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Historical Background. No branch of medicine
has progressed more rapidly and dramatically in the
last 35 years than Pediatric Cardiology. Harvey’s
description of the circulation in 1628 (Harvey,
1628) and Leonardus Botallus’ (Noback and Reh-
man, 1941) report on the fetal circulation were
milestones in clarifying our understanding. Isolated
clinical and pathologic descriptions of specific lesions
written with amazing accuracy appeared in the 17th
and 18th centuries. Sandifort (Sandifort, 1777) in
1777 presented details of a clinical examination cor-
related with necropsy findings in a cyanotic 12-year-
old boy with pulmonic stenosis and a ventricular
septal defect long before Dr. Fallot’s famous report
(Fallot, 1888). Chauveau and Marey (Chauveau
and Marey, 1863) performed a right heart catheteri-
zation in 1861, but the technique was forgotten until
Walter Forssman (Forssman, 1929), a urologist,
reviewed it in 1929. Forssman even attempted an
angiocardiogram, but the contrast injected was too
dilute to be visualized and he was told by his as-
sociates that his work qualified “for a circus not
a clinic.” Despite such criticism, with Cournand and
Richards, Forssman received the Nobel Prize in
1956.

The modern era of Pediatric Cardiology began
with Dr. Maude Abbott, whose meticulous Atlas,
published in 1936, presented precise descriptions of
1000 cases of congenital heart disease which she
had personally examined from a pathologic stand-
point (Abbott, 1936). She added a review of the
development and comparative anatomy of reptilian,
amphibian, and mammalian hearts. After reviewing
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the world literature related to the pathology of con-
genital cardiac malformations, she added her cases
and published many comprehensive reports of in-
dividual lesions. As a result of her work, a few
clinicians began to diagnose specific congenital heart
lesions, although usually therapy was hopeless. Sud-
denly in 1938, the modern era of cardiac surgery
began when Dr. Gross first successfully ligated a
patent ductus arteriosus (Gross and Hubbard,
1939). Munro of Boston had suggested ligating a
patent ductus as early as 1907 (Munro, 1907), but
it was 30 years later before Strieder (Graybiel, et al.,
1938) attempted the technique. While Crafoord
(Crafoord, 1965) in Sweden was ligating a patent
ductus, the suture severed the vessel. It was neces-
sary to clamp the aorta for 28 minutes. To his sur-
prise, the patient did well and he recognized that
this occlusion could be tolerated both by the heart
and nervous system. Soon thereafter, in 1944, he
successfully repaired a coarctation of the aorta in
an 11-year-old boy (Crafoord and Nylin, 1945).
Successful surgery was a great stimulus to the
diagnosis of acyanotic congential heart disease.
About this time, Dr. Park, Professor of Pediatrics
at Johns Hopkins, assigned Dr. Helen Taussig to
the cardiology clinic suggesting that she accumulate
data and correlate clinical information and path-
ologic findings on children with congenital heart
disease. She quickly noted the repetitive patterns of
developmental malformations and learned to make
amazingly accurate diagnoses. Her monograph, pub-
lished in 1947, was the first textbook on congenital
heart disease (Taussig, 1947). Dr. Alfred Blalock
recalled a small conference where he was discussing
experimental production of pulmonary hypertension
in animals using a systemic artery to pulmonary
artery anastomosis. Dr. Taussig asked if he could
increase the pulmonary blood flow in patients with
pulmonic stenosis in the same way (Blalock, 1966).
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She was thinking of the many cyanotic children with
decreased pulmonary blood flow as observed in
tetralogy of Fallot or pulmonary atresia. No one
knew the answer to three major questions: (1)
Could a blue child tolerate anesthesia? (2) Could
one occlude a pulmonary artery temporarily, espe-
cially in a blue child? (3) Would the arm tolerate
ligation of the subclavian artery? Many animal ex-
periments were carried out to attempt to answer
these questions before they recognized that the
answer to each was yes. The first Blalock-Taussig
shunt for a tetralogy of Fallot was created success-
fully in 1944 (Blalock and Taussig, 1945). Modifi-
cations of the shunt procedure (Potts, er al., 1946;
Waterston, 1962) and Sir Russell Brock’s (Brock,
1948) alleviation of valvular pulmonic stenosis fol-
lowed quickly. Scott (Scott, 1955) at Vanderbilt in
1954 achieved open correction of a tetralogy with
hypothermia, but it remained for Lillehei (Lillehei,
Cohen, et al., 1955) and Varco in Minneapolis,
utilizing cross circulation, to first close a ventricular
septal defect and completely remove right ventricular
obstruction in 1955.

Gibbon had been working on a heart lung ma-
chine since the early 1930's and performed the first
successful operation closing an atrial septal defect
by this method in May, 1953 (Gibbon, 1954)
Crafoord visited Gibbon in the late 1930’s and his
group simultaneously worked on a heart lung ma-
chine and developed a disc oxygenator. The advent
of open heart surgery made possible accurate cor-
rection of the many complex congenital heart de-
fects. Dr. Crafoord (Crafoord, 1965) considers the
development of the Engstrom-Bjork respirator for
anesthesia and postoperative ventilation a milestone
in operative and postoperative care.

Developments in the physiology laboratory, in-
cluding refinements in the technique of cardiac
catheterization and particularly the addition of angio-
cardiography, as introduced by Robb and Steinberg
(Robb and Steinberg, 1938), made precision in
diagnosis possible. Improvements in the toxicity of
contrast media made cineangiography less dangerous
for small infants. Improved electronic equipment for
recording and monitoring pressures and utilization
of colorometric methods for rapid determination of
oxygen saturations and indicator dilution increased
the safety and efficiency of diagnostic cardiac cath-
eterization. Rapid measurement of blood gases and
electrolytes added another safety feature.

Transposition of the great arteries was first pal-
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liated in infancy in 1940 by Blalock and Hanlon
(Hanlon and Blalock, 1948), by creating an atrial
septal defect. This gave only temporary and mod-
erate relief, but the frequency of this defect and its
lethal characteristics were a continuing challenge to
devise corrective surgery. Baffes (Baffes, 1956) at-
tempted to reverse venous return. Senning (Senning,
1959) reported the first correction by plastic re-
vision of the atria to reverse venous inflow in 1959.
Mustard’s (Mustard, 1964) use of an intra-atrial
pericardial patch for total correction has vastly im-
proved the prognosis in this previously hopeless
lesion. In 1966, Rashkind and Miller (Rashkind and
Milier, 1966) described the catheterization balloon
technique for creating a large atrial septal defect,
permitting survival through the critical neonatal
period.

The achievement of success in correcting a com-
plete truncus arteriosus or a complete atrio-ventric-
ular canal captured the imagination of Rastelli and,
based on a vast knowledge of anatomy, embryology,
and physiology, has been achieved (Rastelli, Weid-
man, and Kirkland, 1965; Rastelli, Titus, and Mc-
Goon, 1967). The eight major congenital heart
lesions now have excellent corrective procedures
with acceptable mortality rates, which have dimin-
ished as preoperative diagnosis, surgical skill, and
postoperative intensive care have improved. Rarer
lesions are more hazardous and difficult to correct,
especially in the younger child. The neonate, whose
complex varieties of heart disease lead to cardiac
failure and cyanosis early, needs early, aggressive
diagnosis to avoid a 75% mortality. With ideal treat-
ment, about V2 of the deaths can be prevented.

Auxillary aids in the care of a child with con-
genital heart disease lie in the fields of anesthesi-
ology, hematology, biochemistry, and electronics.
Landsteiner’s (Landsteiner, 1901) description of
blood groupings was essential for transfusions. A
purified heparin, which allowed standardization and
control of coagulation of blood, was a prerequisite
to modern cardiac surgery. Pacemakers, defibril-
lators, prosthetic valves, and patches, now used
routinely, have all been developed in the last few
years.

The Medical College of Virginia assumed a
position of leadership in modern aspects of cardio-
vascular and thoracic surgery under the direction
of Dr. I. A. Bigger. There have been times, especially
as open heart surgery began in the 1950’s when this
was a difficult role to maintain. The success of the
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stenosis were studied in the cardiac catheterization
laboratory in this six-year period, only 15 were re-
ferred for surgery. The age span was 3 years to 19
years. The types were as follows:

Valvular 10
Subvalvular Membrane 2
Idiopathic Hypertrophic 1
Subaortic Stenosis
Supravalvular 1
With Severe Aortic 1

Insufficiency

Criteria for operation were a gradient in excess of
60 mm Hg and electrocardiographic evidence of
left ventricular hypertrophy and strain. This age
group is older than for most other lesions and in-
cluded no infants. Those with valvular stenosis un-
derwent valvuloplasty; only one prosthetic valve
was utilized in a 15-year-old girl with severe aortic
insufficiency. A teflon patch was employed to widen
the boy’s supravalvular aortic stenosis. Four patients
with aortic insufficiency initially continued to mani-
fest mild valvular incompetence.

Vascular Rings. Five patients with an aortic
vascular ring were repaired under 8 months of age.
One infant with a left pulmonary artery arising from
the right pulmonary artery causing a vascular sling
did not survive the surgical procedure, All others
had relief of their stridor and have improved after 1
to 5 years. One infant also had a shunt for severe
tetralogy.

Miscellaneous Acyanotic Lesions. An anom-
alous right coronary artery arising from the pul-
monary artery was repaired successfully by direct
anastomosis to the aorta in a 12-year-old boy. An
arterio venous fistula between the external carotid
artery and the internal jugular vein was also repaired
last year.

Tetralogy of Fallot. One hundred eighteen
children had 126 primary surgical procedures for
tetralogy of Fallot (Table 111). In general, a Water-
ston’s shunt (aorta to right pulmonary artery an-
astomosis) was the procedure of choice in the first
three months of life, a Blalock-Taussig shunt (sub-
clavian to pulmonary artery) being preferable if one
was required in a slightly larger child. Thirty-six
infants had shunts created within the first year of
life, of whom twenty eight survived. In 1970, six
infants with a complete pulmonary atresia with a
ventricular septal defect had emergency surgery at-
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TABLE HI
TETRALOGY OF FALLOT
(126) Primary Procedures

(118) Children

Types:
Shunts 61
Open Correction 63
Previous Shunts 28
No Previous Shunts 35
Thoracotomy 1
Pacemaker 1
Secondary Procedures 11
Revision of Shunts 7
Secondary Repairs 4
Deaths:
Mortality Shunts 8 (13.1%)
Mortality Correction 3(4.7%)
Total 11 ( 8.8¢)

tempted in the first few weeks of life; only two sur-
vived. There were no deaths in children who had
shunt procedures over ! year of age. The mortality
for the shunt, including those with pulmonary atresia,
is 13.1%. Seven patients required revision of their
shunt at some time postoperatively. The majority
were treated with digitalis in the postoperative pe-
riod, since cardiac failure was a frequent transient
complication.

Open correction of tetralogy in 63 patients was
successful in 60, giving this a mortality of 4.7%.
This surgical procedure is generally reserved for
those over 40 pounds with an age distribution as
noted in fig. 1. The youngest child was 3 years old
and weighed 27 pounds. Of the 63 children under-
going open correction, 35 had no previous shunt.
Twenty-eight had shunting surgery in the past and
8 had both procedures during the six years of study.
Transient cardiac failure postoperatively occurs fre-
quently, but responds well to digitalis and diuretics.
Permanent complete heart block occurred in 2 chil-
dren; one died suddenly soon after the operation;
the other now has a pacemaker implantéd. Four
children have required reoperation for residual ven-
tricular defects or inadequate relief of their pul-
monary stenosis. All have been followed postop-
eratively and 10 recatheterized. Many have major
extra cardiac lesions involving the brain, kidney,
gastrointestinal tract, or skeleton.

Transposition of the Great Arteries. In many
series, transposition has comprised up to 20% of
necropsy cases in cyanotic congenital heart disease
under 1 year of age. Twenty-one cases of trans-



McCUE: PROGRESS OF CONGENITAL HEART DISEASE 159

35 (

SHUNT \§

30 [ Joeo N

OPEN CORRECTION N

® THORACOTOMY

25 r ¥ pace MaKER ‘§1

19} \
~ 20

2 §

3 N

I N

Q15 §

N\

S

10 \

~

5 N

« N

®
o) ] IS | Ll ] 1 i
to | mo. 32 daoys over 4mos. 13 mos. 25 mos. 49mos. 7-12yrs.  13-20yrs.
to 4 mos. tolyr to 2yrs. to 4yrs. to 6yrs.

Fig. 1—Tetralogy of Fallot surgical therapy according to age.

position of the usual variety occurred in our series.
Others associated with a single ventricle, bilocular
heart, or tricuspid atresia are included with miscel-
laneous cyanotic lesions (Table IV).

All infants with transposition of the great
arteries had palliative procedures in infancy, usually
a balloon septostomy or a Blalock-Hanlon septec-
tomy. In only two did the initial balloon septostomy
produce adequate mixing. Usually the Blalock-Han-
lon surgical procedure followed within a few weeks.
Infants with associated ventricular septal defects re-
quired a concomitant pulmonary artery band and
one with an associated ductus had it ligated. A
palliative shunt was performed on two infants with
associated pulmonic stenosis. The palliative pro-
cedures had a high risk. There were no deaths di-
rectly related to the balloon procedure. Four chil-
dren have thus far had complete correction by the
Mustard technique and improved postoperatively.
One boy with residual pulmonary hypertension died
this month, 33 months after the correction.

Miscellaneous Cyanotic Lesions. Fifty children

with rarer cyanotic congenital defects were seen, of
whom thirty-six were less than one year of age
(Table V). Of the eleven cyanotic children with
tricuspid atresia, nine were infants and two were
older, with an age span from 1 day to 17 years.

TABLE 1V
TRANSPOSITION OF THE GREAT VESSELS (21)

Procedures Expired Mortality %
Catheterization 11 0 0
Balloon
Surgical
Palliative 15 17.6%,
Blalock-Hanlon 11 2
Blalock-~Hanlon and 2 1
Banded Pulmonary
Artery
Shunts 2 0
Correction 0
Mustard 4
Total Surgical Procedures 30 109,
Total Patients 21 14.2%










