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The balloon atrial septostomy (BAS) procedure is performed in patients with severe symptoms of right heart failure caused by
end stage pulmonary hypertension or other causes. We present a novel device, the atrial flow reducer (AFR), a purpose
designed interventional device to stabilize the result of the BAS, controlling the shunt flow, and keeping the created atrial
defect patent, and show the results in 4 patients who have been treated with the BAS/AFR combination intervention on a
compassionate basis. The results are positive and might support to offer the BAS, supported with the AFR device, more often
within the algorithm for treatment of pulmonary hypertension.
Recently, Occlutech (Sweden), have developed a
purpose built and industrially made device which
consists of the basic structure of their ASD occluder,
but contains - in contrary to the ASD closure devices –
only a fenestration of varying diameters (6-10 mm)
secured by two discs (Fig 1). Here, we will present 4
different patients who have been provided with this
device on a compassionate use basis for severe right
and left heart failure. The device is currently off-label,
but studies to obtain European CE-marking are
underway beginning in December 2016 under the
guidance of our department here at the LMU, Munich.

The BAS procedure and AFR
Case 2. An 8-year old school girl
presented because of recurrent
implantation were performed in
syncope, increasing in frequency and combined fashion at the same
severity, due to moderate pulmonary cardiac catheterization session and
hypertension in intervals. She was in proved to be unproblematic and
good physical condition without the without complications. She was
signs of heart failure. However, her discharged after 3 days in accordance
exercise tolerance was reduced with with our protocol for uncomplicated
stopping to take a short rest after
interventions. During further followone flight of stairs. She was on a
up, ie more than 6 months, she had
triple combination of pulmonary
not experienced a single further
vasodilators including the frequent syncope. The inhaled iloprost was
inhalations with iloprost. As she was discontinued which had been a great
burden to her. However, she also
very needle phobic and already
silently depressed, any more invasive experienced an increase in exercise
therapy was not acceptable.
performance, and gained
Echocardiography showed moderate psychological robustness and
pulmonary hypertension which was happiness which the parents
confirmed at cardiac catheterization, continued to praise to us. She was
without overt signs of right heart
able to run upstairs four flights, with
function.
almost no desaturation.

Case 1. A 35-year-old man presented in severe right heart failure with due to late postoperative pulmonary hypertension. He had had a
ventricular septal defect surgically closed aged nine. He was in NYHA functional class IV+, short of breath at rest, with pronounced venous
congestion at his legs, massive ascites, and renal failure requiring daily dialysis. Pulmonary vasodilating therapy included 4 different agents
using subcutaneous, inhaled and oral administration.
Echocardiography demonstrated the typical features of decompensated right heart architecture with very low right ventricular and low left
ventricular contractility, a huge and very trabeculated right ventricle which squashed the left ventricle to a banana shape, with the
ventricular septum in massive curvature into the left ventricle, and a huge, 8 cm measuring right atrium, and a left atrium where the atrial
septum touched the left atrial free wall. There was severe both tricuspid and pulmonary valve regurgitation.
Cardiac catheterization confirmed very restricted circulation. By pointing the Brockenbrough needle from the middle of the atrium into the
direction of the left atrial appendage, where the left atrium showed some remaining lumen, it was possible to safely puncture the atrial
septum and very gradually perform a balloon atrioseptostomy. Postinterventionally, a good right-to-left shunt was present. The patient
returned to the ward in stable condition. Unfortunately, over the course of the next seven days, the created atrial defect gradually closed
down to merely a 1mm opening. It was therefore decided to repeat the BAS and secure it with an AFR device. Thus, a second cardiac
catheterization was performed. After interventional preparation by BAS as described, an AFR device with 8 mm fenestration was deployed
and anchored without problems. Postinterventionally, a strong right-to-left shunt could be demonstrated through the fenestration (see Fig. 2
and 3).
Over the course of the next days and weeks, the patient experienced a gradual stabilization and even slight recovery. Creatinin levels fell,
indicating improved renal function, and renal dialysis could be reduced and was eventually was withheld entirely (see Fig.4). The ascites also
improved, and overall clinical status improved to NYHA II-III.
Two months following these interventions, he was lung transplanted successfully. During the operation, while he was receiving a lung
transplant, there was intraoperative shunt reversal through the device’s fenestration to be observed, and the shunt device showed a left to
right shunt when the transplantation operation had been finished successfully.
When checked last time, now more than 12 months after AFR-device implantation, he was very well indeed, in functional class NYHA II, with
his entire intracardiac architecture having recovered almost to normal.

Case 3.
A fellow of 25 years presented with decreased
exercise tolerance and chronic symptoms of right
heart failure. He had complex congenital heart
disease, where a series of open heart operations
had established at 15 years of age a Fontan-type
physiology of his circulation.

Conclusion
Protecting the result of a correctly indicated and performed BAS intervention by
using the new AFR device is a safe procedure that is very easy to perform. The
AFR-device provides a relatively flat fenestration anatomy without protrusion
into the circulation which reduces potential thrombus formation and untoward
closure of the fenestration while providing a reliable and defined fenestration
diameter. The use of this device may ensure a permanent clinical improvement
of these patients. We believe that this device is not only a very helpful addition
in the armamentarium of interventional cardiologists treating these complex
patients, but specifically, may allow the BAS to re-emerge as the useful and
worthwhile intervention it originally was conceived to be.

This physiology, in his case, began to fail 5 years ago
despite maintained good single ventricle function.
As a consequence of this, he had protein losing
enteropathy, recurrent pleural and abdominal
effusions, and signs of chronically low blood
circulation with exercise tolerance of less than 200
m during the 6-minute walking test, and was in
functional WHO class III.
Previous cardiac catheterization had demonstrated
venous and pulmonary arterial pressures of 24
mmHg and end-diastolic ventricular pressure of 12
mmHg, resulting in a calculated pulmonary vascular
resistance index of 4-5 WU*m2. He was on dual
pulmonary vasodilating treatment without definite
clinical success. The next step would be either a
heart-lung transplantation or a complex Fontantake-down operation. To buy time, an attempt was

justified to provide a fenestration to the Fontan
circuit .

letting the distal, left disk of the device deploy in the
left atrium, which was then pulled back against the
left atrial wall. Then the sheath was retracted into
The physiologic principle of creating a fenestration in the pulmonary artery, thereby setting free the
the Fontan circuit is identical to that of the BAS, by proximal, right disk of the AFR device. Further
creation of a defect from the right venous side into angiographies before and after final release of the
the systemic atrial side. Technically, this demanded AFR device proved its correct position. A strong
creating a connection from the part of the superior right-to-left shunt was present through its
caval vein between its connection to the extracardial fenestration, and the transpulmonary pressure
Fontan conduit, and its connection to the right
gradient decreased from 12 mm Hg to 6 mmHg.
pulmonary artery, to the atrium of the single
ventricle.
During the weeks following these interventions, the
patient’s ascites disappeared, and pulmonary
In our case, delineation of the exact anatomy
vasoactive medication was reduced, diuretics were
occurred with several angiographies, and enabled a stopped. When last checked more than 6 months
clear understanding of the 3-dimensional array of post implantation, the AFR device remains in situ
the right pulmonary artery, the superior caval vein, and patent. The patient’s systemic saturation was
and the Fontan conduit, and the left atrium (see
91%, with a 6 min walk test of 480 m, and
Figure 5 and 6). Then, a puncture through the
desaturation during exercise to 80%. Overall, clinical
inferior wall of the connecting superior caval vein status had improved to WHO functional class II.
between the pulmonary artery and the conduit area
into the left atrium was achieved, secured with a
stiff wire, and gradually balloon-dilated to a
diameter of 8 mm, eventually allowing the insertion
of a 12 F long sheath into the left atrium. Then, the
AFR device was pushed through the long sheath,

Case 4
A middle aged male adult of 56 years presented with symptoms of severe left heart failure (FS < 10%, HFrEF)
combined with recurrent episodes of decompensated right heart failure with severe recurrent ascites and pleural
effusion, which required drainage of 4 to 8 litres of effusion fluid every 3 to 5 weeks. His diagnosis was a noncompaction cardiomyopathy of the left ventricle and impairment of both right and left ventricular function. He
was in functional class NYHA IV. He was admitted to be listed for heart transplantation.
Echocardiography demonstrated the features of non compacted left ventricular myocardium, with a fraction of
shortening less than 10%, and an ejection fraction of less than 20%. Cardiac catheterization measured both
pulmonary wedge, left and right atrial pressures to be 15 to 20 mmHg with mild pulmonary hypertension of
52/18, mean 29 mmHg.
Clinical state did not allow to list for cardiac transplantation. Over the following months, a number of agents and
different treatment strategies failed to control his symptoms. Thus, it was eventually decided that he had a BAS
performed, following which a 10 mm AFR device was implanted. Both interventional procedures were straight
forward and without complications. Necessity to drain ascites and pleural effusions ceased for about half a year
following this procedure (see Figure 7). Clinically he improved to functional class NYHA II-III. As a result of his
clinical improvement, he was accepted on the transplant list.

