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Abstract

The Fontan  operation has been used to palliate patients with a functional single ventricle. In many such patients the operative risk for
a Fontan  procedure is high. The bidirectional cavopulmonary anastomosis (BCPA) is a useful intermediate palliative procedure before
Fontan  correction. It may reduce the deleterious sequelae of chronic hypoxaemia and long-term ventricular overload, thus yielding a more
suitable Fontan  candidate.

We reviewed our experience of 9patients with univentricular hearts who were at the time of the BCPA not considered suitable candidates
for ConventionalFontan  operation. Twopatients haddouble inlet right ventricle (DIRV)  withpulmonarystenosis (PS) and ventricularseptal
defect (VSD), 2 had univentricular heart, 4 had tricuspid atresia (TA) and hypoplastic right ventricle (RV), 1 patient had atrioventricular
septal defect (A VSD) with double outlet right ventricle (DOR V) with hypoplastic R V. Two of the 9patients had bilateral superior vena cavae.
All except one had undergonepriorpalliative operations. The mean age at BCPA was 4.7 years (range 1.5 years to 6 years) and the mean
weight at surgery was 15 kg (range 7 to 22 kg). There were no operative deaths. The mean hospitalization stay was 8.5 days (range 5 to 13
days) with a mean follow up of 14 months. Median oxygen saturation improved from 78.7 ?6.3% to 85.9 f3.9%. The BCPA is a useful
palliative procedure to stage Fontan  type reconstruction in selected patients with univentricular hearts.
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Introduction

Children with complex congenital heart disease and a
functional single ventricle may not be ideal candidates
for a Fontan procedure. I-4 A staged approach to Fontan’s
operation has been undertaken in an effort to reduce the
volume load of a single ventricle as early as possible and
to minimise the impact of potential changes in the ven-
tricular geometry and diastolic function that can accom-
pany a primary Fontan  operation.5-9  Bidirectional
cavopulmonary anastomosis (BCPA) is a staging proce-
dure that diverts the systemic venous flow from the
superior vena cavae (SVC) to both pulmonary arteries
via an end-to-side anastomosis between the SVC and the
ipsilateral pulmonary artery. It improves systemic arte-
rial oxygen saturation without increasing ventricular
work or pulmonary resistance. The procedure has gained
wide acceptance as an intermediate-stage palliation pro-

cedure prior to a Fontan operation.5-13  We reviewed our
experience in patients who had BCPA performed as a
staged approach to a Fontan correction.

Materials and Methods

Between November 1994 and December 1996, 9
patients with a functional single ventricle underwent
BCPA. We reviewed the medical and surgical records of
these patients and the data included:
1) anatomic diagnoses and prior palliative procedures,
2) demographic data,
3) preoperative echocardiographic and cardiac cath-

eterisation data,
4) surgical methods of the BCPA and concomitant pro-

cedures,
5) postoperative data including systemic arterial satu-
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ration, complications, and total days of postopera-
tive intensive care unit stay, and hospitalisation stay,
and

6) follow-up data including clinical status, oxygen satu-
ration, and cardiac catheterisation data.

BCPA was used as an intermediate-stage palliatiation
procedure for patients who would be undergoing a
Fontan procedure. These patients did not undergo a
direct Fontan procedure due to various risk factors. Five
patients had distorted and small pulmonary arteries
(PA), 2 patients had moderately raised pulmonary re-
sistance, and in 2 patients there was atrioventricular
valve regurgitation (AVVR).

There were six boys and three girls. Two patients had
double inlet right ventricle (DIRV) with pulmonary
stenosis (IS) and ventricular septal defect (VSD). Two
others had univentricular heart, 4 had tricuspid atresia
(TA) and hypoplastic right ventricle (RV), 1 patient had
atrioventricular septal defect (AVSD) with double out-
let right ventricle (DORV) with hypoplastic RV
(Table I). Two of the 9 patients had bilateral superior
vena cavae  (SVC). All except 1 had undergone prior
palliative operations. Five patients had unilateral Blalock
Taussig (BT) shunts and 2 patients had bilateral BT
shunts. Three patients had atria1 septectomy.

The mean age and weight at BCPA were 4.7 years
(range 1.8 to 6 years) and 15 kg (range 7 to 22 kg),
respectively. Median haemoglobin and haemotocrit level

before the BCPA were 16.7 + 1.59 g/d1 and 48.6 f ll%,
respectively. The median oxygen saturation was 78.7 +
6.26%.

Surgical Techniques
Median sternotomy was utilised and cavoplumonary

anastomosis operation was performed under cardiopul-
monary bypass (CPB) in all patients. The SVC was
cannulated at its junction with the innominate vein.
Mobilisation of the SVC and division of the azygos vein
were performed. The pulmonary arteries were freed
from behind the aorta and a longitudinal incision was
made in the anterior aspect of the right and/or left
pulmonary artery(ies). Care was taken to avoid twisting
the SVC during the anastomosis. The anastomosis was
performed using a single layer of running 7/O prolene
for the posterior layer and interrupted sutures for the
anterior layer. In patients with bilateral SVC both SVC
were cannulated and the anastomosis was constructed
from the left SVC to left PA, again avoiding any twisting
of the left SVC. In the patient who underwent concomi-
tant atria1 septectomy, aortic root cardioplegia was de-
livered and the septectomy was performed through a
right atriotomy prior to the construction of the BCPA.

During the operation, additional procedures were
performed in 7 of them. They included 4 right and 2 left
Blalock-Taussig (BT) shunt ligation, 2 patent ductus
arteriosus (PDA) ligation, one pulmonary arterioplasty
and one atria1 septectomy (Table I).

TABLE I: SUMMARY OF PATIENTS’ DATA AT THE TIME OF BIDIRECTIONAL CAVOPULMONARY SHUNT

Patient Age Anatomic diagnosis Prior operations Date of BCPS Concomitant operation
no. Wars)

1 5 4112

2 5 6112

3 4 8112

4 4 l/12

5 4 8112

6 1 10/12

7 5 9112

8 3 9112 .

9 4 2112

DIRV, PS, VSD, hypoplastic LV,
atria1 situs  solitus

DIRV, PS, PDA, ASD, VSD, situs  solitus

ASD, DOV, PS, PDA, dextrocardia,
situs  inversus RA isomerism, bilateral SVC

AVSD, DORV, PS, hypoplastic RV, PDA
with collaterals, atria1 situs  solitus, levocardia

ASD, VSD, TA, situs  solitus,
hypoplastic RV, PFO, closing PDA

AVSD, RA isomerism, bilateral SVC

DOLV, P’S, TA, hypoplastic RV

PA, VSD, TA, hypoplastic RV, levocardia

IVS, PFO, TA, hypoplastic RV, Atria1 septectomy,
hypoplastic PA R BTS, L BTS

R BTS, L BTS 1 O/2/95 R BTS ligation

Atria1 septectomy 1 o/3/95

R BTS 13112195

BAS, R BTS 27112196 R BTS ligation

R BTS

BAS, L BTS, dental
extraction

R BTS, atria1 septectomy,
dental extraction

1 o/7/95

16/l O/96

6112196

2819195

R BTS ligation

L BTS ligation, L pulmonary
arterioplasty, ligation of
pulmonary artery

R BTS ligation

26112194 R BTS ligation

L BTS ligation, PDA ligation

R BTS ligation,
atria1 septectomy

PDA ligation

Age: age at BCPS operation; ASD: atria1 septal defect; AVSD: atrioventricular septal defect; BAS: balloon atria1 septostomy; DIRV: double inlet right
ventricle; DORV: double outlet right ventricle; DOLV: double outlet left ventricle; IVS: intact ventricular septum; PA: pulmonary atresia; PDA: patent
ductus  arteriosus; PFO: patent foramen ovale; PS: pulmonary stenosis; RV: right ventricle; LV: left ventricle; R BTS: right modified Blalock-Taussig shunt;
L BTS: left modified Blalock-Taussig shunt; TA: tricuspid atresia; VSD: ventricular septal defect

Annals Academy of Medicine



Results

The patients have been followed up for a period of 1 to
23 months (mean 14 months). The early postoperative
course was smooth in all patients and congestive heart
failure was not encountered in any patient. There was
neither operative mortality nor major morbidity. No
further arrhythmia occurred and there were no neuro-
logic complications, stenoses or pulmonary vascular
obstructive problems. Four of the patients had mild
atrioventricular valve regurgitation in the early postop-
erative stage. Patient 5 was admitted a month after the
BCPA operation for a pericardial effusion. She was
treated conservatively and the problem was resolved
with anti-inflammatory medications one month later.
The mean duration of stay in the intensive care unit was
7 days, and the mean hospitalisation stay was 8.5 days.
There was improvement in the median haemoglobin
level and systemic arterial oxygen saturation level from
78.7 + 6.3% to 85.9 + 3.9% (Fig. 1). The median haemo-
globin  level post-BCPA was 14.8 * 0.99 g/d1 compared
to the preoperative value of 16.7 & 1.59 g/dl.  Three
patients underwent follow-up cathetherisation and all
the patients underwent follow-up echocardiography.
These procedures confirmed the excellent bilateral pul-
monary blood flow and the wide patency of the anasto-

I6

4

Fig I. Preoperative oxygen
percentage.

Patient no.

satuvationpercentageversuspostoperativeoxygensaturation

Discussion

The original cavopulmonary, or Glenn shunt has been
used to palliate a variety of congenital heart disease with
excellent relief of cyanosis.9 The first successful Fontan
operation was performed in 3 patients with tricuspid
atresia in 1968 and reported in 1971. In the early years,
operative mortality rate ranged from 11% to 15% and it
has decreased to 3.7% in more recent years.14T15  The

Bidirectional Cavopulmonary  Anastomosis-A4 L Wong et al 239

Fontan operation, when applied to other forms of
univentricular heart diseases, yields less encouraging
results. Kirklin et al* reported a mortality rate of 13% for
patients with tricuspid atresia compared to a 29% rate
for patients with other forms of congenital heart dis-
eases.

Norwood et a15,16 contended that mortality could be
reduced by staging patients with BCPA prior to the
completion of Fontan  operation. They reported a mor-
tality of 7% to 8% in 158 patients who underwent staging
and this figure was substantially lower than the 16% for
a comparative cohort (P ~0.05).  Experience reported
from other institutions also showed a lower mortality in
patients who underwent BCPA. Nine tricuspid atresia
patients underwent BCPA in 1972 and Azzolina et all7
reported a mortality rate of 33%. Another 19 had BCPA
reported by Abrams with no mortality.‘* Only one death
was reported by Mazzera et al in 1989lO  after performing
the procedure in 18 patients.

Although it was felt initially that the BCPA should
only be performed on older children, the operation has
been increasingly performed on children at a much
younger age. Albanese et all9  had reported their experi-
ence with 27 patients who were under two years of age.
Early mortality rate was 15% and late mortality rate was
8.7%.

In a recent report, Chang et al*O had also shown that the
BCPA procedure can be safely performed with good
results in 17 infants under six months of age. The mortal-
ity rate was 6% and there were no late deaths. Apart
from the above reports, Reddy et al*l had also reviewed
their experience in a series of 9 infants who underwent
early primary BCPA for palliation in a variety of defects
with a single functional ventricle. There were no early
deaths but 2 patients died due to abdominal malforma-
tions of asplenia syndrome and hypoxia respectively in
the medium-term follow-up.

Clinical and functional information from our experi-
ence confirms the safety BCPA and its efficacy inprovid-
ing adequate oxygenation and in preparing patients
with complex cardiac anomalies for a subsequent Fontan
operation with minimal or no pulmonary arterial distor-
tion. The BCPA is a useful palliative procedure in stag-
ing to an ultimate Fontan operation. The advantages of
the BCPA procedure are:
1) because the anastomosis is formed in an end-to-side

fashion, it allows the caliber of the superior vena
cava,  rather than that of the ipsilateral pulmonary
artery (which may be hypoplastic), to define the size
of the anastomosis hence it avoids volume overload
of the single ventricle and prevents pulmonary dis-
tortion,

2) it prevents the development of pulmonary vascular
obstructive disease, and
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it leaves the right and left pulmonary arteries in
continuity. The BCPA provides excellent palliation
for selected patients with congenital heart disease
and it is followed by good intermediate term pallia-
tion in complex conditions that are less ideal for a one
stage Fontan procedure.
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