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Abstract: Heart failure (HF) affects an increasing number of geriatric patients. The condition is
classified according to whether the left ventricular ejection fraction (EF) is reduced or preserved.
Many patients have heart failure with preserved ejection fraction (HFpEF) and face a shortage of ef-
fective therapeutic strategies. However, an emerging mechanical strategy for treatment is gaining
momentum. Interatrial septal connection devices, i.e. V-wave device and Interatrial septal device,
are new devices for patients with heart failure with preserved ejection fraction. We review the func-
tion of these systems and the data from the recent clinical trials.

Interatrial septal connection device therapy provided favorable efficacy and safety profile applica-
ble to a wide range of patients with HFpEF. However, the long-term effects of these devices on
morbidity and mortality merits longitudinal studies and large multicenter randomized controlled
trials.

Keywords: Interatrial device, IASD, V-wave, heart failure with preserved ejection fraction, heart failure, device treatment for
heart failure.

1. INTRODUCTION

1.1. Heart Failure: Epidemiology, Pathophysiology, Mor-
bidity

An  increasing  number  of  Americans  are  affected  by
heart failure as the patient population continues to age [1].
According to multiple studies, the estimated cost associated
with heart failure hospitalizations is 34.5 billion dollars [2].
An estimated 5.1 million people are living with heart failure
in the United States [3]. The mortality of heart failure is diffi-
cult to assess, and the 6 most used scoring systems for mor-
tality in heart  failure underestimated the risk in an elderly
population [4]. Heart failure becomes more common with in-
creasing age,  according to the Framingham studies,  which
have observed multiple generations [5, 6]. The incidence of
heart failure is expected to rise over the next 4 decades and
approach 772,000 cases by 2040 [7].

Heart failure can be classified based on whether the left
ventricular  ejection  fraction  is  “normal”  or  reduced,  into
heart failure with reduced ejection fraction (HFrEF) or heart
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failure with preserved ejection fraction (HFpEF). The com-
pensatory response involves neurohumoral mechanisms, in-
cluding the renin-angiotensin system, sympathetic nervous
system, and antidiuretic hormone release. These responses
led to arterial vasoconstriction as well as an attempt to in-
crease cardiac output via higher stroke volume and heart rate
[8]. Although these compensatory responses can provide a
short-term benefit, they have many negative consequences,
such as elevation in the left  ventricular end-diastolic pres-
sure, rise in pulmonary arterial pressure, and eventual extra-
vasation into the pulmonary and peripheral vascular beds [9,
10].

Regarding mortality, the ADHERE database (Acute De-
compensated Heart Failure National Registry) demonstrated
high in-hospital mortality in HF patients independent of LV
function. Patients who had HFpEF demonstrated lower in-
-hospital  mortality compared to patients with HFrEF [11].
There is also a high prevalence of HFpEF patients, accord-
ing to the OPTIMIZE-HF study (Organized Program to Initi-
ate Lifesaving Treatment in Hospitalized Patients with Heart
Failure). These patients had a post-discharge mortality risk
and rehospitalization rate that were comparable to HFrEF pa-
tients. Even though the burden of HFpEF is high, there are
insufficient therapeutic strategies and a lack of data for effec-
tive disease management. For example, the use of angiotens-
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in-converting enzyme inhibitors/angiotensin receptor block-
ers or beta-blockers did not influence the mortality or rehos-
pitalization rates in patients with HFpEF [12]. However, HF-
pEF seems to have a better prognosis than HFrEF [13]. The
increasing survival in HF patients contributes to a rising HF
prevalence as well as a higher risk of rehospitalizations. Da-
ta have shown that in multiple white populations, the inci-
dence  of  HF  has  remained  stable  [5].  The  most  common
cause  of  death  in  HFpEF  patients  was  non-cardiovascular
(49%),  whereas  coronary  disease  (43%) accounted for  the
most  deaths  in  HFrEF patients  [5].  The  mortality  remains
prevalent in HFpEF patients due to currently inadequate ma-
nagement strategies.

2.  RISK  FACTORS,  CLASSIFICATION  AND  DIAG-
NOSIS

Common factors associated with HFpEF include female
sex, older age, and hypertension [14]. The New York Heart
Association classification system (NYHA) is used to grade
the severity of heart failure and to quantify a patient’s func-
tional capacity. The system is divided into four classes. NY-
HA Class I patients are asymptomatic and have adequate ex-
ercise tolerance. Class II patients have slight limitations to
exercise and can have symptoms, such as chest pain or exer-
tional dyspnea, but they are asymptomatic at rest. Class III
patients have more severe symptoms with exercise and less
than an ordinary activity but are comfortable at rest. Class
IV patients have the highest severity of symptoms that oc-
curs  at  rest  and  are  exacerbated  by  any  physical  activity
[15].

Evaluation of heart failure begins with a clinical assess-
ment.  Patients  with  heart  failure  present  with  signs  and
symptoms of dyspnea, fatigue, edema and rales most com-
monly. Diagnosis is based on the clinical picture aided by
routine laboratory testing, chest X-ray and assessment of left
ventricular function. The threshold typically used to distin-
guish preserved from reduced ejection fraction is 40% [16].

3. HFPEF AND HFMREF
An additional category of heart failure is called HfmrEF,

defined as an ejection fraction of 40-49% [17]. This entity
shares  aging and hypertension as  risk factors  with HFpEF
[18].  Additional  risk  factors  for  HFmrEF include  diabetes
mellitus, coronary artery disease, and chronic kidney disease
[19].  Regarding  HFpEF,  many  clinicians  use  a  composite
score called H2FPEF to differentiate cardiac from non-cardi-
ac etiology of dyspnea. The score is calculated by including
BMI, age >60 years, atrial fibrillation, treatment with multi-
ple  antihypertensives,  and  echocardiographic  parameters
[20].

In HFpEF, there should be consideration of co-morbidi-
ties. One important co-morbidity is diabetes mellitus. These
patients tend to be younger, male, obese, with a higher preva-
lence  of  multiple  systemic  comorbidities  compared  with
non-diabetics [19]. Diabetics with HFpEF were more likely
to be hospitalized and have reduced exercise tolerance [19].
Outcomes in this population were worse due to chronotropic

incompetence, inflammation, and left ventricular hypertro-
phy  [19].  In  addtion,  obese  patients  with  HFpEF  had  re-
duced exercise capacity compared to nonobese patients [20].

4. PATHOPHYSIOLOGY
The factors associated with HFpEF development lead to

changes at the cellular, metabolic and molecular levels [21].
These changes include tissue inflammation, myocardial is-
chemia, tissue fibrosis, cellular signaling alteration, and myo-
cardial cellular hypertrophy [22]. Consequently, the LV will
undergo  remodeling,  and  this  will  affect  chronotropy,  in-
otropy, and lusitropy. The increased LV end-diastolic pres-
sure will impair left atrial function and lead to pulmonary hy-
pertension, microvascular dysfunction, as well as right ven-
tricular dysfunction [23]. As a result of increased pressure in
the left atrium, HFpEF patients commonly have exertional
dyspnea [20]. During exercise, these patients have impaired
LV  relaxation,  which  reduces  their  stroke  volume  [24].
Studies have shown that creating a left-to-right atrial shunt
reduces the elevated pressure and can improve symptoms.

5. MANAGEMENT
Two  strong  recommendations  issued  by  the  American

College of Cardiology Foundation in 2013 state that hyper-
tension needs to be controlled and that diuretics should be
used to treat symptoms [25]. Given the limited success with
therapies applied broadly to patients, future therapies can be
individualized according to patient phenotypes, which might
be more effective in the treatment of HFpEF [26].

One meta-analysis concluded that exercise training can
be used as a nonpharmacologic approach to the treatment of
HFpEF in order to improve the quality of life and functional
capacity [27].

For example, a randomized, controlled, trial showed that
4 months of exercise training improved exercise capacity in
older HFpEF patients [28]. Peak oxygen consumption was al-
so increased in older HFpEF patients when they restricted
their caloric intake. However, quality of life was not signifi-
cantly  improved  with  either  exercise  or  caloric  restriction
[29].

Hospitalization for HF was reduced via pressure-direct-
ed diuresis therapy by implantation of a wireless system for
hemodynamic monitoring in patients with NYHA class III.
In this trial, CHAMPION trial, The CardioMEMS Heart Sen-
sor allows monitoring of pressure to improve outcomes in
NYHA Class III Heart Failure Patients, which was a prospec-
tive, single-blinded, randomized controlled trial testing he-
modynamically guided diuresis and vasodilator management
via CardioMEMS, microelectromechanical pressure sensor
system, decreasing the incidence of decompensation leading
to  hospitalization.  The  results  after  an  average  of  17.6
months  showed  a  reduction  of  50%  in  the  hospitalization
rate [30].

Patients with HF are in need of new therapies [31]. An
analysis of randomized, double-blind trials reported that be-
ta-blockers increased LVEF in HF patients in sinus rhythm
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except those with a preserved EF [33]. Patients with atrial
fibrillation  also  had  an  increase  in  LVEF  when  given  be-
ta-blockers  if  the  EF  was  <50%  at  baseline.  The  benefit
from beta-blockers in HFrEF is derived from an increase in
LVEF,  and patients  with  mid-range ejection fraction were
found to benefit as well [32]. Beta-blockers did not benefit
HFpEF patients and even increased the risk of hospitaliza-
tion  for  HF.  Patients  with  HFmrEF  did  not  have  this  in-
creased risk. Beta-blockers did not affect the mortality rate
from cardiovascular disease in HFpEF [33].

For  the  medications  shown  to  improve  mortality  in
HFrEF, trials did not report statistically significant favorable
outcomes in HFpEF. In the PEP-CHF (Perindopril in Elder-
ly People with Chronic Heart Failure), a trial that examined
patients  with  mild  LV  impairment  (LVEF  ~40-50%),  an-
giotensin-converting enzyme inhibitor (ACEi) improved ex-
ercise capacity and symptoms in patients with diastolic dys-
function, as well as reduced HF hospitalizations while pa-
tients were on the medication for a year, however, the study
lacked sufficient power to demonstrate any benefits in mor-
bidity and mortality [34].

The CHARM-Preserved study (Candesartan Cilexetil in
Heart  Failure  Assessment  of  Reduction  in  Mortality  and
Morbidity) found that the angiotensin receptor blocker (AR-
B)  candesartan  had a  moderate  impact  in  reducing admis-
sions in HF patients with EF greater than 40%. Nonetheless,
cardiovascular  mortality,  non-fatal  myocardial  infarction
and non-fatal stroke did not differ between the candesartan
group and placebo [35].

The I-PRESERVE trial (Irbesartan in Heart Failure With
Preserved  Ejection  Fraction)  showed  no  improvement  in
overall mortality or cardiovascular disease-related hospital-
ization. Diabetes independently increased the rate of HF hos-
pitalization and cardiovascular death. HFpEF patients with
diabetes have a poorer quality of life and worse prognosis
[36].

The  TOPCAT  trial  (Treatment  of  Preserved  Cardiac
Function  Heart  Failure  with  an  Aldosterone  Antagonist)
showed  that  spironolactone  did  not  significantly  improve
mortality from cardiovascular disease or HF hospitalization
in HFpEF patients [37]. The STRUCTURE trial (Spironolac-
tone in Myocardial Dysfunction with Reduced Exercise Ca-
pacity)  looked  at  the  ability  of  spironolactone  to  improve
functional capacity and found that it significantly improved
the exercise capacity in patients with exercise-induced eleva-
tion of LV filling pressures [38].

Chen et al. analyzed 14 randomized controlled clinical
trials, including 6,428 patients with HFpEF or myocardial in-
farction with preserved ejection fraction on mineralocorti-
coid therapy and reported a 17% reduction in HF-related hos-
pitalization, but with no significant improvement in mortali-
ty [39]. However, a larger meta-analysis conducted by Ber-
benetz et al., including 16,321 patients from 15 randomized
controlled trials with HFpEF on mineralocorticoid therapy,
demonstrated  no  evidence  of  reduction  of  adverse  cardiac
events and an increased risk of hyperkalemia and gyneco-

mastia [40]. The difference in the outcomes of these studies
is likely due to the heterogenicity of the populations includ-
ed in these studies in risk factors.

The  PARAGON-HF  trial  (Efficacy  and  Safety  of
LCZ696 Compared to Valsartan, on Morbidity and Mortali-
ty in Heart Failure Patients With Preserved Ejection Frac-
tion) reported that compared to valsartan, sacubitril/valsar-
tan did not significantly reduce HF hospitalizations or death
from cardiovascular causes in heart failure patients with an
EF 45% or higher [41].

The NEAT-HFpEF trial (Nitrate's effect on Activity Tol-
erance in Heart Failure with Preserved Ejection Fraction) de-
monstrated that isosorbide mononitrate did not improve exer-
cise capacity or the quality of life of HFpEF patients com-
pared to those who received placebo [42].

HFpEF  patients  who  took  the  phosphodiesterase-5
(PDE-5) inhibitor sildenafil improved biventricular function
and pulmonary arterial pressure [43]. However, the RELAX
trial (Effect of Phosphodiesterase-5 Inhibition on Exercise
Capacity and Clinical Status in Heart Failure with Preserved
Ejection Fraction) showed a two-year administration of silde-
nafil did not significantly improve the clinical condition or
exercise capacity [44]. In addition, digoxin did not improve
mortality  or  cardiovascular  hospitalizations  in  ambulatory
patients with diastolic dysfunction who received an ACE in-
hibitor and diuretics [45].

The  current  guidelines  from  the  American  College  of
Cardiology  (ACC)  have  no  class  1  recommendations  for
treatment. Aldosterone antagonists have a class IIa recom-
mendation  for  patients  with  LVEF >45% and  stable  basic
metabolic  panel  to  reduce  hospitalizations.  The  use  of  ni-
trates, PDE-5 inhibitors, and nutritional supplementation has
a Class III recommendation [46].

6. DEVICES
Heart failure with preserved ejection fraction is essential-

ly characterized by elevated left ventricular filling pressures.
The  rationale  for  using  an  artificially  created  interatrial
shunt  is  based on the  hypothesis  that  this  shunt  would  re-
lieve  left-sided  pressures  and  alleviate  some of  the  symp-
toms from HFpEF. This is exemplified by the evidence that
on patients with mitral stenosis, an incidental atrial septal de-
fect  affords protection against  left  atrial  pressure overload
and  the  development  of  pulmonary  venous  hypertension.
This condition, known as Lutembacher syndrome, appears
to have no significant increase in the incidence of paradoxi-
cal embolism due to the left to right nature of the interatrial
shunting [47, 48].

Two major devices have been tested in HFpEF, which
are the interatrial shunt device (IASD) and the V-Wave de-
vice. The goal of these devices was to see whether left atrial
pressure  could  be  reduced by  creating  communication  be-
tween the left and right atria. The IASD created by Corvia
Medical (Previously DC Devices Inc., Tewksbury, MA) has
two sides; a curved side that adapts with septal wall thick-
nesses and a flat side faces the wall of the left atrium. It has
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multiple legs with radiopaque markers to guide the proce-
dure of implantation. The implantation procedure is minimal-
ly invasive through the venous puncture to the right atrium;
then through a trans-septal puncture technique, the device is
deployed via the delivery catheter system (Fig. 1) [49].

Fig. (1). A sketch of the interatrial shunt device.

The V-wave device (V-Wave Ltd., Or Akiva, Israel) is
shaped like an hourglass, spanning both left and right atria,
and has a three-leaflet valve. It is also inserted percutaneous-
ly via the femoral vein, creating a 5mm shunt in the intera-
trial septum, and visualized with transesophageal echocar-
diography (TEE). The device prevents shunting from the left
to  right  atrium  when  the  right  atrial  pressure  (RAP)  is
greater than 2mm. Upon its placement, polytetrafluoroethy-
lene expands to prevent biofilm formation over the device.
Even though the biofilm is protective against thrombus for-
mation, patients should receive anticoagulation with a Vita-
min  K  antagonist  or  a  direct-acting  oral  anticoagulant
(DOAC) for  3  months  as  well  as  life-long aspirin.  Hence,
compared to anticoagulation with IASD, the duration of anti-
coagulation with V-wave is shorter [51, 52].

A study by Søndergaard et al. found that IASD created
an 8mm interatrial shunt, which reduced left atrial pressure.
The device was implanted percutaneously through the femo-
ral vein, and 30-day outcomes were assessed. LV filling pres-
sures were reduced, and NYHA class was improved in all

but  one  patient.  Pulmonary  hypertension  did  not  occur  in
any patient. The adverse events included implant displace-
ment and HF rehospitalization [50].

The  REDUCE  LAP-HF  trial  (Reduce  Elevated  Left
Atrial  Pressure  in  Patients  With  Heart  Failure),  a  phase  1
trial, evaluated the effect of IASD, which resulted in a statis-
tically significant  reduction of  pulmonary capillary wedge
pressure (PCWP) in 71% of patients from the time of inser-
tion to 6 months, with persistent reduction at 12 months. Ex-
ertional PCWP was reduced at 6 months and 12 months. The
NYHA  class  also  improved  during  these  time  intervals.
There were no major adverse events 6 months after device
placement. After IASD placement, patients received dual an-
tiplatelet  therapy for  1  year.  Additionally,  IASD is  on  the
same level as atrial tissue, which helps prevent thrombus de-
velopment [52].

A  subsequent  study,  the  REDUCE  LAP-HF  I  clinical
trial, looked at one-year outcomes after IASD implantation.
The outcomes were statistically significant for improvement
in NYHA class, 6-minute walk distance, and quality of life
as  measured  by  the  Minnesota  Living  with  Heart  Failure
score. The left ventricular end-diastolic volume decreased,
and  the  right  ventricular  end-diastolic  volume  increased.
PCWP also improved in a subset of patients during exertion.
The 1-year survival rate was 95%, and no complications oc-
curred in relation to the device. The benefit of IASD implan-
tation outweighed the risk, and confirmation of these find-
ings are needed via further studies [53].

A single-center Canadian trial evaluated the IASD in 11
patients and reported 30-day outcomes. The mean PCWP de-
creased by 28% after 30 days. One of the patients was hospi-
talized  within  30  days  for  HF  exacerbation.  The  NYHA
class improved after 30 days but did not show statistically
significant improvement after 1 year. There were no major
adverse events [54].

The  MIRACLE  EF  (Multicenter  InSync  Randomized
Clinical  Evaluation)  trial  assessed  patients  with  cardiac
resynchronization therapy-pacemaker  (CRT-P),  NYHA II-
III  HF,  left  ventricular  ejection  fraction  (LVEF)  of
36%-50%, left  bundle branch block (LBBB),  and no prior
pacing therapy. The study was terminated prior to comple-
tion due to recruitment difficulty and other limiting factors.
This  trial  demonstrated  the  challenges  of  constructing  a
large-scale,  feasible  study  to  determine  new  uses  for  im-
plantable devices, necessitating smaller studies [55].

Table 1. Summary of the interatrial septal device therapy trials.

Name of the Study Device Number of Partici-
pants Follow Up Outcome

Søndergaard et al. IASD 11 30 days LV filling pressures were reduced, and NYHA class was improved
REDUCE LAP-HF IASD 64 6-12 months Reduction in both rest and exertional PCWP and NYHA class was improved

REDUCE LAP-HF I IASD 64 >1 year Confirmed >1-year safety of IASD
Del Trigo et al. IASD 11 30 days to 1 year Reduction of NYHA in 30 days not at 1 year

Kaye et al. IASD - 739 days 33% reduction in mortality, with higher PCWP
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Kaye et al. studied the impact of an IASD in patient with
HFpEF on survival and heart failure-related hospitalization
for a median duration of 739 days and reported a 33% reduc-
tion  in  mortality  rate  based  on  score-predicted  mortality.
However, poorer exercise tolerance and a higher workload-
corrected exercise pulmonary capillary wedge pressure were
found in the IASD group [55].

The RESET study (Restoration of Chronotropic CompE-
tence in Heart Failure Patients with Normal Ejection Frac-
tion)  looked  at  rate-adaptive  pacing  (RAP)  in  HFpEF  pa-
tients. However, it was also terminated early due to difficul-
ty with recruitment Table 1 [24].

7. FUTURE
Although  pharmacologic  therapy  has  been  suboptimal

for HFpEF, there are trials in the pipeline that are evaluating
sodium-glucose cotransporter-2 (SGLT-2) inhibitors in HF-
pEF patients. These trials include DELIVER (Dapagliflozin
Evaluation to Improve the LIVEs of Patients with Preserved
Ejection Fraction Heart Failure) and EMPEROR-Preserved
(Empagliflozin outcome trial in Patients With chronic heart
Failure With Preserved Ejection Fraction). See in Clinical-
Trials.gov NCT03619213 and NCT03057951.

Currently, there is a prospective, single-arm, multicen-
ter, nonrandomized, nonblinded trial called Reducing Lung
Congestion  Symptoms  in  Advanced  Heart  Failure  (RE-
LIEVE-HF), which enrolled 60 patients for V-Wave device
placement.  The  inclusion  criteria  were  NYHA class  III  or
IV, medical optimization, and an LVEF ≥ 15%. The exclu-
sion criteria included right ventricular systolic dysfunction,
a right atrial pressure greater than left atrial pressure, con-
genital heart disease, severe pulmonary hypertension, and se-
vere restrictive or obstructive lung disease. The primary end-
points of the trial included any major device-related adverse
cardiovascular  or  cerebrovascular  events  within  6  months
and 12 months of implantation, as well as the measurement
of changes in the 6-minute walk test after 6 months. See in
ClinicalTrials.gov NCT02511912.

The REDUCE LAP-HF TRIAL II is underway, which is
a  phase  3  trial  with  the  IASD  System  II  implant  (Corvia
Medical). It is a multicenter, prospective, randomized con-
trolled, blinded trial, with a non-implant Control group with
an estimated enrollment of 608 participants and a pre-speci-
fied 12-month composite primary endpoint of (a) incidence
of and time-to-cardiovascular mortality or first non-fatal, is-
chemic stroke through 12 months; (b) total rate (first plus re-
current) per patient-year of heart failure (HF) admissions or
healthcare facility visits for IV diuresis for HF through 12
months and time-to-first HF event; and (c) change in base-
line  KCCQ total  summary  score  at  12  months  which  will
hopefully provide high-quality data as to the effectiveness of
this  treatment  modality.  See  in  ClinicalTrials.gov  NC-
T03088033.

CONCLUSION
The current pharmacologic options for HFpEF are limit-

ed and do not consistently demonstrate long-term favorable

outcomes. Currently, the natural history of HFpEF is not rev-
ersible with pharmacological  interventions.  Since elevated
LAP is crucial to the pathophysiology of HFpEF, it is reason-
able to mechanically decrease the LAP via interatrial device
placement, with both IASD and V-wave devices.

Accumulating evidence from several trials have reported
that device implantation reduced HF hospitalization rates as
well as improved symptoms, quality of life, and functional
capacity  with  excellent  safety.  It  is  important  to  keep  in
mind that  the  primary  objectives  of  these  trials  have  been
proof-of-concept and safety, and larger randomized studies
assessing the benefit of these therapies are underway. Until
the results from these studies are published, this modality of
treatment is unlikely to become widespread. At the time of
this article, there are no societal recommendations regarding
specific indications to implant these devices, and the selec-
tion of  patients  for  this  therapy should likely only be per-
formed within a clinical trial protocol.
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