HEART
FAILURE

Technologies for Treating
Left Atrial Decompression
in Heart Failure

An overview of three unique devices that are currently in development, including data from

early clinical trial experience and the potential advantages and pitfalls to be explored.

BY SCOTT M. LILLY, MD, PHD, AND DANIEL BURKHOFF, MD, PuD

yspnea and exercise intolerance are fundamental
clinical features of heart failure that are caused
in part by resting or exercise-associated increases
in left atrial pressure and consequent pulmo-
nary vascular congestion. Therapies that aim to reduce
total body volume and intravascular pressure have been
associated with improved outcomes among patients who
have heart failure with reduced ejection fraction (HFrEF)
(ejection fraction [EF] < 40%), but not heart failure with
preserved ejection fraction (HFpEF) (EF > 55%). This may
be partly because the latter group is not necessarily total
body volume overloaded, but exhibits exertional increases
in left atrial pressure.>* Accordingly, more selective reduc-
tions in left atrial pressure, if achievable, may confer symp-
tomatic benefits without the potentially negative sequelae
of pharmacologic volume removal and additionally miti-
gate concerns regarding drug adherence and resistance.

Balloon septostomy has been reported in cases of recal-
citrant heart failure and hypoxemia,® and the utilization of
a fenestrated Amplazter Septal Occluder (Abbott Vascular,
formerly St. Jude Medical) to maintain a durable Fontan
fenestration and interatrial communication was described
more than 15 years ago. Mechanical devices that aim to
reduce left atrial pressure have been developed and evalu-
ated in HFpEF and HFrEF patients. This article provides an
update on three such devices, along with early clinical expe-
rience and outlook for the long term.

IASD SYSTEM

The largest clinical experience to date exists with the
IASD (interatrial shunt device) system developed by
Corvia Medical, Inc. This nitinol device is composed of a
left and right atrial disc (19-mm outer diameter), with an
8-mm communication. The device is deployed percutane-
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ously via a sheath (16 F) in the femoral vein, with fluoro-
scopic and intracardiac or transesophageal echocardio-
graphic guidance. The device is deployed after transseptal
puncture of the mid—fossa ovalis, positioning the delivery
catheter into the left atrium and deploying the left atrial
disc, retracting and apposing this disc to the atrial septum,
verifying the right atrial location of the delivery catheter,
then deploying the right atrial disc such that the device is
secured across the atrial septum (Figure 1).

Initial human experience was published in 2014. Eleven
patients were treated (EF > 45%, all with New York Heart
Association [NYHA] lll/IV heart failure and pulmonary
capillary wedge pressure [PCWP] > 15 mm Hg at rest or
> 25 mm Hg with exercise) in a pilot study. The device was
successfully implanted in all patients. At 30 days, PCWP
had decreased in 10 of 11 patients (mean, 19 £ 5 mm Hg
at baseline and 14 + 3 mm Hg at 30 days; P < .01), most
(7/11) had improved by at least one NYHA class, and there
was significant increase in 6-minute walk distance. These
observations were extended in the REDUCE LAP-HF trial,

a phase 1, open-label, single-arm trial in which 66 patients

Figure 1. The IASD system. Once deployed, there is a connec-
tion between the right and left atrium, enabling flow dictated
by the pressure gradient, left to right atrium (A). The device is
composed of two nitinol discs around a central fenestration (B).
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Figure 2. The V-Wave device.

underwent the procedure.? Implantation success was
high (64/66; 97%), without major periprocedural adverse
events. At 6-month follow-up, most patients had reduc-
tions in PCWP at rest and with exertion (52% and 58%,
respectively), along with significant improvements in
NYHA class and 6-minute walk distance (from 313 to
345 m; P = .023). These changes occurred in tandem with
sustained left-to-right interatrial flow and pulmonary to
systemic blood flow ratio (Qp:Qs ~1.3:1). At 1-year follow-
up, there was a persistent and significant reduction in the
pressure difference between the left and right atrium at
rest and with exertion, again with improved NYHA class
and 6-minute walk distance, as well as sustained shunt
Qp/Qs ratio. In addition, fewer heart failure hospitaliza-
tions were observed in the year after implantation (mean,
1.5-0.8 per year; P < .05).>1°

Based on this study, the IASD system received CE Mark
approval for the treatment of HFpEF and heart failure
with midrange ejection fraction (HFmrEF) (EF, 40%—55%).2
Patients have been randomized in the United States,
Australia, and Europe (N = 44) in the REDUCE LAP-HF |
trial. One-month outcomes were recently reported; there
were no periprocedural adverse events, and treated patients
exhibited greater reductions in exercise-associated PCWP."
A larger-scale trial (REDUCE LAP-HF II) of the IASD in
HFpEF/HFmrEF patients has commenced recruitment, with
an enrollment goal of 380 patients (NCT03088033).

V-WAVE DEVICE

The V-Wave device (V-Wave Ltd.) includes an hour-
glass-shaped nitinol frame that is partially covered with
expanded polytetrafluoroethylene (ePTFE) that serves
as an anchor for a porcine trileaflet pericardial valve.
The valve is designed to prevent right-to-left atrial flow

(Figure 2). It is implanted via the femoral venous approach
(14 F) under fluoroscopic and echocardiographic guidance.
After transseptal puncture in the center of the fossa ovalis,
the waist of the hourglass (5.1-mm inner diameter) is placed
across the fossa, securing the device in place.

Preclinical experience with the V-Wave device was
achieved in a large animal (ovine) model, with induction
of heart failure.”? Animals (N = 21) were randomized to
placement of the V-Wave device or a sham procedure.
Twelve weeks after randomization, animals that received
the V-Wave device had lower mean left atrial and right
atrial pressures (25 vs 14 mm Hg P < .001) and higher mean
EF (17% vs 46%; P < .001), but comparable mean left ven-
tricular diastolic dimensions (5.2 vs 5.4 cm; P = .91). Resting
Qp:Qs was approximately 1.2:1.

First-in-human experience was reported in 10 patients
with HFrEF (all NYHA IIIl; mean EF, 25%). The device was
successfully implanted in all enrolled patients (N = 10), and
nine survived to 3-month follow-up. At 3 months, there
were significant reductions in mean PCWP (from 23 to
17 mm Hg; P = .035) and 6-minute walk distance (from 244
to 310 m; P = .016), with most (8/9) experiencing improved
NYHA class.”>™ At 1-year follow-up, resting shunt frac-
tion had declined from a mean of 1.2:1 to 1.1:1, with 14%
of patients having no interatrial flow. This occurred in
conjunction with pannus thickening of the bioprosthetic
leaflets and lumen loss, which prompted the creation of a
second-generation device without the one-way valve com-
ponent, extended the ePTFE coating, and included a hood
to prevent potential thromboemboli from apposing the
right atrial side of the implant. This version of the device has
been evaluated histologically, and late lumen loss has not
been observed at 6 months."™

ATRIAL FLOW REGULATOR

Occlutech International AB has developed an atrial flow
regulator (AFR) that is a nitinol mesh device composed of
two flat discs and a 1- to 2-mm connecting neck with a cen-
tral fenestration that enables bidirectional flow (Figure 3). It
is manufactured in fenestration sizes of 6, 8, or 10 mm and
is delivered via femoral venous approach with a 10- to 12-F
sheath after an atrial septostomy.

The first clinical utilization of the device followed a
compassionate use approval from the US Food and Drug
Administration. The patient was a 54-year-old woman
with severe and irreversible pulmonary artery hyperten-
sion. Implantation was successful and was associated with
right-to-left shunting and a corresponding decrease in
arterial saturation (from 95% to 89%). She reported func-
tional improvement at 6 weeks.'® This experience was
later extended to 12 patients. There were no periproce-
dural adverse events. Each patient reported symptomatic
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Courtesy of Occlutech International AB.

TABLE 1. COMPARATIVE FEATURES AND STATUS OF INTERATRIAL TECHNOLOGIES
Device Manufacturer Flow Hemodynamics | Shunt Status Experience
IASD Corvia Medical, Inc. | Bidirectional L PCWP:RAP ~131 Phase 2 HFpEF, HFmrEF
V-Wave V-Wave Ltd. Unidirectional* LV PCWP ~11-12:1 Phase 1 HFpEF
AFR Occlutech Bidirectional Not reported Not reported Preclinical pHTN
International AB

Abbreviations: AFR, atrial flow regulator; HFmrEF, heart failure midrange ejection fraction; HFpEF, heart failure preserved ejection fraction; IASD, inter-

*First-generation device.

atrial shunt device; PCWP, pulmonary capillary wedge pressure; pHTN, pulmonary hypertension; RAP, right atrial pressure.

improvement, and 6-minute walk distance improved (from
377 to 423 m; P < .01) at a mean follow-up of approximately
6 months.”

A human international trial is forthcoming via the
PRELIEVE trial. It is an open-label, nonrandomized trial
including up to 30 patients with symptomatic heart failure
(HFpEF or HFrEF) and a heart failure admission in the past
12 months (NCT03030274).

LONG-TERM CONSIDERATIONS FOR
INTERATRIAL SHUNTING

The theoretical consequences of an iatrogenic left-to-
right atrial shunt tend to stimulate rich conversation when
considering these technologies. Among the theoretical
foreseeable outcomes are elevation in right-sided pres-
sures, with related chamber dilation and symptoms of
right heart failure. Although congenital literature suggests
small shunts (< 1.3:1) are generally tolerable for decades,™
the adult heart failure population is clearly a different phe-
notype. Reported experience with the IASD system in heart
failure patients has revealed nonsignificant increases in right

Figure 3. The AFR device.

atrial and ventricular volumes at 6 months after implanta-
tion, which did not progress at 12-month follow-up and
have not occurred in tandem with a decrement in right
ventricular function.®'° There were no increases in right-
sided volumes in preclinical and early clinical trials of the
V-Wave device—perhaps explained by the different flow
characteristics, shunt diameter, and/or the different patient
populations studied.#™' As shunt fraction is theoretically a
modifiable feature related to shunt diameter and intracar-
diac pressure,” it is conceivable that it could be tailored to
the underlying cardiac disorder at the time of implantation
or amended (even closed) should right heart failure develop.
Additionally, because atrial arrhythmias are a com-
mon manifestation of unrepaired congenital atrial septal
defects?®?! and have been observed with greater frequency
in the months after implantation of other atrial septal
devices, 2?3 ongoing surveillance is warranted as these tri-
als unfold. This will be important, and potentially complex,
given that atrial arrhythmias are also common in heart
failure, which itself may contribute to the development
of arrhythmias. Paradoxical embolism represents a third
potential concern. Fortunately, these events are rare among
individuals with congenital interatrial shunts and have not
been observed to date with the aforementioned devices.¢

CONCLUSION

This class of technologies has been associated with
improved functional status and hemodynamics in early tri-
als (Table 1). These findings allude to an exciting future for
the device-based treatment of heart failure across patho-
physiologic spectrums, independent of the constraints of
pharmacologic therapy. |
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