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The atrial flow regulator: current overview
on technique and first experience
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Background

Recent pharmacological innovations like angio-
tensin receptor neprilysin inhibitors (ARNIs) have
improved therapy for heart failure patients with
reduced ejection fraction (HFrEF). However,
patients with HFrEF and heart failure with pre-
served ejection fraction (HFpEF) still suffer from
dyspnoea on exertion and reduced quality of life.
HFpEF accounts for more than 50% of all heart
failure (HF) patients and is associated with high
morbidity and mortality. There are only very lim-
ited treatment options to improve outcomes.!3

Increased left ventricular (LV) filling pressures
characteristic for ‘diastolic dysfunction’ are
observed both in patients with HFpEF and
HFrEF; however, the pathomechanism is differ-
ent. HFpEF is a heterogeneous syndrome with
multiple underlying aetiologies; it develops as a
consequence of a complex interplay, including
abnormal LV relaxation, longitudinal systolic dys-
function (despite normal ejection fraction), pul-
monary hypertension, abnormal exercise-induced
vasodilation and extra-cardiac volume overload.?
Comorbidities, mainly long-term arterial hyper-
tension, as well as diabetes and obesity synergisti-
cally result in abnormalities in ventricular and
vascular structure with elevated LV filling pres-
sures.>* HFrEF is characterized by primary
impaired systolic function and LV dilation leading
to LV overfilling, a reduced elastic recoil and
impaired LV suction with the consequence of
abnormal diastolic function and elevated filling
pressures.” Furthermore, different molecular
mechanisms lead to impaired LV relaxation, and
increased left atrial pressure (LAP) with pulmo-
nary venous congestion.® Increased LAP leads to
exercise intolerance, exertional dyspnoea and is
a predictor of mortality in patients with HF.”

There is sufficient evidence that in HFrEF exer-
cise capacity is only weakly related to systolic
function, instead increased LAP may be the most
important hemodynamic determinant.58

Interatrial left-right shunt for heart failure:
background

Medical and interventional therapies that reduce
elevated LAP may reduce symptoms and hospi-
talisation rates. Interesting observations stem from
a rare congenital heart disease: the Lutembacher
syndrome is a clinical entity of congenital atrial
septal defect (ASD) in combination with congeni-
tal or acquired (i.e. rheumatic) mitral valve stenosis.
The ASD is ameliorating the symptoms of pulmo-
nary congestion caused by the mitral stenosis. Most
interestingly, the patients do not suffer from right
HF or an increased risk of stroke.® In congenital
left heart outflow obstruction, interventional
implantation of an atrial septum stent was safe
and effective in relieving left atrial hypertension
and showed immediate hemodynamic improve-
ment.!® On the contrary, HF following ASD
closure has been observed in adult patients and
is characterized by acute pulmonary congestion
related to LV diastolic dysfunction leading to
acute atrial volume overload after the ASD
closure.!!

Targeting left atrial pressure: current

evidence

Invasive measurement of LAP, guiding medical
therapy in patients with HFrEF, was associated
with improved symptoms and a reduction of early
clinical events.!? Pharmacological treatment of HF
improves survival and is essential for every patient
with HFrEF according to current guidelines. No
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IASD device
(Corvia)

Figure 1. Interatrial shunt devices.

medical treatment has yet been shown to reduce
morbidity or mortality in patients with HFpEF.!
In patients with HFrEF sacubitril/valsartan was
superior to enalapril in reducing the risks of death
and of hospitalization for HF.13 A phase III trial
to assess the efficacy of Sacubitril/Valsartan in
HFpEF patients did not result in a significantly
lower rate of total hospitalizations for HF and
death from cardiovascular causes.!* A post hoc
analysis of the TOPCAT trial demonstrated pos-
sible clinical benefits with spironolactone in
HFpEF patients, in a regional subgroup.!>

Interatrial shunt device as possible

treatment option in heart failure

Reducing increased LAP with a percutaneous
delivered device leading to an artificial interatrial
left-right shunt is a novel strategy in patients with
symptomatic HF. Three devices are currently
investigated in clinical trials (Figure 1 and Table 1):

(1) The interatrial shunt device (IASD; Corvia,
USA): implantation of the device, tested in
HFpEF patients, was proved to be safe and
associated with lower pulmonary capillary
wedge pressure (PCWP) as well as clinical
improvement in two pilot, open-label phase I
trials and a randomized, prospective sham-
controlled phase II trial (REDUCE-LAP HF
1).16-19 Patients with symptomatic HFpEF
and a PCWP =25mmHG during exercise
were eligible for the REDUCE-LAP HF I
trial. IASD treatment reduced PCWP during
exercise; whether this mechanistic effect will
translate into sustained improvements in

AFR device
(Occlutech)

V-Wave
device
(V-Wave Medical)

14

iy

symptoms and outcomes requires further
evaluation and is currently studied in a rand-
omized, sham-controlled phase III trial
(REDUCE-LAP HF 1I trial, ClinicalTTrials.
gov Identifier: NCT03088033).

(2) The V-Wave device (V-Wave Ltd., Israel):

the first in-man study of the V-Wave device,
with an incorporated V-trileaflet porcine
tissue valve, demonstrated initial safety and
early beneficial clinical and hemodynamic
outcomes in patients with HFrEF. The
benefits were compromised by impaired
shunt patency on long-term follow-up in a
single-arm, open-label study.2%-2! The
device has been modified after analysing
the data. Clinical efficacy and outcome are
currently investigated in an ongoing trial
(RELIEVE HF trial: ClinicalTrials.gov
Identifier: NCT03499236).

(3) The atrial flow regulator (AFR; Occlutech):

this device is currently studied in an ongo-
ing European multicentre pilot study, the
AFR PRELIEVE trial, testing safety and
collecting prospective data on efficacy. The
3month results have been published
recently.?? Patients with severe sympto-
matic HF and elevated PCWP (at rest
=15mmHg or =25 mmHg during exercise)
were eligible. Sixteen patients with HFrEF
and 20 patients with HFpEF were enrolled.
Implantation success rate and device
patency with left—right shunt was 100% in
both patient groups. Implantation of the
AFR device showed symptoms and surro-
gate parameters of HF to improve early at
3 months in this ongoing trial.22
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The AFR device differs from the other two
devices. It has no incorporated valve tissue like
the initial V-Wave design. Sizing of the AFR
device is performed prior to implantation after
careful review of the hemodynamic (8 or 10 mm
fenestration size) and anatomical (5 or 10mm
waist height) parameters and according to the
device sizing instructions (Figure 2). The IASD
device creates a 8 mm shunt, the initial V-Wave
device design used a 5mm shunt. Here we
describe the clinical background and principle of
this therapeutic option and our first experience of
the AFR implantation procedure.

Screening patients for an interatrial

shunt device

Non-invasive diagnosis of increased LV filling
pressures leading to LAP elevation can be chal-
lenging. Clinical symptoms, natriuretic peptid
levels and transthoracic echocardiography are the
primary screening tools to identify HF patients
with elevated LAP. Dilation of the left atrium
(LA) (> 34ml/m?) is certainly a late but distinct
parameter of increased LAP. In the absence of a
primary mitral valve dysfunction LA dilation may
prove increased LAP. Echocardiographic Doppler
LYV filling patterns are influenced not only by LV
diastolic properties alone, but also by the baseline
LAP. In contrast, tissue Doppler measurement of
mitral annular velocity is less load sensitive.
Furthermore, analysis of pulmonary venous flow
pattern provides useful information on LV com-
pliance and LAP.> Aside from the increased LA
size, the mitral flow as measured by E/A ratio
=1-3 (only possible in sinus rhythm), the tissue
Doppler e’ velocity septal <7cm/s or lateral
<10cm/s (also possible in patients with atrial
fibrillation) and a pulmonary vein flow ratio S/D
<1 are key parameters for the non-invasive diag-
nosis of elevated LAP. A definitive diagnosis can
only be made with invasive measurements.

Implantation of the AFR device: technique

The implantation procedure of the AFR device is
straightforward. The AFR sizing instructions are
depicted in Figure 2. Patients with a PCWP at
rest of =15mmHg qualified for a 8 mm fenestra-
tion device and patients with a PCWP <15mmHg
at rest, but =25 mmHg under exercise received a
10mm fenestration AFR device. Depending on
the atrial septal thickness, the matching device
height is chosen (thickness <5 mm: 5 mm height,

C Paitazoglou and MW Bergmann

Measure
PCPW
1
1
PCWP 215 PCWP <15
mmHg
selects st el
fenestration
1 |
PCWP under PCWP under
exercise 225 exercise < 25
mmHg mmHg
10mm patient not
et ation eligible, do
not implant

|

Septalthioes Heghtofthe devce )
<Smm | Smm
26upto 10mm | 10mm

Figure 2. AFR sizing instructions. AFR, atrial flow
regulator.

thickness 6-10mm: 10mm height). A central
transseptal puncture of the fossa ovalis guided by
fluoroscopy and transesophageal echocardiogra-
phy (TEE) is performed. A stiff wire (i.e.
Amplatzer stiff; Supracore 260 cm) is placed into
the left upper pulmonary vein. Next, a balloon
atrial septostomy expands the atrial septum punc-
ture opening: the balloon with a relation to the
planned AFR fenestration diameter of +4—-6mm
(mostly 12—-14mm balloon i.e. VACS II 40 mm;
Osypka, Germany) is carefully manually inflated
guided by fluoroscopy and TEE. Following bal-
loon atrial septostomy a 12-14F guiding cathe-
ter, serving as the delivery system, is introduced
into the left atrium over the wire with careful air
management.
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Figure 3. AFR (A) loading and (B) unloading instructions. AFR, atrial flow regulator.

A welded ball structure located on the AFR right-
atrial disc serves as an adapter for the pusher
(Occlutech Flex Pusher II) during deployment.
Following anchoring of the device, the pusher is
secured by a screw on the handle preventing
unintended deployment (Figure 3A). After the
AFR device is securely loaded onto the pusher
and retracted into a loader, the whole system is
advanced through the delivery system on the wire
into the left atrium. Similar to any ASD or patent
foramen ovale (PFO) closure device, the left atrial
disc is deployed on the left atrial side and retracted
until it has contact to the septum as confirmed by
TEE and fluoroscopy. Then deployment of the
right atrial disc is performed under constant pull.
The ball structure securing the device on the
pusher allows it immediately to take its final posi-
tion. Using a push-and-pull manoeuvre, as well as
fluoroscopy and TEE analysis the correct position
of the device is confirmed. Release of the device
occurs by opening the locking mechanism of the
pusher (Figure 3B). After the implantation device
patency with left-right shunt is confirmed by
TEE and by hemodynamic measurements at rest.

Implantation of the AFR: hemodynamic
measurements

Taking the pathophysiology of diastolic HF into
consideration, the creation of a left-right shunt
may reduce LAP and improve HF symptoms. On

the other hand a chronic left-right shunt may also
increase the pulmonary blood flow and pulmonary
artery hypertension with the risk of right HF and
affecting other organs such as the kidney function.
Smaller ASDs in adults (diameter <10mm and
Qp:Qs ratio <1.5) are usually not hemodynami-
cally significant and do not cause right HF.23 The
AFR device has the largest fenestration diameter
compared to the other two devices, but the maxi-
mum available AFR diameter is 10mm, to avoid
creating a large left—right shunt with right ventricu-
lar volume overload and pulmonary hypertension.
No increase in right atrial pressure or PAP was seen
after implantation of the V-Wave device or the
IASD device during follow-up.2%-2¢ Hemodynamic
measurements and shunt quantification following
implantation of the AFR device at 3months did
not show elevated pulmonary artery pressure
(PAP) and the Qp:Qs ratio was <1.5.22

Conclusion

Implantation of an interatrial shunt device seems
feasible in patients with HF. Clinical efficacy is
currently being tested in the randomized
REDUCE-LAP II study. In addition, registry
data from the AFR-PRELIEVE trial will also
allow assessment of the effect in both HFpEF and
HFrEF patients. Whether this interventional
treatment is an effective therapeutic option on top
of optimal standard medical care for HF patients

http://tac.sagepub.com
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with elevated filling pressures needs to be proved
in randomized phase III trials.
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