 m; P < .01). There were
no periprocedural deaths; through the 1-year follow-up, 1 patient died (day 280) and 1 patient
received a left ventricular assist device (day 13).
Conclusions: In patients with heart failure with reduced ejection fraction without significant
mitral regurgitation receiving optimal medical therapy, the AccuCinch System resulted in
decreases of LV volume, as well as improved quality of life and exercise endurance. A random-
ized trial is ongoing (NCT04331769). (J Cardiac Fail 2023;29:1046�1055)
Key Words: Transcatheter, heart failure, left ventricle.
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Heart failure (HF) is a major world-wide public
health issue.1,2 Recent advances and developments
in drug therapy,3 implantable cardioverter-defibril-
lators, cardiac resynchronization therapy, transcath-
eter edge-to-edge repair for mitral regurgitation,
pulmonary artery pressure monitoring, left ventricu-
lar (LV) assist devices, and heart transplantation
have greatly improved prognosis and outcomes of
patients with HF with reduced ejection fraction
(HFrEF).4�8 Both pharmacological and nonpharma-
cological treatments can induce ventricular reverse
remodeling, characterized by reduced LV end-dia-
stolic and end-systolic volumes. Such reverse remod-
eling, which is believed to occur in response to
decreased wall stress, has been associated with
improvements of myocardial properties, symptoms
and survival.9�11

Surgical approaches have long been used to
reshape the failing, dilated ventricle to restore more
normal LV chamber architecture and function.12�14

However, owing to the invasiveness of the surgical
intervention and mixed results among studies, these
procedures are not performed with significant fre-
quency. As with other approaches for treating struc-
tural heart diseases, transition of therapies from
surgical to less invasive percutaneous catheter-based
procedures facilitate their investigation in clinical tri-
als and increase their adoption into clinical practice.
The AccuCinch Transcatheter Left Ventricular Res-

toration (TLVR) system is a completely percutaneous,
transcatheter, device-based therapy that consists of
a series of anchors deployed into the myocardium
and connected by a cinching cable that decreases
the length of the arc along the free wall, thus
decreasing the radius of curvature of the LV. In prin-
ciple, this decreases myocardial wall stress and may
initiate the process of reverse ventricular remodel-
ing that could be beneficial to patients with HFrEF.
Accordingly, the purpose of this retrospective analy-
sis was to evaluate the echocardiographic and clini-
cal outcomes following TLVR implantation in
patients with HFrEF.

Effect of TLVR on LV Size, Qo
Methods

Study Design

Clinical investigation of the AccuCinch TLVR sys-
tem was initiated in Europe and the United States in
a series of open-label, nonrandomized studies start-
ing in 2016. Overall, 94 patients were enrolled in 4
separate studies between August 2016 and March
2021 with the same follow-up and testing schedules
and overlapping entry criteria, which included
patients with ischemic or nonischemic cardiomyopa-
thy (LV ejection fraction [LVEF] of �40%) with mitral
regurgitation (MR) ranging from 0 to 4+ (further
details in Supplemental Table 1; clinicaltrials.gov
registration numbers also included in this table).
Early study results revealed that, while treating MR,
device use was associated with significant decreases
in LV size and improved quality of life and func-
tional status, irrespective of decreases in MR (unpub-
lished data); the focus then shifted to investigation
of this device as a treatment for HF in patients with
at most 2+ MR. Therefore, the purpose of this retro-
spective analysis was to evaluate the efficacy and
safety of the AccuCinch TLVR system for LV volume
reduction and restoration in all patients enrolled in
prior studies with at most 2+ MR and an LVEF of less
than 40%. Each individual study protocol was
approved by applicable governmental regulatory
agencies and the ethics committee of each partici-
pating institution. All patients provided written
informed consent. The study was conducted accord-
ing to the principles of the Declaration of Helsinki.
Patients

To be eligible for inclusion in this retrospective
pooled analysis, patients were required to: (1) be
18 years old or older; (2) have symptomatic HF with
New York Heart Association (NYHA) functional class
II or greater disease despite maximally tolerated
guideline-directed medical therapy for at least 3
months with stable doses for 1 month before enroll-
ment (with “stable” defined as no more than a 100%
increase or 50% decrease of the total daily doses); (3)
have an LV end-diastolic dimension of 55 mm or
greater, an LVEF of between 20% 40%; (4) have no
more than 2+ MR by echocardiography; (5) have a
cardiac resynchronization device for at least 3 months
before enrollment if they had left bundle branch
block and QRS duration of 150 ms or longer; and (6)
have an implantable cardioverter-defibrillator in
place for at least 1 month before enrollment, if indi-
cated. Patients with severe tricuspid regurgitation or
other significant valvular pathologies, severe right
ventricular (RV) dysfunction or untreated clinically
significant coronary artery disease requiring revascu-
larization were excluded. Other exclusion criteria
included patients with myocardial infarction, percu-
taneous cardiac intervention, or cardiovascular sur-
gery within 3 months.

Patient eligibility was confirmed by a committee
consisting of interventional cardiologists, a HF cardi-
ologist, and a cardiac surgeon (committee members
provided in the Acknowledgments). In addition to
reviewing the basic study inclusion criteria, the com-
mittee focused special attention on the appropriate-
ness of baseline HF medical therapies and specific
ilio-femoral and cardiac anatomic considerations
determined by computed tomography scans. The
iliofemoral artery was assessed to ensure adequacy
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for device implantation, with the diameter, tortuos-
ity, and presence of calcification as key considera-
tions. The main cardiac criterion was a LV free wall
thickness of 6 mm or greater throughout the perim-
eter to ensure the device anchors (described else-
where in this article) would not perforate.
Device Description and Procedure

The AccuCinch TLVR system consists of a series of
Nitinol anchors, coupled with an ultra-high-molecu-
lar-weight polyethylene cable, with each pair of
anchors separated by polyester-covered Nitinol cylin-
drical sliders, which serve to evenly distribute force
amongst the anchors (Fig. 1A). During the procedure,
which is performed through a 20F femoral introducer
sheath, a specially designed catheter is passed retro-
grade across the aortic valve and the anchors and
sliders are implanted in series along the LV basal
myocardium, extending from the posterior junction
of the septum and LV free wall to the aortic outflow
tract (Fig. 1B). At the end of the procedure, the cable
is cinched so that the arc length of the LV free wall is
decreased, also decreasing the radius of curvature
(Fig. 1C). This is performed with a cinch and lock cath-
eter, which is also used to deploy a Nitinol lock that
Fig. 1. AccuCinch Transcatheter Left Ventricular Restoration (TL
anchor, the cinching cable, sliders placed between the anchors
the implant. (B) An animation of an apical view showing the imp
dineae. (C) After the cinching and locking, the left ventricular f
wall and reducing its radius of curvature. (D) Autopsy specimen
implant (not part of this study) who died 10 days after the proc
incorporation into the wall of the myocardium. AoV, aortic valve
secures the implant in its cinched configuration by
attaching to the cable. During this final step, the
cinch and lock catheter automatically feeds a prespe-
cified amount of slack back into the implant to pro-
vide flexibility during systole. After implantation,
tissue ingrowth occurs via endothelization of the
implant components embedded into the myocar-
dium, as well as direct cellular penetration of the
multifilament cable (Fig. 1D) (also detailed further in
the Supplemental Material and Supplemental Figs.
1�4). Antiplatelet therapy is recommended for 3
months after the procedure, which should continue if
the patient has a clinical indication.
Testing Schedule and End Points

Patients were evaluated at baseline and 1, 3, 6, and
12 months after TLVR implant. Evaluations included
transthoracic echocardiograms, 6-minute hall walk
test distance (6MWD), and Kansas City Cardiomyopa-
thy Questionnaire (KCCQ). Echocardiograms were
evaluated in a core laboratory by 2 experienced read-
ers (a research sonographer and a board-certified
echocardiographer) who were blinded to the timing
of individual studies and results of other studies from
any given patient; all measurements were performed
VR) system. (A) The implant consists of the intramyocardial
, and a locking component that maintains the cinch after
lant positioned behind the valve leaflets and chordae ten-
ree wall is drawn in, decreasing the arc length of the free
from an end-stage heart failure patient who received the
edure showing the endothelialization of the device and its
; MV, mitral valve leaflet; PM, papillary muscle.



Table 1. Baseline Characteristics (n = 51)

Variable

Summary
Statistics
(N = 51)

Age, years 56.3 § 13.1 (51)
[33.0�87.0]

Male sex 44 (86.3%)
Ischemic CMP 13 (25.5%)
Atrial fibrillation 9 (17.6%)
Hypertension 33 (64.7%)
Hyperlipidemia 32 (62.7%)
Diabetes 12 (23.5%)
Prior CABG 8 (15.7%)
Prior PCI 9 (17.6%)
CRDM device Implanted pre procedure
None 27 (52.9%)
ICD 14 (27.5%)
CRT 10 (19.6%)

NYHA functional class n = 50
II 27 (54.0%)
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according to American Society of Echocardiography
guidelines. Echocardiographic evaluations included
LV end-diastolic and end-systolic volumes and dimen-
sions, LVEF, end-diastolic RV mid-chamber and basal
dimensions, stroke volume, and tricuspid annular
plane systolic excursion.
The primary efficacy end point of this study was

the change of LVEDV compared with baseline
through 12 months follow-up. Other secondary end
points included changes in the 6MWD, KCCQ, NYHA
functional class, and other echocardiographic met-
rics of LV size and function from baseline through
12-months of follow-up. Serious adverse events
were tracked by the investigators and were
reviewed by an independent clinical events commit-
tee, which adjudicated whether the events were
device and/or procedure related.
III 22 (44.0%)
IV 1 (2.0%)

Prior cerebrovascular disease 3 (5.9%)
Prior stroke 5 (9.8%)
Heart failure (GDMT) medications
Beta-blockers 47 (92.2%)
ACE-I/ARB 13 (25.5%)
ARNI 33 (64.7%)
Mineralocorticoid antagonist 44 (86.3%)
Diuretic 36 (70.6%)
SGLT2 (new in 2022) 6 (11.8%)

ACE-I/ARB, angiotensin-converting enzyme inhibitor/angioten-
sin receptor blocker; ARNI, angiotensin receptor-neprilysin inhibi-
tor; CABG, coronary artery bypass grafting; CMP, ; CRDM, ; CRT,
cardiac resynchronization therapy; GDMT, guideline-directed
medical therapy; ICD, implantable cardioverter-defibrillator;
NYHA, New York Heart Association; PCI, percutaneous coronary
intervention; SGLT2, sodium-glucose transport protein 2.
Statistical Analysis

Baseline characteristics are presented as mean §
standard deviation [range] or median [range] as
appropriate for continuous measurements and pro-
portions for categorical variables. Changes in contin-
uous echocardiographic parameters over time were
calculated as the difference of values from baseline
to each follow-up time point. Statistical comparisons
of values at follow-up were compared with baseline
values using paired t tests. For all tests, a P value of
less than .05 was considered statistically significant.
All testing was exploratory and hypothesis generat-
ing. Statistical analyses were performed using SAS
version 9.4 software (SAS Institute, Inc).
Results

Baseline Characteristics

Among the 4 studies, 94 patients received an
AccuCinch TLVR system implant between August
2016 and March 2021 (Supplemental Table 1). After
removing patients from the FMR study (n = 35), we
had a cohort of 59 patients. Of those 59, 7 did not
meet the criteria for the subset analysis (5 had MR
grade 3 or 4 and 2 did not have an EF of 20%�40%).
One patient had an implant attempted but owing
to LV scaring, the procedure was terminated after
the deployment of 4 anchors. The patient was fol-
lowed to 3 months per protocol and did not experi-
ence any adverse events during their time in the
study. This patient is not included in the current
analysis. The investigators and sites contributing to
this study are listed in Supplemental Table 2.
The baseline characteristics of the 51 included

patients are summarized in Table 1. The patients
were predominantly male (86.3%) with a mean age
of 56.3 § 13.1 years and a mean LVEF of 29.2 §
4.8%. All patients were in NYHA functional class II
to IV, 26% had ischemic cardiomyopathy, 65% had
hypertension, 24% had diabetes, and 20% had a
cardiac resynchronization device in place before
the TLVR implant. Patients were well-medicated
with guideline-directed medical therapies including
diuretics, beta-blockers, angiotensin-converting en-
zyme inhibitors, angiotensin receptor antagonists
(with or without neprilysin inhibitors), and mineral-
ocorticoid inhibitors (Table 1).
Procedural Details

For the 51 patients in whom the AccuCinch was
successfully implanted (98.1%), the median proce-
dural time was 2.2 hours (range 1.4�4.0 hours). A
median of 13 anchors (range 12�16 anchors) were
implanted. At implant, fluoroscopy showed that LV
free wall radius decreased by a median of 9.3 mm
(range 3.0�13.0 mm), amounting to a median
decrease of 29.5% (range 10.0%�37.6%). Concomi-
tantly, the LV free wall arc-length decreased by a
median of 37.4 mm (range 8.8�54.0 mm) amounting
to a median decrease of 29.7% (range 8.0%�34.3%).
Fluoroscopic images of the implant before and after



Fig. 2. Apical fluoroscopic images of the implant showing the anchor and sliders before cinch (left) and after cinch (mid-
dle). (Right) Pre- and postcinch images superimposed to reveal, in this case, a 12.4-mm decrease in the LV free wall radius
of curvature.
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cinching are shown in Fig. 2, respectively (solid lines
tracing the cable). The right-most panel of Fig. 2
shows the pre- and post-cinch images superimposed
to reveal, in this case, a 12.4-mm decrease in the LV
free wall radius of curvature. Additional parameters
characterizing the procedure are summarized in Sup-
plemental Table 3.
Patient Accountability and Echocardiographic and Clinical
Outcomes

After accounting for missed visits or testing owing
to the COVID-19 pandemic (n = 5), poor quality
images (n = 3), 1 patient who received an LVAD on
day 13 who exited the study, and 1 patient who
died at home on day 280 after implant, LVEDV
paired data were available from 41 patients at 12
months. Compared with baseline, LVEDV decreased
by 11.2 § 18.7 mL (95% confidence interval (CI)
�56.6 to �22.9; P < .001), 22.3 § 32.5 mL (95%
CI �32.3 to �12.3; P < .001), 28.2 § 26.2 mL (95% CI
�36.5 to �19.9; P < .001) and 33.6 § 34.8 mL (95%
CI�44.6 to�22.6; P< .001) at 1, 3, 6, and 12 months,
respectively (Fig. 3A; all paired data, number of
pairs indicated in the figure and table). Other
echocardiographic parameters from paired samples
from baseline to 12 months are summarized in
Table 2. The other parameters showing statistically
significant reductions included LV end-systolic
volume, end-diastolic diameter, and end-systolic
diameter, while there was a statistically significant
increase of LVEF. With regard to RV changes, only
the tricuspid annular plane systolic excursion
decreased by 0.2 cm and there were no significant
changes with the RV linear dimensions. Similar
results were obtained at 6 months (Supplemental
Table 4).
These echocardiographic changes in LV size were

associated with significant and sustained
improvements in the overall KCCQ score 18.0 § 18.0
points (95% CI 12.8�23.1; P < .001) at 3 months,
20.1 § 20.2 points (95% CI 14.2�26.0; P < .001) at 6
months and 16.4 § 18.7 points (95% CI 10.9�22.0; P
< .001) at 12 months, and 6MWD 53.8 § 71.2 m
(95% CI 31.8�75.7; P < .001) at 3 months, 51.4 §
66.3 m (95% CI 30.7�72.1; P < .001) at 6 months and
45.9 § 83.9 m (95% CI 20.4�71.4; P < .001) at 12
months (Fig. 3B and 3C).

There were also improvements in NYHA func-
tional class at 6 and 12 months of follow-up
(Fig. 4) (P < .001 for 6 months and 12 months vs
baseline, both by Wilcoxon signed-rank test). Only
1 patient had a worsened NYHA classification com-
paring baseline with 6 months (class II to III), with
67% experiencing at least a 1-class improvement
and 30% remaining in the same class. Similarly,
at 12 months, compared with baseline, 65%
improved by at least 1 class and 29% remained in
the same class.

These clinical effects were observed without sig-
nificant changes to background medical therapy.
Comparing baseline with 12 months of follow-up,
there were only minor changes in the number of
patients receiving loop diuretic (discontinued
in 1 patient), beta-blockers (discontinued in
1 patient), angiotensin-converting enzyme inhibi-
tors or angiotensin receptor blockers (no changes),
angiotensin receptor-neprilysin inhibitor (no
changes), or mineralocorticoid antagonist (discon-
tinued in 2 patients).
Cable Discontinuities

Fluoroscopic images were obtained per protocol
to assess the implant at 1, 3, and 12 months after
device implant. Such images were available from 49
patients at 1 and 3 months and 43 of the patients at
12 months. Discontinuities, representing breaks of



Fig. 3. Data plots illustrating the changes of left ventricu-
lar end diastolic volume (LVEDV) (A), Kansas City Cardio-
myopathy Questionnaire (KCCQ) (B), and 6-minute walk
test (6MWT) (C) from baseline. Values are means § stan-
dard errors.
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the cinching cable, were identified in 2 patients (4%)
at 1 month, an additional 4 patients (8%) at 3
months, and 19 additional patients (39%) at 12
months, so that 25 of the 43 patients with available
images up to 12 months were noted to have experi-
enced a cable discontinuity (58%). The majority of
cable discontinuities (23 of 25 [92%]) were detected
after 30 days, a time point when integration of the
implant into the endocardial wall is expected (see
Fig. 1D and Supplemental Figs. 1�4), including
endothelization of implant components and fibrous
ingrowth into the porous cinching cable. Further
details are described and illustrated in the Supple-
mental Material. Importantly, the individual implant
components are likely well-integrated into the
endocardial wall; thus, the physical and clinical
effects were not diminished in patients in whom the
cable discontinuities were identified. Specifically
related to the 51 patients in the present HF cohort,
the changes in LVEDV, KCCQ, and 6MWD did not
differ significantly in patients with or without cable
discontinuities (Supplement Fig. 5).

Safety

During the first year of follow-up, 1 patient died
at home (day 280, no autopsy performed) and 1
patient received an LVAD (at day 13). Both events
were adjudicated as not being related to the Accu-
Cinch device or the implantation procedure. Four-
teen of the 51 patients (27%) experienced a total of
20 device or procedure-related serious adverse
events (Supplemental Table 5). Eleven events were
adjudicated as definitely or possibly related to the
device and 9 events were adjudicated as definitely
or possibly related to the procedure, but not related
to the device. These events were related to vascular
access site complications, Dressler’s syndrome or
pericarditis, pericardial effusion requiring drainage,
complete heart block, ventricular arrhythmias,
and a stroke. Other possible device- or procedure-
related adverse events include development of atrial
fibrillation on day 1 after the procedure, cardiogenic
shock on day 6, and atrial flutter on day 10. There
were no long-term sequelae of any of these events,
except that the patient with complete heart block
underwent upgrade of a VVI implantable cardi-
overter-defibrillator to a cardiac resynchronization
therapy defibrillator device. Related to the stroke,
the patient had a history of atrial fibrillation and
was admitted with subtherapeutic international
normalized ratio; the neurologic deficit resolved.

Discussion

LV restoration and LV reconstruction are terms
used to describe methods to physically decrease LV
volumes and restructure the LV toward a more nor-
mal geometry. Ventricular restoration has been per-
formed both surgically15 and via hybrid surgical and
percutaneous approaches.16 In the present study,
we assessed the echocardiographic and clinical out-
comes after TLVR, a completely percutaneous, trans-
catheter procedure, in patients with HFrEF without
significant MR. In these patients, TLVR was associ-
ated with significant and progressive decreases in
LV volumes and increases in LVEF beyond what was



Table 2. Echocardiographic Parameters at Baseline and 12 months

Variable

Timepoint

Baseline 12 Months
Change from baseline
to 12 months 95% CI

LVESV (mL) 146.4 § 45.8 (41)
[63.3 to 292.8]

117.9 § 42.2 (41)
[37.3 to 231.8]

�28.5 § 28.2 (41)
[�89.4 to 62.6]

�37.4 to �19.6 *

LVEDV (mL) 206.0 § 55.8 (41)
[96.5 to 372.3]

172.4 § 52.8 (41)
[78.7 to 315.6]

�33.6 § 34.8 (41)
[�107 to 67.6]

�44.6 to �22.6 *

LVESD (cm) 5.6 § 0.8 (44)
[3.7 to 7.1]

5.3 § 0.8 (44)
[3.7 to 6.9]

�0.3 § 0.7 (44)
[�1.8 to 1.9]

�0.5 to �0.04 *

LVEDD (cm) 6.6 § 0.6 (45)
[5.5 to 7.9]

6.2 § 0.7 (45)
[5.0 to 7.5]

�0.4 § 0.6 (45)
[�1.8 to 1.3]

�0.6 to �0.2 *

LVEF (%) 29.7 § 4.9 (42)
[20.7 to 39.4]

32.8 § 7.3 (42)
[20.7 to 52.7]

3.1 § 6.9 (42)
[�7.0 to 22.5]

1.0 to 5.3 *

Stroke volume (mL) 63.2 § 13.9 (44)
[43.9 to 105.0]

57.6 § 12.9 (44)
[35.3 to 97.3]

�5.6 § 15.9 (44)
[�43.0 to 42.1]

�10.5 to �0.8 *

Left atrial volume (mL) 94.2 § 47.8 (46)
[30.9 to 323.8]

102.1 § 61.4 (46)
[43.3 to 434.6]

7.9 § 36.5 (46)
[�70.3 to 110.8]

�2.9 to 18.8

RV end-diastolic mid� ventricular
diameter (cm)

2.9 § 0.7 (45)
[1.9 to 4.9]

3.1 § 0.7 (45)
[1.8 to 5.1]

0.2 § 0.7 (45)
[�1.9 to 2.1]

�0.01 to 0.4

RV end-diastolic basal ventricular
diameter (cm)

4.3 § 0.8 (45)
[3.1 to 6.6]

4.4 § 0.8 (45)
[3.4 to 6.7]

0.2 § 0.6 (45)
[�1.1 to 1.9]

�0.03 to 0.3

TAPSE (cm) 1.9 § 0.3 (39)
[1.4 to 2.6]

1.7 § 0.4 (39)
[1.1 to 2.5]

�0.2 § 0.3 (39)
[�1.3 to 0.4]

�0.3 to �0.07 *

KCCQ 61.3 § 21.6 (47)
[14.6 to 96.4]

77.7 § 19.0 (47)
[24.3 to 100.0]

16.4 § 18.7 (47)
[�30.7 to 53.6]

10.9 to 21.9 *

6MWT 344.1 § 79.7 (44)
[64.8 to 474.6]

390.0 § 106.6 (44)
[64.2 to 521.4]

45.9 § 83.9 (44)
[�185 to 240.0]

20.4 to 71.4 *

6MWT, 6-miute walk test; CI, confidence interval; KCCQ, Kansas City Cardiomyopathy Questionnaire; LVEDD, left ventricular end-dia-
stolic diameter; LVEDV left ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESD. left ventricular end-systolic
diameter; LVESV, left ventricular end-systolic volume; TAPSE, tricuspid annular plane systolic excursion.

Values are mean § SD (n), [range].
*P < .05.
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achieved by the initial device implant. These
patients also experienced improvements in quality
of life (overall KCCQ score) and 6MWD.
As noted, the reverse remodeling observed with

the TLVR system seems to occur over 2 phases. First is
the initial effects of the implant on LV size and shape.
This initial physical reverse remodeling is mainly
Fig. 4. Distribution of New York Heart Association func-
tional classes at baseline and 6 and 12 months of follow-up.
P < 0.001 for 6 months vs baseline, and P < 0.001 for 12
months vs baseline, both byWilcoxon signed� rank test.
characterized by a decrease in the radius of curvature
of the LV basal free wall. This, in principle, has the
theoretical effect of reducing wall stress, which may
induce a secondary phase of biological reverse remod-
eling that, over time, builds on the initial physical
effects of the permanent implant. The data show that
this biological response continues over a period of
time since LV volume continues to decrease, at least
through 12 months after device implantation. Of the
total decrease in the LVEDV noted at 12 months (34
mL), approximately 11 mL (33%) is attributed to
phase 1, physical reverse remodeling, and the remain-
ing approximately 23 mL (67%) is attributed to the
secondary, phase 2 biological reverse remodeling and
the scar formation around the implant. The mecha-
nisms of the biological changes with TLVR require fur-
ther study, but, as with other therapies associated
with reverse remodeling, may reflect the combined
effects of the decreased wall stress, improved LV func-
tion, and subsequent improvements in the neurohor-
monal milieu.17 A deeper understanding of the
mechanisms may help to optimize the therapy and
identify characteristics of patients most likely to bene-
fit from this form of therapy.

Treatment with the AccuCinch TLVR system was
associated with improvements of quality of life
(indexed by the KCCQ) and exercise tolerance



Fig. 5. The AccuCinch Transcatheter Left Ventricular Res-
toration system is designed for patients with heart failure
and dilated left ventricle (A). The device creates an initial
decrease in the radius of curvature of the free wall base
(B), which, in principle, decreases wall stress according to
Laplace’s law (C). After an initial phase of volume reduc-
tion, we observed a second phase of progressive decreases
in the left ventricular (LV) end-diastolic volume, docu-
mented through at least 12 months of follow-up (D).
Transcatheter left ventricular restoration therapy was also
associated with improvements of quality of life as quanti-
fied by Kansas City Cardiomyopathy Questionnaire
(KCCQ) (D). EF, ejection fraction.
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(indexed by the 6MWD). These parameters have
been shown to reflect clinically important changes
in health status in cohorts of patients with HF.18,19

However, these results need to be put into the con-
text that they were obtained in an unblinded study,
because both parameters are subject to the placebo
effect and improvements may also be related to bet-
ter adherence to medical therapies and lifestyle rec-
ommendations while enrolled in the study (i.e., the
Hawthorne effect). It was for this reason that the
primary end point was chosen to be an objective
end point, assessed by a reader blinded to patient
data and timepoints (N.H.), that is considered to be
a surrogate for clinical outcomes.20,21

Regarding safety, the majority of adverse events
were related to vascular access. This likely relates to
catheter profile and duration of the procedure, fac-
tors that could be improved with further device
modifications and operator experience.

Limitations

The major limitations of this study include its small
sample size; nonrandomized, noncontrolled,
unblinded nature; significant amount of missing
data owing to the COVID-19 pandemic; and poor
echocardiographic image quality in several of the
tests. Regarding imaging technique, use of a 3-
dimensional method (eg, 3-dimensional echocardi-
ography, magnetic resonance imaging or computed
tomography scanning) may result in more accurate
assessment of LV size and function over time.
Regarding missing data, all analyses of changes of
echocardiographic and clinical parameters are
derived from paired analysis. Thus, to the degree
that the data are missing at random (and not due to
a specific cause such as worsening HF or death), the
findings can be considered representative of the
treatment effects. A fully powered randomized
study is currently underway to address the need for
a larger study with a control group (clinicaltrials.gov
NCT04331769).
Conclusions

As summarized in the Fig. 5, when implanted in
patients with HF and dilated hearts, the AccuCinch
TLVR system immediately decreased the LV radius,
resulted in progressive LV volume decreases in the
following year and was associated with improve-
ments of quality of life and exercise tolerance. Over-
all, the results demonstrate feasibility of this
approach. Most important, these results justify the
conduct of further study to more definitively assess
the clinical benefits (both safety and efficacy) of the
TLVR system. Accordingly, a randomized controlled
study of the AccuCinch TLVR system has been
initiated (The CORCINCH-HF study; clinicaltrials.gov
NCT04331769).
PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE

HFrEF is characterized by an enlarged LV resulting
from the progressive process of ventricular remodel-
ing. The increased LV radius increases wall stress which
contributes to the progressive nature of remodeling.
COMPETENCY IN PATIENT CARE AND PROCEDURAL
OUTCOMES

In patients with HFrEF and with no significant
mitral regurgitation, the AccuCinch TLVR system
decreases the LV volumes progressively over a 1-
year period. This change is associated with improve-
ments in quality of life and exercise tolerance.



1054 Journal of Cardiac Failure Vol. 29 No. 7 July 2023
TRANSLATIONAL OUTLOOK

Additional studies are needed to understand the
mechanism by which the AccuCinch TLVR induces
the structural improvements of the left ventricle
and better characterize the long-term clinical bene-
fits of the TLVR system in patients with HFrEF with
no significant mitral regurgitation. A randomized
controlled study of the AccuCinch TLVR system has
been initiated (The CorCinch-HF study; clinicaltrials.
gov NCT04331769).
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