Heart Failure Reviews (2025) 30:685-696
https://doi.org/10.1007/510741-025-10485-3

MINI REVIEW q

Check for
updates

Left atrial shunting devices: why, what, how, and... when?

Leila Anna De Lorenzo’ - Claudia Baratto®* - Davide Sala? - Giovanni Battista Perego? - Sergio Caravita>>*

Accepted: 9 January 2025 / Published online: 25 January 2025
© The Author(s) 2025

Abstract

Left atrial (LA) hypertension is central in the pathophysiology of heart failure (HF) in general and of HF with preserved ejec-
tion fraction (HFpEF) in particular. Despite approved treatments, a number of HF patients continue experiencing disabling
symptoms due to LA hypertension, causing pulmonary congestion, pulmonary hypertension, and right heart dysfunction,
at rest and/or during exercise. LA decompression therapies, i.e., left atrial shunting through a specifically designed device
(either implant-based or implant-free), are being studied in various forms of HF to alleviate LA hypertension and patients’
symptoms. Despite a solid background and favorable signals from initial non-randomized clinical trials, the quest for the
optimal HF candidate for interatrial shunt devices is still an area of active research that at the same time is helping to better

elucidate the intricate pathophysiology of HF(pEF).
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Why: rationale for the creation of a left atrial
shunt in patients with heart failure

Heart failure (HF) is a clinical syndrome consisting of
symptoms and signs due to cardiac structural or functional
abnormalities. It is commonly classified according to the
left ventricular (LV) ejection fraction (EF): HF with reduced
EF (HFrEF, with EF <40%), HF with mildly reduced EF
(HFmrEF, EF 41-49%), and HF with preserved EF (HFpEF,
EF>50%) [1]. However, and irrespectively of the EF phe-
notype, high left heart filling pressure is a common find-
ing in HF, either at rest or during exercise [2, 3], and it is
associated with exertional symptoms [4], disease severity
[5], pulmonary congestion [6], pulmonary hypertension, and
right heart dysfunction [7-9].

P4 Sergio Caravita
sergio.caravita@unibg.it

Universita Vita E Salute San Raffaele, Milan, Italy

Department of Cardiology, San Luca Hospital, IRCCS
Istituto Auxologico Italiano, Milan, Italy

Department of Management, Information and Production
Engineering, University of Bergamo, Edificio C, Via
Pasubio, 24044 Dalmine, Bergamo, Italy

Dyspnea and Pulmonary Hypertension Center, Ospedale San
Luca, Piazzale Brescia 20, 20149 Milano, Italy

LV (diastolic) dysfunction is thought to be the primum
movens of high left heart filling pressure, through a variety
of mechanisms including LV scarring, fibrosis, hypertro-
phy, and myocyte dysfunction [10]. However, the left atrium
(LA) is not a passive bystander in HF pathophysiology: LA
scarring/fibrosis and LA myopathy, or LA overdistension
may contribute to reducing LA compliance and elevate LA
pressure (or pulmonary artery wedge pressure, PAWP, as a
surrogate for LA pressure) well above LV end-diastolic pres-
sure [11]. Approved treatments for HF can improve patients’
hemodynamics, symptoms, and prognosis [1]. However,
codified treatment exists mainly for HFrEF patients rather
than for HFpEF or HFmrEF patients. Additionally, despite
optimized treatment, HF patients may still experience dis-
ease progression and a high symptom burden, negatively
impacting the quality of life.

These are among the reasons that led to elaborate LA
decompression therapies, consisting of the creation of a
shunt from a stiff LA to the more compliant right atrium
(RA) or to the coronary sinus, in order to alleviate the LA
pressure overload and its clinical consequences.

LA shunting is supported by a number of “incidental”
clinical observations, including.

— Patients with severe mitral stenosis and atrial defect

(Lutembacher’s syndrome) are less symptomatic than
patients with mitral stenosis and intact atrial septum [12].
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— Patients with LV diastolic dysfunction, like elderly peo-
ple, can develop acute pulmonary edema after the closure
of an atrial septal defect, since the elevation of filling
pressure is no longer relieved by the atrial septal defect
[12, 13].

Mathematical modeling has been subsequently applied
to this background, in order to simulate the effects of the
creation of an interatrial shunt on resting and exercise hemo-
dynamics of HFpEF patients. These simulations showed that
an interatrial shunt of about 8 mm diameter would reduce
atrial pressure overload both at rest and during exercise in
patients with HFpEF, all without compromising systemic
cardiac output and without leading to an excessive increase
in pulmonary vascular flow [14]. Indeed, too large a left-to-
right shunt could result in right heart volume overload and
potential right ventricular dysfunction.

What and how: left atrial shunt devices
and related clinical trials

Different types of devices have been developed. They are
divided into two groups depending on an implant-based or
implant-free approach. Each device has been tested (or is
being tested) in dedicated studies, as detailed below. Nota-
bly, available evidence published so far mainly comes from
cohorts of HFpEF and HFmrEF patients. Eligibility criteria
for clinical trial entry, outcomes, and hemodynamic changes
in the principal studies are reported in Table 1.

Implant-based devices

Corvia medical interatrial shunt device (Corvia Medical,
Tewksbury, MA, USA)

This interatrial septal device (IASD) is a self-expanding
nitinol stent with two disks across the interatrial septum,
featuring an 8-mm central opening (Fig. 1). It is positioned
via transfemoral approach, under conscious sedation, with
puncture of the interatrial septum guided by transesophageal
or intracardiac echocardiography, followed by passage of the
delivery system through the interatrial septum using a 16
sheath. Similar to other atrial septal devices, after the release
of the LA portion, the system is retracted beyond the septum,
and then, the right portion is released. Afterward, the patient
receives short-term antiplatelet therapy.

This device has been used in several consecutive tri-
als, in patients with HFpEF or HFmrEF (EF >40%) and
PAWP > 15 mmHg at rest or PAWP >25 mmHg dur-
ing exercise. An initial pilot study of 11 patients demon-
strated successful deployment with improvement of NYHA
class and reduction in PAWP by 28% at repeat right heart

@ Springer

catheterization performed at 30 days without major adverse
cardiac events [15].

The REDUCE LAP-HF was the first multicenter, non-
randomized, phase I, single-arm trial on 64 patients. At
6 months, IASD reached a 52% reduction in PAWP at rest
and a 58% reduction in exercise PAWP, plus improvement
in symptoms and quality of life [16]. IASD demonstrated a
good safety profile (no major adverse cardiovascular events
or cerebrovascular events at 6 months). At 12 months, the
results were confirmed, with a modest increase in the dimen-
sions of the right ventricle, however in the absence of right
heart dysfunction [17]. This led to the REDUCE LAP-HF I
a multicenter, randomized, phase II trial, on 44 patients. The
inclusion criteria considered also a gradient PAWP—RA
pressure > 5 mmHg. Patients were randomized to receive
using a sham procedure versus IASD. IASD resulted in a
reduction of the exercise PAWP at 1 month, without major
adverse cardiovascular events and overall clinical benefit.
At 12 months, the device remained patent in 100% of the
cases [18, 19].

Because of these encouraging results, it was then con-
ducted the REDUCE LAP-HF II, a multicentric, rand-
omized, phase III, trial. Six hundred twenty-six patients were
randomized to either the IASD or sham procedure. Unfor-
tunately, the results showed no differences, after 1 year,
between the two groups, i.e., patients treated with the IASD
and the sham group. In particular, no discernible effect was
seen on the composite outcome of cardiovascular death or
ischemic stroke, rate of total heart failure events, or quality
of life [20]. According to a post hoc analysis of the REDUCE
LAP-HF II, these neutral results could be explained by the
presence of non-responders (experiencing adverse events
after shunt), counterbalancing the benefit observed in
responders to IASD. In particular, non-responders had either
a latent pulmonary vascular disease (PVD) or an implanted
pacemaker [20, 21]. Latent PVD was defined by pulmonary
vascular resistance (PVR) during exercise > 1.74 WU [21].
The deleterious effect of the IASD in patients with latent
PVD may be explained because the flow and volume load
created by the shunt on the right ventricle would (1) deter-
mine RV congestion and dysfunction, eventually minimizing
or even reversing the LA to RA pressure gradient, and (2)
accelerate disease progression on pulmonary hypertension.
Alternatively, the hemodynamic latent PVD phenotype may
underline a HFpEF profile too severe to benefit the IASD,
because of “latent” RV dysfunction and/or “latent” severe
tricuspid regurgitation, that might pass unrecognized at
rest but that may become manifest during exercise [22].
The pathophysiological link between an implanted pace-
maker and an unfavorable response to LA shunting is less
clear [21]. We may speculate either a contributive role of
implanted pacemaker in determining the development of tri-
cuspid regurgitation (through lead interference), especially
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Corvia Atrial Shunt

Fig. 1 The Corvia Atrial Shunt. It consists of a nitinol frame with an 8-mm central channel, positioned within the interatrial septum. Reproduced

from www.corviamedical.com

Fig.2 The V-Wave Ventura Interatrial Shunt System. It is a hour-
glass-shaped implantable device in the interatrial septum. Repro-
duced from https://vwavemedical.com/

pulmonary hypertension and right ventricular dysfunction
[27]. The eligibility criteria were ischaemic or non-ischae-
mic cardiomyopathy with either reduced or preserved LV
EF and documented HD for at least 6 months, NYHA class
II, III or ambulatory IV, HF hospitalization during prior 12
months OR BMI-adjusted NT-proBNP levels > 1500 pg/
ml or BNP > 300 pg/ml, receiving optimized GDMT for
drugs and devices, 6 mWT between 100 and 450 m. Some
of the exclusion criteria were age < 18 years, BMI > 45
or < 18 kg/m2, RV dysfunction, untreated severe valvular
or coronary heart disease, intracardiac thrombus, etc. The
primary safety endpoint was one of the major cardiovascu-
lar and neurological events at 30 days; the primary efficacy
endpoint was a composite of death, transplantation, LV

assist device implantation, recurrent HF hospitalization,
and change in quality of life. Notably, differently from
other trials in the field, invasive hemodynamics was not a
criterion to evaluate candidacy for the procedure.

The study has been recently published [27] and showed
that transcatheter implantation of the V-wave interatrial
shunt was positive on the safety endpoint but was neutral
for the primary effectiveness endpoint, because it did not
reduce symptoms or improve heart failure patient’s prog-
nosis. Results from a pre-specified stratified analysis sug-
gested that interatrial shunt implantation may be beneficial
in patients with HFrEF. Indeed, in HFrEF, it did not meet
the primary effectiveness endpoint (a hierarchical com-
posite of all-cause death, cardiac transplantation, implan-
tation of LV assist device, HF hospitalization, outpatient
HF worsening, quality of life improvement), but it met the
secondary composite event endpoints and secondary effec-
tiveness endpoints, including all-cause death, cardiovascu-
lar death, and heart failure hospitalization. The annualized
rate of events was 49% in the shunt group and 88.6% in
the placebo group (relative rate ratio 0.55, p < 0.0001).
Instead, at the same pre-specified analysis restricted to
HFpEEF patients, the Ventura device resulted in harm, with
negative results in the primary effectiveness endpoint and
in the secondary composite event endpoints. In patients
with HFpEF, the annualized rate of events was 60.2% in
the shunt group and 35.9% in the placebo group (relative
rate ratio 1.68, p < 0.0001). Notably, inclusion and exclu-
sion criteria for this device differed from those adopted
with other devices, being more inclusive and enrolling
more advanced HFpEF patients (i.e. those excluded in tri-
als with other shunting devices).
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Occlutech atrial flow regulator (Occlutech AG, Switzerland)

Occlutech atrial flow regulator is a double-disk device with
self-expanding nitinol wire, available in different sizes (4,
6, 8, 10 mm) according to the level of PAWP and the thick-
ness of the septum (Fig. 3). Like the V-wave, it has been
employed in patients with both HFpEF and HFrEF in a ded-
icated trial, the AFR-PRELIEVE [28], improving NYHA
class and reducing PAWP.

Apture shunt (Edwards Lifesciences, Irvine, California)

The transcatheter atrial shunt system is a nitinol mesh, which
creates a 7-mm shunt between the LA and the coronary sinus
(Fig. 4). Its efficacy on quality of life and exercise PAWP
has been proven in a preliminary pilot study on 11 patients
and in a single-arm study on 87 patients [29, 30]. Since it
completely spares the interatrial septum, it has theoretical
advantages, including a lower likelihood of paradoxical
embolization and preservation or RA dynamics. However,
these theoretical advantages are counterbalanced by a more
complex implantation technique, with high but subop-
timal feasibility (90%) [28], and a signal for postimplant
adverse events (2 emergent cardiac surgery at 30 days in 78
implanted patients) [30], higher with what generally reported
in the experiences conducted so far with other devices.

\ Repositionable and
/A fully retrievable
//4‘!'ﬁsi\\
-

Fig.3 The Occlutech Atrial Flow Regulator. It has a two-disk con-
figuration with a central fenestration to be implanted in the interatrial
septum. The device is available with two different fenestration diam-

@ Springer

Implant-free devices

Since the implant-based devices present a relatively large
outer diameter, which might limit possible future transsep-
tal percutaneous procedures and impact on atrial dynamics,
systems to generate a shunt without leaving devices on the
interatrial septum have been successively developed.

e Alleviant system. This system consists of a specifically
designed catheter that is advanced through the fossa
ovalis, grasps the interatrial septum, and can perform a
radiofrequency excision of the interatrial tissue, creat-
ing a shunt of 67 mm diameter (Fig. 5). This radiofre-
quency-based excision assures long-term patency of the
shunt. This system has been mainly studied in patients
with HFpEF, demonstrating improvement in quality
of life at 6 months and reduction of PAWP [31, 32]. A
large, multicenter, randomized, sham-controlled trial, the
ALLAY-HF (Safety and Efficacy of the Alleviant Sys-
tem for No-Implant Interatrial Shunt Creation in Patients
With Chronic Heart Failure) is currently underway and
seeks to enroll 400 to 700 patients with HF and EF >40%

e [InterShunt device. This system consists of a percutaneous
device that can excise a 6-mm circular section of intera-
trial septum tissue. A pilot study on 10 patients dem-
onstrated the safety and patency of the shunt at 90 days
[33].

High flexibility and
adaptability with

unique braiding

eters, according to the desired size of interatrial communication using
a sizing algorithm. Reproduced from https://occlutech.com/afr/
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Fig.4 The Apture Trans-catheter Shunt System. It establishes a left
atrium to coronary sinus shunting following percutaneous atriot-
omy from the coronary sinus and positioning a nitinol-based shunt.
It allows flow from the left atrium to the coronary sinus and subse-
quently to the right atrium. Reproduced from https://www.edwards.
com/healthcare-professionals/trial/altflow

e NOYA Radiofrequency Interatrial Shunt System. It
employs a radiofrequency ablation catheter, with the
smallest diameter size of 4 mm, up to 10 mm. The first
study (RAISE Trial, 2022) on 10 patients with EF >40%
demonstrated patency at 6 months on 7 patients and
improvement in symptoms and BNP [34]. A prospec-
tive, multicenter trial (RAISE Trialll) is still ongoing.

When: persisting uncertainties

The therapeutic window with optimal risk—benefit ratio of
interatrial shunt devices in HFpEF and HFmrEF has not
been definitely ascertained, despite they constitute the larg-
est HF population studied up to now. Signals coming from
large, sham-controlled clinical trials (REDUCE LAP-HF II
[20] and RELIEVE-HF) seem to confirm the need for proper
clinical and hemodynamic phenotyping of patients to detect
good candidates [35, 36] and suggest that patients with even
subclinical right heart involvement may not benefit of this
procedure. Indeed, the shunt may only be effective in the
presence of a flow-guiding pressure difference between the
LA and the RA (with LA pressure > RA pressure) [14] and

Fig.5 The Alleviant System. It is a no-implant-based device. It uses
radiofrequency energy to securely capture, excise, and extract a pre-
cise disk of tissue from the interatrial septum. Reproduced from
https://www.alleviantmedical.com/alleviant-system

in the absence of overt or latent pulmonary vascular disease/
right ventricular dysfunction [21, 22]. Only ongoing trials
may help answer this question. Additionally, follow-up data
from past and ongoing trials will help capture the patterns
of right heart remodeling after the creation of the intera-
trial shunt. Despite the observation of right heart enlarge-
ment at a 2-year follow-up in the REDUCE LAP-HF II trial,
this seemed to be without adverse consequences and, most
importantly, not associated with new-onset right ventricular
dysfunction [24]. In addition, it is important to recognize the
need for standardized evaluation of atrial mechanics in the
setting of atrial shunt therapy. Investigators of the REDUCE
LAP-HF-TRIAL noticed that implantation of IASD resulted
in heterogenous changes in the LA volume. A favorable
decrease in LA volume could be present in patients with
higher LA compliance and right atrial reservoir strain [37].

No-implant devices have a theoretical advantage over
implant-based devices. First, avoiding foreign material on
the interatrial septum may interfere with atrial dynamics
and may trigger atrial fibrillation in the short term [38, 39].
Indeed, LA dynamics may be already impaired in HFpEF
patients, and HFpEF and atrial fibrillation may represent two
sides of the same coin [40]. Nonetheless, signals coming
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from the REDUCE LAP-HF II trial seem to be reassuring
on these sides [41], suggesting that the favorable effects of
the shunt may counterbalance its potential negative effects.
Second, albeit still not reported, device-related thrombosis
and infection exist as a remote possibility [42].

Conclusion

The creation of a LA shunt in HF patients represents a prom-
ising therapeutic strategy formulated from the theoretical
assumption of reducing the high left heart filling pressures,
in the attempt to alleviate patients’ breathlessness and
improve quality of life and hopefully prognosis. Different
types of devices have been tested. However, the latest data
have raised questions on the optimal selection of HF(pEF)
candidates to LA shunting devices. Ongoing trials may help
define the patients’ phenotype across HF heterogeneity that
could effectively benefit from LA shunting devices.
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