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CASE PRESENTATION

Fontan procedure is a complex surgery with more risks compared to other cardiac surgeries. Also, complications have been associated
with it because of its physiology being the most common of all elevated blood pressure in the cavopulmonary connection, low cardiac
output syndrome, hypoxemia, and arrhythmias; others like plastic bronchitis, protein-losing enteropathy, ascites, pleural effusion, portal
hypertension, and hepatic fibrosis can also occur. Similarly, connections between the pulmonary and the systemic circuits can be established
triggering higher pressures of Fontan circulation.

This is the case of a 17-year-old male patient diagnosed at birth with tricuspid atresia with restrictive interventricular communication
(IVC), large vessel malapposition, and severe mixed pulmonary stenosis (PS). The patient’s corresponding informed consents—that remain
on file—were obtained to conduct this study.

At the age of 7 the patient was treated with a single-stage fenestrated Fontan procedure with independent anastomoses of the superior
vena cava and, on the other hand, right atrial roof with right pulmonary branch, ventricular septal defect enlargement, and pulmonary
artery trunk ligation (video 1 of the supplementary data). Lesion was solved with continuous suture during surgery in the left circumflex
coronary artery. Disease progression was good, and the patient remained asymptomatic for the next 7 years with excellent functional
capacity and 95% oxygen saturation. At the follow-ups, the echocardiographic presence of severe subvalvular pulmonary stenosis was
confirmed with pulmonary artery trunk dilatation and turbulent flow inside. No other findings were reported.

In the clinical examination performed at 14 years, the transthoracic echocardiography revealed the presence of severe subvalvular
pulmonary stenosis (figure 1) with a gradient of 90 mmHg through it plus suspected fistulization between the pulmonary artery trunk and
Fontan circulation (figure 2) with a pulsatile flow with a maximum systolic gradient of 73 mmHg. Diastolic flow was maintained from the
pulmonary artery trunk towards the right atrium while connected to the pulmonary branches. Cardiac catheterization was performed. It
revealed a mean Fontan pressure of 16 mmHg and oximeter jump between the pulmonary artery compared to the rest of circulation (91%
vs 78%) discarding aortopulmonary collaterality. Ventriculography revealed the presence of severe subvalvular pulmonary stenosis with
aneurysmal dilatation of pulmonary artery trunk and presence of a fistula between the trunk and the right pulmonary artery (figure 3 and
video 2 of the supplementary data). Also, the presence of a pseudoaneurysm of posterior location and left to the aorta (30 mm x 38 mm)
with a wide entry (figure 4 and video 3 of the supplementary data), and calcification in pairs with mobility basically of the posterior wall
associated with the coronary event of the surgical procedure.

After the diagnosis of fistula between the pulmonary artery trunk and Fontan circulation plus the left ventricular pseudoaneurysm, a
medical-surgical session was presented where the fistula was percutaneously closed and subvalvular pulmonary stenosis was solved.
Regarding the pseudoaneurysm, due to the size of the entry orifice, the percutaneous procedure was ill-advised. This, added to serial
radiographic stability, suggested the use of conservative approach.
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Figure 1. Echocardiographic apical four-chamber view showing the origin of Figure 2. Echocardiographic right parasternal view showing the connection
turbulent flow in the subpulmonary region until the roof of pulmonary trunk. between the pulmonary trunk and pulmonary circulation with passage of
FT, Fontan tube; LA, left atrium; LV, left ventricle; PT, pulmonary trunk; RV, flow. Green arrow: pulmonary trunk. Red arrow: right pulmonary branch.
right ventricle.
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Figure 4. Ventriculography showing pseudoaneurysm, pulmonary trunk, and
anterior aorta in vessel malapposition with passage of contrast from the

Figure 3. Lateral angiography in the pulmonary trunk showing the fistula pulmonary trunk towards Fontan circulation. X1: fistula between the pulmo-
towards the right branch. nary trunk and the right branch. X2 and X3: dimensions of pulmonary trunk.
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HOW WOULD | APPROACH IT?

There is no doubt that, procedurally, the case of fistulization reported between the pulmonary artery trunk and the right pulmonary branch
is an interesting case similar to common situations reported in the routine clinical practice where pulmonary trunk surgical ligation is not
complete thus leaving residual passage between the heart and Fontan circulation. This is unsought because it sends already oxygenated
blood back to the lung, which overloads a circulation so sensitive as the Fontan one that lacks heart pump and works through venous
pressure gradient.

In this type of procedures, closing the junction between the branch and the pulmonary trunk is often enough. Different strategies exist
for this purpose. First, we need to think about the approach that should be used to close the defect. In this case, although the existence
of fenestration (communication between Fontan circulation and the systemic atrial region) facilitates occlusion using the antegrade (through
the ventricle) and retrograde (coming from the pulmonary artery) approaches, the latter is often easier and faster to use. Procedure can
be performed via femoral access. The bigger the patient the easier the procedure. However, in very small patients, it is often easier to
perform via jugular access that allows direct and straight access to the pulmonary branch in Fontan circulation. Also, it provides great
support to perform the procedure.

While closing the defect, if there is a stenosis in that region, a polytetrafluoroethylene (PTFE) covered stent can be implanted to both treat
the stenosis and close the antegrade passage. In the absence of stenosis, we can proceed by closing the defect directly. Since it is a region
previously ligated through surgery, it is often too rigid and gives devices enough support, which means that significant device oversizing
or large retention discs to achieve stability are not usually needed. If there are doubts on the consistency of the defect, a compliant balloon
can be used for assessment purposes.

We often use the Amplatzer Vascular Plug II occluder device (Abbot Cardiovascular, United States) that, in this particular case, could be
12 mm or 14 mm in size—meaning having to use 5-Fr or 6-Fr sheaths capable of navigating with standard Teflon coated or a little more
rigid guidewires like the ones used to implant IAC devices. Coming from the pulmonary branch, implantation is based on leaving the
distal disc and the body of the device inside the aneurysm, retrieving device and sheath en bloc until the device reaches the end, and
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