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Zusammenfassung des wissenschaftlichen Inhalts 
(Gerd Hasenfuß) 
 

B Diastolische Herzinsuffizienz oder Herzinsuffizienz mit erhaltener Ejektionsfraktion ist mit 

einer Häufigkeit von etwa 1 % in der deutschen Bevölkerung von hoher, klinischer und 

sozioökonomischer Relevanz. Die Pathophysiologie der diastolischen Herzinsuffizienz ist 

komplex. Eine Schlüsselstellung nimmt jedoch der erhöhte Druck im linken Vorhof 

(linksatrialer Druck) insbesondere unter Belastung ein. Hierdurch entsteht eine 

Lungenstauung, die für Symptomatik und Prognose von Bedeutung ist. In der in Lancet 

publizierten Studie "REDUCE LAP-HF" wurde die Sicherheit und Relevanz einer neuen 

Prozedur zur Senkung des linken Vorhofdrucks untersucht. Die Studie wurde von G. 

Hasenfuß, Göttingen, koordiniert. An der Studie nahmen 64 Patienten mit einer deutlichen 

diastolischen Herzschwäche teil. Für die diastolische Herzinsuffizienz gibt es bisher keine 

etablierte Therapieform. Bei den Patienten wurde mit Hilfe eines Herzkatheters ein 

Verbindungskanal zwischen linkem und rechtem Vorhof hergestellt und durch eine 

implantierte Spange offengehalten. Dadurch fällt der erhöhte Druck im linken Vorhof ab. Die 

Nachbeobachtungszeit der Patienten betrug 6 Monate. Die Studie konnte zeigen, dass das 

neue Katheterverfahren sicher ist. In den ersten 6 Monaten nach Einsetzen der Spange sind 

bei den so versorgten Patienten der Studie keinerlei ernsthaften Komplikationen aufgetreten. 

Weiter konnte gezeigt werden, dass die Shuntverbindung langfristig bestehen bleibt und 

tatsächlich zu einer Drucksenkung im linken Vorhof führt. Die Betroffenen hatten weniger 

Beschwerden, konnten eine längere Gehstrecke zurücklegen und sich besser belasten. Die 

Studie bestätigt einerseits die Hypothese, dass der erhöhte linke Vorhofdruck für die 

Symptomatik der Patienten mit diastolischer Herzinsuffizienz bedeutungsvoll ist. Die Studie 

weist andererseits darauf hin, dass durch das neue Katheterverfahren und die Implantation 



einer Spange zur Aufrechterhaltung eines Shunts vom linken in den rechten Vorhof eine 

neue Behandlungsmöglichkeit zur Therapie der diastolischen Herzinsuffizienz zur Verfügung 

stehen könnte. Größere Studien mit Vergleichskollektiven werden durchgeführt. 
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A transcatheter intracardiac shunt device for heart failure 
with preserved ejection fraction (REDUCE LAP-HF): 
a multicentre, open-label, single-arm, phase 1 trial
Gerd Hasenfuß, Chris Hayward, Dan Burkhoff , Frank E Silvestry, Scott McKenzie, Finn Gustafsson, Filip Malek, Jan Van der Heyden, Irene Lang, 
Mark C Petrie, John G F Cleland, Martin Leon, David M Kaye, on behalf of the REDUCE LAP-HF study investigators*

Summary
Background Heart failure with preserved ejection fraction (HFPEF) is a common, globally recognised, form of heart 
failure for which no treatment has yet been shown to improve symptoms or prognosis. The pathophysiology of 
HFPEF is complex but characterised by increased left atrial pressure, especially during exertion, which might be a key 
therapeutic target. The rationale for the present study was that a mechanical approach to reducing left atrial pressure 
might be eff ective in HFPEF.

Methods The REDUCe Elevated Left Atrial Pressure in Patients with Heart Failure (REDUCE LAP-HF) study was an 
open-label, single-arm, phase 1 study designed to assess the performance and safety of a transcatheter interatrial 
shunt device (IASD, Corvia Medical, Tewkesbury, MA, USA) in patients older than 40 years of age with symptoms of 
HFPEF despite pharmacological therapy, left ventricular ejection fraction higher than 40%, and a raised pulmonary 
capillary wedge pressure at rest (>15 mm Hg) or during exercise (>25 mm Hg). The study was done at 21 centres (all 
departments of cardiology in the UK, Netherlands, Belgium, France, Germany, Austria, Denmark, Australia, and 
New Zealand). The co-primary endpoints were the safety and performance of the IASD at 6 months, together with 
measures of clinical effi  cacy, including functional capacity and clinical status, analysed per protocol. This study is 
registered with ClinicalTrials.gov, number NCT01913613.

Findings Between Feb 8, 2014, and June 10, 2015, 68 eligible patients were entered into the study. IASD placement was 
successful in 64 patients and seemed to be safe and well tolerated; no patient had a peri-procedural or major adverse 
cardiac or cerebrovascular event or need for cardiac surgical intervention for device-related complications during 
6 months of follow-up. At 6 months, 31 (52%) of 60 patients had a reduction in pulmonary capillary wedge pressure 
at rest, 34 (58%) of 59 had a lower pulmonary capillary wedge pressure during exertion, and 23 (39%) of 59 fulfi lled 
both these criteria. Mean exercise pulmonary capillary wedge pressure was lower at 6 months than at baseline, both 
at 20 watts workload (mean 32 mm Hg [SD 8] at baseline vs 29 mm Hg [9] at 6 months, p=0·0124) and at peak exercise 
(34 mm Hg [8] vs 32 [8], p=0·0255), despite increased mean exercise duration (baseline vs 6 months: 7·3 min [SD 3·1] 
vs 8·2 min [3·4], p=0·03). Sustained device patency at 6 months was confi rmed by left-to-right shunting (pulmonary/
systemic fl ow ratio: 1·06 [SD 0·32] at baseline vs 1·27 [0·20] at 6 months, p=0·0004).

Interpretation Implantation of an interatrial shunt device is feasible, seems to be safe, reduces left atrial pressure 
during exercise, and could be a new strategy for the management of HFPEF. The eff ectiveness of IASD compared 
with existing treatment for patients with HFPEF requires validation in a randomised controlled trial.

Funding Corvia Medical Inc.

Introduction
Many patients with symptoms of heart failure do not 
have evidence of reduced left ventricular systolic 
function—a syndrome that has been termed heart 
failure with preserved ejection fraction (HFPEF)1,2 to 
distinguish it from those with heart failure and a reduced 
ejection fraction (HFREF). Epidemiological studies 
suggest that the incidence of HFPEF is rising 
worldwide,3,4 although whether this increase is mainly 
attributable to improved recognition, an ageing 
population, or increases in the prevalence of comorbid 
diseases such as hypertension, chronic kidney disease, 
and diabetes, is unclear. Each of these factors probably 
contributes to the increase.

Although pharmacological treatment has improved 
symptoms and reduced morbidity and mortality for 
patients with HFREF, discovery of an eff ective treatment 
for patients with the disorder has proved elusive.5–10 The 
hallmark of HFPEF is eff ort intolerance, which is 
associated with a profound and rapid increase in left atrial 
pressure during exercise indicating impaired left 
ventricular diastolic reserve,11,12 with consequent pulmonary 
congestion. This disproportionate rise in left atrial pressure 
is thought to provoke symptoms and contribute to 
increased morbidity and mortality in HFPEF.13

In 1916, Lutembacher14 described the combination of 
mitral stenosis, which mimics some of the pathophysiology 
of HFPEF, and an atrial septal defect. Patients with 
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Lutembacher’s syndrome might have fewer symptoms and 
better outcomes than those with pure mitral stenosis, and 
closure of their atrial septal defect can trigger a rise in 
pulmonary artery pressure and pulmonary oedema in 
some patients. An iatrogenic left-to-right atrial shunt is 
therefore a potentially attractive intervention that might 
have therapeutic value. Haemodynamic modelling based 
on clinical measurements suggests that an appropriately 
sized iatrogenic atrial septal defect could attenuate exercise-
induced increases in left atrial pressure in patients with 
HFPEF.15 We postulated that a novel device-based therapy 
targeting a common pathophysiological feature of HFPEF 
might succeed where pharmacological therapies have 
failed. The REDUCe Elevated Left Atrial Pressure in 
Patients with Heart Failure (REDUCE LAP-HF) study was 
designed to assess the device performance and safety of a 
transcatheter, transvenous interatrial shunt device in 
symptomatic patients with HFPEF.

Methods
Study design and participants
The REDUCE LAP-HF study was a multicentre, 
prospective, non-randomised, open-label, single-arm 
study designed to investigate the safety and performance 
of a transcatheter, transvenous interatrial shunt device 
(IASD system II, Corvia Medical Inc [Tewkesbury, MA, 
USA]; fi gure 1). The study design has been described in 
detail elsewhere.16

Patients with known HFPEF enrolled from hospital 
outpatient departments or via referring physicians were 
eligible for study inclusion if they were adults (aged 
>40 years) and had evidence of chronic symptomatic 
heart failure (New York Heart Association [NYHA] 
functional class II–IV), a left ventricular ejection fraction 

higher than 40%, and an increased pulmonary capillary 
wedge pressure at rest (>15 mm Hg) or during exercise 
(>25 mm Hg) measured by right heart catheterisation. 
Patients with substantial right ventricular dysfunction 
including a central venous pressure higher than 
14 mm Hg and tricuspid annular plane systolic excursion 
below 14 mm were excluded. Other key exclusion criteria 
included recent (<3 months) myocardial infarction, 
coronary artery bypass graft, or percutaneous coronary 
intervention; non-ambulatory NYHA IV heart failure; 
infi ltrative or hypertrophic cardiomyopathy; and 
moderate or greater aortic stenosis or mitral regurgitation.

The study protocol was approved by the ethics 
committee at each institution and competent country-
specifi c regulatory authorities. All patients gave written 
informed consent.

Procedures
All enrolled patients underwent right heart catheterisation 
with assessment of cardiac output and central 
haemodynamics (right atrial pressure, pulmonary artery 
pressure, and pulmonary capillary wedge pressure) at 
rest and during supine bicycle exercise, both at baseline 
(during a separate screening assessment) and 6 months 
after device implantation. Following baseline haemo-
dynamic measurements, symptom-limited supine 
bicycle exercise commenced at 20 watts (W) with 20-W 
increments every 3 min until the patient achieved 
maximum eff ort (as defi ned by symptom limiting 
dyspnoea or fatigue). Blood samples were collected from 
the pulmonary artery and vena cavae at baseline and at 
6 months’ follow-up to measure oxygen saturation and to 
assess left-to-right shunting as indicated by the 
pulmonary to systemic blood fl ow ratio.

Research in context

Systematic review
We did a search of publicly available sources including PubMed, 
learned body guidelines (including those published by the 
American Heart Association, American College of Cardiology, 
and European Society of Cardiology), and the Cochrane Library 
using the search terms “diastolic heart failure”, “heart failure 
with preserved ejection fraction”, and “clinical trials” on Dec 22, 
2015. We regarded multicentre, randomised controlled trials as 
clinically important. We identifi ed a series of studies that 
focused on the role of angiotensin-converting enzyme 
inhibitors, angiotensin receptor blockers, and mineralocorticoid 
receptor antagonists in patients with heart failure with 
preserved ejection fraction (HFPEF). We also identifi ed a large 
number of ongoing studies, which is consistent with the 
substantial unmet clinical need represented by HFPEF. 

Added value of this study
The REDUCe Elevated Left Atrial Pressure in Patients with 
Heart Failure (REDUCE LAP-HF) study was the fi rst large-scale 

trial designed to systematically investigate the eff ect of 
placement of an interatrial shunt device (IASD) to decompress 
the left atrium in patients with HFPEF. Following placement of 
the shunt, patients had improved quality of life, did better on 
the 6-min walk test, and had a reduction in exercise 
pulmonary capillary wedge pressure.

Implications of all the available evidence
Previous evidence highlights the key role of raised left atrial 
pressure, especially during exertion, as a key 
pathophysiological feature in patients with HFPEF. This study 
reports the eff ect of a purpose-designed device (IASD) placed 
in the interatrial septum intended to reduce left atrial 
pressure. The demonstration of a benefi cial eff ect of the IASD 
provides further support for the notion that increased left 
atrial pressure is the fundamental abnormality in patients 
with HFPEF and that a mechanical approach to reduce left 
atrial pressure is feasible. 
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Device insertion was done within 45 days of screening. 
Implantation was performed percutaneously via the 
femoral vein on a separate occasion to the screening.17 
Standard trans-septal puncture of the interatrial septum 
was done using the operator’s preferred technique, 
including fl uoroscopy and transoesophageal or intra-
cardiac echocardiography, and the device was positioned 
through the use of an over-the-wire technique. Patients 
not taking oral anticoagulants were treated with aspirin 
(75–325 mg daily) indefi nitely, and clopidogrel 
(75 mg daily) for 6 months. Patients treated with oral anti-
coagulants continued on their existing oral anticoagulants 
after the procedure. Endocarditis prophylaxis was advised 
for a minimum of 6 months post-implantation.

Outcomes
The primary objectives of the study were to assess device 
performance and safety. The primary device performance 
endpoints were defi ned as the proportion of patients with 
successful device implantation, the percentage of patients 
with a reduction in pulmonary capillary wedge pressure at 
6 months either at rest or during exercise compared with 
baseline, and the presence of persistent left-to-right trans-
device blood fl ow at 6 months. The primary safety 
endpoints were peri-procedural and 6-month major 
adverse cardiac and cerebrovascular events, defi ned as 
death, stroke, myocardial infarction, or a systemic embolic 
event (excluding pulmonary thromboembolism), or need 
for cardiac surgical device removal within 6 months. 
Echocardiograms done at the implanting site per protocol 
were analysed at an independent core laboratory at the 
University of  Pennsylvania (PA, USA). Haemodynamic 
traces were analysed at an independent core laboratory 
(PVLoops LLC, NY, USA). Secondary outcomes included 
the incidence of major adverse events, admission to 
hospital for heart failure during the entire study, and 
changes in echocardiographic parameters, functional 
capacity (6-min walk test), natriuretic peptides, and quality-
of-life assessments (the Minnesota Living with Heart 
Failure [MLWHF] questionnaire).

Statistical analysis
The study sample size was calculated as that needed to 
show a device and procedure safety profi le similar to 
other procedures.16 Normally distributed data are 
presented as mean (SD) and non-parametric data as 
median (IQR). We used a paired t test or Wilcoxon 
matched pairs sign-rank test as appropriate to compare 
follow-up data versus baseline data. The null hypothesis 
was rejected at p<0·05.

This study is registered with ClinicalTrials.gov, number 
NCT01913613.

Role of the funding source
The study was funded by Corvia Medical Inc. Data 
collection and analysis was done by Medpass International 
Limited (Windsor House, UK). Interpretation of the results 

Figure 1: Interatrial shunt device
(A) Diagram of interatrial shunt device allowing communication between the left and right atria. 
(B) Echocardiographic image showing Doppler colour fl ow from the left to right atrium.

A B

Left atrium

Left atrium

Right atrium

Right atrium

All patients 
(n=64)

Age, years 69 (8)

Sex

Men 22

Women 42

NYHA functional class

II 18

III 46

IV 0

Body-mass index, kg/m² 33 (6)

eGFR, mL/min per 1·73m² 62 (21)

Haemoglobin, g/L 133 (5)

Comorbidities

Diabetes 21 (33%)

Hypertension 52 (81%)

Atrial fi brillation 23 (36%)

Coronary artery disease 23 (36%)

Echocardiography

Left ventricular end diastolic volume index, mL/m² 68 (13)

Left ventricular ejection fraction, % 47 (7)

Left ventricular mass index, g/m² 119 (36)

Left arterial diastolic volume index, mL/m² 34 (17)

Right ventricle diastolic volume index, mL/m² 22 (9)

Right artery volume index, mL/m² 35 (17)

E/A ratio 1·3 (0·8)

E/e’ ratio 13·9 (5·9)

TAPSE, mm 20 (4)

NT-proBNP, pg/mL 377 (222–925)

Resting haemodynamics

Mean right arterial pressure, mm Hg 9 (4)

Mean pulmonary arterial pressure, mm Hg 25 (7)

Mean pulmonary capillary wedge pressure, mm Hg 17 (5)

Cardiac output, L/min 5·5 (1·6)

Data are mean (SD), n (%), or median (IQR). NYHA=New York Heart Association. 
eGFR=estimated glomerular fi ltration rate. E/A ratio=ratio of early (E) to late (A) 
ventricular fi lling velocities. E/e’ ratio=ratio of mitral peak velocity of early fi lling (E) 
to early diastolic mitral annular velocity (e’). TAPSE=tricuspid annular plane systolic 
excursion. NT-proBNP=N-terminal pro b-type natriuretic peptide.

Table 1: Baseline characteristics
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and preparation of the report was the responsibility of the 
steering committee (GH, MCP, JGFC, ML, and DMK). 
Corvia had no role in the collection, analysis, interpretation 
of data, or the decision to submit for publication. All study 
authors contributed to data collection and analysis, 
reviewed the report, read and approved the fi nal version, 
and endorsed its submission for publication.

Results
Between Feb 8, 2014, and June 10, 2015, 102 patients were 
enrolled from 21 centres, of whom 68 met the inclusion 
and exclusion criteria. The most common reasons for 
exclusion were failure to meet the haemodynamic 
inclusion criteria (pulmonary capillary wedge pressure 
too low in 22 patients, and central venous pressure too 
high in three patients). One patient was excluded for 
each of the following reasons: left ventricular ejection 
fraction below 40%, cardiac index lower than 
2·0 L per min/m², renal impairment, cerebrovascular 
disease, tricuspid regur gitation, mitral regurgitation, 
coronary disease, raised pulmonary vascular resistance, 
and pneumonia. Two patients withdrew after enrolment 
(personal preference). Of the remaining 66 patients, 
implantation of the IASD system was abandoned in two 
(in one patient because of a trans-septal puncture 
complication without further sequelae, and in another 
because of perceived unsuitable atrial septal anatomy) 
and was successful in 64 patients. Table 1 shows the 
baseline demographics of patients who received the 
implanted device. Consistent with the HFPEF phenotype, 
the mean pulmonary capillary wedge pressure increased 
during exercise from 17 mm Hg (SD 5) to 35 mm Hg 
(SD 8; p<0·0001), the mean pulmonary pressure rose 
from 25 mm Hg (SD 7) to 44 mm Hg (SD 9; p<0·0001), 
and the mean right atrial pressure increased from 
9 mm Hg (SD 4) to 18 mm Hg (SD 5; p<0·0001). The 
mean cardiac output rose from 5·6 L/min (SD 1·6) to 
8·4 L/min (SD 2·7; p<0·0001). The mean exercise time 
during haemodynamic testing was 7·3 min (SD 3·1) at a 
mean workload of 43 W (SD 18).

No patient had a peri-procedural or major adverse 
cardiac or cerebrovascular event, including death, stroke, 
myocardial infarction, pulmonary or systemic embolism, 
or need for cardiac surgical intervention for device-related 
complications, during 6 months of follow-up. One 
patient declined a fi nal clinical follow-up because of 
non-cardiovascular illness.

In three patients the initial device was removed because 
of unsuitable position (n=2) or a suspected small mobile 
thrombus in the right atrium (n=1); however, a second 
device was deployed in all three patients without incident. 
60 patients underwent right heart catheterisation for 
haemodynamic assessment at 6 months, and exercise 
haemodynamic responses were analysed in 59 patients. 
At 6 months’ follow-up, 42 (71%) of 59 patients met the 
primary device performance endpoint defi nition of a 
reduction in pulmonary capillary wedge pressure either 

at rest or during exertion compared with their baseline 
values. 31 (52%) of 60 patients had a reduction in 
pulmonary capillary wedge pressure at rest, 34 (58%) of 
59 had a lower pulmonary capillary wedge pressure 
during exertion, and 23 (39%) of 59 fulfi lled both these 
criteria. All patients with adequate echocardiographic 
image quality (n=50) had evidence of left-to-right fl ow 
through the device by colour fl ow Doppler fl ow at 
6 months. Right-to-left fl ow by colour fl ow Doppler was 
not observed.

By 6 months, median NYHA functional class had 
improved from III (IQR II–III) to II (II–III; p<0·0001), 
mean MLWHF score from 49 (SD 20) to 36 (SD 23; 
p<0·0001), mean 6-min walk distance from 313 m 
(SD 105) to 345 m (SD 106; p=0·0023) and supine exercise 
duration at the time of right heart catheterisation from 
7·3 min (SD 3·1) to 8·2 min (SD 3·4; p=0·0275) 
(fi gure 2).

At the 6-month follow-up assessment, we recorded a 
modest but statistically signifi cant increase in cardiac 
output at rest measured by thermodilution, which is 
consistent with increased right-sided cardiac output due 
to the interatrial shunt (fi gure 3). Oximetry was used to 
estimate left ventricular forward cardiac output at rest, 
which showed no change from baseline to follow-up 
(4·6 L/min [SD 1·2] at baseline vs 4·8 L/min [1·3] at 
6 months’ follow-up; p=0·43). The augmentation in 
thermodilution right-sided cardiac output during 
exercise was similar at baseline (5·5 L/min [SD 1·6] at 
rest vs 8·7 L/min [2·6] during exercise; p<0·0001) and at 

Figure 2: Symptomatic and functional state at baseline and follow-up
(A) NYHA functional class. (B) MLWHF score. (C) 6MWT distance. (D) Exercise time during right heart 
catheterisation. Error bars are SDs. NYHA=New York Heart Association. MLWHF=Minnesota Living with Heart 
Failure. 6MWT=6-min walk test.
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6 months (6·7 L/min [SD 1·5] at rest vs 10·2 L/min [2·7] 
during exercise; p<0·0001). At 6 months, the resting 
mean pulmonary capillary wedge pressure (17 mm Hg 
[SD 7]) was similar to that at baseline (17 mm Hg [5]; 
p=0·24), whereas exercise pulmonary capillary wedge 
pressure decreased at 6 months, both at 20 W workload 
(32 mm Hg [SD 8] at baseline vs 29 mm Hg [9] at 
6 months, p=0·0124) and at peak exercise (34 mm Hg 
[SD 8] vs 32 mm Hg [8], p=0·0255; fi gure 3). At peak 
exertion, pulmonary capillary wedge pressure normalised 
for workload was lower at follow-up (69 mm Hg/W/kg 
[SD 40]) than at baseline (84 mm Hg/W/kg [45]; 
p=0·0001). Pulmonary vascular resistance did not change 
between baseline and 6 months (table 2). Right atrial 
pressure was higher at follow-up than at baseline. The 
gradient between pulmonary capillary wedge pressure 
and right atrial pressure decreased from baseline to 
6 months’ follow-up, both at rest and at peak exercise 
(table 2). Consistent with the echocardiographic 
assessment of device patency, measurement of oxygen 
saturation during cardiac catheterisation confi rmed a 
rise in pulmonary arterial oxygen saturation, with a left-
to-right shunt (as shown by an increase in pulmonary/
systemic fl ow from baseline to 6 months; table 2).

Echocardiographic assessment showed small changes 
in chamber volumes at follow-up compared with baseline 
(table 2). The mean left ventricular diastolic volume 
index decreased from baseline to 6 months, whereas the 
right ventricular end-diastolic volume index increased. 
The right atrial volume index increased from baseline to 
6-month follow-up, whereas the left atrial volume index 
was unchanged. Tricuspid annular plane systolic 
excursion was also unchanged from baseline to follow-up 
(table 2). 

Compared with baseline, a small reduction in mean 
bodyweight was recorded at 6 months (from 
90·1 kg [SD 18·3] at baseline to 88·4 kg [18·6] at 
6 months; p=0·008). Neither N-terminal pro b-type 
natriuretic peptide level (median 377 pg/mL 
[IQR 222–925] at baseline vs 382 pg/mL [170–1075] at 
6 months) nor mean estimated glomerular fi ltration rate 
(62 mL/min/m² [SD 21] at baseline vs 61 mL/min/m² [20] 
at 6 months) changed during the study. In the 6 months 
before trial participation, 13 (20%) of 64 of patients had 
to be admitted to hospital for heart failure, compared 
with nine (14%) of 63 in the 6 months following 
enrolment. The median dose of orally administered 
furosemide at baseline was 40 mg per day (IQR 0–80). At 
6 months, the median dose was 40 mg per day 
(IQR 0–110); however, this diff erence between baseline 
and 6 months was signifi cant (according to paired sign-
rank test, p=0·0176). The median diff erence in 
furosemide dose between 6 months and baseline was 
0 mg (IQR 0–15 mg/day), and only eleven patients had 
an increase in their diuretic dose. Because the diff erence 
was small, a change in dose was unlikely to have 
accounted for the recorded eff ects.

Figure 3: Cardiac output and PCWP at rest and exercise at baseline and 6-month follow-up
PCWP normalised to workload is also presented. Error bars are SDs. PCWP=pulmonary capillary wedge pressure.
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Baseline 6-month follow-up p value

Pulmonary vascular resistance, Wood units 1·3 (0·3) 1·1 (0·2) 0·36

Right atrial pressure, mm Hg 9 (4) 11 (5) 0·0270

Gradient between PCWP and right atrial 
pressure at rest, mm Hg

8 (4) 6 (4) <0·0001

Gradient between PCWP and right atrial 
pressure at peak exercise, mm Hg

17 (8) 12 (6) 0·0002

Oxygen saturation, % 69 (6) 75 (5) <0·0001

Pulmonary:systemic fl ow ratio 1·06 (0·32) 1·27 (0·20) 0·0004

Left ventricular diastolic volume index, mL/m² 68 (13) 62 (17) 0·0004

Right ventricular diastolic volume index, mL/m² 22 (9) 27 (11) <0·0001

Right atrial volume index, mL/m² 35 (17) 40 (22) 0·0145

Left atrial volume index, mL/m² 34 (17) 35 (22) 0·82

Tricuspid annular plane systolic excursion, mm 20 (4) 20 (4) 0·97

Data are mean (SD). PCWP=pulmonary capillary wedge pressure.

Table 2: Changes in cardiovascular parameters from baseline to 6 months
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Discussion
In this open-label study of a novel transcatheter interatrial 
shunt device, which was developed for the management 
of patients with HFPEF, we recorded reductions in left 
atrial pressure during exercise with improvements in 
functional capacity and quality of life 6 months after 
implantation. The procedure was well tolerated, and 
echocardiographic and oximetric studies showed the 
presence of continuing device patency and left-to-right 
shunting at 6 months.

HFPEF is characterised by complex cardiovascular 
pathophysiology. Originally, attention focused on the role 
of diastolic dysfunction11,12 as a cause of a rapid rise in left 
ventricular diastolic and left atrial pressure during 
exertion. The underlying myocardial biology of HFPEF is 
controversial. It has been ascribed to myocardial 
fi brosis,18 myocyte hypertrophy, and changed post-
translation modifi cation of myocardial proteins such as 
titin.19,20 Many other factors contribute to the clinical 
profi le of patients with HFPEF, including hypertension,4,6 
myocardial and systemic microvascular dysfunction,21,22 
and left ventricular long-axis systolic dysfunction,23 in 
addition to extra-cardiac comorbidities such as renal 
insuffi  ciency,24 anaemia, obesity, and sleep apnoea.25

So far, pharmacological management of HFPEF has 
not reduced morbidity and mortality. Even the eff ect of 
pharmacological therapy on symptoms or exercise 
capacity is uncertain. Therapeutic failure could be 
attributable to both diagnostic uncertainty and the 
complexity of the disorder. The identifi cation of a 
homogeneous patient population with HFPEF has also 
been challenging.26 In the present study, we used 
invasive haemodynamic assessment both at rest and 
during exertion to reliably identify patients with objective 
evidence of impaired diastolic reserve. The use of 
exercise pulmonary capillary wedge pressure as a study 
endpoint has only been reported once previously to 
assess the eff ectiveness of an intervention in patients 
with HFPEF,27 although this approach is clearly relevant 
in view of the dynamic nature of the physiological 
abnormality in this disorder.11,12

This study was an open-label non-randomised trial, so 
we are unable to exclude a placebo eff ect. However, 
reduction in exercise pulmonary capillary wedge 
pressure is consistent with atrial decompression and the 
reduction in left ventricular end-diastolic volume 
consistent with left ventricular decompression. Peak 
exercise pulmonary capillary wedge pressure was 
reduced after shunt implantation, despite an increase in 
exercise capacity; accordingly, pulmonary capillary 
wedge pressure normalised to workload—a 
measurement that has predicted mortality in patients 
with HFPEF13—was reduced. Left atrial decompression 
should lead to a reduction in left atrial volumes but this 
eff ect might have been attenuated by the increased 
venous return to the left atrium as a consequence of the 
shunt fl ow. Alternatively, the observation period might 

have been too short or a larger sample size might be 
needed to detect changes, especially in the setting of 
chronic atrial remodelling and atrial fi brillation. Small 
increases in right atrial pressure and volume and right 
ventricular volume were recorded, which could represent 
the eff ect of shunting itself or an increase in circulating 
volume. The latter possibility is unlikely because 
bodyweight fell during the study period. A modest 
increase in right-sided cardiac output consistent with 
volume loading was recorded, whereas left-sided output, 
as measured from oximetric observations, was 
unchanged. The long-term sequelae of modest increases 
in right ventricular output are not known and therefore 
we excluded patients with substantial right ventricular 
dysfunction.

Existing guidelines for the diagnosis of HFPEF include 
evidence of raised levels of natriuretic peptides and 
echocardiographic measures of increased fi lling 
pressures, as indicated by the mitral peak velocity of early 
fi lling (E) to early diastolic mitral annular velocity (e´) 
ratio.28 In this study, device implantation was not 
accompanied by a decrease in either of these non-
invasive measurements. This fi nding could be explained 
by the fact that these measures were taken at rest or by 
the quite modest overall reduction in fi lling pressures.

Overall, the results of this open-label non-randomised 
study show that transcatheter transvenous placement of 
an interatrial shunt device is feasible and might be 
associated with improvements in exercise haemo-
dynamics, functional capacity, and quality of life. These 
fi ndings require validation in a randomised controlled 
masked trial.
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