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Abstract
Background In patients affected by heart failure (HF) with reduced ejection fraction (HFrEF), pharmacological treat-
ments have been proven to alleviate symptoms and improve prognosis, while no treatment other than sodium-glucose co-
transporter-2 inhibitors have demonstrated significant effects in HF with preserved ejection fraction (HFpEF). Left atrium 
decompression devices (LADd) have been recently investigated as a new interventional approach in patients with HFpEF.
Objectives To assess the efficacy of LADd on soft endpoints in HF patients across the spectrum of ejection fraction.
Methods PubMed and Web of Science were searched without restrictions from inception to 28 May 2022 to identify valuable 
articles. The studies that met the inclusion criteria were analyzed. The prespecified main outcomes were the change from 
baseline in 6-min walking distance (6MWD), NYHA class and health-related quality of life (HRQoL). Secondary outcomes 
were reduction in HF hospitalizations, echocardiographic, and hemodynamic parameters.
Results Eleven studies, with a total of 547 patients, were included. LADd significantly improved 6MWD by 43.95 m (95% 
CI 29.64–58.26 m), decreased NYHA class by 0.93 (95% CI 1.20–0.67), and improved HRQoL questionnaire by 20.45 points 
(95% CI 13.77–27.14) with better results for all outcomes in patients with lower EFs.
Conclusion The present meta-analysis suggests that LADd are favorable in improving 6MWD, NYHA class, and HRQoL 
in HF across a wide spectrum of ejection fraction, with better outcomes in patients with lower EFs.
Trial registration CRD42022336077, URL: https:// www. crd. york. ac. uk/ prosp ero/ displ ay_ record. php? Recor dID= 336077.

Keywords Heart failure · Interatrial shunting · Meta-analysis · Interventional heart failure treatment · Health-related quality 
of life outcomes

Introduction

In patients affected by heart failure (HF) with reduced 
ejection fraction (HFrEF; left ventricular EF ≤ 40%), phar-
macological treatment has been proven to favorably affect 
cardiac remodeling, alleviate symptoms, and enhance car-
diac function and prognosis [1]. On the contrary, apart 

from sodium-glucose co-transporter-2 inhibitors (SGLT2i) 
[2, 3], no pharmaceutical treatment has been demonstrated 
to reduce morbidity and mortality in individuals with HF 
with preserved ejection fraction (HFpEF; EF ≥ 50%). A 
common symptom of patients with HF, regardless of EF, 
is dyspnea on efforts, which may be the result of an abrupt 
development of pulmonary congestion, due to elevated left 
ventricular and atrial filling pressures [4]. Individual titra-
tion of HF pharmacological treatment, especially diuretics, 
guided by invasive pulmonary artery pressures analysis, 
may better control congestion and minimize HF hospitali-
zations [5]; however, pressure-guided HF therapy requires 
patient adherence, and it is rather difficult and expensive 
[6]. Similarly to patients with mitral stenosis, in whom a 
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concomitant small congenital atrial septal defect (Lutem-
bacher’s syndrome) is associated with fewer symptoms and 
better outcomes compared with isolated mitral stenosis [7], 
various left atrium decompression devices (LADd) are cur-
rently under investigation in patients with HF. The present 
systematic review and meta-regression analysis investi-
gated the feasibility and efficacy of dedicated LADd on 
symptoms, quality of life, functional status, hemodynamic 
parameters, and cardiac function in HF individuals across 
the spectrum of EF (Graphical abstract).

Methods

This meta-analysis was performed based on the Preferred 
Reporting Items for Systematic Reviews and Meta Analy-
ses guidelines [8] (Table S1) and registered on PROSPERO 
(CRD42022336077).

Search strategy and study selection

PubMed and Web of Science were searched without any 
restrictions from inception to 28 May 2022. The search strat-
egy is included in the Supplementary Materials. Two authors 
separately examined the titles and abstracts of all obtained 
publications to exclude clearly unrelated research. Accord-
ing to the inclusion criteria, the remaining articles were cho-
sen for full-text examination. The final list of included stud-
ies was then reviewed by the authors, and any differences 
were addressed via discussion. Studies were included if they 
satisfied the following criteria: (1) a comprehensive study 
design with rigorous inclusion and exclusion criteria; (2) 
participants affected by HF; and (3) if a main study had more 
than one follow-up, only those having the longest follow-up 
duration were included.

Data extraction and quality assessment

The primary efficacy outcomes were improvement in six-min-
ute walking distance (6MWD), NYHA class and health related 
quality of life (HRQoL), assessed by specific questionnaire.

The secondary efficacy outcomes were HF hospitaliza-
tion (HHF), analyzed by comparing the number of HHF 
occurred in the follow-up period after LADd implanta-
tion to the number HHF occurred in the same time lapse 
before the device implantation, mean right atrial pressure 
(mRAP), mean pulmonary artery pressure (mPAP), tricus-
pidal annular plane systolic excursion (TAPSE), pulmonary 
capillary wedge pressure (PCWP), NT-proBNP variations, 
and safety concerns of LADd. Device-related adverse events 
were considered as safety primary outcome, a composite 
of device embolization, migration or removal, stroke (fatal 

and non-fatal) or transient ischemic attack, cardiac tam-
ponade, and emergency cardiac surgery; this outcome was 
derived according to the events reported in each study as 
device-related.

In addition, a second safety outcome was analyzed, by 
only considering randomized controlled trial (RCT) that 
reported a composite of major adverse cardiovascular, cer-
ebral, and renal events (MACCRE), specifically including 
cardiovascular death, embolic stroke and new onset or wors-
ening kidney function.

The following information was gathered from each 
included study: baseline characteristics of studies (authors, 
publication year, journal, country), patients’ characteristics 
(sample size, gender, age, comorbidities), hemodynamic var-
iables (post-capillary wedge pressure, mean atrial pressure, 
tricuspid annulus plane excursion, mean pulmonary arterial 
pressure), functional status changes (6MWD, NT-proBNP, 
HRQoL), and major adverse events (all-cause mortality, 
HHF). To analyze the risk of bias, the GRADE tool was 
used [9] (Table S2). Two reviewers independently estimated 
means and measures of dispersion from figures in the reports 
using DigitizeIt, version 2.5 (Braunschweig, Germany), if 
required. The final values were determined by averaging the 
opinions of independent reviewers.

Statistical analysis

STATA 17.0 (Stata Corp, College Station, TX, USA) was 
used. The chi-square test and I2 test were used to investigate 
heterogeneity, with p ≤ 0.10 or I2 > 50% indicating consid-
erable heterogeneity. A DerSimonian and Laird random-
effects model was used. Risk ratios (RR) and 95% confi-
dence intervals (CI) were estimated for binary variables 
and weighted mean difference (WMD) and 95% CI were 
determined for the quantitative variables.

In addition, sensitivity analysis, funnel plots, and Egger’s test 
were performed to assess the stability of estimates and publica-
tion bias of included papers. A two-tailed p value of 0.05 was 
deemed significant.

Random-effects meta-regression analysis was performed to 
measure the impact of baseline ejection fraction on the effect 
size for the primary outcomes.

As with prior research using comparable analytic meth-
odologies [10], the pre-procedure patient cohort was desig-
nated as the comparison group.

Recent methods [11–13] were used to convert data pro-
vided as sample size, median, first and third quartiles, or mini-
mum and maximum to mean and its related standard error.

The HRQoL was evaluated by the Minnesota living with 
heart failure (MLWHF) questionnaire or by the Kansas City 
cardiomyopathy questionnaire (KCCQ), as both instru-
ments demonstrate HRQoL improvement and deterioration 
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on oppositely directed axes, the MLWHF scores were 
inverted (higher scores imply superior HRQoL) prior to 
standardization.

Results

Study characteristics

Of 1200 identified papers, 25 were retrieved for a more 
detailed evaluation (Fig. S1). According to the inclusion 
criteria, 2 studies were rejected, while 12 paper reported 
the results of the same trial at different follow-up duration 
or were abstracts on the same trial. Eventually, 11 studies 
were included, published between 2015 and 2022, compris-
ing 547 patients, and with a follow-up time that varied from 
3 to 27 months [14–24].

Two trials [14, 16] assessed quality of life by the MLWHF 
questionnaire and 6 studies [15, 17, 19, 20, 23, 24] by the 
KCCQ; the two questionnaire scales were converted in order 
to compare the results, as previously described.

Table 1 provides a summary of the baseline characteris-
tics of the included studies.

Primary outcomes

Ten studies examined the change in submaximal exercise 
capacity assessed by the 6MWT. The mean baseline 6MWD 
varied between 242 and 454 m. Among the included studies, 
the use of LADd provided an average mean 6MWD increase 
of 43.95 m (95% CI 29.64–58.26 m) (Fig. 1). To further 
investigate this outcome result, meta regression and cumula-
tive meta-analysis were performed according to EF (Fig. 2). 
Meta regression analysis showed a consistent effect across 
the spectrum of EF, with a greater effect in low EFs; cumula-
tive meta-analysis confirmed this observed trend.

Eleven studies examined the change in NYHA class with 
the use of LADd; the average mean NYHA class decreased 
by 0.93 (95% CI 1.20–0.67) (Fig. 3). To further explore this 
finding and to assess the considerable reported heteroge-
neity, meta regression and cumulative meta-analysis were 
performed according to EF (Fig. 4). Meta regression analysis 
showed a consistent effect across the spectrum of EF, with 
a greater effect in low EFs; cumulative meta-analysis con-
firmed this observed trend.

Eight studies assessed QoL, the average HRQoL 
score improved by 20.45 points (95% confidence interval 
13.77–27.14) (Fig. 5). To further understand this finding and 
to assess the considerable reported heterogeneity, meta regres-
sion and cumulative meta-analysis were performed according 
to EF (Fig. 6). Meta regression analysis showed a consistent 
effect across the spectrum of EF, with a greater effect in low 
EFs; cumulative meta-analysis confirmed this observed trend.

There were no significant differences among the different 
devices in terms of 6MWD, NYHA class change, or HRQoL 
improvement.

Secondary outcomes

No significant difference was found for the reduction of 
TAPSE, HHF, NT pro-BNP, mRAP, and mPAP (Fig. S2). 
This lack of statistical significance may be ascribable to the 
limited number of studies assessing these specific outcomes. 
Six studies evaluated PCWP difference; mean PCWP was 
reduced by 4.67 mmHg by LADd implantation (95% confi-
dence interval: 7.59–1.75) (Fig. S3).

Safety outcomes

All studies examined device-related adverse events, defined 
as either device embolization, migration or removal, stroke 
(fatal and non-fatal) or transient ischemic attack, cardiac 
tamponade, and emergency cardiac surgery, as previously 
described. LADd implantation did not result in a signifi-
cant higher risk of device-related adverse events (RR 2.54, 
95% CI 0.93–6.96) (Fig. 7). When comparing the two RCT 
[17] on incidence of MACCRE, LADd implantation did not 
result in a significant higher risk of MACCRE (RR 0.85, 
95% CI 0.45–1.59) (Fig. 7).

Publication bias and sensitivity analysis

Publication bias for all outcomes was assessed. The Egger’s 
tests revealed no publication bias when corrected for meta-
regression analysis moderators (Table S3). To evaluate the 
consistency of the findings, sensitivity analyses were con-
ducted on all outcomes and were stable (Fig. S4).

Discussion

The present meta-analysis of mostly non-randomized, open-
label studies, by investigating the effect of different devices 
for left atrial decompression in 547 symptomatic patients 
with HF and a wide spectrum of EFs, showed that the pro-
cedure improves submaximal exercise and functional capac-
ity assessed by 6MWD and NYHA class, and improves 
HRQoL. In particular, the 6MWD, a valuable index of 
submaximal exercise capacity, increased by approximately 
15% and the NYHA class was reduced by approximately 
30%. Moreover, device implantation showed a significant 
improvement of PCWP with no effects on other hemody-
namic, prognostic, or echocardiographic endpoints (TAPSE, 
HHF, NT-proBNP levels, mRAP, and mPAP). There were 
no significant differences among devices in terms of 
6MWD, NYHA class change or HRQoL improvement and 
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Fig. 1  Change in 6MWD (mt). Solid squares represent mean differ-
ences in trials and have a size proportional to the weight of the dif-
ference. The 95% confidence intervals (CI) for individual trials are 

denoted by lines and those for the pooled mean differences by empty 
diamonds. 6MWD, six-minute walking distance; CI, confidence inter-
val

Fig. 2  Meta regression analysis (on the left) and cumulative meta-analysis (on the right) for 6MWD change with EF as moderator. 6MWD, six-
minute walking distance; CI, confidence interval
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device implantation was not related to significant adverse 
events.

LADd reduce left atrial pressure, by either creating a 
small artificial atrial septal defect or coronary sinus com-
munication. The potential therapeutic benefit in HF patients 
of iatrogenic interatrial shunt starts from the observation that 
the presence of a congenital secundum atrial septal defect 
in patients with mitral stenosis (Lutembacher syndrome) 
seemed to be beneficial compared to isolated mitral stenosis, 
due to the ability to decompress left atrium by shunting blood 
to the right atrium and to the systemic veins; coronary sinus 
to left atrium devices similarly allow left atrium decompres-
sion, however, without the need of a septal puncture.

In all included studies, the procedural success rates were 
high for all LADd and most of them were patent at the end of 
the follow-up period (Table S4). Patients with both reduced 
and preserved EF were enrolled in the studies included in the 
present meta-analysis; in particular, the REDUCE LAP-HF 
II [23] concentrated on patients with preserved or mildly 
reduced EF, since no therapeutic approaches, apart from the 
recent efficacy reported for SGLT2i [2, 3], have demon-
strated to improve soft and hard endpoints in this popula-
tion. The pathophysiological substrate of LADd use in pre-
served and mildly reduced EFs starts from the concept that 

in HFpEF and in HF with mildly reduced EF patients, with 
normal or near-normal central venous pressure, but elevated 
left atrial pressure on efforts, left atrial decompression might 
be particularly beneficial to alleviate congestion and relief 
symptoms. However, HFpEF is a clinical entity that includes 
a great variety of patients with different phenotypes that 
often needs a personalized therapeutic approach; for this 
reason, many of the tested therapeutic approaches in this 
population failed to demonstrate a beneficial effect. Inter-
estingly, our analysis showed that the effect of LADd on 
6MWD, NYHA class and HRQoL was consistent across a 
wide spectrum of EFs with a greater effect in patients with 
lower EFs (Figs. 2, 4, and 6).

In contrast to previous meta-analysis on the same topic 
[10, 25], these results underline the efficacy of LAD 
approach in HFrEF and HFmrEF, with still some controver-
sies in HFpEF, as already reported for most pharmacologi-
cal approaches. In particular, Lauder et al. [25] reported an 
improvement in 6MWD, HRQoL, and PCWP, with better 
outcomes for 6MWD in patients with EF > 40%. In a subse-
quent meta-analysis, Yi and colleagues [10] reported that the 
improvement in PCWP was consistent in HF patients, with 
no difference regarding EF. The reason why a third meta-
analysis on the topic was needed after the publication of the 

Fig. 3  Change in NYHA class. Solid squares represent mean differ-
ences in trials and have a size proportional to the weight of the dif-
ference. The 95% confidence intervals (CI) for individual trials are 

denoted by lines and those for the pooled mean differences by empty 
diamonds. CI, confidence interval
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Fig. 4  Meta regression analysis (on the left) and cumulative meta-analysis (on the right) for NYHA class change with EF as moderator. CI, con-
fidence interval

Fig. 5  Change in HRQoL. Solid squares represent mean differences 
in trials and have a size proportional to the weight of the difference. 
The 95% confidence intervals (CI) for individual trials are denoted by 

lines and those for the pooled mean differences by empty diamonds 
CI, confidence interval; HRQoL, health-related quality of life



1158 Heart Failure Reviews (2023) 28:1151–1161

1 3

REDUCE LAP-HF II trial [23] is related to the clear interest 
in this specific subject among HF specialists and interven-
tional cardiologists, and, especially, to some new elements 
that are present in our study. In particular, the inclusion of 
more recent trials, doubling the total number of patients com-
pared to the aforementioned meta-analyses, and the use of 
EF as continuous and not dichotomic moderator in meta-
regression analyses significantly impacted on meta-analyses 
results and study data interpretation; thus, adding these com-
ponents, we demonstrated that the patient-centric outcomes 
improve across a wide range of EF, with better results in 
patients with lower EF.

Regarding quality of life, HRQoL score increased by 
20.45 points; in general, a shift of 5 points is considered 
a small, but clinically significant change, while a change 
of more than 20 points is interpreted as a large significant 
change [26], as observed in our analysis. The HRQoL is 
drastically impaired in HF patients; in the studies included 
in the present meta-analysis, HRQoL was measured using 
either the MLHFQ or KCCQ, that are both robust and reli-
able disease specific HRQoL measurements in HF [27, 
28]. The gain in HRQoL obtained after LADd implantation 
overcome those of most approved pharmacological HF treat-
ments. In the DAPA-HF trial, dapagliflozin improved the 
KCCQ total symptom score by 7.0 points in HFrEF diabetic 
patients and by 5.4 points in non-diabetics at 8 months [29], 

whereas, in the recently published DELIVER trial [3], dapa-
gliflozin improved the KCCQ total symptom score by 2.4 
points at 8 months in HFpEF subjects. In the EMPEROR-
Preserved [2] and EMPEROR-Reduced [30] trials, empa-
gliflozin improved KCCQ by 4.5 points and 5.8 points at 
12 months, respectively in HFpEF and HFrEF patients. 
Similar benefits on HRQoL were only recorded for trans-
venous edge-to-edge mitral valve repair of secondary mitral 
regurgitation, in which the KCQQ score increased by 12.50 
points [31].

As regards safety concerns, despite different analyzed 
outcomes among the included studies, no differences in the 
occurrence of device-related adverse events were found.

Specifically, analyzing the reported adverse outcome in 
the REDUCE LAP-HF trial [16], at 12-month follow-up, one 
patient died for combined pneumonia and renal failure and 
one patient had a fatal stroke. In the REDUCE LAP-HF I trial 
[17], across the 12 months of follow-up, no device emboliza-
tion, occlusion, or migration was observed; a second procedure 
for device removal or occlusion was never required, and no 
strokes, transient ischemic attacks or atrial fibrillation/atrial 
flutter events were reported in the device treated arm. The 
cumulative incidence of major adverse cardiac, cerebrovascu-
lar, and renal events was comparable in the device and in the 
control group (Log-rank p = 0.20). In the REDUCE LAP-HF 
II trial [17] the composite safety endpoint of cardiovascular 

Fig. 6  Meta regression analysis (on the left) and cumulative meta-analysis (on the right) for change in HRQoL using EF as moderator. CI, confi-
dence interval; HRQoL, health-related quality of life
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mortality, non-fatal stroke, worsening kidney function, major 
cardiac events, thrombo-embolic complications, new persis-
tent or permanent atrial fibrillation or atrial flutter, and ≥ 30% 
increase in right ventricular size or ≥ 30% decrease in TAPSE 
were not significantly different between the device and sham-
controlled arms (p = 0.11). Rodes-Cabau et al. [18] reported 
only one patient experiencing a cardiac tamponade during the 
in-hospital stay, whereas Guimares et al. [19] reported one 
patient with advanced HF dying due to an electrical storm. In 

the PRELIEVE study [21] only one patient experienced post-
procedural bleeding and syncope. In the studies by Del Trigo 
et al. [15], Simard et al. [20], Shang et al. [24], Malek et al. [14], 
and in the RAISE trial [22], no device-related adverse events 
were recorded at follow-up. In the present meta-analysis, we 
analyzed both a composite of averse-related outcomes and a 
composite of major adverse cardiovascular, cerebral, and renal 
events just considering the data from RTCs; for both safety 
outcomes, LADd implantation was neutral.

Fig. 7  Meta-analysis for device-related adverse events A and Major Adverse Cardiovascular, Cerebral and Renal events B. CI, confidence inter-
val
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Thus, LADd implantation is a safe procedure and provide 
a functional benefit in HF patients, with better evidence in 
patients with lower EFs. However, despite the benefits of 
LADd therapy, the present findings should be interpreted 
with caution until verified by larger, appropriately powered, 
randomized trials examining the impact on hard endpoints 
in HFrEF.

Limitations

Our meta-analysis suffers from some limitations. First, most 
of the included studies were small, single-arm feasibility 
studies without control groups and with variable follow-up 
durations. Thus, we cannot rule out non-specific therapeutic 
effects, such as the placebo effect. Moreover, concerns may 
exist about the generalizability of our findings due to the 
limited sample size and considerable heterogeneity of some 
outcomes. Meta regression analysis according to EF proved 
to be a significant explanator for the reported heterogeneity. 
Although the improvements in clinical outcomes, such as 
6MWD, NYHA class, and HRQoL are encouraging, they 
need to be validated by appropriately powered and, ide-
ally, sham-controlled randomized trials. Several trials are 
now active, like the ALt FLOW US (NCT03523416) [32], 
RELIEVE-HF (NCT03499236) [33], and PROLONGER 
[34], recruiting patients with both HFrEF and HFpEF. Sec-
ond, this meta-analysis is not based on individual patient 
data. Third, functional outcomes, including the 6MWD, are 
not simply reliant on cardiopulmonary conditions.

Conclusions

LADd implantation in HF patients is a feasible and safe 
procedure, associated with considerable improvements in 
patient-centric outcomes, such as submaximal exercise 
capacity, NYHA class, and HRQoL across a wide spectrum 
of EF, with better outcomes in patients with more impaired 
systolic function. These findings need confirmation by 
larger sham-controlled trials.
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