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FUNCTIONALLY UNIVENTRICULAR HEARTS SUFFER

from the load of pumping both the pulmonary
and the systemic circulations.1 Therapeutic oper-

ative strategies, therefore, are directed at shortening

the period of ventricular volume overload by trans-
forming the circulations to an arrangement in
series.2 This is currently achieved by the technique
of total cavopulmonary connection, performed either
by means of an intracardiac tunnel, or an extracar-
diac connection.3,4

Creation of an extracardiac connection was initially
proposed for patients with anomalies of the intra-
atrial anatomy, such as pulmonary and systemic venous
return, an atretic or dysplastic left atrioventricular
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valve, or complex malformations with common atrio-
ventricular valve.5 In patients with failing Fontan
circulations, use of the extracardiac connection,
when combined with radiofrequency ablation of
intraatrial reentry tachycardias, has also produced
favourable results.6,7 An extracardiac connection may
offer other distinct advantages in treating functional
univentricular hearts, since atrial suture lines and for-
mations of major scars, as well as atrial overdisten-
sion by high systemic venous pressure, are all avoided.8

In addition, it is reported that use of the extracardiac
tube optimises the dynamics of flow.9 The advan-
tage of avoiding cardiopulmonary bypass, however,
remains as yet unproven.10,11 In terms of size of the
conduit, a tube of at least 17 mm diameter is con-
sidered to be sufficient for patients of all ages, even
up to adulthood.12,13

To date, however, there are relatively few reports
describing the short to mid-term results following
creation of extracardiac connections. We have been
impressed, nonetheless, by the concept, so since 1999,
the majority of patients undergoing surgical inter-
vention for functionally univentricular hearts have
been treated with an extracardiac approach. In this
retrospective and non-randomized study, we have eval-
uated the factors which influenced decision making
for an extracardiac approach, described our evolving
experience, and determined the immediate differ-
ences in outcome.

Patients and methods

From June 1994 to January 2003, we have constructed
a total cavopulmonary connection in 125 patients
with functionally univentricular hearts at the German
Heart Centre, Munich. We have chosen the starting
point of 1994 since our institutional policy was
changed at that time, and modified Fontan operations
were gradually abandoned. For this study, we have
excluded from analysis those patients with other mod-
ifications of the Fontan procedure, including only
those in whom we constructed either an extracardiac
connection or an intracardiac tunnel, or those patients
who required late conversion to an extracardiac or
intracardiac modification after an initial classical
Fontan procedure. Over the period of study, only
three patients were treated with other modifications
of the Fontan approach in 1994, and two in 1995.

Of the patients, 84 had a dominant left ventricle,
and 41 a dominant right ventricle. Among these, 22
had classical tricuspid atresia, 4 had hypoplastic left
heart syndrome, and 6 had isomerism of the atrial
appendages, or heterotaxy syndrome. Demographic
data are summarized in Table 1.

Of the overall group of 125 patients, 122 had had
multiple previous operations, with a mean of 2 per

patient. A previous bidirectional partial cavopul-
monary connection had been constructed in 83
patients. The mean age at construction of the partial
cavopulmonary connection was 33.8 months, with a
range from 5 to 166 months, and a median of 19
months. The mean time from the partial to the total
cavopulmonary connection was 28 months, with a
range from 0.5 to 105.4 months, and a median of 18.2
months. In 20 patients, the pulmonary trunk had
been banded as an isolated procedure prior to the total
cavopulmonary connection, while 20 had undergone
banding along with a subsequent partial cavopul-
monary connection, and 66 had undergone initial con-
struction of a systemic-to-pulmonary arterial shunt.

Variables tested for influence on early and late
survival are shown in Table 2.

For completion of total cavopulmonary connec-
tion, we approached through a median sternotomy,
using conventional cardiopulmonary bypass with
either mild hypothermia at 32°C in patients without
cross-clamping of the aorta, or moderate hypother-
mia at 28°C in patients with cross-clamping. When
performing the extracardiac procedure, the operation
was always performed on the beating heart. For con-
struction of intracardiac tunnels, we cross-clamped
the aorta and used crystalloid cardioplegic solution
at a dosage of 40 ml/kg of body weight. For both 
the intracardiac and extracardiac procedures, we
used a nonringed polytetrafluroethylene (GORE-
TEX®, W.L. Gore & Assoc., Flagstaff, AZ) graft.
The decision to use either an extracardiac connection
or an intracardiac tunnel was based on the size of the
pulmonary arteries, and therefore on the weight of
the patient. In the beginning of our experience with
the extracardiac approach, in 1999, only patients
weighing around 15 kg were considered suitable for
an extracardiac connection. Our criterions have
changed over time, however, and we now use an
extracardiac tube even in patients weighing 10 kg.

We believe that the initial step in constructing
the extracardiac connection should be the anastomo-
sis with the pulmonary arteries. This anastomosis is

Table 1. Demographic data.

Intracardiac tunnal Extracardiac tunnal

Age (months) 13–503 19–236
Mean 76 75
Median 54 55

Height (cm) 74–179 80–173
Mean 108 112
Median 98 106

Weight (kg) 7.4–48.0 9.1–66.0
Mean 17.9 21.1
Median 13.8 16.6
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more demanding, and the position of the tube will
influence its path around cardiac structures towards
the inferior caval vein.

Before insertion of the extracardiac tube, the infe-
rior caval vein and the pulmonary arteries are widely
mobilized, and clamps are placed distally to the
right and towards the left pulmonary artery. In
patients weighing less than 15 kg, with pulmonary
arteries varying in diameter between 6 and 8 mm,
we found it necessary to incise the antero-inferior
surface of the right pulmonary artery from the take-
off of the upper right lobe artery as far as possible
towards, or just past, the area of the pulmonary
trunk. If needed, this allowed an even enlargement
of the pulmonary pathway. Most importantly, addi-
tional incisions were required to enlarge the site of
the anastomosis (Fig. 1). The borders of the pul-
monary arteries could then bulge out to accommo-
date the larger tube. The tube was then cut slightly
in an oblique fashion and anastomosed with a 6-0 or
7-0 running suture. If necessary, an additional short
incision was made from the site of the anastomosis
towards the partial cavopulmonary connection.

Following completion of the pulmonary arterial
anastomosis, we divided the inferior caval vein, taking
care to preserve a large cuff of atrial tissue. After releas-
ing the clamps at both pulmonary arteries, and allow-
ing the extracardiac tube to fill gradually, the stretched
tube was positioned towards the inferior caval vein.
The tube as a whole was subsequently shortened,
allowing a slight bend around the right-sided car-
diac structures. We always trimmed the tube at its
lateral aspect, permitting an undistorted and unob-
structed anastomosis with the preserved cuff of atrial
tissue just adjacent to the inferior caval vein (Fig. 2).

In the meanwhile, we had commenced rewarming
of the patients, and cardiopulmonary bypass was
gradually discontinued. Transpulmonary gradients and

saturations of oxygen were checked, and transoeso-
phageal echocardiography was always performed.

Our surviving patients are seen routinely at
intervals of three to six months by our paediatric
cardiologists in their outpatient clinics. Ventricular
function, and atrioventricular valvar regurgitation
are assessed by echocardiography, and a 12-lead 

1
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3

Figure 1.
Top views and cross-sections of a step by step approach for anastomo-
sis of a larger GORE-TEX® tube with the pulmonary arteries.
Note how the borders of the pulmonary arteries curve slightly out
after additional incisions.

Table 2. Variables tested (multivariate analysis).

Demographics: Sex; Age and weight at TCPC
Preoperative data: Ventricular function; AVV; Rhythm; Time of loss of sinus rhythm
Morphology: Single ventricle morphology – right ventricle/left ventricle/unknown; Tricuspid atresia versus complex

malformations; Heterotaxy syndrome; TAPVC; HLHS
Staging: One stage – without PCPC; Two stage – with PCPC
Procedures prior to TCPC: Number of procedures; PAB; PAB prior to PCPC; PAB prior to TCPC; Shunt prior to TCPC; AVV repair;

AVV repair prior to PCPC; AVV repair at time of PCPC; AVV replacement; DKS; Aortic valve repair;
TAPVC repair; Pacemaker implantation

Procedures during TCPC: Pulmonary arterioplasty; ASE; AVV plasty; AVV replacement; DKS; Fenestration; Relief of subaortic
obstruction

Procedure related: CPB �120 min; XC
Early postoperative: Transpulmonary gradient; Drainages – insertion � 3 days; Pleural effusions; Ascites; Rhythm; Duration 

of intensive care unit stay; Reoperations
Late postoperative: Ventricular function; AVV function; Rhythm; Reoperations

Abbreviations: TCPC: total cavopulmonary connection; AVV: atrioventricular valve; TAPVC: total anomalous pulmonary venous connection;
HLHS: hypoplastic left heart syndrome; PCPC: partial cavopulmonary connection; PAB: pulmonary artery banding; DKS: Damus-Kaye-Stansel;
ASE: atrioseptectomy; CPB: cardiopulmonary bypass; XC: cross-clamp
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electrocardiogram is recorded. When assessing these
findings, we divided the patients into those with
sinus rhythm, ectopic atrial rhythm, atrioventricular
escape rhythm, or pacemaker dependent rhythm.
Atrioventricular nodal function was measured in
terms of the PR interval. First degree atrioventricu-
lar block was considered present when the PR inter-
val was longer than 150 ms in children younger than
12 years, longer than 180 ms from 10 to 15 years of
age, and longer than 200 ms in adolescents and
adults older than 15 years. We defined the Mobitz
and Wenckebach variants of second degree atrioven-
tricular block, and complete atrioventricular block,
on the basis of the electrocardiographic tracings.
Tachycardiac events were assessed only if reported in
the medical history.

All patients received heparin in the early post-
operative period, with the aim of establishing a partial
thromboplastin time of 40 to 60 s. When it proved
possible to use oral anticoagulation, we commenced
treatment with warfarin, aiming to achieve an inter-
national normalized ratio of 3.5 to 4.0. Patients, or
parents respectively, were generally taught to use a
self-testing apparatus (CoaguCheck®, Roche Diag-
nostics, Mannheim, Germany).

The variables tested for their influence on the out-
comes of the procedures are listed in Table 2. Early
or late, or combined early and late, failure of the
Fontan circuit was defined as “take-down” or death,
and served as one of the parameters of outcome. We

eliminated the influence of early mortality by defin-
ing late failure as the period beginning 30 days after
the completion of the procedure. Survivors were cen-
sored at the time of last follow-up. Estimated actuarial
survival, and freedom from failure, was determined
by the Kaplan-Meier method. Significance during
univariable analysis was assessed by the log-rank test
for late and total outcomes, and the chi-square test
was used to assess the likelihood ratio for early out-
comes. For multivariable analysis, we used the Cox
proportional-hazard regression model to establish
the variables that were independently predictive of
late and total survival. For outcomes during the early
postoperative period, we performed stepwise logistic
regression analysis. Hazard ratios, and odds ratios
with 95% confidence interval, were constructed for
the significant multivariable predictors. Final models
were derived by the forward stepwise selection pro-
cedure. Those variables having a level of significance
less than 0.1 in the univariable analyses were entered
as candidates into the Cox and multiple logistic
regression models. A value less than 0.05 was required
for a variable to be retained in the equation. All
reported p values are 2-tailed. Statistical analysis was
performed by means of the SPSS software package
(Version 10.1, SPSS, Inc., Chicago, IL, USA). Data are
presented as means plus or minus the standard error
of the mean, or standard deviations, as indicated.

Results

In 50 of our patients, we constructed an intracardiac
tunnel, while an extracardiac connection was used in
75 patients. The sizes of the extracardiac tubes ranged
from 16 to 22 mm, with a mean of 18.9 mm, and are
shown in Figure 3. In the initial period, we implanted
two tubes of 16 mm diameter. These patients weighed
14.9 kg, and 16.7 kg, respectively.

Figure 2.
Top view of the inferior anastomosis with the GORE-TEX® tube.
Note how a lateral trimming of the tube allows an undistorted
placement after anastomosis with the inferior caval vein and adja-
cent atrial tissue.
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Figure 3.
The size of the extracardiac conduit in relation to the weight of the
patients.
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Since 1999, we have constructed an intracardiac
tunnel in 19 patients, who were small, with a mean
weight of 12.8 kg, a range from 7.4 to 43.5 kg, and
a median of 11.1 kg. Their mean height was 89.1 cm,
with a range from 74 to 163 cm, and a median of
87.0 cm. Their mean age was 35 months, with a range
from 12.6 to 164 months, and a median of 25.3
months. For those having an intracardiac tunnel, we
included a Damus-Kaye-Stansel procedure in one,
atrioventricular valvar plasties in five, closure of an
atrioventricular valve in one, and atrioseptectomy in
another patient. Since August 2001, all patients
have received an extracardiac connection, even those
weighing as little as 10 kg.

Additional intracardiac procedures were performed
in 43 patients at the time of completion. Of these,
18 had intracardiac, and 25 extracardiac completions.
Plasties on the pulmonary artery were performed in
36, repair of atrioventricular valves in 18, and revision
of the partial cavopulmonary connection in 2 patients.
Fenestrations were performed in a total of 31 patients,
but only 8 in combination with an extracardiac con-
nection. Since June 2001, we have not performed
any fenestrations. In those with intracardiac tunnels,
5 fenestrations were subsequently closed with an
occluder, and one surgically, whereas two patients
with an extracardiac connection had fenestrations
closed, one by intervention and one surgically.

Times for cross-clamping and cardiopulmonary
bypass varied. The mean cross-clamp time for an
intracardiac tunnel was 77 min, with a range of 9 to
136 min, and a median of 80.5 min. The mean time
for cardiopulmonary bypass was 139 min, with a
range of 81 to 265 min, and a median of 131 min. For
24 of the 75 patients with an extracardiac connection,
the mean cross-clamp time was 54 min, with a range

of 11 to 124 min, and a median of 54 min. The mean
period of cardiopulmonary bypass for all the patients
with an extracardiac connection was 100 min, with a
range of 33 to 256 min, and a median of 88 min.

Statistical analysis is depicted in Table 3. In the
multivariable analysis, a period of cardiopulmonary
bypass longer than 120 min, replacement of an atrio-
ventricular valve, and banding of the pulmonary
trunk prior to the total cavopulmonary connection,
all reached statistical significance for early failure,
whereas only the heterotaxy syndrome remained as
the sole risk factor for late, and combined early and
late, failure. No differences could be detected when
Kaplan-Meier estimates were made of the probabil-
ity of late survival with a total cavopulmonary con-
nection as a function of the extra and intracardiac
modifications (Fig. 4 – log-rank test, p � 0.443).

In those with intracardiac tunnels, the mean time
for intubation time was 65 h, with a range of 7 to
500 h, and a standard deviation of 88.3. In those with
extracardiac tubes, the mean intubation time was
52 h, with a range of 7 to 528 h, and a standard devi-
ation of 92.4. The duration of pleural effusions did
not reach statistical difference between the groups,
with a mean of 4.7 days, a range of 1 to 20 days, and
a standard deviation of 3.9 for those having an intra-
cardiac tunnel, and a mean of 5.4 days, with a range
of 1 to 45 days, and a standard deviation of 6.9 for
those with extracardiac tubes. In similar fashion, no
differences were found in the incidence of arrhythmias.

Reoperations were needed in 10 patients, 6 hav-
ing intracardiac tunnels and 4 extracardiac tubes. Of
these, 5 were early, and 5 late, including one “take-
down”. Reasons for reintervention within the first
30 days postoperatively were stenoses at the site of
the anastomosis with the pulmonary arteries in two,

Table 3. Statistical results – predictors for failure.

Univariate Multivariate

Variable p value Risk ratio* 95% Cl p value

Early failure PAB 0.01 1.1 �0.001–6.12 0.008
One stage/two stage 0.008 0.82
PAB 0.07 0.89
DKS 0.03 0.53
PCPC revision 0.003 0.93
AVV replacement 0.02 0.08 �0.001–0.45 0.009
PAB prior to TCPC 0.03 0.18 0.02–0.76 0.047

Late failure AVV repair 0.03 0.062
Heterotaxy syndrome �0.001 40.6 3.7–448 0.002

Combined early CPB �120 min 0.023 0.08
and late failure Heterotaxy syndrome �0.001 46.5 5.7–377 �0.001

PCPC revision 0.006 0.42

Abbreviations: CI: confidence interval; CPB: cardiopulmonary bypass time. One stage/two stage – without/with
PCPC (partial proportional-hazards model). Only variables with a univariate p � 0.1 are shown. All variables
tested are depicted in Table 2
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and kinking of an extracardiac connection, with con-
secutive obstruction at the pulmonary arteries, in two.
Late reinterventions followed for pulmonary arteria
stenoses in two, obstructions at the site of the inferior
caval vein in two, and atrioventricular valvar closure
with reduction in the size of the intracardiac tunnel
in one. None of the patients died after these reinter-
ventions. In one patient, nonetheless, a successful
cardiac transplant was needed.

No late thrombembolic events were observed. Of
the entire cohort of 125 patients, 8 died, with 4 each
dying in those having intracardiac tunnels or extra-
cardiac tubes. In 5 instances, the deaths occurred early,
specifically in one patient with the heterotaxy syn-
drome undergoing atrioventricular valvar replace-
ment with intraoperative myocardial failure, one with
double outlet right ventricle and myocardial failure,
one with a dominant left ventricle and totally anom-
alous pulmonary venous connection and prolonged
cardiopulmonary bypass with intraoperative myocar-
dial failure, one with double inlet left ventricle and
elevated pulmonary arterial resistance, and the final
patient with an unbalanced atrioventricular septal
defect and elevated pulmonary arterial resistance.
There were 3 late deaths, occurring in two patients
with heterotaxy syndromes, one dying of sepsis and
the other suddenly, and the other patient having
double outlet right ventricle and dying with sepsis.

Discussion

Late problems with the Fontan circulation are partly
caused by chronic elevation of pressure in the systemic
venous pathways, atrial distension, and impaired
ventricular function. As a result, protein-loosing

enteropathy, progressive loss of sinus rhythm,
thrombembolic complications, and limited exercise
capacity are reported. Because of these problems, in
recent years creation of a direct cavopulmonary con-
nections has gained increasing interest.2 One of the
goals of this modification is to achieve unloading of
volume earlier in life in order to preserve ventricular
function and to improve long-term prognosis.14

Creation of the total cavopulmonary connection
has already been shown to produce clinical improve-
ment when used as conversion of former Fontan 
circulations.15,16

For those using the total cavopulmonary connec-
tion its good long-term results after constructions of
a lateral intracardiac tunnel now provide the com-
parison for other surgical alternatives.17 In this light,
it remains a matter of debate as to whether construc-
tion of an extracardiac connection for total bypass of
the right heart will translate into better long-term
results. Our surgical experience may serve to illumi-
nate this discussion.

It is assumed that initial construction of a partial
cavopulmonary connection, and subsequent extra-
cardiac completion, avoids exposing the right atrium
to elevated systemic venous pressure, does not
endanger the function of the sinus node by surgical
manipulations, and limits atrial suture lines and
scarring commonly seen subsequent to creation 
of an intracardiac tunnel.8 Amodeo and colleagues18

found that over nine-tenths of their 60 patients with
an extracardiac tube were free from arrhythmia after
five years of follow-up. Petrossian and associates,19

describing their experience with 51 patients, found
that transient sinus nodal dysfunction developed in
less than one-tenth in the early postoperative period.
Shirai and co-workers,20 in contrast, observed sinus
nodal dysfunction in almost half of a smaller cohort
of 16 patients with an extracardiac tube. All these
retrospective studies, however, lacked a group of
patients with an intracardiac tunnel for comparison.
Azakie and colleagues21 have matched the two
groups with an intracardiac tunnel and an extra-
cardiac tube, and identified a reduced risk of early
and mid-term atrial arrhythmias for those with an
extracardiac connection. In our patients, nonethe-
less, we did not find a reduced risk for arrhythmias
in patients having an extracardiac connection as com-
pared to an intracardiac tunnel. It remains unclear to
what extent the surgical staging approaches, either
the hemi-Fontan procedure or the partial cavopul-
monary connection, and also timing of the staging
operation, may be additional determinants for 
the incidence of arrhythmia. Only Cohen and col-
leagues22 have reported that avoidance of surgery
near the sinus node, when comparing hemi-Fontan
versus partial cavopulmonary connection, had no
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Kaplan-Meier estimates of the probability of late survival with 
a total cavopulmonary connection as a function of the extra- and
intracardiac modifications (� � �: intracardiac tunnel).
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significant effect on the development of early sinus
nodal dysfunction in the short-term. We believe,
however, that it may be too early to draw any defin-
itive conclusions, since very few patients have symp-
tomatic tachycardias within the first 10 years after
completion. These findings are supported by a
recent publication of Stamm and colleagues on a
large cohort of patients,17 and a long-term study car-
ried out at our institution.23

Another potential advantage of an extracardiac
tunnel could be limitations or avoidance of cardio-
pulmonary bypass. Prolonged cardioplegic arrest
and cardiopulmonary bypass times are associated with
increased risk of early postoperative death or failure.24

Every effort should be made to limit or avoid the use
of cardioplegic arrest, and to shorten the duration of
cardiopulmonary bypass at the time of completion of
the cavopulmonary connection. This is accomplished
by performing all necessary intracardiac procedures,
such as atrioseptectomy, valvar repair, or relief of
obstructions to the ventricular outflow tract, at the
time of the partial cavopulmonary connection. It
ensures that the total cavopulmonary connection is
limited to placement of the extracardiac tube alone,
along with pulmonary arterioplasty if needed. Over
the course of our experience, we have seen significant
reductions in the lengths of our periods of cardiopul-
monary bypass, and we have recently achieved times
as low as 33 min. In selected cases, the extracardiac
connection can even be constructed without the use
of cardiopulmonary bypass.10,11,25

With growing confidence and expertise, we have
changed our criterions for construction of the extra-
cardiac tube. We have shown that conduits of 18 mm
diameter can safely be placed in children weighing
10 kg, implying that the third-stage cavopulmonary
connection can be performed at a young age. Since
2002, only 2 of our patients have not been treated
with an extracardiac tube, each weighing under 9 kg.
In the beginning of our experience, we probably mis-
judged the influence of the weight of the patient,
and therefore the sizes of the inferior caval vein, pul-
monary arteries, and the extracardiac tube. We now
believe that the decision depends primarily on the
size of the pulmonary arteries. In children weighing
not less than 10 kg, the pulmonary arteries usually
have a diameter of around 6 to 8 mm. In our experi-
ence, this is large enough to accommodate a tube of
18 mm. Incision of the lower surface of the pulmonary
artery, right up to the bifurcation, allows enlargement
of the pulmonary arterial pathway, should this be
necessary. In case of a mismatch with the inferior caval
vein, we found that the use of an adequate cuff 
of atrial tissue permits an undistorted anastomosis
with the GORE-TEX® tube. Our surgical experience,
therefore, is at variance with other studies that

demanded a weight of at least 15 kg for insertion of
a tube of at least 18 mm, or where conduits having
diameters of less than 18 mm were implanted in
small children.13,18,22,26,27 Our clinical experience
over the short term, however, has not substantiated
the generally supported claim that the diameter of
the tube should not be oversized by more than one-
fifth of the diameter of the inferior caval vein.9,13

Whether our current approach will result in optimal
flow and hydrodynamics, and avoid reoperations over
the long term, will require further investigations and
longer follow-up.

Regarding the issue of fenestration, our experi-
ence is in line with recent findings.8,29 We found no
difference in postoperative outcome in patients irre-
spective of fenestration, especially in regard to dura-
tion of pleural effusions. It is our belief, therefore,
that atrial fenestration is dispensable in the majority
of the cases treated with an extracardiac connection.

At our institution, heparin is started 24 h post-
operatively in all patients after the total cavopul-
monary connection. Once the patient is adequately
heparinized, and oral medication is indicated, we use
warfarin, aiming to achieve an international normal-
ized ratio ranging from 3.5 to 4.5. Along with 
others30–32 we believe that this approach provides the
most effective prophylactic therapy. In a recent analy-
sis on the important issue of potential formation of
intracardiac thrombus, it was found that 9 of the 52
reported cases had had construction of a lateral tun-
nel, with formation of thrombus in one-third.33 To
date, however, the role of long-term anticoagulation
remains a matter of controversy.34,35 The findings of
Coon and colleagues34 suggest that formation of
thrombus may not specifically be related to the 
type of modification performed. Prospective trials
seem warranted to detail the role of transoesopha-
geal echocardiography in detection of thrombus, the
potential benefits of routine anticoagulation, and to
make comparison of the creation of an intracardiac
tunnel versus an extracardiac connection for comple-
tion of the total cavopulmonary connection.

In the meantime, it is likely that the approaches
will depend on the preference of the individual sur-
geons. In reviewing our earlier experience, we found
that the median age at the time of “unloading” was
rather high, with a median of 19 months. We cur-
rently favour performing a partial cavopulmonary con-
nection within 6 months, and completing the total
cavopulmonary connection within 18 to 24 months.
Even though, to date, creation of an extracardiac con-
nection was not been shown to be superior to an intra-
cardiac tunnel in regard to mortality and morbidity,
we believe that the concept of the extracardiac tube
simplifies the operative procedure, and that its bene-
fits might become obvious over the longer term.
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