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Revision of Fontan to TCPC in a patient undergoing
repair of subaortic stenosis

Subaortik stenozun tamiri sirasinda Fontan’in TCPCye ddnustardimesi
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Subaortic stenosis is a complication which develops in the
follow-up period of patients with univentricular atrioven-
tricular connection to a dominant left ventricle when the
ventriculoarterial connection is discordant. Nine-year-old
male patient presented with cyanosis. Physical examination
revealed 5/6 degree sistolic murmur on the left parasternal
border. The patient underwent Fontan operation with diag-
nosis of tricuspid atresia, right ventricular hypoplasia,
transposition of the great arteries and ventricular septal
defect at the age of four and subaortic stenosis developed
afterwards. Ventricular septal defect was enlarged to
relieve subaortic obstruction, and revision of Fontan to
extracardiac conduit total cavopulmonary connection was
performed at the same time. Contegra bioprosthesis was
used for conduit. The patient was discharged without any
complication.
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Subaortic stenosis is a time-manifested complication in
patients with left-side dominant univentricular heart and
ventriculo-arterial discordance. The degree of stenosis
will rise with narrowing of ventricular septal defect
(VSD), which worsen the functional status of the
patient. The obstruction usually manifests itself with a
decrease in effort capacity with time. Although there is
no apparent difference in early outcome between the
extracardiac conduit total cavopulmonary connection
(TCPC) and the conventional modified Fontan, TCPC
has superior hemodynamic efficiency and less compli-
cation related to the right atrium like dysrhythmias in
long-term follow-up."" Therefore revision of Fontan to
extracardiac conduit TCPC provide potential benefits in
late outcome during enlargement of VSD operation.

Tek ventrikiil fizyolojisinde, dominant sol ventrikiil ve
ventrikiilo-arteryel diskordansi olan hastalarda ameliyat
sonrasi1 gelisen komplikasyonlardan biri subaortik stenoz-
dur. Dokuz yasindaki erkek hasta siyanotik bir durumda
getirildi. Fizik muayenede sternum sol kenarinda 5/6 de-
rece sistolik iifiirtim saptandi. Hasta dort yagindayken tri-
kiispit atrezisi, sag ventrikiil hipoplazisi, biiyiik arter
transpozisyonu ve ventrikiiler septal defekt tanilariyla
Fontan ameliyat1 ge¢irmis, ameliyat sonras1 dénemde su-
baortik stenoz gelismisti. Subaortik stenozun giderilmesi
amaciyla ventrikiiler septal defekt genisletildi ve es za-
manli olarak dnceden yapilmig olan Fontan, ekstrakardi-
yak konduit ile total kavo-pulmoner konneksiyona doniig-
tiiriildii. Konduit olarak Contegra biyoprotezi kullanildi.
Hastada ameliyat sonras1 donemde herhangi bir sorun ol-
madi.

Anahtar sozciikler: Subvalviiler aort stenozu/tani/cerrahi; Fontan
prosediirii; biiyiik damar transpozisyonu/cerrahi.

CASE REPORT

A 9-year-old boy with New York Heart Association
Class III was admitted to our clinic. He had cyanosis.
There was a 5/6 degree systolic murmur on the left
parasternal border on physical examination. He had tri-
cuspid atresia and right ventricular hypoplasia with
ventriculo-arterial discordance and a large VSD on
echocardiography in neonatal period. He underwent
pulmonary artery banding and atrial septostomy opera-
tion on second month to prepare a single ventricle
repair. After 4 years a Fontan (atrio-pulmonary connec-
tion) operation was performed, which includes connec-
tion of right atrium to pulmonary artery. Restrictive
VSD with 40 mmHg gradient was determined between
right and left ventricles on echocardiography.
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Ventricular septal defect narrowed spontaneously as
time passes, which was large at birth, and subaortic
stenosis then becomes apparent. Systolic pressure of
hypoplastic right ventricle was measured as 90 mmHg,
systemic left ventricular pressure was 130 mmHg and
the systolic pressure in the ascending aorta was deter-
mined as 72 mmHg on cardiac catheterization. It
became clear that the subaortic stenosis was caused by
restrictive ventricular septal defect (Fig. 1). Revision of
Fontan to extracardiac TCPC was decided to relieve the
cyanosis and to improve the effort capacity. Ventricular
septal defect was enlarged with resection of the antero-
superior rim, the previous Fontan operation was revised
to extracardiac conduit TCPC using bovine jugular vein

Fig. 1. Catheterization image of subaortic stenosis caused
by restrictive ventricular septal defect in preoperative
period.

Fig. 2. Relief of subaortic stenosis with enlargement of
ventricular septal defect in postoperative period.
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xenograft (Medtronic’s Contegra, Medtronic, Inc,
Minneapolis, Minn) no: 20 without fenestration. Left
ventriculo-aortic continuity through enlarged VSD was
seen on left ventriculography in postoperative period
(Fig. 2). The patient was extubated in 6 hours; central
venous pressure was measured 20 mmHg. He was dis-
charged without any complication. There was no gradi-
ent between the right and left ventricle and subaortic
stenosis on control echocardiography. Extracardiac
conduit TCPC was demonstrated on control cardiac
catheterization (Fig. 3).

DISCUSSION

The mechanisms of subaortic stenosis after Fontan oper-
ation are related to hypertrophy of the subaortic compo-
nent that incorporates the infundibulum and trabeculae.
Careful morphological investigation is essential in
patients with risk factors for subaortic stenosis. Mild
deterioration of the ventricular compliance due to pro-
gressive subaortic stenosis may result in reduction of the
cardiac function and patient’s quality of life. Adequate
surgical treatment to relieve the stenosis is considered
essential after the Fontan operation.” Enlargement of the
VSD including antero-superior rim resection, can pro-
vide satisfactory long-term relief with univentricular atri-
oventricular connection to a dominant left ventricle, atri-
oventricular discordance and subaortic stenosis.” Heart
block is a rare complication of rim resection. There was
not any conduction problem in our case.

Damus-Kaye-Stansel (end-to-side pulmonary trunk-
aortic anastomosis) is another approach to relieve the
subaortic obstruction. The aorta is brought into direct
and wide communication with the large or main or
dominant chamber."

Fig. 3. Contegra bioprosthesis for extracardiac conduit
total cavopulmonary connection.
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Fontan revision to extracardiac or intra-arterial con-
duit total cavopulmonary anastomosis can be performed
with success, and sometimes with dramatic improve-
ment, in properly selected patients with complications
referable to right atrium-pulmonary artery or modified
right atrium-pulmonary artery connection, such as
thrombosis, pulmonary venous obstruction, or arrhyth-
mias. Revision may also be beneficial in patients with
no complications directly related to the right atrium-
pulmonary artery connection but with other indications
for operation. Indications for Fontan revision to extrac-
ardiac TCPC in our patient was decline of the effort
capacity and increase of the cyanosis with time. In the
failing patient who both lacks complications specifical-
ly related to the right atrium-pulmonary artery connec-
tion and has other specific indications for operation
(e.g., bulboventricular foramen obstruction, atrioven-
tricular valve regurgitation), revision to total cavopul-
monary anastomosis may be ill advised. At present,
such patients with severe exercise intolerance, effusions
or ascites, and protein losing enteropathy are not con-
sidered candidates for revision.”

Recent studies focusing on the pattern of infradi-
aphragmatic venous return in patients undergoing the
Fontan procedure have shown that forward (antegrade)
flow into the pulmonary circulation is significantly
reduced in the upright position because of increased
reversal of flow into the IVC and the hepatic veins
caused by gravity.” These findings might at least partly
explain subnormal exercise tolerance in patients under-
going the Fontan procedure. The use of a valved con-
duit in the Fontan procedure was found to have no
major complications attributable to the valve. Baslaim
and coworkers presented 4 TCPC cases using Contegra
conduit.” The Contegra bioprosthesis consists of a het-
erologous bovine jugular vein with a trileaflet venous
valve and natural sinuses. The advantages of Contegra
xenograft are easy tailoring and suturing, easy avail-
ability, different size options, and the presence of a
valve in the conduit. Our report is the second presenta-
tion in English literature of the use of Contegra
xenograft in extracardiac TCPC.

In conclusion, revision of the failing Fontan shunt to
extracardiac conduit TCPC can be performed with sig-
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nificant improvement in most patients and low mortality
(10%) and morbidity. Optimal selection criteria for con-
version have yet to be determined, but most patients can
be expected to benefit to some extent. Revision of func-
tioning Fontan circuit to extracardiac conduit TCPC pro-
vides more potential advantages in long-term period with
superior hemodynamic status which improves effort
capacity of the patient. Furthermore extracardiac conduit
TCPC has less right atrial complication. Therefore,
patients with functioning Fontan shunt, undergoing oper-
ation with another indication expect better long-term sur-
vival rates with less complication with revision of Fontan
to extracardiac conduit TCPC. The use of a valved con-
duit may be beneficial in a long-term period with
decrease of reversal flow into the IVC caused by gravity.
Contegra bioprosthesis has superiority in surgical han-
dling, easy availability and includes a venous valve
which decreases reversal flow caused by gravity.

REFERENCES

1. Lardo AC, Webber SA, Friehs I, del Nido PJ, Cape EG. Fluid
dynamic comparison of intra-atrial and extracardiac total
cavopulmonary connections. J Thorac Cardiovasc Surg
1999;11:697-704.

2. Kasahara S, Nakae S, Kawada M, Lin ZB, Suzuki Y,
Yoshimura H. A case of a univentricular heart developed
subaortic stenosis after fontan operation. Nippon Kyobu
Geka Gakkai Zasshi 1996;44:83-8. [Abstract]

3. Ross DB, Cheung HC, Lincoln C. Direct relief of subaortic
obstruction in patients with univentricular atrioventricular
connection and discordant ventriculoarterial connection:
intermediate results. Semin Thorac Cardiovasc Surg
1994;6:33-8.

4. Kirklin JW, Barratt-Boyes BG. Double inlet ventricle and
atretic atrioventricular valve. In: Kirklin JW, Barratt-Boyes
BG, editors. Cardiac surgery. 2nd ed. New York: Churchill
Livingstone; 1993. p. 1549-80.

5. McElhinney DB, Reddy VM, Moore P, Hanley FL. Revision
of previous Fontan connections to extracardiac or intraatrial
conduit cavopulmonary anastomosis. Ann Thorac Surg
1996;62:1276-82.

6. Hsia TY, Khambadkone S, Deanfield JE, Taylor JF,
Migliavacca F, De Leval MR. Subdiaphragmatic venous
hemodynamics in the Fontan circulation. J Thorac
Cardiovasc Surg 2001;121:436-47.

7. Baslaim G, Hussain A, Kouatli A, Jamjoom A. Bovine
valved xenograft conduits in the extracardiac Fontan proce-
dure. J Thorac Cardiovasc Surg 2003;126:586-8.

317



