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The diagnosis of total anomalous pulmonary venous connection (TAPVC) is made when all
four pulmonary veins drain anomalously to the right atrium or to a tributary of the systemic
veins. It constitutes between 1% and 1.5% of all children with congenital heart disease and
can be categorized by the site of drainage into the systemic circulation (supracardiac, 45%;
infracardiac, 25%; cardiac, 25%; mixed, 5%). The clinical presentation is different if the
pulmonary venous drainage is unobstructed (heart failure, mild cyanosis) or obstructed
(respiratory failure, severe heart failure). Surgical management depends on the anatomic
type. Obstructed TAPVC requires urgent surgical intervention, whereas unobstructed
TAPVC can be dealt with electively; although this is usually operated on once the diagnosis
is made. Postoperative pulmonary artery hypertension can be problematic. Recent surgical
results with isolated TAPVC have improved, with operative mortality consistently at less
than 10%. A particularly challenging group of patients are those with single ventricle
physiology and TAPVC with high operative mortality and poor long-term survival.
Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 9:40-44 © 2006 Elsevier Inc. All
rights reserved.
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The diagnosis of total anomalous pulmonary venous con-
nection is made when all four pulmonary veins drain

anomalously to the right atrium or to a tributary of the sys-
temic veins. It constitutes between 1% and 1.5% of all chil-
dren with congenital heart disease. Although total anomalous
pulmonary venous connection (TAPVC) can be associated
with other heart defects, especially in children with polysple-
nia or asplenia or with heterotaxy syndrome, for the purpose
of this discussion we will mainly address those with isolated
total anomalous pulmonary venous connection or those with
other minor anomalies, such as patent ductus arteriosus or
atrial septal defect.

Typically, TAPVC presents in infancy. The presentation
depends on the site of drainage of the pulmonary veins and
whether or not the veins are obstructed. Infants with unob-

structed TAPVC will present with evidence of a large left-to-
right shunt with heart failure, cardiomegaly, and mild de-
saturation. Children with obstructed TAPVC will present
more with respiratory issues, hypoxia and even low cardiac
output, as well as pulmonary artery hypertension. Occasion-
ally, infants with obstructed TAPVC are referred for extracor-
poreal membrane oxygenation (ECMO) caused by respira-
tory failure or pulmonary hypertension. The cardiac
diagnosis is made during a routine pre-ECMO echocardio-
gram. Children with obstructed TAPVC require urgent cor-
rection, whereas those with unobstructed TAPVC can have a
more elective repair, although typically these children will be
corrected once diagnosed.

TAPVC is categorized into four broad categories defined
by the site of entry of the anomalous connection to the sys-
temic venous circulation.1 The most common is supracardiac
TAPVC. The pulmonary veins drain to a confluence posterior
to the heart and then to a vertical vein, most commonly on
the left, which enters the innominate vein and then drains to
the right atrium. The left heart receives oxygenated blood
through a patent foramen ovale. These children typically
present in infancy and are referred for operation once diag-
nosed. Supracardiac TAPVC accounts for roughly 45% of
children with TAPVC.
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The second most common type of TAPVC is of the infra-
cardiac variety, which accounts for approximately 25% of
children with TAPVC. Most often, the pulmonary veins are
obstructed and the child presents with respiratory distress
and pulmonary artery hypertension. The pulmonary venous
confluence is oriented more vertically than is typical with
supracardiac TAPVC. The confluence drains to a vein that
enters the systemic venous bed below the diaphragm, typi-
cally into the ductus venosus or, less commonly, the hepatic
veins. Occasionally the pulmonary veins are small or have
intimal proliferation, which makes the repair more challeng-
ing.

With the third type of TAPVC, the pulmonary veins drain
to the coronary sinus (cardiac TAPVC). This accounts for !
25% of cases of TAPVC. It is uncommon for these children to
have an obstructed picture; more often they will present with
heart failure or cyanosis. Occasionally these children can sur-
vive into adulthood before the diagnosis is made.

The final type of TAPVC is the mixed type, which is a
combination of any of the above three types of TAPVC. Pre-
sentation depends on the dominant form of the drainage to
the anomalous veins. Mixed TAPVC occurs in approximately
5% of cases.

The clinical picture of obstructed pulmonary veins with
TAPVC varies with the anatomic subtype. For supracardiac
TAPVC, it can occur in up to 40% of patients when the
vertical vein drains to the innominate vein. This is a particu-
larly common if the vertical vein courses between the left
pulmonary artery and the left main stem bronchus, where a
vascular vise-type effect will occur in contrast to the typical
course of the vertical vein anterior to the left pulmonary
artery. We have seen one such infant presenting with ob-
structed TAPVC and concurrent respiratory syncitial virus
pneumonia. We managed this child by stenting the ob-
structed vertical vein percutaneously in the catheterization
lab and allowing the child to get over his pulmonary prob-
lems. After about a week, he was taken to the operating room
and underwent uneventful repair of his supracardiac TAPVC
with removal of the stent and ligation of the vertical vein.

Other anatomic subtypes of supracardiac drainage are
more prone to obstruction. When the anomalous veins drain
directly to the right superior vena cava (SVC), roughly 65%
will be at least partially obstructed. When they drain to the
azygos vein, almost all of these patients will present with an
obstructed picture.

Infracardiac TAPVC almost always presents with an ob-
structed picture because the pulmonary venous confluence
drains commonly to the sinus venosus, which constricts
shortly after birth. These patients can present as a true emer-
gency requiring immediate operation.

It is uncommon for children with cardiac-type TAPVC,
where the anomalous veins drain to the coronary sinus, to
have an obstructed picture; this accounts for only about 20%
of these patients. Similarly, patients with mixed TAPVC will
present with an obstructed picture only about 40% of the
time.

Diagnosis of TAPVC is routinely made by echocardiogra-
phy.2 Only rarely is cardiac catheterization now necessary; it

is typically reserved for patients with coexisting complex
malformations requiring further definition or occasionally
patients with mixed TAPVC in whom all of the pulmonary
veins cannot be clearly delineated by echocardiography
alone.3 In fact, Serraf et al4 advised against preoperative an-
giography in children with an obstructed presentation, argu-
ing that this delays operation and causes clinical deteriora-
tion.

Surgical Repair
The first surgical repair is attributed to Muller and colleagues
at UCLA. This was done in 1951 without the aid of cardio-
pulmonary bypass by anastomosing the left atrial appendage
to the pulmonary venous confluence. The first total repair
was performed by Lewis and Varco at the University of Min-
nesota in 1956, using the technique of inflow occlusion. The
first repair on cardiopulmonary bypass was by Kirklin at the
Mayo Clinic in 1956.

In the past, almost all infants with TAPVC were repaired
using profound hypothermia and circulatory arrest, although
now it can be performed with bicaval cannulation and low
flow hypothermic perfusion. Circulatory arrest has the ad-
vantage of allowing a bloodless field with excellent exposure
of the pulmonary venous confluence without the need for
unnecessary manipulation or clamping of the pulmonary
veins. We tend to use bicaval cannulation in all but the small-
est of neonates (! 2.0 kg). Standard metal-tipped right an-
gled cannulae are introduced directly in the inferior vena
cava just above the diaphragm and the SVC near the junction
with the innominate vein. In children with supracardiac
TAPVC, the SVC is considerably larger than normal (because
of the additional blood flow from the anomalously draining
pulmonary veins), which facilitates direct cannulation. In
those rare infants with supracardiac TAPVC draining to the
azygos vein, rather than placing a tourniquet around the SVC
cannula, we will place a delicate Yassergill neurosurgery clip
inferior to the azygos vein but way from the sinus node to
allow decompression of the pulmonary veins through the
SVC cannula during cooling.

With bicaval cannulation, the cannulae are well out of the
way so one is able to get excellent exposure of the pulmonary
venous confluence, especially after cardioplegic arrest. On
occasion, it is helpful to introduce brief periods of circulatory
arrest during the most critical portions of the operation to
optimize surgical exposure with a nearly bloodless field.
However, with bicaval cannulation and low-flow hypother-
mic perfusion, we find that this is rarely necessary. In these
infants we have not recognized complications of direct caval
cannulation such as superior vena caval thrombosis or post-
operative chylothorax, as long as one takes the necessary
precautions with meticulous technique in cannulating and
decannulating these vessels. We do try to remove indwelling
central venous lines such as internal jugular vein lines as early
as possible postoperatively to avoid such line complications
and tend to rely on intraoperatively placed intracardiac lines.

Many techniques have been described for repair of supra-
cardiac TAPVC. Commonly, once on bypass and after car-
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dioplegic arrest, the pulmonary veins are exposed in the pos-
terior pericardium by dividing the pericardial reflection
between the right atrium and the pulmonary venous conflu-
ence.5 An incision is made in the pulmonary venous conflu-
ence which is typically oriented in a transverse fashion. A
corresponding incision is made in the posterior wall of the
left atrium, which sometimes can be quite small. It is helpful
to properly orient this incision by first opening the right
atrium and placing a right angle clamp through the patent
foramen ovale tenting up the back wall of the left atrium near
the atrial septum on the right. The incision is started at this
point and then directed toward the base of the left atrial
appendage making a transverse incision in the left atrial back
wall that corresponds to the incision in the pulmonary ve-
nous confluence. A direct anastomosis is now made between
these two incisions. Obviously, the anastomosis needs to be
as large as possible. The anastomosis can be augmented by
dividing the left-sided vertical vein as far superiorly as possi-
ble at its entry into the innominate vein. An incision is made
on the right medial aspect of the vertical vein down to where
it enters the pulmonary venous confluence. This vein is then
flapped down medially onto the superior aspect of the anas-
tomosis of the pulmonary venous confluence to the back of
the left atrium. This flap of vein will serve to augment the
anastomosis with a pedicled flap of autologous vein, as well
as to increase the effective volume of the left atrium.

The anastomosis can be performed from the right side of
the operating table starting at the base of the left atrial ap-
pendage connecting it to the pulmonary venous confluence
near the left upper pulmonary vein. Then one works right-
ward, completing the anastomosis at the junction of the atrial
septum and the pulmonary venous confluence near the con-
fluence of the right-upper and right-lower pulmonary veins.
The last portion of the anastomosis can use interrupted su-
ture technique.

An alternative approach to this technique of repair of su-
pracardiac TAPVC is to approach the anastomosis from the
left side of the operating table with the apex of the heart
tipped up and to the right.6 The anastomosis starts at the right
side and the surgeon works toward himself to the base of the
left atrial appendage connecting the pulmonary venous con-
fluence near the left-upper pulmonary vein. The patent fora-
men ovale is then closed either primarily or with a patch if
there is concern about impingement on the pulmonary ve-
nous anastomosis. Then the vertical vein is typically ligated.
The heart is closed and the child is rewarmed and weaned
from cardiopulmonary bypass.

If there is concern about postoperative pulmonary artery
hypertension and subsequent right ventricular failure, a life-
saving technique can be to leave the patent foramen ovale
partially open to allow for decompression of the right side
through the atrial septum with right-to-left shunting at the
expense of some systemic arterial desaturation.

Hawkins et al7 described a direct approach to the left atrial
to pulmonary venous confluence anastomosis by first excis-
ing the fossa ovalis through the right atrium. A generous
transverse incision is made in the back wall of the left atrium
and a corresponding incision is made in the pulmonary ve-

nous confluence. The pulmonary venous confluence is now
anastomosed to the back wall of the left atrium directly
through the fossa ovalis which is then closed with a pericar-
dial patch. The authors maintain that this technique elimi-
nates the possibility of distortion of the anastomosis because
it is performed with the heart in an anatomically correct
position.

An alternative technique for repair of supracardiac TAPVC
is to perform a bi-atrial transverse incision as first described
by Shumacker and King8 and others.9 This consists of making
a transverse right atrial incision across the crista terminalis
then through the atrial septum and through the posterior
wall of the left atrium. Under direct vision, the posterior wall
of the left atrium can now be directly anastomosed to the
pulmonary venous confluence. The atrial septal defect is typ-
ically closed with a piece of pericardium or other patch ma-
terial. The incision in the right atrium may be closed primar-
ily or with a separate patch if necessary. This technique has
the advantage of enhanced exposure of the pulmonary veins,
but has more suture lines on the atrium and raises the possi-
bility of a higher incidence of atrial arrhythmias. Michielon et
al10 reported a significantly increased risk of late arrhythmias
with this technique. There is a theoretical advantage of in-
creasing the size of the left atrium with the double patch
technique, but a study from Vanderbilt showed near normal
left atrial volumes postoperatively with more standard surgi-
cal techniques.11

Some investigators have even advocated approaching the
repair of supracardiac TAPVC superiorly between the SVC
and the ascending aorta through the transverse sinus.12–14

The pulmonary venous confluence is connected to the dome
of the left atrium.

The surgical repair of infracardiac TAPVC is quite similar
to that for supracardiac TAPVC. Often, however, the pulmo-
nary venous confluence is oriented vertically so that the in-
cision in the confluence is more of a hockey stick incision,
running vertically and then on to the left upper pulmonary
vein to correspond with a similar incision on the back wall of
the left atrium from the left atrial appendage medially and
inferiorly. It is not necessary to ligate the draining vein below
the diaphragm and, in fact, some have advocated routinely
leaving this vein open in patients with an obstructed presen-
tation.15 The advantage of leaving the vertical vein unligated
is that it theoretically can allow decompression of the pulmo-
nary venous channel in the early postoperative course
through the sinus venosus in the face of a small, poorly com-
pliant left atrium. Although Shah et al16 reported on two
patients with unobstructed supracardiac TAPVC managed
without ligation of the vertical vein who subsequently devel-
oped significant left-to-right shunts, in our practice we have
not recognized any problems with residual shunts by leaving
this channel unligated as has been shown by Cope et al.15

On the other hand, if the left atrium is quite small, it can be
helpful to divide the vertical vein and use this remnant as an
onlay patch to augment to the size of the left atrium.13,17 This
technique involves wide mobilization of the pulmonary veins
and pulmonary confluence. The repair is accomplished with
the apex of the heart tipped up and to the right. After dividing
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the vertical vein at the diaphragm, it is opened longitudinally.
A parallel incision is made in the back of the left atrium
extending into the left atrial appendage. The venoatrial anas-
tomosis begins at the superior end of the venous confluence
to the base of the left atriotomy. The anastomosis proceeds up
both sides until the inferior portion of the confluence (the
divided vertical vein) is anastomosed to the tip of the left
atrial appendage.

With both supracardiac and infracardiac TAPVC, Hawkins
et al18 from Utah reported that the use of absorbable suture
material results in a lower incidence of late venous obstruc-
tion. The incidence of pulmonary venous obstruction with
absorbable monofilament suture material was 3.2% (1 of 32
patients) compared with a 17% incidence (4 of 23 patients)
with absorbable monofilament suture material (P ! .05).
Unfortunately, the two groups were operated on during dif-
ferent times (the patients receiving absorbable suture mate-
rial were operated on more recently), so the beneficial effect
could have been confounded by an era effect.

With TAPVC draining to the coronary sinus (cardiac total
anomalous pulmonary venous connection), the repair is per-
formed by simply enlarging the existing atrial septal defect or
patent foramen ovale and completely unroofing the coronary
sinus until all four pulmonary veins are adequately visual-
ized. The enlarged atrial septal defect is then closed with a
patch of pericardium or other patch material with care taken
to avoid the area of the conduction tissue.6 Although some
have advocated primary closure of the atrial septal defect, we
have found that this sometimes can distort the anatomy and,
therefore, believe the use of the patch is quite beneficial.

The surgical management of mixed TAPVC varies accord-
ing to the particular anatomy of each patient.3 A single anom-
alous pulmonary vein occasionally can be left uncorrected if
the other three are satisfactorily repaired, but close observa-
tion is required during follow-up to identify a significant
left-to-right shunt or the onset of pulmonary vascular ob-
structive disease.

Postoperative Considerations
Postoperatively, these children can have pulmonary artery
hypertension, particularly those who presented with an ob-
structed picture. In fact, as noted above, some may have been
misdiagnosed as persistent fetal circulation with pulmonary
artery hypertension and may already be on ECMO support.
After repair, we routinely measure pulmonary artery pres-
sures. If they are elevated, then we will leave a transthoracic
pulmonary artery pressure measuring line inserted through a
purse string suture in the right ventricular outflow tract and
then passed across the pulmonary valve into the pulmonary
artery. This is very helpful in the postoperative period in
terms of guiding appropriate management.4 Occasionally,
children with persistent pulmonary artery hypertension will
require nitric oxide treatment or even postoperative ECMO
in addition to the standard manipulations of hyperventila-
tion, adequate oxygenation, and sedation.

Both in the operating room and in the early postoperative
period, the left ventricle can be particularly non-compliant

with a restricted stroke volume after repair. These children
will be very sensitive to volume overload. They seem to have
a fixed stroke volume and, therefore, increasing the heart rate
can often compensate for this decreased stroke volume until
the ventricle becomes more compliant. We also routinely use
milrinone both to improve ventricular compliance as well as
to decrease pulmonary vascular resistance. In these very crit-
ical patients, delayed sternal closure is a useful option.

Results
The surgical results with repair of TAPVC have improved
significantly over the years as a result of earlier diagnosis and
treatment, improved preoperative and postoperative care,
and refined surgical and anesthetic techniques. Early series
reported surgical mortalities in the range of 13% to
25%.4,6,7,11,19 More recently, there have been series with op-
erative mortalities less than 10%, even in the face of ob-
structed TAPVC.10,13,20–23 Although early reports indicated
that patients with obstructed TAPVC were at greater
risk,11,19,20,22 more recent publications have not found preop-
erative pulmonary venous obstruction to be a risk factor for
mortality.4,6,20,21

A particularly challenging group of patients with total
anomalous pulmonary venous connection are those with sin-
gle ventricle physiology. In these children, because of early
pulmonary artery hypertension, regulation of pulmonary
blood flow can be quite challenging, particularly if they need
either a systemic to pulmonary artery shunt or pulmonary
artery banding. What appears to be adequate pulmonary
blood flow in the operating room can be excessive pulmonary
blood flow later on as the pulmonary vascular resistance
drops necessitating readjustment of the source of pulmonary
blood flow. Even in the best of hands, these children are
problematic. A report from The Children’s Hospital of Phil-
adelphia showed a 1-year survival in this group of children
with total anomalous pulmonary venous connection and sin-
gle ventricular physiology as low as 37%.24 In the report by
Gaynor et al,24 early mortality was 58% if the TAPVC was
corrected at the original operation. Furthermore, late pulmo-
nary venous obstruction occurred in more than 50% of these
survivors.24 These sobering results have been confirmed by
others.21,25 In fact, Hashmi et al,26 from The Hospital for Sick
Children in Toronto, reported a 95% operative mortality for
20 children with right atrial isomerism in whom TAPVC
repair was performed either alone or in combination with
other procedures.
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