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Improvement of Fontan Circulatory Failure after Conversion
to Total Cavopulmonary Connection

Han Ki Park, M.D.*, Gijong Yi, M.D.*, Suk Won Song, M.D.*, Sak Lee, M.D.*
Young Hwan Park, M.D.*, Bum Koo Cho, M.D.*

Background: By improving the flow pattern in Fontan circuit, total cavopulmonary connection (TCPC) could result
in a better outcome than atriopulmonary connection Fontan operation. For the patients with impaired hemodynamics
after atriopulmonary Fontan connection, conversion to TCPC can be expected to bring hemodynamic and functional
improvement. We studied the results of the revision of the previous Fontan connection to TCPC in patients with
failed Fontan circulation. Material and Method: From October 1979 to June 2002, eight patients who had failed
Fontan circulation, underwent revision of previous Fontan operation to TCPC at Yonsei University Hospital.
Intracardiac anomalies of the patients were tricuspid atresia (n=4) and other functional single ventricles (n=4). Mean
age at TCPC conversion was 14.0£7.0 years (range, 4.6~26.2 years) and median interval between initial Fontan
operation and TCPC was 7.5 years (range, 2.4~14.3 years). All patients had various degree of symptoms and
signs of right heart failure. NYHA functional class was Il or IV in six patients. Paroxysmal atrial fibrillation (n=1),
cyanosis (n=2), intraatrial thrombi (n=2), and protein losing enteropathy (PLE) (n=3) were also combined. The
previous Fontan operation was revised to extracardiac conduit placement (n=7) and intraatrial lateral tunnel (n=1).
Result: There was no operative death. Major morbidities included deep sternal infection (n=1), prolonged pleural
effusion over two weeks (n=1), and temporary junctional tachyarrhythmia (n=1). Postoperative central venous
pressure was lower than the preoperative value (17.9+3.5 vs. 14.9+1.0, p=0.049). Follow-up was complete in all
patients and extended to 50.1 months (mean, 30.3+12.8 months). There was no late death. All patients were in
NYHA class | or Il. Paroxysmal supraventricular tachycardia developed in a patient who underwent conversion to
intraatrial lateral tunnel procedure. PLE was recurred in two patients among three patients who had had PLE
before the convertsion. There was no newly developed PLE. Conclusion: Hemodynamic and functional improvement
could be expected for the patients with Fontan circulatory failure after atriopulmonary connection by revision of their
previous circulation to TCPC. The conversion could be performed with low risk of morbidity and mortality.

(Korean J Thorac Cardiovasc Surg 2003;36:559-565)
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INTRODUCTION

Fontan and Baudet [1] presented a new surgical treatment
for functional single ventricle by reporting successful treat-
ment for correction of tricuspid atresia. Although the survival
has been improving over time, patients undergoing Fontan
operation are still subject to postoperative morbidity: right
atrial dilatation, thromboembolism, atrial arrhythmias, right
pulmonary vein obstruction, decreased ventricular function,
increasing cyanosis, and protein-losing enteropathy [2-4].
Most of these complications occur as a result of dilatation of
right atrium in patients who have undergone atriopulmonary
Fontan connections.

On the basis of flow dynamics, Dr. de Leval [5] modified
the Fontan operation to minimize energy loss of systemic
venous drain to the pulmonary artery. His modification, total
cavopulmonary connection (TCPC), excludes the right atrium
from the Fontan circuit and routs the caval blood into pul-
monary artery and demonstrated better long-term outcome [6].
When patients with atriopulmonary Fontan connections show
circulatory failure, conversion to total cavopulmonary connec-
tion might alleviate some of the common complications by
reducing the turbulence of central venous flow.

We studied the surgical results of the TCPC conversion, to
evaluate the outcome and the risk of the revision of the

previous Fontan connection to TCPC.

MATERIAL AND METHOD

1) Patients

From October 1979 through June 2002, eight patients need-
ed conversion of previous Fontan connection to intraatrial or
extracardiac TCPC due to Fontan circulatory failure at Yonsei
Cardiovascular Center. We retrospectively reviewed the medi-
cal records of the patients. The preoperative clinical charac-
teristics of our patient population are noted in Table 1. Six
patients were male and two two were female. Intracardiac
anomalies were tricuspid atresia in four cases, and other func-
tional single ventricle in the other four cases. One patient had
heterotaxia syndrome. The atriopulmonary Fontan operations
were performed at the age of 5.314.2 years (range, 1.6~

11.9 years). Originally, patients had undergone either direct
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right atrial appendage to pulmonary artery anastomosis (n=6),
or anastomosis of the right atrial appendage to the infun-
dibulum of the right ventricle (n=2).

Hemodynamic derangements wereas present in all patients.
All patients showed various degree of symptom and signs of
systemic venous congestion such as easy fatigability, peripheral
pitting edema, pleural effusion, ascites and hepatic congestion.
The New York Heart Association classification was class II in
two patients, Class III in five patients, and class IV in one
patient. Paroxysmal atrial fibrillation was noted in a patient
and in the other patients sinus rhythm was maintained.

Echocardiogram and cardiac catheterization were performed
preoperatively in all patients. The right atriums were mark-
edly dilated and the systemic venous blood drain revealed
swirling in dilated right atrium and delayed passage into
pulmonary artery. In, two patients, thrombi were found in the
right atrium. Obstruction of the Fontan pathway at the anas-
tomosis site was present in a patient. Preoperative central ve-
nous pressure measured at right atrium was 17.9£3.5 mmHg
(range, 12~22 mmHg), and was over 18 mmHg in five
patients. Ventricular function was considered poor with ven-
tricular end diastolic pressure of 10.2+4.9 mmHg. Mild to
moderate atrioventricular valve regurgitation was present in
three patients.

Cyanosis (Sa0,<90%) was noted at the time of presen-
tation in two patients, one of them had partial detachment of
the patch of the atrioventricular valve closure. Protein losing
enteropathy (PLE) was combined in three patients (patient 1, 6,
and 8). The diagnosis of PLE was confirmed with the o-1-
antitrypsin clearance in stool.

The age at TCPC conversion was 14.0£7.0 years (range,
4.6~26.2 years). The conversion was performed at an av-
erage of 8.715.1 (range, 2.1~14.5 years) years after the

original Fontan operation
2) Revision of atriopulmonary connection

The operation was performed under extracorporeal cardio-
pulmonary bypass and cardioplegic cardiac arrest. Standard car-
diopulmonary bypass was initiated with aortic and bicaval can-
nulation initially at normothermia, after which the patients body
was cooled to moderate hypothermia during the operation.

The previous atriopulmonary and atrioventricular connec-



Table 1. Patient characteristics and preoperative status
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Type of Age at
Patient . . previous . Interval .. CVP NYHA
No. Diagnosis Fontan conversion (year) Indication (mmHg) Rhythm class
operation (year)
1 TA RA-PArt 26.2 14.5 Effusion, ascites, 12 Sinus I
RA thrombi, PLE brady
cardia
TA RA-RV 16.5 13.8 Edema, Huge RA 19 NSR I
3 TA RA-RV 154 13.7 Edema, Effusion, 22 Afib v
AVVR (I/IV),
RA thrombi
4 TA, DOLV RA-PArt 15.5 10.0 Dilated RA, 16 NSR I
Engorged hepatic vein,
AVVR (I/1V)
5 PA, AVSD, RA-PArt 10.7 7.6 Anastomosis stenosis, 20 NSR I
TAPVR cyanosis
DORV RA-PArt 5.5 23 Effusion, PLE 20 NSR I
Corrected TGA, RA-PArt 17.4 55 AVVR (II/IV), 20 NSR I
VSD, hypoplastic cyanosis, TV Patch
LV detachment
8 DORYV, RA-PArt 4.6 2.1 PLE 14 NSR I

hypoplastic LV

AFib=Atrial fibrillation; AVSD=Atrioventricular septal defect; AVVR=Atrioventricular valve regurgitation, DOLV=Double outlet left
ventricle;, DORV=Double outlet right ventricle; LV=Left ventricle; PA=Pulmonary atresia; PArt=Pulmonary artery; PLE=Protein losing
enteropathy; RA=Right atrium; RV=Right ventricle; TA=Tricuspid atresia; TGA=Transposition of great arteries; TV=Tricuspid valve.

tions were taken down and the revision to extracardiac con-
duit (n=7) and intraatrial lateral tunnel (n=1) Fontan operation
was performed. The extracardiac conduit Fontan was perform-
ed by placing conduit between inferior vena cava and pulmo-
nary artery. In five cases polytetrafluroethylene tube grafts
were used for extracardiac conduit and in two patients the
conduits were made of autologous pericardial flap. Intraatrial
lateral tunnel was constructed with atrial wall flap.

Fenestration between the conduit and the left atrium was
made in four cases including three patients who had had
PLE. Thrombi in the right atrium, which had been noticed
preoperatively with the echocardiogram, were removed during
the operation.

Mean cardiopulmonary bypass time was 144138 minutes
(range, 82~202 minutes) and the aorta cross clamp time was

81+30 minutes (range, 36~ 130 minutes).
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3) Statistical analysis

Means are expressed as average standard deviation; compari-

son of groups was analyzed by the Wilcoxon signed ranks test.

RESULT

1) Operative and early postoperative outcome

There was no operative mortality.

Just one patient had pleural effusion that required thoracic
drainage for more than two weeks postoperatively; in patient
1, who had PLE and large amount of pleural effusion
preoperatively, the PLE and pleural effusion persisted and the
chest tube could be removed on the 41" postoperative day.

Patient 2, who underwent TCPC conversion with extra-
cardiac pericardial flap, required re-exploration due to media-

stinal bleeding. In this patient, deep mediastinal infection was
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Table 2. Conversion to TCPC and follow-up status

Patient Type of Condlllit Fenestration Post(ép;:;atlve Fgllll;‘goﬁp Follow up P.roblem EF (%) AVVR
No. TCPC material NYHA during class  follow up
(mmHg) (mo)

1 EC PTFE tube graft + 13 33.1 II PLE recur 65 No
2 EC Pericardial flap - 16 314 1I - 72 No
3 EC PTFE tube graft - 15 317 I - 57 No
4 EC PTFE tube graft - 15 32.0 I - 59 v
5 EC Pericardial falp + 16 31.6 I - 78 No
6 1A Atrial wall + 14 50.1 I PSVT 77 No
7 EC PTFE tube graft - 15 3.1 I - 57 No

8 EC PTFE tube graft + 15 29.7 I PLE recur 48 No

AVVR=Atrioventricular valve regurgitation, EF=Ejection fraction, CVP=Central venous pressure; EC=Extracardiac; IA=Intra-atrial;
PLE=Protein losing enteropathy; PSVT=Paroxysmal supra-ventricular tachycardia; PTFE=Polytetrafluoroethylene.

developed postoperatively, which was successfully treated by
debridement and mediastinal irrigation without long-term
sequelae.

Postoperative arrhythmia occurred in one patient. Patient 6,
who had no preoperative rhythm disturbance, experienced
transient junctional rhythm. Normal sinus rhythm was main-
tained in the other patients until discharge from the hospital.

The median length of hospital stay was 13.1 days (range,
6~45 days) postoperatively. Two patients stayed more than
30 days in the hospital; patient 2 who suffered from
postoperative deep sternal infection was discharged at 43 days
and patient 1 whose PLE persisted after TCPC was dis-
charged from the hospital at 45 days after operation.

The central venous pressure measured postoperatively at
the intensive care unit ranged 13~17 mmHg and was lower
than the preoperative value (17.9+3.5 versus 14.9+1.0,
p=0.049) (Table 1, 2).

2) Follow up

Follow-up was complete in entire patients and extended to
50.1 months (average, 30.3+12.8 months). There was no late
death. The functional class of the patients was improved and
all the patients were in NYHA class I or II (Table 2, Fig 1).

Atrial arrhythmia was developed in one patient. Paroxysmal
supra-ventricular tachycardia developed in patient 6 who had
maintained normal sinus rhythm preoperatively and underwent
lateral tunnel Fontan

TCPC conversion with intraatrial
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Fig. 1. Preoperative and postoperative functional class.

operation. In that patient the supra-ventricular arrhythmia was
controlled with medication. All patients, including patient 3
who had had preoperative paroxysmal atrial fibrillation,
maintained normal sinus thythm during follow up.

After TCPC conversion, the PLE was resolved at discharge
in all three patients who had suffered from PLE. However
PLE was recurred in two patients during the follow up and
the patients were on conservative management. There was no
newly developed PLE during follow up.

Patients were on anticoagulation with warfarin for six
months postoperatively and no intracardiac thrombi were
found with the echocardiographic examination during the
follow up period. The systemic ventricular function was well
preserved with the follow up systemic ventricular ejection
fraction ranging 48 ~78% (mean, 64.1+10.8%). Mild atrioven-

tricular valve regurgitation remained in one patient and no



moderate or severe atrioventricular valve regurgitation was
shown during the follow up. Follow up angiogram taken in
five patients showed good hemodynamics without systemic

venous stasis.

DISCUSSION

Although Fontan operation ameliorated the life expectancy
of the patients born with functional single ventricle, common
problems such as intraatrial thrombi, atrial arrhythmias,
hemodynamic derangement, and impaired exercise tolerance
occur years after the operation [2-4]. The right atrium in the
atriopulmonary connection was thoughtseen to play a detri-
mental role in the development of late complications. Tur-
bulent blood flow in the systemic venous atrium with parietal
stasis increases the risk of thrombus formation and elevated
atrial pressure facilitates distension of the atrial wall, progres-
sive atrial enlargement, and conduction abnormality. In order
to improve the flow pattern in the Fontan circulation, de
Leval and associates [5] developed a technique to guide the
systemic venous return from the inferior vena cava to the
orifice of the superior vena cava through a tubular construct.
His modification was to achieve laminar blood flow in the
Fontan circuit. With his modification, hemodynamic profile of
the patients was relatively well preserved and the incidence
of late morbidities related to the unnatural physiology of
Fontan procedure was diminished [6].

For the patients with impaired hemodynamics after atriov-
pulmonary Fontan connection, hemodynamic and functional
improvements are expected with the revision of their Fontan
connection to either extracardiac or intraatrial conduit cavo-
pulmonary anastomosis. Actually, Fontan conversion has result-
ed in significant hemodynamic improvement in patients with
failing Fontan circulations [7,8]. However, patients with Fon-
tan circulatory failure are high risk group, because complica-
tions of Fontan failure such as pleural effusion, arrhythmia,
hepatic and splenicen congestion, impaired gastrointestinal
and immune system increase the operative risk.

Our retrospective clinical analysis demonstrated the
beneficial effect of the conversion to TCPC. One of the most
beneficial effects is the lowering of the central venous pre-

ssure. This effect would simply improve the complications
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such as edema, pleural effusion and ascites. Also, it would
affect the ventricular function. We could not directly compare
the preoperative and postoperative ventricular function because
preoperative ventricular ejection fraction and postoperative
ventricular end diastolic pressure were available only in
limited cases. But the ventricular ejection fraction measured
echocardiographically during follow up demonstrated well-
preserved ventricular function. And when we compared the
degree of atrioventricular valve regurgitation, we think it could
be said that the ventricular function of our cohort improved
or at least preserved after operation. It is reported that
elevated coronary sinus pressure decreases transcoronary
perfusion gradient and results in impaired myocardial function
in atriopulmonary connection [9]. McElhinney et al [7]
showed that lowering of coronary sinus pressure improves
myocardial function and increases cardiac output. Decom-
pression of the pulmonary venous drainage might be another
factor forof hemodynamic improvement after TCPC conver-
sion. When the pulmonary venous return is compressed by
enlarged right atrium, the pulmonary venous obstruction rise
the pulmonary artery pressure, disturb the systemic venous
drainage and aggravates failed Fontan circulatiory failure. In
all patients in our cohort, the symptoms such as easy
fatigability, edema, pleural effusion, and ascites were improv-
ed and the NYHA functional class was improved. It is
reasonable to regard this clinical and functional improvement
resulted from the hemodynamic improvement.

One of the chronic complications of atriopulmonary type
Fontan operation is atrial arrhythmia. Arrhythmias have been
noted in up to 40% of Fontan patients at 10-year follow up
[4,10]. Dilated atrium, high right atrial pressure, and suture
burden in the atrium are regarded as causative factors for the
development of arrhythmia. In our cohort only one patient
had paroxysmal atrial fibrillation and no arrhythmia surgery
was performed with the revision of Fontan operation. After
TCPC conversion, seven patients maintained normal sinus
thythm, but atrial arrhythmia was developed in a patient who
underwent intraatrial lateral tunnel using atrial wall flap. In
that patient, the right atrium is still exposed to the systemic
venous chamber and has a suture line, which might affect
adversely. Recently, for the patients whose Fontan repair has

failed, conversion to TCPC with concomitant arrhythmia



I
2003;36:559-565

surgery showed excellent result with improved functional
class and low incidence of recurrent arrhythmia [11,12]. If a
patient with failed Fontan circulation has atrial arrhythmia, it
is recommended to perform arrhythmia surgery during the
revision of Fontan operation.

PLE, one of debilitating complications of Fontan operation,
was believed to be related to chronic elevation of venous
pressure and subsequent impaired lymphatic drainage. But it
is not seen only in those patients who have the elevated RA
pressure. It is not uncommon to find patients with elevated
systemic venous pressure but without clinical evidence of
PLE [13]. These finding shows that the hemodynamic im-
pairment and high systemic venous pressure is not directly
related to the development of PLE. Operational complexity,
proinflammatory cytokine release, reperfusion injury, myocyte
damage, and vasomotor nephropathy might cause intestinal
vascular and lymphatic injury and these might be potentiating
factors in the pathogenesis of PLE [13,14]. PLE was diag-
nosed in three patients before the revision of Fontan opera-
tion in our patient group. It was improved in all of the pa-
tients at the time of discharge. Because of the small number
of cases, and because multiple therapeutic interventions were
performed simultaneously, we could not find what affect the
temporarily clinical improvement postoperatively. However
PLE recurred in two patients. In a patient whose PLE did not
recur, the central venous pressure descended dramatically
from 20 to 14 mmHg. However, the central venous pressure
in the remaining two patients whose PLE recurred, did not
differ before and after the operation (preoperatively 12 and
14, postoperatively 13 and 15 respectively). As we canmight
see in this result, when a hemodynamic abnormality is
detected in patients with PLE, hemodynamic improvement
could result in the improvement of PLE. If hemodynamic
lesion that can be treated by therapeutic intervention is
detected it should be corrected. Medical treatment with high

dose steroid or heparin may be tried.

CONCLUSION

In conclusion, conversion of previous atriopulmonary-type
Fontan connections to extracardiac or intraatrial conduit cavo-

pulmonary anastomosis can be performed with low risk of
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morbidity or mortality. Dramatic hemodynamic and functional
class improvement can be expected in patients with failed
Fontan circulation. If PLE is accompanied by failed Fontan
circulation, the improvement of PLE could be expected with

the hemodyanmic improvement after TCPC conversion.
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