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Introduction

Heart failure (HF) represents worldwide a leading cause 
of mortality and morbidity (1,2). Considering that the left 
and right heart chambers do not work in isolation, but are 
inextricably linked, left and right heart interactions have 
to be analyzed together and in either left ventricular (LV) 
or right ventricular (RV) failure harnessed for therapeutic 
benefits (3). Given this functional unit, it appears that the 
well-intentioned definition of right HF (RHF) as a complex 

syndrome characterized by insufficient delivery of blood 
from the right ventricle associated with elevated systemic 
venous pressure at rest or exercise (4) seems to be too 
narrow; the definition needs to be extended on the systemic 
oxygen delivery as the most important pathophysiological 
variable. Oxygen delivery has been defined as the product 
of cardiac output (CO) and systemic oxygen content 
(CaO2). While there can be a degree of RHF, even when 
the systemic CO and DO2 are still preserved; meaning 
in patients with pulmonary arterial hypertension (PAH)-
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related RHF, the indication for the creation of an atrial or 
arterial communication is improvement of DO2 (5). The 
systemic DO2 is improved by an increase in the CO even 
at the expense of a lower CaO2. A modeling study showed 
greater benefits for a reverse Potts-shunt, when compared 
with those achieved following the creation of an atrial 
communication (6). Additionally, a restrictive systemic 
vein fenestration is frequently created when dealing with 
patients suffering from a failing Fontan circulation; in 
the case of a systemic vein hypertension that is combined 
with an increased transpulmonary pressure gradient, a 
restrictive fenestration can effectively decrease the systemic 
vein pressure and increase the systemic blood flow while 
bypassing a small, but effective amount of blood through a 
high resistance pulmonary circulation (7). The severity of 
left-HF is assessed by clinical symptoms and characterized 
as a functional class; the NYHA classification is used for 
adults and the Ross-classification for infants and young 
children. From a pathophysiological point of view, LHF is 
related to a reduced (HFrEF), preserved (HFpEF) or mid-
range ejection fraction (HFmrEF) (8), and related to the 
limitation to increase CO at rest or during exercise.

Our review aims to summarize the present knowledge 
concerning the creation of a restrictive atrial communication 
as a therapeutic palliation to improve consequences of RHF 
and/or LHF, even in the setting of HFpEF or HFrEF. 

Why a restrictive atrial septum defect (rASD)?

Right and left atria are separated by a primum and 
secundum septum, which usually have grown together. 
From the morphological point of view, a patent foramen 
ovale (PFO) is not a defect, but rather a functionally 
open communication; both septal tissues are normally 
overlapping, but have not grown together. Like a valve, 
the overlapping septum primum and secundum allows 
only a right to left shunt, as it is physiological during fetal 
life. Therefore, any atrial left to right shunt is associated 
with a defect within the atrial septum. Congenital atrial 
septum defects can be located anywhere in the septum (9);  
a secundum defect (ASD-II) has a reduced size primum 
septum in the region (fossa ovalis) where both septa 
are usually overlapping; a primum defect (ASD-I) is 
due to insufficient tissue in the region connected to the 
atrioventricular valve(s). Therefore, a septum primum defect 
is oftentimes associated with an inlet ventricular septum 
defect, described as an atrioventricular septum or cushion 
defect. Superior or inferior sinus venosus defects (SVD) 

are usually associated with a partial anomalous pulmonary 
vein return. Atrial defects can also be based on a multi-
perforated fossa ovalis (Chiari network) or even positioned 
within the coronary sinus. From a pathophysiological point 
of view, atrial septum defects are described as restrictive or 
non-restrictive. The extreme variant of a non-restrictive 
atrium septum defect is a common atrium, in which the 
secundum and primum septum is completely absent. By 
definition, a rASD does not allow equalization of left (LAP) 
and right atrial pressures (RAP), despite the rare condition, 
that both atrial pressures might have the same level 
independent of the persistence of an atrial communication. 
In a structurally normal heart with a right-to-left ventricular 
free wall thickness ratio of 1:3, a left-to-right shunt with a 
physiologic interatrial pressure gradient of 2–5 mmHg would 
be the result. On the other hand, under similar conditions, 
a non-rASD would be associated with a pulmonary-to-
systemic flow ratio (Qp/Qs) of 3:1. Usually, a left-to-right 
interatrial shunt is considered clinically relevant when the 
Qp/Qs is >1.5 or when the shunt causes volume and/or 
pressure overload of the subpulmonary chamber. In case of a 
restrictive communication, the atrial shunt and consequently 
the Qp/Qs depend on the size of ASD, the difference of 
interventricular compliance, atrioventricular valve function 
and the pressure gradient between the atria. Considering 
the not so simple pathophysiology of atrial shunts, a rASD 
may be better defined by morphological criteria such as the 
ratio of the defect diameter to the total septum length. In 
congenital atrial defects, a ratio of a defect diameter to total 
septum length of less than 25% is functionally restrictive, 
independent of the shunt direction (10). Accordingly, in 
adults a rASD should have a dimension of less than 14 mm,  
optimally between 8–10 mm (10). Thus, the direction 
and the fraction of a shunt at the atrial level are not solely 
defined by the defect diameter; a common atrium can 
be associated without any or only a non-significant bi-
directional shunt, if the compliance of the right and left 
ventricle is identical. It follows that a dilated left atrium (LA) 
in the setting of a left-to-right shunt cannot be associated 
with a non-restricted ASD, if a structural wall defect is 
excluded. Irrespective of the underlying cause, left atrial 
(LA) dilatation due to an increase in LA pressure (LAP) 
represents the common pathway leading to pulmonary 
congestion and acute or chronic pulmonary edema that 
account for more than 90% of admissions in acutely 
decompensated LV-HF (11). A reduction of the LAP is most 
likely associated with improved outcome in patients with 
HFrEF (12), and a significant direct association has been 
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demonstrated between elevated pulmonary capillary wedge 
pressure (PCWP) and mortality (13). Atrial septostomy with 
the intent to create an ASD, especially in adult patients with 
pulmonary hypertension and RHF has become a therapeutic 
strategy for many years and guidelines recommend an atrial 
communication for bridging patients to transplant (14,15). 
The creation of a rASD in order to treat young patients 
with PAH-related syncope (because of a very “well trained” 
right ventricle with a hyper-reactive pulmonary vascular 
system) has rarely been reported (16,17). Additionally, 
recent data show that the creation of a small (defined as 
restrictive) ASD determining a pressure-dependent, left-to-
right atrial shunt in patients with LV-HF may protect from 
the impact of LA-congestion and LA-hypertension as well 
as preventing acute decompensation (18,19). 

Previous observations have led to the hypothesis that 
shunting blood between the atria can reduce upstream 
elevated pressures. Patients with the combination of mitral 
stenosis and a small ASD are less symptomatic and have 
better outcomes than patients with pure mitral stenosis. 
Those patients experience a hemodynamically relevant 
rise in the pulmonary artery pressure and acute pulmonary 
edema after closure of their ASD, suggesting that the atrial 
shunt via the ASD allows LA decompression resulting in a 
hemodynamic benefit (20). Based on clinical observations 
and computer models, atrial devices with a fixed diameter 
or manufactured fenestration have been developed for long-
term HF palliation (21,22). Current guidelines recommend 
pre-interventional testing (balloon occlusion with an 
assessment of the left ventricular end-diastolic pressure in 
patients with ASD and systolic or diastolic LV dysfunction 
prior to the ASD closure (23). Also of importance, the 
creation of an ASD via balloon atrial septostomy, or 
placement of a transseptal cannula has been associated with 
ventricular recovery in patients with severe LV dysfunction 
who cannot be weaned from extra-corporeal membrane 
oxygenation because of refractory pulmonary congestion (24).  
We have shown beneficial effects creating a rASD in 
children and young adults with dilatative and restrictive or 
hypertrophic cardiomyopathy (18,19,25); the rASD with a 
limited left-to-right shunt significantly lowered pulmonary 
vein pressure, improved congestive symptoms and set in 
motion a favourable LV reverse remodeling and improved 
LV-EF. A major issue concerns short- and long-term effects 
of the left-to-right interatrial shunt on load conditions of 
the right heart and on forward LV output (26). Noteworthy, 
the creation of a non-restrictive atrial communication could 
be fatal in both, left and RHF. In patients with left sided 

HF-associated high left-to-right atrial pressure gradients 
a non-restrictive communication may be associated with 
a hemodynamically relevant, non-tolerable shunt; in the 
setting of RV-HF a clinically non-tolerable cyanosis may 
result. As mentioned above, an atrial communication with 
a diameter of less than 10 mm but above 4 mm is usually 
restrictive and effective in adult patients with severe HF. 
However, we learnt in the setting of a decompensated 
Fontan c i rculat ion caused by  a  sys temic  venous 
hypertension of up to 20 mmHg and a high transpulmonary 
pressure gradient (above 7–10 mmHg), that a fenestration 
with a diameter of 4 mm—bigger communication might be 
fatal—is suitable and very effective in reducing the venous 
pressure and improving the systemic CO. Current PAH 
guidelines do not recommend the creation of an atrial 
septum defect in patients with a central venous pressure 
above 20 mmHg. Here, the size of the ASD needs to be 
taken into account (14). Based on our own experience, we 
recommend, particular in patients with a high systemic 
venous pressure, a palliative atrial communication, as long 
as the diameter of the ASD does not exceed 4–5 mm. 

How to create a rASD?

Based on our recently published data (17-19,25), the 
purpose of generating an effective but restrictive atrial 
communication is to enrich the palliative repertoire of right 
(RHF) and left HF (LHF) treatment. Technical details of 
percutaneous rASD generation have been recently reported 
(17,18,25). Therefore, here we want only to focus on a few 
technical aspects. We postulate that the risk of perforation 
of the intra-atrial septum (IAS) by trans-septal needle 
technique is reciprocally proportional to the size of the 
LA. We have translated the Brockenbrough transseptal 
needle technique applied in critically ill newborns with 
a hypoplastic left heart syndrome (oftentimes due to an 
extremely diminished LA) to young adults with PAH-
associated LA compression (27,28); in terms of coronary 
guide-wire advancement immediately after needle 
perforation of the IAS; the wire is pushed through the 
transseptal needle and placed in one of the left-sided 
pulmonary veins before the transseptal instrumental 
ensemble is advanced to the LA. This technique reduces 
the risk of LA free-wall perforation and allows even pre-
ballooning of the IAS, if necessary to facilitate advancing 
the transseptal ensemble to the left (Figure 1A,B,C,D). In 
contrast, the risk of generating a transcatheter rASD is quite 
a bit lower in LHF with an enlarged LA. Independent of the 
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puncture technique, a high-pressure-balloon should be used 
for the initial IAS-dilatation, preferably a balloon catheter, 
which can be advanced through the initially utilized 6 or  
8 Fr transseptal sheath. We want to emphasize the process 
of gradual ballooning of the IAS in order to induce a 
sustained effectiveness of a solely balloon-dilated IAS, and 
also to avoid the creation of a non-rASD. Usually, the IAS 
dilation is complete with a balloon to ASD diameter ratio 
of 2:1 (5). Safety and efficacy of a balloon-created rASD has 
been demonstrated, however, some patients need repeat 
interventions when the atrial communication becomes 
inefficient. The efficacy of the rASD is achieved when the 
functional class has been improved and echocardiographic 
imaging parameters have beneficially changed. 

Summary of our current experience with the 
creation of a rASD in HF

The purpose of a rASD is to palliate congestive symptoms 
of right or left heart disease and to reduce the risk of PAH-
associated syncope. A rASD can be created with a low-risk 
and almost without mortality at any age from infancy to 
senior age (Figure 2A), provided that experienced operators 
perform the procedure. The efficacy of the generated rASD 
is best shown by immediate and long-lasting improvement 
of the clinical functional class. When using the technique of 
balloon dilatation without a device defined fenestration, one 
should expect that repeat interventions will be necessary; 
in our case series 30% of the patients required one or more 
IAS re-manipulations (Figure 2B). The majority of patients 
had LHF with preserved or reduced ejection fraction; 
a smaller group was treated because of PAH-associated 
syncope or manifest RHF. 

PAH-associated syncope/RH-failure

PAH-related syncope is a rewarding pathophysiological 
entity to palliate by a rASD when combined with PAH-
specific drugs that reduce pulmonary vascular hyper-
reactivity. The patients are usually young. They have 
a muscular RV that is well-adapted to a systemic or 
suprasystemic pressure-, and they usually have no or 
insignificant tricuspid valve insufficiency; at rest, the mitral 
valve allows the passage of a sufficient blood volume with a 
normal or inverse inflow pattern. The non-dilated inferior 
cava vein represents normal central venous pressures. 
Near-syncope or manifest syncope develop acutely during 
myocardial and cerebral ischemic attacks, the latter are 
frequently misinterpreted as epileptic seizures. The hyper-
reactive pulmonary vascular bed prohibits an acute increase 
in pulmonary blood-flow, thus the LV preload becomes 
inadequate resulting in a failure of the CO to increase and 
meet the need of a sufficient cerebral vascular perfusion. An 
effective, but restrictive atrial communication prevents such 
ischemic situations. At rest the rASD manifests usually a 
left-to-right or bi-directional shunt.

Very different is a syncope based on end-stage RHF 
that results in a systemic low CO at rest. These patients 
are in functional class IV, demonstrate systemic venous 
hypertension with a dilated caval vein, liver and bowel 
congestion peripheral edema, ascites and pericardial 
effusion. The right ventricular function is marginal, 
forward flow is insufficient also due to severe tricuspid 
valve regurgitation, which results from an increased RV 
volume and RV dilatation. In this “end-stage RV” scenario 
of severe and progressive PAH syncope attacks can be 
triggered by bradycardia and be lethal. The therapeutic 

Figure 1 Depicts the transseptal approach by the Brockenbrough technique. (A) Shows the perforation of the atrial septum after contrast 
marking of the septal area; (B) demonstrates the trans-needle coronary wire placement within the left upper pulmonary vein; (C) the first 
balloon dilatation of the septum by an 8 mm × 30 mm Powerflex® balloon; (D) the final dilatation with a 12 mm × 30 mm high-pressure 
balloon.

A B C D
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goal is to unload the failing RV and buy time for a lung 
transplant, if this treatment is an option. Another option 
is a reverse Potts-shunt. The creation of a rASD serves as 
a bridge to transplant or as a life-prolonging palliation. 
The palliative approach of a rASD, in the setting of an 
extremely increased systemic venous pressure (up to  
20 mmHg), requires that the atrial communication must be 
truly restrictive with diameters ranging from 3 to maximal  
5 mm; if the communication is wider the patient will 
develop a non-tolerable cyanosis and have an insufficient 
pulmonary oxygen uptake. In a clinical situation that allows 
a decision between a rASD or a reverse Potts-shunt, based 
on a mathematical model, a rPotts appears to be preferable 
and more effective (6). 

LH-failure with preserved and reduced ejection fraction

In contrast to the established role of atrioseptostomy in PAH 
patients, the creation of a rASD as a palliation of LHF is less 
established and has just recently been recommended (29).  
Indeed, diuretics are used as first-line medication treating 
congestive LHF with preserved as well as LHF with 
reduced EF (30). Diuretics are routinely administered and 
chronically prescribed with little concern regarding the 
disadvantages of long-term diuretic treatment (31,32). 
Based on the concept that outcome might be improved 
by decreasing LA pressure (12), it is worth to discuss the 
idea of a “first-line” mechanical decompression of the LA, 
before high-dose diuretic treatment is utilized as a last 
palliative action (32). Such a strategy which applies the 
creation of a rASD makes sense particularly in context of 
the pathophysiology of HF; HFpEF, atrial enlargement and 

hypertension do not necessarily correlate with symptoms 
of pulmonary vascular congestion at rest, but likely during 
exercise. In contrast, patients with HFrEF show early 
symptoms of LA and pulmonary congestion; LA functional 
incompetence together with a systolic dysfunctional LV 
are responsible for a systemic low CO at rest, additional 
diastolic dysfunction of the LV generates pulmonary 
congestion. At the time, when diuretic treatment becomes 
unavoidable in order to reduce the vexing dyspnea, we 
entertain the option of generating a rASD, rather than 
starting diuretics that will worsen neuro-humoral activation. 
Although our experience is still limited, we have observed 
an improvement of atrioventricular coupling and a reduced 
occurrence of supra-ventricular tachycardia i.e., atrial 
fibrillation due to LA decompression. Our follow-up data 
showed a sustained clinical benefit in adult patients with 
HFpEF (26). 

Conclusions

(I)	 Genera t ion  o f  a  t r an sca the te r  in t e r a t r i a l 
communication by balloon dilatation of the atrial 
septum is a safe approach for the decompression 
of the left and right atrium in patients with various 
cardio-vascular diseases, including patients with a 
restrictive LV physiology after heart transplantation; 

(II)	 a restrictive atrial communication has no apparent 
s ide  ef fects ,  but  achieves  age- independent 
improvements of the clinical functional status; 

(III)	 the rASD provides symptomatic improvement and 
a bridge towards transplant or to recovery if further 
regenerative strategies are available; 

Figure 2 Shows patients and interventional procedures to create (A) or to re-establish (B) a restrictive atrial septum defect (rASD). DCM, 
dilated cardiomyopathy; HFmrEF, heart failure with mid-range ejection fraction; HFpEF, heart failure with preserved ejection fraction; 
PAH, pulmonary arterial hypertension.

Creation of restrictive atrial septum defect (rASD)
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(IV)	 atrial decompression is a palliative option in the 
setting of diuretic drug refractory treatment for 
atrial and pulmonary congestion. 
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