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Abstract
Heart failure with preserved ejection fraction (HFpEF) accounts for more than half of heart failure hospital admissions in the 
last years and is burdened by high mortality and poor quality of life. Providing effective management for HFpEF patients is a 
major unmet clinical need. Increase in left atrial pressure is the key determinant of pulmonary congestion, with consequent 
dyspnoea and exercise limitation. Evidence on benefits of medical treatment in HFpEF patients is limited. Thus, alternative 
strategies, including devices able to reduce left atrial pressure, through an interatrial communication determining a left–
right shunt, were developed. This review aims to summarize evidence regarding the use of percutaneous interatrial shunting 
devices. These devices are safe and effective in improving hemodynamic and clinical parameters, including pulmonary 
capillary wedge pressure, 6-min walking distance, and New York Heart Association functional class. Data on cardiovascular 
mortality and re-hospitalization for heart failure are still scarce.

Keywords  Heart failure with preserved ejection fraction · HFpEF · Interatrial shunt device · V-Wave Shunt · Atrial flow 
regulator

Introduction

The prevalence of heart failure (HF) is approximately 1–2% 
in adults, and the overall incidence of HF is increasing, most 
notably in the context of an ageing population [1–3]. HF 
with preserved ejection fraction (HFpEF) already accounts 
for more than half of all HF hospital admissions [4, 5]. In 
the outpatient setting, the European Society of Cardiology 
(ESC) Long-Term Registry reports that 60% have HF with 
reduced ejection fraction (HFrEF), 24% have HF with mildly 
reduced ejection fraction (HFmrEF), and 16% have HFpEF 
[1, 6]. Patients with HFpEF present functional limitation, 
poor quality of life (QoL), and a higher mortality compared 
to healthy age-matched population [7–10]. Several studies 
also reported similar outcomes in HF patients irrespective 

of left ventricular ejection fraction (LVEF), with an annual 
mortality rate ranging from 1.3 to 24% [11–13].

Medical treatment has demonstrated to improve cardiac 
function, symptoms, and prognosis in patients with HFrEF, 
but failed to demonstrate benefits in HFpEF in large-scale 
clinical trials [1, 14–23]. To date, only diuretics are recom-
mended in patients with HFpEF and signs of congestion in 
order to alleviate symptoms of HF. Recently, empagliflozin 
was found to be effective in reducing the primary composite 
endpoint of cardiovascular (CV) death or hospitalization for 
HF in the Empagliflozin in Heart Failure with a Preserved 
Ejection Fraction (EMPEROR-Preserved) trial [3, 24]. Also, 
dapagliflozin improved patient-reported symptoms com-
pared to placebo in the PRESERVED-HF trial and reduced 
by 18% the combined risk of worsening HF or CV death 
among patients with HF and an LVEF > 40% in the Dapa-
gliflozin Evaluation to Improve the LIVEs of Patients With 
PReserved Ejection Fraction Heart Failure (DELIVER) trial 
[25–27].

However, the management and treatment of HFpEF still 
remains a major unmet clinical need [3]. Treatments alter-
native to medical therapies, including devices, may have a 
major role [28].
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The aim of this review is to summarize evidence regard-
ing the use of percutaneous interatrial shunting devices in 
patients with HFpEF.

The role of left atrial pressure 
and the rationale for the development 
of interatrial shunt devices

Impaired left ventricular (LV) relaxation and compliance are 
the hallmark features of HFpEF. They lead to elevated LV 
filling pressure and left atrial pressure (LAP) at rest or dur-
ing exercise and may cause pulmonary hypertension (PH), 
with consequent exertional dyspnoea and exercise limitation 
or pulmonary oedema (Fig. 1) [29–34].

A rise in LAP results in atrial remodelling and failure. 
Left atrial (LA) disease has been recently introduced in the 
ESC guidelines for the management of HF and defined as a 
complex of subclinical structural, electrophysiological, and 

functional changes that affect the atria with the potential to 
produce clinical consequences [1]. LA disease causes HF 
symptoms, an increase risk of atrial fibrillation (AF), right 
ventricular (RV) dysfunction, impaired exercise capacity, 
and adverse outcomes [35]. Higher LAP, measured as pul-
monary capillary wedge pressure (PCWP) at rest or dur-
ing exercise, has been associated with higher mortality and 
morbidity [36], whereas decongestion therapies guided by a 
real-time indirect monitoring of LAP resulted in a reduction 
of HF hospitalizations [37–39].

Unloading the LA by shunting blood to the lower pressure 
reservoir of the right atrium (RA) and systemic veins may 
reduce pulmonary venous pressure and improve symptoms 
and outcomes in these patients (Fig. 1). The hypothesis of 
a potential benefit of an iatrogenic interatrial shunt in HF 
was based on the observation that in the setting of mitral 
stenosis, a condition also associated with elevated LAP and 
LA dysfunction, the coexistence of a congenital atrial sep-
tal defect (named Lutembacher syndrome) was associated 
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compliance
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pressure

↑ LA
pressure

↑ PCWP and
pulmonary conges on

Signs and symtomps 
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Fig. 1   Pathophysiologic mechanisms leading to dyspnoea in patients 
with HFpEF and possible targets for therapies, including the intera-
trial shunt devices. 6MWD, 6-min walking distance; HFpEF, heart 

failure with preserved ejection fraction; LA, left atrium; LV, left ven-
tricle; QoL, quality of life; PCWP, pulmonary capillary wedge pres-
sure; SGLT2, sodium/glucose cotransporter 2
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with fewer symptoms and a more favourable clinical course, 
without exceeding the risk of right HF or stroke [40]. On the 
other hand, the closure of atrial septal defects in patients 
with unrecognized LV dysfunction may lead to abrupt eleva-
tion of LAP and pulmonary oedema [41].

A series of devices, creating a left-to-right controlled 
interatrial shunt, have been developed to decompress the 
LA in HF patients [32, 42–44]. The shunts work as on-
demand, self-regulating LAP lowering systems, according 
to the pressure gradient between the LA and RA [45]. As 
LAP increases in response to any conditions (exercise, rise 
in systolic blood pressure, etc.), a small amount of LA blood 
is shunted to the RA, leading to a reduction in the LAP. 
The interatrial shunt creates a mismatch between pulmonary 
and systemic flow (Qp:Qs), possibly determining a risk of 
worsening right-sided HF. However, if the shunted volume 
is limited, the reduction in LAP overcomes the increase in 
right-sided volume, and pulmonary artery and right heart 
pressures remain unchanged or may be reduced as well. Tra-
ditionally, Qp:Qs ratios < 1.5 are known to be well-tolerated 
and without deleterious right-sided changes. Thus, the thera-
peutic interatrial shunt ratio (Qp:Qs) goal should be around 
1.2 or slightly greater.

The following sections will describe devices which are 
currently under investigation in patients with HFpEF. Some 
of them already received CE approval (Tables 1 and 2, 
Fig. 2).

Interatrial shunt device

Interatrial shunt device (IASD, Corvia Medical, Tewksbury, 
MA, USA) is a bare-metal nitinol frame device, creating a 
permanent 8-mm communication between the atria, allowing 
a physiological pressure-dependent left-to-right flow [46]. 
IASD is implanted using percutaneous trans-septal access 
via the femoral vein. The LA disc is exposed and retracted 
to the septum, and the RA disc is unsheathed to secure the 
device in place. The design of the device is based on predic-
tive haemodynamic modelling which evaluated the relation-
ship between shunt size and LAP reduction, based on human 
data. Particularly, the IASD targets a Qp:Qs of 1.3 [47].

IASD was firstly evaluated in a pilot study, assessing 
safety and efficacy in 11 patients with symptomatic HFpEF. 
The study showed that an IASD could be safely implanted. 
The legs of the device are flat on the LA side to minimize 
the risk of thrombus formation. After the procedure, patients 
were treated with aspirin, lifelong, and clopidogrel, gener-
ally for 6 months [48]. Patients with a history of AF were 
maintained on oral anticoagulants and clopidogrel at the dis-
cretion of the physicians. At 30-day follow-up, the devices 
remained patent, and LV filling pressures were reduced 
by 5.5 mmHg (19.7 ± 3.4 vs. 14.2 ± 2.7; p = 0.005) with 

evidence of early clinical benefit, improvement in New York 
Heart Association (NYHA) functional class, 6-min walking 
distance (6MWD), and QoL (Table 1) [49, 50].

These preliminary results were confirmed in the Reduce 
Elevated Left Atrial Pressure in Patients With Heart Failure 
(REDUCE LAP-HF) trial, a larger, non-randomized study, 
including 68 patients with LVEF > 40%. There were no peri-
procedural complications, or major adverse cardiovascular 
events (MACE) or need for cardiac surgical intervention 
for device-related complications at 6-month follow-up. A 
significant reduction in exercise PCWP was observed at 
6 months. Moreover, there was an improvement in func-
tional and exercise capacity, whereas a modest increase 
in right heart cardiac output and RA pressure (RAP) was 
observed. Sustained device patency at 6 months was con-
firmed by left-to-right shunting (pulmonary/systemic flow 
ratio: 1.06 ± 0.32 at baseline vs. 1.27 ± 0.20 at 6 months, 
p = 0.0004) [51]. Follow-up of these patients was subse-
quently extended to 12 months, providing evidence of a 
sustained and meaningful clinical benefit, evaluated through 
QoL score, 6MWD, and NYHA functional class. Invasive 
hemodynamic studies performed in a subset of patients dem-
onstrated a sustained reduction in the workload-corrected 
exercise PCWP (p < 0.01). Echocardiographic parameters 
at 12 months showed a modest but stable reduction in the 
LV end-diastolic volumes, without changes in LA and RA 
volumes. By contrast, a small but significant increase in the 
RV end-diastolic volumes raised some concerns [52].

The Transcatheter Interatrial Shunt Device for the Treat-
ment of Heart Failure With Preserved Ejection Fraction 
(REDUCE LAP-HF I) trial was the first randomized, sham-
controlled trial designed to determine the effectiveness of the 
IASD in patients with HFmrEF or HFpEF. The trial met its 
primary endpoint of effectiveness, with statistically signifi-
cant lowering of PCWP during exercise at 1-month follow-up 
(p = 0.028). No major complications, including death, myo-
cardial infarctions (MI), IASD occlusions or removals after 
the procedure, or strokes/transient ischemic attacks (TIA), 
were reported in either of the study arms. The rate of HF-
related hospitalizations or emergency department/acute care 
facility visits requiring intravenous treatment was < 1% in 
the treatment arm compared with 9.1% in the control arm. 
However, the small sample size prevented to reach statistical 
significance [32].

The impact of IASD on CV mortality and HF events 
remained to be assessed. In patients treated with this device 
in the open-label REDUCE LAP-HF cohort, Kaye et al. 
observed a 33% lower mortality rate than that predicted by 
the Meta-analysis Global Group in Chronic Heart Failure 
(MAGGIC) prognostic model over the entire observation 
period [53].

The atrial shunt device for heart failure with preserved 
and mildly reduced ejection fraction (REDUCE-LAP II) 
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was a prospective, randomized, multicentre, blinded, sham-
controlled trial, enrolling 626 patients with symptomatic HF, 
a LVEF of at least 40%, PCWP during exercise ≥ 25 mmHg 
while exceeding RAP by at least 5 mmHg. Patients were ran-
domly assigned (1:1) to receive either a shunt device or sham 
procedure. The primary endpoint was a hierarchical compos-
ite of CV death or non-fatal ischemic stroke at 12 months, 
rate of total HF events up to 24 months, and change in Kan-
sas City Cardiomyopathy Questionnaire (KCCQ) overall 
summary score at 12 months. The trial failed to demonstrate 
difference between groups for the primary endpoint (win 
ratio 1.0 [95% CI 0.8–1.2]; p = 0.85) and in the individual 
components of the primary endpoint. There were no dif-
ferences in the composite safety endpoint between the two 
groups (n = 116 [38%] for shunt device vs. n = 97 [31%] for 
sham procedure; p = 0.11), but MACEs were more common 
in the atrial shunt group compared with the sham control 
(p = 0.025). Patency was 100% at 12 months [54].

Ongoing studies investigating IASD (NCT03191656, 
NCT04632160) are reported in Table 2. Since the device has 
received CE approval in the Europe, the REDUCE LAP III 
(NCT03191656) will collect post-market data in consecutive 
patients with HF treated with the IASD System II, to further 
evaluate efficacy, safety, and QoL outcomes in a real-world 
setting.

V‑Wave Shunt

The V-Wave Shunt device (V-Wave Ltd., Caesarea, Israel) 
consists of an hourglass-shaped nitinol frame encapsulated 
with a partially expanded polytetrafluoroethylene cover 
serving as an anchor for 3 porcine pericardial leaflets held 
together using a Prolene suture [46, 55]. The device is deliv-
ered via femoral vein and interatrial septal puncture. In the 
first design, a one-way bioprosthetic valve ensured only 
left-to-right shunting. A first-in-man experience with this 
device demonstrated initial safety and early beneficial clini-
cal and haemodynamic outcomes in patients with HFrEF 
[56]. In a single-arm open-label study, enrolling HFrEF 
and HFpEF patients with NYHA functional class III or IV, 
interatrial shunting with the V-Wave system was safe and 
feasible (Table 1). However, a high rate of shunt stenosis 
(36%) or occlusion (14%) at 12 months, likely due to early 
valve degeneration, resulted in loss of efficacy [57].

These observations prompted the creation of a second-
generation device, which preserved the hourglass shape but 
eliminated the valve component; instead, a 5.1-mm central 
opening was created. This device was tested in a pilot study 
including 10 patients with chronic HF and NYHA class ≥ III, 
despite optimal tolerated drug and device therapies [58].

The ongoing RELIEVE-HF (Reducing Lung Conges-
tion Symptoms using the V-Wave Shunt in Advanced Heart A

ut
ho

r, 
pu

bl
ic

at
io

n’
s d

at
e

Tr
ia

l d
es

ig
n

Es
tim

at
ed

 
nu

m
be

r o
f 

pa
tie

nt
s

M
ai

n 
in

cl
us

io
n 

cr
ite

ria
En

dp
oi

nt
s

Re
cr

ui
tm

en
t s

ta
tu

s

A
lle

vi
at

e-
H

F-
2 

[N
C

T0
48

38
35

3]
Ph

as
e 

1,
 p

ro
sp

ec
tiv

e,
 o

pe
n-

la
be

l, 
m

ul
tic

en
tre

, s
in

gl
e-

ar
m

, 
un

bl
in

de
d

n =
 30

LV
EF

 ≥
 40

%
, N

Y
H

A
 fu

nc
tio

na
l 

cl
as

se
s I

I–
IV

, a
t l

ea
st 

on
e 

H
FH

 d
ur

in
g 

th
e 

la
st 

ye
ar

, 
ec

ho
ca

rd
io

gr
ap

hi
c 

ev
id

en
ce

 o
f 

di
as

to
lic

 d
ys

fu
nc

tio
n,

 e
le

va
te

d 
LA

P 
w

ith
 a

 g
ra

di
en

t c
om

pa
re

d 
to

 R
A

P

M
A

C
E 

an
d 

ch
an

ge
 in

 su
pi

ne
 

ex
er

ci
se

 P
C

W
P 

at
 p

ea
k 

ex
er

ci
se

 (a
t 1

 m
on

th
 a

nd
 

th
ro

ug
h 

12
 m

on
th

s)

Re
cr

ui
tin

g

6M
W
D

, 6
-m

in
 w

al
ki

ng
 d

is
ta

nc
e;

 A
FR

, a
tri

al
 fl

ow
 re

gu
la

to
r; 
C
E,

 E
ur

op
ea

n 
C

om
m

un
ity

; H
F,

 h
ea

rt 
fa

ilu
re

; H
FH

, h
ea

rt 
fa

ilu
re

 h
os

pi
ta

liz
at

io
n;

 H
Fm

rE
F,

 h
ea

rt 
fa

ilu
re

 w
ith

 m
ild

ly
 re

du
ce

d 
ej

ec
tio

n 
fr

ac
tio

n;
 H
Fp

EF
, h

ea
rt 

fa
ilu

re
 w

ith
 p

re
se

rv
ed

 e
je

ct
io

n 
fr

ac
tio

n;
 H
Fr
EF

, h
ea

rt 
fa

ilu
re

 w
ith

 re
du

ce
d 

ej
ec

tio
n 

fr
ac

tio
n;

 K
C
C
Q

, K
an

sa
s C

ity
 C

ar
di

om
yo

pa
th

y 
Q

ue
st

io
nn

ai
re

; L
A,

 le
ft 

at
riu

m
; L

AP
, 

le
ft 

at
ria

l p
re

ss
ur

e;
 L
VA

D
, l

ef
t v

en
tri

cu
la

r a
ss

is
t d

ev
ic

e;
 L
VE

F,
 le

ft 
ve

nt
ric

ul
ar

 e
je

ct
io

n 
fr

ac
tio

n;
 M

AC
E,

 m
aj

or
 a

dv
er

se
 c

ar
di

ov
as

cu
la

r e
ve

nt
s;

 N
YH

A,
 N

ew
 Y

or
k 

H
ea

rt 
A

ss
oc

ia
tio

n;
 N
T-
pr
oB

N
P,

 
N

-te
rm

in
al

 p
ro

-h
or

m
on

e 
br

ai
n 

na
tri

ur
et

ic
 p

ep
tid

e;
 O
M
T,

 o
pt

im
al

 m
ed

ic
al

 th
er

ap
y;

 P
C
W
P,

 p
ul

m
on

ar
y 

ca
pi

lla
ry

 w
ed

ge
 p

re
ss

ur
e;

 Q
oL

, q
ua

lit
y 

of
 li

fe
; R

AP
, r

ig
ht

 a
tri

al
 p

re
ss

ur
e.

Ta
bl

e 
2  

(c
on

tin
ue

d)



325Heart Failure Reviews (2023) 28:315–330	

1 3

Failure) (NCT03499236) trial will evaluate safety and effi-
cacy of the second-generation V-Wave Shunt in patients with 
advanced HF (NYHA functional class III or IV), regardless 
of LVEF. The co-primary endpoints are the frequency of 
major device-related adverse events (time frame: 30 days 
after randomization) and a hierarchical composite of death, 
heart transplant or left ventricular assist device (LVAD) 
implantation, HF events, and change KCCQ (time frame: 
follow-up duration at endpoint analysis ranges from a mini-
mum of 12 to a maximum of 24 months) (Table 2). The trial 
aims to randomize 500 patients. First results on 97 patients 
showed high implantation success rates and safety, as well 
as sustained improvements in QoL from the first month. 
Moreover, shunt patency through 12 months was 100% [57].

Atrial flow regulator

The atrial flow regulator (AFR, Occlutech, Istanbul, Tur-
key) is a self-expandable nitinol mesh braided into 2 flat 
discs creating a 1- to 2-mm fenestrated neck. As previous 
devices, it is delivered via femoral venous access following 
a trans-septal puncture. The central opening can have vari-
ous diameters (6, 8, and 10 mm). However, only the 8-mm 

and 10-mm diameters obtained the CE mark for HF patients. 
The device is designed to allow interatrial bidirectional flow 
[42, 46, 59]. Due to the possibility of creating a bidirectional 
shunt, AFR was initially successfully tested in patients with 
severe, irreversible pulmonary arterial hypertension (PAH) 
[59, 60].

The Pilot Study to Assess Safety and Efficacy of a Novel 
Atrial Flow Regulator in Heart Failure Patients (PRELIEVE) 
was an open-label, prospective, non-randomized, first-in-
man study investigating the feasibility up to 1-year follow-
up of AFR implantation (8 mm or 10 mm diameters), in 
patients with HFrEF (n = 24) or HFpEF (n = 29) [61]. 
Among inclusion criteria, PCWP was ≥ 15 mmHg at rest 
or ≥ 25 mmHg during exercise. At 3 months, rest PCWP 
decreased by 5 mmHg (p = 0.0003) in the whole cohort. 
When analysed separately, the PCWP change was significant 
for HFpEF patients as compared with HFrEF patients. RAP 
remained unchanged after 3 months. Echocardiographic 
data at 12-month follow-up showed that LA/LV diameter 
and LVEF remained unchanged, with significant improve-
ment of the E/E′ ratio, a parameter that reflects PCWP [62]. 
A mild significant dilatation of RV diameter was observed in 
the HFpEF cohort due to increased volume, although with-
out deterioration of right heart function. The authors also 

IASD V-Wave Shunts AFR
Transcatheter
Atrial Shunt

System
NoYA system

Site LA to RA LA to RA LA to RA LA to CS LA to RA

Access (French) Femoral vein (16-F) Femoral vein (14-F) Femoral vein (10/12-F) Right Internal
Giugular Vein (24-F) Femoral vein (14F)

Shunt diameter 8 mm 5.1 mm 8-10 mm 10 mm 4-12 mm

Patency at 12-
months 100%

- 50% (either stenosis or
closure) with 1°

generation device. 
- 100% with 2° generation 

device

100% 100%
70% (at 6 months) for

2 closure and one
missing data

Therapy post-
implantation

Aspirin (75-325 mg
daily) indefinitely +

clopidogrel or
anticoagulant therapy for
6 months. Anticoagulant

therapy indefinitely if
AF or other indication

Aspirin (75-325 mg)
indefinitely + clopidogrel for
3 months or warfarin/DOACs 
indefinitely (in patients with 

prior anticoagulant indication)

Aspirin (75-325 mg daily)
indefinitely + P2Y12 

inhibitor or anticoagulant
therapy for 6 months. 
Anticoagulant therapy

indefinitely if AF or other
indication

Aspirin + clopidogrel
or oral anticoagulant

+ clopidogrel
monotherapy (in 
those with prior
indications for

anticoagulation)

Aspirin 100 mg for 1 
month 

Fig. 2   The main characteristics of devices used to reduce left atrial pressure in patients with HFpEF. AF, atrial fibrillation; AFR, atrial flow 
regulator; CS, coronary sinus; DOACs, direct oral anticoagulants; LA, left atrium; IASD, interatrial shunt device; RA, right atrium



326	 Heart Failure Reviews (2023) 28:315–330

1 3

observed an improvement of NYHA functional class, QoL, 
and 6MWD at 1 year. Shunt patency with unidirectional 
left–right shunting was proven in all patients with sufficient 
echocardiography readout at both 3 and 12 months [63]. 
After the procedure, aspirin (75–325 mg daily) indefinitely 
associated with a P2Y12 inhibitor or anticoagulant therapy 
(warfarin or a direct-acting oral anticoagulant) for 6 months 
has been recommended (empirically) [48].

Currently, several studies are ongoing to further test the 
safety and efficacy of the AFR (Table 2). The “Flow Regu-
lation by Opening the Septum in Patients With Heart Fail-
ure Trial (FROST-HF)” trial (NCT03751748) will enrol 
230 patients with LVEF > 45%. Furthermore, receiving CE 
approval, a large observational registry (Follow-up Study to 
Monitor the Efficacy and Safety of the Occlutech AFR in 
Heart Failure Patients [AFteR] Registry) (NCT04405583) 
will include patients undergoing AFR implantation for the 
monitoring up to 3 years after the procedure.

Novel perspectives

Devices capable of creating interatrial shunts have proven 
to be feasible, safe, and effective. In a recent meta-analysis 
including 6 studies (5 single-arm open-label studies, 1 sham-
controlled trial) and 226 patients with chronic HF, the pre-
defined primary outcome of change in 6MWD from baseline 
to 12 months was improved by 28 m (95% confidence inter-
val (CI) 10.9–45.3), without significant interaction between 
devices (p = 0.66) and LVEF subgroups (p = 0.21) [64].

All the aforementioned devices use the interatrial sep-
tum as the site of shunt placement. However, patients may 
develop a certain amount of right heart overload and ena-
bling right-to-left shunting may lead to hypoxemia and sys-
temic embolization. In addition, placement in the interatrial 
septum limits subsequent trans-septal punctures for percu-
taneous procedures [65].

In order to overcome these limitations, a novel approach 
has been proposed. The Transcatheter Atrial Shunt Sys-
tem (Edwards Lifesciences) was created to reduce PCWP, 
through the creation of a shunt from the LA to the coronary 
sinus (CS) (Fig. 2). It is a bare-nitinol implant with 4 arms 
and an internal shunting diameter of 7 mm. The device is 
deployed between the LA and the CS through a percutaneous 
atriotomy, a procedure involving CS cannulation from the 
right internal jugular vein, CS-to-LA puncture, and balloon 
dilation of the LA wall. Intraprocedural CS angiography, 
fluoroscopy, transoesophageal echocardiography, and hemo-
dynamic assessment are performed to document appropriate 
device seating and LA-to-CS shunting. The shunt device is 
fully recapturable up until the point of final arm deployment, 
while deployed shunts can be closed using the commercially 
available Amplatzer Duct Occluder or Amplatzer Septal 

Occluder in the event of excessive shunting or evidence of 
RV compromise [65].

This device was initially tested in 11 patients with symptomatic 
HF (7 HFpEF, 4 HFrEF) despite maximally tolerated guideline-
directed medical and device therapy and PWCP ≥ 15 mmHg with 
a gradient from PCWP to RAP > 5 mmHg. Among 8 patients 
undergoing successful implantation, a significant improvement 
in symptoms and haemodynamic parameters was observed [65, 
66]. A prospective early feasibility clinical trial (ALt FLOW US) 
is ongoing to evaluate safety and efficacy of this device in a larger 
patient population (NCT03523416) (Table 2).

More recently, a radiofrequency ablation–based intera-
trial shunt (RAIAS) therapy with a novel non-implanted 
device was developed. This device, named the NoYA system 
(NoYA MedTech, Hangzhou, China), consisted of a self-
expanded flowerlike nitinol stent fixed connected to the radi-
ofrequency generator. The flowerlike stent was configured 
with a diameter adjustable from 4- to 12-mm waist in the 
middle, on which the electric poles were located. Under the 
radial force of the stent and the power of radiofrequency 
energy, an interatrial communication was made. After abla-
tion, the device was removed from the body, leaving nothing 
but an artificial ASD [59]. This novel approach was evalu-
ated first in 11 domestic pigs and then in 9 HFpEF patients 
and 1 with HFmrEF with NYHA functional classes II–IV 
[67]. RAIAS therapy was successfully administered to all 
patients, and an evidence interatrial left-to-right shunt flow 
was detected with a mean Qp:Qs of 1.3 ± 0.3. No major 
safety event was observed during the whole study. How-
ever, there was a progressive decreased in diameter of the 
defect from 5.0 mm post-procedure to 3.0 at 6 months, and 
two patients showed complete closure of the defect (1 of 
3-month and 1 of 6-month follow-up), confirmed by tran-
soesophageal echocardiography. Patients showed improve-
ments of NYHA functional class (p = 0.003) at 6 months, 
a reduction of median NT-proBNP from 3533 to 1347 pg/
mL (p = 0.028), and an improvement in 6MWD from 349 to 
440 m (p = 0.008). In addition, echocardiographic param-
eters showed a mean decrease of 3.1 ± 3.9 mm in the LA 
diameter at 6 months compared with baseline (p = 0.042), 
reflecting the reduced overloading of the LA after RAIAS 
[67].

In conclusion, this first-in-man trial suggested that this 
new approach was a safe and feasible strategy for patients 
with HFpEF. Figure 3 summarizes the main criteria for the 
selection of patients that may benefit from interatrial shunt 
device implantation. However, future prospective rand-
omized clinical trials are needed to clarify the efficacy and 
long-term safety.

Two further devices are being evaluated in HFpEF patients: 
one is able to create a personalized atrial septostomy through 
the combined use of radiofrequency ablation and balloon 
dilation (CURB) (NCT04573166); the other, the Alleviant 
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System, a therapeutic interatrial shunt without a permanent 
heart implant (NCT04583527, NCT04838353).

Conclusion

The management of HFpEF remains a challenge due to lim-
ited data about effectiveness of medical treatments. The use 
of devices capable of creating interatrial shunts, to reduce 
LAP, represents a promising therapeutic option. Early trials 
demonstrate feasibility, safety, and effectiveness in reducing 
PCWP, improving patients’ symptoms and QoL. Data on 
mortality and HF re-hospitalizations are still limited.

Abbreviations  6MWD: 6-Min walking distance; AF: Atrial fibril-
lation; AFR: Atrial flow regulator; CS: Coronary sinus; CV: Car-
diovascular; ESC: European Society of Cardiology; HF: Heart fail-
ure; HFmrEF: Heart failure with mildly reduced ejection fraction; 
HFpEF: Heart failure with preserved ejection fraction; HFrEF: Heart 
failure with reduced ejection fraction; IASD: Interatrial shunt device; 
KCCQ: Kansas City Cardiomyopathy Questionnaire; LA: Left atrium; 
LAP: Left atrial pressure; LV: Left ventricular; LVAD: Left ventricular 
assist device; LVEF: Left ventricular ejection fraction; MACE: Major 
adverse cardiovascular events; MAGGIC: Meta-analysis Global Group 

in Chronic Heart Failure; MI: Myocardial infarction; NYHA: New 
York Heart Association; PAH:  Pulmonary arterial hypertension; 
PCWP: Pulmonary capillary wedge pressure; PH: Pulmonary hyperten-
sion; QoL: Quality of life; RA: Right atrium; RAIAS: Radiofrequency 
ablation–based interatrial shunt; RV: Right ventricular; TIA: Transient 
ischaemic attack

Author contribution  M.R. and D.T. equally contributed to the idea-
tion of the review and the text writing. E.V. and M.M. supervised and 
reviewed the first draft. M.A. contributed to the ideation, reviewed the 
manuscript, and supervised the whole writing process.

Funding  Open access funding provided by Università degli Studi di 
Brescia within the CRUI-CARE Agreement.

Availability of data and materials  Not applicable.

Declarations 

Ethical approval  Not applicable.

Competing interests  M.M. reports fees from Actelion, Amgen, Astra-
Zeneca, Livanova, Servier, Vifor Pharma, and Windtree Therapeutics 
as a member of clinical trial committees or advisory boards and from 
Abbott Vascular, Bayer, Boehringer Ingelheim, and Edwards Thera-

Key inclusion criteria

� HFpEF

� Symptoms

� Elevated end-expiratory PCWP: >15 mmHg at 

rest or ≥ 25mmHg during exercise

� Gradient between PCWP and RAP ≥ 5 mmHg

� Ongoing management of HF according to ESC -

guidelines

� Life expectancy of at least 1 year

Key exclusion criteria

✗ Evidence of right HF or severe right ventricular 

dysfunc�on or severe pulmonary hypertension*

✗ Moderate to severe valvular disease or coronary 

artery disease requiring treatment 

✗ Intracardiac thrombus

✗ Systolic blood pressure of >170 mmHg, despite 

medical therapy

✗ History of ASD and/or atrial septal repair or 

closure device in place

✗ TIA or stroke within the last 6 months

✗ Hypertrophied IAS > 10mm depth (AFR)

Indica�ons to percutaneous le� 
atrial decompression 

Fig. 3   A practical guide for the selection of patients to be implanted 
with devices creating a left-to-right atrial shunt. Single asterisk indi-
cates that right ventricular dysfunction is defined as TAPSE < 14  mm, 
RV volume ≥ LV volume, and PASP > 60  mmHg for AFR implantation;  
TAPSE < 12  mm or RVFAC ≤ 25% for V-Wave Shunt; and PVC > 20 
mmHg or RAD > 45 mm, or TAPSE < 14 mm for radiofrequency ablation–

based. ASD, atrial septal defect; AVR, aortic valve replacement; CABG, 
coronary artery bypass surgery; ESC, European Society of Cardiology; 
HFpEF, heart failure with preserved ejection fraction; LA, left atrium; MI, 
myocardial infarction; PCI, percutaneous coronary intervention; PCWP, 
pulmonary capillary wedge pressure; RAP, right atrial pressure; TIA, tran-
sient ischaemic attack



328	 Heart Failure Reviews (2023) 28:315–330

1 3

peutics for speeches at sponsored meetings in the last 3 years. M.A. 
reports speaker fees from Abbott Vascular and Medtronic. M.R, D.T., 
and E.V. have nothing to declare.

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://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A, 
Bohm M et al (2021) Corrigendum to: 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 Car-
diology (ESC) With the special contribution of the Heart Failure 
Association (HFA) of the ESC. Eur Heart J 42(48):4901

	 2.	 van Riet EE, Hoes AW, Limburg A, Landman MA, van der 
Hoeven H, Rutten FH (2014) Prevalence of unrecognized heart 
failure in older persons with shortness of breath on exertion. Eur 
J Heart Fail 16(7):772–777

	 3.	 Stretti L, Zippo D, Coats AJS, Anker MS, von Haehling S, Metra 
M et al (2021) A year in heart failure: an update of recent findings. 
ESC Heart Fail 8(6):4370–4393

	 4.	 van Riet EE, Hoes AW, Wagenaar KP, Limburg A, Landman MA, 
Rutten FH (2016) Epidemiology of heart failure: the prevalence 
of heart failure and ventricular dysfunction in older adults over 
time. A systematic review. Eur J Heart Fail 18(3):242–52

	 5.	 Pieske B, Tschope C, de Boer RA, Fraser AG, Anker SD, Donal E 
et al (2020) How to diagnose heart failure with preserved ejection 
fraction: the HFA-PEFF diagnostic algorithm: a consensus recom-
mendation from the Heart Failure Association (HFA) of the Euro-
pean Society of Cardiology (ESC). Eur J Heart Fail 22(3):391–412

	 6.	 Chioncel O, Lainscak M, Seferovic PM, Anker SD, Crespo-Leiro 
MG, Harjola VP et al (2017) Epidemiology and one-year out-
comes in patients with chronic heart failure and preserved, mid-
range and reduced ejection fraction: an analysis of the ESC Heart 
Failure Long-Term Registry. Eur J Heart Fail 19(12):1574–1585

	 7.	 Lewis EF, Lamas GA, O’Meara E, Granger CB, Dunlap ME, McKelvie 
RS et al (2007) Characterization of health-related quality of life in 
heart failure patients with preserved versus low ejection fraction in 
CHARM. Eur J Heart Fail 9(1):83–91

	 8.	 Zile MR, Kjellstrom B, Bennett T, Cho Y, Baicu CF, Aaron MF 
et al (2013) Effects of exercise on left ventricular systolic and 
diastolic properties in patients with heart failure and a preserved 
ejection fraction versus heart failure and a reduced ejection frac-
tion. Circ Heart Fail 6(3):508–516

	 9.	 Lee DS, Gona P, Vasan RS, Larson MG, Benjamin EJ, Wang TJ 
et al (2009) Relation of disease pathogenesis and risk factors to 
heart failure with preserved or reduced ejection fraction: insights 
from the Framingham Heart Study of the National Heart, Lung, 
and Blood Institute. Circulation 119(24):3070–3077

	10.	 Chan MM, Lam CS (2013) How do patients with heart failure with 
preserved ejection fraction die? Eur J Heart Fail 15(6):604–613

	11.	 Tribouilloy C, Rusinaru D, Mahjoub H, Souliere V, Levy F, Peltier 
M et al (2008) Prognosis of heart failure with preserved ejection 
fraction: a 5 year prospective population-based study. Eur Heart 
J 29(3):339–347

	12.	 Tsao CW, Lyass A, Enserro D, Larson MG, Ho JE, Kizer JR et al 
(2018) Temporal trends in the incidence of and mortality associ-
ated with heart failure with preserved and reduced ejection frac-
tion. JACC Heart Fail 6(8):678–685

	13.	 Gerber Y, Weston SA, Redfield MM, Chamberlain AM, Manemann 
SM, Jiang R et al (2015) A contemporary appraisal of the heart fail-
ure epidemic in Olmsted County, Minnesota, 2000 to 2010. JAMA 
Intern Med 175(6):996–1004

	14.	 Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P, 
McMurray JJ et al (2003) Effects of candesartan in patients with 
chronic heart failure and preserved left-ventricular ejection frac-
tion: the CHARM-Preserved Trial. Lancet 362(9386):777–781

	15.	 Cleland JG, Tendera M, Adamus J, Freemantle N, Polonski L, Taylor 
J et al (2006) The perindopril in elderly people with chronic heart 
failure (PEP-CHF) study. Eur Heart J 27(19):2338–2345

	16.	 Pitt B, Pfeffer MA, Assmann SF, Boineau R, Anand IS, Claggett 
B et al (2014) Spironolactone for heart failure with preserved 
ejection fraction. N Engl J Med 370(15):1383–1392

	17.	 van Veldhuisen DJ, Cohen-Solal A, Bohm M, Anker SD, Babalis 
D, Roughton M et al (2009) Beta-blockade with nebivolol in elderly 
heart failure patients with impaired and preserved left ventricular 
ejection fraction: data from SENIORS (Study of Effects of Nebivo-
lol Intervention on Outcomes and Rehospitalization in Seniors With 
Heart Failure). J Am Coll Cardiol 53(23):2150–2158

	18.	 Solomon SD, McMurray JJV, Anand IS, Ge J, Lam CSP, Maggioni 
AP et al (2019) Angiotensin-neprilysin inhibition in heart failure 
with preserved ejection fraction. N Engl J Med 381(17):1609–1620

	19.	 Massie BM, Carson PE, McMurray JJ, Komajda M, McKelvie R, 
Zile MR et al (2008) Irbesartan in patients with heart failure and 
preserved ejection fraction. N Engl J Med 359(23):2456–2467

	20.	 Ahmed A, Rich MW, Fleg JL, Zile MR, Young JB, Kitzman DW 
et al (2006) Effects of digoxin on morbidity and mortality in dias-
tolic heart failure: the ancillary Digitalis Investigation Group trial. 
Circulation 114(5):397–403

	21.	 Tomasoni D, Adamo M, Lombardi CM, Metra M (2019) High-
lights in heart failure. ESC Heart Fail 6(6):1105–1127

	22.	 Tomasoni D, Adamo M, Anker MS, von Haehling S, Coats AJS, 
Metra M (2020) Heart failure in the last year: progress and per-
spective. ESC Heart Fail

	23.	 Tomasoni D, Fonarow GC, Adamo M, Anker SD, Butler J, Coats 
AJS et al (2022) Sodium-glucose co-transporter 2 inhibitors as an 
early, first-line therapy in patients with heart failure and reduced 
ejection fraction. Eur J Heart Fail 24(3):431–441

	24.	 Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, Bohm M 
et al (2021) Empagliflozin in heart failure with a preserved ejec-
tion fraction. N Engl J Med 385(16):1451–1461

	25.	 Nassif ME, Windsor SL, Borlaug BA, Kitzman DW, Shah SJ, 
Tang F et al (2021) The SGLT2 inhibitor dapagliflozin in heart 
failure with preserved ejection fraction: a multicenter randomized 
trial. Nat Med 27(11):1954–1960

	26.	 Solomon SD, de Boer RA, DeMets D, Hernandez AF, Inzucchi 
SE, Kosiborod MN et al (2021) Dapagliflozin in heart failure 
with preserved and mildly reduced ejection fraction: rationale and 
design of the DELIVER trial. Eur J Heart Fail 23(7):1217–1225

	27.	 Solomon SD, McMurray JJV, Claggett B, de Boer RA, DeMets 
D, Hernandez AF et al (2022) Dapagliflozin in heart failure with 
mildly reduced or preserved ejection fraction. N Engl J Med

	28.	 Fudim M, Abraham WT, von Bardeleben RS, Lindenfeld J, Ponikowski 
PP, Salah HM et al (2021) Device therapy in chronic heart failure: 
JACC state-of-the-art review. J Am Coll Cardiol 78(9):931–956

http://creativecommons.org/licenses/by/4.0/


329Heart Failure Reviews (2023) 28:315–330	

1 3

	29.	 Maeder MT, Kaye DM (2009) Heart failure with normal left ven-
tricular ejection fraction. J Am Coll Cardiol 53(11):905–918

	30.	 Zile MR, Baicu CF, Gaasch WH (2004) Diastolic heart failure–
abnormalities in active relaxation and passive stiffness of the left 
ventricle. N Engl J Med 350(19):1953–1959

	31.	 Borlaug BA (2014) The pathophysiology of heart failure with 
preserved ejection fraction. Nat Rev Cardiol 11(9):507–515

	32.	 Feldman T, Mauri L, Kahwash R, Litwin S, Ricciardi MJ, van 
der Harst P et al (2018) Transcatheter interatrial shunt device 
for the treatment of heart failure with preserved ejection frac-
tion (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

	33.	 Wolsk E, Kaye D, Borlaug BA, Burkhoff D, Kitzman DW, 
Komtebedde J et al (2018) Resting and exercise haemodynamics 
in relation to six-minute walk test in patients with heart failure and 
preserved ejection fraction. Eur J Heart Fail 20(4):715–722

	34.	 Iacovoni A, Palmieri V, Abete R, Vecchi AL, Mortara A, Gori M 
et al (2022) Right and left ventricular structures and functions in 
acute HFpEF: comparing the hypertensive pulmonary edema and 
worsening heart failure phenotypes. J Cardiovasc Med (Hagers-
town) 23(10):663–671

	35.	 Lam CSP, Voors AA, de Boer RA, Solomon SD, van Veldhuisen 
DJ (2018) Heart failure with preserved ejection fraction: from 
mechanisms to therapies. Eur Heart J 39(30):2780–2792

	36.	 Dorfs S, Zeh W, Hochholzer W, Jander N, Kienzle RP, Pieske B 
et al (2014) Pulmonary capillary wedge pressure during exercise 
and long-term mortality in patients with suspected heart failure 
with preserved ejection fraction. Eur Heart J 35(44):3103–3112

	37.	 Adamson PB, Abraham WT, Bourge RC, Costanzo MR, Hasan A, 
Yadav C et al (2014) Wireless pulmonary artery pressure monitor-
ing guides management to reduce decompensation in heart failure 
with preserved ejection fraction. Circ Heart Fail 7(6):935–944

	38.	 Shavelle DM, Desai AS, Abraham WT, Bourge RC, Raval N, 
Rathman LD et al (2020) Lower rates of heart failure and all-
cause hospitalizations during pulmonary artery pressure-guided 
therapy for ambulatory heart failure: one-year outcomes from the 
CardioMEMS post-approval study. Circ Heart Fail 13(8):e006863

	39.	 Gronda E, Vanoli E, Zorzi A, Corrado D (2020) CardioMEMS, 
the real progress in heart failure home monitoring. Heart Fail Rev 
25(1):93–98

	40.	 Sambhi MP, Zimmerman HA (1958) Pathologic physiology of 
Lutembacher syndrome. Am J Cardiol 2(6):681–686

	41.	 Ewert P, Berger F, Nagdyman N, Kretschmar O, Dittrich S, Abdul-
Khaliq H et al (2001) Masked left ventricular restriction in elderly 
patients with atrial septal defects: a contraindication for closure? 
Catheter Cardiovasc Interv 52(2):177–180

	42.	 Lewicki L, Sabiniewicz R, Siebert J, Szolkiewicz M (2020) Atrial 
flow regulator as a novel therapy for patients with chronic heart 
failure. Cardiol J 27(3):309–311

	43.	 Lewicki L, Kosmalska K, Liedtke S, Karwowski M, Siebert J, 
Sabiniewicz R et al (2020) Pomeranian atRial flOw reguLatOr iN 
conGestive hEart failuRe (PROLONGER): study protocol. Cardiol 
J 27(6):879–883

	44.	 Kaye DM, Nanayakkara S (2019) Interatrial shunt device for heart 
failure with preserved ejection fraction. Front Cardiovasc Med 
6:143

	45.	 Abraham WT (2021) Interatrial shunting for the treatment of heart 
failure: an on-demand, self-regulating left atrial pressure lowering 
system. Eur J Heart Fail 23(5):811–813

	46.	 Rosalia L, Ozturk C, Shoar S, Fan Y, Malone G, Cheema FH et al 
(2021) Device-based solutions to improve cardiac physiology and 
hemodynamics in heart failure with preserved ejection fraction. 
JACC Basic Transl Sci 6(9–10):772–795

	47.	 Griffin JM, Borlaug BA, Komtebedde J, Litwin SE, Shah SJ, 
Kaye DM et al (2020) Impact of interatrial shunts on invasive 

hemodynamics and exercise tolerance in patients with heart fail-
ure. J Am Heart Assoc 9(17):e016760

	48.	 Guimaraes L, Lindenfeld J, Sandoval J, Bayes-Genis A, Bernier 
M, Provencher S et al (2019) Interatrial shunting for heart fail-
ure: current evidence and future perspectives. EuroIntervention 
15(2):164–171

	49.	 Sondergaard L, Reddy V, Kaye D, Malek F, Walton A, Mates M 
et al (2014) 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

	50.	 Malek F, Neuzil P, Gustafsson F, Kaye DM, Walton A, Mates M 
et al (2015) Clinical outcome of transcatheter treatment of heart 
failure with preserved or mildly reduced ejection fraction using a 
novel implant. Int J Cardiol 187:227–228

	51.	 Hasenfuss G, Hayward C, Burkhoff D, Silvestry FE, McKenzie S, 
Gustafsson F et al (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):1298–1304

	52.	 Kaye DM, Hasenfuss G, Neuzil P, Post MC, Doughty R, Trochu 
JN et al (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)

	53.	 Kaye DM, Petrie MC, McKenzie S, Hasenfubeta G, Malek F, Post 
M et al (2019) Impact of an interatrial shunt device on survival 
and heart failure hospitalization in patients with preserved ejec-
tion fraction. ESC Heart Fail 6(1):62–69

	54.	 Shah SJ, Borlaug BA, Chung ES, Cutlip DE, Debonnaire P, Fail 
PS et al (2022) Atrial shunt device for heart failure with preserved 
and mildly reduced ejection fraction (REDUCE LAP-HF II): a 
randomised, multicentre, blinded, sham-controlled trial. Lancet 
399(10330):1130–1140

	55.	 Amat-Santos IJ, Bergeron S, Bernier M, Allende R, Barbosa 
Ribeiro H, Urena M et  al (2015) Left atrial decompression 
through unidirectional left-to-right interatrial shunt for the treat-
ment of left heart failure: first-in-man experience with the V-Wave 
device. EuroIntervention 10(9):1127–1131

	56.	 Del Trigo M, Bergeron S, Bernier M, Amat-Santos IJ, Puri R, 
Campelo-Parada F et al (2016) Unidirectional left-to-right inter-
atrial shunting for treatment of patients with heart failure with 
reduced ejection fraction: a safety and proof-of-principle cohort 
study. Lancet 387(10025):1290–1297

	57.	 Rodes-Cabau J, Bernier M, Amat-Santos IJ, Ben Gal T, Nombela-
Franco L, Garcia Del Blanco B et al (2018) Interatrial 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

	58.	 Guimaraes L, Bergeron S, Bernier M, Rodriguez-Gabella T, Del 
Val D, Pibarot P et al (2020) Interatrial shunt with the second-
generation V-Wave system for patients with advanced chronic 
heart failure. EuroIntervention 15(16):1426–1428

	59.	 Patel MB, Samuel BP, Girgis RE, Parlmer MA, Vettukattil JJ 
(2015) Implantable atrial flow regulator for severe, irreversible 
pulmonary arterial hypertension. EuroIntervention 11(6):706–709

	60.	 Sivakumar K, Rohitraj GR, Rajendran M, Thivianathan N (2021) 
Study of the effect of occlutech atrial flow regulator on symptoms, 
hemodynamics, and echocardiographic parameters in advanced pul-
monary arterial hypertension. Pulm Circ 11(1):2045894021989966

	61.	 Paitazoglou C, Ozdemir R, Pfister R, Bergmann MW, Bartunek 
J, Kilic T et al (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

	62.	 Pieske B, Tschope C, de Boer RA, Fraser AG, Anker SD, Donal 
E et al (2019) How to diagnose heart failure with preserved ejec-
tion fraction: the HFA-PEFF diagnostic algorithm: a consensus 
recommendation from the Heart Failure Association (HFA) 



330	 Heart Failure Reviews (2023) 28:315–330

1 3

of the European Society of Cardiology (ESC). Eur Heart J 
40(40):3297–3317

	63.	 Paitazoglou C, Bergmann MW, Ozdemir R, Pfister R, Bartunek 
J, Kilic T et al (2021) One-year results of the first-in-man study 
investigating the atrial flow regulator for left atrial shunting in 
symptomatic heart failure patients: the PRELIEVE study. Eur J 
Heart Fail 23(5):800–810

	64.	 Lauder L, Pereira TV, Degenhardt MC, Ewen S, Kulenthiran S, 
Coats AJS et al (2021) Feasibility and efficacy of transcatheter 
interatrial shunt devices for chronic heart failure: a systematic 
review and meta-analysis. Eur J Heart Fail 23(11):1960–1970

	65.	 Simard T, Labinaz M, Zahr F, Nazer B, Gray W, Hermiller J et al 
(2020) Percutaneous atriotomy for levoatrial-to-coronary sinus 

shunting in symptomatic heart failure: first-in-human experience. 
Jacc Cardiovasc Interv 13(10):1236–47

	66.	 Mahfoud F, Ewen S, Kulenthiran S (2020) Levoatrial-to-coronary 
sinus shunting in heart failure therapy: getting off the beaten track? 
JACC Cardiovasc Interv 13(10):1248–1250

	67.	 Sun W, Zou H, Yong Y, Liu B, Zhang H, Lu J et al (2022) The 
RAISE Trial: a novel device and first-in-man trial. Circ Heart Fail 
15(4):e008362

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


	Device-based percutaneous treatments to decompress the left atrium in heart failure with preserved ejection fraction
	Abstract
	Introduction
	The role of left atrial pressure and the rationale for the development of interatrial shunt devices
	Interatrial shunt device
	V-Wave Shunt
	Atrial flow regulator
	Novel perspectives
	Conclusion
	References


