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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].

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 

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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in a subpopulation of HFpEF at high risk of having atrial 
fibrillation (or bradycardia-tachycardia syndrome), which is 
associated with volume expansion, bi-atrial dilation, devel-
opment of tricuspid regurgitation, and afterload-independent 
right ventricular failure [23].

Supporting the previously identified responder group 
hypothesis and mechanism, in another post hoc analysis 
of the REDUCE LAP-HF II trial, over 2 years of follow-
up, atrial shunting led to more favorable changes in car-
diac structure/function in responders compared with non-
responders. Responders (vs. non-responders) randomized to 
the shunt had smaller increases in RV EDV RV end-systolic 
volume, RV/LV ratio, and RVEF [24].

This led to a still ongoing dedicated trial, the 
RESPONDER HF (Reevaluation of Atrial Shunt Device in 
a Precision Medicine Trial to Determine Efficacy in Mildly 
Reduced or Preserved Ejection Fraction Heart Failure), a 
randomized, double-blinded trial which tested the safety 
and efficacy of IASD in patients with symptomatic HF, 
EF > 40%, and absence of latent pulmonary vascular disease 
and implanted pacemaker.

Ventura V‑WAVE interatrial shunt (V‑Wave, Caesarea, Israel)

This device is conceptually similar to the previous one. The 
main differences are the hourglass shape, the polytetrafluoro-
ethylene skirt over a nitinol mesh, and a smaller (5.1 mm) 
central lumen (Fig. 2). The first-generation device had a 
porcine pericardium tissue valve to allow a unidirectional 
left-to-right flow; the valve was then removed because of the 
pannus formation resulting in shunt stenosis or occlusion in 
50% of patients in a dedicated trial [25].

One of the most important differences from the IASD 
is also the target population in which the device has been 
tested: both patients with HFpEF and HFrEF. The first, sin-
gle-arm, pilot studies proved the feasibility and the safety of 
the procedure [25, 26] and showed improvement in NYHA 
class, quality of life, and 6-min walking distance, as well 
as a reduction in PAWP at 3 and 12 months after shunt-
ing, comparing with baseline. In detail, at 3 months, 78% of 
patients improved from NYHA functional class III or IV at 
enrollment to class I or II, and at 12 months, 60% continued 
to improve. The 6-min walk distance increased by 41 m at 
3 months and by 28 m at 12 months. Patients with patent 
shunts (at 12-month follow-up, 14% of patients have total 
occlusions with this first-generation device) exhibited sig-
nificant improvements in PCWP (from 23.3 ± 5.4 mmHg at 
baseline to 18.0 ± 4.0 mmHg at 12 months), without wors-
ening of right atrial or pulmonary artery pressures [25].

The RELIEVE-HF trial (Reducing Lung Congestion 
Symptoms in Advanced Heart Failure) was a prospective, 
multicenter, randomized trial recruiting 508 HFrEF and 
HFpEF patients, with the exclusion of patients with severe Ta
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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 
HFpEF 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).

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. corvi amedi cal. 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:// vwave medic al. com/

http://www.corviamedical.com
https://vwavemedical.com/
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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.

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.

• 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 6–7 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%

• 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].

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-

eters, according to the desired size of interatrial communication using 
a sizing algorithm. Reproduced from https:// occlu tech. com/ afr/

https://occlutech.com/afr/
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• 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 TrialII) 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 

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 

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. edwar ds. 
com/ healt hcare- profe ssion als/ trial/ altfl ow

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. allev iantm edical. com/ allev iant- system

https://www.edwards.com/healthcare-professionals/trial/altflow
https://www.edwards.com/healthcare-professionals/trial/altflow
https://www.alleviantmedical.com/alleviant-system
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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.

Author contribution Dr. De Lorenzo conceptualized and wrote the 
draft of the manuscript. All other authors critically reviewed the draft. 
Figures have been reproduced from the websites of the companies that 
have developed the device object of this review.

Funding Open access funding provided by Università degli studi di 
Bergamo within the CRUI-CARE Agreement. This work was funded 
by the Italian Ministry of Health (Progetti di Ricerca Corrente).

Declarations 

Competing interests Dr. Caravita is a consultant to Alleviant.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, 
Böhm M, Burri H, Butler J, Čelutkienė J, Chioncel O, Cleland 
JGF, Crespo-Leiro MG, Farmakis D, Gilard M, Heymans S, Hoes 
AW, Jaarsma T, Jankowska EA, Lainscak M, Lam CSP, Lyon AR, 
McMurray JJV, Mebazaa A, Mindham R, Muneretto C, Franc-
esco Piepoli M, Price S, Rosano GMC, Ruschitzka F, Skibelund 
AK, ESC Scientific Document Group (2024) 2023 focused update 
of the 2021 ESC Guidelines for the diagnosis and treatment of 
acute and chronic heart failure: developed by the task force for 

the diagnosis and treatment of acute and chronic heart failure 
of the European Society of Cardiology (ESC) With the special 
contribution of the Heart Failure Association (HFA) of the ESC. 
Eur J Heart Fail. 26(1):5–17. https:// doi. org/ 10. 1002/ ejhf. 3024

 2. Baratto C, Caravita S, Soranna D, Dewachter C, Bondue A, 
Zambon A, Badano LP, Parati G, Vachiéry JL (2022) Exercise 
haemodynamics in heart failure with preserved ejection frac-
tion: a systematic review and meta-analysis. ESC Heart Fail. 
9(5):3079–3091. https:// doi. org/ 10. 1002/ ehf2. 13979. (Erratum 
in: ESC Heart Fail. 2023 Jun;10(3):2144)

 3. Edward JA, Parker H, Stöhr EJ, McDonnell BJ, O’Gean K, Schulte 
M, Lawley JS, Cornwell WK (2023) Exertional cardiac and pul-
monary vascular hemodynamics in patients with heart failure with 
reduced ejection fraction. J Card Fail. 29(9):1276–1284. https:// 
doi. org/ 10. 1016/j. cardf ail. 2023. 01. 010

 4. Borlaug BA, Nishimura RA, Sorajja P, Lam CS, Redfield MM 
(2010) Exercise hemodynamics enhance diagnosis of early heart 
failure with preserved ejection fraction. Circ Heart Fail. 3(5):588–
95. https:// doi. org/ 10. 1161/ CIRCH EARTF AILURE. 109. 930701

 5. Baratto C, Caravita S, Soranna D, Dewachter C, Bondue A, Zam-
bon A, Badano LP, Parati G, Vachiéry JL (2022) An updated 
meta-analysis of hemodynamics markers of prognosis in patients 
with pulmonary hypertension due to left heart disease. Pulm Circ 
12(4):e12145. https:// doi. org/ 10. 1002/ pul2. 12145

 6. Reddy YNV, Obokata M, Wiley B, Koepp KE, Jorgenson CC, 
Egbe A, Melenovsky V, Carter RE, Borlaug BA (2019) The 
haemodynamic basis of lung congestion during exercise in heart 
failure with preserved ejection fraction. Eur Heart J 40(45):3721–
3730. https:// doi. org/ 10. 1093/ eurhe artj/ ehz713

 7. Caravita S, Dewachter C, Soranna D, D’Araujo SC, Khaldi A, 
Zambon A, Parati G, Bondue A, Vachiéry JL (2018) Haemo-
dynamics to predict outcome in pulmonary hypertension due to 
left heart disease: a meta-analysis. Eur Respir J 51(4):1702427. 
https:// doi. org/ 10. 1183/ 13993 003. 02427- 2017

 8. Baratto C, Caravita S, Dewachter C, Faini A, Perego GB, Bondue 
A, Senni M, Muraru D, Badano LP, Parati G, Vachiéry JL (2023) 
Right heart adaptation to exercise in pulmonary hypertension: 
an invasive hemodynamic study. J Card Fail 29(9):1261–1272. 
https:// doi. org/ 10. 1016/j. cardf ail. 2023. 04. 009

 9. Baratto C, Caravita S, Vachiéry JL (2023) Pulmonary hyperten-
sion associated with left heart disease. Semin Respir Crit Care 
Med 44(6):810–825. https:// doi. org/ 10. 1055/s- 0043- 17727 54

 10 Mishra S, Kass DA (2021) Cellular and molecular pathobiology 
of heart failure with preserved ejection fraction. Nat Rev Cardiol. 
18(6):400–423. https:// doi. org/ 10. 1038/ s41569- 020- 00480-6. 
(Erratum in: Nat Rev Cardiol. 2021 Jan 21)

 11. Reddy YNV, El-Sabbagh A, Nishimura RA (2018) Comparing 
pulmonary arterial wedge pressure and left ventricular end dias-
tolic pressure for assessment of left-sided filling pressures. JAMA 
Cardiol 3(6):453–454. https:// doi. org/ 10. 1001/ jamac ardio. 2018. 
0318

 12. De la Lutembacher R (1916) stenose mitrale avec communication 
interauriculaire. Arch Mal Coeur 9:237–260

 13. Ewert P, Berger F, Nagdyman N, Kretschmar O, Dittrich S, Abdul-
Khaliq H, Lange P (2001) Masked left ventricular restriction in 
elderly patients with atrial septal defects: a contraindication for 
closure? Catheter Cardiovasc Interv 52(2):177–180. https:// doi. 
org/ 10. 1002/ 1522- 726x(200102) 52:2% 3c177:: aid- ccd10 43% 
3e3.0. co;2-g

 14. Kaye D, Shah SJ, Borlaug BA, Gustafsson F, Komtebedde J, Kubo 
S, Magnin C, Maurer MS, Feldman T, Burkhoff D (2014) Effects 
of an interatrial shunt on rest and exercise hemodynamics: results 
of a computer simulation in heart failure. J Card Fail 20(3):212–
221. https:// doi. org/ 10. 1016/j. cardf ail. 2014. 01. 005

 15. Søndergaard L, Reddy V, Kaye D, Malek F, Walton A, Mates 
M, Franzen O, Neuzil P, Ihlemann N, Gustafsson F (2014) 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/ejhf.3024
https://doi.org/10.1002/ehf2.13979
https://doi.org/10.1016/j.cardfail.2023.01.010
https://doi.org/10.1016/j.cardfail.2023.01.010
https://doi.org/10.1161/CIRCHEARTFAILURE.109.930701
https://doi.org/10.1002/pul2.12145
https://doi.org/10.1093/eurheartj/ehz713
https://doi.org/10.1183/13993003.02427-2017
https://doi.org/10.1016/j.cardfail.2023.04.009
https://doi.org/10.1055/s-0043-1772754
https://doi.org/10.1038/s41569-020-00480-6
https://doi.org/10.1001/jamacardio.2018.0318
https://doi.org/10.1001/jamacardio.2018.0318
https://doi.org/10.1002/1522-726x(200102)52:2%3c177::aid-ccd1043%3e3.0.co;2-g
https://doi.org/10.1002/1522-726x(200102)52:2%3c177::aid-ccd1043%3e3.0.co;2-g
https://doi.org/10.1002/1522-726x(200102)52:2%3c177::aid-ccd1043%3e3.0.co;2-g
https://doi.org/10.1016/j.cardfail.2014.01.005


695Heart Failure Reviews (2025) 30:685–696 

Transcatheter treatment of heart failure with preserved or mildly 
reduced ejection fraction using a novel interatrial implant to lower 
left atrial pressure. Eur J Heart Fail 16(7):796–801. https:// doi. 
org/ 10. 1002/ ejhf. 111

 16 Hasenfuß G, Hayward C, Burkhoff D, Silvestry FE, McKenzie 
S, Gustafsson F, Malek F, Van der Heyden J, Lang I, Petrie 
MC, Cleland JG, Leon M, Kaye DM, REDUCE LAP-HF study 
investigators (2016) A transcatheter intracardiac shunt device 
for heart failure with preserved ejection fraction (REDUCE 
LAP-HF): a multicentre, open-label, single-arm, phase 1 trial. 
Lancet 387(10025):1298–304. https:// doi. org/ 10. 1016/ S0140- 
6736(16) 00704-2

 17. Kaye DM, Hasenfuß G, Neuzil P, Post MC, Doughty R, Tro-
chu JN, Kolodziej A, Westenfeld R, Penicka M, Rosenberg M, 
Walton A, Muller D, Walters D, Hausleiter J, Raake P, Petrie 
MC, Bergmann M, Jondeau G, Feldman T, Veldhuisen DJ, 
Ponikowski P, Silvestry FE, Burkhoff D, Hayward C (2016) 
One-year outcomes after transcatheter insertion of an interatrial 
shunt device for the management of heart failure with preserved 
ejection fraction. Circ Heart Fail 9(12):e003662. https:// doi. org/ 
10. 1161/ CIRCH EARTF AILURE. 116. 003662

 18. Feldman T, Mauri L, Kahwash R, Litwin S, Ricciardi MJ, van 
der Harst P, Penicka M, Fail PS, Kaye DM, Petrie MC, Basuray 
A, Hummel SL, Forde-McLean R, Nielsen CD, Lilly S, Massaro 
JM, Burkhoff D, Shah SJ, REDUCE LAP-HF I Investigators 
and Study Coordinators (2018) Transcatheter interatrial shunt 
device for the treatment of heart failure with preserved ejec-
tion fraction (REDUCE LAP-HF I [reduce elevated left atrial 
pressure in patients with heart failure]): a phase 2, randomized, 
sham-controlled trial. Circulation 137(4):364–375. https:// doi. 
org/ 10. 1161/ CIRCU LATIO NAHA. 117. 032094

 19. Shah SJ, Feldman T, Ricciardi MJ, Kahwash R, Lilly S, Litwin 
S, Nielsen CD, van der Harst P, Hoendermis E, Penicka M, 
Bartunek J, Fail PS, Kaye DM, Walton A, Petrie MC, Walker N, 
Basuray A, Yakubov S, Hummel SL, Chetcuti S, Forde-McLean 
R, Herrmann HC, Burkhoff D, Massaro JM, Cleland JGF, Mauri 
L (2018) One-year safety and clinical outcomes of a transcath-
eter interatrial shunt device for the treatment of heart failure 
with preserved ejection fraction in the reduce elevated left atrial 
pressure in patients with heart failure (REDUCE LAP-HF I) 
trial: a randomized clinical trial. JAMA Cardiol 3(10):968–977. 
https:// doi. org/ 10. 1001/ jamac ardio. 2018. 2936

 20. Shah SJ, Borlaug BA, Chung ES, Cutlip DE, Debonnaire P, Fail 
PS, Gao Q, Hasenfuß G, Kahwash R, Kaye DM, Litwin SE, 
Lurz P, Massaro JM, Mohan RC, Ricciardi MJ, Solomon SD, 
Sverdlov AL, Swarup V, van Veldhuisen DJ, Winkler S, Leon 
MB, REDUCE LAP-HF II investigators (2022) Atrial shunt 
device for heart failure with preserved and mildly reduced ejec-
tion fraction (REDUCE LAP-HF II): a randomised, multicentre, 
blinded, sham-controlled trial. Lancet 399(10330):1130–1140. 
https:// doi. org/ 10. 1016/ S0140- 6736(22) 00016-2

 21. Borlaug BA, Blair J, Bergmann MW, Bugger H, Burkhoff D, 
Bruch L, Celermajer DS, Claggett B, Cleland JGF, Cutlip DE, 
Dauber I, Eicher JC, Gao Q, Gorter TM, Gustafsson F, Hay-
ward C, van der Heyden J, Hasenfuß G, Hummel SL, Kaye 
DM, Komtebedde J, Massaro JM, Mazurek JA, McKenzie S, 
Mehta SR, Petrie MC, Post MC, Nair A, Rieth A, Silvestry FE, 
Solomon SD, Trochu JN, Van Veldhuisen DJ, Westenfeld R, 
Leon MB, Shah SJ, REDUCE LAP-HF-II Investigators (2022) 
Latent pulmonary vascular disease may alter the response to 
therapeutic atrial shunt device in heart failure. Circulation. 
145(21):1592–1604. https:// doi. org/ 10. 1161/ CIRCU LATIO 
NAHA. 122. 059486. (Erratum in: Circulation. 2022 Jul 
26;146(4):e12)

 22. Caravita S, Baratto C, Filippo A, Soranna D, Dewachter C, Zam-
bon A, Perego GB, Muraru D, Senni M, Badano LP, Parati G, 

Vachiéry JL, Fudim M (2023) Shedding light on latent pulmonary 
vascular disease in heart failure with preserved ejection fraction. 
JACC Heart Fail 11(10):1427–1438. https:// doi. org/ 10. 1016/j. 
jchf. 2023. 03. 003

 23. Obokata M, Reddy YNV, Melenovsky V, Pislaru S, Borlaug BA 
(2019) Deterioration in right ventricular structure and function 
over time in patients with heart failure and preserved ejection 
fraction. Eur Heart J 40(8):689–697. https:// doi. org/ 10. 1093/ eurhe 
artj/ ehy809

 24. Patel RB, Silvestry FE, Komtebedde J, Solomon SD, Hasenfuß 
G, Litwin SE, Borlaug BA, Price MJ, Kawash R, Hummel SL, 
Cutlip DE, Leon MB, van Veldhuisen DJ, Rieth AJ, McKenzie 
S, Bugger H, Mazurek JA, Kapadia SR, Vanderheyden M, Ky B, 
Shah SJ (2024) Atrial shunt device effects on cardiac structure 
and function in heart failure with preserved ejection fraction: the 
REDUCE LAP-HF II randomized clinical trial. JAMA Cardiol 
9(6):e240520. https:// doi. org/ 10. 1001/ jamac ardio. 2024. 0520

 25. Rodés-Cabau J, Bernier M, Amat-Santos IJ, Ben Gal T, Nombela-
Franco L, García Del Blanco B, Kerner A, Bergeron S, Del Trigo 
M, Pibarot P, Shkurovich S, Eigler N, Abraham WT (2018) Intera-
trial shunting for heart failure: early and late results from the first-
in-human experience with the V-wave system. JACC Cardiovasc 
Interv 11(22):2300–2310. https:// doi. org/ 10. 1016/j. jcin. 2018. 07. 
001

 26. Guimarães L, Bergeron S, Bernier M, Rodriguez-Gabella T, Del 
Val D, Pibarot P, Eigler N, Abraham WT, Rodés-Cabau J (2020) 
Interatrial shunt with the second-generation V-Wave system for 
patients with advanced chronic heart failure. EuroIntervention 
15(16):1426–1428. https:// doi. org/ 10. 4244/ EIJ-D- 19- 00291

 27. Stone GW, Lindenfeld J, Rodés-Cabau J, Anker SD, Zile MR, 
Kar S, Holcomb R, Pfeiffer MP, Bayes-Genis A, Bax JJ, Bank 
AJ, Costanzo MR, Verheye S, Roguin A, Filippatos G, Núñez J, 
Lee EC, Laufer-Perl M, Moravsky G, Litwin SE, Prihadi E, Gada 
H, Chung ES, Price MJ, Thohan V, Schewel D, Kumar S, Kische 
S, Shah KS, Donovan DJ, Zhang Y, Eigler NL, Abraham WT, 
RELIEVE-HF Investigators (2024) Interatrial shunt treatment 
for heart failure: the randomized RELIEVE-HF trial. Circula-
tion 150(24):1931–1943. https:// doi. org/ 10. 1161/ CIRCU LATIO 
NAHA. 124. 070870

 28. Paitazoglou C, Özdemir R, Pfister R, Bergmann MW, Bartunek 
J, Kilic T, Lauten A, Schmeisser A, Zoghi M, Anker S, Sievert 
H, Mahfoud F (2019) The AFR-PRELIEVE trial: a prospective, 
non-randomised, pilot study to assess the atrial flow regulator 
(AFR) in heart failure patients with either preserved or reduced 
ejection fraction. EuroIntervention 15(5):403–410. https:// doi. org/ 
10. 4244/ EIJ-D- 19- 00342

 29. Simard T, Labinaz M, Zahr F, Nazer B, Gray W, Hermiller J, 
Chaudhry SP, Guimaraes L, Philippon F, Eckman P, Rodés-Cabau 
J, Sorajja P, Hibbert B (2020) Percutaneous atriotomy for lev-
oatrial-to-coronary sinus shunting in symptomatic heart failure: 
first-in-human experience. JACC Cardiovasc Interv 13(10):1236–
1247. https:// doi. org/ 10. 1016/j. jcin. 2020. 02. 022

 30. Hibbert B, Zahr F, Simard T, Labinaz M, Nazer B, Sorajja P, Eck-
man P, Pineda AM, Missov E, Mahmud E, Schwartz J, Gupta B, 
Wiley M, Sauer A, Jorde U, Latib A, Kahwash R, Lilly S, Chang 
L, Gafoor S, Chaudhry SP, Hermiller J, Aldaia L, Koulogiannis K, 
Gray WA, ALT FLOW Investigators (2023) Left atrial to coronary 
sinus shunting for treatment of symptomatic heart failure. JACC 
Cardiovasc Interv. 16(11):1369–1380. https:// doi. org/ 10. 1016/j. 
jcin. 2023. 03. 012

 31. Barker CM, Meduri CU, Fail PS, Chambers JW, Solet DJ, Kriegel 
JM, Vela DC, Feldt K, Pate TD, Patel AP, Shaburishvili T (2022) 
Feasibility of a no-implant approach to interatrial shunts: preclini-
cal and early clinical studies. Struct Heart 6(4):100078. https:// 
doi. org/ 10. 1016/j. shj. 2022. 100078

https://doi.org/10.1002/ejhf.111
https://doi.org/10.1002/ejhf.111
https://doi.org/10.1016/S0140-6736(16)00704-2
https://doi.org/10.1016/S0140-6736(16)00704-2
https://doi.org/10.1161/CIRCHEARTFAILURE.116.003662
https://doi.org/10.1161/CIRCHEARTFAILURE.116.003662
https://doi.org/10.1161/CIRCULATIONAHA.117.032094
https://doi.org/10.1161/CIRCULATIONAHA.117.032094
https://doi.org/10.1001/jamacardio.2018.2936
https://doi.org/10.1016/S0140-6736(22)00016-2
https://doi.org/10.1161/CIRCULATIONAHA.122.059486
https://doi.org/10.1161/CIRCULATIONAHA.122.059486
https://doi.org/10.1016/j.jchf.2023.03.003
https://doi.org/10.1016/j.jchf.2023.03.003
https://doi.org/10.1093/eurheartj/ehy809
https://doi.org/10.1093/eurheartj/ehy809
https://doi.org/10.1001/jamacardio.2024.0520
https://doi.org/10.1016/j.jcin.2018.07.001
https://doi.org/10.1016/j.jcin.2018.07.001
https://doi.org/10.4244/EIJ-D-19-00291
https://doi.org/10.1161/CIRCULATIONAHA.124.070870
https://doi.org/10.1161/CIRCULATIONAHA.124.070870
https://doi.org/10.4244/EIJ-D-19-00342
https://doi.org/10.4244/EIJ-D-19-00342
https://doi.org/10.1016/j.jcin.2020.02.022
https://doi.org/10.1016/j.jcin.2023.03.012
https://doi.org/10.1016/j.jcin.2023.03.012
https://doi.org/10.1016/j.shj.2022.100078
https://doi.org/10.1016/j.shj.2022.100078


696 Heart Failure Reviews (2025) 30:685–696

 32. Udelson JE, Barker CM, Wilkins G, Wilkins B, Gooley R, 
Lockwood S, Potter BJ, Meduri CU, Fail PS, Solet DJ, Feldt K, 
Kriegel JM, Shaburishvili T (2023) No-implant interatrial shunt 
for HFpEF: 6-month outcomes from multicenter pilot feasibility 
studies. JACC Heart Fail 11(8 Pt 2):1121–1130. https:// doi. org/ 
10. 1016/j. jchf. 2023. 01. 024

 33. Lu D, Zhu J, Liao B (2018) Efficacy and safety of inter-atrial shunt 
devices for heart failure with reduced or preserved ejection frac-
tion: early experiences. Heart Lung Circ 27(3):359–364. https:// 
doi. org/ 10. 1016/j. hlc. 2017. 02. 027

 34. Sun W, Zou H, Yong Y, Liu B, Zhang H, Lu J, Shen Y, Li P, Xu T, 
Chen X, Du A, Jiang M, Hua Y, Sheng Y, Zhou B, Lotan C, Kong 
X (2022) The RAISE trial: a novel device and first-in-man trial. 
Circ Heart Fail. 15(4):e008362. https:// doi. org/ 10. 1161/ CIRCH 
EARTF AILURE. 121. 008362

 35. Wattanachayakul P, Kittipibul V, Salah HM, Yaku H, Gustafsson 
F, Baratto C, Caravita S, Fudim M (2024) Invasive haemodynamic 
assessment in heart failure with preserved ejection fraction. ESC 
Heart Fail. https:// doi. org/ 10. 1002/ ehf2. 15163

 36. Fudim M, Kittipibul V, Swavely A, Gray A, Mikitka J, Young E, 
Dobbin O, Radzom M, Fee J, Molinger J, Patterson B, Battista 
Perego G, Badano LP, Parati G, Vachiéry JL, Senni M, Lanzarone 
E, Previdi F, Paleari S, Baratto C, Caravita S (2024) Discrepancy 
in the diagnosis of heart failure with preserved ejection fraction 
between supine versus upright exercise hemodynamic testing. 
Circ Heart Fail. 17(12):e012020. https:// doi. org/ 10. 1161/ CIRCH 
EARTF AILURE. 124. 012020

 37. Hanff TC, Kaye DM, Hayward CS, Post MC, Malek F, Hasenfuβ 
G, Gustafsson F, Burkhoff D, Shah SJ, Litwin SE, Kahwash R, 
Hummel SL, Borlaug BA, Solomon SD, Lam CSP, Komtebedde 
J, Silvestry FE, REDUCE LAP-HF study investigators, and 
research staff (2019) Assessment of predictors of left atrial vol-
ume response to a transcatheter interatrial shunt device (from the 
REDUCE LAP-HF trial). Am J Cardiol. 124(12):1912–1917. 
https:// doi. org/ 10. 1016/j. amjca rd. 2019. 09. 019

 38. Skibsted CV, Korsholm K, Pedersen L, Bonnesen K, Nielsen-
Kudsk JE, Schmidt M (2023) Long-term risk of atrial fibrilla-
tion or flutter after transcatheter patent foramen ovale closure: a 
nationwide Danish study. Eur Heart J 44(36):3469–3477. https:// 
doi. org/ 10. 1093/ eurhe artj/ ehad3 05

 39. Tarsia C, Gaspardone C, De Santis A, D’Ascoli E, Piccioni F, 
Sgueglia GA, Iamele M, Leonetti S, Giannico MB, Gaspardone 
A (2024) Atrial function after percutaneous occluder device and 
suture-mediated patent fossa ovalis closure. Eur Heart J-Imaging 
Methods Pract 2(1):qtae008. https:// doi. org/ 10. 1093/ ehjimp/ qyae0 
08

 40. Reddy YNV, Obokata M, Verbrugge FH, Lin G, Borlaug BA 
(2020) Atrial dysfunction in patients with heart failure with pre-
served ejection fraction and atrial fibrillation. J Am Coll Cardiol 
76(9):1051–1064. https:// doi. org/ 10. 1016/j. jacc. 2020. 07. 009

 41. Patel RB, Reddy VY, Komtebedde J, Wegerich SW, Sekaric J, 
Swarup V, Walton A, Laurent G, Chetcuti S, Rademann M, Berg-
mann M, McKenzie S, Bugger H, Bruno RR, Herrmann HC, Nair 
A, Gupta DK, Lim S, Kapadia S, Gordon R, Vanderheyden M, 
Noel T, Bailey S, Gertz ZM, Trochu JN, Cutlip DE, Leon MB, 
Solomon SD, van Veldhuisen DJ, Auricchio A, Shah SJ (2023) 
Atrial fibrillation burden and atrial shunt therapy in heart failure 
with preserved ejection fraction. JACC Heart Fail 11(10):1351–
1362. https:// doi. org/ 10. 1016/j. jchf. 2023. 05. 024

 42. Amedro P, Soulatges C, Fraisse A (2017) Infective endocarditis 
after device closure of atrial septal defects: case report and review 
of the literature. Catheter Cardiovasc Interv 89(2):324–334. 
https:// doi. org/ 10. 1002/ ccd. 26784

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.jchf.2023.01.024
https://doi.org/10.1016/j.jchf.2023.01.024
https://doi.org/10.1016/j.hlc.2017.02.027
https://doi.org/10.1016/j.hlc.2017.02.027
https://doi.org/10.1161/CIRCHEARTFAILURE.121.008362
https://doi.org/10.1161/CIRCHEARTFAILURE.121.008362
https://doi.org/10.1002/ehf2.15163
https://doi.org/10.1161/CIRCHEARTFAILURE.124.012020
https://doi.org/10.1161/CIRCHEARTFAILURE.124.012020
https://doi.org/10.1016/j.amjcard.2019.09.019
https://doi.org/10.1093/eurheartj/ehad305
https://doi.org/10.1093/eurheartj/ehad305
https://doi.org/10.1093/ehjimp/qyae008
https://doi.org/10.1093/ehjimp/qyae008
https://doi.org/10.1016/j.jacc.2020.07.009
https://doi.org/10.1016/j.jchf.2023.05.024
https://doi.org/10.1002/ccd.26784

	Left atrial shunting devices: why, what, how, and… when?
	Abstract
	Why: rationale for the creation of a left atrial shunt in patients with heart failure
	What and how: left atrial shunt devices and related clinical trials
	Implant-based devices
	Corvia medical interatrial shunt device (Corvia Medical, Tewksbury, MA, USA)
	Ventura V-WAVE interatrial shunt (V-Wave, Caesarea, Israel)
	Occlutech atrial flow regulator (Occlutech AG, Switzerland)
	Apture shunt (Edwards Lifesciences, Irvine, California)

	Implant-free devices

	When: persisting uncertainties
	Conclusion
	References


