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BACKGROUND: An interatrial shunt may provide an autoregulatory mechanism to decrease left atrial pressure and improve heart 
failure (HF) symptoms and prognosis.

METHODS: Patients with symptomatic HF with any left ventricular ejection fraction (LVEF) were randomized 1:1 to transcatheter 
shunt implantation versus a placebo procedure, stratified by reduced (≤40%) versus preserved (>40%) LVEF. The primary safety 
outcome was a composite of device-related or procedure-related major adverse cardiovascular or neurological events at 30 days 
compared with a prespecified performance goal of 11%. The primary effectiveness outcome was the hierarchical composite ranking 
of all-cause death, cardiac transplantation or left ventricular assist device implantation, HF hospitalization, outpatient worsening HF 
events, and change in quality of life from baseline measured by the Kansas City Cardiomyopathy Questionnaire overall summary 
score through maximum 2-year follow-up, assessed when the last enrolled patient reached 1-year follow-up, expressed as the win 
ratio. Prespecified hypothesis-generating analyses were performed in patients with reduced and preserved LVEF.

RESULTS: Between October 24, 2018, and October 19, 2022, 508 patients were randomized at 94 sites in 11 countries to 
interatrial shunt treatment (n=250) or a placebo procedure (n=258). Median (25th and 75th percentiles) age was 73.0 
years (66.0, 79.0), and 189 patients (37.2%) were women. Median LVEF was reduced (≤40%) in 206 patients (40.6%) 
and preserved (>40%) in 302 patients (59.4%). No primary safety events occurred after shunt implantation (upper 97.5% 
confidence limit, 1.5%; P<0.0001). There was no difference in the 2-year primary effectiveness outcome between the shunt 
and placebo procedure groups (win ratio, 0.86 [95% CI, 0.61–1.22]; P=0.20). However, patients with reduced LVEF had 
fewer adverse cardiovascular events with shunt treatment versus placebo (annualized rate 49.0% versus 88.6%; relative 
risk, 0.55 [95% CI, 0.42–0.73]; P<0.0001), whereas patients with preserved LVEF had more cardiovascular events with 
shunt treatment (annualized rate 60.2% versus 35.9%; relative risk, 1.68 [95% CI, 1.29–2.19]; P=0.0001; Pinteraction<0.0001). 
There were no between-group differences in change in Kansas City Cardiomyopathy Questionnaire overall summary score 
during follow-up in all patients or in those with reduced or preserved LVEF.

CONCLUSIONS: Transcatheter interatrial shunt implantation was safe but did not improve outcomes in patients with HF. 
However, the results from a prespecified exploratory analysis in stratified randomized groups suggest that shunt implantation 
is beneficial in patients with reduced LVEF and harmful in patients with preserved LVEF.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: NCT03499236.
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Heart failure (HF) with either reduced or preserved 
left ventricular ejection fraction (LVEF) is charac-
terized by increased left atrial pressure (LAP) and 

pulmonary venous congestion.1 LAP rises with exercise 
and fluid overload and may be difficult to regulate phar-
macologically. Approximately 90% of HF hospitalizations 
(HFHs) manifest with symptoms of pulmonary venous 
congestion.2,3 In such patients, LAP is often elevated for 
days before hospitalization.1

A patent channel between the left and right atrium 
may provide an autoregulatory mechanism to decrease 
LAP and improve HF symptoms and prognosis.4,5 The 
presence of a congenital atrial septal defect may 
reduce symptoms from acquired mitral stenosis.6 Clo-
sure of a preexisting atrial septal defect or patent fora-
men ovale may provoke pulmonary edema in patients 
with left ventricular (LV) dysfunction.7,8 Atrial septos-
tomy has been used to reduce intracardiac pressures 
and treat severe HF.9 In an ovine ischemic cardiomy-
opathy model, a percutaneously implanted interatrial 

shunt has been shown to decompress the left atrium 
and improve cardiac structure and function.10 In early 
human studies, this device has reduced filling pres-
sures and provided symptomatic relief and functional 
improvement in patients with HF with both reduced 
and preserved LVEF.11,12

We therefore performed a randomized, double-blind, 
placebo procedure–controlled trial examining the safety 
and effectiveness of an interatrial device in symptomatic 
patients with HF with any LVEF.

METHODS
Trial Design
RELIEVE-HF (Reducing Lung Congestion Symptoms in 
Advanced Heart Failure) was a randomized, double-blind, pla-
cebo procedure–controlled, multicenter trial that evaluated 
transcatheter implantation of the Ventura shunt in symptom-
atic patients with HF. The protocol and statistical analysis 
plan were designed by the principal investigators and spon-
sor and are provided in the Supplemental Material. The study 
organization and participating centers appear in Table S1. The 

Clinical Perspective

What Is New?
•	 In patients with heart failure (HF) who remained 

symptomatic despite guideline-directed medical 
therapy, transcatheter implantation of a small inter-
atrial shunt was safe but did not improve clinical 
outcomes during 2 years of follow-up.

•	 The results varied strikingly according to baseline 
left ventricular ejection fraction (LVEF); adverse 
cardiovascular events were markedly reduced with 
shunt treatment in patients with reduced (≤40%) 
LVEF but increased in those with preserved (>40%) 
LVEF.

•	 The difference in quality of life during follow-up 
between groups was not affected by shunt treat-
ment either in all patients or in those with reduced 
or preserved LVEF.

What Are the Clinical Implications?
•	 Transcatheter implantation of an interatrial shunt 

may be beneficial in patients with HF with reduced 
LVEF, markedly reducing adverse cardiovascular 
events (especially HF hospitalizations) in this high-
risk cohort not responding to other therapies.

•	 Shunt treatment may be harmful in patients with 
HF with preserved LVEF; in the current trial, all-
cause mortality and HF hospitalization rates were 
increased after shunt implantation in this group.

•	 Additional studies in patients with HF with reduced 
LVEF are needed to substantiate the beneficial out-
comes observed with shunt treatment and to under-
stand why the quality-of-life measures assessed in 
the current placebo procedure–controlled study 
did not correlate with clinical prognosis.

Nonstandard Abbreviations and Acronyms

6MWT 	 6-minute walk test
CONSORT	 �Consolidated Standards of 

Reporting Trials
EMPEROR-	 Empagliflozin Outcome Trial  
Preserved	� in Patients With Chronic 

Heart Failure With  
Preserved Ejection Fraction

HF	 heart failure
HFH	 heart failure hospitalization
HR	 hazard ratio 
KCCQ-OSS	 �Kansas City Cardiomyopa-

thy Questionnaire overall 
summary score

LAP	 left atrial pressure
LV	 left ventricular 
LVAD	 left ventricular assist device
LVEF	 �left ventricular ejection 

fraction
NT-proBNP	 �N-terminal pro–B-type  

natriuretic peptide
NYHA	 New York Heart Association
QOL	 quality of life
REDUCE LAP-HF II	 �Reduce Elevated Left Atrial 

Pressure in Patients With 
Heart Failure II 

RELIEVE-HF	 �Reducing Lung Congestion 
Symptoms in Advanced  
Heart Failure
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study was approved by the investigational review board or eth-
ics committee at each center, and all patients provided writ-
ten informed consent. The trial was sponsored and funded by 
V-Wave Ltd. The sponsor participated in protocol design and 
site selection and management. The first author had unre-
stricted data access, prepared the article, and attests to the 
accuracy and completeness of the report. The report adheres 
to the CONSORT (Consolidated Standards of Reporting Trials) 
guidelines (Supplemental Material). The data from this study 
will not be made publicly available. The authors will consider 
requests for collaborative research. Any relevant inquiries 
should be emailed to the corresponding author.

Patients and Randomization
Patients were screened for enrollment at 113 sites in the 
United States, Canada, Israel, Germany, Spain, Switzerland, 
Belgium, Poland, the Netherlands, Australia, and New Zealand. 
Enrollment criteria are listed in Table S2. In brief, eligible patients 
had HF with either reduced (≤40%) or preserved (>40%) 
LVEF and remained symptomatic (New York Heart Association 
[NYHA] class II–IVa [ambulatory]) despite a stable maximally 
tolerated guideline-directed medical therapy regimen per soci-
etal guidelines.13,14 Exclusion criteria included marked LV dila-
tation, severe pulmonary hypertension, or moderate or greater 
right ventricular dysfunction. Sex and race and ethnicity data 
were self-reported. A central eligibility committee including HF 
specialists confirmed all entry criteria before enrollment.

After final screening with transesophageal or intracardiac 
echocardiography and right heart catheterization, qualifying 
patients were immediately randomized 1:1 in a blinded fashion 
to transcatheter implantation of the Ventura interatrial shunt 
(V-Wave) or a placebo procedure using random block sizes of 2 
and 4 using an automated online system. Given uncertainty as 
to whether the response to a shunt would vary in patients with 
HF according to systolic function, randomization was stratified 
by reduced (≤40%) versus preserved (>40%) LVEF deter-
mined by the echocardiographic core laboratory. Randomization 
was also stratified by site.

Device, Procedures, Blinding, and Follow-Up
Description and images of the Ventura shunt and implant pro-
cedure appear in Table S3 and Figures S1 and S2. The shunt 
comprises an hourglass-shaped 12-mm-long nitinol frame 
with a 5.1-mm central orifice fully encapsulated with expanded 
polytetrafluoroethylene. The delivery catheter is introduced 
from the right femoral vein into the right atrium. After transsep-
tal puncture, the shunt is implanted across the fossa ovalis. The 
ratio of pulmonary to systemic flow the shunt affords is ≈1.2:1.

Patients randomized to the placebo procedure had a mock 
transseptal catheterization and device placement performed 
following a script. To ensure blinding, all patients received deep 
sedation and wore masks and music-playing headphones. 
All health care providers, research personnel, and outcomes 
assessors were blinded during follow-up. Blinding effective-
ness was assessed with a patient questionnaire (Table S4) 
before hospital discharge and at 1 year.

After the procedure, patients were treated with 75 to 100 
mg of open-label oral aspirin per day and a masked platelet 
receptor P2Y12 inhibitor (75 mg of clopidogrel per day for 
shunt-treated patients or a matching placebo for control group 

patients) for 6 months if not otherwise taking oral anticoagula-
tion, in which case antiplatelet medications were not admin-
istered. Clinical follow-up, quality of life (QOL) assessments, 
6-minute walk testing (6MWT), and transthoracic echocar-
diography were performed at regular intervals through 2 years 
(Table S5). Patients were unblinded following the 2-year visit, 
after which shunt treatment was permitted in control group 
patients who still met all original enrollment criteria. All shunt-
treated patients are followed for 5 years.

Outcome Measures
Detailed listings and definitions of the primary and secondary 
outcomes appear in Tables S6 and S7. The primary safety out-
come was a composite of device-related or procedure-related 
major adverse cardiovascular or neurological events occurring 
in the shunt arm within 30 days after randomization. The primary 
effectiveness outcome was a hierarchical composite of cardio-
vascular events (all-cause death, cardiac transplantation or LV 
assist device [LVAD] implantation, HFHs, or outpatient worsen-
ing HF events) and change in QOL from baseline during follow-
up measured by the Kansas City Cardiomyopathy Questionnaire 
overall summary score (KCCQ-OSS) with ≥5-point between-
group difference through 2-year follow-up, assessed when the 
last enrolled patient reached 1-year follow-up. All outcomes 
were assessed in the total study population and separately in 
the stratified randomized reduced and preserved LVEF groups. 
Adverse outcomes were adjudicated by an independent clinical 
events committee blinded to randomization.

The original protocol included change in 6MWT from base-
line to follow-up as the fifth component of the primary effec-
tiveness outcome. Soon after the onset of the COVID-19 
pandemic in March 2020, it became evident that many patients 
would not be able to return to the clinic for 6MWT evaluation. 
Thus, on May 19, 2020, the protocol was amended, substituting 
change in KCCQ-OSS for 6MWT in the primary effectiveness 
outcome.

Statistical Analysis
The trial was powered to examine outcomes in all randomized 
patients. The results in each LVEF strata, although prespecified, 
were not powered and are therefore hypothesis-generating.

For the primary 30-day safety outcome, 200 evaluable 
shunt group patients provided 87% power to detect a differ-
ence between the expected rate of 5% and a performance 
goal of 11%, a metric agreed upon with the US Food and Drug 
Administration, evaluated using an exact binomial test at a 
one-sided α of 0.025. The primary effectiveness outcome was 
evaluated with a sum of ranks test statistic using the method of 
Finkelstein and Schoenfeld,15 expressed using the unmatched 
win ratio, calculated as the total number of shunt group patient 
wins divided by the number of placebo procedure group wins 
and 95% CI after all pairwise comparisons (Table S8).16 A win 
ratio >1 indicates more positive results for the experimental 
treatment. Based on 10 000 simulated trials, 400 total patients 
(200 per arm) provided 90% power to detect a sum of ranks 
>1 in the shunt group, with a one-sided α of 0.025. Thus, 400 
patients were planned for enrollment.

A single interim analysis of the primary effectiveness out-
come with adaptive sample size re-estimation by an inde-
pendent third party was planned when 200 enrolled patients 
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completed 6-month follow-up. To prevent inflation of type 1 
error, the final Finkelstein–Schoenfeld statistic is derived from 
data weighted differently before and after the interim analy-
sis17 (Table S8). The result of the interim analysis was to leave 
the sample size unchanged, but the executive committee 
requested, and the Food and Drug Administration approved, 
that enrollment be increased to ≈500 patients to afford greater 
precision to assess outcomes in patients with preserved and 
reduced LVEF separately. This decision was made with the 
sponsor, executive committee, and investigators blinded to the 
interim results.

The primary safety end point was tested in all shunt-
assigned patients in whom a device implant was attempted, 
regardless of whether the implantation was successful. All 
other analyses were performed in the intention-to-treat pop-
ulation, according to original group assignment regardless of 
treatment received. Sensitivity analyses were performed in the 
per-protocol population consisting of randomized participants 
who met all enrollment criteria, had no major protocol devia-
tions, and were treated according to randomization.

Categorical variables were compared by χ2 test or Fisher 
exact tests. Continuous variables are presented as medians 
with 25th and 75th percentiles and were compared by the 
2-sample t test for normally distributed data or otherwise 
by the Wilcoxon rank sum test. Follow-up time to first event 
rates were estimated using the Kaplan-Meier method and 
were compared by log-rank test. Hazard ratios (HRs) and 
2-sided 95% CIs were estimated by Cox proportional hazards 
models, including treatment as a covariate. All HFHs occur-
ring within 24 months were assessed in a joint frailty model 
adjusting for all-cause mortality. Total cardiovascular events 
over time were summarized as an annualized rate, calculated 
as the total number of events divided by total follow-up years 
through 24 months. The annualized rate ratios and 95% CIs 
were estimated by a Poisson distribution, including treatment 
as a covariate. All statistical tests are 2-sided and were per-
formed at the 5% significance level, unless otherwise noted. 
All analyses were performed with SAS software, version 9.4 
(SAS Institute).

RESULTS
Patients and Procedures
Between October 24, 2018, and October 19, 2022, 508 
patients were randomized at 94 sites in 11 countries; 
250 patients were assigned to receive the shunt, and 
258 were assigned to a placebo procedure (Figure S3). 
Baseline characteristics are shown in Table 1. Median 
(25th and 75th percentiles) age was 73.0 years (66.0, 
79.0), and 189 patients (37.2%) were women. Most pa-
tients (490 [96.5%]) were NYHA functional class III, 
and the median (25th and 75th percentiles) NT-proBNP 
(N-terminal pro–B-type natriuretic peptide) level was 
1850 pg/mL (950.5, 3096.0). Baseline medication use, 
transthoracic echocardiography, and right heart catheter-
ization data are shown in Tables S9 through S11. The  
median (25th and 75th percentiles) LVEF was 45.3% 
(33.4, 58.0) and was reduced (≤40%) in 206 patients 
(40.6%) and preserved (>40%) in 302 patients (59.4%).

Table 1.  Baseline Characteristics in the Randomized 
Groups, All Patients

Characteristics
Shunt group 
(n=250)

Placebo group 
(n=258)

Age, y 74.0 (67.0, 79.0) 72.0 (65.0, 78.0)

Sex,* male 162 (64.8) 157 (60.9)

Race, White 227 (90.8) 232 (89.9)

Ethnicity, Hispanic 20 (8.0) 26 (10.1)

Body mass index, kg/m2 30.0 (25.6, 34.9) 30.3 (26.2, 36.0)

Diabetes 124 (49.6) 125 (48.4)

 � Insulin-treated 49 (19.6) 48 (18.6)

Hypertension 209 (83.6) 216 (83.7)

Hyperlipidemia 201 (80.4) 195 (75.6)

Current or previous smoker 133 (53.2) 137 (53.1)

Previous stroke or transient 
ischemic attack

43 (17.2) 48 (18.6)

Chronic obstructive lung disease 43 (17.2) 52 (20.2)

Ischemic cardiomyopathy 114 (45.6) 120 (46.5)

Nonischemic cardiomyopathy 136 (54.4) 138 (53.5)

At least one HFH in the  
previous year

128 (51.2) 127 (49.2)

Known coronary artery disease 169 (67.6) 160 (62.0)

Previous myocardial infarction 104 (41.6) 103 (39.9)

Previous PCI 103 (41.2) 96 (37.2)

Previous CABG 65 (26.0) 58 (22.5)

History of atrial fibrillation or flutter 170 (60.8) 159 (61.6)

 � Baseline rhythm is atrial  
fibrillation or flutter

76 (30.4) 64 (24.8)

ICD or CRT-D 115 (46.0) 123 (47.7)

CRT-D or CRT-P 70 (28.0) 59 (22.9)

NYHA class

 � I 0 (0.0) 0 (0.0)

 � II 9 (3.6) 7 (2.7)

 � III 239 (95.6) 251 (97.3)

 � IV 2 (0.8) 0 (0.0)

KCCQ-OSS 52.1 (35.4, 66.9) 50.8 (34.6, 66.4)

Six-minute walk distance 264.8  
(195.5, 325.0)

270.9  
(198.0, 330.0)

LVEF (biplane, core laboratory 
assessment), %

45.4 (33.4, 58.9) 45.3 (33.3, 57.4)

  �≤40% (reduced LVEF) 101/250 (40.4) 105/258 (40.7)

 � >40% (preserved LVEF) 149/250 (59.6) 153/258 (59.3)

Troponin I or T >ULN 79/227 (34.8) 109/240 (45.4)

B-type natriuretic peptide 237.9  
(117.2, 412.5)

221.0  
(101.0, 518.3)

N-terminal pro–B-type natriuretic 
peptide, pg/mL

1939.4  
(1066.0, 3259.0)

1596.6  
(852.0, 2868.1)

eGFR, mL·min·1.73 m2 45.5 (37.5, 59.8) 48.5 (37.2, 60.8)

 � eGFR <60 mL·min·1.73 m2 188 (75.2) 188 (72.9)

Data are shown as median (interquartile range) or n (%). CABG indicates coro-
nary artery bypass graft; CRT, cardiac resynchronization therapy; CRT-D, cardiac 
resynchronization therapy–defibrillator; CRT-P, cardiac resynchronization thera-
py–pacemaker; eGFR, estimated glomerular filtration rate calculated from the 
Modification of Diet in Renal Disease formula; HFH, heart failure hospitalization; 
ICD, implantable cardiac defibrillator; KCCQ-OSS, Kansas City Cardiomyopathy 
Questionnaire overall summary score; LVEF, left ventricular ejection fraction; 
NYHA, New York Heart Association; PCI, percutaneous coronary intervention; 
and ULN, upper limit of normal.

*Determined as biological sex at birth. 
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The shunt was successfully implanted in all 250 
patients assigned to active treatment and in 1 of 258 
patients (0.4%) in the placebo procedure group because 
of site error (Table S12). Medication use at discharge 
and 1 year were similar between the groups (Table S13). 
The blinding procedures in-hospital and through 1 year 
were successful (Table S14). At both time periods, there 
were few episodes of actual patient-reported unblinding 
events; rather, most among the minority of patients who 
thought they knew their assigned treatment believed so 
because of changes in symptoms or other reasons.

Safety and Effectiveness, All Patients
One-year follow-up was completed for 505 of 508 pa-
tients (99.4%; Figure S3); median (25th and 75th per-
centiles) follow-up duration was 22.0 months (13.3, 
23.9). The rate of the primary safety outcome of adjudi-
cated device-related or procedure-related major adverse 
cardiovascular or neurological events occurring within 30 
days in the 250 patients in the shunt group was 0 (upper 
97.5% confidence limit, 1.5% [P<0.0001] for noninferior-
ity compared with the 11% performance goal). No such 
events occurred in any shunt-treated patient through the 
2-year follow-up. Other safety outcomes were infrequent 
(Table S15).

Among all randomized patients, the win ratio for the 
primary effectiveness outcome at 2 years in the shunt 
group compared with the placebo procedure group was 
0.86 (0.61–1.22; P=0.20; Figure S4). Results were simi-
lar in the per-protocol population (0.88 [0.62–1.26]). Of 
note, 68.9% of win ratio decisions were based on cardio-
vascular events (the first 4 components of the hierarchy), 
whereas 31.1% of decisions were based on the KCCQ-
OSS (Figure S4). The cumulative occurrence of the 4 
cardiovascular event components of the primary effec-
tiveness outcome and the change in KCCQ-OSS score 
during follow-up are shown graphically in Figure 1. There 
were no between-group differences in any of the sec-
ondary clinical effectiveness outcomes (Table 2; Tables 
S15 and S16). Core laboratory-assessed 1-year follow-
up echocardiographic data are shown in Table S17.

Safety and Effectiveness, Randomized LVEF 
Strata
Baseline characteristics, medication use, and outcomes 
in patients with HF stratified and randomized by reduced 
LVEF (≤40%) and preserved LVEF (>40%) are shown 
in Table 3 and Tables S18 through S27. Compared with 
patients with reduced LVEF, those with preserved LVEF 
were older, were more often women, and more com-
monly had hypertension and higher body mass index, 
but were less likely to smoke or have known coronary 
artery disease. Despite lower natriuretic peptide levels, 
patients with preserved LVEF also had lower baseline 

KCCQ and 6MWT scores and were less likely to be 
treated with medications for heart failure, other than di-
uretics. The primary effectiveness outcome with shunt 
treatment compared with a placebo procedure was 
better in patients with a reduced LVEF compared with 
a preserved LVEF (win ratio 1.40 [0.80–2.46] versus 
0.61 [0.39–0.98], respectively; Pinteraction=0.03; Figures 
S5 and S6). The occurrence of the cardiovascular event 
components of the primary effectiveness outcome and 
change in KCCQ-OSS during follow-up in patients with 
reduced and preserved LVEF are shown in Figure 2. 
Fewer adverse cardiovascular events (death, cardiac 
transplantation or LVAD implantation, HFHs, or outpa-
tient worsening HF events) were observed with shunt 
treatment compared with a placebo procedure in pa-
tients with reduced LVEF (event rate per year, 49.0% 
versus 88.6%; relative risk, 0.55 [95% CI, 0.42–0.73]; 
P<0.0001), whereas more cardiovascular events oc-
curred with shunt treatment in patients with preserved 
LVEF (event rate per year, 60.2% versus 35.9%; rela-
tive risk, 1.68 [95% CI, 1.29–2.19]; P=0.0001; Pinterac-

tion<0.0001; Table 3; Figure 2, top). The cardiovascular 
benefits with shunt treatment in reduced LVEF were 
driven by fewer total HFHs (rate per year, 26.0% ver-
sus 52.0%; HR, 0.52 [95% CI, 0.31–0.86]; P=0.01), 
whereas the worse cardiovascular outcomes with shunt 
treatment in preserved LVEF were driven by increased 
all-cause death (2-year rate, 16.4% versus 5.2%; HR, 
3.24 [95% CI, 1.38–7.59]; P=0.004) and greater total 
HFHs (rate per year, 37.0% versus 19.0%; HR, 2.05 
[95% CI, 1.35–3.10]; P=0.0008; Table 3). When clini-
cal outcomes were assessed according to baseline 
LVEF as a continuous measure, shunt effectiveness 
progressively increased as LVEF decreased, with a cut-
off below ≈40% representing the threshold at which 
outcomes with shunt treatment transitioned from rela-
tive harm to benefit (Figures S7 and S8). In contrast 
to the differential cardiovascular outcomes with shunt 
treatment compared with placebo according to LVEF, 
there were no between-group differences in change in 
KCCQ-OSS during follow-up in patients with reduced 
or preserved LVEF (Table 3; Figure 2, bottom).

DISCUSSION
The principal results from this double-blind, placebo 
procedure–controlled, randomized trial are that among 
symptomatic patients with HF with any LVEF, transcath-
eter implantation of the Ventura interatrial shunt was safe, 
but did not reduce clinical events or improve QOL dur-
ing 2-year follow-up. However, the occurrence of adverse 
cardiovascular outcomes appeared to be sensitive to the 
baseline LVEF on which randomization was stratified. 
Fewer total cardiovascular events (in particular HFHs) 
were observed with shunt treatment in the randomized 
strata of patients with reduced LVEF (≤40%), whereas 
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cardiovascular events were increased (including mortal-
ity and HFHs) with shunt treatment in the randomized 
strata of patients with preserved LVEF (>40%). Change 

in QOL from baseline during follow-up as assessed by 
the KCCQ-OSS (which constituted 31.1% of all wins and 
losses in the win ratio) was not different between patients 

Figure 1. Graphical representation of the clinical events and quality of life components of the primary effectiveness outcome 
measure through 2-year follow-up in the entire intention-to-treat population. 
A, The clinical components of the hierarchical composite primary end point: the cumulative incidence of all events, including all-cause death, 
left ventricular assist device (LVAD) or heart transplant procedures, hospitalizations for heart failure (HFHs), or worsening heart failure (HF) 
outpatient events. The Nelson-Aalen cumulative hazard rate function describes the estimated rate at which events will have occurred, given that 
the individual has survived up to that time point (ie, at any given time, the Nelson-Aalen cumulative hazard rate denotes the expected number 
of events per patient followed for that length of time). The number at the end of each curve is the 2-year hazard rate. B, The quality-of-life 
component of the hierarchical composite primary end point: change in Kansas City Cardiomyopathy Questionnaire overall summary score (KCCQ-
OSS) from baseline during 2-year follow-up.
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treated with the shunt or a placebo procedure, either in all 
patients or in those with reduced or preserved LVEF.

These results may be considered in the context of the 
single other completed large-scale, blinded, randomized 
trial of shunt treatment in patients with symptomatic HF: 
the REDUCE LAP-HF II trial (Reduce Elevated Left Atrial 

Pressure in Patients With Heart Failure II).18 All patients in 
that trial had preserved LVEF (≥40%), but in contrast to 
RELIEVE-HF, enrollment in REDUCE LAP-HF II required 
an elevated pulmonary capillary wedge pressure dur-
ing exercise in the cardiac catheterization laboratory. In 
REDUCE LAP-HF II, the frequency of HF events during 

Table 2.  Primary and Secondary Outcomes in the Randomized Groups, All Patients

End points
Shunt group 
(n=250)

Placebo group 
(n=258)

Win ratio, relative 
risk or difference 
(95% CI) P value

Primary safety end point: Device-related or procedure-related major adverse 
cardiovascular or neurological event within 30 d

0 (0.0) — 1.5* <0.0001†

Primary effectiveness end point: hierarchical composite of all-cause death, car-
diac transplantation or LVAD implantation, all HFHs, all outpatient worsening 
HF events, and change in QOL‡ from baseline through 2-y follow-up

— — 0.86 (0.61, 1.22)§ 0.20

Secondary composite event end points

 � All-cause death, cardiac transplantation or LVAD, HFHs, and worsening 
outpatient HF, all events through 2 y, no. of events/total patient-y (annualized 
rate)

219/392.7 
(55.7)

222/396.1 
(56.0)

1.00 (0.83, 1.20)∥ 0.96

 � Hierarchical composite of all-cause death, cardiac transplantation or LVAD, 
all HFHs, and all worsening outpatient HF events through 2 y

— — 0.89 (0.68, 1.16)§ 0.32

 � All-cause death, cardiac transplantation or LVAD, HFH or worsening outpa-
tient HF events, time to first through 2 y¶

114 (48.7) 108 (46.1) 1.10 (0.84, 1.43)# 0.50

 � All-cause death, cardiac transplantation or LVAD, and HFHs, all events 
through y, no. of events/total patient-y (annualized rate)

164/392.7 
(41.8)

158/396.1 
(39.9)

1.05 (0.82, 1.30)∥ 0.68

 � All-cause death, cardiac transplantation or LVAD, or HFHs, time to first 
through 2 y¶

90 (38.8) 81 (34.3) 1.16 (0.86, 1.57)# 0.32

Secondary effectiveness end points**

 � All-cause death, time to first through 2 y¶ 35 (15.6) 27 (13.7) 1.31 (0.79, 2.16)# 0.30

  �  Cardiovascular death¶ 23 (10.4) 16 (8.0) 1.47 (0.77, 2.78)# 0.24

   �   HF death¶ 13 (6.3) 8 (4.8) 1.63 (0.68, 3.94)# 0.27

  �  Noncardiovascular death¶ 10 (5.0) 9 (5.1) 1.09 (0.44, 2.69)# 0.85

  �  Undetermined cause of death¶ 2 (0.8) 2 (1.1) 1.01 (0.14, 7.14)# 1.00

 � Cardiac transplantation or LVAD implantation, time to first through 2 y¶ 1 (0.6) 6 (3.4) 0.17 (0.02, 1.38)# 0.06

 � All-cause death or cardiac transplantation or LVAD implantation, time to first 
through 2 y¶

36 (16.1) 33 (16.7) 1.10 (0.68, 1.76)# 0.70

 � HFHs, all through 2 y, no. of events/total patient-y (annualized rate) 128/392.7 
(32.6)

125/396.1 
(31.6)

1.09 (0.79, 1.50)†† 0.60

 � HFHs, time to first through 2 y¶ 73 (32.7) 67 (28.7) 1.14 (0.82, 1.59)# 0.43

 � Outpatient worsening HF events, all through 2 y, no. of events/total patient-y 
(annualized rate)

55/392.7 
(14.0)

64/396.1 
(16.2)

 0.88 (0.61, 1.26)†† 0.48

 � Outpatient worsening HF events, time to first through 2 y¶ 45 (22.0) 44 (20.6) 1.02 (0.68, 1.55)# 0.91

 � Change in KCCQ-OSS from baseline through 1 year 9.4±21.6 10.2±21.3 −0.6 (−4.4, 3.1)‡‡ 0.74

Data are shown as n (%) or mean±SD unless indicated otherwise. All P values other than those for the primary safety and effectiveness outcomes should be consid-
ered hypothesis-generating. HF indicates heart failure; HFH, heart failure hospitalization; LVAD, left ventricular assist device; and QOL, quality of life.

*Upper 97.5% confidence limit.
†P value for noninferiority compared with the prespecified performance goal of 11%.
‡Measured by the Kansas City Cardiomyopathy Questionnaire overall summary score (KCCQ-OSS).
§Win ratio (95% CI); see also Figure S4.
∥Relative rate ratio of the 2 annualized rates. The annualized rate was calculated as the total number of events divided by total follow-up years through 24 months. The 

annualized rate ratios and 2-sided 95% CIs were estimated by Poisson models, including treatment as a covariate. The total follow-up in patient-years was calculated 
as the sum of follow-up patient-years for each participant through 24 months (or sooner for patients who have not yet reached their 24-month visit at the time of data 
cutoff or end of study, whichever was earlier).

¶Event rates are number of events (Kaplan-Meier time to first event estimates).
#Hazard ratio (95% CI).
**Additional secondary effectiveness and secondary safety end points are shown in Tables S15 through S17.
††Hazard ratio and 95% CI were calculated in a joint frailty model adjusted for all-cause mortality.
‡‡Difference with 95% CI, adjusted for baseline value (analysis of covariance).
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Table 3.  Primary and Secondary Outcomes in Patients With Reduced or Preserved Ejection Fraction by Randomized Treatment

End points

HF with reduced ejection fraction (≤40%) HF with preserved ejection fraction (>40%)

Pinteraction

Shunt 
group 
(n=101)

Placebo 
group 
(n=105)

Win ratio, 
relative risk 
or difference 
(95% CI) P value

Shunt 
group 
(n=149)

Placebo 
group 
(n=153)

Win ratio, 
relative risk 
or difference 
(95% CI) P value

Primary effectiveness end point: 
hierarchical composite of all-cause 
death, cardiac transplantation or 
LVAD implantation, all HF hospi-
talizations, all outpatient worsen-
ing HF events, and change in 
QOL* from baseline through 2-y 
follow-up

— — 1.40  
(0.80, 2.46)†

0.23 — — 0.61  
(0.39, 0.98)†

0.009 0.03

Secondary composite event end points

 � All-cause death, cardiac 
transplantation or LVAD, HF 
hospitalizations and worsening 
outpatient HF, all events through 
2 y, no. of events/total patient-y 
(annualized rate)

76/155.2 
(49.0)

134/151.2 
(88.6)

0.55  
(0.42, 0.73)‡

<0.0001 143/237.5 
(60.2)

88/245.0 
(35.9)

1.68  
(1.29, 2.19)‡

0.0001 <0.0001

 � Hierarchical composite of 
all-cause death, cardiac trans-
plantation or LVAD, all HF hospi-
talizations and all worsening out-
patient HF events through 2 y

— — 1.31  
(0.87, 1.97)†

0.19 — — 0.65  
(0.45, 0.93)†

0.02 0.01

 � All-cause death, cardiac trans-
plantation or LVAD, HF hospital-
ization or worsening outpatient 
HF events, time to first through 
2 y§

45 (47.8) 54 (58.5) 0.80  
(0.54, 1.18)∥

0.26 69 (49.2) 54 (38.2) 1.40  
(0.98, 2.00)∥

0.06 0.04

 � All-cause death, cardiac trans-
plantation or LVAD, and HF hos-
pitalizations, all events through 
2 y, no. of events/total patient-y 
(annualized rate)

55/155.2 
(35.4)

104/151.2 
(68.8)

0.52  
(0.37, 0.71)‡

<0.0001 109/237.5 
(45.9)

54/245.0 
(22.0)

2.08  
(1.50, 2.88)‡

<0.0001 <0.0001

 � All-cause death, cardiac trans-
plantation or LVAD, or HF hos-
pitalization, time to first through 
2 y§

34 (35.9) 46 (50.1) 0.71  
(0.45, 1.11)∥

0.13 56 (40.5) 35 (24.0) 1.76  
(1.15, 2.69)∥

0.008 0.004

Secondary effectiveness end points¶

 � All-cause death through 2 y§ 13 (14.3) 20 (26.8) 0.63  
(0.31, 1.26)∥

0.19 22 (16.4) 7 (5.2) 3.24  
(1.38, 7.59)∥

0.004 0.004

  �  Cardiovascular death§ 11 (12.2) 12 (16.4) 0.91  
(0.40, 2.05)∥

0.81 12 (9.2) 4 (2.6) 3.13  
(1.01, 9.70)∥

0.04 0.08

   �   HF death§ 5 (6.5) 8 (12.1) 0.61  
(0.20, 1.85)∥

0.37 8 (6.3) 0 (0) — 0.004 —

  �  Noncardiovascular death§ 1 (1.3) 6 (9.6) 0.15  
(0.02, 1.26)∥

0.04 9 (7.3)  3 (2.6) 3.04  
(0.82, 11.23)∥

0.08 0.02

  �  Undetermined cause of 
death§

1 (1.0) 2 (3.1) 0.47  
(0.04, 5.23)∥

0.53 1 (0.7) 0 (0.0) — 0.31 —

 � Cardiac transplantation or LVAD 
implantation through 2 y§

1 (1.5) 6 (9.0) 0.16  
(0.02. 1.32)∥

0.051 0 (0.0) 0 (0) — — —

 � All-cause death or cardiac 
transplantation or LVAD im-
plantation, time to first through 
2 y§

14 (15.6) 26 (33.4) 0.52  
(0.27, 1.00)∥

0.04 22 (16.4) 7 (5.2) 3.24  
(1.38, 7.59)∥

0.004 <0.0008

 � HFH, all through 2 y, no. of 
events/total patient-y (annual-
ized rate)

41/155.2 
(26.0)

78/151.2 
(52.0)

0.52  
(0.31, 0.86)#

0.01 87/237.5 
(37.0)

47/245.0 
(19.0)

2.05  
(1.35, 3.10)#

0.0008 <0.0001

 �  HFH, time to first through 2 y§ 26 (28.7) 37 (41.7) 0.68  
(0.41, 1.12)∥

0.13 47 (35.1) 30 (20.6) 1.73  
(1.09, 2.73)∥

0.02 0.007

(Continued )
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2-year follow-up was similar in patients who received the 
interatrial shunt device (Corvia Medical) and a placebo 
procedure. In contrast, shunt-treated patients in the cur-
rent study in the randomized strata with preserved LVEF 
had a worse prognosis during 2-year follow-up, includ-
ing a 3-fold increased rate of mortality (P=0.004) and 
a 2-fold increase in HFHs (P=0.0008). Whereas these 
analyses were prespecified, they were not powered, and 
should thus be considered exploratory. Nonetheless, the 
strength of statistical evidence is strong, raising concerns 
for shunt treatment in patients with LVEF >40%. The 
worse prognosis of patients with HF with preserved LVEF 
in RELIEVE-HF compared with REDUCE LAP-HF II may 
be attributable to recruitment of higher-risk patients with 
more comorbidities, with higher resting pulmonary vas-
cular resistance, higher natriuretic peptide levels, lower 
6MWD, and higher rates of cardiovascular death in the 
control group. Notably, among patients with preserved 
LVEF in both studies, the KCCQ-OSS substantially 
increased from baseline to follow-up in both the shunt 
group and control group, signifying that patients perceived 
improved QOL with both treatments. However, there were 
no differences in change in KCCQ-OSS at any time point 
between the shunt group and placebo procedure group in 
either trial, and this measure improved in both randomized 
groups despite the absence of clinical benefit with shunt 
treatment in REDUCE LAP-HF II and the worsened clini-
cal prognosis (including HFHs and mortality) with shunt 
treatment in RELIEVE-HF.

In contrast to the deleterious outcomes in patients 
with preserved LVEF, the cardiovascular prognosis 
appeared to be improved in shunt-treated patients with 

reduced LVEF in the current study; the annualized rate 
of all cardiovascular events was reduced by 45% in 
patients treated with the shunt versus a placebo proce-
dure (49.0% versus 88.6%; P<0.0001). The point esti-
mates favored shunt treatment for all 4 cardiovascular 
event components of the primary end point, all-cause 
death (HR, 0.63), heart transplantation or LVAD (HR, 
0.16), all HFHs (HR, 0.52), and all outpatient worsen-
ing HF events (HR 0.70), and the event curves favor-
ing shunt treatment were continuing to diverge at 2 
years. Subgroup outcomes according to LVEF were not 
powered and are thus hypothesis-generating, but LVEF 
was the principal prespecified subgroup of interest, with 
randomization stratified by this metric given uncertain 
effects according to baseline systolic function. Assess-
ment of the continuous relationship between LVEF and 
total cardiovascular events demonstrated an increasingly 
better prognosis after shunt treatment with progressively 
lower LVEF (and worsening prognosis with increasing 
LVEF); an ≈40% cutoff signified the inflection point at 
which shunt treatment shifted from harm to benefit.

Differential changes in echocardiographic measures 
during 1-year follow-up may provide a mechanistic basis 
for the varying clinical outcomes according to LVEF. After 
shunt treatment in patients with LVEF ≤40%, estimated 
left atrial and ventricular filling pressures and LV end-
diastolic volumes were reduced with no change in car-
diac index. These effects shift the Starling relationship 
up and to the left, indicating improved systolic function 
(Figures S9 and S10). The left and right heart remained 
compliant after shunt treatment; there were no changes 
in pulmonary artery systolic pressure, right ventricular  

End points

HF with reduced ejection fraction (≤40%) HF with preserved ejection fraction (>40%)

Pinteraction

Shunt 
group 
(n=101)

Placebo 
group 
(n=105)

Win ratio, 
relative risk 
or difference 
(95% CI) P value

Shunt 
group 
(n=149)

Placebo 
group 
(n=153)

Win ratio, 
relative risk 
or difference 
(95% CI) P value

 � Outpatient worsening HF 
events, all through 2 y, no. of 
events/total patient-y (annual-
ized rate)

21/155.2 
(14.0)

30/151.2 
(20.0)

0.70  
(0.39, 1.23)#

0.21 34/237.5 
(14.0)

34/245.0 
(14.0)

1.04  
(0.64, 1.68)#

0.88 0.27

 � Outpatient worsening HF 
events, time to first through 2 y§

16 (18.7) 19 (21.6) 0.83  
(0.43, 1.62)∥

0.59 29 (23.8) 25 (19.8) 1.18  
(0.69, 2.02)∥

0.54 0.38

 � Change in KCCQ-OSS from 
baseline through 1 y

12.2±20.5 11.4±20.5 0.4  
(−5.3, 6.1)**

0.89 7.4±22.1 9.4±21.8 −1.7  
(−6.6, 3.3)**

0.51 0.60

Data are shown as n (%) or mean±SD unless indicated otherwise. All P values should be considered hypothesis-generating. HF indicates heart failure; HFH, heart 
failure hospitalization; LVAD, left ventricular assist device; and QOL, quality of life.

*Quality of life was measured with the Kansas City Cardiomyopathy Questionnaire overall summary score (KCCQ-OSS).
†Win ratio (95% CI); see also Figures S5 and S6.
‡Relative rate ratio of the 2 annualized rates. The annualized rate was calculated as the total number of events divided by total follow-up years through 24 months. The 

annualized rate ratios and 2-sided 95% CIs were estimated by Poisson models, including treatment as a covariate. The total follow-up in patient-years was calculated 
as the sum of follow-up patient-years for each participant through 24 months (or earlier for patients who have not yet reached their 24-month visit at the time of data 
cutoff or end of study, whichever was earlier).

§Event rates are number of events (Kaplan-Meier time to first event estimates).
∥Hazard ratio (95% CI).
¶Additional secondary effectiveness and secondary safety end points are shown in Tables S24 through S26.
#Hazard ratio and 95% CI were calculated in a joint frailty model adjusted for all-cause mortality.
**Difference with 95% CI, adjusted for baseline value (analysis of covariance).

Table 3.  Continued
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end-diastolic volume, or inferior vena cava diameter 
despite increased blood flow from the left to right atrium. 
These findings suggest that greater compliance of the 
right heart allowed adaptation to increased shunt flow. 
In contrast, after shunt treatment in patients with LVEF 
>40%, estimated left atrial and ventricular filling pres-
sures and LV end-diastolic volumes were only slightly 
decreased, but cardiac index was substantially reduced. 
These effects shift the Starling relationship downward, 
indicating reduced systolic function (Figures S9 and 
S10). The left and right heart, already noncompliant at 
baseline, remained noncompliant after shunt treatment; 
there were substantial increases in pulmonary artery sys-
tolic pressure, right ventricular end-diastolic volume, and 
inferior vena cava diameter consistent with increased 
right ventricular preload and afterload, in part because 

a less compliant heart could not adapt to or tolerate the 
increased flow across the shunt from the left atrium to 
the right atrium.

Limitations
The current results apply only to the profile of the pa-
tients enrolled and treated with the Ventura shunt. Other 
investigational shunts have a larger orifice that may en-
able even greater left-to-right blood flow.19 Second, the 
reduced and preserved LVEF groups were not powered 
for effectiveness within each randomized strata. None-
theless, the effects of the shunt were sufficiently strong 
to demonstrate a marked reduction in all cardiovascular 
events (especially HFHs) in patients with LVEF ≤40% 
and a marked increase in all cardiovascular events 

Figure 2. Graphical representation of the clinical events and quality of life components of the primary effectiveness outcome 
measure through 2-year follow-up in the stratified randomized groups of patients with reduced ejection fraction (≤40%) or 
preserved ejection fraction (>40%).
A and C, Reduced left ventricular ejection fraction (LVEF). B and D, Preserved LVEF. A and B, The clinical components of the hierarchical 
composite primary end point: the cumulative incidence of all events, including all-cause death, left ventricular assist device (LVAD) or heart 
transplant procedures, hospitalizations for heart failure (HFHs), or worsening heart failure (HF) outpatient events. The Nelson-Aalen cumulative 
hazard rate function describes the estimated rate at which events will have occurred, given that the individual has survived up to that time point (ie, 
at any given time, the Nelson-Aalen cumulative hazard rate denotes the expected number of events per patient followed for that length of time). 
The number at the end of each curve is the 2-year hazard rate. C and D, The quality-of-life component of the hierarchical composite primary end 
point: the change in Kansas City Cardiomyopathy Questionnaire overall summary score (KCCQ-OSS) from baseline during 2-year follow-up. All P 
values should be considered hypothesis-generating.
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(especially HFHs and mortality) in patients with LVEF 
>40%, with a P value for interaction of <0.0001 indi-
cating that this difference in relative effect is unlikely 
to be spurious (and that in retrospect, these groups are 
not poolable). However, the modest number of patients 
in each of the LVEF groups may have prevented ap-
preciating other important differences in shunt-related 
outcome effects (eg, significant mortality reduction with 
shunt treatment in patients with LVEF ≤40%; HR, 0.63 
[95% CI, 0.31–1.26]) or reduction in composite out-
comes in time to first event analyses. Third, we have 
not yet completed detailed assessments of the effect 
of changes in medication use and dose over time, se-
rial changes in paired echocardiographic measures over 
time, or detailed cost-effectiveness analyses. Nor have 
we completed subgroup analyses to determine wheth-
er there are other specific patient phenotypes (beyond 
reduced versus preserved LVEF) that may benefit (or 
be harmed) with shunt treatment. Fourth, the large and 
similar increase in KCCQ-OSS in both the shunt group 
and control group, despite prerandomization eligibility 
committee confirmation of maximal HF medication use, 
emphasizes the relevance of the placebo effect and ne-
cessity for blinded trials. Moreover, the similar magnitude 
of KCCQ-OSS improvement and the lack of between-
group differences in this metric despite a large increase 
in cardiovascular events in shunt-treated patients with 
preserved LVEF and a large decrease in cardiovascu-
lar events in shunt-treated patients with reduced LVEF 
confounds its interpretation in blinded (and open-label) 
trials. Fifth, in the current trial, HF with preserved ejec-
tion fraction was defined with an LVEF >40%, similar to 
the cutoff used in the recent trials REDUCE LAP-HF II 
and EMPEROR-Preserved (Empagliflozin Outcome Trial 
in Patients With Chronic Heart Failure With Preserved 
Ejection Fraction).18,20 More recently, societal guidelines 
in the United States and Europe have defined HF with 
preserved ejection fraction with an LVEF ≥50%, catego-
rizing patients with an LVEF >40% but <50% as hav-
ing HF with mildly reduced LVEF, in part reflecting that 
patients with HF with mildly reduced LVEF may respond 
favorably to pharmacological interventions that also ben-
efit those with LVEF ≤40%.13,14 However, spline analysis 
from the current study suggests that an LVEF cutoff of 
≈40% is the value at which shunt treatment shifts from 
benefit (≤40%) to harm (>40%), justifying the definition 
of HF with preserved ejection fraction used in RELIEVE-
HF. However, the actual LVEF value for this transition 
might be somewhat higher or lower. Sixth, several pre-
specified and post hoc predictors of adverse outcomes 
after shunt treatment in HF with preserved ejection frac-
tion have been identified from the REDUCE LAP-HF II 
trial.18,21 A comprehensive analysis of the predictors of 
response to the Ventura shunt in HF with preserved as 
well as reduced ejection fraction from the current study 
is underway. Seventh, additional studies on patients with 

HF with reduced LVEF are needed to substantiate the 
beneficial outcomes that were observed with shunt treat-
ment in the current study and to determine whether a se-
lect cohort of patients with preserved LVEF might benefit. 
Nonetheless, the observation of differential cardiovascu-
lar outcomes in shunt-treated patients with reduced or 
preserved LVEF are especially important, as 3 shunt de-
vices have received CE Mark approval in Europe.

In the randomized, double-blind, placebo procedure–
controlled RELIEVE-HF trial, transcatheter implanta-
tion of the Ventura interatrial shunt was safe but did not 
reduce symptoms or improve prognosis in patients with 
HF through 2-year follow-up. However, a prespecified 
analysis in stratified randomized groups suggests that 
interatrial shunt implantation is beneficial in patients with 
reduced LVEF and harmful in patients with preserved 
LVEF.
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