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The Fontan type procedure in patients with visceral heterotaxy
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IRST OF ALL, MAINWARING AND LAMBERTI ARE

to be congratulated for their report in this

issue of the journal,' in which they describe
an excellent application of the extracardiac Fontan’
procedure, using a Gore-Tex tube graft in patients
with visceral heterotaxy. Obviously, vast improve-
ments have been made in the surgical establish-
ment of the Fontan circulation, particularly in
those patients who have very complicated cardiac
malformations unsuitable for biventricular repair,
as opposed to the more classical’ patients with
straightforward tricuspid atresia or double inlet
left ventricle. In those patients who have visceral
heterotaxy, however, definitive conversion of the
abnormal circulation into a non-cyanotic one
remains one of the current surgical challenges. Our
current experience suggests that overall results
after total right heart bypass can be improved still
further, particularly in patients with visceral het-
erotaxy, by combining appropriate background
knowledge with thoughtful clinical considerations.
Better results may be achieved in several ways. For
instance, they may be promoted by more precise
recognition of the morphologic spectrum in this
particular setting, by more efficient uses of innova-
tive technical devices, by taking advantage of
recent developments in molecular biology and
genetic backgrounds, and so on.

As has been well documented, the universally
present abnormal venoatrial connections constitute
one of the key issues which could militate against
successful surgical interventions in patients with vis-
ceral heterotaxy.’ The cardiopulmonary bypass
needed for most cardiac surgical procedures cannot
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be efficiently established without precise knowledge
of these connections. In order to accomplish cavopul-
monary anastomoses for the Fontan type procedure,
knowledge of the pattern of systemic venous
drainage is self-evidently crucial. Construction of an
unobstructed channel for pulmonary venous
drainage is also of importance, not only in achieving
the optimal Fontan procedure, but also when
attempting biventricular repair. Pulmonary venous
drainage via the systemic veins is common in hearts
with isomeric right appendages, and connection of
the pulmonary veins bilaterally to the atrial cham-
bers, with a wide distance between their orifices, is
seen with frequency in those with isomeric left
appendages.3 The significance of the atrial arrange-
ment becomes greater when the surgeon realizes that
the manner of pulmonary venous connection is
always abnormal in right isomerism even in those
hearts in which the veins drain directly to the atrial
cavity.? These facts are of importance when consider-
ing classification and description.

Some investigators have suggested that cardiac
situs can be determined according to the patterns
of venoatrial connections.’ My colleagues and I
have encountered great difficulty in universally
applying this concept in the setting of visceral het-
erotaxy. The specific patterns encountered are suf-
ficiently variable, in our experience, to rule out
diagnosis of atrial arrangement on the basis of the
venoatrial connections.> This is not to deny the
importance of these venoatrial connections. As
emphasized above, precise knowledge of the
patterns is crucial for proper planning and execu-
tion of the surgical procedures. It is simply that
these patterns cannot be used with precision to
predict the morphologic arrangement of the most
constant atrial component, namely the
appendages. In this respect, therefore, we prefer to
use the arrangement of the atrial appendages
rather than the venoatrial connections or splenic
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status when stratifying the two well recognised
subsets of patients with visceral heterotaxy.
Indeed, several important differences are found
when the patients are divided according to
whether they have isomerism of the morphologi-
cally right as opposed to the left atrial
appendages, this distinction itself being made on
the morphology of the pectinate muscles within
the appendages rather than according to their size
or shape.? Differences in the patterns of pul-
monary venous connection has already been men-
tioned. Interruption of the inferior caval vein is
almost always seen in left isomerism,® although a
recent review has documented rare cases of inter-
ruption in patients with asplenia,® and we know of
additional instances.” The structural arrangement
of the conduction system can also be related to the
morphology of the atrial appendages. Presence of
sinus nodes bilaterally is the rule in hearts with
right isomerism, while hypoplasia or even aplasia
of the sinus node is the rule in those with left iso-
merism.5'* Abnormalities in the connection
between the atrioventricular node and the ventric-
ular conduction bundle have also been docu-
mented.!®!! Epicardial mapping during the
operative procedure can be helpful in determining
precisely the location of the atrial pacemaker, par-
ticularly in patients with left isomerism.!?

Additional morphologic studies in hearts with
isomeric atrial appendages have revealed fascinat-
ing and informative facts, such as abnormalities in
the anatomic features of the common atrioventric-
ular valve!> !> and the cardiac venous system.!>16
These specific findings, which differ from those in
hearts with usual atrial arrangement, almost cer-
tainly have major clinical significance. They sup-
port strongly our view that the cardiac
malformations in patients with visceral heterotaxy
are more precisely described, and more reasonably
unified, according to the most constant morpho-
logic features within the heart itself rather than on
the basis of any other extracardiac features.
Although it depends on the individual investigator
whether or not the atrial arrangement according to
the morphology of the appendages is to be used as
the basis for stratifying patients with visceral het-
erotaxy,!’ it is surely a gross exaggeration to state
that the morphology of the atrial appendages is of
no surgical or clinical significance.!8

It is our further opinion that knowledge of this
morphologic background is helpful in establishing
the optimal surgical strategies when planning to
perform the Fontan type of procedure in patients
with visceral heterotaxy and right isomerism. As
had been noted by many clinicians, maintenance of
an optimal pulmonary circulation is one of the
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most important aspects, and control of regurgita-
tion through the common atrioventricular valve is
another. With properly organized surgical strate-
gies, the chances of achieving the most efficient
Fontan circulation are markedly increased. Several
operative procedures have been reported. Because
of the complicated abnormal venoatrial connec-
tions, use of an intracardiac tube graft'® is obvi-
ously an attractive choice. Indeed, this was our
chosen procedure in our previous series of
patients.’? Qur current preference, however, as
with Mainwaring and Lamberti,! is to use the
extracardiac Gore-Tex tube graft. This is, in part,
because we choose to do the operation without the
aid of cardiopulmonary bypass, employing tempo-
rary bypass from the caval veins to the atrial cav-
ity.?! By this maneuver, we believe that we
circumvent the deleterious influences of cardiopul-
monary bypass on the pulmonary circulation
known to occur immediately following the stan-
dard Fontan type procedure. In addition, we are
able to complete the procedure without the need
for transfusion of blood. The technique can also be
used in patients with independent drainage of the
hepatic veins, a frequent finding in those with vis-
ceral heterotaxy, by wusing dual temporary
bypasses.2! When constructing an extracardiac
channel, it is also possible to use a pedicled autol-
ogous pericardial roll for draining the inferior caval
venous blood into the pulmonary arteries.?”? In
terms of potential for growth and anticoagulabil-
ity, such autologous tissues are probably better
than prosthetic materials. Use of a 14mm diame-
ter prosthetic tube could prove insufficient for
unobstructed inferior caval venous drainage when
the patient becomes an adolescent. Peel formation
inside the prosthesis may also promote earlier
obstruction within the channel.

Another advantageous aspect of the extracardiac
Fontan is to minimize the pulmonary venous
obstruction which can be the consequence of place-
ment of an intracardiac conduit.”> We have experi-
enced problems subsequent to use of an
intracardiac conduit in 2 patients with visceral het-
erotaxy. In one patient with left isomerism, an
18mm Gore-Tex tube placed within the left-sided
atrium obstructed the left-sided atrioventricular
valvar orifice. In this particular patient, the right-
sided atrioventricular valve was severely stenotic.
After the initial intraatrial grafting, the atrial pres-
sure for the systemic circulation was high because
of the obstruction at the ventricular inflow. The
intraatrial graft was changed to a 14mm tube on
the fifth postoperative day. This down-sizing vastly
improved the intraatrial obstruction. The patient is
now doing well. In the other patient, with right
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isomerism, pulmonary venous obstruction
occurred and progressed at more than 2 years after
the establishment of the Fontan circulation. This
patient underwent removal of the intracardiac tube
graft during planned conversion to bidirectional
Glenn physiology. At the time of reoperation, it
proved that a part of the intracardiac conduit was
adherent to the orifice for the pulmonary venous
channel. It seemed that the fibrous adhesions were
formed because of the short distance between the
prosthetic tube placed intraatrially and the pul-
monary venous orifice. The unfavourable progress
was related, therefore, to the abnormal orientation
of the systemic and pulmonary venous orifices.
Presence of an abnormal pulmonary venous con-
nection to the atrial chamber, with the so-called
common pulmonary venous chamber having an
orifice with a fibrous ridge, was another possible
contributory factor. In these patients, such prob-
lems would have been prevented had an extracar-
diac channel been constructed for the inferior caval
venous drainage.

Even when constructing an extracardiac chan-
nel, the surgeon should be well aware of orienta-
tion of the venoatrial connections. Because of the
unusual location of the orifice of the inferior caval
vein, and that of an independent hepatic vein if
any, the extracardiac channel can be long and tor-
tuous, and may be compressed by the mass of the
heart. The surgeon should, of course, construct the
extracardiac channel so as to avoid obstruction as
well as turbulence. By combining such technical
improvements with precise knowledge of the mor-
phology of the malformed hearts, overall surgical
and functional results after the Fontan type proce-
dure can surely be improved still further, even in
patients with visceral heterotaxy and complex
intracardiac malformations.
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