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80-year-old female. HYP, DM, CKF. Atrial fibrillation. Dyspnea of exertion.
Surgery (70 years old): mitral comisurotomy + tricuspid anuloplasty + surgical ASD closure. Several admissions
for decompensated HF
TTE: Mod MS (Area: 1.9 cm2). Normal LVEF. RV dilatation with systolic dysfunction. Moderate TR. PAP 70 
mmHg. Residual ASD

LA: A15; V 17; mean12 mmHg LA: A 25; V 38; mean22 mmHg

DEFLATED BALLOON INFLATED BALLOON



Before closing ASD

LV diastolic dysfunction ( elasticity)

- aging-dependancy
- associated with: hypertension, ischemic artery disease…

Restrictive physiology masked by ASD (overflow mechanism)

ASD closure - acute  LA pressure➔ acute pulmonary edema



1. Balloon atrial septostomy 1966

2. Blade septostomy 1975

3. Transseptal puncture 1978

4. Atrial septal stenting 1999

5. Modified technique of stent fenestration 2003

6. Radiofrequency wave based atrial septostomy 2008

7. V-wave device 2014

8. Atrial Flow Regulator 2014

Story of atrial septal
opening



Balloon atrial 

septostomy
Stent fenestration

Technique of mounting 
the stent. (A) A loop of 
defined diameter is 
created using a temporary 
pacing wire. This is placed 
over a standard balloon 
valvoplasty catheter. (B) 
The stent, mounted and 
crimped with the loop 
centred in the centre. (C) 
The stent is placed across 
the fenestration and the 
balloon catheter is fully 

inflated. 

Current techniques 

Modified stent fenestration

Device

fenestration

Suturing fenestration

Device Stent fenestration Manufactured fenestrated

devices
Specific devices

1966 1999 2003

2014

AFR® (Occlutech)IASD® (Corvia)V-Wave® (V-Wave)

Atrial Decompression Devices





Diastolic/Systolic Left Heart Failure

Decompression

LA/LV 

chambers

Regression

Pulmonary

Cogestion
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Shortness of 

breath

Reduce pulmonary venous congestion

L-R Shunt

RA decompression

R-L Shunt

Mild

cyanosis

LV preload

Higher CO

Pulmonary Artery Hypertension

Atrial Septal Opening…How does it work
?

Reduce systemic venous congestion

Higher CO & improved oxygen delivery



Ritzema et al. HOMEOSTASIS Trial. Circulation 2010; 121:1086-1095

Elevated LAP is a target of HF therapy



Interatrial Shunting in HF: How it Works
An on-demand, dynamic, self-regulation LAP lowering therapy

Qp/Qs: 1.2-1.3



How a small interatrial shunt reduces LAP
In both HFrEF and HFpEF



LV filling pressure =   mortality



Borlaug et al. Circ Heart Fail. 2010;3:588-595 

Exercise Hemodynamics Enhance Diagnosis 
of Early HF-pEF



Evidence supporting interatrial shunt
therapy in chronic HF



Interatrial shunt devices with completed
pilot studies



Pilot Study --- CE Mark Study --- REDUCE LAP-HF I --- REDUCE-LAP HF III

Pilot Study (n=11): non-randomized, single-arm
Completed (Sondergaard L et al. Eur J Heart Fail 2014)

CE Mark Study (n=64): non-randomized, single-arm
Completed (Hasenfub G et al. Lancet 2016)

REDUCE LAP-HF I (n=44): RCT mechanistic study
Completed (Feldman T et al. Circulation 2018, Shah SJ et al. JAMA Cardiol 2018)

REDUCED LAP-HF II (n=626): RCT pivotal study
Enrollment complete, results expected Q4 2021

Corvia clinical evidence pipeline



CE Mark Study

Hasenfub G et al. Lancet 2016



REDUCE LAP-HF I Trial

- RCT (Sham procedure) (n=44)

- III-IV NYHA

- (1) prior hospitalization for HF within

prior 12 m, or

(2) (BNP >70 pg/mL in SR, >200 pg/mL in 

AF, or NTpro-BNP >200 pg/mL in SR, >600 

pg/mL in AF) within past 6 m

- EF ≥40%

- PCWP during supine bike exercise ≥25 

mmHg + PCWP-RA pressure gradient ≥5 

mm Hg 3.5+/-6.4 mm Hg

0.5+/-5.0 mm Hg

Feldman et al. Circulation. 2018;137:364–375



Feldman et al. Circulation. 2018;137:364–375



REDUCE LAP-HF I Trial: 3-yr outcome

Unpublished



V-Wave FIH Studies HFpEF & HFrEF



RELIEVE HF (HFrEF & HFpEF)



RELIEVE-HF Roll-In Cohort Data (n=88)



RELIEVE-HF Roll-In Cohort Data (n=88)
KCCQ Score



RELIEVE-HF Roll-In Cohort Data (n=88)
KCCQ Score

65-80% of patients in both groups show significant improvement through 12 months



AFR: 4, 6, 8 y 10 mm con 2,5 y 10 mm de 

cintura

Atrial Flow Regulator (AFR®)

CE-marked for use in HFpEF & HFrEF

Safety & efficacy in PH



AFR-PRELIEVE Trial



AFR-PRELIEVE Trial





AFR-PRELIEVE Trial



AFR-PRELIEVE Trial



AFR-PRELIEVE Trial



AFR-PRELIEVE Trial

Safety (12 months)



AFR-PRELIEVE Trial

Device patency (12 months)



AFR-PRELIEVE Trial



AFR-PRELIEVE Trial

PCWP (3 months)



AFR-PRELIEVE Trial

NYHA (12 months)



AFR-PRELIEVE Trial

KCCQ-OSS (12 months)



AFR-PRELIEVE Trial
6MWD (12 months)



AFR-PRELIEVE Trial
Observed vs Predicted Mortality Rates (AFR patients)





Lauder L, Da Costa BR, et al. Unpublished

Change in 6-MWD



Change in 6-MWD

Lauder L, Da Costa BR, et al. Unpublished



Secondary endpoint

Lauder L, Da Costa BR, et al. Unpublished



Risk of stroke ?

Hasenfub G et al. Lancet 2016



Risk of RV failure ?

No change in RV parameters between 6 and 12 months

Feldman et al. Circulation. 2018;137:364–375



Risk of RV failure ?

Atrial Shunt device

PCWP

Augmentation of PA systolic pres

O2 delivery to pulmonary vasculature

Flow to pulmonary vasculature

Pulmonary vascular recruitment

Obokata et al. JACC 2019



How big ?



RA pressure < 15 mmHg

LA pressure < 15 mmHg

Systemic saturation > 85%

Qp:Qs ratio > 0.75

Pulmonary Hypertension HFpEF

Initial experience and Computer simulation suggests AFR 6-10 mm can reduce RAP, with increase CO without

dropping Qp/Qs below 0.75 & saturation above 85%

Safe ASD size is crucial – 8 mm = Qp/Qs 1.3:1

Ideal hemodynamics after AFR®

How big ?



Selection of patients



Easily to close



62 y.o. man. Supracardiac total anomalous pulmonary venous connection + ASD

1st surgery (median sternotomy): connection pulmonary venous confluence with LA + closure of 

ASD with a patch (33 y.o.)

2nd surgery (left thoracotomy): surgical vertical vein ligation (52 y.o.)

Case CHD. Restrictive LV - AFR® 



Currently: patient complaints of dyspnea and angina with minimal exertion. 

FC III NYHA

Echo: Enlargement and dysfunction of the right ventricle + severe tricuspid

regurgitation + severe pulmonary artery hypertension

MRI: patency of the vertical vein, in spite of previously surgical ligation

Case CHD. Restrictive LV - AFR® 



LA 12/18 (12)               LV 110/0-12 PA 56/20 (32)               LV 110/0-12

Saturations: IVC: 57%, 

RA: 77%, PA: 73%, LA: 

90%, LV: 90% .... Qp/Qs: 

2.5:1 

Vertical vein

Left

atrium

Innominate vein

Cardiac catheterization

Case CHD. Restrictive LV - AFR® 



Vertical vein

Left atrium

Innominate vein

LA 12/18 (12)               LV 110/0-12 PA 56/20 (32)               LV 110/0-12

Basal:

Transient occlusion

innominate vein: LA 22/36 (22)               LV 120/0-22 PA 75/20 (22)               LV 134/0-22

We close

temporarily the

vertical vein with

a balloon: An

increase in the

left atrium

pressure from 12 

to 22 mmHg with

the patient

complaining of 

chest pain and 

breathlessness

Case CHD. Restrictive LV - AFR® 



1. Medical treatment ?

2. Percutaneous closure of vertical vein ?

3. New surgery of ligadure of vertical vein ?

4. Percutaneous fenestrated closure of vertical vein ?

5. Percutaneous controlled left atrial decompression & closure of vertical 

vein ?

Best aproach?



Atrial Flow Regulator 8 mm device (Occlutech) 

Lelft disc deployment Right disc deployment

Transseptal puncture of the surgical patch



Post-dilatation Balloon NC 8 mm



Vertical Vein closure with Amplatzer Muscular VSD nº 

18

Left-to-right flow through

AFR

Pre Post

No left atrium Pressure elevation after vertical vein

Occlussion

There is a LA de- compression through AFR device



Echo (48 h)



Rev Esp Cardiol (Engl Ed) 2021 May 20;S1885-5857(21)00138-9. doi: 10.1016/j.rec.2021.04.009. Online ahead of print



New devices….



New devices….



4-10 mm

New devices….



Conclusions

✓ Dynamic elevations in LAP -- worsening HF symptoms, morbidity and mortality

✓ Lowering LAP may improve symptoms and clinical outcomes pharmacological

therapies may not fully adress dynamic increases in LAP during HF exacerbations

✓ Inteartrial shunts (on-demand & self-regulating) lower LAP in both HFrEF & HFpEF

- Very high implant success, excellent device safety and wide patency

- Improved quality of life, functional class, exerciese ability, regardless LFEF

✓ These observations will be further evaluated in the ongoing trials (RELIEVE-HF, 

REDUCE LAP-HF 2, etc )


