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Abstract: Pulmonary artery banding (PAB) is a method for re-
ducing pulmonary artery blood flow and pressure by tying a
surgical band around the main pulmonary artery (MPA). Origi-
nally, the procedure was primarily performed to palliate intra-
cardiac left to right shunts for ventricular septal defects (VSDs).
Currently, the use of PAB has expanded to allow it to be used
in ventricular training, prior to total corrective surgery. At the
Rigshospitalet, Copenhagen, Denmark we have been trying a
new device. The Flo-Watch PAB implant (EndoArt, Lausanne,

Switzerland) is only currently available within certain European
countries. The device is a mechanical PAB that allows noninva-
sive adjustment of the band post implantation, in an outpatient
clinic. This has multiple advantages, not only in terms of con-
venience for the patient, and the reduced risk of multiple surgical
interventions, but also from a financial standpoint to the health
system. We would like to present our findings and comment on
the use of the device in this report. Keywords: pulmonary artery,
banding, palliation, mechanical device. JECT. 2008;40:65–67

Pulmonary artery banding (PAB) is a method for re-
ducing pulmonary artery blood flow and pressure by tying
a surgical band around the main pulmonary artery (MPA);
this method was first described in 1952 (1).

Originally, the procedure was primarily performed to
palliate intracardiac left to right shunts for ventricular sep-
tal defects (VSDs).

Currently, two main indications for PAB stand out:
flow/pressure limitation in stage 1 single ventricle pallia-
tion and training of the left ventricle (LV) in a congenitally
corrected transposition of the great arteries (CCTGAs) and
previously arterial switch–operated d-transposition of the
great arteries (D-TGA) patients in preparation for arterial
switch/double switch procedures (2).

Adjusting the band in the operating room can be guided
by a variety of measurements: pulmonary artery pressure
(PAP), ventricular pressure, and arterial and venous satu-
rations. However, once the band is fixed, further adjust-
ments always need re-operation if the hemodynamics are
unsatisfactory.

In fact, patients undergoing surgery in group 2 nearly
always require repetitive reoperations to properly train
the LV.

A new implantable device designed to allow fine de-

grees of adjustment to the band postoperatively has be-
come available within certain countries in Europe. These
adjustments can be made transcutaneously using only ra-
dio signals in much the same way one adjusts the settings
of an implanted pacemaker. We used this device in two
patients and report our experience.

DESCRIPTION

The FloWatch-PAB implant (EndoArt, Lausanne,
Switzerland) is a remotely adjustable device for restricting
blood flow within the PA. It consists of four main com-
ponents.

The case of the device contains the aerial, the electron-
ics, and the micromotor, which drives the piston. The pis-
ton has a total stroke length of 3 mm for tightening and
loosening the banding around the MPA.

A silicone membrane (0.25 mm thick) protects the pis-
ton and electronic components from bodily fluids while
allowing for movement of the piston during adjustment.
The membrane material was designed to avoid the forma-
tion of fibrous tissue, giving a soft non-abrasive surface to
face the MPA. A counter piece was designed to be placed
around the back of the MPA against which the piston
operates (Figure 1).

The entire device measures 26 mm × 18 mm × 17 mm;
the manufacturer recommends that the device only be
used in patients weighing between 2.5 and 6 kg and whose
MPA external diameter is between 10 and 20 mm. Cur-
rently, this is the only size of device available.
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When in position, the device has an orifice that varies
between 72 and 38 mm2; these values correspond with a
conventional PAB with a diameter of between 9.6 and
6.9 mm (Figure 2). At the time of writing, this device is
only commercially available within Europe for clinical use,
and is CE marked.

METHODS

We thus far have implanted two devices, the details of
the patients were as follows.

Patient 1: Diagnosis: Congenitally Corrected Transposition
of Great Arteries, Multiple Ventricular Septal Defects,
Congenital A-V block, Tricuspid valve Insufficiency

Weight: 5.9 kg
Sex: Male
Age at time of implant: 5 months
Date of Implant: August 2005

Patient 2: Diagnosis: Dextrocardia, Double Inlet Left
Ventricle, Transposition of the Great Arteries, Non re-
strictive Ventricular Septal Defect

Weight: 2.975 kg
Sex: Male
Age at time of implant: 49 days
Date of Implant: July 2006

Both procedures were done through a median sterno-
tomy for ease of access because of the size of the patient
and the complex anatomy. However, a thoracotomy ap-
proach may be used in more straightforward situations.

The MPA was visualized and dissected free as per a
normal PAB operation; the clip was passed around the
back of the MPA through a passage as with a conventional
banding.

A suture was placed into a hole in the clip and tied in a
loop; this allows for a secure tie once the device is in
position. The pericardium and the chest were closed in
standard fashion.

Once all the disposable drapes had been removed and
the patients were settled and comfortable on the operating
table, the device was programmed; this involved using the
FloWatch Control Unit. This is a passive telemetry system
operating at 27 MHz. The external antenna of the control
unit is shown in Figure 3; this allows for optimal commu-
nication between the two devices. The initial position of
the piston is 5% closed from fully open. While monitoring
pressure and saturation, the device can be adjusted in 1%
steps of constriction. As a safety measure, each PAB im-
plant is identified with a unique microchip card that must
be inserted into the control unit before any adjustments
can be made.

There are certain contraindications to the use of this
device, as recommended by the manufacturers: patients
<2.5 kg, because of the physical dimensions of the device;
children with an external diameter of the pulmonary trunk
that is not between 10 and 20 mm; children requiring
magnetic resonance imaging while the device is implanted;
children who already have a device sensitive to radio-
frequency emissions, such as an implantable pacemaker or
implantable defibrillator.

Once the units have confirmed that they have estab-

Figure 1. 1, casing; 2, piston; 3, silicone membrane; 4, hinge; 5,
counter piece/clip; 6, locking clip.

Figure 2. PAB device in both fully open and fully occlusive positions.
Figure 3. FloWatch device showing control box, memory chip, and ad-
justment transceiver.
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lished communication, adjustments can made to position
the piston in 1% increments, allowing a very fine degree of
control of the restriction of the MPA.

In both of our patients, initial settings were established
very quickly; the patients where transferred to the inten-
sive care unit, the MPA pressure was reviewed along with
the systemic hemodynamics and SaO2 4 hours after trans-
fer, and further adjustments were made to the banding as
needed. Although adjustable devices for PAB have been
described previously (3), to the author’s knowledge, none
of these have become commercially available.

Patient 1 had initial settings in the operating room as
follows: the banding device was 50% occlusive producing
a gradient of 34 mmHg across the band and 100% satu-
ration.

The band was adjusted remotely every ∼1 month post-
operatively as listed: August 2005, 60% occlusive,
30 mmHg gradient, 100% saturation; September 2005,
65% occlusive, 35 mmHg gradient, 100% saturation;
November 2005, 75% occlusive, 30 mmHg gradient, 100%
saturation; December 2005, 75% occlusive, 35 mmHg gra-
dient, patient’s weight was 8.1 kg.

The banding device was not adjusted again and was
removed at the time of the patient’s total corrective sur-
gery in January 2007, without complications.

Patient 2 had initial settings in the operating room as
follows: the banding device was 85% occlusive producing
a gradient of 52 mmHg across the band, with a saturation
of 83%. The device was adjusted in the intensive care unit
later the same day; the occlusion was set to 100%, with a
gradient of 53 mmHg and a saturation of 90%.

Because of the fact that the device was as restrictive as
mechanically possible, no further adjustments were made.

The device was again removed at the time of the pa-
tient’s corrective operation in August 2006, without com-
plications.

CONCLUSIONS

The FloWatch pulmonary artery banding device is a
very exciting device presenting enormous possibilities for

patients who require some form of ventricular training.
However, there are limitations, as we have learned from
our experience; there is most definitely a size limitation in
patient selection and patient’s pulmonary artery size, to
ensure that the device can function as designed. We saw
no complications either with the telemetry system re-
ported in an earlier series of patients (4) or the use of the
band causing any erosion or other damage to the pulmo-
nary artery (5).

Despite this and the high cost (10,000 Euro; 13,500
USD), we feel that this is outweighed by the fact that the
device can be adjusted remotely as an outpatient proce-
dure. This not only reduces trauma to the patient and
families in terms of repeat surgery and anesthesia but also
in terms of cost of both operating theater time and inten-
sive care time.

Overall, with careful patient selection, this device has
enormous potential for a select group of patients.
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