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Historical Background. No branch of medicine 
has progressed more rap idly and dramatically in the 
last 35 years than Pedi atric 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. Sandi fort (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 
septa I defect long before Dr. F allot's famous report 
( Fallot, 1888). Chauveau and Marey ( Chauveau 
and Marey, 1863) performed a right heart catheteri
zation in 186 1, but the technique was fo rgotten until 
Walter Forssman (Forssman, 1929 ) , a urologist, 
reviewed it in 1929. Forss man 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 
195 6. 

The modern era of Pediatric Cardiology began 
with Dr. Maude Abbott, whose meticulous Atlas, 
published in 1936, presented precise descriptions of 
I 000 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 compara tive 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 les ions. As a result of her work, a few 
clinicians began to diagnose specific congenital heart 
les ions, although usu ally therapy was hopeless. Sud
denly in 193 8, the modern era of cardi ac 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 cl amp the aorta for 28 minutes. To his sur
prise, the patient did well and he recognized that 
thi s 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 I !-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 T aussig to 
the cardiology clinic suggest ing that she accumulate 
data and correlate clinical information and path
ologic findings on chi ldren 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 194 7, was the first textbook on congenital 
heart disease (Taussig, 1947) . Dr. Alfred Blalock 
recalled a small conference where he was discussing 
ex perimental 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: (I) 
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, et 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 
septa! defect and completely remove right ventricular 
obstruction in 1955. 

Gibbon had been working on a heart lung ma
chine since the early I 930's and performed the first 
successful operation closing an atrial septa! defect 
by this method in May, 1953 (Gibbon, 1954) 
Crafoord visited Gibbon in the late I 930'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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li ated in infancy in 1940 by Blalock and H anlon 
( Hanlon and Blalock, 1948) , by creating an atrial 
septa! defect. This gave only temporary and mod
erate relief, but the frequency of this defect and its 
leth al characteristics were a continuing challenge to 
devise corrective surgery. Baff es ( Baff es, 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 
pericardia! patch for total correction has vastly im
proved the prognosis in this previously hopeless 
lesion. In 1966, Rash kind and Miller ( Rashkind and 
Miller, 1966) described the catheterization balloon 
technique for creating a large atrial septa! defect, 
permitting survival through the critical neonatal 
per iod. 

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 
fai lure and cyanosis early, needs early, aggressive 
diagnosis to avoid a 75 % mortality. With ideal treat
ment , about 1/2 of the deaths can be prevented. 

Auxiliary 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, 190 I) 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 I 950's when this 
was a difficult role to maintain. The success of the 
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surgical effor t is d ramatica lly illustrated by the 
analys is of mortality stati stics from the Uni versity 
of Minnesota for all open heart procedures on pa
tients with congenital heart disease (Lillehei, Varco, 
et al., 1967 ) 

Progress o f O pe n Heart Surgery for 
Congeni ta l Hea rl D isease 
U ni versit y of Minnesota 

1954- 1957 
1958- 1962 
1963- 1966 

Opera ti ve 
Num ber of Cases Mort a lity 

386 
986 
419 

At the Medical College of V irgini a, my col
leagues ' have participated with me in a recent study 
to determine the incide nce, morbidity, and morta lity 
of surgically corrected conge nital heart lesions over 
a six-year period . O ur fi ndings are stated below. 

Materials and Methods. All patients, pri vate or 
sta ff . who had surgery for correc tion or pall iat ion of 
a conge nital cardi ac defec t from birth to 20 yea rs 
of age at the Med ical College of V irgin ia Hospitals 
be tween January I, 1966 and Janu ary I, 1972 a re 
incl uded in thi s report. T his six-year interval presents 
a complete evaluation of our recent surgical result s. 
Every patient had a complete card iac evalu at ion , in
cl uding a hi story, phys ica l examination, chest roent 
genogram and electrocard iogram. Cardiac ca thete ri
za tion and angiocardiography were done except in 
child ren with a pa tent ductus arteriosus in whom 
these d iagnostic procedures were frequentl y omitted . 
Decis ions fo r surge ry were made at a weekly con
ference in which the pedi atric card iologists, physi
ologists , rad io logists, pathologists, and surgeons 
participated . Surgical procedures were d ivided ap
proxim ately equal ly be tween the two surgical teams. 
During these six yea rs, there were : 

11 . 83 1 ped iat ric ca rd io logy o ut-patient visits 
2. 985 hospita l patients 

557 chil dren un dergoi ng surgery for conge nital 
cardiac defects 

593 to ta l surgica l proced ures fo r conge nit a l 
cardiac lesions 

45 deaths 

.1 Dr. H . Page Ma uck. J r .. Dr. Jo n B. Ti ngel stad . Dr. 
Lo ui se W . Robe rtson. and ou r surgeons. Dr. Richard R . 
Lowe r a nd Dr. Lewis H. Bosher. J r. 
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Results. Five hundred fifty-seven children had 
major surgical procedures with the distribution as 
shown in T able I. The mortality for the common 
defec ts will be considered individually. An y death 
within the fi rst month postoperati vely is considered 
as surgical mortality. For the 593 procedures, there 
was a 7.58% mortality. 

A trial Septa/ Defects. Even a small atrial septa] 
defect makes a preschool child a candidate for 
surgery. This was the most frequently corrected left 
to right shunt and was seen in 98 patients divided 
into the fo llowing types: 

Secund um 72 
Primum 15 
Wit h Partial Ano malo us 9 

Pulmo nary Veno us Return 
Single Atri um 2 

A ll were catheterized and patients with a pulmonic 
to systemic fl ow ratio grea ter th an 1.4 : I were re
fe rred fo r surgery at an appropriate age. The span 
was I I months to 20 years. One infan t with heart 
fa ilure was correc ted at 11 months. The mean age 
fo r correction was 6 yea rs. There were no deaths 
in this group. 

Ventricular Septa/ Defects. Eighty patients had 
closure of a moderately la rge ventricular septa! de
fec t which was the major les ion. The types are as 
noted (T able II) and include two wi th more than 
one defect and fi ve with a L V-RA shunt. There 
were many assoc iated defects, including atrial septa! 
defects, aortic insufficiency, and patent ducti. Seven 
infa nts with intractable cardiac failure had pul
monary artery banding to decrease pulmonary blood 
flow caused by a large left to right shunt through 
the defect. Seven children required removal of a 
previously pl aced pulmonary artery band , in addition 
to closure of the defect. Two children have been re
operated fo r closure of a residu al shunt. Severe 
aortic insufficiency from a redundant aortic cusp 
led to one surgical death . Of the seven infa nts under 
one year of age who required pulmonary artery band
ing, only four have good surgical palliation . Asso
c iated intra and extra cardiac defects complicated 
their course. 

Patent Ductus A rteriosus. A patent ductus 
a rteriosus has been interrupted in 90 patients be
tween the ages of 3 months and 19 yea rs. Almost 
all have been seen postoperatively and discharged as 
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TABLE I 
INCIDENCE CONGEN ITAL DEFECTS 

Defect 

Acyanotic 
Atrial Septal Defect 
Ventricular Septal Defect 
Patent Ductus Arteriosus 
Coarctation 
Pulmonic Stenosis 
Aortic Stenosis 
Vasc ular Rings 
Miscellaneous Acyano1ic 

Cyanotic 
Tetralogy of Fallo! 

Shunts 61 
Open Correction 63 
Thoracotomy 
Pacemaker 

Transposition of Great 
Vessels 
Palliative 17 
Mustard Procedure 4 

Rare Cyanotic Lesions 

cured. Two children, one an infant , died of technical 
problems during surgery. Because of cardiac failure 
and marked cardiomegaly, eleven infants were sur
gically corrected under one year of age. Ideally, 
surgery is deferred until the child is greater than 2 
years of age. Several premature infants on whom 
the diagnosis was confirmed had spontaneous closure 
of their ductus. 

Coarctation of the Aorta. Coarctation of the 
aorta was corrected in 34 patients at a mean age 
of 6 years. All patients had preoperative aortography . 
Four patients required surgery in infancy for in-

TABLE II 
VENTRICULAR SEPTAL DEFECTS (87) 

Types: 
Corrected 

Single 
(Removal of Bands 7) 

Multiple 
LV-RA Shunts 

Banded Pulmonary Artery 
Ages : 
Deaths: 

Correction 
Pulmonary Artery Bands 

73 

2 
5 

80 

7 

2 (2.5 % ) 
2 (28.5 % ) 

6 Weeks-20 Years 
4 (4.6% ) 

MCV 
Patients Mortalit y % 

(557 Patients) Expired (8.07 % ) 
(593 Procedures) (45) (7.58) 

98 0 0 
87 4 4.6 
90 2 2 . 2 
34 I 2 .9 
36 0 0 
15 0 0 
5 I 20 
3 0 

11 8 

8 13. I 
3 4.7 
0 0 
0 0 

21 14 .2 

3 17 .6% 
0 0 

50 23 46 

tractable congestive fai lu re , of whom one infa nt died . 
Successful correction of a complete interruption of 
the aortic arch has been done on two occasions. 

Pu/manic Stenosis. Pulmonic stenosis is com
monly associated with other defects, but was seen 
as the primary problem in 36 children who had an 
intact ventricular septum and a right ventricular to 
pulmonary artery systolic gradient between 50 and 
160 mm. Hg. The age span was 11 days to 18 years 
and two infants were less than I year of age . The 
types are as follows: 

Valvular 
Supravalvular 
Primary lnfundibula r 
Ru bella with Valvular 

Pulmonic Stenosis and 
Peripheral Pulmonic 
Stenosis and Patent 
Ductus Arteriosus 

28 
I 
4 

Associated defects included atrial septa! defect and 
peripheral pulmonic stenosis in five. An associated 
rubella syndrome with a patent ductus occurred in 
three babies. Secondary infundibular obstruction re
quired surgical alleviation in about V2 of the valvular 
cases. All survived and were improved. 

A or tic Stenosis. Although 80 cases of aortic 



158 

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 fo llows: 

Valvular 
Subvalvular Membrane 
Idiopat hic Hypertrophic 

Su baortic Stenosis 
Supravalvular 
With Severe Aortic 

Insufficiency 

IO 
2 

Criteria for operation were a gradient in excess of 
60 mm Hg and elec trocardiographic evidence of 
left ventricular hypertrophy and strain. This age 
group is older than for most other lesions and in
cluded no infants. Those wi th valvular stenosis un
derwent valvuloplasty; only one prosthet ic va lve 
was utilized in a 15-year-old girl with severe aort ic 
insufficiency. A teflon patch was employed to widen 
the boy's supravalvular aortic stenosis. Fou r patients 
with aortic insufficiency initi ally continued to mani
fest mild valvular incompetence. 

Vascular Rings. Five patients with an aortic 
vascular ring were repai red under 8 months of age . 
One infant with a left pulmonary artery ari sing 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 I 
to 5 years. One infant also had a shunt for severe 
tetralogy. 

Misce/kmeous Acyanotic Lesions. An anom
alous right coronary artery ari sing 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 jugul ar ve in was also repai red 
last year. 

Tetralogy of Fallot. One hundred eighteen 
children had 126 primary surgical procedures fo r 
tetralogy of Fallot (Table III) . In general, a Water
ston 's shunt ( ao rta 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 septa! defect had emergency surgery at-
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TABLE Ill 
TETRALOGY OF FALLOT 

(126) Primary Procedures 
( 11 8) Children 

Types: 
Shunts 
Open Correction 

Previo us Shunts 
No Previous Shunts 

Thoracotomy 
Pacemaker 

Secondary Procedures 
Revision of Shunts 
Secondary Repairs 

Deaths : 
Mortality Shunts 
Mortality Correction 

Total 

7 
4 

28 
35 

61 
63 

JI 

8 (13 .1 %) 
3 ( 4.7%) 

II ( 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 I year of age. The mortality 
for the shunt , including those with pulmonary atresia, 
is 13 .1 % . Seven pat ients required revision of their 
shunt a t some time postoperatively. The majority 
were trea ted with digita li s in the postoperative pe
riod, since cardiac fa ilure 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 wi th an age distribution as 
noted in fig. I . 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 cardi ac fail ure postoperatively occurs fre
quently, but responds well to digitalis and diuretics. 
Perm anent complete heart block occurred in 2 chil
dren ; one died suddenly soon after the operation ; 
the other now has a pacemaker implanted. Four 
children have required reoperation fo r res idual ven
tricular defects or inadequate relief of their pul
monary stenosis. All have been fo llowed postop
era tively and IO recatheterized. Ma ny have major 
extra cardiac les ions involving the brain , kidney, 
gastrointest inal 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 I year of age. Twenty-one cases of trans-
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to Imo. 32 days 
to 4mos . 

over 4mos. 
to I yr. 

13 mos. 
to 2 yrs . 

25mos. 
to 4yrs . 

49mos. 
to 6yrs . 

7-12yrs . 13-20yrs. 

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 septa! 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 IV 
TRANSPOSITION OF THE GREAT VESSELS (21) 

Procedures Expired Mortality % 

Catheterization II 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 10% 
Total Patients 21 14.2% 
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TABL E V 
MISCELLANEOUS CYANOTIC LESIONS ( 50) 

Defects Patient s 

Tricuspid Atresia II 
Total Anomalous Pulmonary 3 

Venous Return 
Single Ventricle 6 

Banded 4 
Shunt with Pulmonic 

Stenos is 
Thoracotomy 

AV Canal 5 
Splenic Syndromes 
Multiple Mixed 20 

Pulmonary Atresia 4 
Mitra! Atresia 
Hypoplastic Right Heart 
Truncus 4 
Double Outlet Right 2 

Ventricle 
Ebstein's 
Hypoplastic Left 2 

Heart with M itra l Stenosis 
Multiple Defects . I 

Tota l 50 

Expi red 

I 
2 

2 

2 
2 

14 

23 

Nine req uired shunts to increase pulmonary blood 
fl ow, but two cases with unusually la rge pulmonary 
blood fl ow were palli ated by banding the main pul
monary ar tery. The two older children had their 
second shunt crea ted during the past year; one a 
17-year-old high school seni or has won a trip to 
Europe this summer on a singing tour . 

The others a re a discouraging group most of 
whom have been pa lliated by shunts or banding the 
pulmonary artery. A balloon septos tomy did not 
significantly improve the condition of one child with 
pulmonary atresia . One atrio-vc ntricula r canal was 
corrected and survived. A boy of 17 with a truncus 
arteriosus, T ype I, had an attempted Rastelli pro
cedure, but had irreversible pulmonary hypertension . 
The to tal mortality was 46 % , but 36 were less than 
one year of age. 

Conclusion. During the last six years , 557 chil
dren have had 593 surgica l procedures fo r correction 
or palli a tion of th,eir congenital heart defec ts with 
a mortality rate of 7.58 % . One hundred fourteen 
patients were less than one yea r of age . Of the 368 
acyanotic patients, 2.16 % died at surgery or of re
lated causes in th e following month. Tetralogy of 
Fallo! was the most favo rable cyanotic les ion with 
a morta lity for shunts in ea rly childhood of 13 % 
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and fo r open correc tion of 63 patients it was 4 . 7 % . 
Cooley's (Cooley and H allm an, 1966 ) recent re
view of his experience over a I 0-year period reports 
the morta lity fo r shunts as 7 .2 % and for open cor
rection 15 % . At Johns H opkins University H ospital , 
187 patients, ages 2 to 40 yea rs, underwent complete 
correction of tetralogy in the las t five years with 
a 9.6 % morta lity (Bender, et al., 1970 ) . 

Our study showed 18 of 21 children with trans
position of the grea t arteries survi ved. Whi le other 
children with complex cyanotic lesions had a 46 % 
mortality, this included many hi gh-risk infants in 
whom an aggressive approach for palliation was 
justified because thei r prognosis was, otherwise, 
hope less. 

Advances in cardiac surgery have be.en great 
in the last 30 years, but furth er progress is antici
pated , es pec ially in infa nts. A cooperative effort in
volving referring physicians, pediatric cardiologists, 
physiologists, anesthes iologists, surgeons, and inten
sive care nurses is required to continue this trend . 
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