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For symptomatic patients with haeart failure and preserved or moderately reduced ejection fraction

A shunt device to reduce left atrial 
pressure
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Introduction

Heart failure with preserved ejection fraction (HFpEF) 
is a frequent disease with a prevalence of 1.1–5.5% in the 
general population in Europe [1]. From a pathophysio-
logical point of view, symptoms and a prognosis may 
depend on lack of stroke volume reserve and/or ele-
vated pulmonary artery pressure [2, 3]. In fact, it was 
shown that left atrial pressure as a major determinant 
of pulmonary venous and pulmonary artery pressure 
correlates with symptoms and prognosis [4]. Accord-
ingly, reduction of left atrial pressure may be a promis-
ing therapeutic strategy. Consequently, devices have 
been developed to  reduce left atrial pressure through 
creation of a shunt between the left and right atria [5, 
6]. While the V-Wave device (V-Wave. Caesarea, Israel) 
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Figure 1: Interatrial shunt device (IASD). A: Device placement in the interatrial septum, arrow indicates right to left atrial blood 

flow. B: Echocardiographic image showing colour flow from the left to the right atrium. (Reproduced with permission from 

Hasenfuss et al. 2016 [5]).

has been studied in a small number of patients with 
HFrEF (heart failure with reduced ejection fraction), 
the Corvia-device (IASD, Corvia Medical Inc., Tewks-
bury, MA, USA) has been evaluated in a larger number 
of patients with  HFpEF and HFmrEF (heart failure with 
mid-range ejection fraction). 

Findings

In the REDUCE LAP-HF-Trial, the IASD was studied in 
64 patients with HFpEF and HFmrEF in a multicentre, 
open-label, single-arm, phase I trial [5]. Patients were 
included if they had evidence of functional class II, III 
or IV heart failure, an ejection fraction ≥40% and a 
pulmonary capillary wedge pressure (PCWP) ≥15 mm 
Hg at rest or ≥25 mm Hg during  supine bike exercise. 
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Reducing pulmonary artery pressure with the IASD may be a new therapeutic 
 option to treat symptomatic heart failure patients with preserved or moderately 
reduced ejection fraction.
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As a prerequisite for a left atrial to right atrial pressure 
gradient on the one hand, and to exclude right ven-
tricular failure on the other, central venous pressure 
(CVP) had to be lower than 14 mm Hg, and tricuspid an-
nular plain systolic excursion (TAPSE) had to be above 
14 mm. 
Patients had an average age of 69 years, 66% were fe-
male, 72% were in New York Heart Association class III, 
81% suffered from hypertension and 33% from diabe-
tes. Patients underwent right heart catheterisation at 
rest and during supine bicycle exercise, both at base-
line and 6 months after device implantation. The lat-
ter was performed percutaneously via the femoral 
vein, and the device was positioned using a transsep-
tal puncture of the  interatrial septum. IASD place-
ment was successful in 64/66 patients. In two patients, 
implantation of the device was abandoned without 
any further consequences for the patients. 
No patient had a major adverse cardiac or cerebrovas-
cular event or a need for cardiac surgical intervention 
for a device-related complication during 6 months of 
follow-up. Accordingly, no patient met the primary 
safety endpoint. The IASD resulted in a pulmonary to 
systemic flow ratio (Qp/Qs) of 1.27 at 6 months as 
 compared to 1.06 at baseline (p = 0.0004). All patients 
with adequate echocardiographic image quality at 6 
months (n = 50) had evidence of left to right flow 
through the device on colour flow Doppler echocardi-
ography without any right to left flow (fig. 1). 
Exercise haemodynamic measurements before device 
implantation showed significant rises in PCWP from 
17 ± 5 to 35 ± 8 mm Hg, and in RA from 9 ± 4 to 11 ± 5 
mm  Hg from rest to peak exercise. The shunt driving 

pressure (PCWP−CVP) increased from rest to exercise 
from 8 ± 4 to 17 ± 8 mm Hg. The mean exercise time be-
fore device implantation was 7.3 ± 3.1 min at a work load 
of 43 ± 18 W. 
Exercise time increased to 8.2 min ± 3.4 (p = 0.0275) and 
work load increased to 49 ± 20 W at 6 months after IASD 
implantation. These favourable changes were associated 
with a reduction of peak exercise PCWP from 34 ± 8 to 32 
± 8 mm Hg (p = 0.00255) (fig. 2). The reduction in PCWP 
should be interpreted relative to the increased exercise 
duration at a higher work load. Consequently, workload- 
and weight- normalised PCWP (PCWP/W/kg) may most 
appropriately assess the impact of IASD on exercise 
 performance. Workload- and weight-normalised PCWP 
at peak exercise was reduced from 84 ± 45 to 69 ± 40 
mm Hg/W/kg (p = 0.0001). 
At 6 months, resting right atrial pressure had increased 
slightly compared with baseline, from 9 ± 4 to 11 ± 5 
mm Hg (p = 0.0270). Pulmonary vascular resistance was 
unchanged. Right ventricular diastolic volume index in-
creased from 22 ± 9 to 27 ± 11 ml/m² (p <0.0001) and right 
atrial volume index increased from 35 ± 17 to 40 ± 22 ml/
m² (p <0.0145). Left ventricular diastolic volume index 
decreased from 68 ± 13 to 62 ± 17 ml/m² (p = 0.0004), and 
left atrial volume index did not significantly change. 
TAPSE was not influenced by the IASD (20 ± 4 mm before 
and after implantation of the device).
The favourable haemodynamic effects of IASD observed 
in the open-label single-arm study were confirmed in a 
double blind randomised sham-controlled trial (RE-
DUCE LAP-HF I Trial). The inclusion criteria  were simi-
lare to those of the REDUCE LAP-HF-Trial. Twenty-two 
patients were randomised to IASD implantation and 22 

Figure 2: Haemodynamic effects of an interatrial shunt device (IASD) before and 6 months after implantation. 

Left:  pulmonary capillary wedge pressure (PCWP) at peak exercise. Right: workload- and weight-normalised PCWP. 

(Reproduced with permission from Hasenfuss et al. 2016 [5].)
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to a control sham procedure. The latter included femo-
ral venous access with intracardiac echocardiography, 
but no IASD placement. Haemodynamics during rest 
and exercise at baseline and at 1 month after randomisa-
tion were compared. There were no periprocedural or 
1-month major adverse cardiovascular, cerebrovascular 
and renal events in the IASD group. The primary perfor-
mance endpoint, exercise PCWP at 1 month, decreased 
significantly in the IASD-treated group compared with 
the sham control group. The secondary endpoints − ex-
ercise duration, peak exercise workload, and workload- 
and weight-corrected PCWP − all improved in the IASD 
treatment group compared with the control group, al-
though the differences did not achieve statistical signifi-
cance as the trial was not powered to demonstrate effec-
tiveness in these endpoints [7].
Favourable haemodynamic changes with the IASD ex-
plain the symptomatic and functional improvement of 
the patients after 6 and 12 months of follow-up [8]. Pa-
tients in the REDUCE LAP-HF-Trial showed significant 
improvements in NYHA functional class, Minnesota liv-
ing with heart failure questionnaire and 6-minute walk 
distance. The latter was 313 ± 105 m at baseline, 345 ± 106 
m at 6 months and 363 ± 93 m at 12 months (fig. 3).
Haemodynamic findings at 12 months in a subset of 
patients were comparable to those at 6 months with a 

persisting improvement in workload- and weight-nor-
malised PCWP (fig. 3). Importantly, there was no 
haemodynamic or echocardiographic evidence of 
shunt-induced pulmonary hypertension or right ven-
tricular failure.

Discussion

The studies show that the IASD is safe, reduces PCWP 
and functions properly through 12 months of follow-
up. The persistent left to right shunt reduces exercise 
PCWP without any adverse effects on right heart func-
tion and pulmonary circulation. Beneficial haemody-
namic effects are associated with symptomatic and 
functional improvement of patients with HFpEF and 
HFmrEF.
The data available from the IASD studies support the hy-
pothesis that elevated left atrial pressure (as indicated 
by PCWP) inducing post-capillary pulmonary hyperten-
sion significantly contributes to the symptoms of pa-
tients with “diastolic heart failure” and that reducing 
left atrial pressure may represent a new therapeutic ap-
proach in these patients. This conclusion is consistent 
with previous work indicating that pulmonary artery 
pressure is of key pathophysiological relevance in pa-
tients with HFpEF [9]. Moreover, there is considerable 
evidence that pulmonary artery pressures are predic-
tors of mortality in these patients [4, 10].
Pulmonary artery pressure can be reduced by vasodi-
lators and diuretics, and it has been shown that medi-
cal therapy guided by pressure monitoring reduces 
heart failure hospitalisation, whereas no other thera-
peutic approach (with the exception of exercise train-
ing) has yet shown to be effective in this group of pa-
tients [9]. These data, together with the available date 
from the IASD creates much enthusiasm that reducing 
pulmonary artery pressure by a persistent shunt may 
be a new therapeutic option in patients with HFpEF 
and HFmrEF, and perhaps also in HFrEF.
The IASD approach critically depends on the left to 
right pressure gradient to drive the shunt and the size 
of the hole in the atrial septum. As an inclusion crite-
rion in the IASD studies, PCWP had to be above 
15 mm  Hg, and CVP below 14 mm Hg. These inclusion 
criteria resulted in an average PCWP−CVP difference of 
8 mm Hg at rest and 17 mm Hg at peak exercise. The 
ISAD device creates a septal defect of 8 mm cross-sec-
tion, which in turn results in a Qp/Qs of 1.27. This com-
munication appears to be large enough for continuous 
shunting and long-term patency without any evidence 
of paradoxical embolisation. Moreover, in these pa-
tients without right heart failure before device implan-
tation (TAPSE >14 mm) the shunt did not result in 

Figure 3: Symptomatic and functional improvement after intra-atrial shunt device 

(IASD over 12 months). A: NYHA class = New York Heart Association Functional Class; 

B:  MLWHF score = Minnesota Living With Heart Failure Questionnaire; 

C: 6MWD = 6-minute walking distance; D: Work-normalised PCWP at peak exercise = 

work- and weight-normalised pulmonary capillary wedge pressure at peak exercise. 

 (Reproduced with permission from Kaye et al. 2016 [8].)
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 impaired right ventricular function or increased pul-
monary vascular resistance. The latter is consistent 
with previous recommendations that an atrial septal 
defect needs no therapeutic closure below a Qp/Qs 
of 1.5.
Finally, the haemodynamic findings support previous 
recommendations that HFpEF (or HFmrEF) may re-
quire haemodynamic testing during exercise [2, 11]. In 
all IASD-studies, 30% of patients would not have met 
the inclusion criteria at rest, but showed clearly ele-
vated pulmonary artery pressures during exercise. 
In conclusion, reducing pulmonary artery pressure 
with the IASD may be a new therapeutic option to treat 
symptomatic HFpEF and HFmrEF patients.
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