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Heart Failure

Major advances in heart failure (HF) management have been achieved 

over the past three decades, yet it remains a syndrome with high 

morbidity and mortality, poor quality of life and high healthcare costs. 

Despite all advances in medical/device therapy, many HF patients 

continue to deteriorate, leading to poor quality of life and high 

rehospitalisation and mortality rates.1 The recent European Society of 

Cardiology HF pilot study showed that hospitalised and stable/

ambulatory HF patients had 12-month all-cause mortality rates of 17% 

and 7%, respectively, and 12-month rehospitalisation rates of 44% and 

32%, respectively.2 Of note, an increase in left atrial (LA) pressure 

usually precedes the worsening of symptoms and acute HF 

decompensation in patients with left ventricular (LV) dysfunction.3 

Acute HF has become the most common cause of hospitalisation in 

patients >65 years, and approximately 4–12% of patients present with 

cardiogenic shock, a severe condition with high morbidity and 

mortality rates.4,5

The creation of an interatrial shunt to decompress the left atrium in 

patients with acute or chronic HF has been used as an alternative 

therapy to improve symptoms and clinical outcomes.6–8 The aim of this 

review was to provide an updated overview and clinical perspective on 

interatrial shunting for treating HF, and to highlight the potential 

challenges and future directions of this therapy.

Interatrial Shunting for Acute Heart Failure
The management of cardiogenic shock includes cardiovascular 

resuscitation and identification and treatment of the underlying 

cause. Vasoactive agents are needed to maintain the cardiac output, 

but can increase myocardial oxygen demand leading to myocardial 

ischaemia and increased risk of arrhythmias. The use of mechanical 

circulatory support (MCS) can improve forward flow and interrupt the 

inflammatory mechanism preventing organ damage related to the 

shock. Veno-arterial extracorporeal membrane oxygenation (VA-

ECMO) remains the most effective percutaneous MCS to treat 

refractory cardiogenic shock.9 Nevertheless, the arterial cannula may 

increase LV afterload in these patients, raising LV end-diastolic and LA 

pressures, leading to increased LV wall stress and myocardial oxygen 

consumption, and further worsening LV failure and refractory 

pulmonary oedema.10,11 The intra-aortic balloon pump has been the 

most common technique to decompress the LV in such cases, but it 

has not been associated with improved survival.12 Atrial septostomy 

(AS) has recently been described as an option for LV decompression 

in adults treated with VA-ECMO who develop refractory pulmonary 

oedema or upper body hypoxaemia.13

Clinical Evidence
The global experience of AS in patients treated with VA-ECMO is limited 

to small series and case reports. The main findings of AS in cardiogenic 

shock and VA-ECMO recipients to date are summarised in Table 1. AS 

was first described in paediatric patients treated with VA-ECMO who 

had signs of high LV/LA pressure or refractory pulmonary oedema. 

Haemodynamic data are limited, and some studies have evaluated the 

response of AS using non-invasive examintions, such as 

echocardiography, chest X-ray and respiratory parameters.

In a small series of four paediatric patients, the haemodynamic effect 

of AS was assessed by echocardiography and showed prompt 

normalisation of LA size and/or Doppler velocity values across the 

atrial septum, and improvements in LV function.14 A recent series of AS 

in 15 adults treated with VA-ECMO showed a significant drop in the 
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oxygenation index (from 9.9 ± 5.9 to 4.6 ± 3.0, p<0.001) and radiological 

improvement of pulmonary oedema following AS (Figure 1). Additional 

LA pressure measurements obtained in three patients showed a 

significant decrease in LA pressure values following the procedure 

(from a mean of 29 mmHg to 13 mmHg).15,16 Another recent series of 

nine adult patients evaluated the radiological response after AS and a 

more objective measure using vascular pedicle width (VPW).17 VPW 

consists of the distance (measured in millimetres) from a perpendicular 

line at the point at which the left subclavian artery exits the aorta to the 

point at which the superior vena cava crosses the right main bronchus 

and correlates with volume overload.18 Significant radiological 

improvement and a reduction in VPW (from 76.6 mm to 57.9 mm, 

p=0.021) were observed following AS. Additionally, all patients had 

improved respiratory parameters, with an increase of PaO
2
/FiO

2
 of >10-

fold, and a reduction in LA pressure (from 32 mmHg [interquartile range 

28–42 mmHg] to 21 mmHg [interquartile range 13–28 mmHg]), and no 

changes in right atrial pressure.17

Overall, AS has been shown to be a relatively simple procedure with a 

high success rate among paediatric and adult patients treated with VA-

ECMO who have refractory pulmonary oedema or upper body 

hypoxaemia.14–17 Apart from the acute effects of AS and the critical 

condition of patients receiving this treatment, the impact on clinical 

outcomes is difficult to establish due to the very limited number of 

patients and a lack of follow-up. LA decompression usually leads to a 

resolution of the pulmonary oedema and a shorter period of sedation 

and invasive ventilation. LV decompression improves subendocardial 

perfusion, decreases myocardial oxygen consumption and can 

contribute to LV recovery and ECMO weaning. While the reported in-

hospital mortality following AS in such patients is approximately 50%, a 

significant proportion of patients who survive undergo successful heart 

transplantation.15,17 In summary, AS in this particularly challenging 

population acts as a palliative treatment for complications induced by 

VA-ECMO or cardiogenic shock to gain time for LV recovery or heart 

transplantation. 

Technique 
AS usually starts with a standard right heart catheterisation, with 

pressure and cardiac output measurements. A transseptal puncture is 

performed at the level of the central segment of the fossa ovalis under 

fluoroscopy and transoesophageal/intracardiac echocardiography 

guidance, followed by the advancement of a long sheath across the 

interatrial septum to the left atrium. A balloon is then advanced through 

a stiff guidewire, and balloon dilation at the level of the interatrial 

septum using a non-compliant balloon is performed. Usually, large 

balloons (>10–15 mm, up to 27 mm; usually an Inoue-Balloon or 

peripheral balloon) have been used in VA-ECMO patients to create a 

very large and haemodynamically effective atrial septal defect. 

Future Perspectives
Patients with cardiogenic shock treated with VA-ECMO frequently need 

additional measures to decompress the LA. There are no data available 

comparing the different strategies to decompress the left heart, but 

surgical methods using a cannula connected to ECMO or the implant of 

another device, such as Impella, are likely to be more complex and 

expensive than AS. Also, it has been shown that bedside balloon AS in 

children undergoing echocardiographic guidance is feasible and 

prevents the transfer of these critical patients to the cath lab.14,19 In 

adult patients, AS has also been demonstrated to be simple, and could 

become one of the preferred strategies to overcome left heart 

distension in such patients. However, to the best of our knowledge, no 

prospective observational or randomised studies are underway to 

prospectively evaluate the efficacy of the AS strategy in the context of 

cardiogenic shock or VA-ECMO.

Interatrial Shunt for Chronic Heart Failure
HF with reduced ejection fraction (HFrEF) and HF with preserved 

ejection fraction (HFpEF) continue to be major public healthcare 

problems with an annual cost of >US$30 billion in the US.20 The National 

Table 1: Demographic and Procedural Outcomes 
in Patients with Cardiogenic Shock Treated 
with Veno-arterial Extracorporeal Membrane 
Oxygenation Undergoing Atrial Septostomy

Koenig et al.14 Lin et al.15 Prasad et al.17

n 4 15 9

Baseline characteristics

Age (years) 4 days–5 years 51 (40–58) 46 (31–68)

Male sex (%) – 60 56

Myocarditis/ICMP/
DCMP/VT/CA/AR

4/0/0/0/0/0 5/7/1/2/0/0 –

Procedural characteristics

Procedural success 4/4 15/16 9/9

Haemodynamic outcomes

LAP (mmHg):
• Baseline

• Post-procedural 

–
–

29*
13*

32 (28–42)
21 (13–28)

VPW (mm):
• Baseline

• Post-procedural

–
–

–
–

76.6 (68.5–91.7)
57.9 (56.4–71.2)

Clinical outcomes

Veno-arterial 
extracorporeal 
membrane oxygenation 
duration (days)

4–8 15 (10–22) 14 (10–21)

In-hospital death, n (%) 1 (25) 7 (46.7) 5 (55.6%)

*Measured in three patients. Values are median (interquartile range) or range. AR = acute 
rejection; CA = cardiac arrest; DCMP = dilated cardiomyopathy; ICMP = ischaemic 
cardiomyopathy; LAP = left atrial pressure; VPW = vascular pedicle width; VT = ventricular 
tachycardia.

Figure 1: Radiological Improvement after Atrial Septostomy 
in a Patient with Cardiogenic Shock Treated with Veno-
arterial Extracorporeal Membrane Oxygenation

A: Before atrial septostomy. B: After atrial septostomy. Source: Aiyagari et al. 2006.16 
Reproduced with permission from Wolters Kluwer.
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Health and Nutritional Examination Survey estimates that 6.5 million 

Americans >20 years have HF, which is responsible for 900,000 

hospitalisations every year.21 Furthermore, the projection from 2012 to 

2030 estimates an increase close to 50%, resulting in more than 

8 million people >18 years with HF.20 Despite decades of major advances 

in medical and device treatments, HF morbidity and mortality remain 

high, regardless of their aetiology.

Increased LA pressure leading to pulmonary congestion is the common 

mechanism precipitating worsening of symptoms and acute 

decompensation in chronic HF patients.3 In addition, elevated 

pulmonary capillary wedge pressure (PCWP) during exercise has been 

associated with lower functional capacity, negatively impacting quality 

of life and prognosis.22,23 Implantable haemodynamic pressure 

monitoring has been demonstrated to decrease HF hospitalisation and 

improve outcomes by guiding dose titration of drugs, impacting LA 

pressure in HFrEF and HFpEF patients.3,24 Notwithstanding the benefits 

of device-guided therapy, most HF patients are elderly and present 

multiple comorbidities, which may challenge both the self-titration of 

medication and close medical follow-up.

There is some evidence supporting interatrial shunting to relieve the 

volume excess from the left to right atrium regulated by the interatrial 

pressure gradient, and creating an on-demand, auto-regulating 

reduction in LA pressure. Pulmonary oedema due to decreased LV 

compliance and acute increase in LA pressure has been observed in 

patients undergoing atrial septal defect closure.25 One of the concerns 

of left-to-right shunting is the potential overloading of the right ventricle 

(RV) and an increase in pulmonary artery pressure (PAP). However, 

studies in the congenital field have shown that small shunts (usually 

atrial septal defects <10 mm) are not associated with any deleterious 

haemodynamic effect at long-term follow-up.26 Thus, some devices 

have been developed in order to create a controlled and permanent 

left-to-right shunt in HF patients.

Devices and Clinical Evidence
InterAtrial Shunt Device
The InterAtrial Shunt Device (IASD, Corvia Medical) is composed of a 

nitinol mesh with multiple legs and radiopaque markers, with a central 

hole (Figure 2A and Figure 2B). The disc and fenestration diameter are 

19 mm and 8 mm, respectively.27 

The IASD has been evaluated in patients with HFpEF. In the first 

evaluation of 11 patients with left ventricular ejection fraction (LVEF) 

>45% and New York Heart Association (NYHA) class III/IV, the device 

was successfully implanted in all patients (in one case, the device was 

initially maldeployed in the left atrium, recaptured with a snare without 

complications and a second device was successfully implanted).27 

Following device implantation, there was a significant decrease (about 

30%) in PCWP, with stable right atrial pressure (RAP) and PAP. This was 

associated with significant improvements in a 6-minute walk test 

(6MWT) distance, quality of life and NYHA class at 30-day follow-up 

(Table 2).27

The Reduce Elevated Left Atrial Pressure in Patients with HF (REDUCE 

LAP-HF) trial was a multicentre study of 64 patients with symptomatic 

HF (NYHA classes II–IV) and LVEF >40% who were treated with the IASD 

System II device.28 The device was successfully implanted in all patients, 

with no major periprocedural complications. At 6-month follow-up, 

repeat right catheterisation showed no significant changes in PCWP at 

rest, but there was a significant decrease in PCWP at peak exercise 

(mean reduction of 3 mmHg, p=0.01). There were no safety issues, and 

significant improvements in NYHA class, quality of life and exercise 

capacity were observed at 6 months (Table 2).28 A subsequent report 

from Kaye et al. showed that these improvements were maintained at 

1-year follow-up.29 Shunt patency was properly evaluated by 

transthoracic echocardiography (TTE) in 48 of 64 patients, with no signs 

of occlusion/stenosis. In 16 patients (25%), TTE images were not 

considered adequate for patency assessment, highlighting the potential 

Figure 2: Devices used for Interatrial Shunting in Patients with Chronic Heart Failure

A and B: InterAtrial Shunt Device. C and D: V-Wave device. E and F: Second-generation (valveless) V-Wave device. G,H: Atrial Flow Regulator. Source: A and B: Reproduced with permission from 
Corvia Medical Inc. C–F: Reproduced with permission from V-Wave. G and H: Reproduced with permission from Occlutech International AB.
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challenge of interatrial shunt evaluation using TTE. Recently, Kaye et al. 

determined the potential impact of IASD implantation on mortality in 

HFpEF patients after a median follow-up of 2 years.30 The observed 

mortality in IASD recipients (9.4%) was compared with the predicted 

mortality using the Meta-analysis Global Group in Chronic HF prognostic 

model at 1 and 3 years, showing that interatrial shunting was associated 

with a 33% reduction in the all-cause mortality rate (HR 0.67, 95% CI 

[0.09–0.89], p=0.02). Furthermore, IASD recipients who had HF 

Table 2: Baseline, Procedural Characteristics and Clinical Outcomes of Patients with Chronic 
Heart Failure Undergoing Interatrial Shunting with a Permanent Device

Søndergaard et al.27 Hasenfuß et al.28 
REDUCE LAP-HF

Feldman et al.8 
REDUCE LAP-HF I

Del Trigo et al.7 Rodés-Cabau et al.34

n 11 66 22 10 38

Baseline characteristics 

Age (years) 70.0 ± 11.9 69.0 ± 8.0 69.6 ± 8.3 62.0 ± 8.0 66.0 ± 9.0

Male sex, n (%) 5 (45.4) 22 (34.4) 14 (63.6) 9 (90%) 35 (92)

HFpEF/HFrEF 11/0 64/0 22/0 0/10 8/30

LVEF (%) 57.0 ± 9.0 47.0 ± 7.0 59.9 ± 9.0 25.0 ± 8.0 –

Procedural characteristics 

Device IASD IASD IASD V-Wave V-Wave

Procedural success 11/11 64/66 20/21 10/10 38/38

Haemodynamic outcomes

RAP (mmHg):
• Baseline

• Post-procedural

12.0 ± 3.4
11.5 ± 2.8

9.0 ± 4.0
11.0 ± 5.0§

10.1 ± 2.3
10.6 ± 4.0

9.5 ± 4.0
8.0 ± 5.0

8.0 ± 4.0
9.0 ± 4.0

PAP (mmHg):
• Baseline

• Post-procedural

30.3 ± 7.1
26.5 ± 5.9

25.0 ± 7.0
–

30.2 ± 9.5
27.5 ± 5.4

29.0 ± 7.0
26.0 ± 11.0

30.0 ± 7.0
30.0 ± 10.0

PWP at rest (mmHg):
• Baseline

• Post-procedural

19.1 ± 5.0
14.0 ± 3.3§

17.0 ± 5.0
17.0 ± 7.0

20.9 ± 7.9
18.7 ± 6.6

23.0 ± 5.0
17.0 ± 8.0§

21.0 ± 5.0
19.0 ± 7.0

PWP at exercise (mmHg):
• Baseline

• Post-procedural

–
–

32.0 ± 8.0
29.0 ± 9.0§

37.3 ± 6.5
33.8 ± 6.4

–
–

–
–

CI (l/min/m2):
• Baseline

• Post-procedural

2.4 ± 0.4
–

–
–

–
–

2.1 ± 0.3
2.4 ± 0.7

2.2 ± 0.4
2.3 ± 0.5

Device occlusion/stenosis (n) 0|| 0 0* 0† 19/36‡

Functional status and quality of life

6MWT (m):
• Baseline

• Post-procedural

322.0 ± 151.6
367.5 ± 123.1§

313.0 ± 105.0
345.0 ± 106.0§

–
–

249.0 ± 106.0
319.0 ± 134.0§

290.0 ± 112.0
324.0 ± 105.0§

NYHA:
• Baseline

• Post-procedural

3.2 ± 0.4
2.4 ± 0.8

3 (2–3)
2 (2–3)§

3
2.5 ± 0.7

3
2.0 ± 0.5§

3.0 ± 0.2
–

MLWHF score:
• Baseline

• Post-procedural

53.0 ± 17.3
32.8 ± 18.7§

49.0 ± 20.0
36.0 ± 23.0§

–
–

–
–

–
–

KCCQ:
• Baseline

• Post-procedural

–
–

–
–

–
–

44.8 ± 9.4
79.1 ± 13.0§

–
–

DASI:
• Baseline

• Post-procedural 

–
–

–
–

–
–

12.4 ± 6.2
24.8 ± 12.9§

–
–

Clinical outcomes

Immediate death (<24 hours) 0 0 0 0 0

Late death (>30 days)
Follow-up

– 0
6 months 

– 1
3 months

2
Median 28 months

Values are mean ± standard deviation or median (interquartile range). *1-month follow-up; †3-month follow-up; ‡ median follow-up of 28 months (range: 18–48 months); §statistically significant; 
||10 patients presented shunt patency and in one patient the shunt patency was unable to be assessed. 6MWT = 6-minute walk test; CI = cardiac index; DASI = Duke Activity Status Index; HFpEF 
= heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; KCCQ = Kansas City Cardiomyopathy Questionnaire; LVEF = left ventricle ejection fraction; 
MLWHF = Minnesota Living with Heart Failure; NYHA = New York Heart Association; PAP=pulmonary artery pressure; PWP = pulmonary wedge pressure; RAP = right atrial pressure.
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hospitalisations were not associated with subsequent increased 

mortality (p=0.31).

The REDUCE LAP-HF I study was a randomised trial that included 

patients with LVEF >40% and NYHA classes III–IV.8 Forty-four patients 

were allocated (1:1) to receive the IASD System II device versus a sham 

procedure (control group). At 1-month follow-up, there were no 

significant differences between the groups for PCWP values at rest, 

but patients in the IASD group had a reduction of PCWP during exercise 

compared to a lack of changes in PCWP exercise values among the 

control group (p=0.01 for differences between groups; Table 2). 

Functional status and exercise capacity were similar in both groups at 

1-month and 1-year follow-up.8,31 At 1-year follow-up, the IASD group 

exhibited a tendency towards a better NYHA class improvement 

compared to baseline (median −1 [interquartile range −1 to 0] versus 0 

[−1 to 0], p=0.08) and less HF hospitalisations (rate per patient year 

0.22, 95% CI [0.08–0.58] versus 0.63, 95% CI [0.33–1.21], p=0.06).31 Mild 

RV dilation was observed at 6 months in the IASD group compared 

with the control group (9.1 ml/m2 [interquartile range 5.8–11.0] versus 

−1.9 ml/m2 [interquartile range −4.4 to 3.8] , p=0.002), with no further 

dilation up to 1 year. No decrease in RV function and no evidence of 

shunt stenosis/occlusion were observed over time. Finally, major 

adverse cardiac, cerebrovascular or renal events were also similar 

between the groups, with a survival rate of 95% at 12 months (one 

death in each group). 

Additional evidence of the potential effect of interatrial shunting on 

right-side heart parameters was recently reported by Danial et al.32 An 

interatrial shunt was created with a 2 mm balloon in a total of 22 rats 

(healthy n=11, HFpEF n=11), and this translated into a reduction in LA 

volume and pulmonary artery diameter in rats with HFpEF. However, in 

healthy rats, interatrial shunting was associated with an RV overload 

and increased pulmonary artery diameter. Long-term clinical data are 

needed to provide definitive data on the potential impact of interatrial 

shunts on right ventricular function.

V-Wave Device
The V-Wave device is an hourglass-shaped device made with nitinol 

and expanded polytetrafluoroethylene encapsulation, and three 

porcine pericardial leaflets sutured together with a PROLENE suture to 

ensure unidirectional left-to-right shunt (Figure 2C and Figure 2D). The 

lumen diameter of the V-Wave device is 5 mm.7 This device has been 

tested in patients with HFpEF and HFrEF. The newer generation device 

consists of a similar device, but without valve leaflets (valveless device) 

(Figure 2E and Figure 2F). After an initial in-human experience, this 

newer generation device will be used in a large randomised trial of 

HFrEF and HFpEF patients.

The V-Wave device was the first interatrial shunt device implanted in 

a patient with HFrEF.33 Del Trigo et al. reported the initial experience 

with this device in 10 patients with HFrEF (mean LVEF 25%) and 

functional class III/IV, despite optimal medical/device therapy.7 The 

device was implanted in all patients with no complications, and a 

significant reduction in PCWP (mean 5 mmHg) was observed at 

3-month follow-up, with no changes in RAP or PAP values. At 3-month 

follow-up, most patients were in NYHA classes I–II, with significant 

improvements in quality of life, as measured by the Kansas City 

Cardiomyopathy Questionnaire (KCCQ; 44.8 ± 9.4 versus 79.1 ± 13.0, 

p<0.001), and the 6MWT distance increased by about 75 m (p=0.01 

versus baseline).

The results of an initial multicentre experience with the V-Wave device 

were recently reported.34 The study included 38 patients (HFrEF n=30, 

HFpEF n=8) with NYHA class III–IV, despite optimal medical/device 

therapy.The V-Wave device was successfully implanted in all cases with 

only one major periprocedural complication (cardiac tamponade 

resolved with pericardiocentesis). No additional device-procedure 

related events occurred up to 1-year follow-up (primary endpoint). 

Significant improvements in functional status, exercise capacity and 

quality of life were observed within the first 3 months post-procedure, 

and were maintained at 1-year follow-up. There were no changes in 

haemodynamic parameters (as determined at rest) at 1-year follow-up, 

including PCWP, RAP and PAP (Table 2). After a median follow-up of 28 

months (21–31 months), 10 patients (26%) had died (eight from 

cardiovascular causes), one patient received a left ventricular assist 

device as destination therapy at 15 months and another underwent 

heart transplantation at 27 months. 

The patency of the valved V-Wave device was evaluated by 

transoesophageal echocardiography at two time points: at 1–3 months 

and at 1 year after device implantation.34 All shunts were fully patent at 

1–3 months, but shunt occlusion was observed in 14% of patients at 

1-year follow-up. Additionally, some degree of shunt stenosis at the 

valve level occurred in 36% of patients, leading to an incidence of shunt 

stenosis or occlusion of 50% at 1 year. No thrombus (as evaluated by 

echocardiography) was detected in any of the patients. Interestingly, 

the potential cause of stenosis or occlusion was suggested from a 

stenotic shunt that was explanted during cardiac transplantation about 

2 years after the procedure. The bioprosthetic leaflets were thickened 

and stenotic with neoendocardial hyperplasia (pannus). These data, 

along with the lack of thrombus, strongly suggest intrashunt valve 

deterioration as the main mechanism of shunt stenosis–occlusion. 

Following this initial experience, modifications were implemented in 

order to improve late device patency and continued efficacy, with valve 

removal being the most relevant feature of the newer (second) 

generation of the V-Wave shunt. In an animal model of 11 sheep, the 

valveless V-Wave shunt remained patent, with no late loss in lumen 

diameter at 5–6-month follow-up (V-Wave, unpublished data). In 

addition, the first-in-human experience with the valveless V-Wave 

shunt showed the patency of the shunt (no stenosis-occlusion) in all 

cases at the 1-year follow-up.35

The fact that half of the interatrial shunts were either stenotic or 

occluded in the initial V-Wave experience permitted a comparative 

analysis between patients with and without shunt stenosis or 

occlusion.34 Patients with full patent shunts exhibited significant 

improvements in haemodynamic parameters, such as PWCP, at follow-

up (mean decrease of 4 mmHg, p=0.01 versus baseline), compared to 

the lack of changes in the shunt stenosis–occlusion group (p=0.03 for 

the comparison of PWCP changes between groups). Furthermore, 

patients with patent shunts had improved late clinical outcomes, with 

lower rates of death/left ventricular assistance/transplantation or HF 

rehospitalisation at 3-year follow-up (Figure 3). Of note, the Kaplan–

Meier curves suggested relatively similar event rates (death, 

hospitalisation) for the two groups (patent versus stenotic-occluded 

shunts) during the first year of follow-up, before curves progressively 

separated at up to 3 years. In an exploratory analysis, clinical outcomes 

at up to 3-year follow-up in those patients included in the V-Wave initial 

experience appeared to be better than those observed in the 

CardioMEMS Heart Sensor Allows Monitoring of Pressure to Improve 

Outcomes in NYHA Class III Heart Failure Patients (CHAMPION) trial, 
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which had similar inclusion criteria and patient characteristics, 

particularly among those patients with full patent shunt at 1-year 

follow-up, even if the V-Wave group patients were older and exhibited a 

higher risk profile (Supplementary Material Figure 1).36

Atrial Flow Regulator 
The Atrial Flow Regulator (AFR; Occlutech) is a double disc device made 

of a nitinol wire mesh and a central orifice (Figure 2G and Figure 2H). 

The fenestration diameter varies from 4 to 10 mm, and there are three 

waist sizes: 2, 5 and 10 mm to suit the atrial septal thickness. The AFR 

device is being tested in patients with HFrEF and HFpEF in a small 

feasibility, currently ongoing clinical trial (Pilot Study to Assess Safety 

and Efficacy of a Novel Atrial Flow Regulator in Heart Failure Patients 

[PRELIEVE], NCT03030274).

In summary, all of the tested devices to date have been demonstrated 

to be safe, with improvements in functional class and quality of life, 

despite a modest reduction in absolute wedge pressure values 

compared to baseline. 

Technique
For most devices, the procedure is performed under general or local 

anaesthesia, by transfemoral venous approach. Following transseptal 

puncture, a sheath (14–16 Fr) is advanced into the LA cavity, and the 

device is deployed using a dedicated delivery system. The left side of 

the device is initially opened, and the entire system is pulled back 

ensuring back tenting at the level of the interatrial septum. Then, the 

right side of the device is deployed and the device is finally released.

Following device implantation, most studies to date have recommended 

aspirin associated with clopidogrel for 6 months in patients who are not 

under anticoagulation therapy, and in patients receiving anticoagulantion 

(warfarin or direct oral anticoagulant), aspirin is added to the 

antithrombotic regime.

Future Studies
The ongoing and future studies on interatrial shunting in patients with 

HF are summarised in Supplementary Material Table 1. Several studies 

on the IASD are currently in the recruitment phase. The REDUCE LAP-

HFrEF trial (NCT03093961) is recruiting up to 10 HFrEF patients in NYHA 

classes III–IV to evaluate the safety and feasibility of the device in this 

specific population. 

Another study involving the IASD, the REDUCE LAP-HF II (NCT03088033) 

is a randomised controlled trial comparing the clinical efficacy of the 

device versus optimal medical treatment (with a sham procedure) in 

symptomatic patients with LVEF >40%. The estimated sample size 

consisted of 608 patients, with the primary composite endpoint of the 

incidence of and time-to-cardiovascular mortality or first non-fatal 

ischaemic stroke within 12 months; total rate (first plus recurrent) per 

patient year of HF admissions or healthcare facility visits for IV diuresis 

for HF within 12 months and time to first HF event; and change in 

baseline KCCQ total summary score at 12 months. Finally, the REDUCE 

LAP-HF III (NCT03191656) is planning to recruit 100 patients with 

preserved or mildly reduced LVEF, with the purpose of determining 

the benefits (functional status, quality of life) of this therapy at 

12-month follow-up. 

Reducing Lung Congestion Symptoms in Advanced Heart Failure 

(RELIEVE-HF, NCT03499236) is a randomised controlled trial comparing 

the second-generation (valveless) V-Wave device with optimal medical 

therapy (with a sham procedure) in 500 patients with HFpEF or HFrEF. The 

primary endpoint is a hierarchical composite of death, heart transplant or 

left ventricular assist device implantation, HF hospitalisations and change 

Figure 3: Clinical Events up to 3-year Follow-up, According to Shunt Patency (Stenotic/Occluded vs. Patent)
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in 6MWT (time frame: follow-up duration at endpoint analysis ranges 

from a minimum of 12 to a maximum of 24 months).

Conclusion
Interatrial shunting has emerged as a promising option for treating HF 

patients. The feasibility and acute efficacy of balloon dilation atrial 

septostomy have been shown in acute HF, particularly among patients 

with refractory pulmonary oedema treated with VA-ECMO. To date, 

clinical experience with interatrial shunting in chronic HF (HFrEF and 

HFpEF) has been limited to less than 200 patients using different 

devices, and demonstrating to be a feasible and safe therapy in those 

who remain symptomatic, despite optimal medical/device therapy. If 

further randomised trials (currently ongoing) could demonstrate 

improvements in clinical outcomes, device-mediated left-to-right atrial 

shunting would become an important new approach for treating 

patients with refractory HF. 

1. Go AS, Mozaffarian D, Roger VL, et al. Heart disease and stroke 
statistics – 2014 update: a report from the American Heart 
Association. Circulation 2014;129:e28–92. https://doi.
org/10.1161/01.cir.0000442015.53336.12; PMID: 24446411.

2. Maggioni AP, Dahlstrom U, Filippatos G, et al. EURObservational 
Research Programme: regional differences and 1-year follow-
up results of the Heart Failure Pilot Survey (ESC-HF Pilot). Eur J 
Heart Fail 2013;15:808–17. https://doi.org/10.1093/eurjhf/
hft050; PMID: 23537547.

3. Ritzema J, Troughton R, Melton I, et al. Physician-directed 
patient self-management of left atrial pressure in advanced 
chronic heart failure. Circulation 2010;121:1086–95. https://doi.
org/10.1161/CIRCULATIONAHA.108.800490; PMID: 20176990.

4. Adams KF Jr, Fonarow GC, Emerman CL, et al. Characteristics 
and outcomes of patients hospitalized for heart failure in the 
United States: rationale, design, and preliminary observations 
from the first 100,000 cases in the Acute Decompensated 
Heart Failure National Registry (ADHERE). Am Heart J 
2005;149:209–16. https://doi.org/10.1016/j.ahj.2004.08.005; 
PMID: 15846257.

5. Follath F, Yilmaz MB, Delgado JF, et al. Clinical presentation, 
management and outcomes in the Acute Heart Failure Global 
Survey of Standard Treatment (ALARM-HF). Intensive Care Med 
2011;37:619–26. https://doi.org/10.1007/s00134-010-2113-0; 
PMID: 21210078.

6. Baruteau AE, Barnetche T, Morin L, et al. Percutaneous balloon 
atrial septostomy on top of venoarterial extracorporeal 
membrane oxygenation results in safe and effective left heart 
decompression. Eur Heart J Acute Cardiovasc Care 2018;7:70–9. 
https://doi.org/10.1177/2048872616675485; PMID: 27742755.

7. Del Trigo M, Bergeron S, Bernier M, et al. Unidirectional left-to-
right interatrial shunting for treatment of patients with heart 
failure with reduced ejection fraction: a safety and proof-of-
principle cohort study. Lancet 2016;387:1290–7. https://doi.
org/10.1016/S0140-6736(16)00585-7; PMID: 27025435.

8. Feldman T, Mauri L, Kahwash R, et al. Transcatheter interatrial 
shunt device for the treatment of heart failure with preserved 
ejection fraction (REDUCE LAP-HF I [Reduce Elevated Left 
Atrial Pressure in Patients With Heart Failure]): a phase 2, 
randomized, sham-controlled trial. Circulation 2018;137:364–75. 
https://doi.org/10.1161/CIRCULATIONAHA.117.032094; PMID: 
29142012.

9. Sayer GT, Baker JN, Parks KA. Heart rescue: the role of 
mechanical circulatory support in the management of severe 
refractory cardiogenic shock. Curr Opin Crit Care 2012;18:409–
16. https://doi.org/10.1097/MCC.0b013e328357f1e6; PMID: 
22895213.

10. Kotani Y, Chetan D, Rodrigues W, et al. Left atrial 
decompression during venoarterial extracorporeal membrane 
oxygenation for left ventricular failure in children: current 
strategy and clinical outcomes. Artif Organs 2013;37:29–36. 
https://doi.org/10.1111/j.1525-1594.2012.01534.x; PMID: 
23020884.

11. Bavaria JE, Ratcliffe MB, Gupta KB, et al. Changes in left 
ventricular systolic wall stress during biventricular circulatory 
assistance. Ann Thorac Surg 1988;45:526–32. https://doi.
org/10.1016/s0003-4975(10)64525-0; PMID: 3365043.

12. Cheng R, Hachamovitch R, Makkar R, et al. Lack of survival 
benefit found with use of intraaortic balloon pump in 
extracorporeal membrane oxygenation: a pooled experience 

of 1517 patients. J Invasive Cardiol 2015;27:453–8. PMID: 
26208379.

13. Alkhouli M, Narins CR, Lehoux J, et al. Percutaneous 
decompression of the left ventricle in cardiogenic shock 
patients on venoarterial extracorporeal membrane 
oxygenation. J Card Surg 2016;31:177–82. https://doi.
org/10.1111/jocs.12696; PMID: 26809382.

14. Koenig PR, Ralston MA, Kimball TR, et al. Balloon atrial 
septostomy for left ventricular decompression in patients 
receiving extracorporeal membrane oxygenation for 
myocardial failure. J Pediatr 1993;122:S95–9. https://doi.
org/10.1016/s0022-3476(09)90051-8; PMID: 8501556.

15. Lin YN, Chen YH, Wang HJ, et al. Atrial septostomy for left atrial 
decompression during extracorporeal membrane oxygenation 
by inoue balloon catheter. Circ J 2017;81:1419–23. https://doi.
org/10.1253/circj.CJ-16-1308; PMID: 28496031.

16. Aiyagari RM, Rocchini AP, Remenapp RT, Graziano JN. 
Decompression of the left atrium during extracorporeal 
membrane oxygenation using a transseptal cannula 
incorporated into the circuit. Crit Care Med 2006;34:2603–6. 
https://doi.org/10.1097/01.CCM.0000239113.02836.F1; PMID: 
16915115.

17. Prasad A, Ghodsizad A, Brehm C, et al. Refractory pulmonary 
edema and upper body hypoxemia during veno-arterial 
extracorporeal membrane oxygenation-a case for atrial 
septostomy. Artif Organs 2018;42:664–9. https://doi.
org/10.1111/aor.13082; PMID: 29344963.

18. Miller RR, Ely EW. Radiographic measures of intravascular 
volume status: the role of vascular pedicle width. Curr Opin Crit 
Care 2006;12:255–62. https://doi.org/10.1097/01.
ccx.0000224871.31947.8d; PMID: 16672786.

19. Johnston TA, Jaggers J, McGovern JJ, O’Laughlin MP. Bedside 
transseptal balloon dilation atrial septostomy for 
decompression of the left heart during extracorporeal 
membrane oxygenation. Catheter Cardiovasc Interv 1999;46:197–
9. https://doi.org/10.1002/(SICI)1522-
726X(199902)46:2<197::AID-CCD17>3.0.CO;2-G; PMID: 
10348543.

20. Heidenreich PA, Albert NM, Allen LA, et al. Forecasting the 
impact of heart failure in the United States: a policy statement 
from the American Heart Association. Circ Heart Fail 
2013;6:606–19. https://doi.org/10.1161/
HHF.0b013e318291329a; PMID: 23616602.

21. Benjamin EJ, Virani SS, Callaway CW, et al. Heart disease and 
stroke statistics-2018 update: a report from the American 
Heart Association. Circulation 2018;137:e67–492. https://doi.
org/10.1161/CIR.0000000000000558; PMID: 29386200.

22. Corra U, Mezzani A, Bosimini E, Giannuzzi P. Cardiopulmonary 
exercise testing and prognosis in chronic heart failure: a 
prognosticating algorithm for the individual patient. Chest 
2004;126:942–50. https://doi.org/10.1378/chest.126.3.942; 
PMID: 15364777.

23. de Groote P, Dagorn J, Soudan B, et al. B-type natriuretic 
peptide and peak exercise oxygen consumption provide 
independent information for risk stratification in patients 
with stable congestive heart failure. J Am Coll Cardiol 
2004;43:1584–9. https://doi.org/10.1016/j.jacc.2003.11.059; 
PMID: 15120815.

24. Abraham WT, Adamson PB, Bourge RC, et al. Wireless 
pulmonary artery haemodynamic monitoring in chronic heart 

failure: a randomised controlled trial. Lancet 2011;377:658–66. 
https://doi.org/10.1016/S0140-6736(11)60101-3; PMID: 
21315441.

25. Beyer J. Atrial septal defect: acute left heart failure after 
surgical closure. Ann Thorac Surg 1978;25:36–43. https://doi.
org/10.1016/s0003-4975(10)63484-4; PMID: 619810.

26. Baumgartner H, Bonhoeffer P, De Groot NM, et al. ESC 
guidelines for the management of grown-up congenital heart 
disease (new version 2010). Eur Heart J 2010;31:2915–57. 
https://doi.org/10.1093/eurheartj/ehq249; PMID: 20801927.

27. Søndergaard L, Reddy V, Kaye D, et al. 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 2014;16:796–801. https://doi.
org/10.1002/ejhf.111; PMID: 24961390.

28. Hasenfuß G, Hayward C, Burkhoff D, et al. 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 2016;387:1298–304. https://
doi.org/10.1016/S0140-6736(16)00704-2; PMID: 27025436.

29. Kaye DM, Hasenfuss G, Neuzil P, et al. One-year outcomes 
after transcatheter insertion of an interatrial shunt device for 
the management of heart failure with preserved ejection 
fraction. Circ Heart Fail 2016;9:e003662. https://doi.org/10.1161/
CIRCHEARTFAILURE.116.003662; PMID: 27852653.

30. Kaye DM, Petrie MC, McKenzie S, et al. Impact of an interatrial 
shunt device on survival and heart failure hospitalization in 
patients with preserved ejection fraction. ESC Heart Fail 
2019;6:62–9. https://doi.org/10.1002/ehf2.12350; PMID: 
30311437.

31. Shah SJ, Feldman T, Ricciardi MJ, et al. One-year safety and 
clinical outcomes of a transcatheter 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 2018;3:968–77. https://doi.
org/10.1001/jamacardio.2018.2936; PMID: 30167646.

32. Danial P, Dupont S, Escoubet B, et al. Pulmonary hemodynamic 
effects of interatrial shunt in heart failure with preserved 
ejection fraction in rats. EuroIntervention 2019; https://doi.
org/10.4244/EIJ-D-18-01100; PMID: 31062698; epub ahead of 
press.

33. Amat-Santos IJ, Bergeron S, Bernier M, et al. Left atrial 
decompression through unidirectional left-to-right interatrial 
shunt for the treatment of left heart failure: first-in-man 
experience with the V-Wave device. EuroIntervention 
2015;10:1127–31. https://doi.org/10.4244/EIJY14M05_07; PMID: 
24832489.

34. Rodés-Cabau J, Bernier M, Amat-Santos IJ, et al. Interatrial 
shunting for heart failure: early and late results from the first-
in-human experience with the V-Wave system. JACC Cardiovasc 
Interv 2018;11:2300–10. https://doi.org/10.1016/j.
jcin.2018.07.001; PMID: 30391390.

35. Guimaraes L, Bergeron S, Bernier M, et al. Initial experience 
with the second-generation V-Wave shunt for treating patients 
with chronic heart failure. EuroIntervention 2019, in press. 
https://doi.org/10.4244/EIJ-D-19-00291.

36. Rodés-Cabau J. Lessons from the early clinical experience 
with a unidirectional interatrial shunting. Presented at 
EuroPCR 2018, Paris, France, 24 May 2018.

https://doi.org/10.1161/01.cir.0000442015.53336.12
https://doi.org/10.1161/01.cir.0000442015.53336.12
https://doi.org/10.1093/eurjhf/hft050
https://doi.org/10.1093/eurjhf/hft050
https://doi.org/10.1161/CIRCULATIONAHA.108.800490
https://doi.org/10.1161/CIRCULATIONAHA.108.800490
https://doi.org/10.1016/j.ahj.2004.08.005
https://doi.org/10.1007/s00134-010-2113-0
https://doi.org/10.1177/2048872616675485
https://doi.org/10.1016/S0140-6736(16)00585-7
https://doi.org/10.1016/S0140-6736(16)00585-7
https://doi.org/10.1161/CIRCULATIONAHA.117.032094
https://doi.org/10.1097/MCC.0b013e328357f1e6
https://doi.org/10.1111/j.1525-1594.2012.01534.x
https://doi.org/10.1016/s0003-4975(10)64525-0
https://doi.org/10.1016/s0003-4975(10)64525-0
https://doi.org/10.1111/jocs.12696
https://doi.org/10.1111/jocs.12696
https://doi.org/10.1016/s0022-3476(09)90051-8
https://doi.org/10.1016/s0022-3476(09)90051-8
https://doi.org/10.1253/circj.CJ-16-1308
https://doi.org/10.1253/circj.CJ-16-1308
https://doi.org/10.1097/01.CCM.0000239113.02836.F1
https://doi.org/10.1111/aor.13082
https://doi.org/10.1111/aor.13082
https://doi.org/10.1097/01.ccx.0000224871.31947.8d
https://doi.org/10.1097/01.ccx.0000224871.31947.8d
https://doi.org/10.1002/(SICI)1522-726X(199902)46:2<197::AID-CCD17>3.0.CO;2-G
https://doi.org/10.1002/(SICI)1522-726X(199902)46:2<197::AID-CCD17>3.0.CO;2-G
https://doi.org/10.1161/HHF.0b013e318291329a
https://doi.org/10.1161/HHF.0b013e318291329a
https://doi.org/10.1161/CIR.0000000000000558
https://doi.org/10.1161/CIR.0000000000000558
https://doi.org/10.1378/chest.126.3.942
https://doi.org/10.1016/j.jacc.2003.11.059
https://doi.org/10.1016/S0140-6736(11)60101-3
https://doi.org/10.1016/s0003-4975(10)63484-4
https://doi.org/10.1016/s0003-4975(10)63484-4
https://doi.org/10.1093/eurheartj/ehq249
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/10.1002/ehf2.12350
https://doi.org/10.1001/jamacardio.2018.2936
https://doi.org/10.1001/jamacardio.2018.2936
https://doi.org/10.4244/EIJ-D-18-01100
https://doi.org/10.4244/EIJ-D-18-01100
https://doi.org/10.4244/EIJY14M05_07
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

