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Abstract

Aims We aim to assess the theoretical impact of the atrial flow regulator (AFR) on survival in heart failure.
Methods and results The prospective, multicentre, open-label, non-randomised PRELIEVE study (NCT 03030274) assessed
the safety and efficacy of the Occlutech AFR device in patients with symptomatic heart failure with reduced ejection fraction
(HFrEF) (left ventricular ejection fraction (LVEF) ≥ 15% and <40%) or heart failure with preserved ejection fraction (HFpEF)
(LVEF ≥40% and <70%) and elevated PCWP (≥15 mmHg at rest or ≥25 mmHg during exercise). In this analysis, after the first
60 patients completed 12 months of follow-up, the theoretical impact of AFR implantation on survival was assessed by com-
paring the observed mortality rate with the median predicted probability for one-year mortality. Each subject’s risk of mortal-
ity was predicted from individual baseline data using the Meta-Analysis Global Group in Chronic HF (MAGGIC) prognostic
model. A total of 87 patients (46% female, median age 69 years [IQR 62–74]) had undergone successful device implantation
for the treatment of HFrEF (53%) and HFpEF (47%). Sixty patients had a complete 12 month follow-up. The median follow-up
was 351 days (interquartile range [IQR] 202–370). Six (7%) patients died during follow-up (8.6 deaths per 100 patient-years;
95% confidence interval [CI] 2.7 to 15.5), all of which had HFrEF. The median predicted mortality rate for the overall study
population was 12.2 deaths per 100 patient-years (95% CI 10.2 to 14.7). While the observed mortality rate (0 deaths per
100 patient-years) was significantly lower than the median predicted mortality rate (9.3 deaths per 100 patient-years; 95%
CI 8.4 to 11.1) in patients with HFpEF (�9.3 deaths per 100 patient-years; 95% CI �11.1 to �8.4), there was no difference
in patients with HFrEF (�3.6 deaths per 100 patient-years; 95% CI �9.5 to 3.0). Four deaths were HF-related deaths (5.7
HF-related deaths per 100 patient-years; 95% CI 1.4 to 11.9; 10.8 HF-related deaths per 100 patient-years; 95% CI 2.5 to
23.1 in the HFrEF subgroup).
Conclusions In patients with HFpEF, the mortality rate following AFR implantation was lower than the predicted mortality
rate. Dedicated randomised, controlled trials are needed – and currently ongoing – to investigate whether the AFR improves
mortality.
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Introduction

Dyspnoea is a common symptom of chronic heart failure (HF)
patients, irrespective of left ventricular ejection fraction
(LVEF).1 Exertional dyspnoea might be caused by acute pul-
monary congestion secondary to increased left atrial and ven-
tricular filling pressures.1 Pharmacological therapy can barely
compensate for the underlying rapid volume shifts from the
capacitance vessels into the arterial circulation.2 Various
left-to-right interatrial shunt devices are under investigation
for left atrial decompression in patients with chronic HF.3 In
open-label studies, interatrial shunt device implantation was
feasible and associated with reductions in pulmonary capil-
lary wedge pressure (PCWP), improved submaximal exercise
capacity and health-related quality of life.3 Recently, in the
randomised, sham-controlled REDUCE LAP-HF II trial, the
implantation of the Corvia IASD II device did not affect the
cumulative incidence of cardiovascular death and non-fatal
stroke or HF events in patients with symptomatic HF and
an LVEF ≥40%.4 Whether these outcomes are related to the
device or the included patient population remains elusive.
The multicentre, non-randomised, open-label, single-arm
PRELIEVE study investigated a novel Atrial Flow Regulator
(AFR, Occlutech International AB, Helsingborg, Sweden)
employing an 8 mm or 10 mm interatrial shunt in patients
with HF with reduced (HFrEF) and preserved ejection fraction
(HFpEF). The implantation of the AFR was feasible and safe in
HF patients and associated with reduced PCWP at 3 months
and improved 6 min walking distance and health-related
quality of life at 1 year in certain patients.5,6 This analysis
aimed to assess the theoretical impact of AFR implantation
on mortality by comparing the observed survival rate with
the median predicted probability for one-year survival.

Methods

Study design and participants

The PRELIEVE is a multicentre, prospective, non-randomised,
open-label, single-arm pilot study assessing the safety, perfor-
mance, and efficacy of the AFR in patients with symptomatic
HFrEF and HFpEF (ClinicalTrials.gov identifier NCT03030274).
Patients were recruited at 15 sites in Germany, Turkey, and
Belgium between November 2017 and December 2020 and
were stratified according to their ejection fraction as having
HFrEF (LVEF ≥15% and <40%) or HFpEF (LVEF ≥40% and
<70%). This analysis was conducted after the first 60 patients
completed 12 months of follow-up. The study was reviewed
and approved by the local and national ethics committees.
The study was performed according to current standards. A
Data Safety Monitoring Board (DSMB) and a clinical event
committee were established. The detailed outline of the

study and results have previously been published.5,6 Patients
aged ≥18 years with symptomatic (New York Heart Associa-
tion [NYHA] functional class III or ambulatory class IV) HFrEF
(LVEF ≥15% and <40%) or HFpEF (LVEF ≥40% and <70%
and plasma level of N-terminal pro-B-type natriuretic peptide
[NT-proBNP] > 125 pg/mL) with increased left ventricular fill-
ings pressures (PCWP ≥15 mmHg at rest or ≥25 mmHg during
exercise) despite guideline-directed therapy7 were eligible for
study inclusion. Key exclusion criteria were evidence of right
HF (tricuspid annular plane excursion <14 mm or severe dila-
tation), severe pulmonary hypertension (systolic pulmonary
artery pressure >60 mmHg), renal insufficiency requiring di-
alysis, severe valve disease requiring surgery or intervention,
a large patent foramen oval or history of an atrial septal
defect or repair or closure device in place. Full inclusion
and exclusion criteria are listed in the Supporting Informa-
tion. The study was approved by local ethics committees or
institutional review boards.

Procedures

After the patients provided written informed consent, they
were consecutively enrolled. We confirmed the presence of
trial inclusion and absence of exclusion criteria and gathered
baseline information. Detailed study procedures have previ-
ously been described.5 Following right heart catheterisation,
the patients underwent balloon atrioseptostomy. Successful
balloon atrioseptostomy was required to proceed with the
AFR implantation. Patients with a PCWP >15 mmHg at rest
received a device with an 8-mm fenestration diameter, while
patients with a PCWP <15 mmHg at rest but ≥25 mmHg
during exercise received a device with a 10-mm diameter.
Patients were followed-up for 12 months (eight visits). A right
heart catheterisation was performed at 3 months. Other
follow-up procedures included echocardiography, assessment
of NYHA functional class, health-related quality of life using
the Kansas City Cardiomyopathy Questionnaire (KCCQ), 6-
min walking distance and NT-proBNP. Echocardiograms were
interpreted by a blinded independent core lab (echo coreLab
Black Forest GmbH, Bad Krozingen, Germany).

The primary safety outcome was the incidence of severe
adverse device events (SADE) 3 months post-implantation.
The secondary safety outcome was SADE incidence between
three and 12 months post-implantation. Secondary efficacy
outcomes included changes in symptoms and hemodynamic
parameters at 3, 6 and 12 months following AFR implantation.

Meta-analysis Global Group in Chronic HF
(MAGGIC) predicted survival

We calculated each patient’s 1 year predicted survival using
the Meta-analysis Global Group in Chronic HF (MAGGIC)

2560 L. Lauder et al.

ESC Heart Failure 2023; 10: 2559–2566
DOI: 10.1002/ehf2.14384

 20555822, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14384 by U

niversitaet D
es Saarlandes, W

iley O
nline L

ibrary on [12/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



prognostic model.8-10 The predicted survival was calculated
based on the patients’ individual baseline data. Moreover,
MAGGIC mortality risk scores were calculated at each
follow-up visit with updated values for LVEF, systolic blood
pressure, body mass index, creatinine, and NYHA functional
class.

Statistical analysis

Continuous variables are summarised as median (interquar-
tile ranges, IQR) or mean (standard deviation [SD]), as appro-
priate. Categorical variables are presented as numbers (%).
Cumulative survival curves were constructed using the
Kaplan–Meier method. For incidence rates, we calculated
the incidence rate per 100 person-years. The corresponding
95% confidence intervals (95% CI) were estimated using
percentile bootstrapping with 1000 bootstrap samples. The
paired difference between the observed and predicted
mortality rates based on the MAGGIC prognostic model was
calculated. The significance of the difference between the ob-
served and predicted mortality rates was established by its CI
applying a bootstrapping procedure using 1000 subsamples:
if the CI did not contain zero, significance was concluded. A
two-sided P-value <0.05 was considered statistically signifi-
cant. All statistical analyses were done using SAS version 9.4
(SAS Institute, Cary, NC, USA). The figures were prepared
using STATA version 16 (StataCorp, College Station, TX, USA)
and GraphPad Prism version 9.3.1 (GraphPad Software, San
Diego, CA, USA).

Results

A total of 87 patients had undergone successful device im-
plantation for the treatment of HFrEF (53%; 46/87) and
HFpEF (47%; 41/87). Of these, 72 patients (83%, 87% of the
patients with HFrEF, 78% of the patients with HFpEF) received
implantation of a device with an 8 mm fenestration diameter,
and 15 patients (17%, 13% of the patients with HFrEF, 22% of
the patients with HFpEF) had implantation of a device with a
10-mm fenestration diameter. Sixty patients had a complete
12 month follow-up (Figure S1). The median follow-up was
351 days (IQR 202–370). As previously reported, three pa-
tients were excluded due to transseptal puncture failure (sep-
tum >10 mm thickness and elastic septum).5 At 12 months,
shunt patency (left-to-right shunting) was confirmed using
transthoracic echocardiography in all patients with sufficient
echocardiography data (55/55 [100%]; HFrEF: 26/26 [100%];
HFpEF 29/29 [100%]). In four patients (7%, 7% of the patients
with HFrEF, 6% of the patients with HFpEF) the quality of the
transthoracic echocardiogram was insufficient to assess shunt
patency and in one patient, echocardiography was not
performed at 12 months.

Baseline characteristics

Table 1 summarises the patients’ baseline characteristics. The
patients’ median age was 69 years (IQR 62–74), almost half
were female (46%), and they frequently had a history of hy-
pertension (66%) and diabetes (44%). All patients were NYHA
functional class III (89%) or IV (11%) according to inclusion

Table 1 Baseline characteristics

Parameter

Total HFrEF HFpEF

Value N Value N Value N

Median age, years (IQR) 69 (62–74) 87 68.5 (62–72) 46 71 (62–74) 41
Female, n (%) 40 (46) 87 14 (30) 46 26 (63) 41
Median body mass index, kg/m2 (IQR) 27.7 (25–33) 87 26.5 (24–30) 46 31.9 (26–35) 41
Medical history

Hypertension, n (%) 57 (66) 87 29 (63) 46 28 (68) 41
Diabetes mellitus, n (%) 38 (44) 87 18 (39) 46 20 (49) 41
Supraventricular arrhythmias, n (%) 35 (40) 87 21 (46) 46 14 (34) 41
Coronary artery disease, n (%) 24 (28) 87 10 (22) 46 14 (34) 41
Chronic obstructive pulmonary disease, n (%) 11 (13) 87 5 (11) 46 6 (15) 41
Stroke, n (%) 3 (3) 87 0 (0) 46 3 (7) 41
Transient ischaemic attack, n (%) 2 (2) 87 1 (2) 46 1 (2) 41
Median eGFR, mL/min/1.73 m2 (IQR) 68.0 (47.0–82.4) 87 69.8 (45.0–83.1) 46 66.0 (48.8–81.1) 41
GFR < 60 mL/min/1.73 m2, n (%) 33 (38) 87 18 (39) 46 15 (37) 41

Cardiac status
NYHA functional class III, n (%) 77 (89) 87 42 (91) 46 35 (85) 41
NYHA functional class IV, n (%) 10 (11) 87 4 (9) 46 6 (15) 41
Median 6 min walking distance, m (IQR) 180 (100–300) 87 172.5 (100–285) 46 188 (120–300) 41
Median NT-proBNP, pg/mL (IQR) 648(174–1401) 82 709 (269–1660) 43 363 (128–1151) 39

Data are n (%), unless stated otherwise.
eGFR, estimated glomerular filtration rate; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection
fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association.
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criteria. The 6 min walking distance was low (median: 180
meters; IQR 100–300). Echocardiographic and hemodynamic
data are provided in Table 2. In patients with HFrEF, the LVEF
was 29 ± 7%. The median systolic pulmonary artery pressure
was 29.5 mmHg (IQR 14.7–39.4) in patients with HFrEF and
38.0 mmHg (IQR 27.0–50.0) in HFpEF.

MAGGIC mortality risk score

The median MAGGIC mortality risk score was 22 (IQR 19–27)
in the overall study population and 25.5 (IQR 21–29) and 19
(IQR 17–22) for patients with HFrEF and HFpEF, respectively.
Post-AFR implantation, the MAGGIC mortality risk score was
consistently lower, irrespective of whether patients had HFrEF
or HFpEF (Figure 1). This effect was maintained between 3 and
12 months after device implantation. In the overall study pop-
ulation, the median predicted mortality rate based on the
MAGGIC mortality risk score was 12.2 deaths per 100
patient-years (95% CI 10.2 to 14.7). In patients with HFrEF,
the median predicted mortality rate was 16.8 deaths per
100 patients-years (95% CI 14.7 to 19.1) and, in patients with
HFpEF, 9.3 deaths per 100 patients-years (95% CI 8.4 to 11.1).

Observed mortality

Of the 87 patients with successful device implantation, six
(7%) patients died during follow-up (8.6 deaths per 100 pa-
tient-years; 95% CI 2.7 to 15.5), all of which had HFrEF (16.2
deaths per 100 patient-years; 95% CI 5.0 to 30.1) (Figure 2).
For patients with HFpEF (�9.3 deaths per 100 patient-years;
95% CI �11.1 to �8.4), but not the overall study population
(�3.6 deaths per 100 patient-years; 95% CI �9.5 to 3.0) and
patients with HFrEF (�0.6 deaths per 100 patient-years; 95%
CI �11.9 to 12.5), the observed mortality rate was signifi-
cantly lower than the predicted mortality rate. Four deaths
were HF-related deaths (5.7 HF-related deaths per 100 pa-
tient-years; 95% CI 1.4 to 11.9; in the overall population;
10.8 HF-related deaths per 100 patient-years; 95% CI 2.5 to
23.1; in the HFrEF subgroup) (Figure S2). One patient died
due to liver carcinoma and died due to COVID-19.

Discussion

In this analysis, which is the first assessing the theoretical
impact of AFR implantation on survival in HF patients, the

Table 2 Haemodynamic and echocardiographic data

Parameter
Total

N
HFrEF

N
HFpEF

NValue Value Value

Median heart rate, b.p.m. (IQR) 72 (65–83) 84 72 (65–82) 45 73 (63–84) 39
Median systolic blood pressure, mmHg (IQR) 120 (110–135) 87 112 (106–123) 46 130 (112–140) 41
Median diastolic blood pressure, mmHg (IQR) 70 (63–79) 87 70 (60–79) 46 72 (67–79) 41
Left ventricular ejection fraction 39 (13) 87 29 (7) 46 51 (6) 41
Median systolic pulmonary artery pressure, mmHg (IQR) 34.5 (23.5–45) 72 29.5 (14.7–39.4) 38 38 (27–50) 34
Median mean pulmonary capillary wedge pressure, mmHg (IQR) 20 (17–25) 82 20 (17–25) 42 20 (17–24.5) 40
Median cardiac index, (L/min)/m2 (IQR) 2.25 (2.02–2.74) 82 2.26 (1.93–2.69) 45 2.22 (2.03–2.84) 37

Data are mean (SD) or median (IQR), unless stated otherwise.

Figure 1 MAGGIC score at baseline and each follow-up visit. Data are median (IQR) (black symbol and lines) and individual patients’ time courses (grey
symbols and lines). MAGGIC scores at baseline and each follow-up visit were calculated with updated values for left ventricular ejection fraction, sys-
tolic blood pressure, body mass index, creatinine, and New York Heart Association functional class.
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observed mortality rate in the overall study population was
lower than the predicted mortality rate. While there was no
difference between the predicted and observed survival rate
in HFrEF, the observed mortality was markedly lower than
the predicted mortality in patients undergoing AFR implanta-
tion for HFpEF.

Pharmacological therapy improves symptoms, cardiac
function, and prognosis in patients with HFrEF.11 In patients
with HFpEF, there is no drug or d\evice therapy besides
sodium-glucose cotransporter-2 inhibitors that has improved
outcomes.11,12 Several left-to-right interatrial shunt devices
are under investigation for left atrial decompression. In a
meta-analysis of mostly observational studies, left atrial
decompression was feasible and associated with reductions
in PCWP, improved submaximal exercise capacity and
health-related quality of life.3 However, data on the effect
of left atrial decompression on mortality are scarce and only
available for the Corvia IASD II.3,4 The randomised,
sham-controlled REDUCE LAP-HF II trial was the first
randomised controlled trial assessing the efficacy of IASD II
device placement on a hierarchical composite primary
endpoint, including cardiovascular death, in patients with
symptomatic HF with elevated left atrial pressures and an
LVEF ≥40%.4 There was no difference between the IASD II
and sham treatment groups in terms of the primary endpoint
(1% in both treatment groups; P = 0.41) or incidence of time-
to-cardiovascular death at 12 months (1% in both treatment
groups; P = 0.65).4 Whether these results are device-specific

or related to the included study population remains elusive.4

Prespecified subgroup analysis showed that men, patients
with a pulmonary artery systolic pressure >70 mmHg at
20 W of exercise and right atrial volume index ≥29.7 mL/m2

had more HF events with the device than in the sham group.
Moreover, post-hoc analyses suggested that patients with a
peak exercise pulmonary vascular resistance of <1.74 Wood
units might represent a group of responders.4 Of note, the
observed cardiovascular mortality rate in the REDUCE
LAP-HF II trial4 was much lower than expected based on data
from the REDUCE LAP-HF I trial (which was used for sample
size calculation).13 Moreover, the observed cardiovascular
death rates in the active treatment and sham group were
far lower than in the current study, despite similar baseline
MAGGIC mortality score (23 in REDUCE LAP-HF II vs. 22 in
the current study), and large HFpEF trials, such as TOPCAT,14

PARAGON-HF,15 or EMPEROR-Preserved.12 The lack of re-
sponse could also partly be device-specific so that the results
cannot be fully transferred to devices with different designs.
While the AFR is available with a fenestration diameter of 8
or 10 mm, the Corvia IASD is only available with 8-mm diam-
eter. Computational models demonstrated that shunt flow in-
creases and PCWP decreases with increasing shunt size.16

These effects reached a plateau at an 8–9 mm shunt
diameter.16 In line with this, the PCWP at rest was lowered
in the PRELIEVE study but not in the REDUCE LAP-HF I trial.6,17

In this study, the observed mortality rate was lower than
the predicted mortality rate in HFpEF but not HFrEF. Similarly,

Figure 2 Kaplan–Meier survival curves. The triangles indicate the median predicted survival at 12 months using the MAGGIC prognostic model.
Coloured bands around lines represent 95% confidence intervals for survival curves. Log-rank test for the difference between patients with HFrEF
and HFpEF.

A post-hoc analysis of the PRELIEVE study 2563

ESC Heart Failure 2023; 10: 2559–2566
DOI: 10.1002/ehf2.14384

 20555822, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14384 by U

niversitaet D
es Saarlandes, W

iley O
nline L

ibrary on [12/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



median PCWP dropped significantly at 3 months in HFpEF
(�5 mmHg, 95% CI �12.5 to �1.5; P = 0.0004) but not in
HFrEF (�4 mmHg, 95% CI �9.0 to 0; P = 0.1).6 Especially in
HFpEF, left atrial pressure increases steeply during exercise18

and the exercise-induced increase in PCWP is associated with
worse survival.19 One possible underlying mechanism may be
an increase in cardiac sympathetic outflow secondary to in-
creased PCWP.20 In line with a recently published meta-anal-
ysis, left atrial decompression improved 6 min walking dis-
tance only in patients with preserved LVEF (>40%).3

However, adequately powered, sham-controlled trials are
necessary and planned to identify patients with a high likeli-
hood of benefit from left atrial decompression.

Limitations

Some important limitations of this analysis must be
acknowledged. First, the PRELIEVE study is a non-randomised,
open-label, single-arm feasibility study without a control
group. Therefore, we cannot exclude selection bias and
unspecific treatment effects, such as placebo. In contrast to
patient-reported outcomes, mortality is not susceptible to
placebo effects.21 Indeed, only adequately powered
randomised controlled trials can examine the actual effect
of AFR on morbidity and mortality in heart failure; such trial
is currently ongoing (NCT03751748). In the absence of data
from randomised controlled trials, this analysis, despite its
limitations, can provide valuable information and may inform
future trial designs. Second, we cannot exclude that the pre-
dicted mortality based on the MAGGIC mortality risk score
over- or underpredicted the true mortality rate. However, in
a large external validation cohort, the MAGGIC mortality risk
score performed well, especially in patients with risk scores
between 21 and 24.10 Third, all patients in this study
underwent implantation of the AFR. Therefore, these findings
are not generalisable to other left-to-right interatrial shunt
devices. Fourth, this pilot study was primarily designed to as-
sess the safety and performance of the AFR and was not
powered to detect changes in mortality. Fifth, subgroup anal-
yses cannot be performed due to the small study size.22 Sixth,
concomitant medications were not systematically assessed.
Therefore, we cannot exclude that pharmacological treat-
ment and medication changes throughout follow-up may
have influenced the results. Seventh, in this study, patients
with HFrEF (46%) more often had a history of supraventricu-
lar arrhythmias, including atrial fibrillation, than patients with
HFpEF (34%). We cannot exclude that the higher prevalence
of atrial fibrillation in the HFrEF group compared with the
HFpEF group might have contributed to the higher mortality
rate. Moreover, as atrial fibrillation is associated with LA re-
modelling, pulmonary hypertension, and RV dysfunction,2-4

it is conceivable that patients with atrial fibrillation may ben-
efit less from left atrial decompression. However, in a pooled

analysis of a different interatrial shunting device, greater
reductions in resting pulmonary vascular resistance were
observed in patients with a history of AF than in those
without.3

Conclusions

In patients undergoing AFR implantation in PRELIEVE, the ob-
served mortality rate was lower than the baseline predicted
mortality. This result was driven by a significantly lower than
predicted mortality rate in patients with HFpEF, while there
was no difference between the predicted and observed sur-
vival rate in HFrEF. In the absence of data from randomised
controlled trials, this exploratory analysis, despite its limita-
tions, provides valuable information and may inform future
trial designs. However, larger randomised, controlled trials
are needed—and currently ongoing—to investigate whether
left atrial decompression using the AFR improves survival.
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Supporting information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Figure S1. Study flow chart. Abbreviations: FAS, full analysis
set; HFpEF, heart failure with preserved ejection fraction;
HFrEF, heart failure with reduced ejection fraction.

Figure S2. Kaplan–Meier survival curves for heart
failure-related death. Coloured bands around lines represent
95% confidence intervals for survival curves. Log-rank test for
the difference between patients with HFrEF and HFpEF.

References

1. Reddy YNV, Obokata M, Wiley B, Koepp
KE, Jorgenson CC, Egbe A, Melenovsky
V, Carter RE, Borlaug BA. The haemody-
namic basis of lung congestion during
exercise in heart failure with preserved
ejection fraction. Eur Heart J. 2019; 40:
3721–3730.

2. Fallick C, Sobotka PA, Dunlap ME. Sym-
pathetically mediated changes in capaci-
tance. Circ Heart Fail. 2011; 4: 669–675.

3. Lauder L, Pereira TV, Degenhardt MC,
Ewen S, Kulenthiran S, Coats AJS, Böhm
M, Anker SD, Costa BR, Mahfoud F. Fea-
sibility and efficacy of transcatheter
interatrial shunt devices for chronic
heart failure: a systematic review and
meta-analysis. Eur J Heart Fail. 2021;
23: 1960–1970.

4. Shah SJ, Borlaug BA, Chung ES, Cutlip
DE, Debonnaire P, Fail PS, Gao Q,
Hasenfuß G, Kahwash R, Kaye DM,
Litwin SE, Lurz P, Massaro JM, Mohan
RC, Ricciardi MJ, Solomon SD, Sverdlov
AL, Swarup V, van Veldhuisen DJ,
Winkler S, Leon MB. Atrial shunt device
for heart failure with preserved and
mildly reduced ejection fraction (RE-
DUCE LAP-HF II): a randomised, multi-
centre, blinded, sham-controlled trial.
Lancet. 2022; 399: 1130–1140.

5. Paitazoglou C, Özdemir R, Pfister R,
Bergmann MW, Bartunek J, Kilic T,
Lauten A, Schmeisser A, Zoghi M,
Anker S, Sievert H, Mahfoud F. 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. 2019; 15: 403–410.

6. Paitazoglou C, Bergmann MW, Özdemir
R, Pfister R, Bartunek J, Kilic T, Lauten
A, Schmeisser A, Zoghi M, Anker SD,
Sievert H, Mahfoud F. 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. 2021; 23: 800–810.

7. Ponikowski P, Voors AA, Anker SD,
Bueno H, Cleland JGF, Coats AJS, Falk
V, González-Juanatey JR, Harjola V,
Jankowska EA, Jessup M, Linde C,
Nihoyannopoulos P, Parissis JT, Pieske

B, Riley JP, Rosano GMC, Ruilope LM,
Ruschitzka F, Rutten FH, van der Meer
P. 2016 ESC guidelines for the diagnosis
and treatment of acute and chronic heart
failure. Eur Heart J. 2016; 37:
2129–2200.

8. Meta-analysis Global Group in Chronic
Heart Failure (MAGGIC). The survival
of patients with heart failure with pre-
served or reduced left ventricular ejec-
tion fraction: an individual patient data
meta-analysis. Eur Heart J. 2012; 33:
1750–1757.

9. Pocock SJ, Ariti CA, McMurray JJV,
Maggioni A, Køber L, Squire IB,
Swedberg K, Dobson J, Poppe KK,
Whalley GA, Doughty RN. Predicting
survival in heart failure: a risk score
based on 39 372 patients from 30
studies. Eur Heart J. 2013; 34:
1404–1413.

10. Sartipy U, Dahlström U, Edner M, Lund
LH. Predicting survival in heart failure:
validation of the MAGGIC heart failure
risk score in 51 043 patients from the
Swedish heart failure registry. Eur J
Heart Fail. 2014; 16: 173–179.

11. McDonagh TA, Metra M, Adamo M,
Gardner RS, Baumbach A, Böhm M,
Burri H, Butler J, Čelutkienė J, Chioncel
O, Cleland JGF, Coats AJS, Crespo-Leiro
MG, Farmakis D, Gilard M, Heymans S,
Hoes AW, Jaarsma T, Jankowska EA,
Lainscak M, Lam CSP, Lyon AR,
McMurray JJV, Mebazaa A, Mindham
R, Muneretto C, Francesco Piepoli M,
Price S, Rosano GMC, Ruschitzka F,
Skibelund AK. 2021 ESC guidelines for
the diagnosis and treatment of acute
and chronic heart failure. Eur Heart J.
2021; 42: 3599–3726.

12. Anker SD, Butler J, Filippatos G, Ferreira
JP, Bocchi E, Böhm M, Brunner-La
Rocca H-P, Choi D-J, Chopra V,
Chuquiure-Valenzuela E, Giannetti N,
Gomez-Mesa JE, Janssens S, Januzzi
JL, Gonzalez-Juanatey JR, Merkely B,
Nicholls SJ, Perrone SV, Piña IL,
Ponikowski P, Senni M, Sim D, Spinar
J, Squire I, Taddei S, Tsutsui H, Verma
S, Vinereanu D, Zhang J, Carson P, Lam
CSP, Marx N, Zeller C, Sattar N, Jamal
W, Schnaidt S, Schnee JM, Brueckmann
M, Pocock SJ, Zannad F, Packer M.

Empagliflozin in heart failure with a pre-
served ejection fraction. N Engl J Med.
2021; 385: 1451–1461.

13. Berry N, Mauri L, Feldman T,
Komtebedde J, van Veldhuisen DJ, Solo-
mon SD, Massaro JM, Shah SJ. Trans-
catheter InterAtrial shunt device for the
treatment of heart failure: rationale
and design of the pivotal randomized
trial to REDUCE elevated left atrial
pressure in patients with heart failure
II (REDUCE LAP-HF II). Am Heart J.
2020; 226: 222–231.

14. Pitt B, Pfeffer MA, Assmann SF, Boineau
R, Anand IS, Claggett B, Clausell N,
Desai AS, Diaz R, Fleg JL, Gordeev I,
Harty B, Heitner JF, Kenwood CT, Lewis
EF, O’Meara E, Probstfield JL,
Shaburishvili T, Shah SJ, Solomon SD,
Sweitzer NK, Yang S, McKinlay SM.
Spironolactone for heart failure with
preserved ejection fraction. N Engl J
Med. 2014; 370: 1383–1392.

15. Solomon SD, McMurray JJV, Anand IS,
Ge J, Lam CSP, Maggioni AP, Martinez
F, Packer M, Pfeffer MA, Pieske B,
Redfield MM, Rouleau JL, van
Veldhuisen DJ, Zannad F, Zile MR, Desai
AS, Claggett B, Jhund PS, Boytsov SA,
Comin-Colet J, Cleland J, Düngen H-D,
Goncalvesova E, Katova T, Kerr Saraiva
JF, Lelonek M, Merkely B, Senni M,
Shah SJ, Zhou J, Rizkala AR, Gong J,
Shi VC, Lefkowitz MP. Angiotensin–
neprilysin inhibition in heart failure
with preserved ejection fraction. N Engl
J Med. 2019; 381: 1609–1620.

16. Kaye D, Shah SJ, Borlaug BA, Gustafsson
F, Komtebedde J, Kubo S, Magnin C,
Maurer MS, Feldman T, Burkhoff D.
Effects of an interatrial shunt on rest
and exercise hemodynamics: results of
a computer simulation in heart failure.
J Card Fail. 2014; 20: 212–221.

17. Feldman T, Mauri L, Kahwash R, Litwin
S, Ricciardi MJ, van der Harst P, Penicka
M, Fail PS, Kaye DM, Petrie MC, Basuray
A, Hummel SL, Forde-McLean R, Nielsen
CD, Lilly S, Massaro JM, Burkhoff D,
Shah SJ. Transcatheter interatrial shunt
device for the treatment of heart
failure with preserved ejection fraction
(REDUCE LAP-HF I [Reduce elevated
left atrial pressure in patients with heart

A post-hoc analysis of the PRELIEVE study 2565

ESC Heart Failure 2023; 10: 2559–2566
DOI: 10.1002/ehf2.14384

 20555822, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14384 by U

niversitaet D
es Saarlandes, W

iley O
nline L

ibrary on [12/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



failure]). Circulation. 2018; 137:
364–375.

18. Borlaug BA, Nishimura RA, Sorajja P,
Lam CSP, Redfield MM. Exercise
hemodynamics enhance diagnosis of
early heart failure with preserved ejec-
tion fraction. Circ Heart Fail. 2010; 3:
588–595.

19. Dorfs S, Zeh W, Hochholzer W, Jander
N, Kienzle R-P, Pieske B, Neumann FJ.
Pulmonary capillary wedge pressure
during exercise and long-term mortality

in patients with suspected heart failure
with preserved ejection fraction. Eur
Heart J. 2014; 35: 3103–3112.

20. Kaye DM, Jennings GL, Dart AM, Esler
MD. Differential effect of acute barore-
ceptor unloading on cardiac and sys-
temic sympathetic tone in congestive
heart failure. J Am Coll Cardiol. 1998;
31: 583–587.

21. Lauder L, da Costa BR, Ewen S, Scholz
SS, Wijns W, Lüscher TF, Serruys PW,
Edelman ER, Capodanno D, Böhm M,

Jüni P, Mahfoud F. Randomized trials
of invasive cardiovascular interventions
that include a placebo control: a system-
atic review and meta-analysis. Eur Heart
J. 2020; 41: 2556–2569.

22. Schneider A, Hommel G, Blettner M.
Linear regression analysis: part 14 of a
series on evaluation of scientific publica-
tions. Dtsch Arztebl Int. 2010; 107:
776–782.

2566 L. Lauder et al.

ESC Heart Failure 2023; 10: 2559–2566
DOI: 10.1002/ehf2.14384

 20555822, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14384 by U

niversitaet D
es Saarlandes, W

iley O
nline L

ibrary on [12/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


