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Abstract 
The authors report a 7-year-old girl with univentricular heart physiology who developed 

prolonged pleural effusion due to discrete narrowing of the proximal right pulmonary artery, and 
progressive cyanosis which resulted from leakage of the atrial baffle, multiple veno-venous collaterals 
after the lateral tunnel Fontan operation. Percutaneous balloon- expandable stent implantation was 
used to correct the right pulmonary artery stenosis with an excellent result. Cyanosis was improved 
by coil embolization of the collaterals and occlusion of the baffle leakage with Amplatzer septal 
occluder. This is the first successful report in Thailand. 
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The lateral tunnel Fontan operation, which 
is a modification of the classic Fontan operation, has 
shown good short(l) and long-term(2) results for 
patients with univentricular physiology. Complica-

tions may occur early as well as late in the post­
operative periods. Elevated pulmonary arterial resis­
tance(3) or Fontan pathway obstruction(4) may mani­
fest as fluid retention in the third space. Persistent 
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pleural effusion accounted for 10 per cent of the 
Fontan patients who died without hemodynamic in­
sufficiency(5). A residual communication or fenes­
tration between systemic and pulmonary venous 
returns, such as: venous collateral from superior vena 
cavae to pulmonary vein may cause persistent arterial 
desaturation with a potential towards paradoxical 
embolism(6). The authors describe a post lateral 
tunnel Fontan patient in whom moderate risk pre­
operative Fontan hemodynamic with narrowing of 
the proximal right pulmonary artery (RPA), and 
leakage of the atrial baffle with multiple vena-venous 
collaterals that was successfully treated with balloon­
expandable stent, Amplatzer septal occluder, and per­
cutaneous coils embolization. 

CASE REPORT 
The patient had an uneventful perinatal his­

tory and was delivered normally in 1994. She has 
had severe cyanosis since birth. Physical examina­
tion revealed cutaneous oxygen saturation of 70 per 
cent, single second heart sound, no heart murmur, and 
no hepatomegaly. Chest roentgenogram showed no 
cardiomegaly but decreased pulmonary vasculature. 
An electrocardiogram demonstrated two forms of P 
wave (P axis +75 degree and -105 degree), QRS axis 
+ 135 degree, poor R progression in the left chest 
leads, absent Q wave in V5, V6. Echocardiogram 
revealed situs inversus, isolated levocardia, common 
atrium, common right ventricular morphologic ven­
tricle, d-transposition of the great vessels, and pulmo­
nary atresia. Cyanosis was improved by 4 mm of 
right modified Blalock Taussig (BT) shunt on day-2 
of life. Cutaneous oxygen saturation was improved 
from 70 to 90 per cent post-operation. Her growth was 
around 25 percentile until 2.5 years of age. 

Pre-operative right cardiac catheterization 
was undertaken and showed mean atrial pressure of 
5 mmHg, and pulmonary vein wedge pressure of 12 
mmHg. Ventricular end diastolic pressure was 7 
mmHg. Oxygen saturation in the aorta was 81 per 
cent. Systemic blood flow and p1,1lmonary blood flow 
ratio was 1.3. Pulmonary vascular resistance (PVR) 
was 2.3 Wood unit.m2 and McGoon ratio was 2 : 1 
with mild proximal right pulmonary artery (RPA) 
stenosis. There was no significant atrioventricular 
valve regurgitation. She underwent lateral tunnel 
Fontan (with Gortex TM patch) operation and right 
modified BT shunt was taken down at the age of 3.5 
years. Her acute post-operative cutaneous oxygen 
saturation was 93 per cent. 
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She was more cyanosed at the 1 month post­
operative visit and the cutaneous oxygen saturation 
had dropped to 70 per cent in room air. Echocardio­
gram showed unobstructed modified Fontan circuit, 
dehiscence of Gortex ™ patch with leakage at the 
lower part into the pulmonary venous atrium. Cardiac 
catheterization demonstrated mean pressure in the 
Fontan circuit was 10 mmHg. Angiogram confirmed 
the leakage, discrete significant narrowing of the pro­
ximal RPA, 2 small collaterals from the right superior 
vena cavae (SVC) drained into the pulmonary venous 
atrium and one small collateral from the right sub­
clavian vein drained into the right lower lobe pulmo­
nary vein (Fig. 1). She was taken to the operating room 
to have the leakage repaired. Her acute post-opera­
tive course was complicated by a significant amount 
of pleural effusion which required prolonged chest 
tube drainage. Then percutaneous balloon angio­
plasty and finally PALMAZ stent (P308, Johnson & 
Johnson Interventional System Co) placement were 
performed at proximal RPA (Fig. 2) and small colla­
teral vessels were occluded with Gianturco coil em­
bolization (Cook, Inc., Bloomington, IN) at the same 
admission. Echocardiogram post procedure demon­
strated a small communication between the Fontan 
circuit and the pulmonary venous atrium. Cutaneous 
oxygen saturation went up to high 80 per cent. The 
intercostal drainage was successfully removed a week 
after the intervention. At the follow-up period of 8 
months her cutaneous oxygen saturation had gradually 
dipped to low 80 per cent with an increase in exercise 
intolerance. The authors decided to re-catheterize her 
with the plan to close the communication. 

Re-catheterization was performed under 
general anesthesia to determine the- possibility of 
occluding the residual patch leakage by Amplatzer 
septal occluder (ASO), (AGA Medical Corp, Golden 
Valley, Minn). The hemodynamic data was obtained 
during test occlusion which was in the acceptable 
range for permanent occlusion: Fontan circuit pres­
sure went up from 10 to 14 mmHg, and aortic oxygen 
saturation rose from 79 per cent to 92 per cent post­
occlusion. Then, the authors decided to close the 
defect with ASO. (Fig. 3) Cefazolin 50 mg/kg was 
administered 30 minutes before the procedure. Trans­
esophageal echocardiography (TEE) was used to 
assist in defect sizing and device placement. Sizing of 
the defect was performed with an occlusion balloon 
catheter. The balloon size that resulted in total occlu­
sion was 8 mm. Then, the device size was selected 
to be number 10 (10 mm at waist). A 12 F delivery 
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Fig. IA. Angiography of the Fontan pathway; Demon­
strated atrial baffie leakage, 8 mm in dia­
meter (black arrowhead). PV A = pulmo­
nary venous atrium, RPA =right pulmonary 
artery, LPA =left pulmonary artery, IVC = 
inferior venacavar. 

Fig. 2A. Demonstrates post coils embolization of 
veno-venous collateral vessels and a balloon 
expandable PALMAZ stent (P308, Johnson 
& Johnson Interventional System Co) In the 
RPA (arrowhead). 

sheath was inserted and advanced across the com­
munication over the guide wire. The wire and dilator 
were removed. The device was prepared and loaded 
into the delivery sheath carefully to avoid introduc­
tion of air bubbles. The device was advanced through 
the sheath, and the distal disk was released into the 
pulmonary venous atrium. With the use of fluoro-

Fig. lB. Demonstrates stenosis of the proximal RPA 
(white arrowhead). 

Fig. 2B. Demonstrates angiogram post-stent place­
ment at proximal RP A. 

scopy and TEE, the distal disk was pulled firmly 
against the baffle; the waist and then the proximal 
disk were released into the systemic venous side of 
the baffle. After appropriate placement, a push-pull 
maneuver and color Doppler mode TEE were per­
formed to confirm the stability. Then, the device was 
deployed. Serial pressures and oxygen saturations 
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Fig. 3A. Post Amplatzer septal occluder implanta­
tion: A) Demonstrates position of device 
(arrowhead). 

were repeatedly obtained in the baffle and the aorta, 
and an angiogram was performed with injection in the 
baffle 10 minutes later. 

Anesthesia was reversed, and routine post­
catheterization precautions were observed. She 
remained in the hospital for one night, and daily aspirin 
(3-5 mg/kg) was initiated. Before hospital discharge, 
the transthoracic echocardiography demonstrated 
complete device occlusion . She was discharged on 
digitalis, enalapril, and aspirin . 

At her most recent examination, 2 months 
after the cardiac catheterization, her cutaneous oxygen 
saturation was 94 per cent. She was well and in func­
tional class II, and able to attend school regularly . 
Mild hepatomegaly was also observed. 

DISCUSSION 
Early survival after Fontan operation 

improved from 75 per cent to 83 per cent in the 1970s 
and to more than 90 per cent in the current era, despite 
application of the operation in patients with higher 
risk factors0-9) . Elevated pulmonary arterial pres­
sure, high pulmonary vascular resistance, and pulmo­
nary artery distortion were widely accepted as risk 
factors for early failure of the Fontan operation00-
13). The present patient, had prolonged right pleural 
effusion soon after surgery that could be explained 
by rather high PYR and some degree of discrete pro­
ximal right pulmonary artery stenosis. However, she 
had leakage of atrial baffle that preserved her cardiac 
output and limited the extent of increased central 
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Fig. 3B. Angiography of the Fontan circuit demon­
strates nearly complete occlusion of the atrial 
baffie leakage. 

venous pressure. To date, studies of balloon-expand­
able stent in congenital heart disease have suggested 
feasibility of implantation and showed gratifying 
immediate and intermediate results especially in late 
childhood04-16) . Compared with percutaneous 
balloon angioplasty of discrete pulmonary artery _ 
narrowing, stent placement resulted in better outcome 
regarding diameter and pressure gradient07). As in 
the presented patient, after the stent had been placed, 
pleural effusion was considerably reduced within 1 
week. There was no recurrence of stenosis during 
the intermediate-term follow-up. In the future, if 
restenosis occurs, this implantable stent could be 
re-expanded to a larger diameter by balloon catheter. 

After completion of the Fontan circuit, most 
of the patients would have percutaneous oxygen satu­
ration at low 90 per cent due to some of the venous 
blood flow, which drained from the coronary sinus to 
the pulmonary venous atrium. The presented patient 
experienced persistent cyanosis, which resulted from 
significant leakage of the atrial baffle and multiple 
vena-venous collateral vessels. This could have 
resulted from high PVR and high pressure in the 
Fontan circuit. In some institutions, routine fenestra­
tion is performed in the Fontan operation to improve 
the immediate post-operative outcome08). However, 
this can affect a significant degree of aortic deoxy­
genation, and may increase the risk of embolic compli­
cation and acquired closure later on. A recent study 
( 19) also demonstrated improvement of oxygenation, 
reduction of the need for anticongestive medication, 
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and improvement of somatic growth at 10 years fol­
low-up after fenestration closure in Fontan patients. 
For these reasons, test occlusion was performed. 
Marked increases in right-sided pressure or falls in 
cardiac output at test occlusion are taken as signs to 
defer closure( 19). The presented patient had a slight 
increase in systemic venous pressure during the test 
occlusion, and aortic saturation rose to 95 per cent. 

Transcatheter closure of fenestration was 
first described by Bridges et al(20) in 1990 with the 
"clamshell" double umbrella device. Subsequent 
reports described experiences with the Gianturco coil 
(21 ,22) and Amplatzer septal occluder (ASO) (23-
25), which are made from a self expanding nitinol 
mesh. The ASO has several advantages over the 
clamshell device in closing fenestration: the smaller 

delivery sheath, the specific size for different fenes­
tration diameters, and the retrieval and repositioning 
capability(24). In Thailand, this is the first case report 
on closing of the atrial baffle leakage of lateral tunnel 
Fontan circuit by ASO with an excellent immediate 
result after the procedure. 

In conclusion, successful percutaneous coil 
embolization of veno-venous collaterals, balloon­
expandable stent implantation of the discrete right 
pulmonary artery stenosis, and occlusion of the atrial 
baffle leakage with the Amplatzer septal occluder in 
a child with univentricular heart physiology were 
reported. Presently, interventional cardiac catheteri­
zation is a very useful adjunctive treatment for sur­
gery in congenital heart diseases. 

(Received for publication on August 16, 2002) 
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