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A new surgical procedure has allowed successful palliation of
hypoplastic left heart syndrome in 2 full-term infants. This pro-
cedure establishes continuity between the proximal pulmonary
artery and the descending aorta. Pulmonary flow is controlled by
an aortopulmonary shunt to the isolated confluence of the pul-
monary arteries. The technique obviates the need for manipulation
of the diminutive ascending aorta and, in addition, corrects coarc-
tation of the aorta which is present in 70% of patients with
hypoplastic left heart syndrome. The wide availability of prosta-
glandin E, offers a means of medical resuscitation for these mor-
ibund infants and makes surgical palliation a viable option for
many infants whose condition had previously been considered
hopeless.
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Atresia of the aortic valve is the primary lesion in infants
born with the congenital complex of cardiac anomalies
termed “hypoplastic left heart syndrome.”" There is no
direct communication between the heart and the ascending
aorta; consequently, both the systemic and pulmonary cir-
culations are supported by the right ventricle. The left
ventricle and mitral valve are diminutive or absent, and
the systemic circulation is maintained through the ductus
arteriosus. Intrauterine development is unimpaired, the
pulmonary circulation is restricted by the normally high
pulmonary vascular resistance, and the ascending aorta
serves as a common coronary artery supplying both the
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Fig. 1.

Case 2. Preoperative aortogram showing hypoplastic
ascending aorta, ductus arteriosus, and coarctation of aorta.

right and left coronary circulations. The coro-
nary circulation apparently is unrestricted since
cardiac function allows the fetus to develop nor-
mally and maintains cardiac function effectively
for the first few hours to days of life. After birth,
the ductus arteriosus begins to constrict and re-
duce systemic blood flow, which, clinically, is
observed as progressive tachypnea, cyanosis, di-
minished peripheral pulses, severe metabolic aci-
dosis, and death. A small number of children
with aortic atresia fortuitously maintain patency
of the ductus arteriosus but later die of congestive
heart failure as pulmonary vascular resistance
diminishes. If pulmonary vascular resistance re-
mains high, the patient may live longer, only to
die of progressive pulmonary vascular obstruc-
tive disease.

Aortic atresia, a common cardiac defect ac-
counting for 7% of all congenital cardiac anom-
alies, is the leading cause of cardiac death in the
first week of life. Despite its prevalence, little
success has been achieved with surgical palliation.
The failure of surgery is even more remdrkable
since the essentials for successful palllatlon a
permanent aortopulmonary communication and
restriction of pulmonary blood flow, were among
the first advances in the treatment of congenital
heart disease. Isolated reports of successful pallia-
tion for the hypoplastic left heart syndrome have
emerged over the years;” ' however, the virulent
clinical course and almost uniform failure of sur-
gical palliation have been extremely discouraging
and provoked the widely accepted practice of
benign neglect for these patients once the diag-
nosis has been established.

The recent availability of prostaglandin E,,
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which chemically sustains patency of the ductus
arteriosus, has dramatically altered the early clin-
ical course of these children. The ability to main-
tain the infant in a stable hemodynamic and
metabolic condition has made surgical palliation
a realistic option for this otherwise fatal anomaly.
We describe results in 2 infants successfully pal-
liated with this new operative approach.

Case report

Two critically ill, full-term infants, one female and one
male, were brought to the neonatal intensive care unit.
Peripheral pulses were depressed, and the systemic pH was
below 7.0 in both. Each patient was resuscitated with intra-
venous prostaglandin E; and sodium bicarbonate. Hypo-
plastic left heart syndrome was diagnosed by echocardio-
graphy and confirmed by cardiac catheterization (Fig. 1).
No other congenital anomalies were found. Both infants
responded well to intravenous prostaglandin E,, and arterial
pH and renal function returned to normal. The babies
underwent surgical palliation at three and five days of age,
respectively. The surgical procedures are described below
(Fig. 2). The postoperative course for the first infant was
complicated only by mild congestive heart failure managed
with dobutamine, digoxin, and diuretics. She was extubated
on the third postoperative day and discharged from the
hospital 18 days after surgery (Fig. 3). The second baby had
a similar perioperative course with mild congestive heart
failure managed with intravenous dobutamine, digoxin, and
diuretics. Ventilatory support was necessary for eight days.
He subsequently had prolonged feeding pr ‘oblems and was
discharged from the hospital 40 days after surgery. Both
infants have continued to grow and develop normally since
discharge.

Operative technique

The heart was exposed through a median ster-
notomy while a continuous infusion of prosta-
glandin E; was maintained. The patent ductus
arteriosus (PDA) was dissected free and encircled
with a large silk ligature. Cardiopulmonary by-
pass was established with the aortic line placed
via the PDA and a single cannula inserted into
the right atrial appendage for venous drainage.
The pump was primed with packed red blood
cells and fresh frozen plasma to produce an initial
hematocrit of 30% to 35%. Once bypass was
begun, the PDA was snared around the aortic
cannula, and the heart was emptied by gravity
into the venous reservoir. Systemic cooling was
begun, and the aorta was dissected free above
and below the site of ductal insertion. A distally
based, U-shaped incision was made at the junc-
tion of the main pulmonary artery with the con-
fluence of the right and left pulmonary arteries.
The created pedicle of pulmonary artery was
sutured to the inside of the distal main pulmonary
artery, isolating the confluence of the two pul-
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Fig. 2. Operative procedure.
A. Hypoplastic left heart syndrome. The lungs and body are perfused by the right ventricle via the pulmonary artery. The large ductus

arteriosus allows flow from the pulmonary artery to the aorta.

B. The aorta is cannulated through the ductus arteriosus. A single venous cannula is placed in the right atrium. The patient is cooled
to 16° C. During cooling, the confluence of the pulmonary arteries is isolated from the main pulmonary artery by suturing a distally based
pedicle of the anterior wall of the pulmonary artery to the back wall of the pulmonary artery.

C. When cardiopulmonary bypass has been discontinued, the patent foramen ovale is enlarged.

D. A T-shaped incision is made over the ductus arteriosus and adjacent aorta. The endocardial ridge of coarctation is removed if
present. A 4mm fenestration is made in the anterior wall of the confluence of the pulmonary artery. A 10mm Gore-Tex graft is then
sutured to the aorta distally. A 4mm fenestration is made at the appropriate level of the graft and sutured to the confluence of the
pulmonary arteries.

E. The proximal end of the graft has been sutured to the opening in the main pulmonary artery. Cardiopulmonary bypass has been
established for warming the patient.

F. Schematic drawing shows blood flow from the left and right atrium passing through the right ventricle into the pulmonary artery
and out through the graft to the aorta. Pulmonary blood flow is limited by the 4mm window between the graft and the confluence of the

right and left pulmonary arteries.
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Fig. 3.
surgery.

Case 1. Digital subtraction angiogram two weeks after

monary radicles from the main pulmonary artery.
When systemic temperature (rectal and naso-
pharyngeal) reached 16° C, cardiopulmonary by-
pass was discontinued. The upper descending
aorta adjacent to the ductal junction was isolated
with a J-shaped vascular clamp to prevent air
from entering the aortic arch or vessels serving
the brain. The aortic and venous cannulae were
removed. The PDA was ligated proximally. A T-
shaped incision was made in the aorta and adja-
cent ductus, and the endothelial ridge of coarc-
tation in the aorta was excised. A 10mm
polytetrafluoroethylene (Gore-Tex) prosthesis
was anastomosed to the aortotomy. In the first
patient, the previous site of aortic cannulation,
now in the isolated confluence of the right and
left pulmonary arteries, was enlarged to 4 mm
with an aortic punch. A similar opening was made
in the wall of the Gore-Tex graft, and the two
openings were sutured together to create a 4mm
aortopulmonary window. In the second case, a
4mm opening was made in the pulmonary artery
flap after closing the previous cannulation site.
The remaining free end of the Gore-Tex graft
was then sutured to the openmg in the anterior
wall of the proximal main pulmonary artery. In
the second case, the 4mm opening in the pul-
monary artery flap was incorporated inside the
suture line to provide aortopulmonary commu-
nication. The atrial septum was partially excised
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through the atrial cannulation site or a small right
atriotomy. Cardiopulmonary bypass to the prox-
imal pulmonary artery was then reestablished and
rewarming begun. When the systemic tempera-
ture returned to 37° C, cardiopulmonary bypass
was discontinued. In the patient with the 4mm
fenestration in the pulmonary artery flap, poor
systemic oxygenation was evident soon after by-
pass was discontinued. Bypass was reinstituted,
and the fenestration was inspected. The Gore-
Tex graft was thought to compromise the open-
ing during systemic pressures, and the opening
was oversewn. A bmm Gore-Tex graft was then
anastomosed from the proximal pulmonary ar-
tery to the right pulmonary artery, and cardio-
pulmonary bypass was again discontinued. De-
cannulation was accomplished; hemostasis was
achieved with some difficulty because of bleeding
through suture holes in the Gore-Tex. Routine
closure was completed.

Discussion

Anatomic configuration of the cardiovascular
structures in patients with aortic atresia varies
only slightly. Moodie et al,'* Roberts et al,"* and
Von Rueden et al'' have analyzed the intracar-
diac abnormalities and reported a 32% cumula-
tive incidence of mitral atresia, with the remain-
ing 68% of patients having a form of mitral valve
apparatus and a small left ventricle. Five to 7%
percent of patients with aortic atresia have one
or more ventricular septal defects and a more
nearly normal left ventricular cavity and mitral
valve. Regardless of the intracardiac variables,
aortic valve atresia and abnormalities of the aorta
dominate the syndrome and determine the sur-
gical approach. The ascending aorta in all pa-
tients is hypoplastic (1-4 mm), while the main
pulmonary artery is enlarged. The arch of the
aorta, although sometimes smaller than normal,
appears in all cases to be of adequate size to serve
the subclavian, carotid, and coronary vessels.
Similarly, the ascending aorta, although diminu-
tive by normal standards, appears adequate to
supply blood for the myocardium.

Von Rueden et al'' have emphasized one po-
tentially important anatomic variable in these
patients. In a careful review of aortic anatomy in
41 cases of aortic atresia, they found 31 (75%)
with coarctation of the aorta and 7 (17%) with
what Von Rueden described as “significant aortic
obstruction.” Both of our patients had some de-
gree of coarctation of the aorta in the typical
position adjacent to the ductus arteriosus. A sig-
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nificant coarctation could well have influenced
the outcome of surgical palliation if it had not
been appreciated and corrected at the time of
initial surgery.

The pathophysiology of patients with the hy-
poplastic left heart syndrome appears to be
equally homogeneous. Early survival is depend-
ent on the PDA; when closure begins, death is
imminent unless ductal closure is prevented
chemically. Even though patients may become
moribund with severe acidosis, infusion of pros-
taglandin E, provides effective resuscitation.” Po-
tentially, an atrial septal defect (ASD) could re-
strict pulmonary blood flow enough to cause
hypoxia. This appears to be a rare occurrence
even though atrial communication in these pa-
tients is usually a dilated patent foramen ovale.
However, the true incidence of this problem will
not be known until large numbers of babies with
aortic atresia have been treated with prostaglan-
din. A restrictive ASD may be remedied quickly
by transvenous balloon atrial septostomy.

The essentials for surgical palliation have been
outlined in several previous publications.”™'!-15-1¢
They consist of: (1) a large interatrial communi-
cation; (2) free communication between the prox-
imal pulmonary artery and the aorta; and (3)
restricted pulmonary blood flow. Free interatrial
communication allows egress of pulmonary ven-
ous blood that otherwise might be trapped by a
small atrial septal defect and the obstructed left
ventricle. Free communication between the prox-
imal pulmonary artery and the aorta allows the
already hypertrophied right ventricle to provide
systemic circulation, a function it performs well
in both surgically and congenitally corrected
transposition of the great vessels. A small aorto-
pulmonary shunt allows oxygenation without car-
diac failure or development of pulmonary vas-
cular obstructive disease. If these criteria are met,
the patients should grow and develop through
the early years and be amenable to subsequent
palliative operations that create a more nearly
normal circulatory pattern and further reduce
cardiac work.

Cayler et al® reported the first successful pallia-
tion for aortic atresia in 1970. The operative
procedure included banding the two pulmonary
arteries and creating a large ascending aorta-to-
pulmonary artery shunt. The patient fortunately
had a relatively large ascending aorta and a non-
restrictive atrial septal defect. Mohri et al® and
subsequently Levitsky et al” reported palliation
consisting of atrial septectomy, banding of the
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distal main pulmonary artery, and insertion of a
prosthetic graft between the proximal main pul-
monary artery and the descending aorta. In
1980, Norwood et al® reported two successful
palliative procedures for aortic atresia using car-
diopulmonary bypass in circulatory arrest. Both
operations involved banding the main pulmonary
artery and inserting a synthetic graft from either
the main pulmonary artery to the descending
aorta or from the right ventricle to the descend-
ing aorta. Later the same year, Doty et al’ re-
ported successful palliation by placing a pros-
thetic graft from the proximal pulmonary artery
to the aortic arch, creating an aortopulmonary
window, and performing atrial septectomy. Beh-
rendt and Rocchini'’ in 1981 reported successful
palliation using direct anastomosis to the proxi-
mal pulmonary artery from the aorta with crea-
tion of a 3mm aortopulmonary window and atrial
septectomy. Soon after, Norwood et al'' reported
his experience with 16 infants using variations of
the techniques described above. He advocated
direct anastomosis of the proximal pulmonary
artery to the hypoplastic ascending aorta and
aortic arch, atrial septectomy, and creation of an
aortopulmonary shunt with a 4mm Gore-Tex
graft from the proximal portion of the pulmo-
nary artery to the isolated confluence of the right
and left pulmonary arteries.

In 1980, we operated on a four-week-old boy
with hypoplastic left heart syndrome. A 10mm
Gore-Tex graft was inserted between the proxi-
mal pulmonary artery in the base of the aortic
arch, the distal main pulmonary artery was
banded, and the atrial septum excised. Although
the patient could be separated from cardiopul-
monary bypass for short periods of up to 20
minutes, each time he demonstrated marked elec-
trocardiographic abnormalities compatible with
myocardial ischemia and developed severe car-
diac failure despite satisfactory systemic oxygen
saturation. Although the orifice of the hypoplas-
tic aorta was not directly compromised by the
anastomosis, retrospectively it seemed that dis-
tortion of the aorta by the stiffer conduit com-
promised coronary blood flow. This experience
provoked us to adopt our current technique that
completely avoids any manipulation of the small,
fragile ascending aorta or the aortic arch. Fur-
thermore, exploring the juxtaductal aorta for
reconstruction of cardioaortic continuity obviates
concern about coarctation of the aorta since the
procedure patches this area. Dissection is limited
to the ductus arteriosus and adjacent aorta and
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should make subsequent surgery less compli-
cated.

The aortopulmonary shunt we have chosen has
been larger than that previously described. The
resultant mild congestive heart failure has been
easily managed medically, and we prefer to delay
further surgery, if possible, until at least four
years of age. The experience of Norwood et al,*’
by far the largest series reported, tends to support
our thesis. Of the 16 patients reported in 1981,
the ascending aorta was avoided completely in 4,
and continuity was established between the heart
and descending aorta. No hospital deaths oc-
curred in this group. The remaining patients had
main pulmonary artery to aortic anastomosis in
association with some form of central shunt. In
these 12 patients 8 hospital deaths occurred, an
operative mortality of 75%.

Recently, Norwood et al'® have reported a
successful second stage operation on an 18-
month-old boy who had previously undergone
direct anastomosis between the proximal pulmo-
nary artery and the aorta. This demonstrates
conclusively and dramatically the feasibility of a
staged approach for the hypoplastic left heart
syndrome. The second stage operation, a modi-
fication of the Fontan procedure, consisted of
obliteration of the shunt to the pulmonary arter-
ies, septation of the atria to isolate the systemic
venous return from the right ventricle, and direct
anastomosis of the right atrium to the pulmonary
artery.

Widespread availability of prostaglandin E,
and its use in patients with suspected cardiac
disease will dramatically alter the early clinical
course of patients with the hypoplastic left heart
syndrome. Diagnosis can be readily established
with echocardiography. The essential anatomy is
so consistent that cardiac catheterization will not
be necessary unless the patient fails to respond to
infusion of prostaglandin E,. Should that occa-
sion arise, right heart catheterization could be
accomplished and the cardiac anatomy deline-
ated and transvenous atrial septectomy achieved,
if necessary. Surgical palliation can then be per-
formed on a semielective basis as dictated by the
patient’s clinical course.

Although evolution of a simple, effective sur-
gical palliation for these patients is desirable, it is
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the widespread use of prostaglandin, which al-
lows these infants to come to surgery in good
metabolic condition, that will ultimately prove
the key to this previously insoluble problem.
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